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ABSTRACT 

Concern regarding the negative environmental impacts associated with the production of 
electricity by conventional energy technologies is now greater than it has ever been due to 
heightened environmental awareness. The current debate on the effects of pollution; climate 
change; acidification of forests and lakes; depletion of the ozone layer, depletion of scarce 
resources and the potential for severe accidents such as Chernobyl, has increased interest in 
appropriate alternatives for coal, gas, nuclear and other traditional fuels. 

Research into the environmental benefits and impacts of renewable energy technologies and 
their implementation, and the ways in which they interface with society, is therefore 
imperative. As with any man-made structure, and particularly with the imposition of power 
plant construction on natural or urban landscapes, a potential environmental impact of the 
renewables is believed to be visual intrusion. This area of research, which investigates the 
visual impacts of photovoltaic systems in the built environment is vital if visual impacts 
which may be detrimental to the environment are to be avoided in the future. 

This research explores the reactions of a key group in the population to the prospect of the 
wider use of building integrated photovoltaics (BIPV) in the urban environment. By learning 
about possible objections in advance, both system design and communication programmes 
can be developed to minimise opposition and increase public acceptability of this renewable 
energy technology. The specific objective of this research is: 

To explore the perceptions of those who work near an example of UK BIPV, and therefore 
with some knowledge of this type of project, identifying information of use to BIPV 
professionals and the general public (to help them understand and accept the need for 
extending the use of BIPV for alternative urban electricity). 

The responses to an Interview Schedule and Visual Sheets, used during interviews conducted 
within sight of this UK example of BIPV (the Northumberland Building, Newcastle upon 
Tyne), are recorded. These findings reflect genuine attitudes to this renewable energy 
technology, aesthetic preferences, etc., and are testimony to actual public opinion rather than 
assumptions being made by experts. The involvement of the public and cooperation of the 
multidisciplinary, BIPV team will challenge the Cartesian logic of specific and defined 
specialist disciplines. The continuation of research of a similar nature into renewable energy 
technologies will ensure that future sites are publicly acceptable and aesthetically desirable 
without compromise of a project's viability. This kind of technology integration, in 
combination with other energy efficient measures, within buildings will help to promote 
future holistic, ecologically sustainable architecture and urban planning. 
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1.1 RESEARCH METHODOLOGY AND THESIS STRUCTURE 

Concern regarding the negative environmental impacts associated with the production of 

electricity by conventional energy technologies is now greater than it has ever been due to 

heightened environmental awareness. The current debate on the effects of pollution; climate 

change; acidification of forests and lakes; depletion of the ozone layer; depletion of scarce 

resources and the potential for severe accidents such as Chernobyl, has increased interest in 

appropriate alternatives for coal, gas, nuclear and other traditional fuels. 

Research into the environmental benefits and impacts of renewable energy technologies and 

their implementation, and the ways in which they interface with society, is therefore 

imperative. As with any man-made structure, and particularly with the imposition of power 

plant construction on natural or urban landscapes, a potential environmental impact of the 

renewables is believed to be visual intrusion. This area of research, which investigates the 

visual impacts of photovoltaic systems in the built environment is vital if visual impacts 

which may be detrimental to the environment are to be avoided in the future. 

This research explores the reactions of a key group in the population to the prospect of the 

wider use of building integrated photovoltaics (BIPV) in the urban environment. By 

learning about possible objections in advance, both system design and communication 

programmes can be developed to minimise opposition and increase public acceptability of 

this renewable energy technology. The specific objective of this research is: 

9 To explore the perceptions of those who work near an example of UK BIPV, and 
therefore with some knowledge of this type of project, identifying information of use to 

BIPV professionals and the general public (to help them understand and accept the need 
for extending the use of BIPV for alternative urban electricity). 

In order to achieve this objective, the responses to an Interview Schedule and Visual Sheets, 

used during interviews conducted within sight of this UK example of BIPV (the 

Northumberland Building, Newcastle upon Tyne), are recorded and analysed. These 
findings reflect genuine attitudes to this renewable energy technology, aesthetic preferences, 
etc., and are testimony to actual public opinion rather than assumptions being made by 

experts. The continuation of research of a similar nature into renewable energy technologies 

will ensure that future sites are publicly acceptable and aesthetically desirable without 
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compromise of a project's viability. This kind of technology integration, in combination 
with other energy efficient measures, within buildings will help to promote future holistic, 

ecologically sustainable architecture and urban planning. 

This remainder of this Section outlines the way in which information has been organised 
within this Thesis, also highlighting its relevance where necessary, whilst Section 1.2 gives 

a brief introduction to renewable energy. 

The successful integration of such diverse feedback has been vital in order that it is 

defensible to a wide range of earth and enviromnental science, social science, architecture 

and planning professionals. 

Section 2- Outline of Renewable Eneray Technolop-ies 

This Section briefly describes the renewable energy technologies considered for deployment 

in the UK. An appreciation of the wide range of these renewable energy system sites and 

capacities is vital, the design constraints of these technologies determining their visual 

characteristics and therefore the way in which their visual impacts influence the public. 

Section 3- The Evolution of Solar Architecture 

This Section introduces energy efficient building design and how we can learn from our 

preindustrial architectural history in order to move towards the promotion of a future 

holistic, ecologically sustainable architecture and urban planning. Examples are given of 
how these concepts have been used in modem architecture and design. The way in which 
photovoltaics may be used to complement such features is noted, as is how humans have 

reacted to their surroundings over the centuries. 

Section 4- Building Integrated Photovoltaics (BIPV) 
This Section describes the integration of photovoltaics within the built environment and 
shows a variety of international demonstration projects. The Northumberland Building PV 
Fagade is also described here - the UK example of BIPV used for this research. 

Section 5- Public Perception and Visual Impact Research 

This Section discusses the preliminary research required for this work examining the 
interface of renewable energy technologies with society and the eventual widespread 
implementation of these systems. Aesthetics; ways in which visual impacts can be predicted; 
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wind farm visual impact assessment and human perception are examined here in order to 

gauge what factors influence people's attitudes to structures in the modem environment. 
Relevant survey techniques and qualitative data analysis methods are also discussed before 

the fmal survey design and work is detailed in Section 6. 

Section 6- UK Public Perception of the Visual Impacts Of BIPV 

The appropriate interview format and schedule design are discussed in this Section. The 

interview results are then detailed and analysed. The transcribed interviews may be obtained 
but are not contained within this Thesis due to their potentially sensitive nature. 

Section 7- Conclusions 

This Section surnmarises the survey results and outlines the conclusions that may be drawn 
from this research - identifying what information the group feels it needs to help it 

understand and accept the need for extending the use of BIPV for alternative urban 
electricity. 

1.2 RENEWABLE ENERGY 

The term renewable energy has been defined in several ways: ' 

.... energyflows which are replenished at the same rate as they are 'used. 
Sorensen (1979). 

.... energy obtainedfrom the continuous or repetitive currents of energy recurring in 
the natural environment. 
Twidell & Weir (1986). 

.... the term used to cover those energyflows that occur naturally and repeatedly in the 
environment and can be harnessedfor human benefit. The ultimate sources of most of 
this energy are the sun, gravity and earth's rotation. 
UK ReneWable Energy Advisory Group (REAG). 

These energy flows are shown in Figure 1.1 and are discussed in further detail in Section 2. 
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Figure 1.1 Renewable Energy Flowchart, taken from An Assessment ofRenewable Energy 
for the UK (HMSO Publication. R82. ETSU. 1994). 

Today, the large-scale use of fossil fuels is regarded as essential for the growing, 
distribution and preparation of foods; in construction; manufacturing; communication and 

organisation. However, the use of energy sources has characterised human cultures for far 

longer than there have been industrial cultures. Many civilisations with highly specialised 

systems of production and trade, spectacular cities and architecture, sophisticated art and 

elaborate social systems have risen and fallen using only the energy of human bodies, 

animals, wood, the sun, wind, water and the tides. Low-temperature heat for human comfort, 
high-temperature heat for light and working materials, and force applied to create movement 
have been produced for centuries by natural sources and these categories of energy use are 

still dominant today. 

The late nineteenth and early twentieth centuries saw the development of electricity and the 
internal combustion engine. Industrialisation spread due to the mutual reinforcement of new 

cheap fuels such as oil and gas; sophisticated materials, e. g. plastics and metal alloys, and 
transport developments. By the mid-twentieth century electricity distribution networks and 

gas pipelines, to a lesser extent, were spreading. When the Middle Eastern and North 
African oilfields opened this meant that the industrialised cultures' fuel use was now 
dependent upon centralised resources. Following the Second World War nuclear power 
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became an additional electricity source. Today, many parts of the world have reached a post- 

indiatrial stage, where manufacturing continues but where the dominant activities are the 

service industries, i. e. communication, information processing and supporting technologies. 

Since the 1960s, scientific and technical knowledge has grown and the environmental 

impacts of fossil fuels have been recognised. The oil crises of the 1970s led to government 

research into energy efficiency and renewable energy, with the airn of increasing the 

diversity of their energy supplies. By replacing imported fossil fuels with indigenous 

renewable resources it was apparent that a balanced energy portfolio could be achieved, 
lessening the risk of supply interruptions and price rises. As a result, renewable energy 

programmes of research, development and demonstration (RD&D) were established in 

many countries and today, following over 20 years of experience, many renewable 

technologies are commercially deployed and show great potential. Many now believe that 

these resources will make a substantial contribution to energy supplies in the future. 2 

In An Assessment ofRenewable EnerSyfor the UK (HMSO Publication. R82. ETSU. 1994. ) 

the 1992 estimated annual world primary energy consumption was -400 exa-joules (EJ), 

approximately 9,500 million tonnes of oil equivalent (mtoe). Given the expected population 

increase, a rise of 50% of global energy use is predicted by 2025. This would result in 

energy problems for future generations unless steps are taken now. 

Consumption, or human activity, can be categorised into transport, domestic, commercial, 
institutional and industrial sectors. Research into reducing sector consumption is underway 

with great scope for improving efficiency. 

In order to ensure supply meets demand, complex infrastructures are. in place to satisfy the 

consumers' neeid for electricity, gas, petrol, etc.. More flexible and valuable than heat, 

electricity is difficult to store but a mix of electricity generating plant is used to meet the 
UK's demand pattern. The first 7-8 gigawatts (GW) of demand is produced by nuclear base 
load stations with a mix of coal-, oil- and gas-fired stations filling the seasonal and daily 
demand peaks. 3 Hydroelectricity and gas-turbine generators (not to be confused with the 

sophisticated combined cycle gas turbines (CCGT) being constructed by various UK 

electricity companies) are used in order to further fill in the detail of the demand curve. 
When there is a sudden peak demand, or breakdown, pumped storage hydro stations can also 
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be used, with sites at Cruachan, Scotland (visited during this research) and at Ffestiniog and 

Dinorwic in Wales. Demand is also managed by encouraging the use of off-peak electricity. 

Cheaper night-time electricity can then be used, with industrial and commercial users also 

being encouraged to use electricity at these times of low demand. Complex price structures 

are in place and further improvements could be made by the development of electricity 

metering and communication systems. There are also certain loads which could be switched 

off for short periods, without resulting in significant problems, and such experiments are 

taking place in the UK and elsewhere. 

Renewable energy systems could, in principle, be used in a complementary supply mix and 

this is discussed in the remainder of this Section. As most renewable output is unpredictable 
it is advantageous to use output when it is available as there are no fuel costs, conventional 

plants can then be turned off. If a renewable contribution of more than 50% is available a 

more flexible electricity supply system will need to be developed. 

With little or no net emissions of polluting gases the renewabIes are seen as appropriate 

alternatives to traditional energy source s4415 and therefore as part of a solution to problems 

such as pollution, Q7 climate change, 8-11 acidification of forests and lakes, depletion of the 

ozone layer, depletion of scarce resources and the potential for severe accidents such as 

Chernobyl. 12 

The public's heightened environmental awareness is apparent when examining and keeping 

up-to-date with the increasing number ofjournals in this field. 13 The environmental impacts 

of conventional and renewable energy sources are discussed next. 

1.2.1 Environmental Impacts 

The environmental impacts of energy systems, particularly those associated with electricity 
production, are among the most significant of the many environmental issues debated today. 
There may be impacts at both manufacturing and operational stages but only those which 
occur during operation are dealt with here. 

As renewable energy technologies harness energy already flowing in the open environment 
they too have environmental impacts. These impacts, however, are very different to those 

associated with fossil and nuclear technologies. Renewable environmental impacts can be 
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contrasted with those of the conventional technologies by considering them geographically, 

i. e. at a local, regional or global level. A summary of the impacts of energy technologies in 

their operational phase can be seen in Figure 1.2 whilst Figure 1.3 shows the additional 

benefits of the renewable energy technologies. 

An examination of the environmental impacts of any energy system must consider material 

and land use, water and air pollution, solid waste, noise, ecosystem, public health and safety, 

occupational health and safety, and visual impacts. 

This research concentrates on the visual impacts of renewable energy systems, little research 
having been done in this area - the few studies available for reference being in the fields of 

wind and biomass. Sections 5 and 6 contain the crux of this research work which studies the 

way in which the public perceives the visual impacts of building integrated solar 

photovoltaics. 

Renewable technologies that do not use a fuel in their operation only exhibit local and 

reversible environmental impacts and are therefore not of a severe or dangerous nature, 

generally being ones of nuisance. Only biofuel technologies have impacts that may go 
further afield. 
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Technology Local Regional Global 

RENEWABLES 
Onshore Noise, Visual Intrusion, None None 

Wind Energy Electromagnetic Interference 
Offshore Impeded Navigation and None None 

Wind Energy fishing rights 
HydroPower Visual Intrusion, None None 

Ecological Impact 
Tidal Power Visual Intrusion, Ecological Impact None 

Ecological Impact 
Wave Energy Impeded Navigation and None None 

fishing rights 
Geothermal Hot Dry Rock (HDR) Noise, Visual Intrusion, None None 

Water Requirements, 

Radon Release 
Geothermal Aquifers Visual Intrilsion None None 

Photovoltaics Visual Intrusion None None 

Active Solar Visual Intrusion None None 

Passive Solar Design None None None 

Photoconversion Visual Intrusion None None 

Municipal and Particulate and Toxic Emissions, Particulate and None 

General Industrial Wages* Visual Intrusion, Toxic Emissions, 

Fuel Transportation Waste Disposal 
Landrdl Gas Particulate and Toxic Emissions, Particulate and None 

Visual Intrusion Toxic Emissions 
Specialised Industrial Wastes* Particulate and Toxic Emissions, Particulate and None 

Visual Intrusion, Toxic Emissions, 

Fuel Transportation Waste Disposal 
_ Agricultural and Forestry Wastes* Particulate Emissions, Particulate Emissions None 

Visual Intrusion, 

Fuel Transportation 
Energy Crops* Particulate Emissions, Particulate Emissions None 

Visual Intrusion, 

Fuel Transportation 
CONVENTIONAL 

Coal Particulate and Toxic Emissions, Particulate and Toxic Carbon dioxide 

Visual Intrusion, Emissions, release 
Fuel Transportation Wastes Disposal 

Oil Particulate and Toxic Emissions, Particulate and Toxic Emissions Carbon dioxide 

Visual Intrusion, release 
Fuel Transportation 

Gas Particulate and Toxic Emissions, Particulate and Toxic Emissions Carbon dioxide 

Visual Intrusion release 

Nuclear Visual Intrusion, Waste Disposal , Possible major 
Accidental leakage of radioactive Possible major accident accident 

material 

Where : 
* These technologies could utilise advanced conversion technologies. 

Figure 1.2 Summary of the Environmeiltal Impacts of Renewable and Conventional Energy 
Technologies During their Use, taken from An Assessment ofRenewable Energy 
for the UK (HMSO Publication. R82. ETSU. 1994). 
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Technology 

Tidal Power Flood protection 
Potentially additional amenities such as a road crossing, marina and water sports developments 

Hydro Power Oarge and small) Flood protection 
Oxygenation of water 

Passive Solar Design Improved living conditions 
Municipal and General Industrial Wastes Waste Disposal 
I. Andrill Gas Waste Disposal 

Energy production from methane that would otherwise escape to the atmosphere contributing 
to global warming 

Specialised Industrial Wastes Waste Disposal 
Agricultural and Forestry Wastes Waste Disposal 
Energy Crops Land Management 

Greater variety of flora and fauna 

Figure 1.3 Summary of the Additional Environmental Benefits of Renewable Energy 
Technologies, taken from An Assessment ofRenewable Energyfor the UK 
(HMSO Publication. R82. ETSU. 1994). 

Carbon dioxide, nitrogen oxides, methane and other radiatively active gases play an 

important role in climate control and their increase, due to human activities, has caused 
considerable concern. These gases allow the earth to maintain a mean temperature of around 
15T, by admitting short wavelength solar radiation but retaining the earth's longer 

wavelength radiation. This greenhouse effect prevents the temperature of around -I OT that 

would occur if these gases were absent. Although, on a molecular basis, carbon dioxide is 

not the most active greenhouse gas human activities generate far more of this than any other. 
In 1990, Houghton et al detailed the International Panel on Climate Change's (IPCC) 

conclusions, stating that: 

In terms ofobserved change, there has been a real but irregular increase in global 
mean surface temperatures of 0.3*C to 0. PC over the past 100 years, a marked but 
irregular recession of the majority of mountain glaciers and the margin of the 
Greenland ice sheet, and a rise in the average sea level ofbetween I and 2mm per 
year. 

These conclusions and computer-based mathernatic models that predict that by 2050, 

assuming a doubling of greenhouse gases as present trends indicate is possible, an average 
global warming will take place of LFC to 4.5"C appear in the Open University's 
Renewable Energy Resource Packfor Tertiary Education (T521. Hobbs. 1994) This will 
probably result in higher annual rainfall, decreased sea ice and reduced seasonal snow cover. 
Agriculture would also be threatened with rising sea levels leading to the loss of hundreds of 
thousands of square kilometres of coastal wetlands and other lowlands. Reducing the 
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amount of carbon dioxide produced by the combustion of hydro-carbon fuels is seen as an 

important way of mitigating climate change. The substitution of renewable for fossil fuel 

plant is also seen as a vital step towards any carbon dioxide abatement strategy. 

Not all harmful environmental effects, however, result from actually burning fossil fuels, 

which returns the carbon extracted by ancient life to the atmosphere and these are detailed in 

T. B. Johansson's Renewable Energy - Sourcesfor Fuels and Electricity (1993). Coal mining 

can cause subsidence, whilst opencast mining can scar the landscape if restoration measures 

are not undertaken. Conventional power stations, oil refineries and industrial plant can also 

cause significant visual intrusion, unpleasant odours and other local effects, although 

companies state they strive to keep these to a minimum. Oil transportation around the 

world's seas has resulted in large quantities of oil being released into the sea even during 

normal operation, when ballast tanks are filled with sea water and then emptied again. Oil 

tankers, the largest commercial ships, are generally safe but when accidents do occur they 

are catastrophic. During the period 1970-1985 there were 186 major oil spills, each of more 

than 1,300 tonnes of oil. When the Exxon Valdez ran aground off Alaska, in 1989, a slick of 

over 1,600 square miles was created when 39,000 tonnes of oil were released. Clumps of 

beach oil can now be found almost anywhere in the world. Accidents on oil rigs can also 

result in loss of human life, as on the Pipa Alpha oil rig in 1988 when 167 people died. 

Since Chernobyl, in 1986, orders for new nuclear power stations have been relatively rare, 

with only France and Belgium using this power source as their main electricity supply 

source. Many first generation stations are now approaching the end of their useful lives and 

problems left for future solution are now being faced. Nuclear reactors are continuously 

transforming materials into ones never having existed on earth before. The combination of 
high temperatures and high radiation means that predicting the behaviour of these materials 
is difficult. Like major gas and oil terminals they are dangerous and the safety measures 

necessary to contain the poisonous chemicals used adds to the high costs of nuclear 

electricity. A limited nuclear accident in 1983, at Three Mile Island, and other minor 

accidents have resulted in the release of significant quantities of radioactivity. Industrial 

accidents have local effects in comparison with nuclear disasters. This can be seen when 

comparing the Bhopal pesticide factory leak in India, where there were 2,000 deaths and 
200,000 injuries, and Chernobyl, which spread radioactivity over large areas of Europe, 31 

people dying initially but premature deaths expected in the region of 40,000. 
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The amount of fossil fuels remaining is also ultimately limited and estimating these reserves 
is not easy. If the energy required to extract difficult resources is equal to the energy 

obtained then further extraction is not worthwhile. One method of estimating remaining 

reserves is to calculate the reserve/production ratio. If production continues at the present 
level this ratio is given by dividing the proven reserves remaining at the end of the year with 
the production that year. In the Open University's Renewable Energy Resource Packfor 

Tertiary Education (T521. Hobbs. 1994. ), 1992 reserve estimates are given of oil of -10 
years in Western Europe, -25 years in North America and -100 years in Middle Eastern 

Countries. Estimated world gas reserves were -65 years and world coal reserves were -200 
years. 

The main industrial nations are now dependent upon small numbers of major producing 

areas which means the supply is vulnerable to disruption. This has shaped world politics 

with consuming nations feeling the need, and under pressure, to dominate oil producing 

areas economically, politically and, if necessary, militarily, e. g. the Suez Crisis in 1956, the 
Oil Crises in the 1970s and the Gulf War in the early 1990s. In contrast the renewables are 

secure, inexhaustible, local energy sources that add energy supply diversity as they cannot 
be turned off by a foreign power. 

1.2.2 System OpportUnities and Constraints 

The current status of renewable energy technologies in the UK is shown in Figure 1.4, 

whilst their typical characteristics are summarised in Figure 1.5. 

Although some technologies such as wind, hydro and geothermal aquifers have been used 
for many centuries, most renewables, in their modem form, are relatively new technologies 
for energy provision. They are, therefore, still to be universally accepted as technically 

mature and commercially viable technologies. 

Harnessing these free resources means high initial capital investment in the conversion 
system but low operating and maintenance (O&M) costs. When compared with conventional 
technologies, with flatter cost schedules, renewables are therefore more sensitive to the 
discount rate used in their economic appraisal. With a high discount rate there will be a 
greater emphasis on the costs and receipts which occur early in a project's lifetime and 
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renewable energy projects are consequently more attractive when assessed with low 

discount rates. 

The integrated grids and central dispatch of the electricity systems of developed countries 

mean that, at present, the opportunities for renewable energy deployment within the 

developed world, without subsidy, are limited. To facilitate the large-scale introduction of 

the renewables there must be the anticipated reduction in generation costs and the adoption 

of accounting systems that examine the environmental costs of all energy generating 

systems. 

Technology Inappropriate Research Development Demonstration Commercially Established 
the-IUK_ 

___Av; kilable- Marke! 
___ 

Hydro Large4cale 

Hydro Small-scale 

Active Solar 
_V/ 

Undrill Gas 
V, 

Simple Passive Solar 

Onshore Wind Energy 
V, V, 

Specialised Industrial Wastes V 

Municipal and General Industrial Wastes 
V/ 

Advanced Passive Solar 

Photovoltaics 
V, 

Geothermal Aquifers 
V1, V, 

Agricultural and Forestry Waites 
V1, I/ 

Offshore Wind Energy 
V, I/ 

Advanced Conversion 
V-1 V, 

Energy Crops 
V, 

Tidal Power 

Wave Energy 

Photoconversion 

Geothermal HDR 

Thennal Solar Power 
(Concentrator Systems for electricity generation) 

Figure 1.4 A Summary of the Current Status of Renewable Energy Technologies in the 
UK, taken from An Assessment of Renewable Energy for the UK (HMSO 
Publication. R82. ETSU. 1994). 

However, in developed countries certain niche markets are already competitive where there 
is an exceptional resource which allows economic generation, e. g. certain wind and hydro 
sites; refuse deposits; sites where grid electricity is unavailable; sites where conventional 
generation is prohibitively expensive, e. g. remote areas and island communities; schemes 
where the renewable element is part of a larger or existing project and therefore only a part 
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of the total project costs, and where private consumers wish to take an active role in 

promoting the renewables. 

1.2.3 Government Initiatives 

In the UK the Department of Trade and Industry's Renewable Energy Programme, managed 
by the Energy Technology Support Unit (ETSU), has spent over E3 3 OM (1993 money) since 

the 1974 world oil crisis in order to develop renewable energy technologies. 14 The aim of 

this programme has been to stimulate this development to the fullest practical extent, where 
they have prospects of being economically attractive and environmentally acceptable. 
Collaborative RD&D with industry and the establishment of an institutional framework is 

being pursued which will ensure that the renewables are competitive in a market where they 

are on equal terms with conventional energy sources. 

The 1989 Electricity Act resulted in the Secretary of State making Orders obliging the 

Regional Electricity Companies (RECs) to contract for specified minimum amounts of non- 
fossil fuel (NFFO) sourced electricity generating capacity and this NFFO'5116 has given a 

tremendous boost to the renewable energy market. A levy on electricity consumers 

compensates the RECs for the extra cost and many NFFO contracts 17 have been signed. The 

NFFO has resulted in an active market for renewable energy in the UK and there are now 

many companies with a commercial interest in these technologies. 

In 1990, approximately 20% of the world's electricity production currently came from 

renewable energy sources. These installations consist of mainly hydroelectric schemes, 
electricity generation from wood (-IOGW) and over 3GW from wind turbines. Significant 
future contributions from the renewables have been predicted in many studies. 's One such 
study, by the World Energy Council, estimates that their contribution to total world energy 
supply could b6 twice the 1990 level by 2020. A recent United Nations study considers that 
the renewables could account for around 60% of the world's electricity market and 
approximately 40% of the world market for fuels used directly, by the middle of the next 
century. These studies are detailed in the Open University's Renewable Energy Resource 
Pack for Tertiary Education (T521. Hobbs. 1994. ). The potential world market for 

renewable energy technologies is therefore very large. 
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Technology Scale Investment 
Cost LIM 

O&M 
Costs 

Fuel Costs 
VkW/year 

Lead 
Factor (%) 

Construction 
Time (years) 

Lifetime 
(years) 

MW/vear 

Onshore I kW to 3MW 800 to 1,200 12 to 18 0 25 to 40 1 15 to 25 
Wind Enerpy 

Hydro Power over 5NM 1,000 to 3,000 2.5 to 7.5 0 35 4 100+ civils 
Lar-Re-scale 

Hydro Power 5kW to 5MW 600 to 3,000 12 to 60 0 15 to 95 1 25 to 40 
Small-scale 

Tidal Power 30MW to 1,200 to 1,500 5 to 10 0 20 to 25 3 to 10 100+ civils 
9GW 30 to 40 

Wave* IMW to 2GW 1.500 to 3,000 40 to 90 0 7 to 25+ 1 to 10 25 to 35 
device 
dependent 

Photovoltaics 0.001 to 1,500 to 1,700 unknown 0 12 to 25 01 to 1 25 
(new buildinRs) 0.5MW 

Active Solar 0.5 to 5kW* 500 to 1,000 0 to 3 0 not 0.05 20 to 30 
(domestic hot water) armlicabl 

Passive Solar Design 500 to 30,000 LO to L5010i 0 0 0 1 60 
kWhwý 

Geothermal HDR* 3.3mw 12-06n 300 0 90 5 70 

Geothermal Aquifers l0MWth 550 to 650 15 to 30 0 30 2 15 to 20 
(notional UK scheme) 

_ 

Waste Combustion 5 to 40MW 2.500 to 5.000 120 to 150 -400 to 0 85 2 to 3 20 

Landfill Gas 0.6 to 3MW 790 130 0 88 1 to 

Agricultural Wastes: with credits 
Anaerobic Digestion 0 to IMW 4,000 to 5,000 50 to 100 -100 to 0 95 1 to2 20 
Combustion 5 to 40MW 1,200 to 1,800 60 to 120 0 to 300 95 1 to 2 20 to 25 

_ 

Forestry Residues: 
Combustion 5 to 30MW goo to 1,500 60 to 120 100 to 330 85 1 to 2 20 to 25 

Energy Crops: 
Combustion 5 to 30MW goo to 1,500 60 to 120 150 to 250 95 1 to 2 20 to 25 
Gasification 0.1 to 30MW 600 to 1,500 50 to 100 1 120 to 160 1 95 11 to2 20 

Where: 
Scale: I'lie range of scheme size in watts installed electrical power (W. ) or watts of heat (Wd, ). 
Cost/M The cost in L per kilowatt (1992) of installed capacity. 
O&M Costs: Annual costs in L per kilowatt (1992) of installed capacity - excluding rates and insurance. 
Fuel Costs: Annual costs in f per kilowatts (1992) of installed capacity. 
Load Factor The ratio of the actual power sent out in an average year to that which would be delivered if the plant were 

able to run at full capacity for the whole year. This measure takes account of the availability of both the 
resource or fuel and the generating plant. 

* Assumes successful completion of PD&D. 

Figure 1.5 Typical Characteristics of Current Renewable Energy Technologies, taken 
from An Assessment of Renewable Energyfor the UK (HMSO Publication. 
R82. ETSU. 1994). 

The European Union has recognised the role of renewables" in meeting its own 
environmental commitments and it is likely that major developments will take place in 
Europe in the near future. The ALTENER (ALTemative ENERgy) Programme 20 has been 
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designed to encourage the development of renewable sources within the Union and to 

increase trade in products, equipment and services between both member countries and 

further afield. It aims to double the renewable contribution to primary energy consumption 

from 4% in 1991 to 8% in 2005. The size of the market in the inclustrialised world is 

considerable and would also seem to have prospects within Eastern Europe, with aid, where 

there is a shortage of power and where there are pollution problems associated with old 

conventional ins ations. 

Figure 1.6 shows the Organisation for Economic Cooperation and Development (OECD) 

1993 study of the percentage of electricity generated from fossil fuels, nuclear and 

renewables in 1991. 

, 
1.2.4 Renewable Enerery Implementation 

Using the renewables as stand-alone energy providers may be a very large market in the 

future within the industrialised and developing worlds. The ranges in size, modularity, 

relative ease of construction and conunissioning and the ubiquitous nature of renewable 

systems are all attractive features of these technologies. 

Country Fossil Nuclear Renewables 
_ All OECD 6(YYo 24% 16% 

North America - OECD 64% 20% 16% 

Pacific - OECD 67% 20% 13% 

European Union 58% 34% 8% 

Belgium 39% 60% 0% 

Denmark 98% 0% 2% 

France 14% 74% 13% 

Germany 70% 28% 3% 

Greece 91% 0% 9% 

Ireland 95% 0% 5% 

Italy 79% 0% 21% 

Luxembourg 88% 0% 12% 

Netherlands 95% 4% 0% 

Portugal 70% 0% 30% 

Spain 46% 36% 18% 
UK 77% 22% 1% 

Figure 1.6 Percentage of Electricity Generated from Fossil Fuels, Nuclear and Renewables 
in 199 1, taken from An Assessment ofRenewable Energyfor the UK (HMSO 
Publication. R82. ETSU. 1994). 
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Renewable energy production could be increased by accessing more of each resource and by 

utilising; this more efficiently. The resource base can be increased, for example, by 

developing hardier, higher yielding plants for biomass crops and by developing larger wind 

turbines which would enable more energy to be extracted from winds over a particular site. 
Information must also be readily available for potential developers, following the mapping 

and monitoring of locations. Utilisation efficiency improvements could be made by 

developing advanced conversion technologies, i. e. gasification and pyrolysis, increasing 

energy yield from biofuels. Wind turbine blade development will also lead to increased 

output for a given machine height and continued photovoltaic material development should 

result in steady improvements of the direct conversion efficiency of sunlight to electricity. 
Improvements are also possible in order to ensure that energy users continue to receive a 

secure and low maintenance energy supply, especially where the renewables are used for 

decentralised applications instead of grid power. Improvements in energy efficiency will 

also assist in reducing sizes of renewable energy systems, which, due to the fact that they 

capture dilute energy flows, have to be relatively large. This can be seen when comparing 

the energy flux densities of the renewables (-IkWhný) with that of fossil fuel plant 
(-I OOkW/m2) and nuclear (-IMW/fný). With most development effort having gone into the 

engineering of practical renewable energy systems there is now scope for developing 

products that are compatible with the requirements of particular markets. The reduction of 

manufacturing costs of most renewable technologies focuses primarily on production 

engineering issues. Long production runs would reduce unit costs of photovoltaic, wind 

turbine and biofuel plant components. If these technologies are to become competitive there 

must be a move towards volume production which will require significant investment. 

Developers must raise finances for their renewable energy schemes either by drawing on 
internal reserves, where available, or externally through corporate loans or via project 

specific fman6ial structures which require complex contractual arrangements. Higher 

discount rates than normal are used for the assessment and financing of renewable projects 

as they are perceived to bear more risk . 
21 This view is largely due to a lack of awareness of 

and the absence of a proven track record for these technologies. Successful demonstration 

projects can therefore assist in encouraging deployment as can reducing the cost of finance, 
increasing its availability and simplifying contractual constraints. 

16 



1.2.5 Regulations 

Difficulties with the interpretation and appropriate application of regulations concerned with 

environmental protection, pollution control, waste management and disposal, conservation 

areas, planning consent and water abstraction are often encountered by those wishing to 
deploy renewable technologies. However, regulations could prove to be very positive, e. g. 
tightening building regulations could stimulate investment in energy conservation, or 

efficiencyý2-29 and passive solar design. This can be seen in other countries with proactive 

governments that have introduced new laws and regulations, e. g. Israel with all new houses 

fitted with solar collectors for water heating and in the State of California where a date has 
been set by which time all vehicles must be zero emission. In the UK insurance companies 

may prove to be the instigators of moves towards building integrated photovoltaics 
following the higher annual claims attributed to global warming. Marketing techniques can 
be used by governments to publicise, thereby encouraging, the use of renewables ensuring 

private individuals, companies and public bodies are fully informed of the latest available 
technologies, their costs and benefits. In order to support the introduction of renewables a 

regulatory framework is necessary to ensure they can compete in the market on equal terms 

with other energy sources. 

Figures 1.7 and 1.8 show Annex I and 2 of the 1985 EC Directive that list developments 

that are likely to require an Environmental Assessment (EA). A public inquiry is necessary 
when there are objections by statutory or non-statutory bodies to planning applications and 
inspectors must then be appointed to advise the government. Authorities are often reticent 
when approving new schemes that appear to be controversial. 
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Crude oil refinery. 
Ilermal power station (heat output over 30OMW). 

Nuclear power station. 
Installation for storage or disposal of nuclear waste. 
Iron or steel works. 
Asbestos extraction or processing. 
Asbestos cement factory. 

Integrated chemical installation. 

Major infiwtructure project such as road, railway line or trading porL 
Waste disposal for incineration or treatment of special waste. 
Major landfill site. 

Figure 1.7 Annex 1: Developments which require an Environmental Assessment, taken 
from Towards Sustainable Architecture (Butterworth Architecture. 1996). 

Certain agricultural projects such as the installation of a salmon hatchery, or land reclamation from the sea. 
Certain projects associated with the extractive industry such as open-cast mining, marble quarrying, peat extraction. 

Small-scale non-nuclear power station, or the erection of overhead power lines. 

Small ironworks, forge or foundry. 

Installation for glass making. 
Plant for producing pesticides or pharmaceutical products. 
Factory for manufacture of vegetable products, fish meal, brewing, etc.. 
Textile factories such as bleaching or fibre-dyeing. 

Factory for the manufacture of rubber. 
Infrastructure projects such as certain types of urban development, yacht marina. industrial estate, etc.. 
Major holiday village or hotel project 
Waste water treatment plant or site for disposal of sewage sludge. 

Figure 1.8 Annex 2: Typical Developments which may require an Environmental 
Assessment, taken from Towards Sustainable Architecture (Butterworth 
Architecture. 1996). 

An Environmental Statement (ES) flowchart for a large project is shown in Figure 1.9. A 

small prcjeCt29&30 often suffers from planning process costs, particularly if a full 
Environmental Impact Assessment is necessary. This Statement, however, is often too late in 

the Environmental Assessment Process for any serious modifications, the document also 

often poorly defines the area of impact and is frequently not available to the public when it 

should be. The Department of the Environment, Welsh Off ice and Scottish Office, have now 
S). 

31&32 produced preliminary planning policy guidelines (PPG , for public consultation, which 
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deal with renewables in general. Annexes which deal with specific technologies have also 
been initiated, the first of which has been Wind Energy. 

I Developer 
I 

APPOINT 

Technical Public relations 
consultants consultants 

Gather ES 

r 

information 

CONSULTATION"""'ý 

Statutory Planning Interest Residents Adjoining 
bodies 

IL 

offices groups 

II 

associatioJns land owners 

Review information 
gathered 

Revise application 
if necessary 

Submit planning 
application with ES 

12 week period 
for determination 

EA decided by 
planning authority 

Figure 1.9 Large Project Environmental Statement Flowchart, taken from Towards 
Sustainable Architecture (Butterworth Architecture. 1996). 

The DTI has also conducted a number of studies with both county and district councils, in 
England and Wales, to inform them of these technologies and how they can incorporate 

33-36 renewable policies within their development plans. These regional energy studies also 
help to raise awareness among residents, local authorities and business communities laying 
the organisational groundwork for setting up practical working projects. 
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The renewable energy induStrY1740 already includes equipment manufacturers and installers, 

operators and maintainers and other interested parties such as trade associations4l and 

professional institutions. The effectiveness of this infrastructure will determine the rate of 

renewable energy technology deployment. In the short term, a lack of skilled and 

experienced personnel could constrain the uptake of these new technologies, and poorly 
implemented projects, which could seriously affect the reputation of renewable energy, must 
be avoided. The provision of suitable training and guidance will ensure the development of 

the necessary skills resource and ultimately the development of the market. The expertise of, 
for example, oil and steel industry workers that have been made redundant could be adapted 
here, their skills modified to suit component manufacture and maintenance of most 

renewable energy systems. 

The lack of awareness of the opportunities afforded by the renewables must be addressed 

and the valuable knowledge gained from 11, D&D programmes needs to be transferred to 

industry, commerce and the general public. This dissemination process should aid the 

acceptance and understanding of the renewables and accelerate their deployment. 

1.2.6 Renewable Eneru Resources 

Considerable theoretical resource sizes can be seen whenever estimates of the Accessible 

Resource of any renewable energy technology are made. However, this is not a realistic 

measure of the actual contribution, i. e. Maximum Practicable Resource, which may be made 
in the future. In assessments of this Maximum Practicable Resource the constraints to 

deployment of each technology and how they might change with time must be considered. 
Many of the constraints, e. g. regulatory, sociological, environmental, are not susceptible to 

objective scientific assessment and therefore subjective judgements have to be made. In 

these resource studies estimates are also made of the approximate saving in carbon dioxide 

emissions when renewable energy technologies displace conventional methods of 

generation. Supply curves are used when describing renewable energy resources and their 

costs but as these technologies are still being developed and future costs, performance and 
available resource estimates are uncertain care must be taken not to assume these are 
accurate forecasts. Rather they are realistic assessments of supply if all goes well for the 

renewables with the appropriate R, D&D. These points should, therefore, be borne in mind 
when using supply curves as input data for energy systems modelling exercises. The role 
that particular renewables might play in a future UK energy market are notoriously difficult 
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to predict and a range of views of the future are therefore considered and their effect on the 
development of the technology assessed. The International Energy Agency (lEA) has 

developed the MARKAL (MARKet ALlocation) model of energy system analysis and 

combined this with a scenario approach in order to study how robust the estimated potential 
contributions of the technologies would be, with uncertainties regarding future intermittent 

prices for primary energy and UK demands. This analysis and the scenarios used are 
detailed in An Assessment of Renewable Energy for the UK (HMSO Publication. R82. 
ETSU. 1994) and are as follows: High Oil Price (HOP) - oil and gas prices rise steeply to 
the highest levels considered sustainable but where coal prices remain low; Composite 
(CSS) -a range of conventional thinking on the future development of prices and demands 

at the outset of the study in 1990; Low Oil Price (LOP) - oil and gas prices remain at their 

present low levels; Heightened Environmental Concern A (HECa) - society and economic 
management is strongly influenced by environmental concerns and where a high carbon tax 

and other measures aim at reducing emissions, and where there is a moratorium on the 

construction of nuclear plant and an early rundown of existing stations; Heightened 
Environmental Concern B (HECb) - as the HECa scenario but where additional nuclear 
development is permitted, and Shifting Sands -a sensitivity test imposed on the CSS 

scenario to investigate the effect which oil price shocks will have on the potential 
contribution of technologies. The period 1995-2025 was chosen for the study with discount 

rates of 8%, 15%, and a survey rate (10% for mainstream investments and 25% for non-core 
energy investments, e. g. energy efficiency). Estimates of total electricity generation, for all 
technologies including both centralised and decentralised plant were produced and these 
figures can be seen in Figure 1.10. 
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Scenario Mo 1"s 2000 2005 2010 2015 2020 2025 

Total Css 290 280 270 280 290 300 310 320 

Electricity LOP 290 280 280 290 290 300 300 320 

Generation HOP 290 280 280 290 280 290 300 310 

(TWVyeu) BECa 290 260 260 250 250 260 270 280 

HECb 290 260 260 250 250 260 270 280 

S. Sands 
1 

290 280 280 280 290 
1 

300 330 350 

1 

Renewables Css 2% NO 3% 3% 4% 4% 4% 5% 

as a% of LOP 2% No 2% 2% 2% 2% 1% 1% 

Total HOP No 2% 2% 3% 4% 4% 4% 4% 

Electricity HECa 21/6 4% 15% 27% 43% 50% 63% 68% 

Generation BECb 2% 4% 15% 26% 26% 270/a 38% 46% 

S. Sands No 2% 6% 6% 6% 4% 34% 33% 

Figure 1.10 UK Electricity Generation under Different Scenarios and the Contribution from 
Renewable Energy at the Survey Discount Rate, taken from An Assessment of 
Renewable Energyfor the UK (HMSO Publication. R82. ETSU. 1994). 

For the reasons already discussed, an assessment of the future prospects for the renewables 
is better undertaken by examining how the individual technologies respond to the scenarios 

rather than by attempting to draw conclusions from their collective potential. 

Renewable energy resources in the UK are significant and technically exploitable, some of 

which are already commercial in niche markets. Some technologies will, however, require 
further FD&D if they are to become competitive. 

1.2.7 Summarv 

If conventional generation costs rise or if the cost of their environmental externalities, such 
as air pollution, noise, risk of accidents, etc., are taken into account the economics of many 
renewables will compare favourably with conventional forms of generation. Indeed, over the 

next two or three decades they could make a substantial competitive contribution. As taxes 
on conventional fuels have been controversial, offending those who believe in free trade in 

energy, an international carbon tax would have to be implemented. The money raised would 
help fund energy efficiency/conservation measures and the renewables throughout the 
world. The imposition of an energy tax in Denmark resulted in the country being taken to 
court by the EC until they argued that it was to safeguard the environment, which was 
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deemed to be a more important goal of the community. If, due to heightened environmental 
fears, further reductions are required renewable energy is likely to be a vital and cost- 

effective part of a solution. Future technological developments would also be required in 

order to fulfil their potential with opportunities to increase the available resource, decrease 

costs and to improve the manufacturability, reliability, durability and market compatibility of 
the technologies. The unconventional newcomers would need changes in the structure and 

practices of the traditional energy industry, allied service industries, government and 

regulatory bodies. A skills base of experienced equipment manufacturers, installers and 

operators, planners and financiers will also be needed to develop an appropriate 
infrastructure. Globally the renewable energy technologies are environmentally benign and 

can provide a major contribution to sustainable development. Any environmental impacts 

are generally of a local and reversible nature in comparison with conventional generation. In 

order for the renewable energy technologies to fulfil their potential to improve the global 

environment planning procedures must also be sensitive to the environmental and social 

needs of local communities. The market for renewable energy products and services 

worldwide is potentially enormous. The disparity that exists between the potential world 

market and current world industry offers the opportunity for the development of a significant 
UK industry for domestic and export sales. 
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This Section briefly describes the renewable energy technologies considered for deployment 

in the UK. 1-14 An appreciation of the wide range of these sites and capacities is vital, the 

design constraints of these technologies determining their visual characteristics and 

therefore the way in which the public perceive renewable energy systems and their visual 
impacts. 

2.1 SOLAR ENERGY 

Of the total amount of solar energy incident on the earth approximately 52,000 terawatts 
(TW), around 30%, is immediately reflected back to space. Most of the remaining 70% of 
incoming radiation warms the earth's surface, atmosphere and oceans (47%) or is absorbed 
by the evaporation of water (23%). Relatively small proportions drive the winds and waves 
(approximately 370TW) and are absorbed by plants in photosynthesis. All energy used on 

earth is ultimately radiated back to space in the form of infi-ared radiation. This vast solar 

energy resource can be appreciated when compared with the rate of world primary energy 

consumption which is approximately equivalent to 13TW continuous power. 

In order to convert solar radiation directly into useful energy various technologies have been 

developed. Solar collectors provide space or water heating at relatively low temperatures, 

passive solar design contributes to a building's space heating requirements and solar 
thermal power stations generate heat or electricity. The visual impacts of these systems can 
be enhanced architecturally. 

The direct conversion of solar radiation into electrical energy is achieved by using 
photovoltaic (PV) devices, or solar cells. Further details of this technology can be found 
from a variety of sources, however, relevant to BIPV, the publication Photovoltaics in 
Buildings (published by James & James in 1996) comprehensively deals with the subject. 
Non-building integrated PV applications are also worth studying contextually and examples 
of these can be found in the publications referenced throughout this Thesis. This research 
work focuses on building integrated photovoltaics (BIPV). 

As the earth's weather is created and driven by the indirect conversion of solar radiation, 
wind, hydro and wave power are all, therefore, indirect forms of solar energy. 
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2.2 WIND POWER 

Harnessed by man for more than 2,000 years wind power is one of the most promising 

renewable energy sources for electricity generation. In excess of 20,000 electricity 

generating wind turbines are in use worldwide with over a million more being used for 

water pumping [figures taken from the Open University's Renewable Energy Resource Pack 

for Tertiary Education (T52 1. Hobbs. 1994. )]. 

Currently the optimum wind turbine for electricity generation is a horizontal axis machine 

with a capacity of 300-500 kilowatts (M). However, vertical axis machines do exist, as do 

larger turbines, e. g. the Orkney Wind Turbine" which is the largest in Europe, rated at 3 

megawatts (MW) with a blade diameter of 60m. The technology is well established' 6" 8 and 

development work now concentrates on reliability, the further reduction of cost and noise 

levels, aspects of the electrical connection with the grid and overall performance. There are 

now many component manufacturers and the development of wood composite blades19 may 

help to further reduce manufacturers' primary energy consumption and therefore emissions. 

Research into the constraints governing wind energy extraction includes studying array 
interference, siting densities, land requirements, noise, bird strikes, telecommunications 
interference, safety and siting restrictions. 

The visual impact and public acceptance of wind farms (and biomass short rotation 

coPpicing) is discussed in Section 5 and is of relevance to this research as there is currently 

no such information available for PV. One of the most contentious features of this 

technology, public acceptance, has been found to depend upon education and participation 
in siting decisions. Locally sponsored projects, benefiting the local community 

economically, tend to be readily accepted compared to schemes imposed by companies 
without adequate interaction with the community. A defensive stance is often adopted by a 
local community when in fear of losing control of their surroundings in such a way. 

The UK has the largest wind resource in Europe but installed capacity falls far short of that 
of Denmark and the Netherlands, even with the premium prices available through the Non- 
Fossil Fuel Obligation (NFFO). In 1988 a Danish Opinion Poll - described in Energy, 
Society and Environment (Routledge, 1997) found that 77% of those questioned were 
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positive about wind energy and 48% would pay extra for environmentally benign energy 

system electricity. This was attributed to the government's positive attitude towards 

renewable energy systems and their visual impacts. 

20*-21 irst Figure 2.1 shows the Delabole Wind Farm , 
in Cornwall, which was the UK's f 

commercial wind power installation. The local community's reaction was studied prior to 

and following this installation and attitudes were actually seen to improve once operation 

began. Visitors' reactions obviously differ to those who have contact with the turbines daily 

and would be expected to be more favourable. This was confirmed by the majority of 

comments in the Centre's visitors' book, following a visit to the site. Surprisingly, the site 

appears to be quite elusive when travelling the quiet undulating Cornish lanes near Tintagel. 

Figure 2.1 Delabole Wind Farm, Cornwall, taken from the DTI's Project Summary 345 - 
Wind EnergylResource Studies. 

Two-bladed turbines, in contrast to the Delabole three-bladed machines, are used in a 

neighbouring wind farm at Coldnorthcott. 22 British wind farms are also increasing in scale, 

such as the Penrhyddlan & Llidiartywaun scheme in poVVYS, 23 although not yet on the scale 

of the Californian Altamont Pass wind farms. 24 
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Turbine dimensions; blade number; material texture, patterning, detailing and colour; flicker 

or reflection management techniques; site and access road location; scheme size; the 

development of transparent components; integration of turbines and associated structures 
directly into the landscape by using coastal features or earth berming techniques, and 

seasonal and light (i. e. weather condition) variations are all parameters that influence a 

typical wind fann's visual characteristics. 

Offshore there is also a potentially vast wind resource but additional technology R&D 25 Will 
be required to ensure that it can compete with cheaper onshore wind. A compromise may be 

to integrate turbines in harbour walls, as has been done at the Blyth Harbour Wind Farm, 26 

in Northumberland, but offihore applications do exist and the first of its kind was at 
27 Vindeby, Denmark, shown in Figure 2.2. 

Figure 2.2 Vindeby Offshore Wind Farm, Denmark, taken from CADDET's Technical 
Brochure 13. 
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In some cases modem wind turbines already compete with other supply options, notably 

coal, even when social and resource-depletion costs are not taken into account. Exploitable 

in several ways, wind energy can displace diesel fuel and stimulate the local economies of 
island or rural communities in developing countries and can be fed directly into the grid in 

other areas. As resources are complex, international efforts must be made in order to 
develop thorough standardised data and this information must be disseminated to the 

relevant parties. 

Within the next 30 to 40 years wind energy could supply as much as 10% of the current 

global electricity demand. This would double in the following 10 to 20 years providing a 

major and increasing contribution to sustainable energy supplies. The realisation of wind 

energy's potential, however, will depend upon the extent to which government policies 

provide strategic support for emerging energy industries, fund resource surveys and adjust 
fuel prices to reflect their social costs. (These figures are taken from Energy, Society and 
Environment, Routledge, 1997). 

2.3 HYDRO POWER 

Primitive hydropower devices have been found that were in use over 2,000 years ago. Large 

modem hydroelectric schemes 28 can have capacities several times that of a conventional 

power station, are highly efficient, reliable, long lasting and are very controllable, adding an 
element of storage into an electricity supply system compensating for variations in both 
demand and renewable source supply. 

Whilst there are many potential sites for large hydroelectric schemes, they have major 
environmental and social impacts, therefore small-scale hydroelectric schemeS'29" with 
varying impacts, are becoming more attractive. Opposition to large schemes has resulted in 
legal protection of areas in Sweden, Norway and Germany and the United States has a Wild 

and Scenic Rivers Act. 

Hydroelectricity is a well established technology, the first large-scale scheme having been 
built in Scotland in 1896, and now the technology provides some 20% of the world's 
electricity. 
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In 1950 the Sloy large-scale Hydro Dam, 31&32 the first buttress-type dam, came into 

operation in Scotland and was designed, primarily, to supply electricity to Clydeside and 
Central Scotland at times of peak demand. When brought into service at these times Sloy 

Power Station can be operated at full load within five minutes from a standing start and is 

still Britain's most powerful conventional hydro station, at 130MW. The water is carried 

over 3km from Loch Sloy, by tunnel, through Ben Vorlich and then down the mountainside 
in four large, highly visible, exposed steel pipelines to the power station, at Inveruglas Bay, 

Loch Lomond, which can be seen in Figure 2.3. This scheme's turbine house is visible from 

the main road from Glasgow to the north west of Scotland, and from the opposite side of 
Loch Lomond, whilst walking the West Highland Way and on the Loch's ferry. The dam is 

also alongside major Scottish waking routes and efforts to improve the aesthetics of this and 

associated structures could include the texturing, detailing or forming of materials to give 
the dam the appearance of natural stone, e. g. a rock face. Earth sheltering many of the 

associated structures may also help and colour, carefully chosen to allow for seasonal and 
light/weather variations, would help to reduce the visual intrusion of the steel pipelines (the 

surrounding trees are evergreen). Trying to over camouflage renewable energy systems is 

also a contentious issue as these technologies need to be publicised. However, care taken at 
this stage of deployment will ensure publicly acceptable schemes. 

Figure 2.3 Sloy (large-scale) Hydro Dam, Scotland, taken from Scottish Hydro-Electric's 
Powerfrom the Glens. 
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In Renewable Energy - Sourcesfor Fuels and Electricity Usland Press, 1993) the magnitude 

of its role is quoted as uncertain but hydroelectricity can obviously play a major role in 

expanding the world's electricity supply. Industrialised countries have estimated that 40 to 
60% of the world's technical potential (6,000-9,000 terawatt hours (M) per year) may 

eventually be exploited, a vast increase over the 2, OOOTWh presently developed. 

Enviromental or geological constraints may, however, lower these figures. 

Eventually countries may have to exchange electricity and this will necessitate overcoming 

traditional political attitudes in many parts of the world. There would also need to be 

changes in planning methodologies and the priorities of the utilities. The lack of interest may 
be because the scope for hydropower is now seen as limited in most industrialised nations. 
However, in the coming decades, the development of hydroelectricity will be critical for 

countries in the developing world and the former Soviet Union. 

2.4 WAVE ENERGY 

As deep ocean waves suffer little energy loss if there is no intervening land mass they can 
travel long distances. This means that the UK and northwestern coastline of Europe have 

one of the largest wave energy resources in the world, able to receive waves generated by 

storms throughout the Atlantic. 

A variety of designs for extracting energy from waves have been proposed but currently 
there are just two types of device known to be in operation in Europe. The Norwegians have 
developed the tapered channel device (Tapchan) whilst, -since 1985, the Department of 
Trade and Industry (DTI) has concentrated on the most promising shoreline device, the 

oscillating water column (OWC) in combination with the novel Wells air turbine. 33 

In the 1980s Queens University of Belf 34 ast developed a shoreline gully device on Islay, in 

the Inner Hebrides, with a capacity of 75kW. The electricity produced is still fed to the 

grid '35 although there are plans to dismantle this scheme and erect another with Millennium 
funds. Figure 2.4 shows this concrete box-like structure which can be seen from both land 
and sea, although few islanders knew of this station when asking for directions on a recent 
visit. 
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Attempts to sculpt, detail and texture structural materials, earth sheltering and use of colour 

would all influence such onshore schemes. Offshore devices are obviously less visually 
intrusive but the schemes have to be marked for navigational purposes. These systems are 

more expensive than shoreline devices due to cabling, etc.. Future projects include the first 

Irish wave power station 36 and the re-launch of the OSPREY wave energy projeCt'37 off the 

north coast of Scotland. 

The chief medium-term prospects for commercial development of this technology will be to 

incorporate devices in shoreline or breakwater caisson construction. Inability to predict the 
longevity, operating and maintenance requirements of nearshore and offshore wave energy 
devices, under severe sea conditions, may unfortunately restrict development for at least the 

next decade. 

Figure 2.4 Islay Shoreline Wave Energy Device, Inner Hebrides, (top illustration taken from the DTI's Project Summary 12 7- Wave Energy). 
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2.5 TIDAL POWER 

The solar and lunar effects on the earth influence the variation in height of the tides. Tides 

may also be concentrated or amplified by natural funnels and resonance effects as in the 

Severn Estuary, on the west coast of England and Wales, which probably has the most 
favourable conditions in Europe for generating electricity from the tides? 8 

As with large hydroelectric schemes, certain tidal sites have the potential to produce as 

much electricity as several large conventional power stations. Although variable, the output 

of a tidal station is highly predictable, tidal barrages used to dam the area with turbines 

extracting energy from the ebb and/or flow of the tides. Where there is particularly fast 

flowing water submerged rotors may also be used. 

The La Rance tidal power station, in France, has a capacity of 240MW whilst a number of 

smaller barrages have been built in Canada, the former Soviet Union and China. No 

environmental monitoring of the hydrodynamic regime in basins has been carried out but 

operational experiences have been positive. 

It is interesting to note that, in principle, extracting tidal energy would increase the friction 

of the rotation of the earth therefore tending to slow its rotation over time. However, the 

amount of recoverable tidal energy is so small compared to the overall resource in practice 
this effect would be negligible. 

Future developments will concentrate on limiting construction costs, increasing output and 
reducing barrage environmental concerns regarding the estuarine ecosystem. Deployment 

will depend upon capital available at modest discount rates and larger schemes would 
involve the cooperation of national govermnents 

The visual characteristics of this technology are similar to those of hydro systems. If a 
barrage can offer dual facilities, e. g. as a breakwater for a leisure development, then this will 
add to the scheme's attractiveness and acceptance. If underwater rotors are used then they 

will need to be marked for navigational purposes. 
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2.6 BIOMASS 

So-called plant biomass is one of the major world fuel sources, especially in the Third 

World where it provides some 40% of requirements on average, and over 90% in some 

countries. This resource is also important in some of the forest-rich parts of the industrial 

nations. As well as wood, defmed as the principal biological fuel or biofuel, straw and 

animal dung are also widely used. Biomass must be used at a slower rate than it is renewed 
in order for this resource to be called truly renewable. 39 Unfortunately, sustainable methods 

are not always used and the destruction of ma ginal land forests and tree cover can result, 
due to soil structure damage. 

Biological sources can also yield gas and liquid fuels. Several million small biogas units 

have been built, mostly in China, with larger-scale units being developed in the 

industrialised countries. These usually digest biological wastes, producing biogas, mainly 

methane. There are various methods of producing liquid fuels either from specially grown 

crops or from biological wastes. Since the mid-1970s a major programme to produce alcohol 

from sugar cane has been underway in Brazil and alcohol fuel is now used by around II 

million cars. Substantial research into advanced conversion technologies is taking place and 

certain vegetable oils are being developed to be used as a substitute for diesel. 

Plantation biomass is the largest potential source of biomass for energy and establishing 

schemes on deforested and otherwise degraded lands in developing countries, and on excess 

farmland in industrialised countries, offers major developmental and environmental benefits 

in addition to large and secure supplies of energy. Care must be taken, however, to ensure 
biodiversity. Farmers are now encouraged to set aside land, which would have been used for 

food production, and consider wind and biofuel systems. Arable coppicing also receives 
forestry subsidies. Visual characteristics obviously differ between plantation and power 

station but intrusion attributed to any man-made structures can be dealt with sensitively, 

architecturally. The transportation of this fuel from farm to station will also have some 
impacts on the surrounding countryside. 

A substantial continuous commitment to R&D is necessary in order to guarantee the 

sustainability of high yields for many regions and under a wide range of growing conditions. 
In order for the world to realise its bioenergy potential it will be important for energy 
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planners to recognise the role biomass, and other renewables, can play in achieving 

sustainable development. 

2.7 ENERGY FROM WASTES 

This energy source is often considered under the heading of biomass as much of the waste is 

directly or indirectly of organic origin, such as paper, food wastes and sewage. Domestic, 

commercial and industrial sectors of the economy produce very large quantities of waste 

and, unfortunately, this is seen as a problem rather than an asset. The commonest solution 

has been to dispose of it by landfill. With increased environmental consciousness 

programmes to recycle paper, cans, glass bottles and some plastics have become common in 

the UK. The volume of wastes needing disposal has still not been substantially reduced 
however. Generating useful energy from wastes is possible by engineering landfill sites to 

encourage the natural process of decay and production of methane gas, which can be tapped 

with shallow wells. Incineration of the wastes is another option and heat recovery from this 

method can be used to produce electricity or for other purposes. Unfortunately, for the most 

part, no use is made of this energy by existing plant as they simply reduce the volume of 

waste. As with biomass, transportation of wastes will have some impacts on the surrounding 

area and plant architecture must also be dealt with sensitively in order to produce acceptable 

structures associated with the extraction of energy from wastes. 

2.8 GEOTHERMAL ENERGY 

The estimated temperatures within the earth's core are several thousands of degrees Celsius, 

originally caused by the gravitational contraction of the earth when it was formed and 

enhanced by the heat from the decay of the small quantities of radioactive materials. There 

are several places in the world where this hot rock is very near or actually on the earth's 

surface, heating water in underground aquifers, and these places have provided hot water or 

steam for centuries. 

Geothennal electricity production and water heating is used in over twenty countries 
including Italy, Iceland and California. Normally, naturally occurring steam tapped from 
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deep holes is used but it is also possible to insert explosives to fracture the rock and then 

pump the water through this fracture to extract the heat. However, if the rate of steam or hot 

water extraction is at a greater rate than heat replenishment from the surrounding rocks 

geothermal is not strictly renewable and operation must be monitored in order to ensure 

sustainability of supply. These complex features of geothermal energy can be rigorously 

opposed by environmentalists when schemes are perceived to be imposed on unsuitable 

sites. 

Geothermal resources are not thought to be suitable for generalised worldwide development 

before the year 2000. However, over the next two or three decades the technology is likely 

to experience substantial growth. Exploitation of the earth's geothermal resources can be 

justified from an economic, strategic and social standpoint and is viewed as a global 

necessity. Geothermal plant structures have, to date, closely resembled that of conventional 

power stations and are often in areas of outstanding natural beauty, e. g. Iceland, and this 

apparent disparity of interests is discussed in Section 6. 

2.9 PHOTOCONVERSION 

This is the term for various processes which convert sunlight directly into either electrical 

power, heat or a chemical fuel. These photobiological, photochemical and 

photoelectrochemical technologies are still at the laboratory research stage, investigated 

worldwide, two of which have been targeted as potential future energy options for the UK, 

i. e. electrochemical PV cells and photobiological systems to produce hydrogen. These 

technologies are detailed in An Assessment of Renewable Energy for the UK (HMSO 

Publication. R82. ETSU. 1994. ). 

Hydrogen is a high quality, low polluting, fuel that can be used with high efficiency for 

transportation, heating and power generation. This fuel could be utilised where it is difficult 

to use electricity and could play an important role in emerging markets for zero emission 
vehicles. Hydrogen fuel-cell vehicle onboard storage systems are less bulky, heavy and 
expensive than electric batteries and can be refuelled in a few minutes, as opposed to several 
hours for recharging batteries. There are, however, some doubts regarding its safety, as with 
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the conventional fuels, during a fire, explosion or during storage. Embrittlement of metals 
can also take place with prolonged contact. 

Used on a global scale, hydrogen would have low greenhouse gas emissions and little local 

pollution. Produced from a variety of renewable resources using technologies such as the 

electrolysis of water (powered by wind, solar energy or hydroelectricity) or gasification of 

renewably grown biomass it can be seen that renewable energy sources can act as substitutes 
for fossil fuels. 
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Buildings consume half of the energy used by human beings with transport and industry 

using the remaining amount in approximately equal parts. ' During the last two centuries 

building design and consumption patterns have changed dramatically, energy consumption 

rises resulting from the engineering of buildings and the fashioning of homogeneous 

environments. Today, buildings, e. g. a typical office block, waste the most energy by pot 

allowing their inhabitants/users to actively participate in conservation. Figure 3.1 shows the 

energy use of an air-conditioned office in comparison with a naturally ventilated office. 

Energy Use (Mb/ni) Typical Air-conditioned Office Good Practice Open Plan Office with 
Natural Ventilation 

Heating and Hot Water 222 95 

Lighting 67 32 

Fans and Pumps 61 5 

Refrigeration 33 0 

Catering 74 

TOTAL 390 136 

Figure 3.1 A Comparison of the Energy Use of an Air-conditioned Office with a Naturally 
Ventilated Office. Values taken from the BRECSU's Energy Consumption 
Guide 19. 

3.1 RENEWABLE ENERGIES IN ARCHITECTURE AND DESIGN 

Buildings provide shelter, facilitate activities and interactions, represent our desires and 
provide cultural expression. 2 The enormous amount of energy consumed by buildings places 
increasing demands on energy resources and this symbolises the problematic relationship 
between architecture and technology that emerged during the industrial age. The two are 
now interdependent and architectural innovation, necessitating technological and 
engineering expertise, means higher energy demands in both construction and operation. 

The Industrial Revolution reflected a human desire to challenge our dependence upon 
natural constraints and attempted to overcome and dominate nature. Rather than working 
with environmental conditions buildings increasingly became enclosed, isolated boxes with 
an internal environment that was artificially controlled. Structures are now maintained at 
temperatures deemed comfortable according to the building's purpose, irrespective of 
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outside temperatures. Achieving these comfort levels, however, necessitates considerable 

energy consumption. 

The architect and engineer are responsible for the technologies employed in building design 

and construction? The energy required to operate building services, the efficient use of this 

energy and how it is generated or harvested are all dictated by these professionals. For 

example, structures that use large amounts of glazing will need to incorporate the costs of 

artificially maintaining internal conditions against extremes in external temperatures. The 

same can be said for buildings with insufficient window space as artificial lighting will have 

to be provided to resolve its energy requirements. 

A number of objectives for efficient building design are proposed in Towards Sustainable 

Architecture (Butterworth Architecture, 1996) and are as follows: 

Artificial mediators should only be used inside a building when external prevailing 

conditions make human activities uncomfortable. Buildings can then provide a buffer 

against extreme environmental conditions, e. g. temperature or winds. 

Buildings should be designed to maximise the use of daylighe and aim. to be naturally 

ventilated, avoiding any restrictions on natural conditions reaching internal spaces that 

would positively benefit their occupants. 

Buildings should assist in the collection and storage of received energy sources, 

particularly solar energy. 5-9 This energy can then be utilised when and where required. By 

working with the earth's natural energy cycles buildings can be designed that consume 
far less energy. 10-12 

Buildings must also be environmentally responsive to their local surroundings not aiming 
to create external demands or induce negative environmental effects. Local energy 
sources can be utilised but the structure must not alter or use this energy in an 
unsustainable way. 13 

In order to achieve these aims we need to learn from our preindustrial history, studying the 
fundamental importance of the relationship between human activity and nature. The first 

buildings simply provided protection from uncomfortable temperature extremes as, until 
fairly recently, a large proportion of people spent much of their lives outside buildings. The 

cities of early civilisations altered these trends but lives still remained dictated by solar and 
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seasonal cycles. 14 No attempt was made to homogenise living conditions throughout the year 
as modem internal building environments seem to do. 

This Section examines the ingenious use of technology, throughout the centuries, which has 

enabled societies to create highly efficient structures using natural or renewable materials in 

their construction and similar energy sources to enhance their performance. These successful 
historical precedents should be reflected upon by those interested, concerned and 

responsible for the built and unbuilt environment, and attempts made to revive and refte 

many of these forgotten and neglected principles. " The dependency of human activity upon 

maintaining a sustainable relationship with the natural environment should be recognised 

and this should stimulate a greater understanding of the constructions in nature. 
Contemporary research must examine the sophistication and complexity of plant and animal 

structures, e. g. the importance of ordered chaos as seen in skins, shells and cells. By 

understanding such systems, and the local and global environmental implications of building 

design, there can be a move towards the promotion of a future holistic, ecologically 

sustainable architecture and urban planning. 16&17 

3.2 HUMANS AND THEIR ENVIRONMENT 

Humans are warm. blooded mammals, produce body hair, feed their children on milk and 
with a number of similarities to apes the two are collectively called humanoids. Humankind 

and chimpanzees still share 98% of their DNA although the evolutionary line split 3.5 to 4 

million years ago. The origins of humankind are to be found in the African savanna and the 
human organism is well suited to this environment. 

The brain sizes of apes and humans differ dramatically. Homo erectus had a brain size of 
between 750 and 1,250cm 3 whilst the modem human brain is between 1,200 and 1,700cm 3. 

A chimpanzee, however, has a brain size of just 320 to 480 
' 
crný. The increase in average 

adult brain size has led to rising energy demands, although the brain only accounts for 2% of 
overall body weight, it consumes 25% of the total calorie intake. 

The human skin's performance is suited to life in the savanna as sweat glands on the 
external body surface create moisture which acts as an evaporative cooling system. Humans 
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are faced with the problem of maintaining their core body temperature at approximately 

37'C and this can be a challenge for the human metabolism when outside temperatures 

constantly change, dependent upon climate and the time of day. Various techniques are 

employed to keep a stable body temperature in order to keep the brain, heart and other major 

organs in perfect condition. By letting the extremities cool down temperature gradations are 

created throughout the body. Some vernacular buildings can be seen to work in a similar 

way to this. 

Human physiology has also developed with the senses dealing directly with environmental 

stimuli. Acting as an interactive tool the senses perceive external stimulation, warning the 

brain if it is in danger and also act as the sensors for enjoyment. Physiology and sensual 

perception are linked directly to human psychology. The senses and a person's 

psychology/mood will influence his or her perception and this fact is crucial when 

attempting to design habitable spaces with the aim. of creating comfort and the feeling of 

well being. 

3.3 HUMAN SURVIVAL AND COMFORT 

Homo erectus started to migrate from the savanna as early as 1.8 million years BC. These 

early humans moved up to Java, confirmed by the discovery of the remains of the MOjo 

Kerto child. Homo erectus spread further into Europe and Asia, surviving for almost 1.5 

million years before extinction. Homo sapiens, modem man, only started the journey from 

Africa a hundred thousand years ago. It was Homo sapiens who developed techniques and 
technologies as diverse as agriculture to photovoltaic cells and from caves to high-rise 

buildings. 

The discovery of fire, approximately four hundred thousand years ago, meant that 
humankind became independent from natural conditions and cycles through artificial light 

and heat. This was also the first major step of active energy conversion that constantly 
required resources. The demand for firewood in most underdeveloped countries in the world 
still causes major environmental problems. Even though the open fire created well-tempered 
spaces this was still limiting and humankind searched for other means of compensation like 
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naturally protected niches and microclimates, i. e. caves, high-performance animal skins and 
the construction of portable shelters. 

Confronted with more hostile climates humankind tried to compensate for their bodies' 

deficiencies by creating second and third skins. Clothing was used and the next logical step 
became the creation of more spacious enclosures. Caves and natural land formations were 
the first attempts of compensation but there is evidence of a hut in Terra Amata, near Nice, 

France, which was one of the first built shelters of -400, OOOBC. Made from branches 

leaning against one another and fixed by heavy stones it may have been covered with animal 

skins. It was approximately 6x 12m and could have sheltered around fifteen hunters. 

Certain African peoples, living in a hot and humid climate, have no need to compensate for 

their enviromnent. Their only need is sufficient ventilation. 

As human migration and travel has reached outer space the performance of clothing and 

shelter has also increased as a result of moving beyond the earth's climatic zones. 

3.4 THE WORLD'S CLIMATIC REGIONS 

Ice Caps 

Sub-zero temperatures are the norin here. The only plentiful building material supply is ice 

and animal skins are the only clothing resource. 

Tundra/Taiga 

The warm summers allow settlement but the winters are too cold. A nomad's home, e. g. a 

yurt, must be Aesigned for easy dismantling, and portability, and must respond well to a 

variety of climatic conditions. 

Mountains 

Location and orientation are critical design factors here as snow, avalanches, wind and rain 
must all be conquered. The structures must work hard being efficient, self-sufficient and 
sustainable. 
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Continental Climate with Cool/Warm Summers 

Robust buildings with chameleon-like materials used to create the ideal indoor environment 

must be used in order to cope with this climate. By using mass to absorb heat or wood for 

insulation a balance of comfort levels can be achieved. 

Marine (west-coastal) Climate 

Usually the industrial heartlands, this is a good environment for modem humans with strong 

cold winter winds and min. People are likely to spend much of their time indoors, whatever 

the weather. 

Mediterranean Climate 

Closest to the ideal climate, confirmed by the millions of holiday-makers that visit here 

every year, human beings must still be protected from the intense summer heat by shading 

and thermal mass. 

Subtropical Climate 

Here the climate is pleasant for most of the year but summer ventilation is needed, to 

prevent overheating, as it is humid. In return for this summer comfort people accept some 
discomfort in the cold winter. 

Rai-n-forests 

People overheat here as their evaporative cooling systems are overloaded due to the heat and 

humidity. Ventilation and protection from the sun and rain is necessary and walls, floors and 

roofs must be capable of drying quickly. 

Savannas 

Humans can live here without the protection of housing or clothing. Homes are low 

performance for shading or shelter from the rain. The walls are permeable with minimal 
insulation. 

Stopes 

Homes in this zone must shade, cool and provide protection against sandstorms. Human 
ingenuity has resulted in cooling systems that utilise renewable energy, evaporative cooling, 
earth cooling, thermal air movement, wind towers and screens. 
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Deserts 

These regions are the exact opposite of polar areas and are just as hostile in terms of 
temperatures and water supplies. The hunter-gatherer existence still continues without water 
but homes are generally temporary. 

3.5 ARCHITECTURE vs. VERNACULAR 

Around the world energy-efficient building forms have been developed that suit the climatic 

conditions of their particular location, i. e. a solar vernacular. People have developed simple 

and yet cleverly built solutions to the local environmental challenges and these have 

developed, out of necessity, using only a limited range of indigenous renewable building 

materials. Vernacular builders only use local materials and construction techniques that 

make economic sense with the structure running costs kept low due to the limited resources 

available. 

However elegant and successful these simple homes may appear they are seldom considered 
to be architecture. Architecture is regarded as the preserve of the few, the wealthy elite and 
only those people have also been able to ignore energy-efficient methods of building and 
maintenance. Architecture is designed by specialists and expresses the power and status of 
the owner. In contrast, Vernacular is building for the masses and is often less luxurious and 
less comfortable. These definitions are discussed in Sol Power (Prestel, 1996). 

3.6 THE FIRST SOLAR STRUCTURES 

The transformation from hunter-gatherer to farmer was an important step in the progress of 
human development and in the use of solar energy. A stretch of land running from the 
Zagros Mountains in present-day Iran to southern Israel and Jordan, known as the Fertile 
Crescent, became the first place plants and animals were domesticated. Initially, cereals 
were planted in areas outside their natural habitat and the hard labour associated with the 
agricultural way of life meant that people only turned to it when absolutely necessary, i. e. as 
a settlement's population increased. Agriculture enabled people to establish permanent 
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settlements, villages and substantial homes and structures. This was the start of the 

development of construction. 

Major settlements were firmly established by 800OBC, e. g. Jericho in the Jordan Valley 

whose one and a half hectares is believed to have supported around a thousand inhabitants. 

Native plants, etc., were being farmed around the world and the fanning of these natural 

solar collectors led to a vigorous phase of technological development. By 400OBC 

agriculture was the basis of life. To ease the arduous tasks of ploughing and harvesting, 

early farmers from all continents were developing tools and equipment. The protection of 

this harvest during the winter months also became of prime importance. Storehouses were 

built at the centre of settlements with farmers ensuring that their contents were kept at 

optimum temperature and humidity conditions. 

Maximisation of crop yields was only possible in many areas by the use of irrigation 

systems. Each region developed its own solution, e. g. the African village dwellers of the 

Nile Valley had to build dykes to contain the river's flood waters. The floods of the rivers 

Tigris and Euphrates in Mesopotamia, however, did not provide enough water and canal 

networks had to be constructed. 

3.7 SOLAR CITIES 

The gradual process of proto-urbanisation over thousands of years culminated in the rise of 

the first cities between five and six thousand years ago. Prior to the formation of these urban 

concentrations a number of important technological innovations had started to transform 

human activities, e. g. the cultivation of grain, the development of the plough, the potter's 

wheel and the draw loom, and primitive metallurgy which promoted the use of copper and 

other metals for tools. Intellectual activity, e. g. abstract mathematics, was also evident. 
Unlike the advances following the Industrial Revolution, the innovations initiating change 

within these early civilisations led to an implosion of human activities. The city concentrated 

activities that had been unorganised and scattered over a large area and this facilitated 

greater interaction, enabling components of community life to exist in a dynamic, but more 

stable and comfortable, environment. 
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The formation of the earliest cities depended upon the development of agriculture, emerging 
in regions experiencing comparable climatic influences between the Tropic of Cancer and a 
latitude of 30'N. The second requirement was proximity to a large river which would 

provide a means of irrigation, transport and the use of its fertile floodplain for agriculture. 
The river valleys of the Tigris and Euphrates; Nile (Egypt); Indus (India) and Wei-Huang 

(China) provided the ideal conditions for crop growth and the continuing supply of fuel 

woods and hence the ideal place to establish cities. 

A period of climatic change corresponded with the development of cities in Mesopotamia 

and Egypt and the drying up of marsh- and grassland areas meant that more concentrated 
forms of cultivation and increased food production could take place on the floodplain. The 

creation of larger communities in Mesopotamia came about due to the need for collaboration 

in building and the maintenance of irrigation systems. Canal systems were soon incorporated 

into the city structures themselves and water became a way to increase comfort and pleasure 

for the wealthy and sophisticated city residents. The famous Hanging Gardens of Babylon, 

described in Sol Power (Prestel, 1996) were created on a series of elevated terraces irrigated 

from the Euphrates with a pump system. One of the first examples of spectacular solar 
design the gardens successfully combined nature and architecture, illustrating the 

importance of sun orientation in its city forin. Street arrangement enabled residents to enjoy 

the benefits of the climate, i. e. light, warmth and favourable breezes - whilst protecting them 

from harsh south-westerly winds - with the appropriate ventilation and shading. 

As a result of the division of labour and practices of enslavement social divisions became 

apparent. This was demonstrated in the ancient Egyptian city Kahun where solutions for 

protection against harsher elements included the housing of slaves in the windy western 

quarter, acting as a human buffer for the wealthier residents living in the east. This can also 
be seen in Baghdad, Iraq, where servants and animals were condemned to live in the least 

favourable areas of the city. 

The largest Indus Valley supported settlements, the cities of Harappa and Mohenjo Daro, are 
described in Prestel's Sol Power (in 1996) and were defined by a high level of 
administration and strictly defined social order. Constructed to a high density, grid-like, 
structure their street patterns took their orientation from the sun. The citadels at the centres 
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of these urban areas housed not only sacred and civic spaces but also the granary stores. This 

shows that the security of the city's energy source, its food supply, was clearly paramount. 

Similar city formations began in the Wei-Huang Valley of China and the forests of the 

Mayan civilisation in Central America between 1000 and 200013C. A secure political order 

was seen to be the key to success in all city-based societies. Mysticism was also recognised 
in the city-form of both the Mayan civilisation and China's Shang dynasty. In China, oracles 

would be consulted before any work began on building a city and their answer would dictate 

its development. In the Mayan city of Teotihuacan public spaces were dominated by sacred 

structures, e. g. the Pyramids of the Sun and Moon. 

Subsequent cities have been characterised by regular grid patterns and have also attached 

great importance to their solar orientation. The grid's rigid framework reflected the desire to 

create an ordered community that functioned efficiently. Providing a high level of syntactic 
logic, the grid was important in allowing inhabitants to easily find their way around on foot. 

Similar rigid fi-ameworks were used by Hippodamos, in ancient Greece, in the planning of 
cities. Hippodamos is also credited with the formalisation of civic space which provided a 
focus for urban life. The importance of health, hygiene and leisure in the Greek city can be 

seen when examining other components such as public baths, theatres and stadia. Standards 

of comfort and intellectual stimulation were high but the social stratification meant that the 

urban experiences of the masses were rather more differentiated. The Romans inherited 

these Greek cities and the issues central to their development remained the same. Once 

again, the grid was aligned to maximise the benefits of solar energy, as well as to minimise 
any detrimental effects by providing ventilation and shade. 

These early cities shared a dependence upon a clear interaction between human activity and 
nature. The concentration of population and activities in urban structures enabled the escape 
of environmental uncertainty to a degree but the crucial balance between human 
development and the environment always had to be carefully maintained. The energy of 
ancient civilisations, derived from solar energy through crop production, meant that its 

survival was dependent upon the maintenance of the appropriate conditions for agriculture. 
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3.8 ARCHITECTURE FOR THE AGRICULTURAL AGE 

Spectacular architecture has been created for centuries. Religious structures were not created 
to provide shelter for members of the community but to please and glorify the gods. Taking 

their inspiration from the sun and the forces of nature some of the earliest religious buildings 

gave people an understanding of the passage of time through solar orientation and earned the 

name of calendar structures. Communities believed that glorification and appeasement of 
the gods was crucial in order to ensure that their harvest would be protected from floods and 
adverse weather. Markets, forums, amphitheatres and baths were also designed to attract the 

public and had to offer high levels of environmental comfort. The wealthy were able to 

surround themselves with luxury within their private palaces and villas, creating a perfect 
indoor climate using passive ventilation, sunlight and solar shading. 

In the Middle Ages solar energy strongly influenced Christian architecture, inspiring the 

orientation of churches giving the worshippers glimpses of fantastic effects. The architecture 
of Islam, however, took its orientation from Mecca with mosques and palaces designed for 

solar shading rather than lighting and with an emphasis on comfort rather than pure 
grandeur. The use of solar energy for comfort found its clearest expression in the Ottoman 
Empire and in the courts of the Persian princes in Isfahan in the 16th century. Baths, gardens 
and naturally ventilated, cool, interior spaces provided a comfortable and pleasing built 

environment. However, all levels of society did not share this experience. 

The wealthier the owner the more aspects of solar energy he or she was able to exploit in 

their building; e. g. the palace of the 17th century Moslem ruler Shah Jahan, builder of the 
Tai Mahal. Although these owners did not need to pay any attention to saving energy, with 
sufficient wealth and power to achieve their goals, these buildings display a sophisticated 
understanding of the use of solar energy. Their sole objective was to maximise comfort and 
luxury from their surroundings, the state of total environmental well-being. Few modem 
buildings have equalled these levels of environmental quality. 

The light, openess and solar sophistication of Classical architecture was brought to 
European buildings during the Renaissance. As Europe progressed to the Baroque age its 
architecture was to become increasingly omate and theatrical, the use of solar energy 
becoming more dramatic. 
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Until the Industrial Revolution luxury and comfort were not available to the broader section 

of the population. Mass production turned comfort into a marketable commodity. 

3.9 ARCHITECTURE FOR AN INDUSTRIAL AGE 

Marking a significant transition in world history, the Industrial Revolution occurred as a 

number of societies began to shift from a predominantly agrarian to industrial economy. 

Industrial manufacturing had already began gradually expanding but by the end of the 18th 

century the scale and nature of the forces of production underwent a transformation with 

increasing circuits of capital and associated new forms of spatial organisation. With this 

transition came Enlightenment, a desire to break with history and tradition in the pursuit of 

progress, modernisation and human emancipation. Modernity provided a new logic, reason 

based upon objective, demystified and desacralised science. This separation of religion from 

the realm of objective science enabled the Enlightenment thinkers to embrace rational forms 

of social organisation and justify the scientific domination of nature. This removal of natural 

limits to human progress promised freedom from scarcity and want and appeared to support 

the aim of greatest possible happiness and comfort for the greatest number of people. 

The project of modernity and Industrial Revolution held a complementary and dialectical 

relationship. New technologies using fossil fuels became a pivotal factor with coal and coke 

providing a more economical form of energy than charcoal. The development of more 

compact steam engines that used this new energy source opened brand new vistas for 

industrial production. Small workshops were replaced by large, mechanised factories. A 

heterogeneous industrial and social landscape evolved with towns and cities growing rapidly 
in locations near raw materials, particularly coalfields and areas with transportation links by 

inland canal, toll road and railways. Communications improved through technological 

advances, e. g. the Morse telegraph and the telephone. 

The architects and builders of this time transcended the limitations of human scale and 
buildings often represented a submittance to the control of the technology itself rather than 
the use of technology as a tool for architecture, e. g. Paxton's Crystal Palace built for the 
Great Exhibition of 1851 which represented inspired pieces of technological engineering 
rather than feats of architecture. The growing evidence of negative repercussions was 
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obscured by a preoccupation with progress, personal comfort and convenience. Although the 

costs of progress led to a rise in living standards for a greater number of people, high levels 

of deprivation, through poverty, overcrowding and disease, were more common experiences 

of urban living. 

Housing conditions were improved with open green spaces and new settlements promoted 

reform through education and hygiene, i. e. by providing schools, hospitals and almshouses. 
To try and combat alcoholism there was also a notable absence of bars and public houses. 

Social reformers such as William Morris and John Ruskin advocated a return to more rural 

ways of life and proposed settlements were based upon values espoused by the Arts and 
Crafts Movement. This desire to escape the city and live in cleaner and more open 

countryside was the birth of green living. During the 1880s and 1890s the North American 

and European middle classes were able to move fin-ther away from the squalor associated 

with inner cities due to the construction of electric tramlines and railways in the larger cities. 

Such trends could be recognised in Ebenezer Howard's proposals for the creation of 
slumless, smokeless Garden Cities. Howard, influenced by the City Beautiful and Arts and 
Crafts movements, envisaged a group of social cities, each with a population of 32,000, 
linked to one another by rail. Howard's cities were based on a radial structure with 
concentric rings whilst the Spaniard Soria y Mata's garden city proposal followed a linear 

structure with a single street acting as a locomotion vertebra. At the turn of the 20th century 
the British ideals of the Garden City movement gained wide acceptance. Development only 
took place in suburbs on the peripheries of large towns and cities but there was a return, 
amongst those-who could afford it, to healthy, solar living away from the slums. 

During the interwar period, modemism acted across political ideologies defining the 
fundamental belief in the explicit relationship between human progress and new fon-ns of 
social organisation. Architecture, urban planning and all other areas of culture aimed to 
symbolise this new age. There were still those who favoured a return to nature and 
disurbanisation whilst others rejected individuality and romanticism, favouring scientific 
rationality. The creation of new social conditions were to be seen in modem architecture 
with notions of less being more and form followingfunction. Buildings were seen as agents 
of redemption and machines for living and this demonstrated the rationality and objectivity 
structuring the dominant architectural design canon at that time. This modem movement is 
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commonly associated with the likes of Le Corbusier, Mies van der Rohe, Gropius and 

collectively of The Bauhaus. The collective represented by the Congrýs Internationaux 

d'Architecture Moderne (CIAM) in 1928 introduced urban charters that led to many of the 

features that dominate contemporary urban landscapes, e. g. functional zoning through 

segregation and specialisation. 

In the UK the Garden City movement remained strong and suburbanisation based upon 

public transit routes predominated in the creation of Metroland. American proposals led to 

the plan of innovative suburban designs such as Radbum, New Jersey, which emphasised a 

segregation of street and vehicular traffic, the provision of connecting green spaces and the 

clustering of housing around cul-de-sacs. At this time Frank Lloyd Wright's Broadacre City 

Project was initiated, defined as dispersed and anti-urban. In Russia the architecture was 

modem in influence with lower density and deurbanisation to be seen in urban planning. 

Communal living arrangements lost favour with lower-density, linear-based urban 

expansions gaining acceptance. This can be seen when examining the most abstract and 

theoretically consistent representation, a proposal provided in 1930 by N. A. Milyutin, 

comprising a linear city functionally zoned into six parallel strips. Similar principles but in a 

rather more specific configuration were illustrated in the outline for the green city extension 

to Moscow, by Moisei Ginzburg and Mikhail Barshch. The modem movement's rational 

architecture practised through The Bauhaus was instantly eclipsed in Germany following the 

National Socialist seizure of power in 1933. The Third Reich's ideologies led to a gradual 

transition away from the Weimar Republic's cubism towards pitched-roof structures which 

symbolised certain natural, ecological objectives. 

Following World War Two the construction of high-density, modernist blocks based on 
CIAM principles and surrounded by green open spaces gained favour whilst population 
dispersal and movement to suburbs also gathered pace. In the UK the New Towns 

programme encouraged lower densities, maintaining many of the guiding principles 

proposed 50 years earlier by the Garden City movement. American productive capacities 

and innovative technologies were redirected into creating new living and working patterns, 
i. e. a spatial manifestation of the switching of capital. In downtown areas glass tower 

structures were possible by the continual improvement of technologies including lift design 

and operation; heating; ventilation and cooling systems; internal restructuring, e. g. open- 
floor planning, and novel architectural and engineering techniques. 
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Our energy consumption requirements have increased dramatically with the improvements 

made to our living environments through lower-density living and our working 

environments, i. e. climatically controlled offices and factory spaces. The Industrial Age 

brought about a continually growing dependency upon technologies and their energy 

requirements. The two world wars demonstrated the use of technology for devastation, 

killing dehumanised through increased mechanism. However, innovation has provided 
innumerable advantages with mass production initiating increasing food production and with 

medical advances increasing average life expectancies. In the industrialised countries most 
homes now have heating, lighting and a plethora of labour-saving devices considered 

essentlaL 

3.10 CHANGING ARCHITECTURE FOR A SUSTAINABLE WORLD 

Towards the end of the 1960s the project of modernity, grounded in Enlighterunent 

reasoning and driven by technological and industrial progress, began to falter. There was a 
growing feeling of uncertainty and pessimism following the period of postwar optimism. 

The economic growth experienced by the wealthier nations since the late 1940s began to 

slow down with the security and life-styles it had fostered beginning to show sign of strain. 
There was social unrest in many industrialised countries as traditional norms were rejected 
and government policies were increasingly questioned. There was large-scale civil disorder 

in America as the poverty and disadvantage of many inner-city areas became visible as the 

cities burned. -Leading political figureheads were lost through the assassinations of John 
Kennedy and Martin Luther King. The response to the war in Vietnam also reflected a 
nation at growing unease with itself. During 1968 and 1969 riots and civil disturbance 

spread throughout the industrialised world and many new political organisations evolved 
focusing on women's rights, racial equality and the environment. 

Fordist methods of production began to be replaced with more flexible forms and industrial 

centres began to shift, reflecting the global nature of the market. Global interdependence 

was highlighted by the 1973 energy crisis with the life-styles enabled by the unhindered rise 
in energy consumption in advanced economies being directly challenged. 
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The modernist principles in architecture and urban planning that followed World War Two 

came under strong criticism as problems became apparent. Many of the modernist high- 

density housing projects, that had come to represent symbols of corporate wealth, soon 
deteriorated to such an extent that they were uninhabitable. These estates suffered largely 

due to their loss of human scale, the lack of clearly defined public and private space and ýhe 

use of poor-quality construction techniques. Instead of representing new homes for a new 

society social poverty has continued becoming increasingly ghettoised through this type of 

redevelopment. The rigid functional zoning practices that typified postwar American cities 
have also been criticised in terms of energy inefficiency, homogeneity and with a lack of 

cultural vibrancy. The universalising, rationalising and standardising instincts of modernism 

were found not to provide solutions for human living. 

When pictures of the earth were transmitted from US space missions the planet was seen as 

an interconnected, dynamic system and its fragility could also be seen. Calls for a more 

comprehensive understanding of our environment and its complexity were made and 
Buckminster Fuller's notion of Spaceship Earth reflected this. The recognition that the 

environment affected our quality of life and that it was something that should be protected 

and valued in its own right translated into a variety of institutional measures. This is outlined 
in Sol Power (Prestel, 1996). The 1972 Stockholm Conference and the establishment of the 
United Nations Environment Programme (UNEP) laid the foundations for the international 

environmental accords that have since been implemented. This period also marked a period 

of growth in public awareness and environmental pressure groups were formed, e. g. 
Greenpeace and Friends of the Earth. 

New values and approaches to the environment are needed with notions of stewardship, 
trusteeship and sustainability helping to replace the accepted doctrine of human superiority. 
At present we are drawing upon the ecological capital of future generations knowing that we 
are unable to repay it, i. e. the extraction of fossil fuels and the loss of biodiversity. The 
European Commission (EC) has suggested a new code of environmental ethics necessitating 
a redefinition of our responsibilities to the natural environment and future generations. 
Technology can no longer be assumed to provide solutions and we must evaluate our own 
ways of life, our production and consumption practices. Such decisions will require changes 
to our life-styles and necessitate new forms of organisation in our present economic 
structures. The role of technology will still be paramount and an increasing dialectical 
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relationship between our understanding of the enviromnent and technology will be a 
defining factor of the new solar age. 

3.11 THE TECHNICALITIES OF DESIGNING SUSTAINABLE COMMERCIAL 
BUILDINGS 

3.11.1 Buildings that Utilise Wind Enerzv 

Structures should relate to local climatological conditions. Although wind is crucial for 

natural ventilation and a fresh air supply it can also cause drafts and adds additional wind 
loads. Wind can be harnessed directly by a building through integrated turbines or other 

wind-catching devices. Figure 3.2 shows buildings that utilise wind energy. 

in a visionary scheme by Richard Rogers, windmills form part of the buildings and although 

noise and vibration problems would have to be solved this shows an imaginative approach to 

using wind power [1]. A design of one of the leading Malaysian practices, T. R. Hameah & 

Yeang, features natural ventilation, sky gardens and a geometry that is closely linked to the 

local environment [2]. In Tokyo, Richard Rogers's Turbine Tower is designed to be capable 

of generating enough energy to power itself. Wind-tunnel tests were conducted to analyse 

wind conditions on the urban site, showing how flexible the building is for the varying wind 

conditions of Tokyo [3-5]. The Duisburg Microelectronic Centre attempts to optimise the 

flow of natural ventilation and smoke extraction through two atria and these concepts were 

tested in a wind tunnel where the behaviour of wind and aerodynamic performance of 
buildings are explored. Computer simulation techniques using fluid dynamics can also be 

used [6-8]. Renzo Piano's New Caledonia Cultural Centre has a very distinctive shape, 

generated by the need to maximise ventilation in a humid climate [9]. Richard Rogers's 

design entry for the UK Inland Revenue headquarters competition has an aerodynamic style. 
The built form'accelerates the south-westerly winds, assisting natural cooling of the building 

[10]. 
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Figure 3.2 Buildings that Utilise Wind Energy, taken from Sol Power (Prestel, 1996). 
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3.11.2 New Coneevts in-CladdinaDesian 

Wind shields and double-skin fagades protect a building from heat loss and also protects 

external shades from damage. The cavity's then-nodynamics can be used to cool the building 

and shades whilst heat can be recovered. Figure 3.3 shows pioneering buildings that have 

used a ventilated cavity. 

The Hooker buildings in Buffalo, New York, built in 1981, was one of the first to apply a 

double-skin technology. It has proven very effective in reducing energy consumption 

although the structure is air conditioned [1,3-4]. The Duisburg Business Promotion Centre 

by Sir Norman Foster & Partners used the principle of double skins and a ventilated cavity 
in order to produce a high-performance cladding system. Finely computer-controlled 

perforated aluminium blinds are protected by the external planar fagade with views still 

possible when closed. A highly insulated double-glazed argon-filled fagade is used behind 

the blinds for thermal comfort. The building's design concept was aimed at achieving the 

best level of comfort under artificial conditions. In addition to computer-controlled light and 

temperature sensors each room has individual controls [2,5-6]. A Green Building design by 

Future Systems' in 1990 also experiments with the idea of a second skin. Here it is used 
largely as an exhaust air system with the stack effect sucking air out of the perimeter offices. 

An atrium at the centre of the building provides fresh air to the occupants and this project 

resulted from close collaboration with the engineers Guy Battle and Chris McCarthy [7,8, 

101. A Japanese atrium roof designed by Nikken Sekkei has a curved double fagade with 
integrated shading systems. The glass roof permits the careful use of daylight whilst the 

built-in ventilation system cools the building as necessary [9]. The vision of a natural green 

wall was created by SITE's design for a Supermarket. The architects created a linear 

greenhouse, partly filled with plants and earth material, in a buffer between two glass walls. 
The design shows the potential of double-glazed fagades for the future and the external use 

of running water down the fagade has an additional cooling effect [11,12]. 
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Figure 3.3 Buildings that Utilise Ventilated Cavities, taken from Sol Power (Prestel, 1996). 
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3.11.3 Natural Ventilation for Extremes 

Although high-rise buildings can be problematic there have been many technological 

advances. High-performance cladding systems now allow carefully controlled natural 

ventilation, dynamic shade variation, glare control and have also integrated individual 

control systems for the user. These features drastically reduce the energy demands for future 

buildings. Architects and engineers have long dreamed that building walls should act as 

natural skins. This is still far from being the case but recent developments in the field of 

multilayered fagades may eventually lead to a fully responsive semi-permeable building 

skin. Figure 3.4 shows buildings whose walls have become membranes. 

The new Commerzbank Frankfint headquarters, by Sir Norman Foster & Partners, is the 

first of a new generation of high-rise buildings. It explores ways of using natural energies, 

particularly high-performance skins, in order to satisfy the requirements of their occupants. 
Studies with simulations of the environmental behaviour of wind and light have been carried 

out to ensure the maximisation of natural ventilation and lighting use over time. The 

Commerzbank has openable windows, sky gardens and natural ventilation. The cladding 

manufacturer Gartner was consulted when designing the wall [1,3-4,6]. The same principle 
is used in the ARAG headquarters in Dilsseldorf with Sir Norman Foster & Partners 

working in collaboration with Rode, Kellermann and Wawrofski (RKW) [2,5,7]. The RWE 

headquarters in Essen, Germany, is a climate fagade developed by the architects Ingenhoven 

Overdick & Partner. There is an air in- and outlet at every slab level with a 50cm cavity [9, 

11 - 12]. A similar concept is used by Petzinka, Pink & Partner in the City Gate in Dasseldorf 

with the cavity between inside and outside wall being approximately 1.5m deep [8,10]. 

Breathable materials are widely used today in outdoor equipment. Mountaineers wear a 

system of layered clothing with an outer layer that keeps water out whilst allowing water 

vapour from the body to escape. Modem materials use body heat to drive moisture vapour 
out through the fabric. Fabrics such as Gortex or Trevira, perform in ways that building walls 
still have to achieve. 
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Figure 3.4 Building Walls that have become Membranes, taken from Sol Power (Prestel, 
1996). 
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3.11.4 Insulation and Conservation 

There are many good insulation materials available, ranging from polystyrene foam to 

mineral woods and natural materials such as wood, cork and straw. At a certain thickness 

stone is even a good insulator but none of these materials lets light through. The layering of 
glass and use of it in combination with other materials has dramatically increased. in 

performance over the last 20 years. Insulation values are more than fourteen times better 

than previously known. Figure 3.5 shows a variety of new technologies that can be used for 
highest thermal performance. 

Transparent insulation materials (TIM)18 now include T)&TD honeycomb structures, capillary 

structures, Basogel granular aerogel and glass tubes [5]. Extruded Honeycomb is produced 
by placing TIM between two sheets of glass. This combination has high values but still 

allows diffuse daylight into spaces. It can also be used as a light-guiding system projecting 
light deep into space [1-4,7]. Aerogel products, e. g. Basogel, are small beads of insulation 

material up to 6nun in diameter [6]. They are placed between two sheets of glass. When 

placed between glass panes tubes can also trap heat and allow light penetration. Spacesuits 

also have to be insulated to maintain all life-supporting features for outer space. The 

performance range is extremely high, from 230 degrees on the sunny side to about -230 
degrees on the shaded side. No single material would be able to meet these requirements and 

multilayered active systems are necessary like a water circulating system incorporated into 

the underwear [8]. Aircraft insulation is an excellent example of high performance mobile 
design. Passengers can sit comfortably in an aircraft whilst it flies through widely ranging 
temperatures [9]. The Space Shuttle's nose and underside are covered with a special highly 

refined silica that insulates the astronauts from a few thousand degrees of heat as they re- 

enter the earth's atmosphere. This material has such low thermal conductivity that a small 

cube of it with a red-hot centre can still be held by the naked hand [ 10- 11 ]. S leeping bags 

use the simple natural resource of air as their prime insulator [ 12-13]. The body is enveloped 
in a layer of still air that combats convection. Materials from other industries could be used 
by architects and designers with further material R&D. 
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Figure 3.5 New Technologies that can be used for Highest Thermal Performance, taken 
from Sol Power (Prestel, 1996). 
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3.11.5 Guidine Daylight 
The most efficient, or direct, way of using solar energy is by using daylight for lighting 

instead of electricity. The incorporation of daylight into every building must be balanced 

against unwanted heatgain. Figure 3.6 shows buildings that make efficient use of natural 

energies. 

Optimising shade and daylight has resulted in many new forms, e. g. Renzo Piano's 

prefabricated concrete baffles for the Menil Collection in Houston, Texas [1,2]. Reflecting 

and neutralising light diffusion systems are used in Thomas Herzog's Design Centre in Linz, 

Austria. In collaboration with Christian Bartenbach this design has epitomised the 

microgeometry of each baffle [3,4]. Most direct sunlight can be reflected or redirected by 

microprisms in order to only allow diffluse light through. This first-generation technology 

has progressed to a stage where manufacturers can now extrude material to produce 

prismatic slats at a lower cost. These can be used vertically or horizontally [5-8]. Figla, the 

Japanese glass producer, have developed miniature glass prisms situated between two sheets 

of glass which reflect or diffuse sunlight. A circular version can achieve fixed daylight 

levels in all seasons, times and azimuth, e. g. for art galleries, museums, pavilions and large 

conference halls [9]. The triangular version can reflect light in the summer whilst absorbing 
light in the winter, e. g. for buildings, offices and residential buildings [10]. 

3.11.6 Transparent Davii2ht Control 

This century's architecture has been influenced by the development of glass more than any 

other material. Glass is one of the most promising high-performance materials in solar 

architecture. Figure 3.7 shows ways of sculpting light with glass. 

An architect and light and glass designer James Carpenter, from New York, uses diachromic 

glass for light-guiding effects. His working model of a Methodist church shows the 

envisaged light pattern which clearly explores new ways of utilising glass as a building 

material [1,2]. Holographic coatings on glass can also be used to redirect sunlight and was 
explored, by two Cologne professors, in Stuttgart's garden exhibition [3,4]. By adding 
dynamic properties to a stable material, such as glass, electrochromic glass can be produced. 
This can turn opaque within a few seconds when an electric current is applied [5]. Mike 
Davies from the Richard Rogers Partnership has investigated the concept of the 
multilayered, fully dynamic wall that responds to the environment like a chameleon. Various 
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studies of new glass technologies, i. e. multi-skin glazing, have been undertaken with 
Pilkington Bros. [6,7]. The Lloyds building in London has a ventilated cavity wall which 

achieves a high thermal performance as well as creating optimum interior diffuse daylight 

conditions [8,9]. The potential for research into the gases and liquids, or even organic 
substances, to be integrated between glass panels or of glass to be sculpted is large [ 10,11 ]. 
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Figure 3.6 Buildings that make Efficient Use of Natural Energies, taken from Sol Power (Prestel, 1996). 
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Figure 3.7 Ways of Sculpting Light with Glass, taken from Sol Power (Prestel, 1996). 
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3.11.7 Dramatic Daylight 

New technologies have opened up new possibilities and the art of using daylight to create 

theatrical effects is still alive. Figure 3.8 shows three contemporary spectacular structures. 

The new Berlin parliament will be housed in the Reichstag. The conversion of this existing 

building features an innovative energy concept that has resulted in an exuberant daylight- 

guiding structure, or daylight chandelier, at the top of the building. This modem dome, 

designed by Sir Norman Foster & Partners, will include a visitors' platform and also reflect 

light into the parliament chamber by means of a central dome with hundreds of mirrors. 

Extensive testing has taken place using computer simulation in conjunction with a 1: 20 model 

of the entire dome and chamber under real conditions [1-6]. One of the features used by 

Foster Associates in their Hong Kong Bank is the atrium at the centre of the building where 

two giant mirrored surfaces are use to reflect the sunlight. An external sun scoop is covered 

with hundreds of small mirrors which follow the path of the sun reflecting daylight towards 

another concave reflector cone at the top of the atrium. This guides the light into the space 

and also further through the glass floor [7-8]. The Institute du Monde Arab, by Jean Nouvel, 

has extraordinary daylight controls consisting of thousands of dynamic computer controlled 

sensory shutters [9-10]. 

3.11.8 Efficient Structures and Materials 

The embodied energy in materials and in the construction process, as well as the materials' 

longevity and perfonnance, all contribute to the total life-cycle cost. Figure 3.9 shows ways 

of trying to reduce embodied energy. 

London's third international airport Stansted is a highly efficient structure. It also has a very 

light-weight roof as the services are concentrated at ground level. By using the roofline as an 

enormous daylight-guiding system the airport can be daylit for most of its operating time 

which results in a huge energy saving [1). (Sol Power, Prestel, 1996). New connection 

methods developed by Mero have allowed complex space frames and geometries with a 

minimal, versatile kit of multifaceted connecting bails and sticks. This means a reduction of 

material consumption is possible and this can be seen in Mero's German pavilion at the 1970 

EXPO in Osaka [2]. Examples of efficient structures and materials, buildings by Frei Otto and 
Renzo Piano [3], and methods mainly employed in sailboat contruction [4,5] are also worth 
noting here. The Munich Olympic Stadium built in 1972, by GUnther Behnisch and Frei Otto, 
is a large-scale light-weight tensile structure [6]. For years, Koch Hightex have been 
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developing cushion constructions out of hostaflow and vela glass illustrates a unique example 

of a cushion with integrated shade and has been used in an artist's studio in Munich [7]. The 
innovative use of these new materials has enabled the development of Paul MacCready's 

Gossamer Albatross, a human-powered aeroplane. This combined mylar skins with a carbon- 
fibre structure and honeycomb material [8]. 

Outdoor activity suppliers have also been quick to explore the potential of these new 

materials and structures, the new generation of tents being good examples of super-light- 

weight structures. 
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Figure 3.8 Three Contemporary Spectacular Structures, taken from Sol Power (Prestel, 1996). 
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Figure 3.9 Ways of Trying to Reduce Embodied Energy, taken from Sol Power (Prestel, 1996). 
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3.11.9 Environmentally ReslRonsive Structures 

Figure 3.10 shows buildings that claim to do more with less. 

Foster Associate's design for an Autonomous House for Buckminster Fuller and his wife, in 

1982, was a light-weight, high-performance structure. Inner and outer domes were to goat 

on a low-friction sealed hydraulic race and the external skin was to be a fly-eye dome 

capable of rotating independently around a similar inner dome, supporting the space-deck 
living floors. Each dome was to be half glazed and half clad so that the house could be 

completely closed at night and yet track the path of the sun during the day. The concept was 
likened to an eyeball and lid with the cavity being used to circulate air [1-3]. Charles 

Hoberman, a sculptor and engineer, has also conducted research into such structures and has 

produced the Iris Dome Retractable Roof [4,5]. Bodo Rasch in Germany used umbrellas for 

shade as a prototype for a mosque in Mecca. The mosque was supposed to have an 

adaptable roof-shade that had to be an independent part of the complex, i. e. not rest on an 

existMig structure. One design by Rasch integrated solar cells into the shade umbrellas which 

powered their opening and closing [6-11]. 
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Figure 3.10 Environmentally Responsive Structures, taken from Sol Power (Prestel, 1996). 
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3.11.10 Visualisation Techniques for Environmenýtal Desien 

Figure 3.11 shows the new tools available which help to visualise the invisible flows of 

energy. 

One way of creating successful low-energy ecological design is by the application of 

sophisticated computer modelling techniques in order to better understand the behaviou r of 
both occupant and building. Today's engineers and architects have computer modelling 

tools available such as dynamic thermal modelling, computational fluid dynamics and 
daylighting or artificial lighting modelling. The context of the building must also be 

carefully studied to maximise the benefits of natural resources and to analyse the comfort 

expectations of the occupants, their social lifestyle and living patterns. 

Various tests have been carried out in order to test the Frankfurt Commerzbank 
headquarters. The engineers J. Roger Preston & Partners carried out fluid dynamic 

simulations which not only illustrated the tower in its urban context (as would a 

photomontage) but also showed the patterns and intensities of wind energy around the 

building at different levels. By using the virtual reality techniques of computer simulation it 

is possible to zoom in and out to study the global movements of energy to the individual 

distribution of, for example, ventilation and daylight [1-5]. Fluid dynamic computer 

simulations were used to optimise natural airflow through varying window positions when 
designing the Potsdamer Platz in Berlin. This is one of the largest high-quality speculative 

office developments in Europe [6-8]. The distribution of daylight in spaces can also be 

simulated with various computer software packages, designers being able to optimise their 
designs [9-111. 
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Figure3.11 The New Tools available to help Visualise the Invisible Flows of Energy, taken from Sol Power (Prestel, 1996). 

76 



3.12 NEW LAWS, NEW RESPONSIBILITIES 

Complex EC directives must not prejudice us to the general aims of policy emanating from 

Brussels. The variety of legislative measures, seen in Figure 3.12, now adds to a potential 

tide of new enviromnental controls. 

Subject Number Effect 

Construction Products 891106/EEC * Standardises performance criteria of building products. 
see also 
93/5068/EEC * Introduces six essential requirements including: 

- safety in use 
- environmental health 
- energy conservation 

CFCs 80/372/EEC * Banning of production of CFCs. 
Regulations * Phasing out of HCFCs and Halons. 
33321881EEC 
594/91/EEC 
3952/92/EEC 

Air pollution 91/692/EEC * Reduce permitted levels of discharge into atmosphere. 
93/5059/EEC * Encourage clean burning. 

Environmental Impact Assessment 85/337/EEC * Requires assessment of impacts based upon 
formalised environmental statement for major 
construction projects. 

Health and Safety 76/579/EEC * Formalises safety needs and responsibilities on 
79/343/EEC construction sites. 
79/640/EEC * Improves internal workplace environment. 
83/477/EEC * Reduces adverse effects of office machines. 
86/188/EEC * Sets limits to exposure to dangerous conditions. 
87/217/EEC 
91/382/EEC 

Recycling 75/442/EEC 
91/156/EEC * Encouragement of recycling measures. 

Eco-labelling 9V2/EEC and Introduces a European scheme for eco-labelling. 
Regulation Will, in time, provide information on embodied energy 
EEC/880/92 and environmental cost of materials. 

Eco-management Regulation Introduces a European scheme for the formulation of 
EEC/1936/93 environmental management systems. 

Biodiversity 92/43/EEC Strengthens protection given to natural habitats, flora 
and fauna. 
Introduces new conservation categories. 

Sustainable Development Maastricht Treaty & Introduces 3 environmental objectives: 
Single European Act - preserve, protect and improve environmental quality 

- contribute towards protecting human health 
- ensure a prudent and mtional use of natural resources 
Introduces 3 environmental principles: 
- prevention is better than cure 
- environmental damage should be rectified at source 

the polluter should pay 

Figure 3.12 The Effects of Key EC Treaties, Regulations and Directives on the 
Construction Industry and Building Design, taken from Towards 
Sustainable Architecture (Butterworth Architecture, 1996). 
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The impact of development upon the physical environment and the health of people 19 will 

soon need to be predicted and made known publicly before buildings are constructed in 

Europe. This will be unprecedented and will throw architecture open to public scrutiny. 
Ways in which development effects the environment, i. e. in cultural, aesthetic, social and 

resource terms, will need to be recorded. This must be done in new ways and will be subject 
to new levels of debate. EC directives basically add to the democratic control over 
development and in countries like the UK such public consultation has a long tradition. 
However, previously this has excluded questions of energy use and ecological impact. In 

other countries, e. g. Italy and Spain, these directives will bring a new state of public 

accountability. 

EC directives seek to expose not only large-scale development to unprecedented levels of 

public accountability, in terms of environmental impact upon a specific site, but also to 

measure and publicise the ecological effects of a multitude of small impacts upon the global 

environment, i. e. by eco-labelling and eco-management schemes. Questions must now be 

asked such as how much energy is embodied in building materials, what effect the use of 

certain timbers has upon the survival of rainforest or global biodiversity, and what impacts 

particular products and finishes have upon the realisation of sustainable development. The 

consequences are twofold: 

* The public will be able to veto poor environmental or energy practice using the new 
Iegislation to curb bad design. 

Architects, engineers and contractors will have new legal responsibilities to explain to 
their clients and must achieve new measures of environmental benignity. If there is a 
failure of offering this advice or taking appropriate action professionals will face a 
litigious future. Figure 3.13 shows the RIBA Plan of Work which provides a useful 
framework for measuring the necessary scale of changes. It can be seen that 
environmental considerations must be integrated from the initial stage of briefing and 
establishment of design objectives to detailed design, site supervision and post- 
occupancy monitoring. 

Other EC measures are aimed at guaranteeing the health of those who use buildings. The 
fact that Europeans spend 90% of their time indoors quoted in Towards Sustainable 
Architecture (Butterworth Architecture, 1996) has made the effect of building materials, 
products and finishes upon human health a matter for new legislative concern. Around a 
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decade ago the term sick building syndrome (SBS) was coined to describe a condition where 

people became ill simply by occupying a particular building. The indoor air quality, the 

health of office workers using VDUs and the environmental safety of factory workers are all 

now attracting the attention of legislators in Brussels. There is growing evidence that 

suggests that asthma and certain cancers are caused by poor interior environments. Buildings 

and the man-made environment may not be the sole cause of today's problems but it is 

prudent to act within the precautionaryprinciple. 

A. Inception * Brief client on new environmental duties. 
* Place environmental duty ofcare within brief. 
* Advise on environmental consequences of site choice. 

B. Feasibility * Test the feasibility of environment-friendly design. 
* Advise on appointment of green consultants. 
* Investigate environmental consequences/opportunities of site. 

C. Outline Proposals * Develop green strategies in design. 
* Obtain approval for unusual energy use or environmental asp" of design. 

D. Scheme Design * Finalist environmental parameters within design. 
* Check the green approach to design and construction against cost and legislative controls. 

E. Detail Design * Obtain final approvals for environmental design strategy. 
* Check benignity of materials to be specified. 
* Undertake broad appraisal of life-cycle assessment of components. 

F. Production Information * Ensure that design, details and specification are in line with current environmental duties 
and using up-to-date knowledge. 

G. Bills of Quantifies * Check that bills of quantities allow contractors to realist their environmental duties in building. 

H. Tender Action * Obtain Environmental Policy Statement from tenderers. 
* Advise tenderers of environmental duties. 

J. Project Planning * Advise appointed contractor of environmental duties and standards. 

Y- Operations on Site * Monitor site operations to ensure good environmental practice is followed. 
* Undertake spot checks of environmental performance. 

I- Completion * Ensure building is environmentally sound. 
* Check environmental controls are working and understood. 

Compile Environmental Statement for building. 

M. Feedback Monitor environmental performance of building. 
Disseminate results of environmental initiatives in journals. 
Prepare a user manual for all subsequent ownersloccupiers. 

Figure 3.13 The RIBA Plan of Work - New and Expanded Environmental Responsibilities 
for Architects, taken from Towards Sustainable Architecture (Butterworth 
Architecture, 1996). 

Current EC measures and principles that control and shape development are creating a new 
age for European architecture. A fresh aesthetic is emerging as substitute low-impact 

technologies are employed. The construction and building services2o are becoming more 
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user-friendly with organic materials starting to replace artificial or heavily engineered ones 

and natural lighting and ventilation are replacing the sealed envelopes of earlier systems. 
Buildings are using the landscape as a climatic buffer, regional patterns of development are 
being rediscovered and cities are once again being valued as reservoirs of recyclable built 

resources. 

This green age has the potential of a style of building as distinctive as any other from earlier 

ages. As building technology and methods of construction change a new aesthetic order is 

emerging. Figure 3.14 shows how buildings' Sections have 'altered as environmental 

considerations have become paramount. 

Although Germany, Denmark and Holland have already adopted this new approach to 

architecture, green development is still relatively rare in Britain. However, with the UK 

being influenced by Europe and its legislative measures such architecture will also start to 
become common place here. Precedents of environmental design principles show a visually 

rich and formally different architecture. Perspectives of beauty will increasingly involve 

questions of ecological impact as well as that of fme art. 

Today's designers must create a coherent, intellectually refined architecture that is justified 

entirely due to environmental factors. These buildings must leave a small footprint upon the 

planet, although no building will be entirely ecologically benign, with the impacts known in 

advance and with the environmental costs achieving maximum social, economic and cultural 
benefits. In the next century buildings will be seen as a resource, not a commodity. 

The detail of EC law that affects development will inevitably change but the principles will 
endure. With the new priorities emerging for design with minimum envirorunental damage 

practices will -need to be changed, philosophies altered, new materials will have to be 

explored, substitute technologies must undergo development and the way in which 
architecture is taught must also be modified. These new laws will create new demands for 
knowledge which will necessitate new skills and generate fresh opportunities. 
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Figure 3.14 Common Building Types that put Green Principles to the Fore. 
(a) Domestic; (b) University Building (Queens Building at De Montfort), and 
(c) Commercial (Barclaycard headquarters), taken from Towards Sustainable 
Architecture (Butterworth Architecture, 1996). 

The existing development pattern and design of buildings has resulted in extensive 

environmental damage and wasteful consumption of energy and resources and this is where 

effort needs to be directed. The rate of renewal of buildings in Europe, quoted in Towards 

Sustainable Architecture (Butterworth Architecture, 1996), is currently 2% of the total stock 

per year and therefore retrofitting emerges as central in the move toward sustainable 
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development, especially for office buildings built between 1960-90. Development must pay 

greater attention to questions of durability, energy use, pollution, public health, resource 

conservation, heritage and biodiversity. Sustainable development is a goal towards which 

Europe aspires with laws and regulations being important means by which changes can be 

brought about. Some companies, e. g. ICI, have changed environmental direction before 

being forced by law but others have had to adapt to the stricter timescales of regulatory 

change. Astute developers and designers are also building to higher energy and health 

standards than laws require believing that this will be attractive to discerning clients and 

ultimately the public at large. In time green buildings from Duisburg to Findhom will not be 

rare exceptions to the European development pattern but the norm. This new approach to 

building shows that green architecture can be visually rich, technologically sound, socially 

responsive and ecologically benign. Sustainable development is the beginning of a process 
for which sustainable architecture is one of the ends. 

82 



REFERENCES 

I Edited by T. Herzog. Solar Energy in Architecture & Urban Planning. Prestel. 1996. 
Page 1. 

2 S. &S. Behling. Sol Power - The Evolution of Solar Architecture. Prestel. 1996. Page 
20. 

3 International Conference on Building Envelope Systems & Technology (ICBEST9.7). 
Bath. 1997. 

4 Seeing the Daylight. RENEW. Issue 91,1994. 
5 Putting Passive Solar into Practice. London. 1995. 
6 Passive Solar House Design - Barratt Study. Leaflet 22. Best Practice Programme. 

Energy Efficiency Office. DoE. 1995. 
7 Existing Passive Solar Contributions in Buildings. ETSU Project Summary. DTI. 

1994. 
8 A. G. Hestnes. IEA Task 13:. 4dvanced Solar Low Energy Buildings. Norwegian 

University of Science and Technology. Solar Energy in Architecture and Urban 
Planning Conference Proceedings (SEAUP). Berlin. 1996. Page 146. 

9 Energy Efficient House Design - Exploiting Solar Energy. Guide 73. Best Practice 
Programme. Energy Efficiency Office. DoE. 1994. 

10 Renewable Energies in, 4rchitecture andDesign (READ). Solar Europe. Issue 5-6, 
1993. 

11 RE, 4D. Solar Europe. Issue 7-8-9,1995. 
12 T. Oreszczyn. Energy Conscious Design of Buildings. CADDET Newsletter. Issue 

1/95. 
13 N. V. Baker. Energy and Environment in Non-domestic Buildings -A Technical Design 

Guide. Cambridge Architectural Research Ltd.. 1994. 
14 Sir Bannister Fletcher's A History ofArchitecture. Butterworth. 1987. Page 3. 
15 A Pattern Language. Oxford University Press. 1977. Page 4. 
16 J. Fanner. Green Shift - Towards a Green Sensibility in Architecture. WWF UK. 

Butterworth Architecture. 1996. Page 3. 
17 Holistic Architecture - Art, Craft & Architecture. RENEW. Issue 90,1994. 
18 A. Beck et al. Recent Developments on Transparent Insulation Materials and Light 

Switching Devicesfor Passive Solar Energy Use. WREC. Reading. 1994. Page 446. 
19 G. W. Brundrett. Health and the Built Environment. University of Liverpool. WREC. 

Reading. 1994. Page 967. 
20 European Directory of Energy Efficient Building. James & James. 1994. Page 107. 

Joumals: AJIAJFocus; Architectural Technology, Architecture Today; Building and 
Environment,, Building Design; Building Engineer; Buildingfor a Future; Building 
Research and Information; Construction and Building Materials; Energy and 
Buildings; Perspectives on Architecture; RIBA Journal, The Structural Engineer; 
Landscape and Urban Planning; Landscape Design; Landscape Research; DOMUSý 
Prince of Wales Institute ofArchitecture Newsletter; The Japan Architect. 

83 





As quoted in Solar Energy in Architecture and Urban Planning (Prestel, 1996), buildings 

account for approximately 50% of industrialised countries' total primary energy 

requirements. Increased awareness of the ecological consequences of energy consumption 
has encouraged energy and environment conscious building design. The architect already 
has various energy conscious building design features to choose from including high thermal 
insulation; advanced heating, ventilation and air conditioning equipment; passive solar 

architecture featuring climate conscious building orientation and advanced glazing and 
daylighting options; active solar technologies for space heating and domestic hot water, and 

energy efficient lighting and appliances. 

Photovoltaic (PV), or solar electric, modules are solid state devices that directly convert 
solar radiation into electricity. They have no moving parts and create minimal pollutants 

over their life cycle. 

State-of-the-art PV technology can be characterised as follows: 

Technically proven modules with expected lifetimes of at least 30 years. 
Successful small- and large-scale PV applications throughout the world. 
A modular technology able to provide power from milliwatt to megawatt capacities 
which facilitates dispersed power generation in contrast to large central stations. 

*A viable and cost-effective option in many remote sites where grid extension or 
maintenance of conventional power supply systems costs would be prohibitive. 

aA universal technology, modules having a linear response to solar radiation, mass 
production and world-wide shipping is possible. 

With the potential of becoming a major clean energy source of the future PV is, however, 

not yet economically competitive in bulk power generation. Instead, practical applications in 

smaller scale innovative niche markets, like consumer products, remote telecommunication 

stations and off-grid dwellings have been found. However, due to rapid technological 
developments and an increased need for sustainable energy solutions, PV in buildings, 
connected to the utility grid, shows great promise for the future. 

Traditionally mounted on special support structures, PV modules or arrays can also be 

mounted on buildings or integrated into the building envelope itselE This creates a natural 
on-site link between the supply and demand of electricity. By using PV the consumption of 
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power plant generated electricity may be significantly reduced and these buildings may even 
be turned into small distributed net electricity producers which would offer benefits to all. 

Building integrated photovoltaics (BIPV), from an architectural, technical and financial 

point of view: 

" Requires no extra land area and can be used in densely populated areas. 

" Requires no additional infi-astructure installations. 

" Provides electricity during daytime peaks, thus reducing the utility's peak demand. 

" Reduces transmission and distribution losses. 

" Provides a significant part of the electrical demand of the corresponding building. 

* Replaces conventional building components which enhances pay back considerations. 

*Provides an innovative appearance, often improving building aesthetics if a 

refurbishment takes place. 

* Can be integrated with other building installations and systems maintenance, control and 

operation features. 

The physical characteristics of PV modules mean that as building components they can be 

regarded as multifunctional elements that provide both shelter and power. 

If the solar resource was effectively harnessed by photovoltaics the current energy demand 

of mankind could be exceeded. Integrated in virtually any structure, PV could appear in bus 

shelters, high rise office buildings or even used as landscaping elements. When examining 

the potential of BIPV several factors must be assessed, such as solar availability on building 

surfaces, institutional restrictions and electric grid stability. This technology has a large 

potential and even in moderate solar radiation climates a roof-top PV arra y, on a single 
family dwelling, can enable electrical self-sufficiency on an annual basis. In that application 
PV can make a difference but building integration can prove to be more than that. 

In order for PV applications to be cost-effective it is crucial that large enough markets are 

established to reduce the price per watt of PV. This cost reduction would then result in an 

expanding market of new affordable PV solutions. PV in buildings is the most promising 

application of the technology and can lead the way to being a major power generating 
technology of the twenty-first century. Used in conjunction with other energy efficient 
options for buildings (e. g. passive solar measures and even heat recovery from the rear of 
PV modules), PV in buildings, when costs are reduced and use is more common, would 
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mean this concept would not merely be a stimulating playground for architects and engineers 
but genuinely make the difference in the global perspective. 

The photovoltaic community has great visions of the future and there are already numerous 

successful examples of this technology application, which shall be seen later in this Section. ' 

Photovoltaics is worth considering: 

" If the building has good access to solar radiation. 

" If there is a preference for innovative design options. 

" If the building is energy-efficient or is to be designed that way. 
Building integrated photovoltaics is an inherently elegant concept but without concerted 

effort by the professionals of several disciplines cannot simply be turned into soundly 

engineered, appealing architecture. Architects and engineers must work closely together in 

order to combine technology and architecture in such a way that may revolutionise both our 

understanding of energy and buildings. 

4.1 ARCHITECTURE AND PHOTOVOLTAICS 

The design professionals have become increasingly aware of the environmental impact of 
their work over the last two decades. In addition, there are lessons learnt from yesterday's 
buildings such as inefficient electrical and climatic conditioning systems; the combustion of 
fossil fuels on-site and in conventional generating plants (creating additional greenhouse 

gases, acid rain and other pollutants to the environment); interior building materials, 
furnishings and finishes giving off toxic by-products, and poorly designed lighting and 

ventilation systems which may induce headaches and fatigue. 

Visionary architects have realised that buildings of the future must be environmentally 
responsive as well as aesthetically pleasing and now specify increased levels of thermal 
insulation; healthier interiors; higher efficiency lighting; better glazing and heating, 

ventilation and air-conditioning equipment; air-to-air heat exchangers and heat-recovery 

ventilation systems. Rather than just using less non-renewable fuels and creating less 

pollution, however, sustainability must become the cornerstone of a building design 

philosophy that uses renewable sources to produce a portion or all of their own energy and 
that creates no pollution. 

86 



Photovoltaics is one of the most promising renewable energy technologies and is an elegant 
means of producing on-site electricity without harming the environment. The technology is 

extremely versatile and useful in developing countries and is just as relevant for the 

production of electricity for the buildings and distribution grids of the industrialised 

countries. 

Building integrated photovoltaics interest is growing worldwide 2 and PV specialists from 15 

countries are working on the International Energy Agency's Task 7, a five year project to 

optimise these systems, and architects are slowly beginning to explore innovative ways in 

which to incorporate solar electricity into their designs. 

4.1.1 The Buildine Envelope 

The building's envelope is the interface between the outside and inside world, with the roof 

and fagade having to cope with changing and often unpredictable demands. Fagade 

materials, building components and construction techniques have to fulfil various 
performance requirements and they are as follows [taken from PV in Buildings, (James & 
James, 1996)]: 

Weather condition requirements 

" Rain protection. 

" Moisture resistance. 

" Ice, hail and snow protection. 

" Frost resistance. 

" Be a heatshield. 

" Allow heat adsorption and storage. 

" Sun protection. 

" Allow light admission and conditioning. 

" Light diffusion control. 
" Reflection, passage and control of sunlight. 

" Allow the passage of wind for cooling in the summer. 

" Cold wind protection. 
" Wind noise avoidance. 
" Glare resistance. 
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Structural requirements 

" Structurally stable. 

" Allow load-carrying capacity. 

" Internal and external load resistance. 

" Mechanical and chemical damage protection. 

" Building element detachment protection. 

" Condensation avoidance. 

" Easy- or no-maintenance. 

" Durable. 

" Vandal-proof. 

" Fire protection. 

" Allow emergency exit. 

Occupant requirements 

" Allow light incidence. 

" Allow outside contact and communication. 

" Privacy protection. 

" Allow spatial separation. 

" Allow passage. 

Town planning and design requirements 
Allow dialogue with urban surroundings. 
Give spatial image. 

Appearance. 

Appropriate material, texture and form choice. 
Be representative. 

0 Serve the corporate identity. 

Emissions requirements 

Heat emission kept to a minimum. 
Keep any noise inside the building. 

Avoid odours passing outside. 
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Enclosure requirements 

" Waste gas from the urban surroundings protection. 

" Radiation shielding. 

" Avoid odour nuisance. 

" Avoid noise infiltration. 

" Avoid insect and vermin infiltration. 

" Avoid dust penetration. 

" Keep out pollen. 

The potential use of active and passive solar energy measures in buildings is largely 

determined by the structure's form, design and construction. Active and passive solar design 

principles are summarised as follows: 

Heating strategies 

" Cold climate solar gain collection. 

" Solar heat gain storage and restorage. 

" Solar heat gain distribution. 

" Heat loss avoidance. 

" Use of active solar systems (e. g. hot water collectors) or photovoltaics. 

" Hybrid system use. 

Cooling strategies 

" Solar radiation control. 

" External solar heat gain reduction. 

" internal heat gain reduction. 

" Use of natuTal cooling and ventilation techniques. 

Reduction of cooling loads and energy demands by the use of daylighting techniques 

In order to combine PV successfully with other energy efficient techniques it is vital that an 

overall energy concept must be prepared at the start of the design process. Architects and 

other specialists involved in the design and planning process must work together from the 

very beginning of a building project and this can be seen in Figure 4.1. This close 
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collaboration between architects and engineers in order to integrate PV must ensure 

consideration of the following: 

" Design of the building (shape, size, orientation, colour). 

" Mechanical integration (multifunctionality of the PV element). 

Electrical integration (grid connection and/or direct use of the power). 

Integration of the PV system's maintenance and operation control into the normal 

building's maintenance and control. 

Phases of the Preliminary Building Use of 
Development of a Design/ I 

Detail Process/ Building Drawings 
Building Drawings Rewisation 

Lay Down of the Energy 
Consumpfion of a 
Building 

Design and Calculabon 
of the Energy 
Consumptionof a 
Building 

Responsibility 
in the Past 

Engineer 
(For Energy, btatics, Building 

Technology. etc. ) 

Responsibility 4 Architect 

in the Future: 4---------------- -- 
Inhabitant/ 

EnVeer Resident 

(For Energy. Statics. Building 10 

Technology. etc. ) 

Figure 4.1 Planning Responsibilities and Lay Down of Energy Consumption, taken from 
Photovoltaics in Buildings (James & James, 1996). 

4.2 BUILDING INTEGRATED PV MODULES 

Standard PV modules are designed and manufactured for outdoor use, being suitable for 

exposure to climatic factors. This makes PV modules able to act as part of building's skin. 3- 

14 There are many different types of module available but not all are suitable for building 

integration. Future module production must consider designing these components as 
building elements which also deliver electrical energy. 15-21 

The various module types also have various aesthetic characteristics. Monocrystalline cells 

vary in colour from a uniform black to a dark grey, with uniform surface structure. 

4 
Architect 0 

Inhabitantl 
Resident 

00. 
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Polycrystalline cells, in contrast have irregular grey-to-blue crystals. However, a new range 

of coloured cells is becoming available, from various manufacturers, which will help ensure 
future system diversity. With both types the grid lines that carry the current are visible as a 

silver or black metallic colour. Future cells may change with these grid colours being closely 

matched to the cell colour. The backing sheet colour may also be chosen to create a desired 

look. There are many types of modules and laminates that utilise mono- and polycrystalline 

cells. Semi-transparent modules have larger spaces between single cells to let light pass 
through and custom-made modules can allow an individual quality of light transmission. As 

amorphous silicon is deposited on metal, glass or plastic films there are also many different 
kinds of this module available. Usually a dark brown these modules can also be semi- 
transparent as the cells are pervious to light. As these cells absorb part of the spectrum the 

colour of light that passes through them is also changed. 

Figure 4.2 shows the advantages and disadvantages of these different types of PV modules 
for building integrated PV systems, whilst Figure 4.3 shows these module types and their 

visual characteristics. 
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Module construction technique Typical 

dimension (cm) 

Sloped 

roof 

Flat roof Wall Window Sun- 

shading 

(a) Standard laminates - without 33xl3O 

ftames 45xlOO 

55xl 15 + + + + 

(b) Standard moduleswith plastic or 33xl3O 

metal frame (glass multi-layer 45xlOO 

non-transparent backing sheet) 55xll5 + 0 0 0 

(c) Roofing modules (tileststates) To fit 

with standard 

roofing systems + - 0 

(d) Glass-glass modules with All dimensions 

predefined trarisparency between 15 and 
200 0 0 + + + 

(e) Glass modules with transparent All dimensions 

plastic backing sheet between 15 and 
(predefined transparency possible) 200 0 0 + + + 

(f) Custom-made modules Various 
+ + + + + 

dimensions 

Where: + high suitability 
0 low suitability 

- not suitable 

Figure 4.2 Suitability of Different PV Module Types for Building Integration (see also 
corresponding illustrations, (a) to (0, in Figure 4.3), taken from 
Photovoltaics in Buildings (James & James, 1996). 
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Figure 4.3 Further to Figure 4.2: (a) Standard Laminate; (b) Standard BP Solar Module; 
(c) Solar Roof Tile; (d) Glass-glass Module with predefmed transparency; (e) 
Pilkington Transparent Laminates, and (f) Custom-made Solution Triangular 
Modules. 
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4.3 DESIGN CONCEPTS 

Building design and construction is moving away from the creation of a dwelling to the 

interpretation of the multifunctionality of construction typologies and architectural 

components. Increased industrialisation of building construction had led to the need to 

clarify the design process and a project's growing complexity needs to be controlled by the 

engineer and architect, with technical-scientific and technical and composite roles, 

respectively. New industrial technologies such as photovoltaics and their architectural 
integration requires an interdisciplinary design approach. This encourages collaboration of 
highly specialised professionals on the project team, introducing a sensitivity to problems 
beyond the building itself. These problems include social, economic, environmental, energy 

and ecological issues. 

A building fagade must therefore prevent water penetration; regulate heat loss and the entry 

of light; provide a sound barrier, offer easy technical maintenance and also be aesthetically 

and architecturally satisfying. The quality of a PV system will be greatly improved if a study 

of the elements and components involved is conducted, just as in any industrial design 

problem. Each BIPV project, may require revision of the type and dimensions of PV panel 

and the study of new framing and mounting systems. At this stage a variety of professionals 

are involved, such as architects; engineers; PV cell manufacturers and construction material 
technicians and producers. In order to ensure the satisfactory integration of PV into the 
building as a whole the technical and aesthetic characteristics of the PV module must be 

considered at the design stage. 

Central to BIPV research is the conflict between PV solar considerations and contemporary 
building conventions. The primary aim of PV power systems is to maximise the power 

generated by optimum array orientation but this must be tempered when used as BIPV 

which is, in turn, governed by construction costs; optimum floor area; daylight control; 
thermal performance and aesthetics. Building envelopes may also be designed to deflect and 
minimise the amount of radiation falling on its surfaces as cooling is often the largest 

consumer of energy in a building. In contrast, PV requires maximum radiation for maximum 
performance. The PV panel interlayer must also be designed so that there is no water 
infiltration and its electrical connections that penetrate this seal must have a reliable 
performance. A PV envelope system must also resist or eliminate condensation in countries 
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with climates that mean that there are substantial and immediate temperature changes to a 

building surfaces. PV panels must also exhibit good insulation properties with the insulation 

either directly laminated or the panels incorporated into multi-layer air- or gas-filled 

insulating units. Tbermal bridging must also be avoided at electrical connections. PV 

structures must be grounded and circuited in order to prevent the possibility of lightning 

power surges which could result in panel damage or a hazard to the building occupants. 

4.3.1 Climatic and Orientation Considerations 

A BIPV system must address the following factors if the most economic solution is to be 

found: location; climate; latitude; average cloudiness; average temperatures; precipitation; 

humidity; dust or dirt; wind loads and seismic conditions. 

Unobstructed, south-facing PV panels are usually oriented at a tilt equivalent to the local 

latitude to maximise the collection of solar radiation. Obstructions that cause shading of the 

PV array's surface will mean the module electrical stringing arrangement will need to be 

designed to optimise output. Building walls, however, are generally vertical for reasons of 

economy, efficiency and traditional construction techniques. East- and west-facing PV 

fagades perform relatively well at steep angles or vertical orientation, yielding approximately 

60% of optimally south facing inclined PV systems due to the low angle of the sun at the 

start and end of the day. A building's electrical load profile and utility time-of-use rate 

structure are also important parameters in ensuring optimum PV orientation. 22&23 

PV's inherent flexibility, compared to other types of solar collector, and the potential of 

future low material cost means that the use of PV as a building component is an attractive 

prospect. PV may be used in a number of building component configurations if the 

economics permit and if orientation is not perceived as a design restriction by architects then 

they will be more open to its use. 

4.3.2 The Site 

A site's characteristics and orientation will influence a design in that these will determine 

where and how PV may be integrated in the building. As floor area is highly valued if a 

sloped PV fagade is required this would reduce the amount of occupiable perimeter floor 

area and any such reduction needs to be considered when evaluating PV system life-cycle 

costs. In an urban environment, with dense and high rise surrounding structures, shading 
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reduces the PV panels' performance. Certam projects may therefore only have their upper 

stories clad with PV, with only some areas being active during the day. If this is the case 

then it may be necessary to articulate or camouflage the active and inactive portions of the 

fagade by utilising contrasting or matching cladding adjacent to the PV. 

4.3.3 WDes of PV Panel 

Influencing a building's overall appearance and architectural character the selection of PV 

panels is important as the choice of modular geometry; dimension; colour, mounting system 

(with exposed frame or without frame) will determine its aesthetics. The PV modules will 

usually be instantly recognisable and distinguish the PV system, being highly visible from 

outside the building. The use of prominent positioning of PV may provide energy benefits in 

addition to the electricity generated such as passive solar heating or cooling load reduction. 

The panels' main aesthetic characteristics are determined by the modular geometry, the 

colours, and the texture of both the cells and the glass. The amount of glass or quantity of 

cells used and the type of cells used will be determined in the design process. This will be 

relevant not only to the module's external appearance but if part of a semi-transparent 

configuration then it may influence an internal space. A semi-transparent module can be 

decorative and flinctional and the grid of cells filtering natural light to indoor spaces can 

make a significant contribution to the enrichment of their architectural quality. A PV module 

when used as a building component must have considerable functional and aesthetic validity 

to ensure the dialectic use of this technology and traditional construction materials. A PV 

cell's exterior face, exposed to the sun, can be used within a module to create a variety of 

colour, brilliance, reflectivity and transparency effects which will govern its aesthetic 

aspects. Care must be taken, however, to reduce any surface glare to a minimum. Depending 

upon the type of installation and module the PV module's cables and junction box may be 

visible. This must be taken into account during the design stage so total spatial configuration 

is controlled. - 

4.3.4 Installation 

Installation methods are important to a system's cost effectiveness. Glazing installations, for 

example, can be put in place from the interior which then eliminates the need for external 

scaffolding. This interior glazing is a common contemporary curtain wall installation used 

today and is accomplished by splitting mullion and muntin extrusions into separate elements 

which then snap into place on-site. Usually cheaper and more precise than field labour, shop 
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labour will mean that complex PV wall profiles can be made economic if panellised or 

prefabricated wall or roof Sections can be made in-house by manufacturers. The integrated 

nature of applied architectural PV installations (curtain wall fi-aming, glazing systems, PV 

and electrical connections, etc. ) will require the cooperation of many building trades and 
jurisdictions. If PV products are going to suit current construction industry practice then 

conventional construction sequences and responsibilities must be considered. 

A building of substantial scale can require large amounts of energy and the necessary 

mechanical and electrical systems required to maintain and operate them are often complex. 
Whilst PV brings many benefits to such buildings these installations can complicate an 

engineer's task. Therefore, architects and engineers will be challenged by this need for 

innovative solutions for integrating a building's support system with PV generated power. 

Critical issues include safety, durability and economy. During the design process each 

concept system must be analysed to estimate its overall impact on the building's energy 

balance and system's energy efficiency performance. 

The following pages illustrate the variety of building surface configurations for the 

integration of PV and these are divided into the three main architectural application 

typologies as follows: 

" Walls and Fagades 

" Roofs and Large Coverings 

" Light Filtration and Screening Elements 

4.3.5 Walls and Facades 

Pressure plate and structural silicone glazing are two basic curtain wall framing systems in 

common use today. In pressure plate systems an extruded cover or cap is used to 

mechanically hold the glazing unit from the front. However, this mullion depth must be kept 

to a minimum in order to avoid adverse PV cell shadowing. In contrast, structural silicon 

glazing glues some, or all, glazing edges to the framing systems. This method avoids 

shadowing effects due to the flush application of fixative but increases the likelihood of 
weather seal and durability problems for PV panel edges. In order to minimise these 

potential sealing problems, or to capture heat from the modules, it may be advantageous to 
fabricate a double wall envelope. The PV glazing should be the external, unsealed layer 

whilst the inner layer may be the weather tight enclosure. 24&25 
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BIPV performance optimisation may require complex detailing and this will result in higher 

construction costs as optimal orientation to the sun is accommodated. For wall applications 

complex configurations may take on a sloped or sawtooth profile or be applied 
independently of the building's skin as awnings or light-shelves. 

These are shown in the following illustrations (Figures 4.4 to 4.10) which are taken from a 
BIPV Study sponsored by the National Renewable Energy Laboratory (NREL) in the USA, 

prepared by Kiss Cathcart Anders Architects (of New York) in 1993, and also featured in a 
BIPV Tutorial Notebook at the First World Conference on PV Energy Conversion in Hawaii 

in 1994. Figures 4.11 to 4.18 are also taken from these publications. 
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Characteristics: 
* Standard, economical, accepted construction 

PV vertical curtain 

- sem 

Wall Section: 

Pv vertical curtain wall system with 
- opaque PV 

emi-tra nspa rent PV 
- clear glazing 

Wall Section: 

PV vertical curtain wall system with 
opaque PV 

clear glazing 

Figure 4.4 Vertical Curtain Wall. 
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Characteristics: 
Minimal additional construction cost 
Good solar performance in certain 
orientations 
Creates multiple "corner" windows 

PV sawtooth vertical curtain wi 

- semi-ti 

Wall Section: 

PV sawtooth vertical curtain wall system with 
- opaque PV 

- semi-transparent PV 
- clear glazing 

Floor Plan: 

PV sawtooth vertical curtain wall system with 
- opaque PV 

- semi-transpa rent PV 
- dear glazing 

Figure 4.5 Sawtooth Vertical Curtain Wall. 
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Characteristics: 
PV as buildins skin 
Com lex curtain wall construction 
GooTPV efficiency 
Passive shading/daylilht control 
Potential cleaning prob erns 

'Sawtooth'PV cl 

Wall Section: 

'Sawtooth'PV curtain wall with 
- opaque IN 

- clear glazing 

WaH Section: 

'Sawtooth'PV curtain wall with 
- opaque PV 

- s-emi-transparent PV 
- clear glazing 

Figure 4.6 PV Sawtooth Curtain Wall. 
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Characteristics: 
PV as buildin$ skin 
C lex curtain wall construction 
G=FPV efficiency 
Potential cleaning problems 

toll, 

PV accordion'-profiled 
curtain wall 

(option 2) with 
lpaque PV 

clear glazing 

Wall Section: 

PV'accordion'-profiled 
curtain wall with-- 

opaque PV 
clear glazing 

Wall Section: 

PV'accorciion'-profiled 
curtain wait with 

- opaque PV 
- semi- transparent PV 

- clear glazLng 

Figure 4.7 PV Accordion Curtain Wall. 

WaU Section: 

PV i c, -o rdion'-pro filed 
iýit, tinývail%vith(ioubleývallsvstem: 
iiner la veras weather seal 
uter laver as active/passive solar source 
"Paque PV) 
iouble wall providmg I'V-powered 
t-nulation tor thermal bUild-up from PV 
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Characteristics: 
" Good PV max efficiency 
" Less efficient use of building 

footprint 

70* sloping P% 

sen 

WaU Section: - 

60' sloping PV curtain waU with 
- opaque IN 

- semi-transpa rent PV 
- dear glazing 

Wall Section: 

80' sloping PV curtain wail with 
-, )paque PV 

- semi- transparent IN 
- clear glazing 

Figure 4.8 PV Sloping Curtain Wall. 

Wall Section: 

80* sloping 
PV curtain wall with 

opaque IN 
clear glazing 
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Characteristics: 
" Good PV max efficiency 
" Less efficient use of building 

footprint 
" Complex curtain waU construction 

Stepping PV curtain wall with 
- opaque PV 

- clear glazing 

WaU Section: 

Stepping PV curtain waU with 
- opaque PV 

- senLi- transparent PV 
- dear glazing 

Figure 4.9 PV Sloping, or Stepped, Curtain Wall. 
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Characteristics: 
" Standard, economic 
" Difficult sealing pr( 

Vertical PV stru 

WaU Section: 

Vertical PV structural glazing Nvith any combination of 
- semi- transpa rent PV /clear glazing 

Figure 4.10 PV Structural Glazing. 
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4.3.6 Roofs and Large Coverinas 

Generally, little compromise is required for roof applications for solar orientation but 

structural or weather-proofmg problems may need to be addressed. Horizontal roofs must 

also accommodate other types of loading such as snow and water. The solution to these 

problems will differ according to a building's location, e. g. in countries where there is 

considerable snow accumulation systems must be designed with a slope sufficient to shed 

snow, which may be steeper than for optimal solar gain. Interior spaces can be protected 
from direct sunlight by using partial PV skylight enclosures, thus simultaneously providing 

shading and harnessing the power of the sun's rays. 26 

In the future large new markets could be opened up by the development of flexible 

substrates, such as sheet metal or fabric, and PV devices that copy traditional building 

components, such as roof tileS. 27 

These applications are shown in Figures 4.11 to 4.16. 
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Characteristics: 
" PV as building skin 
" Combined with rooftop structural 

system (panelized units with insulation, fastened directly to roof structure) 
" Weather roofing and structural issues must be carefully 

resolveT 
" Snow accumulation considerations 

Horizontal opaque PV 

Roof Section: 

Sloped opaque PV roof paneis 

Figure4-11 PVRoofPanels. 
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Opaque Wor transparent PV atrium skylights with 
- semi- tra nspa rent (or oraque) PV 

ce -c ear glazing 

Figure 4.12 PV Atria. 
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Characteristics: 
For roofs and/or wall applications 
C desi flexibility 
Lrghdt-wei'g'Tt 
Possible integral weather barrier 

0 
(sheet metal or fleX 

Opaque PV flexible substrate (sheet metal or flexible synthetic) roof paneling, 

Figure 4.13 Flexible, or Metal, PV Substrates. 
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Characteristics: 
" PV system as indiv. roof o enings 
" New construction or retrorit 
" Tilted or horizontal orientation 
" Numerous configurations possible 
" Daylighting benefits 
" Snow accumulation considerations 

Figure 4.14 PV Skylights. 
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Characteristics: 
PV system independent of bldgskin 
conventional array configuration 
installed on rooftop 
Maximal efficiency 
New construction or retrofit 
Potential passive benefit from reduced heat load 
Potential structural costs 
Water proofing issues at roof /structure 

Roof Section: 

Independent opaque PV rooftop array. 

Figure 4.15 Independent PV Rooftop Array. 



Characteristics: 
PV system as building skin 
Retrofit to exist. industrial buildings 
Good PV efficiency 
Good daylight benefits 

sawtooth roof monitors with 
- opaque PV 

- clear glazing 

Roof Section: I 
I 

PV sawtooth roof monitors with 
- opaque PV 

- clear glazing 

Figure 4.16 PV Sawtooth Roof Monitors. 
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4.3.7 Liaht-filtration and Screeniniz Elements 

Opaque PV elements installed as window awnings or light shelves can protect against direct 

sun whilst providing diffuse light for interior spaces. Semi-transparent PV modules can also 

provide passive solar benefits. Some thin-film PV devices, produced with clear conductive 

coatings on glass substrates, are inherently semi-transparent whilst opaque devices may be 

rendered effectively transparent by creating a pattern of clear areas by removing the opaque 

material. Incorporation of semi-transparent PV elements into insulating or high-performance 

multi-pane glazing units will be possible, but with less active PV area their solar 

performance will be less than that of opaque components. This reduction in efficiency may 
be outweighed by the passive benefits and vision area produced by semi-transparent 

modules. 

These applications can be seen in Figures 4.17 and 4.18. 
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Characteristics: 
" PV independent of building skin 

New construction or retrofit 
" Passive shading/ daylight control benefits 

Moderate additional costs for structure 
" Uttle danger of waterproofing complications 
" Wiring must penetrate building skin 

PV h brid av 
C&A be extended into independent trelK's/canc 

WaU Section: 

PV hybrid awning/wall system with: 
- opaque awnin S attatched to vertical wall, 

- awnii into independent trellis 
at ground level 

Wall Section: 

PV hvbridawning/wallsvstem with: 
- opaque awnings attatched to vertical wall 

Figure 4.17 Hybrid PV Awning Systems. 
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Characteristics: 
" PV independent of building skin 
" New construction or retrofit 

Passive shading/ daylight control/ daylighting benefits 

" Potentially significant structural 
and weatherproofing costs 

Hybrid PV light shelfP 
Can be extended into independent trellis at ý 

WaU Section: 

Hybrid PV light shelf/wail system with: 
- opaque PV light shelves attached to vertical wall 

- horizontal PV which can be extended into 
independent trellis at ground level 

WaH Section: 

Hybrid PV light shelf /wall system with: 
- opaque PV light shelves attached to vertical wall 

Figure 4.18 Hybrid PV Awning, or Light Shelf, Systems. 

4.3.8 Summary of Integration Techniques 

The following points are recommendations for successful PV module integration: 

Non-corrosive Materials 

PV faqades always have small leakage currents and, to avoid corrosion due to these DC 
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currents, non-corrosive construction materials should be used. Consideration should also be 

given to the joints and holding points. 

Module Exchange 

This should be possible without having to remove a large section of fagade or roof to gain 

access to a single PV module. 

Flush Surfaces 

Elements that protrude over the solar modules should be avoided to Prevent self-shading, 

dust accumulation and to aid clearing by min. Unframed modules may have fixing points 

that jut out a little over the module's surface. 

Simple Cabling 

Before solar roof or fagade elements are put into place the electrical connections must be 

prepared. Quick and easy installation will be aided by using reliable plug connectors. The 

module mounting process should require no electricians. 

Minimum On-site Module Handling 

To date, most PV modules have a glass surface and will obviously require careful handling 
during transportation. However, once installed the risk of damage is minimal. It is 

recommended that on-site module handling should be reduced to a minimum and that a 
module should go from transport container directly to its position along the roof or fagade. 

Module Matching and String Layout 

Due to electrical layout and a module's characteristics they must be assigned to a certain 
position in order to form strings (groups) of modules with similar electrical characteristics. 
This can be dode by the manufacturer, prior to shipping, and packed to aid on-site handling. 

Ventilation 

Crystalline modules should have rear ventilation, as with curtain walls, but this is 
unnecessary for amorphous modules as their efficiency is not as dependent upon temperature 
rise. 
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4.4 BIPV DEMONSTRATION PROJECTS 

The following examples of BIPV projects (Figures 4.19 to 4.48), show the variety of 

applications and appearances already in existence around the world. 28-35 

tront view 

I tz= =7ý 

sectional view A-A 

sectional view B-B 

Nominal Power: 4.2kW 
Gr03s Area: 87m' 
Module Manufacturer: Flach9las Solartechnik GmbH 
Start of Operation: 1991 
Owner: Stadtwerke Aachen AG 

Description: 
The south-facing glass fagade of this 20 year old Utility of Aachen Administration Building was replaced during the renovation of its 
heating system. The light-diffusing modules were designed to direct daylight into the staircase area behind them. The combination of glass 
elements and the modules, with dark blue crystalline silicon cells, creates interesting patterns both internally and externally. This was one of the first examples of BIPV with the multipurpose PV modules acting as a semi-transparent fagade, as a wall element including thermal insulation and as a power production device. The wiring is integrated within the supporting structure. 

Figure 4.19 Stadtwerke Aachen, Aachen, Germany, taken from PV in Buildings (James & 
James, 1996). 

117 



Nominal Power: 4.2kW 
Gross Area: 64M2 

Module Manufacturer: Flachglas Solartechnik GmbH 
Start of Operation: 1994 
Owner: Triangel Grundstacksverwaltungsgeselischaft 

Description: 
This industrial building has 44 solar fagade elements which are integrated, as cold fagade elements, into the framework system of a 
reflective glass fagade with side ventilation. 
This fagade system was the first of its kind and had an easy mounting system for the glass panels. The modules were designed as blue 
glistening, partly reflecting, double pane laminated units to match the rest of the structural glazing fagade. The electrical connection is by 
means of a standardised plug socket system. 

Figure 4.20 Okotec Office Building, Berlin, taken from PV in Buildings (James & James, 
1996). 
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Description: 
This installation was developed by R&S, Ecofys and Boal (a large greenhouse profile manufacturer). The main objective of the system 
was to provide a standard PV mounting system for pitched roofs and the profile has been successfully used in a number of projects in The 
Netherlands. 
This system offers the following advantages over mounting modules above traditional tiles: 
" Avoids file and installation costs. 
" High aesthetic quality perceived. 
" Easy mounting technique. 
" Well-proven construction system. 
" Highly standardised, reducing costs. 
" In-factory mounting preparation, Le. profile gluing. 

Figure4.21 Woubrugge Energy-autonomous House, The Netherlands, taken from PVin 
Buildings (James & James, 1996). 
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Nominal Power: 2.2kW 
Gross Area: 55m, 
Module Manufacturer: APS 
System Design: NAPS 
Start of Operation: 1994 
Owner: Private 

Description: 
This house was constructed in the Pietarsaari House Fair 94 area and aims to demonstrate to a wide audience that with the current 
commercial technology available, domestic energy consumption can be dramatically reduced. During the House Fair more than 100,000 
people visited and in contrast to a average Finnish house, using -160-25OkWh/m2, the low-energy house uses -20-30kwh/m'. This is 
achieved by a combination of improved insulation, ventilation heat recovery, a heat pump with ground pipes and super windows that utilise 
solar energy. The house has I OM2 of solar thermal collectors and a 2.2kW grid-connected PV system. 
The system uses fi-ameless large area amorphous modules and glass fibre profiles. Amorphous modules were chosen so that the whole roof 
was covered with them to create a uniform appearance and by using large area modules the number of connections and mounting profiles 
were minimised. 

Figure 4.22 Pietarsaari Solar House, Finland, taken from PV in Buildings (James & 
James, 1996). 
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Nominal Power: 4.3kW 
Gross Area: 40m2 
Module Manufacturer: Mobil Solar 
Start of Operation: 1984 
owner: Private 

Description: 
This south-facing roof is tilted at 45* and is divided into three sections. Twelve PV modules are located either side of a central area of 
roof-integrated solar collectors. This well-insulated house was designed as a model for a country-wide energy-saving programme and was 
featured on US television in 1984. The frameless modules are designed to be the finished outer-skin and are mounted directly over the 
wooden roof trusses without structural roof sheathing or additional weather seals. The promotion of free air circulation, to the rear of the 
modules, is achieved with generous inlet and outlet vents designed for maximum air flow. 

Figure 4.23 Impact 2000 House, Massachusetts, USA, taken from PV in Buildings (James 
& James, 1996). 
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Nominal Power: 
Gross Area: 
Module Manufacturer: 
Start of Operation: 
owner: 

2.5kW 
22.6M2 
BP Solar 
1994 
Harnar Building Society 

DescriPtiOn: 
This was the first grid-connected, roof integrated PV system in Norway. A simple method of integration was adopted as there were no 
ready-to-use mounting structures on the market. The modules were fitted on the south-facing roof of the middle apartment of a three-unit 
block. Prior to mounting, the modules were fixed onto aluminiurn profiles. Aluminum profiles were also placed between the PV modules 
to prevent the accumulation of snow. A complete, finished roof was required underneath the modules as the solution was not watertight. 
Full integration of the PV modules would have prevented this double construction. 

Figure 4.24 Solar Low Energy Dwelling, Hamar, Norway, taken from PV in Buildings 
(James & James, 1996). 
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Nominal Power: 18.5kW 
Gross Area: 153m' 
Module Manufacturer: DASA 
Start of Operation: 1"3 
Owner: SST GmbH 

C--- - 

Description: 
pV modules are integrated into the roof and structural glazing fagade of this office building. This construction method uses silicone 
adhesive to glue the window and parapet elements, also made from glass, directly onto the load-bearing structure. Additional fixings are 
not necessary as the silicone adhesive performs a sealing function, taking all mounting forces as well as wind loads, and transferring these 
to the support structure. The structure consists of thermally decoupled aluminiurn profiles, anchored to the building at each storey ceiling. 
The PV modules were customised laminates. The whole fagade is divided into segments, each reaching up to 8m in height, and is 
completely factory-mounted including thermal insulation and a lining which forms the inner wall cover. The PV modules, regular wall 
elements and windows can all be mounted in one segment. These segments can be preconstructed in the factory, offering a high production 
quality at very low tolerances. Using this method, cable glands, for example, can be placed in the installation channels or ceiling voids and 
the risk of damaging valuable PV modules on-site is minimised. 

Figure 4.25 Solarzentrum. Freiburg, Freiburg, Germany, taken from PV in Buildings 
(James & James, 1996). 
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Figure 4.26 Lord House, Coastal Maine, USA, taken from NREL's Solar Electric 
Buildings (1996). 

4ý2 

Figure 4.27 Olympic Natatorium, Atlanta, Georgia, USA, taken from NREL's Solar 
Electric Buildings (1996). 
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Figure 4.28 PV Pioneers, Sacramento, California, USA, taken from NREL's Solar 
Electric Buildings (1996). 

Figure 4.29 Solar Energy Research Facility (NREL), Golden, Colorado, USA, taken from 
NREL's Solar Electric Buildings (1996). 
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Figure 4.30 Solarex Technology Centre, Frederick, Maryland, USA, taken from NREL's 
Solar Electric Buildings (1996). 

Figure 4.31 Energy Resource Centre, Atlanta, Georgia, USA, taken from NREL's Solar 
Electric Buildings (1996). 
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Figure 4.32 Zero-energy Building, Freiburg, Germany, taken from an OKALUX Brochure. 

Figure 4.33 Georgetown University, Washington, DC, USA, taken from NREL's Solar 
Electric Buildings (1996). 
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Figure 4.34 APS Factory, Fairfield, California, USA, taken from NREL's Solar Electric 
Buildings (1996). 

Figure 4.35 Ell Student Centre, Boston, Massachusetts, USA, taken from NREL's Solar 
Electric Buildings (1996). 
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Figure 4.36 Dilger Metallbau GmbH, Schluchsee, Germany, taken from NREL's Solar 
Electric Buildings (1996). 

Figure 4.37 Solar Townhouse, Bowie, Maryland, USA, taken from NREL's Solar 
Electric Buildings (1996). 

Figure 4.38 Western Area Power Administration, Sacramento, California, USA, taken from 
NREL's Solar Electric Buildings (1996). 
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Figure 4.39 Matar6 Public Library, Matar6, Barcelona, Spain, taken from NREL's Solar 
Electric Buildings (1996). 

Figure 4.40 Handelshaus, Innsbruck, Austria, taken from PV in Buildings (James & 
James, 1996). 
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Figure 4.41 Church, Steckborn, Switzerland, taken from PV in Buildings (James & 
James, 1996). 

Figure 4.42 Holiday Cottage, Finland, taken from a NAPS Brochure. 
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Figure 4.43 Oxford Solar House, Oxford, UK, taken from a BP Solar Brochure. 

Figure 4.44 Lawrence/Schickler House, Calistoga, California, USA (Stand Alone), taken from NREL's Solar Electric Buildings (1996). 
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Figure 4.45 Helms Gatehouse, Courtright Lake, California, USA (Stand Alone), taken 
from NREL's Solar Electric Buildings (1996). 

Figure 4.46 Harmony, US Virgin Islands, St. John, Virgin Islands (Stand Alone), taken 
from NREL's Solar Electric Buildings (1996). 
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Figure 4.47 Palumbo House, Hyde Park, Vermont, USA (Stand Alone), taken from 
NREL's Solar Electric Buildings (1996). 
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Figure 4.48 Doxford International Solar Office, Sunderland, UK. 
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4.4.1 The Northumberland Building PV Facade 

This building was the first large scale demonstration project of the integration of 

photovoltaic systems into buildings in the UK. The project was funded by the CEC's 

THERME programme on the promotion of energy technology, together with both UK 

Government support and private sponsorship. This existing building on the University 

campus was rcclad during the summer of 1994, with PV modules architecturally integrated 

into the cladding for the south fagade. This project is one of the largest PV cladding projects 

in a high latitude location, Newcastle upon Tyne being situated at a latitude of 55*N. It was 

anticipated that this project would not only generate valuable information on the 

performance of PV cladding in a northerly, city centre climate, but also provide a focus for 

the demonstration of this technology to UK architects, building engineers, town planners 

and the general public. 

The Northumberland Building is a five storey block, although the majority of the central 

ground floor is absent, providing a walkway from one side of the campus to the other. It 

houses several academic departments, with the accommodation being used for staff offices, 
teaching rooms and computer laboratories, as well as housing the central computer unit for 

the University. 

The building is rectangular, with long fagades oriented approximately E-W. Before work 

commenced both the original mosaic cladding and the concrete fixing were in poor 

condition and the entire existing cladding system had to be removed. Thus, although the 

project involved an existing building, it was not a retrofit of PV modules into a new external 

cladding. The windows were also replaced with double glazed units. All five cladding strips 

on the south fagade incorporate PV modules. 

The buildifig is a typical example of a 1960s built academic or office building, for which the 
initial cladding has provided protection for over twenty years. Many tens of thousands of 
such buildings exist across Europe and may be expected to need recladding in the next 
decade. Most of these buildings are located in urban sites and do not represent ideal 

conditions for the installation of modules, due to fagade orientations, shading, etc.. Indeed, 
this project building is surrounded by other University and private buildings and parts of the 
south fagade are shaded for some portions of the day. This required care in the stringing 
design so as to minimise the shading effects. For widespread implementation of PV 
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cladding, especially in the UK where fagades are favoured, it is essential to address the 
issues presented by non-ideal structures. 

4.4.1 i) Cladding Design 

The PV laminates are integrated into an otherwise conventional rainscreen overcladding 

system which will extend the useful life of the building by providing protection from the 

elements. The outer face of the cladding, incorporating the PV laminates, provides the major 
barrier to rain penetration. The cladding panels are designed to provide an overlapping, back 

ventilated, self draining, open joint rainscreen. The ventilated air gap between the building 

structure and the rainscreen also assists in controlling the temperature of the modules. The 

panels and components were fabricated in 3mm thick aluminium, with a light grey polyester 

powder coated finish. The panels were designed to be hung into aluminium. channel tracks, 

fixed to the existing concrete frame and which also serve to drain the rainwater. 

The overcladding to the south fagade, incorporating PV panels, are inclined at 2511 to the 

vertical, this allows the fagade to gain advantage from the winter sun and provides some 

summer shading to the windows. The choice of angle was based on the technical 

requirements for the vertical incorporation of the PV modules (1.2m x 0.53m), together with 

the considerations of the size of the previous cladding elements and the structural 

requirements of the rainscreen cladding itself. The inclination of the panel also allows access 

to the junction box and electrical wiring behind. 

The cladding is divided into a series of units, each containing five PV laminates. Should any 

unit be damaged or future adaptation be required, the units can be individually removed 
from the fagade. The laminates are inset into the aluminiurn frame with the faces of both 
frame and laminates in the same plane to eliminate shading effects and give a flat face 

appearance. The PV laminates are held in the frame by a structural sealant. 

4.4.1 ii) PV System Design 

The PV array consists of 465 BP Solar Saturn high efficiency crystalline silicon PV 
laminates each rated at 85Wp, to give a total installed capacity in excess of 39.5kWp. 
Interconnection of the laminates is carried out in junction boxes mounted on the concrete 
structure of the building behind the cladding units, with five laminates per junction box. 
Protective bypass diodes are also included in these boxes. Three junction boxes are 
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connected in series to form strings of IS laminates with a maximum power operating voltage 

of approximately 270V. The wiring between junction boxes is fitted in electrical trunking 

secured behind the cladding units. The rear of the PV laminates, the junction boxes and the 

trunking may be accessed via perforated, hinged soffit panels to allow for maintenance, 

future adaptation or monitoring purposes. 

The cables from each string of 15 laminates run down to a central junction box situated in 

the ground floor plant room. Each string has an individual isolator/circuit breaker allowing 
for the identification and location of faults should any occur during the lifetime of the 

system. Within the plant room, connection is made to the AC/DC converter which consists 

of a line commutated thyristor inverter and transformer with an input voltage of 270V, an 

output voltage of 415V 3-phase AC and a power rating of 35kW. Connection is made from 

the output of the inverter directly to the main busbars within the building main switchboard, 

thus making connection to the internal grid of the University site and indirectly to the local 

utility grid. The power from the PV system augments that supplied from the grid and is not 

expected to meet the total building load except under low load conditions. If the PV system 

power does exceed the building load, the excess will be fed into the University distribution 

system to power loads in other buildings. To avoid damage to the control electronics as a 

result of lightning strikes, the inverter is protected by voltage surge suppressers. There is 

also a separate lightning protection system to the building. 

One of the most important aspects of the system design has been the choice of stringing 

sequences for the units, in order to minimise the effects of fagade shading. Shading can have 

significant'consequences for PV system output. For the Northumberland Building, shading 

of only three of the fifteen modules in the string will reduce the open circuit voltage to 
below the bus voltage and the string will not contribute to the array output. It was important, 

therefore, to ensure that as few strings as possible suffered shading at any given time. Where 

shading was unavoidable, it was advantageous that as many shaded modules as possible 
were connected in the same string. 

The building fagade suffers from shading in three respects: 
At low sun elevations during the morning period, the right hand side experiences a 
diagonal shadow due to an adjoining building of similar height oriented perpendicular to 
the Northumberland Building. 
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* The lower two strips of cladding experience shading under low winter sun conditions, 

due to buildings to the south. 

A chimney positioned to the left hand side of the glazed stair core shades the units behind 

it. The affected units differ as the sun position moves during the day. 

Due to these different shading effects, the fagade will not be completely clear of shading at 

any time under clear sunlight conditions. 

The central area is strung horizontally, connecting three adjacent units on the same strip. 

This is beneficial from both the wiring cost and complexity issues and addresses the winter 

sun shading effect noted above, since the shading pattern is horizontal. The right hand side 

of the fagade, however, is strung in an L-shaped pattern to account for the diagonal shadow, 

also discussed above. On the left hand side of the building, the chimney shading requires a 

more complex stringing arrangement. The shadow falls on one or more of the three left hand 

units on all levels at some time during the day. Thus, these units should not all be connected 

together on any level, otherwise the strings would be permanently disabled. The criterion for 

design was that units in the central two columns should never be connected. The stringing 

pattern also makes use of three extra PV modules over the stair core, which would always be 

in sunlight. These replace one PV module from each of three units behind the chimney and 

which are often in shade. It is clear that, for a fagade which includes shading due to 

surrounding structures, it is not sufficient to design the stringing to take account only of ease 

of installation and wiring costs. The system described, whilst requiring some extra wiring 

and more detailed instructions to the electrical contractors, significantly increases the 

amount of power available from the array. 

4.4.1 iii) Monitoring and Dissemination 

The monitoring of the PV system is in accordance with the European guidelines for 

THERMIE projects (JRC ISPRA, 1993) including measurement of in-plane insolation, array 

output, inverter output and building loads. Additional monitoring of string outputs allows 
investigation of the effects of shading as discussed. The temperature of selected modules are 

also measured using embedded thermocouples, together with the air temperature in the air 

gap behind the corresponding cladding units, providing information on the operating 
temperature of building mounted PV modules in the UK's temperate climate. The system 
monitoring and analysis is headed by the Newcastle Photovoltaics Applications Centre. 
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The project also includes one module mounted on the north fagade of the building, which is 

otherwise clad with a conventional rainscreen system. The module is mounted in an identical 

cladding unit to those for the south fagade, to allow a direct comparison to be made. Both 

electrical output and module temperature is monitored. For the UK climate, with a high 
diffuse content, non-south facing surfaces can also receive a significant proportion. of the 

sunlight available. It has been shown that northerly facing surfaces can receive over half the 
total insolation of their southerly facing counterparts. 

One of the most important aspects of such a project is the dissemination of information to 

people from a wide range of disciplines. 3&46 In order for PV cladding to become widespread, 
it must be adopted by architects and building engineers as a viable and, indeed, favoured 

option, the interaction with the conventional grid supply and relationships with the local 

supply utility must be clarified and the PV clad buildings must be acceptable to planning 

authorities and the general public. The first step in the realisation of these conditions is the 

provision of a focal point for the dissemination of information, such as this demonstration 

project. 

The project has already attracted a high level of interest from the professional sector, 
including architects and engineers, and this has been further encouraged through seminars 
and lectures. The location of the building on the University campus also allows students to 
become familiar with the technology whilst its central location makes it possible for it to be 

visited by the general public. Public acceptance is essential for the widespread adoption of 
the technology but more examples need to be available for viewing in this country. 

To March 1999, the PV Fagade had generated over 85, OOOkWh AC during its operating 
period, with 1995-1997 having below average sunlight levels. There have been less than 36 
hours of downtime of the inverter so far with attention required to only two junction boxes. 
The system is also cleaned annually in accordance with the maintenance schedule 
established for the aluminium overcladding. 
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Figure 4.49 Northumberland Building, Newcastle upon Tyne, LTK. 
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The information presented, thus far, highlights the need for this research work. This Section 

discusses aesthetics; ways in which visual impacts may be predicted; wind farm visual impact 

assessment and human perception in order to gauge what factors influence people's attitudes 

to structures in the modem environment. Relevant survey techniques and data analysis 

methods are also discussed with the appropriate interview format and schedule being 

developed in Section 6. 

5.1 THE AESTHETICS OF ECOLOGICAL ARCHITECTURE 

Coherent and intelligent ecological development requires the incorporation of appropriate 

aesthetic and design guidelines within this process to ensure that a new carte blanche for 

aesthetic chaos is not created. During the last few decades architectural principles have been 

less and less in evidence with the general public becoming unable to enjoy the fruits of the 

labours, of architects, planners and other urban design professionals. ' This has been the case in 

Britain and changes in attitude are taking place with a battle for a return to accessible and 

popularly appreciated design principles. Prince Charles has goaded professionals and 
demonstrated strong personal architectural bias, suggesting Ten Principles for urban design 2 

which are drawn from well-proven antecedents, such as A Pattern Language by Alexander et 

al, and which have universal applicability. Any planning and design organisation which has a 

serious claim to respect both intellectual endeavour and popular taste could do worse than to 

adopt the Prince's Principles, all be they contentious, as a starting point for design. Allied to 

the Ecological Development Guidelines these principles provide a useful basis for design: 

" The Place - respect the land. 

" Hierarchy - architecture is like a language -a building must express itself so we 

understand it. 

" Scale - buildings must relatefirst ofall to human proportions. 

" Harmony - the playing together of the parts - harmony is usually not achieved by 

unifon-nity. 
Enclosure - an elementary idea with a thousand variants - connecting closely with the 
ideas of place and location. Architecture and planning can reinforce or undermine any 

effect of place by the way it responds to climate, for example. Such simple devices are 

rarely employed and are not encouraged by existing planning regulations. 
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- Materials - let where it is be what it's made of- when importing non-indigenous materials 

was too difficult or expensive this gave an integrated character to buildings of a region 

which now needs to be regained by design and by insisting on local content in 

construction. This would also strengthen the construction sector of the local economy. 

- Decoration -a bare outline won't do, give us the details - being 'make-up' that highlightý a 

structure's intrinsic features not masking reality. 

- Art -art should always bean organic and integral part ofall great new buildings -and the 

most humble. 

- Signs and Lights -don't make rude signs in public places. 

- Community -let the people who will have to live with what you build help guide your hand 

- public input to ecological development processes is essential and the inhabitants of the 

region hosting an ecological development should be involved. A practical approach must 
be adopted in order to avoid extensive committee structures, such as a design, planning and 
development office on-site for any project with models, drawings, information and 
feedback mechanisms, e. g. something as simple as a comment box. If an open-door policy 
is maintained with a free flow of information about ecological development ideas and 

programmes people will be taken into confidence, feel confident and be more able to 

assimilate new, or unexpected ideas. 

innovative projects must catalyse community development, constitute major research and 
development exercises, and stimulate extensive economic activity. The flowchart in Figure 

S. I shows the Halifax EcoCity Project in Adelaide, Australia. 
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Figure 5.1 The Halifax EcoCity PrOject, Adelaide, Australia, taken from Urban Ecology 
Australia's Ecopolis Brochure. 

There is no conclusive definition of what green means. Our relationship to the natural world 

has been brought into sharp focus during the last thirty years by both the anticipation and 

experience of enviromnentat damage and disaster. Through all this, architecture, the social art, 

has to shake itself free from this depressive speculation. Environmentally sound buildings 

must adopt a holistic attitude towards the balances within nature whilst also choosing suitable 

inaterials and ways of putting them together. Political and social issues will also influence the 

way in which architects and their buildings can actually work towards this goaLand, as Frei 

Otto stated in 1989 in The New Plurality in World Architecture, detailed in Towards 

Sustainable Architecture (Butterworth, 1996), the architect must also actually want to do this. 

There appears to be a real reordering of thought as we approach the millennium, with science 
itself leading the way. The Cartesian logic which led to the development of ever more 

specified and defined specialist disciplines is being challenged by the new physics which 

views the universe as a fluid and dynamic amalgamation of inter-relationships. Scientists have 

been seen to be returning to examining the whole rather than the part, again paralleling 

philosophers. Research at Kingston University in the UK, initiated by John Farmer, attempted 
to assess where, and how the mass of social, technical, economic and formal activities being 

carried out under the green banner are influencing architectural design and built fOrM. 3 In his 
146 



Rcith lectures of 1995, Richard Rogers also reiterated the view that current and future 

advanced technologies could redress the problems created by the cruder processes and 

products of industrial isation. This view is dominant at the global and governmental scale and 

was the basis of what cmne out of the Rio Earth Swmnit in 1992. Many well known theorists 

emphasised the necessity for meeting the nccdt of the present without compromising the 

ability of future generations to meet their own needs. as is surnmarised in the Open 

University's Renewable EnerV Resource Packfor Tertkuy Education (r52 1. Hobbs. 1994). 

Green building projects published in the architectural press can oftcn be of a more prosaic 

type than their traditional contemporaries. Brenda and Robert Vale's house in Nottingham 

(shown previously in Figurc 3.14a) is an example of this where itsjustification injournals has 

been on a numerical assessment of its physical performance rather than on any expressive 

statement of organic empathy. Whilst the contribution of the Vale house is considerable in 

technical terms other houses have been built that also extend the agenda, e. g. the self-build 
house by Jon Broome in South London. Having worked with the Walter Segal self-build 
housing venture he later continued his work with Archiope, further expanding these 

possibilities to achieve high levels of thermal performance and use of sustainable materials. 
This type of building connects back to the ideals of the Arts and Crafts movement and rc- 

establishes design and build combination as part of the social development of green building. 

Projects such as the Engineering Building at De Montfort University, Leicester, by Short, 
Ford and Associates (also shown previously in Figure 3.14b) is an example of a large and 
complex building which has not only developed environmental control to minimisc energy 
usage and maximisc passive environmental control, but which has achieved the overt use of 
technology as imagery for the building. It has been described with reference to Ruskin and 
ViOllet-le-Duc in its choice and use of materials. 

The interest in ecologically sound design has brought the design methods of Christopher Day 

and Rudolf Steiner to a wider public. In 1990 in Places of the Soul, Day makes an 
impassioned plea for the recognition that architecture matters too much to be fcft to the 
stylistic preoccupations of architects saying: 

In terms ofspiritual nourishment deeper than the glossy Cosmetic. much of our daily 
surroundings appro"h bankruptcy. 

Whilst not always grceil the works of Day and others who are using Steiner methods make for 
a wider spectrum of building t)Tes and all have a resonance unique to their belief in the 
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holistic nature of human existence. The earth is recognised as a living being and this 

philosophy is echoed by Kenneth Bayes, in 1994 in Living Architecture who said: 

Every new building deprives a plot of earth of the healingforces of the sun, wind, rain 
and animal life. The building must redeem this by its own qualities. 

The opening up of the eastern bloc has also revealed designers who have been able to 

maintain the true organic craft traditions lost to industrialised western Europe. The Hungarian 

Imre Makowecz is one such designer whose buildings are like those of organic dreams. His 

churches and community centres are realised by local craftsmen who not only build them but 

also use and enjoy them. Part of the nature that surrounds them, such buildings show how. 

man is able to reach heights of creation through working with nature rather than trying to 

dominate it. 

The images and forms of technology can be deceptive and although Intelligent Buildings have 

been anticipated for some twenty years the prohibitive costs of many of the technologies 

involved has unfortunately limited their realisation. Intelligent glass that responds to external 
light and heat levels has been in production for many years and high performance glass that 

can withstand fire for considerable periods of time is also available. Future nano-technology 

could transfon-n buildings into myriad of tiny automatic, self-regulating systems which could 

produce subtly changing and modifying environments at apparently little energy cost. 

Truly green design is more than a technological add-on and the reform of social, political and 

economic structures which underlie the making of buildings will enable designers to use their 

skills to provide ecologically sound environments in the broadest sense. The practical, 

ecologically aware experiments made by building single or small groups of buildings are 
important both for their role as prototypes and in sorting out problems and for their 
demonstration of the possibility of greener living. Care must be taken to ensure they do not 

experience the same problems as Biosphere 11, the experimental recreation of a microcosm of 
the earth's ecosystem, which apparently floundered at the human, social level rather than the 

technical level. Material, economic, contextual and aesthetic factors all go to make the 
Gestalt, or whole, of a building and landscape. Only man can decide what are to be the social, 
ethical and cultural green values and it may be that some materials and methods assumed to 
be green would fail such searching evaluation and other less obvious possibilities succeed. It 
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is probable that no absolute or universal solutions are possible and it may mean attempting to 

steer in the right direction. 

With approximately half of the energy consumed in Europe being used in buildings, with a 
further 25% accounted for by traffic, the form of our fiiture built envirorunent must be based 

on a responsible approach to nature and the use of the inexhaustible energy potential of the 

sun. Daylight is also the immediate source of human wellbeing producing hormones that 

influence our moods, drive, motivation and our desires as discussed in Solar Energy in 

, 4rchitecture and Urban Planning (Prestel, 1996). These human factors are central to 

sustainable technologies and what has driven this research. 

In terms of innovation and in comparison with the development that glass has undergone as a 

building material in the field of solar technology, the discovery of the PV principle 

represented a major leap forward. Up to that time, solar energy had simply been collected and 

absorbed in the building, or reflected by shading devices, but now it is possible to convert it 

into electrical power. Modem architecture is presented with the great opportunity of 

developing the solar technologies and achieving new sensuous qualities with them. To date 

research into the visual characteristics of solar energy architecture has focused on internal 

visual, or lighting, comfort levels and outlook. The visual impacts of these schemes and the 

way in which the UK public perceives them are examined for the first time in this research. 

5.2 PREDICTING VISUAL IMPACTS 

The exploitation of energy resources is causing a dramatic acceleration in our rate of impact 

on the natural environment. There is serious concern regarding the often damaging visual 
impact of energy related developments on remaining areas of relatively unspoilt rural 
landscape, e. g. oil terminals, dams, power stations, electricity transmission lines and open-cast 
mining. The environmental impact of such development now needs to be clearly stated and 
assessed before consent for such work is granted and EC Directive 85/337 provides this 
framework. 

In Europe the urban environment is now presenting architects, planners and development 

agencies with some of the most significant and intractable problems. The EC's Green Paper 

on the Urban Environment lists these problems and they are most chronic in those cities 
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which rose to greatness at the height of the industrial revolution. As heavy industry declined 

manufacturing sites became derelict and the working population drifted away, with the 

housing falling below tolerable standards. In most cases there remains evidence of urban 

greatness, e. g. the grandeur of the public buildings, the scale of the cityscape and in the spirit 

of those who still have their homes and their cultural roots in the inner city. In the European 

Year of the Environment, 1988, the EC Directive on Environmental Impact Assessment 

required UK architects, planners and developers to make explicit the impact which their 

schemes will have on the environment. Complying with legislation with regard to visual 
impact is constrained, however, by the difficulties associated with objective visual appraisal, 

particularly in the clear presentation of the harmful and beneficial effects of interventions in 

the rural and urban landscape. 

There are already several computer-based facilities in use by architects and planners to 

predict, appraise and compare the visual impact of proposed interventions in the landscape 

objectively, economically and, above all, meaningfully and these can be used for the 

renewable energy technologies. This type of information will form an important element of an 
F, nvironmental Statement (ES) required in support of development comin g within an Annex I 

or 2 project as defmed within the Directive. 

Any visua unpact analysis needs to consider: 

- the degree of visibility of the proposed intervention in the urban or rural landscape, and 
the intervention and what it will actually look like in the context of the landscape from any 
particular viewpoint. 

5.3 COMPUTER AIDED VISUAL IMPACT ANALYSIS (CAVIA) 

Central to any computer aided visual impact analysis is the modelling of geometry - the 

geometry of terrain, vegetation and the constructions which already exist and which are 
proposed. 

5.3.1 Terrain Models 

Terrain data acquisition is important as it affects the fidelity and degree of realism which can 
be obtained in any computer generated visualisations of land form. There are four main 
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sources of data: 

- Field surveying techniques - electronic tachometers and data collectors are used where 
high accuracy within a limited area is required. 

- Digitisation of Ordnance Survey contour maps - manual or automatic line-following or 

raster-scan algorithms are used offering an economical compromise between accuracy and 

large-scale application. 

- Aerial photogrammetry - analytical stereo plotters or instnunents, for orthographic 

projection are only suitable for relatively large-scale applications. 

- Satellite remote sensing - analysis of reflected and emitted radiation from the earth's 

surface which has the potential to generate reasonably accurate data over very large areas. 
This digital terrain model (DTM) information is eventually stored in the computer as x, y and 

z coordinates. Many DTM software packages exist which can convert these data into three- 

dimensional perspective views of the landscape, represented as connected planar triangles or 

rectangles. The accuracy of the visual image created is obviously determined by the scale at 

which the vertices of the triangles/rectangles is set coupled with the reliability of the source of 

the data. Texturing of the planar geometry through the application of fractal generation can 

also enhance the impression of visual accuracy. Fractal sets exhibit exactly the same property 

as natural terrain, i. e. as one views its surface at greater magnification, more and more 

structure is revealed. Therefore, by using simple mathematical intervention to roughen the 

DTM generated planar geometry a spurious but advantageous realism can be obtained. 
Importantly these DTM packages can carry out geometric operations crucial to the analyses of 

visual impact. Sophisticated software packages can generate contours of visibility from digital 

terrain models. Here the user identifies the position, within the DTM, of the proposed object, 

e. g. chimney stack, together with its height above the DTM surface and the sOftware looks out 

radially from the top of the object and sees all visible points on the surrounding landscape. 

These visibility contours can then be plotted as a visibility map informing the 

architect/planner'as to which viewpoint may be worthy of further investigation and which of 
these computer generated views might be produced. 

5.3.2 Vegetation Models 

Vegetation geometry is exceedingly complex in its variety and its seasonal and temporal 

variation. Currently a mathematical model is operated which is faithful to the botanical nature 

of trees and recognises their branching and growth. This requires the mathematical models to 
incorporate the following: 
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- Botanical knowledge of tree-architecture - how they grow, how they occupy space, where 

and how leaves and flowers are located. 

Time - enabling the viewing of the ageing of a tree. This includes the possibility of getting 

different pictures of the same tree at different ages, and simulating seasonal variation. 

- Physical parameters - gravity, wind, plantation density, etc.. 

Perceived realism of advanced models is extremely high, as are the computational overheads. 

However, in most visual impact analyses the primary concern is how mass planting, e. g. by 

the Forestry Commission, will influence the visibility (or invisibility) of distant landscape 

scenes and horizons. In such cases a simple 3-D model of forestry blocks is sufficient to 

cornmunicate the primary impacts on the rural environment to landscape architects. This 

technique could obviously be employed to test the degree of planting, its density and 

geographical spread to screen such a development, e. g. a holiday village, at various stages in 

the future. 

5.3.3 Construction Models, 

There are several ways of representing proposed structures which will impose on the 

landscape: 

# Wire-line representation - in these wire-line models construction is simply represented by a 

set of vertices some of which arc connected to others by lines. The computer algorithm is 

able to deduce the geometry of the planes which bound the object. As the user specifies the 

viewing parameters, i. e. eycpoint, focus point, cone of vision, the algorithm computes the 

mathematics of perspective geometry and this is then displayed as the view of the object. If 

additional information is given on which of the object's planes are transparent and which 

are opaque, certain logarithms can suppress the hidden lines by sorting the places in terms 

of the distance from the viewer. This reduces possible misinterpretation of the subject's 

shape and enhances the image's realism. Sometimes there is an advantage in'representing 

the object just as a set of lines rather than a set of surfaces, as in Image Mcing. 

Surface representation - in more sophisticated computer modelling the user can attach 

attributes, e. g. colour, transparency, rcflcctivity, texture, to each surface to produce a 

rendcred image of the object on an appropriate screen or hard-copy device. Surface 

representation computer programs also have a lighting algorithm which facilitates 

illumination of the object with one or more light sources. This software can then cast 
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5.3.5 CAVIA Verisimilitude 

In order to produce cost effective computer-based visual impact analysis good decisions on 

the degree of visual realism necessary and sufficient must be made. The individual 

development under scrutiny will normally dictate the level and felicity of detail, etc.. In terrain 

modelling the triangular or rectangular grid mesh sizing must be chosen in relation -to 

roughness of terrain, scale of the intervention and the distance of the viewpoints from the 

object. If too large a grid scale is chosen this may misrepresent the degree of visibility and 

therefore visual impact. Too fine a grid may in turn entail unnecessary processing time and 

cost. Issues of geometric granularity are relevant to the construction whether the building is 

represented as a simple shoe-box or modelled in fine detail of form and fagade. This decision 

and those regarding the choice between wire-line, grey-scale or fully coloured, shadowed and 

rendered images will determine the nature of the subjective value judgements on visual 

impact which the professional or lay-person is being asked to make. If the development was 

proposed in a Conservation Area or National Park the detailed representation of the 

construction would, of course, be greater. 4 

Recently the National Grid Company p1c. (NGC) produced new alternative pylon designs to 

the familiar traditional lattice towers. 5 Modem computer aided graphics were used by the 

company's landscape and architectural consultants and visual assessments of these new 
designs were made. Figures 5.2 to 5.4 show photomontages of three of these new NGC tower 

designs. 
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Figure5.2 Low-height L12 Tower Line, taken from the National Grid's Tower Designs 
Brochure. 

Figure 5.3 Low-height Gantry Line, taken from the National Grid's Tower Designs 
Brochure. 

155 



Figure 5.4 Folded Plate Pole Line with Gull Wing Arms, taken from the National Grid's 
Tower Designs Brochure. 

In addition to power transmission lines other structures must be considered when examining 

the visual impact of modem technologies, e. g. telecommunication towers. Figure 5.5 

demonstrates the efforts made by Orange to experiment with their telecommunication towers 

in an attempt to conceal any impacts that are seen by local communities as detrimental to their 

environment. 
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Figure 5.5 Orange Telecommunication Tower near Cockermouth, Cumbria. 

Known locally as the Rare Cockermouth Pine this 15m tree in Cumbria, just south of 

Cockermouth, is part of a five year trial of designs for the Mobile phone company. It took 

some time to actually locate it as the town's access routes make it almost impossible to be 

seen. 

5.4 WIND FARM VISUAL IMPACT AND ITS ASSESSMENT 

There has been relatively little research that examines the visual impact of Renewable Energy 

technologies, 6-15 to date with the most effort being dedicated to Wind Energy, although an 

organisation called New Perspectives, in the UK, has conducted research into the Public 

Perception of Short Rotation Coppicing. 16&17 Research conducted by Caroline Stanton" for 

the School of Landscape Architecture, Heriot-Watt University, into the visual impact and 

design in the landscape of wind farms was conducted primarily to assist those involved in the 

industrY, particularly landscape architects, planners and wind farm developers. 

The reluctance to support development of wind farms in tile UK may be due to the bad 

press' 9&20 regarding the earliest wind farms which did not utilise the most suitable location or 
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design, which could of course apply to any existing structure. The lack of information on 

wind farm impact is seen as being due to the nature of the UK Wind Energy Industry, which 

although it is rapidly expanding is still in its early stages of maturity. Planning Policy 

Guidance and other relevant literature is very general and although written recently can 

already be out of date in certain respects. 

By studying existing UK wind farms, and those in other countries, detailed information can 

be collected providing vital detailed impact information. The few published studies that do 

exist for this technology"-" shows the novelty of any similar research into the visual impacts 

of building integrated photovoltaics. This research has benefited from examining these wind 

farm studies by using the findings as precedents for research into the visual impacts of 

another, albeit very different, renewable technology. 

The World Wide Web is a good source of information on studies of the visual impact of wind 

farms and the following Websites are of particular interest: 

http: //www. bwea. com - this British Wind Energy Association site contains details of 

public attitude studies (conducted from 1990-1996) including the wind farms of 

Delabole (Public Attitudes Towards Wind Power -A Survey of Opinion in Cornwall 

and Devon. Exeter Enterprises for the Department of Trade and Industry, 1994); 

Cernmaes (Cemmaes Wind Farm - Sociological Impact. Market Research Associates, 

1994); Kirkby Moor (Kirkby Moor Wind Farm - Public Opinion Survey. Report for 

National Wind Power. RBA, March 1994), and Coal Clough (Attitudes of Local 

People Towards the Wind Farm at Coal Clough Lancashire. Liverpool University, 

May 1996). These studies were sponsored or organised by National Wind Power, the 

Countryside Council for Wales, the BBC (Wales) and the University of Wales. It is 

interesting to note that the majority of these studies were carried out after the scheme 

was completed and how generalised their conclusions were, e. g. if respondents were in 

favour, against or did not know about this type of electricity generation and not asking 

why this was the case. One of the most detailed surveys was conducted for Delabole 

Wind Farm, discussed in brief in Section 2.2. This survey's research objectives were 

to survey the attitudes of local residents towards the use of wind power both before, 

and after the construction of a ten-turbine wind farrn, and record any changes in 

attitude over that period. A questionnaire was used prior to and following construction 

iss 



with a smnple of residents within a 2km radius of the proposed wind farm and a 

control sample in Exeter. The conclusions of this study stated: 

The majority of respondents felt environmental issues were important and 
considered themselves green. 

Across the sample, the main advantages of wind power were perceived to be - 
clean; does not cause pollution; never runs out; safe; help make coal and gas 
stocks last longer. 

The main disadvantages were perceived to be - unreliable/dependent on wind; 
large numbers of turbines needed to generate as much energy as a coal fired power 
station. 

The Cornwall respondents were more aware of wind farms, and virtually all the 
respondents knew of the plans for Delabole, and a third knew of another wind 
farm; whereas only half of the Exeter group knew of Delabole, and a quarter of 
any other site. 

At stage one, responses were significantly different between the Cornwall and 
Exeter respondents: 

70% of the Exeter group and 40% of the Cornwall group said they 
approved of a wind turbine being built near their homes, and there was a 
higher number (3 1 %) of objections to wind farms in Cornwall than Exeter 
(3%) prior to the wind farm being built. 

Comwall respondents were also more likely to say that wind power was 
expensive to research and build, might spoil the scenery, or be noisy, and 
raised concerns about the cost of wind powered electricity, and interference 
with TV reception, whereas only 7% of the control sample shared these 
views. 

However, by 1992 attitudes had changed significantly. In Cornwall (with six 
months experience of living with a wind farm near them) respondents were more 
positive than the Exeter group. Of the Cornish respondents 81% said the turbines 
made no difference, and only 16% said they made some difference. 

Also, at stage two, the number of Cornish respondents who approved or strongly 
approved of wind power had increased to 85%. 

Wind power was still considered clean, safe and pollution free, and there was a 
decrease in those who thought turbines spoiled the scenery (from a half to a 
quarter) or caused noise nuisance (down from 86% to 20%). Two thirds of 
respondents felt wind farms did not disturb wild life. Concerns about TV reception 
and wildlife were also considerably reduced with experience. Indeed by 1992 over 
80% of respondents felt that the wind farm was a potential tourist attraction. 

However, scepticism about cheap electricity, wind farms being expensive to 
research and build, and being unreliable, remained the same as in the first stage of 
research. 
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Overall, the attitudes of the residents living in the area of the wind farm 
changed significantly in the period between the two surveys, becoming more 
favourable to wind energy - 27% of the sample considered that they had 
changed their attitude since the wind turbines had been operating, of whom 
90% had become more favourably inclined to the use of wind power. 

http: //bamboo. mluri. sari. ac. uk - this Website describes the need for environmental impact 

assessment (EIA), with the need for visual impact assessment being emphasised - for 

natural resource managers to plan for a more healthy environment, and to elicit public 

and political support for such plans. Two needs were identified: (1) to predict the 

responses of public groups to changes in the environment, for some of which the visual 
impact may be the dominant indicator, and to plan to minimise any negative impacts; (2) 

once a proposal is developed, to communicate the effects of proposed changes to other 

agencies and public review groups to facilitate decision-making (Visualisation techniques 

for incorporation in forest planning geographic information systems. Landscape and 
Urban Planning. Orland, 1994). 

http: //os'ln*s. sunderland-ac. uk -a sign of the times, this Website includes details of the 

Environmental Assessment and Auditing course at Sunderland University in the UK. It 
describes the aims of the course as providing students with an appreciation and 

understanding of environmental assessment and auditing methods, procedures and 
legislation which are now appropriate to current practice in the UK. 

5.4.1 The Landscape Impact and Visual Design of Wind Farms Study 

The aim of this study was to enable landscape architects to advise developers as to the most 

suitable location and design of a wind farm proposal and to inform the public of its potential 
landscape impact. Advice for planners and the establishment of national, regional and local 

strategies for wind farm development was also seen as a potential result of this research. The 

development of more appropriate locations for wind farms and designs in the future was seen 

as the ultimate goal just as this research aims to pre-empt too many mistakes made at this 

stage of BIPV. These past mistakes of energy technologies and associated plant and various 
architectural styles must be avoided as this combination of structural form is highly visible in 

our modem environment. There are infinite landscape varieties and wind farm characteristics 
but guidelines can be provided in order that wind farm development reflects the best overall 
solution. It is unlikely that a wind farm, or BIPV scheme, will ever be designed on purely 
visual grounds as every economic and technical solution will have a number of viable design 

scenarios. The aim of the study was to assist design within this context. 
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Initially Landscape Institute landscape assessment methods were used, modified in direct 

relation to study area and proposed type of development. The study assessed landscape 

characteristics specifically for wind farm development whilst also considering the existing or 

potential impact of wind farm design with thirty one case studies within the UK, Denmark 

and the Netherlands. A wind farm's location and design are in practise interrelated when 

examining visual impact but by separating these factors the impact of individual 

characteristics can be appreciated. This process of examining location and design 

characteristics separately is shown in Figure 5.6. 
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Figure 5.6 Assessing Wind Farm Location and Design Characteristics, taken from The 
Lqndscape Impact and Visual Design of Wind Farms Study, (Edinburgh 
College of Art. 1996). 

Visual impact assessment contains a degree of subjective judgement but the process was 
based on widely known and accepted design principles from the architecture and design 

professions. A selection of these principles are summarised in Figure 5.7. 

Several of these principles could be applied to other renewable energy technologies, the 
following features being directly applicable to BIPV: 
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" Harmony & Clarity - The eye seeks clarity in a visual pattern. That is the eye must be able 

to tell what a design is trying to say. Harmony refers to a feeling of restful completeness, 

creating a feeling of balance where opposite forms and forces compensate. 

" Order - is achieved when the pushes and pulls within a composition can be clearly 

understood by the eye, when there is no doubt about the direction in which a form is 

moving or the nature of its relationship to an ideal shape or position. 

"A Line & Edge - Two points describe a line that connects them. Although the points give 

a line finite length, the line can be considered a segment of an infinitely larger axis. A 

line, in describing the path of a point in motion, is capable of expressing movement, 

direction and growth. A line joins, links, supports and intersects other visual elements. It 

gives shape and articulation to the surface of planes and describes edges. Edges are linear 

elements which form the boundaries between two phases. They may be barriers, more or 

less penetrable, which close one region from another, or they may be seams, lines along 

which two regions are related and joined together. These edge elements are important 

organising features, particularly in the role of holding together generalised areas, as in the 

outline of a city by water or wall. 

Parallel Lines - Two parallel lines have the ability to visually describe a plane. A 

transparent spatial membrane can be stretched between them to acknowledge their visual 

relationship. The closer these lines are to each other, the stronger will be the sense of 

place they convey. 

Grid - The grid encourages the viewer to divide their attention equally ovek an entire 

surface. The grid in 31), generates a spatial network of points and lines. Within this 

modular framework, any number of forms and spaces can be visually grganised. The 

organising power of a grid results from the regularity and continuity of its pattern that 

parades the elements it organises. It establishes a constant set or field of reference points, 

so features dissimilar in size, form and function relate. 
Clusters/Groups - Grouping is used to organise and structure pieces of visual information 
into graspable visual patterns, depending on proximity. Clustering can consist of forms 

equivalent in size, shape and function, ordered into coherent non-hierarchical organisation 
by proximity and similarity of visual properties. Lacking introverted nature and 

geometrical regularity of centralised forms, clustering is flexible enough to incorporate 

various forms, shapes, sizes and orientation. 
Rhythm & Repetition - Rhythm refers to the regular or harmonious reoccurrence of lines, 

shapes, forms or colours. It incorporates the fundamental notion of repetition as one of the 
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most effective devices to create unity in a composition, organising forms and spaces. 

Within repetition, the elegance of proportions and the reassuring expectancy of each 

element has a hypnotic regularity, the whole unified by the sameness of shape and 

interval, whilst remaining interesting in the visual changes that occur with distance. 

Shape -A geometric shape looks absolute, uncontaminated by accidents, outside of any 

style and universally understandable. Even geometric shapes in nature such as crystals, 

have a timeless look, giving an impression of creation rather than growth. Similar shapes 

have a structure easily grasped by the eye. The simple shape will have a clear order to its 

parts, angles and directions, that can be remembered at a close glance and will have an 

easy to see quality. The more vertical or horizontal the position of the shape, the more 

static or permanent it will appear. If a shape lies on a diagonal, it will seem in motion, 

temporary and dynamic. A radial form combines the aspects of linearity and centrality into 

a single composition. The core is either the symbolic or functional centre of the 

organisation. 

do Scale - In the past, large scale has been used to signify importance and to communicate to 

large audiences. When elements are described as monumental in scale, the actual size of 

the object is not being described, it is the feeling it gives by being aggressive or 

commanding its environment, extending its authority. Changes in size creates visual 

action, continual variation making a non realistic space that has a complex and rhythmic 

structure. 

e Colour - We attach symbolic meanings to colours. Within the British culture, white has 

been used for many years to symbolise purity and neutrality. 

The study also examined the characteristics associated with a wind farm's location and, as 

these characteristics interrelated, five landscape character types were established. These types 

are shown in the following Figures 5.8 to 5.12, all taken from the Study. 

164 



HARMONY 
A CLARITY 

ORDER 

A POINT 

A UNE & 121 
EDGE 

::: 0. : 

PARALLEL 
LINES 

GFUD 

CLUSTERS/ 
GROUPS 

RHYTHM & 
REPETITIOP 

SHAPE 

SCALE 

COLOUR 

GROUPS 

RHYTHM & I; c 
REPETITION 

SHAPE 

Clarity - The eye Seeks Osray in a visual pattern. That is the eye must be aNs to fell what a 
design is trying to say 
harmony - Refers to a feeling of restluf completeness, creating a tooling of balarica, where opposite 
forms and lOfc*S COMPOn"10 

Order is achieved whom Via 'pushes and pulis'wdhin a composition can be clearly understood by 
the eye. when there is no doubt about the direction in which a lorm is moving or the nature of M& 
relationship to an ideal shape or position 

" Points have tradamnally been used to miuk a possion in space, eg obelisk 
"A point has no length. width or depth and is theintlore stair. difecilonless and centrabsed 
" At the contra of is environment, a point a stable" at fast, Organising surrouncling elements about 

Isell and dominating its field 

" Two Points describe a fine that connects them. Although the points give a line OrAs langin. the line 
can be considered Am segment of an intinsely larger axis 

"A line. in describing the path of a point in motion. is capable at expressing moverriont, direction and 
growth 

"A fine joins. links. supports and intersects other visual elements. It gives shape and articulation to 
the surface of pkianes and describes edges. Edges are knew elements which form the boundaries 
between two phases. They may be barriers. more or less panalralable. which close on* region 
from another. or they may be seams. lines along which two regions are related and joined together, 
These edge elements are wriportard organising features. particularly in the role of holding together 
genoralised areas, as in the oullne of a coy by water or wall 

Two parallel lines have the abimy tomualty describe a plans. A transparent spatial membran 

can be stretched between them to acknowledge their visual relationship. The closer these lines ar: 
to each other, the stronger will be the sense ol place they convey 

" The grid encourages the viewer to divide tneir attention equally over an entire surface 
" The grid in 3 dimensions. generates a spatial network of points and lines. Within this modular 

framework. any number at lorms and spaces can be vis"by organisod 
" The orgaritsing power or a grid results from the regularity and continuity of Is pattern that parades 

the elernerils If organises. It establishes a constant set or field of reference points. so features 
dissimilar in size. form and function relate 

" Grouping - Used to orgaritse " structure pieces of visual stiormation wdo graspable visual 
patterns, depending on proximity 

" Cluslaring - Can consist of lomis oquiviiiiard in size. &We wW function, ordered into coherent non. 
hieraminisal organisation by proximity ard similarity of visual properties 

" Lacking introveried nature and geometrical regularity of contralts*d forms. clustering is flexible 
enough to incorporate various forms, shapes, sizes and orientation 

Rhythm refers to the regular or harmonious reoccurrence of lines. shapes, forms of colours It 
Incorporates the lundamenial notion of repetition as one of the most effective devices to create unity 
in a composition. organizing forms mid spaces 
Within repetition. the elegance of proportions and the reassuring expectancy ol each element has 
a hypnotic regularity. the whole unified by Me shmonoss ot shape and interval. wNW remaining 
irilaresting in the visual changes that occur wah distance 

"A geometric shape looks absolute. urwArilarrunaled by accidents. outside of any style and 
universally understandable. Even geometric shapes in nature such as Crystals, have a timeless 
look. giving an impression of creation rather than growth 

" Similar shapes have a structure easily grasped by the eye. The simple shape will have a clear 
order to Its pails. angles and directions. Rud can be remembered &I a close glance and Vol have 
an easy to "a quality 

" The more vertical orhorizontal the position of the shape, the more stalic or permanent A will appear. 
Na shape Ws an a diagonal. it will team in motion, temporary and dynamic 

"A radial form combines the aspects of bri"rity and centrality into a single composition. The core 
Is either the symbolic or functional Centre of the organization 

In the past. large scale has been used to signily iMPOA&MG and 10 COMmunwallb 10 large 
audiences. When elements are described as monumental in scale, the &clual size of the object is 
not being described, I is the feeling it gives by being aggressive or commanding its environment, 
extending its authority 
Changes in size creates visual action, continual variation making a non realistic space that has a 
complex and rhythmic structure 

We attach symboic meanings to colours. Wrthin the British culture, White has been used for many 
years to symboliss purify and neutrality 

Figure 5.7 Summary of Fundamental Design Principles significant to Wind Farm 
Development, taken from Yhe Landscape Impact and Visual Design of Wind 
Farms Study, (Edinburgh College of Art. 1996). 
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FLAT OR GENTLY SLOPING AGRICULTURAL LANDSCAPE 

landscape characteristics 

This landscape typically has flat or gently sloping relief, agricultural and small settlement land use, and a simple] 
landscape pattern. It is often favoured for windfarm development as a result of its proximity to services such as 
electricity transmission lines and roads, together with minimal landscape designation. 

visual impact 

- Windfarms often seem appropriate within exposed agricultural land by relating to the planting of shelter belts and 
the occurrence of wind pruned trees and wind eroded soils, yet in a positive way that utilises the elements. 

- The location of a windfarm within a flat landscape tends to result in a simple visual contrast between the 
horizontal and vertical elements of the landscape. It is often difficult to perceive the size of a windfarm, due to the 
lack of comparable vertical scale indicators, and visibility is also often hindered by fore and mid-ground 
obstructions. 

- The location of a windfarm within a landscape which is simple in visual composition, or has a distinct pattern, 
results in the minimal confusion of dominating visual elements, giving a sense of clarity. The linking of a windfarm 
to small features within a landscape, such as hedgerows or ditches, may aid its integration into the landscape, by 
visually connecting the wind turbines to the horizontal plane. 

- Small numbers of wind turbines within agricultural land may relate to farm machinery in their functional image. 
This can mean that community or individually owned windfarms often seem appropriate in these areas, where 
large commercial developments may seem encroaching. 

design guidance 

- Most suitable for single turbines and small scale development up to 5 turbines with a direct functional link to the 
landscape, or intensive developments up to 40 turbines. These should appear as a component of the landscape 
pattern, similar to an elevated crop. 

- The windfarm should generally be formal in layout, unless linked to a distinct landscape feature such as 
hedgerows; whatever the layout, the spacing of turbines should be regular. 

- The scale of any windfarm development should relate to the distinct spatial enclosure and location of settlements 
in this landscape character type. 

- The development of a windfarm within this landscape should avoid the construction of new access tracks, 
passing over agricultural land wherever possible. 

Shelter belts and wind Single turbine takes Layout of windfarm Simple contrast Difficult to perceive 
pruned tram illustrate on a functional image directly relate* to between vertical scale of turb4nes 
wind dominated linked to farm Landscape feature4 turbines and within open land 
landscape buildings horizontal landscape 

I elements 

I 
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I ....... ..... Igement of 
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Sketch summary of landscape character type 1 and rhýrlhmic 

1;, gure 5.8 Sketch Summary of Landscape Character I- Flat or Gently Sloping 
Agricultural. 
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THE COAST 

landscape characteristics 

This landscape is dominated by the character of the sea. This includes its physical qualities, such as its openness, 
its horizontal emphasis and the strong linear edge, in addition to the experience that it creates - exposure, high 
winds, the noise of breaking waves etc. Settlements and recreational land use is often concentrated within this 
landscape, linked by coastal roads. 

visual impact 

- Windfarms often appear inferior in scale to their surroundings, due to the exposure of the sea resulting in open 
visibility. Within this landscape, the vertical dimension and form of wind turbines tends to appear simple in 
contrast to the horizontal plane of the sea and the simple visual composition of the landscape. 

- Windfarms relate to the dominance of the wind within this landscape, often illustrated even in calm conditions by 
a prevalence of wind pruned trees and shrubs. The turning of blades can be linked to the rhythmic movement of 
waves. 

- Although the coast is often visited by the public, as windfarms directly relate to the characteristics which people 
expect - such as the wind and feeling of exposure, they do not necessarily conflict with the appreciation of such 
areas. An exception to this may be where an area of coast is particularly valued for its feeling of remoteness, in 
the absence of any other human features such as pathways or buildings, although even in these areas, a windfarm 
may appear as a positive development due to its stunning contrasting image. 

- Windfarms may complement other human made structures which are sometimes located along or near to the 
coast, such as dams, barrages, bridges, aerials and masts. These can collectively appear impressive by 
expressing the ability of human engineering against the elements. 

design guidance 

- This landscape character type is sometimes suitable for large windfarms up to 80 turbines where areas are 
particularly open and exposed-. however, most typically, it is suited to medium sized windfarms up to 40 turbines, 
due to the location of other coastal features such as settlements and roads. 

- it is imperative that a windfarm relates to the dominant physical characteristics of this landscape, this is most 
usually the linear quality of the coastline, a windfarm appearing most appropriate as a parallel row or grid layout. 
The dominant coastline means that this landscape can often accommodate numerous winclfarmsý these do not 
necessarily result in visual confusion, as they can simply relate to each other, as well as the landscape, by all 
being located in direct relation to the coast, 

A windfarm should relate to other structures in this landscape such as roads, bridges and buildings. 

Wind and wave movement Turbines illustrate simple Lin&& of turbines relate to the Formal arrangement of arid noise expresses the contrast of elevation and linear quality of the coastal turbines parallel to coastline impact of the vvind in the form adjacent to sea space landscape 

zz- 

Visitors an)oy the mnd 
Sketch summary of landscape character type 2 dominated landscape 

Figure 5.9 Sketch Summary of Landscape Character 11 - The Coast. 
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MOUNTAINS AND MOORLAND 

landscape characteristics 

This landscape character type contains large expanses of open land, most often located within Wales and 
Scotland. These exposed areas are associated with high winds and rainfall, their 'hostile' environment typically 
resuffing in only sparse inhabitation; this means that they are valued by visitors for their sense of remoteness, often 
reflected by some form of landscape designation. 

visual impact 

- Windfarms do not typically appear to dominate the scale of this landscape, due to their relatively small size in 
relation to the exposure of their surroundings, and the absence of other scale indicators. However, a consequence 
of the openness of this landscape is that windfarms will tend to be visible from long distances. 

- Although windfarms may conflict with the perception of 'wild land', and its importance to wildlife, which many 
visitors value within this landscape, windfarms do relate to other characteristics for which this landscape is 
appreciated, such as its exposure, vast scale and high winds. 

- Windfarms look very stunning within this landscape character type if they are designed to appear as a positive 
sculptural form, plainly contrasting to the simple visual composition. However, the location of associated features 
such as access roads and buildings may have a substantial impact; this is not only physical, due to the typical 
instability of ground conditions, but also visual and symbolic, by the windfarm appearing more permanent and 
creating a functional, rather than sculptural, image which typically conflicts with the surrounding land use. 

- There are only a few large areas of this landscape character type in the UK which do not contain human made 
features. This means that it is particularly important to strategically consider the location of windfarms and their 
cumulative impact within these locations. 

design guidance 

- Large areas of this landscape character type may be occasionally suitable for windfarms up to 200 turbines, due 
to the vast openness of the landscape. However, more commonly, it will be appropriate for medium sized 
developments of about 25-50 turbines due to the limited size of areas and their high extent of inter-visibility. 

- Windfarms will tend to appear most appropriate in a formal layout, as a result of the typical absence of distinct 
informal landscape features, such as field patterns, to which a development could relateý this will be as a line of 
turbines in direct relation to a ridge, or as a line or grid where the land is flat or sloping. The windfarm should be 
concentrated as much as possible to appear 'controlled'. 

- Windfarms should avoid areas of variable relief, as this will result in a varying visual relationship between each 
turbine with the surrounding landscape. Wind turbines should be preferably located so that they appear on the 
skyline where they will be seen against the sky; if located beneath the skyline, their visibility will tend to be 
highlighted against the dark land backdrop. They should not be sited where they will cross the skyline, as this 
results in visual confusion due to the difference between visibility and the complex relationship of lines. 

- Particular attention should be paid to the design of wind turbines within this landscape: it is imperative that they 
appear sculptural, and not as an industrial or urban addition. This will involve choosing a turbine which appears 
aesthetically balanced and white in colour, appearing in its simplest and most positive form, 

Wind turbines May No confusion of Row of turbines have a The scale of turbines Windfarm located on complement other landscape pattern within clear relationship with seems insignificant variable relief results in sculptural features in moorland each other and the ridge. compared vvith size of visual confusion lhe landscape such as although their elevation mountains and i satellite dishes varies openn&ssofi2ndscape 

Simple contrast of the 
horizontal plane and 
verlical features 

Visual impact of access 
roads is substanti I a, Sketch summary of landscape character type 3 compromising sculptural 
image of vvindfarm 

Figure5.10 Sketch Summary of Landscape Character III -Mountains and Moorland. 
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VARIABLE LANDFORM WITH DISPERSED SMALL SETTLEMENT 

landscape characteristics 

This landscape typically has a variable or undulating landform which results in spatial enclosure and restricted 
visibility between areas, Wind energy development is often limited within this landscape due to the landform and 
vegetation reducing wind speed and creating wind turbulence. The dispersed location of small communities or 
farms also limits the area of open land, and a history of settlement means that hill tops are often occupied by 
historic structures or artefacts. 

visual impact 

- The extent of windfarm visibility tends to be limited within this landscape due to its variable relief. Although 
windfarms may affect only a small visibility zone, however, they tend to have a greater dominance within that area 
due to the spatial enclosure of the landscape. If only part of a windfarm is visible from certain locations, this can 
result in visual confusion as a viewer moves through the landscape. 

' The location of a windfarm within an area of variable relief may result in visual confusion due to the varying 
visual relationship between each turbine and the angle of the skyline. A small clustered windfarm or single wind 
turbine may, however, appear appropriate in direct relation to the traditional location of structures upon hill tops 
within this landscape. In such locations, wind turbines may appear to create a symbolic or monumental focal 
image. 

design guidance 

- The scale and enclosure of this landscape lends itself to the location of a number of single turbines or small 
windfarms (between 3 and 10 turbines), rather than large windfarms. The location of wind turbines should avoid 
seeming to intimidate and tower over the enclosed spaces within this landscape. The complete development 
should also be visible as a single element which has distinct edges, so that it does not seem to encroach upon its 
surroundings. 

- Single wind turbines may appear appropriate where they have a clear functional link to a particular building or 
land use, or alternatively take on a more sculptural and monumental image located upon a hill top. 

* Although wind energy developments within an area may be owned by different people, they should relate to 
each other in order to minimise visual confusion, for example by being located in direct relation to the same 
landscape characteristic, or by using the same type and colour of wind turbine, 

Single turbines/ small Landform and features Windfarm may form There may be a Turbines may be greater 
groups may seem may highlight windfarm as contra piece of enclosed companson with the accepted near to 
appropriate as focus space symbolic quality of settlements when 
indmdually placed structures lo"led on hill community owned features lops 
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Sketch summary of landscape character type 4 

Figure5.11 Sketch Summary of Landscape Character IV -Variable Landform with 
Dispersed Small Settlement. 
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I DUSTRY AND SERVICES N 

landscape characteristics 

This landscape character type is dominated by industrial land use or services. It has been clearly modified by 
humans, so that artefacts and land use, rather than the underlying physical characteristics, tend to form the key 
landscape characteristics. Areas of this character type are often favoured for wind energy development due to 
their good access and electricity linkage, as well as there being few residential properties and landscape 
designations. 

visual impact 

, Wind turbines may be comparable to other structures located within this landscape, such as cranes, pylons and 
chimneys, particularly in their scale and by expressing the capability of human engineering. However they tend to 
contrast in their symbolic quality representing 'clean' energy. 

* As a result of this landscape containing many large structures, windfarms do not tend to form the dominant 
focus. However, they may result in visual confusion due to their contrast of form. The movement of wind turbine 
blades may relate to other characteristics within this landscape, such as the movement of vehicles along roads. 

* Many landscapes of this character contain areas of seemingly 'wasted space', due to the requirement for buffers 
of open land surrounding industrial areas and along roads. Wind turbines may be located to utilise these areas, 
portraying a more positive image, 

design guidance 

- This landscape character type may be suitable for a variety of wind energy developments, from single turbines 
which link to individual buildings, to large windfarms which form a focus in their own right. 

-A windfarm should relate to other structures within this landscape character type. However, due to their 
difference of form and function, it is generally advisable to separate them by areas of open space to minimise 
visual confusion. 

- if located near to a road, a windfarm should either be sited directly adjacent to the road so that it can be viewed 
within the drivers' field of vision, or far enough away that it does not attract detailed attention and can be seen with 
a quick glimpse. 

- The repeated location of windfarms within this landscape character type should be avoided, as it may stereotype 
wind energy developments as being industrial or urban in character, even when located in other landscape 
character types. 

Wind turbines may be Turbines contrast in Wind turbines do not Turbines are not a safety The movement (and 
comparable to their sculptural form. but dominate landscape scale, nsk K seen within possibly reflection and industrial Structures by relate to the human comparable to road and drivers'field of vision ncxsa) of avvindfarm their vertical scale made character of the industry is comparable to the 
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Figure 5.12 Sketch Summary of Landscape Character V- Industry and Services. 

These landscape character types show some similarities, the major one obviously being they 

are all areas with high winds and it is not expected that all proposals will neatly fit into one 

character type but that they show trends in the visual impact of wind farms in relation to 
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certain landscape characteristics. 

5.4.1 i) The Study's Conclusions 

The main conclusion of the study was that wind farm development is visually viable in most 

areas where technically practical. However, the type of development would vary relative -to 

the landscape's characteristics which should condition wind farm design. Turbines cannot be 

hidden in the landscape and it is therefore seen as imperative that any wind farm development 

is honest, rational and hannonious in the landscape, an expression of visual clarity. 

More information on the potential impact of wind farms, and the dissemination of this 

knowledge to the general public was seen as a means of reassuring many people, whose major 

concerns stem from their unfamiliarity with this type of development. Many planning and 

public authorities such as the Countryside Cornmission were seen to accept wind farm 

development in principle but often did not want to actually see it in a certain location. This 

was cited as an area that must be addressed with the further publication of opinion polls 

which tend to be more positive than is believed, together with the highlighting of the wider 

environmental concerns. It was suggested that people should be made aware of the connection 

between their own electricity requirements and alternative energy generation methods. By 

informing the general public that if there is a need for electricity and it is to be provided by 

wind power then it is advantageous to be involved with wind farm design to ensure the best 

solution. It must be pointed out that the alternative is for developers to adopt a defiant 

attitude, ignoring wind farm design and public preference. 

The study stated that landscape architects must publicise the need for wind farm design. Many 

of the visual problems associated with certain wind farms were described as not being related 

to the actual principle of the scheme but because not enough attention to the design of layout 

of turbines had taken place in that particular location. It was also concluded that there is a 

need for strategic and local guidelines for wind farm development, together with planning 

control to regulate not only individual, but also their cumulative impact in the landscape. The 

need for detailed design and planning control of wind farms suggests that developers would 

also have to indicate specific turbine location and type within the planning proposals. If this 

was not possible for any reason there would have to then be repeated consultation over 

alterations to design with landscape architects and planners. 
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Involvement, consultation and education of the public concerning wind farm proposals will 

result in more positive responses than developers' attempts to receive approval by planning 

gain methods. This was described as having the potential of people supporting a wind farm's 

location, and wind energy in general, rather than reluctantly tolerating it. 

The concluding comments stated: 
Landscape architects, as professionals that understand both the physical and social 
properties ofa landscape, in combination with a knowledge ofaesthetic principles, 
must assert their capability to positively contribute to windfarm design and 
development within an advancing wind energy industry. 

5.5 PUBLIC PERCEPTION OF WIND POWER 

The physical attributes of a wind farm are not the only factors that determine the perception of 

wind farm suitability, but also factors such as an individual's background knowledge and 

personal opinion. 25-27 This will create an attitude towards wind energy and its usefulness and 
is very important in determining the perceived visual impact and appropriateness of wind 
farms. This can influence development through the planning control system. 

To determine potential UK wind farm visual impact the perception of all new development 

and landscape change within British culture must be appreciated. Currently, it is generally 

assumed that any new development should not greatly alter the landscape's existing 

appearance. This implies that a development's visual impact is determined by whether it is in 
keeping with the existing landscape, whether it changes it and if it does, what, the nature of 

change will be. This approach is very different in Denmark and the Netherlands where new 
technology and dynamic landscape change is largely accepted. In reality, however, the way in 

which a wind farm relates to a landscape's particular characteristics is more important than 

actual landscape change in determining its visual impact. If a wind farm relates directly to a 
landscape's characteristics its relative impact will seem appropriate. 

Whilst public opinion studies of UK wind farms do exist they are still few and far between, 

the main body of knowledge coming from the US, Denmark, the Netherlands and Sweden. 
Research, such as that carried out at Delabole in Cornwall, has also, unfortunately, tended to 
concentrate on whether the public considered such developments acceptable, rather than 
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addressing why this might be. 

The public perception and opinion of the visual impact of wind farms is often a contentious 

subject which both supporters and objectors concentrate on within the media . 
28This can be 

seen all too clearly in Figure 5.13, in a newspaper article from South Wales, which shows 

how visual misrepresentations can be used to exaggerate the impact some wind farms would 

have on an area, in this case Port Talbot. 

I 

.... - -'k IIIIý,, "J, (I q I'm tl'albo( reside ws over plaw. for a windfarm above 

Glyncorrwg, the application is rejected but the arguments still rage. 

Figure 5.13 Part of an article in the South Wales Evening Post showing how the scale of 
wind turbines can be exaggerated to provoke public feeling. 

Whilst any existing information on the public opinion of wind farm visual impact seems to 

vary, results do tend to indicate that the public are much more supportive than some decision 

makers believe, as stated by Cadman in 1986. A public survey of the local population prior to 

construction of the Welsh Bryn Titli wind farm revealed that 87% of respondents were either 

in favour or undecided about the scheme. In 1993, Coles and Taylor also suggested that wind 

energy benefits from a very positive reaction to its development with only I% opposed to the 

concept and over half favouring expansion. These figures are quoted in Energy, Society and 

Environment (Routledge, 1997). At the Delabole Wind Farm, in an area visited by a large 

number of tourists, in Cornwall a public opinion survey'9 revealed that over 80% of 

respondents believed that wind farms attracted tourism. This was supported by the fact that in 

the first 9 months of opening 37,000 people visited its visitor centre with a further 74,000 

travelling to the site merely to view the turbines, noted by Massey in 1993. American public 
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opinion seems to be directly related to the attitude of local environniental benefit. In 1987, in 

an area of many wind farms called Altamont in California, Thayer and Freeman revealed that 

subjects who viewed this area positively did so because of perceived connotative or symbolic 

attributes. Despite modest scores in a public survey of their beauty and attractiveness the 

development was more likely to be supported due to it being efficient, safe, progressive and a 

sign of the future. Whilst UK opinion polls indicate that the majority of the public supports 

wind energy the seeming minority must not be ignored. In 1988 Lubbers suggested that wind 

turbines will only be appreciated in the landscape when they, e. g. through the process of 

assimilation, are seen as part of the landscape and no longer as a result of a technological 

process. This is discussed in The Landscape Impact and Visual Design of Wind Farms 

(Edinburgh College of Art, 1996). 

5.5.1 Factors affecting perception 

Many people opposed to wind farm development in the UK have difficulty in associating it 

with their own electricity consumption. This occurs as a result of most turbines being directly 

linked to the National Grid. As fossil fuel or nuclear power is often not locally visible the 

introduction of wind farms in rural areas can often create a not in my backyard (NIMBY) 

response. In contrast, in De=ark one in 20 families have some kind of financial investment 

in wind energy. This communal ownership has led to a more positive attitude from local 

residents who actually feel they are improving their own environment. 30 The public 

acceptance of wind farms is also affected by the fact that they are often considered an urban 

or industrial development. The reasoning behind this is unclear as the majority of traditional 

windmills are located within the rural landscape. It may, however, be attributed to the 

unfamiliar high tech image of modem turbines which other developments in such areas do not 

normally possess. 

In the past negative wind farm public opinion has resulted from the perception that the 

technology is uneconomic or that a single wind farm will only contribute a very small amount 
to a country's total energy needs, as cited by Lascelles in 1993. Whether these opinions are 
derived from narrow-mindedness, or to some degree fact Garrad, in 1993, believed that a 

reduction in both capital and operational costs in the order of 20%, on present day estimates, 

could be achieved by the year 2005 with the development of the industry. These figures are 

quoted in Edinburgh College of Art's Study - The Landscape Impact and Visual design of 
lVind Farms (1996). On good windy sites the EEC has stated that wind turbines produce 
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electricity at the same price as the new cleaner coal stations. In addition, if these conventional 

power stations took all the environmental precautions possible and recognised the cost of air 

pollution, damage to health, military protection of fuel supplies and oil spillage clean-up, etc., 

they would, on balance, be more expensive. 

The perception of wind farms will be affected by the number and size of developments in the 

landscape. If a number of wind farms appear in the same type of landscape character, e. g. on 

the west coast of Denmark, development can be seen to be appropriate in its association with 

such areas. In addition to this the location of numerous wind farms may result in the feeling 

that the overall development is more worthwhile, the turbines making a noticeable 

contribution to the region's energy resource. There is also a greater acceptance of wind 

turbines in large numbers as part of the landscape fabric, with no particular development 

dominating the area. However, all these factors highlight the need fbr detailed design 

guidance within strategic wind farm planning. 

The perception of a wind farm's visual impact will also depend upon the visibility of the 
individual development, the extent and nature of wind farm visibility varying with factors 

such as access, climatic conditions, site relief, the location of viewpoints and the wind farm 

design. 

it may be years before wind farms appear as familiar features within the landscape, appearing 

appropriate by their common association. The dissemination of information on the impact of 

existing UK wind farms, and those in other countries, however, should be used to illustrate 

how they can be located and designed in order to have a positive impact on the landscape. 

A study conducted by Jones Garrad for ETSU, Industrial Design of Wind TurbineS, 31 also 
shows not only how weather conditions can affect public perception of wind farms, i. e. visual 
cffects and mental wellbeing linked to those sort of conditions, but many new concepts for 

turbine design, 32 shown in Figure 5.14. 

175 



7. 
747 ' 

ex 

tl 

Figure 5.14 Four Concepts for Future Wind Turbines, taken from Jones Garrad's Industrial 
Design of Wind Turbines. 
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5.6 AESTHETICS, HUMAN INFORMATION PROCESSING, AND DIMENSIONS 
OF AESTHETIC EXPERIENCE 

The appreciation of beauty is a particularly human characteristic, even though a very great 
deal of animal social behaviour is triggered and maintained by features of physical appearance 

or specific behaviour such as courtship dances which we, as humans, may regard as beautiful. 

The attempt to study the variables which influence our aesthetic experience is one of the 

oldest areas of experimental psychology, 3341 dating back to Fechner's Vorschule der 

Aesthetik written in 1876. However, for all Fechner's early attention to the problems and 

methods of studying aesthetics, progress has been even slower than in areas such as learning, 

memory or motor skills. Berlyne's books, Aesthetics and Psychobiology and Studies in the 
New Experimental Aesthetics, written in 1971 and 1974 respectively, attempt to describe 

mechanisms which may underlie our aesthetic appreciation of the things around us, linking 

the novelty and complexity of input to the arousal level of the individual. But because of the 
lack of any well structured theoretical model for aesthetic judgements, most of the 

experimental findings on aesthetic experience are of limited generality. The age-old golden 

section, for example, where a space is divided into two parts, A and B, in such a manner that 

the ratio A: B is the same as the ratio B: A+B, has received experimental attention in the 1960s 

by, among others, Berlyne himself, who managed to show, in 1969, that if asked to show the 

major subdivisions in a series of paintings, people tended to divide the pictures close to the 

golden section. How far this should be attributed to the artists' training rather than the 

viewer's, however, is not clear from this study. The results of a more recent empirical 
investigation in 1978, by Piehl, in which varying proportions were rated for their 

pleasingness, found that the most preferred proportion was the golden section. This golden 
section concept is shown in Figure 5.15. The golden section or golden mean has, of course, a 
very long history, and has been the subject of an enormous amount of speculation and 
analysis. Psychologically, however, it is suggested that, accepting that novelty and a degree of 
complexity are relevant, the basis of aesthetic preference and tastes is the set of abstracted 
relationships or schemata. This view is shared with Lee, who specifically includes affective 
properties in his description of sociospatial schemata which he was researching in the 1950s, 
making him one of the genuine pioneers of environmental psychology. The work of Feschner, 
Berlyne, Piehl and Lee are described in A Graphic Survey of Perception and Behaviour for 
the Design Professions (Van Nostrand Reinhold Co., 1984). 
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How to divide a line so that the smaller part Is to the 
larger as the larger is to the whole , eb: ae = ae: ab. 
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A "Golden Rectangle. " 

A 

A. A square. 
B. Its golden section. 
C. Right angle set on the axis of the original square 

gives point 'W 
D. The line g-I Is divided Into two equal parts. 

Figure 5.15 The Concept of the Golden Section, taken from A Graphic Survey of 
Perception and Behaviourfor the Design Professions (Van Nostrand Reinhold 
Co., 1984). 

If this schematic approach is correct then it would be expected that some rapprochement 

should be possible between artistic and psychological analyses of aesthetic experience. That 

this is possible can be shown briefly by using some of the Gestalt principles of psychology. 

These principles refer to some of the ways in which we integrate parts of our perceptual 

experience. The figure-ground principle allows that by shape, location, colour, contrast, 

relative size, and so on, features of the environment will be seen either as figure or ground. 

These are also some of the ways in which artists control the effects their work gives rise to. 

Similarity, another Gestalt principle is used by artists and architects to unify various parts of 

their pictures or buildings, most often using colour, though similarity of forin and repeated 
features are common. The principle of commonfate can be related to line in paintings and, as 
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in painting, interruption of line may be overcome using the principle of similarity. Goodness 

of figure, which depends upon factors like symmetry and closure, which are themselves 

Gestalt principles, is involved in controlling the salience of different parts of a picture, 

although if the principle creates too good a figure it tends to become aesthetically neutral like 

circles and squares. Finally, perspective or spatial interpretation is produced in painting by 

utilising the same two-dimensional cues to depth and distance which operate in the geometric 
illusions or the perceptual constancies, e. g. angles, or the size of the image on the retina, and 
both of these produce the relationship between various components of a picture. There is no 

simple formula for a work of art, but these are a few of the ways we process infonnation 

which are involved in aesthetically pleasing percepts. Whether one describes them as artistic 

or psychological principles is irrelevant. For aesthetic experience what matters is how they 

affect our perception, rather than how we understand these principles. 

No single factor, psychological or physiological, can be invoked to account for the whole 

range of aesthetic experience, or has been found necessarily to be involved in all types of 

aesthetic preferences. Rather, our judgements of beauty seem to be rooted in our 

comprehension of the world, and in our ability to deal with the information presented to us. 
The psychology of aesthetics is, therefore, part of the psychology of human information 

processing. This is clearly seen in the borderlines between art, geometric illusions, and what 
visual scientists would regard as perceptual effects. 

Viewed in information processing terms, aesthetic judgements depend mainly on the ability to 
integrate the sensory information into a unified structure, and upon the significance of that 

structure. Thus, for example, people differ in the degree of abstractness or lack of significance 
which they find acceptable, as well as in the range of distortions of perspective or objects 
which remain pleasing. Perhaps the main function of the great artists, whether musician, 
painter, sculptor, architect, etc., is to educate us to experience the world in new ways. That is, 
by exposure to their works, to restructure our long term memory (LTM) so that we increase 

the range of possible integrations of information which we find aesthetically pleasing. 

Even though aesthetic judgement is an area where there will be little acceptance of any 
attempt to produce a theoretical understanding, it is not enough to avoid the issue by invoking 
individual differences between people. There are individual differences in intelligence, 

personality or special abilities, and we measure these reliably and in ways which are valid for 

179 



specific purposes, and our predictions made on the basis of tests can (and must) themselves be 

evaluated against performance. Aesthetic appreciation is, at present, less easily measured 
because the two standard ways of seeking truth, counting heads or consulting the wise, have 

not yet yielded a sufficiently simple interpretation to spread into the social sciences. Counting 

heads is not uninformative. Depending on what they have been exposed to, communities 

share certain criteria of acceptability and limitations of ability to interpret an artist's 

symbolism. Just as Freud originally suggested that particular symbols in dreams would be 

likely to have similar significances, for individuals who shared a common cultural heritage, in 

the same way shared past experiences control our capacity for present aesthetic judgement. 

Consulting the wise can, however, be more illuminating and texts like Arnheim's Art and 
Visual Perception (1969) can really open eyes which may mean they are ready to see and 

comprehend the work, of, say, Henry Moore. This is discussed in A Graphic Survey of 
Perception and Behaviourfor the Design Professions (Van Nostrand Reinhold Co., 1984). 

An understanding of aesthetic judgement is essential for designing pleasing environments, 

and it is not necessary to assume that some people inherently possess good taste while others 
do not. Rather, because our LTM stores relationships, good taste should be viewed much 

more in terms of an educational advantage which has been derived from interacting with 

various symbolic representations of the physical or psychological world. This view can be 
important ergonomically in so far as environments can be designed for use by people whose 
tastes andjudgements; are predictable. 

For the ergonomist, aesthetics is an interaction of cognitive and emotional processes. Using 

the simple model of information processing once more, aesthetic judgement is learned as the 

sets of relationships abstracted from experiences of different environments and objects in 

them which generalise to new or subsequent environments, becoming the rules and principles 
by which sensory information is integrated into our perception and understanding of the world 
around us. Similarly, to a large degree our emotional responses stem from our interpretation 

of the world. Particular patterns of physiological effects can be evoked by fairly specific 
stimulation. 

Part of our understanding consists of an evaluation, which is not necessarily made 
consciously, of the environment we live in compared to others. The implications of this 
evaluation can be so much part of the given of an individual's everyday life that very general 
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features of their self-concept are affected by them, perhaps even controlled by them, without 

the implications ever being consciously stated. Precisely how strong this effect can be is not 

well understood, but many studies suggest it is a powerful influence. Taylor, for example, 

reported that patients in a mental hospital responded positively to the introduction of carpeting 

on previously bare floors, regarding this as an indication that society still cared about them. 

However, before considering specific findings it is worth mentioning some of the dimensions 

of aesthetic experience which have been suggested. Broadly, these fall into two categories 
depending whether physical or psychological factors are given greater emphasis. Some 

approaches, e. g. Leopold in 1972, attempt to analyse environments in terms of physical 
factors, biological and water quality factors, and human use and interest factors. Very many 

questionnaire studies have been performed in the field of environmental aesthetics along 
broadly similar lines trying to pick out the relevant factors which affect the perception of the 

environment. To give two examples, Gregory et al (1978) produced a scale to measure the 

benevolence or malevolence of the environment. This scale is one of many which exist but are 

not widely used. On the other hand, tests based on measurable aspects of the environment, 

such as noise levels, have been created for assessing the perceived quality of landscapes, 

recreation facilities, work environments and many other settings. The Perceived 

Environmental Quality Index is representative of the group of more frequently used tests. 

Other approaches have used ratings of large numbers of slides depicting the environment to 

analyse the dimensions of preference, e. g. Kaplan in 1974. This method produced a number of 
important factors which can be described as coherence, familiarity, complexity, amount 
visible, texture and mystery. Mystery seemed to represent the degree to which further 
information is implied to be available but requires further exploration to be obtained. 
Climbing the brow of a hill to see what is on the other side, may be motivated by the same 
properties of the viewed environment which gave rise to the mystery factor. These factors 

were obtained using the quantitative methods of statistics, although many dimensional models 
which have been put forward rely on the qualitative judgement of the individual who suggests 
them. 

For spatial settings, in 1967 Beck suggested a typology using five dimensions: (1) diffuse vs. 
dense; (2) open vs. delineated; (3) vertical vs. horizontal; (4) left vs. right, and (5) up vs. 
down. This also means everything relies on the physical environment whereas, in 1978, 
Hooper stresses that people respond to the built environment with perceptual responses 
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rooted in cognitive processes, with evaluative responses rooted in affcctivc processes, and 

with inferential responses rooted in their symbolic interpretation, which probably underplays 

physical factors. 

In 1972, Sandhal also emphasises psychological aspects in expressing the view that an 
individual's perception of the environment will be a function of prior experience, the social 

context of the person-environment interaction, and the needs, objectives and relationships of 

the individual as he/she understands them within the situation. It is usually only a matter of 

emphasis, but those writers who place more equal weightings on physiqal and psychological 
factors tend to give a prime place to the effect of environments on self-concept and self- 

esteem. In 1970, Steele discusses spatial problem-solving behaviour, with self-esteem 
determining the acceptability of many environments or the need to change them. The 

adaptations people make as they try to develop and maintain a sense of competence, self- 

esteem and identity within whole environments, are noted by Perin in 1974, and in a very 
interesting discussion Sandhal describes how the prescriptions for certain roles are learned 

and, once internalised, become an integral part of the person. Sandhal also stresses that in 

building up the person's store of roles, a very important part is played by the environment 
itself. The adoption of particular roles and self-concept interact, but the point most writers 

make is that the environment itself partly defines for an individual the functions he or she 

must perform, in the context of the value others place on those functions, with some abilities 

and capacities being fostered and sustained by performing those functions, while others 
disintegrate through disuse or are inimical to the functions, which must be performed. In these 

ways and others like them, the individual is defimed, in part, by their environment. 

Psychologists have made suggestions about the functions of aesthetic experience for us. In 

1971, Berlyne discusses the commonly accepted ways in which art serves people and lists the 

four main ones: 
Providing pleasure, or hedonic tone to use his term, which may among other things 
determine whether we value an environment and behave protectively towards it or not. 
Sommer, in his book Tight Spaces, notes the challenge which many forms of hard 

architectural environments provide for people alienated by them to mutilate or destroy 
them, and cites subway spray-can artistry as an attempt to soften a hard environment. 
Vandalism and delinquency are far too complex to be simply explained, but environments 
which are not valued and regarded as pleasurable, seem to trigger behaviour which is 
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interpreted as aggressive in its motivation and destructive in its effects. Opposite effects 

are created by objects and environments which are experienced as aesthetically pleasing, so 

that, ergonomically, a degree of control over mood, tension and behaviour can be exercised 

through the design of an environment and its artefacts. 
2. Informing us about ways in which we can reshape, transform, translate or symbolise the 

world. 
3. Exercising our information processing capacities. One of the prerequisites for aesthetically 

pleasing design is that it loads our information processing capacity to some extent. Because 

we tend to code and store sensory data in the most economical Nays we can often 

reinterpret our experiences into simpler forms. We can see this tendency, e. g. in recalling 

and reproducing visual material where we make it more symmetrical, more regular than it 

really was, and we tend to close figures which were open and, in retrospect, to give identity 

to, or confer a meaning upon figures, which they did not originally have. Those most 

simply and economically coded and stored figures which are regular and completely 

symmetrical, such as circles, squares and so on do not usually give rise to any experience 

of an aesthetic nature unless some other dimension, say the relationship between the colour 

of the figure and the background, adds more sensory information. Similarly, where by 

repeated experience we are very familiar with an environment, objects in it, like paintings, 

cease to be sources of information in their own right, and we become aware virtually only 

of their presence or absence because there is no new information for us to process. At the 

other end of the spectrum it is easy to create environments or to produce artefacts which 

cannot be organised into a unified perceptual construct, either by there being too many 
different elements, or by subsets of them requiring perceptual organisations which conflict 

with one another. Satisfying aesthetic experiences can only result when, after some 

perceptual effort or inspection, integration into a unified percept occurs. That is, some 
degree of complexity which places a loading on our information processing capacities is a 

sine qua non for aesthetic experience. Even in its simplest form, the golden section invokes 

so many more varied relationships than equally bisected spaces that it evokes an aesthetic 

response while they do not. 
4. Defining our personality or sense of identity. Some comment has already been made on 

the role of the environment in the development of self-concept but it needs to be added 
that environments can also affect people's identification with particular groups and their 

aims and ideals, as well as promoting their own sense of individuality. The range of such 

efforts is very great and can vary from evoking identification with a nation's history and 
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tradition or its current aspirations, to identifying with small subgroups in society. The 

work of Taylor, Leopold, Gregory, Kaplan, Beck, Hooper, Sandhal, Steele, Perin, Berlyne 

and Somer is discussed in detail in A Graphic Survey ofPerception and Behaviourfor the 

Design Professions (Van Nostrand Reinhold Co., 1984). 

A limited amount of information regarding visual impact or aesthetic assessment can be found 

on the World Wide Web. A particularly interesting Website is that of EnviroSense produced 
by the US Environmental Protection Agency (http: //es. epa. gov), coincidentally in the 

environmental field. This gives details of Reports produced on a variety of environmentally 
linked visual evaluation studies, including: 

* How People Respond to Contingent Valuation Questions (J. W. Payne et al, Duke 

University, Texas. 1998) - The purpose of this project being to increase the 

understanding of how people interpret and respond to contingent valuation (CV) 

questions. The theoretical framework is that preferences for objects of any novelty and 

complexity are often constructed - not merely revealed - in the generation of a responses 
to a valuation task. A series of experiments explore how CV responses are sensitive to 

the question format, the nature of the environmental good being evaluated, difficulties in 

making trade-offs, and the importance of reminding respondents about substitutes. A 

special feature of the research is the use of the verbal protocol methodology to provide 
greater insights into the cognitive processes leading to an observed willingness-to-pay 
response. They state that the results of the project should advance their understanding of 
contingent valuation reasoning and contribute to the development of the verbal protocol 
methodology as applied to CV research. More generally, the project is expected to yield 
insights into the reliability and validity of expressed valuation methods as a tool in 

making natural resource decisions. 

Towards a Social Psychology of Stated Preferences (T. Dietz et al, George Mason 
University, National Research Council. 1997) - The kind of logic used in making 
decisions depends on the context in which the decision is made. Decisions about 
expensive choices, such as the purchase of a car, house, or college education, usually 
involve research, conversation, reflection, and comparison of alternatives. Such decisions 

are probably well described by rational choice theory. Routine decisions, such as the 
purchase of non-durable consumer goods, are repeated frequently and allow for learning 

over time. Thus, rational choice theory is applicable here as well. But decisions that assign 
value to environmental goods and services, including non-consumptive uses, may not be 
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well described by traditional rational choice theory. Many environmental issues are novel, 

and the public will have limited familiarity with them. Indeed, being asked about such 
issues in a contingent valuation survey may be the first time many individuals have heard 

about such problems. They suggest that when presented with novel phenomena, and when 

required to make a quick decision (as in responding to a survey), people use cues 

contained in the context of the question to decide how the question links to their core 

values. Different cues will highlight different values and will lead to different decisions - 
in the case of valuation surveys, to different stated preferences. The strength of the focus 

effect should depend on how familiar an individual is with the objects being described in 

the question. In previous studies, they have shown that payment vehicles (taxes vs. 

contributions to a fund) lead not only to different stated willingness to pay but also to 
differences in the determinants of willingness to pay. We review those results and also 

present preliminary analyses of a national survey with an embedded experiment in which 

we manipulate question wording to focus respondents on different values for some 

relatively familiar and some relatively unfamiliar problems. They conclude by discussing 

the plans for the second phase of their study in which they are experimenting with 
deliberative approaches to environmental valuation. 

Developing Conjoint Stated Preference Methods for Valuation of Environmental 
Resources within their Ecological Context QJ. Opaluch et al, University of Rhode 
Island, 1997) - The objective of this research was to further develop methods for 

valuing environmental resources within a complex context. The research evaluates 
methods to address these challenges in two ways: 1) the usefulness of valuation 
methods that. do not rely exclusively on money-measures of value; and 2) the potential 
to extend available methods of resource valuation when individuals face cognitive 
limits. Conjoint analysis provides a means to address these avenues of research in 

cases where. economic analysis relies upon stated preferences of individuals. The 

principal objectives of the proposed project were: 1) to test and to compare alternative 
means of estimating relative values of natural resources using conjoint analysis; 2) to 
implement and to test measurement of monetary values using conjoint analysis; 3) to 
use conjoint analysis to develop and test models of human preferences that recognize 
resource values are dependent upon the ecological context; 4) to expand the neo- 
classical economic basis of conjoint analysis to consider concepts such as strength-of- 
preference indicators, fuzzy logic, effects of complexity, and ambivalence theory; and 
5) to develop and test alternative survey methods for measuring values. 
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Can Contingent Valuation Measure Passive Use Values ? (W. Schulze et al, Cornell 

University et al. 1997) - Critics have raised substantial concerns about the ability of 

contingent valuation (CV) to produce reliable estimates of passive-use values. A 

serious criticism is that hypothetical survey responses may not accurately predict 

actual behaviour (validity). The objective of the project is to address the validity issue 

by comparing alternative CV elicitation methods (open ended, payment card, 

dichotomous choice, multiple bounded discrete choice, and conjoints/stated 

preference) with actual participation in a Niagara Mohawk Power Corporation 

(NIMO) green pricing program that offered customers the opportunity to fund a 

landfill gas recovery project and plant 50,000 trees. The NIMO program used a 

provision point mechanism to address free riding. 

Another interesting Website (http: //aesthetics-online. org) outlines current research interests in 

the aesthetics field, with articles on a variety of relevant topics. One such article, The 

philosophical Status ofAesthetics, by Mary Devereaux, is worth mentioning here. She begins 

by asking two preliminary questions: what does status mean ? and what is being questioned 

when we ask about the status of aesthetics ? Accordingly she begins with two preliminary 

questions: what does status mean? and what are we asking when we ask about the status of 

aesthetics? According to the American Heritage Dictionary, status can be defined as: (1) 

position relative to that of others; standing: her status is that of a guest; (2) high standing; 

prestige: a position of status in the community, e. g., the status of a leader or healer; (3) in law, 

the legal character or condition of a person or thing: the status of a minor; (4) a state of 

affairs; situation; (5) a condition of something or someone, e. g., a patient's medical status. 
Given this general understanding of the term status, she then states that there are at least three 
different questions at issue. (1) A question about the state or internal condition of aesthetics: 

what is the relative health of the field? (2) A question about the de facto standing of aesthetics 

relative to that of other fields within philosophy: where, on the current philosophical map, 
does aesthetics fit? what is its reputation, prestige, repute? (3) A question about the proper 
standing of aesthetics in relation to philosophy: what position should aesthetics occupy? what 
are its rightful tasks and central philosophical roles? 
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5.7 THE PERCEPTION OF STRUCTURE IN THE MODERN ENVIRONMENT 

The change of our enviromnent and our perception of it during the past 50 years has given 

rise to the following questions: 42 

Have we passed through the age in which buildings can be defined as architecture ? and 

Have we entered another, yet to be defined, stage of humankind's building activity and 

perception of that activity ? 

The most recent generally accepted definition of architecture, that of the art of building, was 
formulated 500 years ago during the Renaissance. But for most architects today, the art of 

building is a minor art. 43 Technical courses in architectural curricula, of most universities 

awarding architectural degrees, involve only one third of the architect's education and courses 
devoted to actual building itself only a third of these. This is discussed in Towards 

Sustainable Architecture (Butterworth, 1997). Most architects devote the least proportion of 

their time to the design and building of buildings. 44 Most architects work in smaller offices 

but large architectural offices, organised along corporate lines, do most of the design and 

building of buildings. 

Today, the users of buildings perceive them quite differently than when buildings were 
termed architecture and architects were the designers and builders of buildings. Although the 
basic tools of human perception, i. e. eyes, ears, nose, mouth, and skin, are much the same as 
they were when man was an arboreal creature, the context in which they are used has altered 

most drastically. The way humans think of their environment and the function 
' 
of the architect 

in fashioning it today can differ from the milieu in which architecture was defined as 
firmness, commodity, and delight. 's 

We do not know enough of how buildings influence our perception of the environment any 
more than we know how humans' perception of the environment affects buildings except in 

the simplistic stimulus/response models of the psychologist and. the personal esoteric form 
determinants of the designer. Yet despite an almost unbelievable alteration of the world 
around us, the perceptual devices we humans bring to bear upon the man-made world remain 
basically unchanged. These are evolved and perfected over aeons of time by trial and error 
sensing while what were to become humans were competing with other animals for survival. 
The sense we use to respond to strobe lights, the noise of traffic, and the feel of plastic; the 
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structure of the eye, the composition of the ear, how the nasal passages function, and the feel 

of textures all developed long before the beginning of recorded history and long, long before 

the idea of brick and mortar. Under these peculiar circumstances it seems we know only a few 

things for certain, the first of these being that every organism must change its environment to 

live, and secondly that it in turn is changed by adapting to the environment it changes. We 

find ourselves in the sftwge position of having to change the world to live as a biological 

necessity and of being changed by the changes we bring about with very little sure knowledge 

of how either happens and what it means to us when it does. 

Building has become man's tempering of an incomprehensible environment, a refuge more 

akin to life support systems - health, safety, and welfare with emphasis on mental health. But 

despite this constructed chaos, humans have inherited a remarkably keen, subtle, sensitive 

sensory apparatus which has assured our survival against enemies more fearful in their 

powers of destruction pitted against human's ability to withstand them than our present 
frenetic ambient technology. The difference is in the context. During the evolution of 

humankind's sensing apparatus our enemies varied in their capabilities of using talons, fangs, 

and claws and we developed our senses to outwit their various capabilities. Those birds, 

animals and fish that once ate man are now extinct or endangered species. The development 

of our sensory awareness, our survival techniques, to combat the major threats to our survival 

today demands other sensual awarenesses based on self-analysis. The study of human 

perception and behaviour is vital to us for our major enemy today could be considered man. A 

theory of design for the human context that is not based on a theory of man could be 

somewhat foolish, even fatal. 

An introductory survey of perception and behaviour, such as this, has gathered together a 

sampling of what is known and understood of human sensual response to our environment. It 

is offered as a challenge to those that design and live in this context. 

5.8 GENERAL SURVEY DESIGN AND TECHNIQUES 

5.8.1 An Introduction to Qualitative Research 

Qualitative data, usually in the form of words rather than numbers, have always been the 
staple form of some fields in the social sciences, notably anthropology, history, and political 
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science. In the past decade, however, more researchers in basic disciplines and applied fields 

(psychology, sociology, linguistics, public administration, organisational studies, business 

studies, health care, urban planning, educational research, family studies, programme 

evaluation, and policy analysis) have shifted to a more qualitative paradigm. 46 In 1992, L. M. 

Smith observed, the terms ethnography, field methods, qualitative inquiry, participant 

observation, case study, naturalistic methods, and responsive evaluation had become 

practically synonymous. 47 

Qualitative data are a source of well-grounded, rich descriptions and explanations of 

processes in identifiable local contexts. With qualitative data one can preserve chronological 

flow, see precisely which events led to which consequences, and derive fruitful explanations. 

Good qualitative data help researchers to get beyond initial conceptions and to generate or 

revise conceptual fi-ameworks. Finally, the findings from qualitative studies have a quality of 

undeniability. Words, especially organised into incidents or stories, have a concrete, vivid, 

rneaningfulflavour that often proves far more convincing to a reader - another researcher, a 

policymaker, a practitioner - than pages of summarised numbers! 8 

The expansion of qualitative inquiry, since 1984, has been phenomenal but the following 

issues should be considered: the labour-intensiveness (and extensiveness over months or 

years) of data collection; frequent data overload; the possibility of researcher bias; the time 

demands of processing and coding data; the adequacy of sampling when only a few cases can 
be managed; the generalisability of findings; the credibility and quality of conclusions, and 

their utility in the world of policy and action. 

]itafive Research 

Qualitative research may be conducted in many ways, 49 many with long traditions behind 

them. Figure 5.16 shows one way to array the whole range of qualitative study approaches, 

produced by Wolcott in 1992. A literal tree of nearly two dozen strategies, organised 

according to preferred styles of collecting data, it is used in his classification emphasising 

method. 

In comparison, in 1987, Jacob established five major qualitative research traditions 
(ecological psychology; holistic ethnography; ethnography of communication; cognitive 

anthropology, and symbolic interactionism) by using dimensions including assumptions about 
human nature and society, the focus, and methodology (research design, data collection, and 
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qualitative/quantitative analysis). The work of Wolcott and Jacob is detailed in A Graphic 

Survey of Perception and Behaviourfor the Design Professions (Van Nostrand Reinhold Co., 

1984). 

\ Archival-Ij Philosophy 

strategies,, ýX 
%TA 

lw 

Exam'Inina 

1.1gure 5.16 Qualitative Strategies in Educational Research, produced by Wolcott in 
1992 and taken from Qualitative Data Analysis (SAGE Publications Inc., 
1994). 

lualitative Data 

In some senses, all data are qualitative; they refer to essences of people, objects, and 

situations. We have a raw experience, which is then converted into words or into numbers. 

The words are based on observation, documents, or - as in this research - interviews. -'O These 

data collection activities are typically carried out in close proximity to a local setting for a 

sustained period of time. Such data are not usually immediately accessible for analysis, but 

require processing. Raw field notes will need to be corrected, edited and typed LIP whilst tape 

recordings will need to be transcribed and corrected. For this research data collection was 

190 



carried out in close proximity to an example of UK BIPV, during the summer of 1998, with 

these interviews tape recorded and then transcribed. 

5.8.3 1) Strengths of Qualitative Data 

Well-collected qualitative data focuses on naturally occurring, ordinary events in natural 

settings, so that an understanding of what real life is like can be built up. That confidence is 

supported by local groundedness, the fact that the data were collected in close proximity to a 

specific situation, rather than through the post or over the phone. The emphasis is on a 

specific case, a focused and bounded phenomenon embedded in its context. The influences of 

the local context are not stripped away, but are taken into account. The possibility for 

understanding latent, underlying, or nonobvious issues is strong. Another feature of 

qualitative data is considered to be their richness and holism, with strong potential for 

revealing complexity. Furthermore, the fact that such data are typically collected over a 

sustained period makes them powerful for studying any process (including history). It is 

possible to go beyond snapshots of what? or how many? to how and why things happen as 

they do - assessing causality as it actually occurs in a particular setting. It would, therefore, 

be advantageous to carry out follow up studies of this type, preferably starting with feedback 

from the public at a project's inception and then at regular intervals in the future, in order to 

gauge how their perception of BIPV changes over time and with the development of the 

technology. 

The inherentflexibility of qualitative studies (data collection times and methods can be varied 

as a study proceeds) gives further confidence that it is possible to really understand what has 

been happening. Qualitative data, with their emphasis on people's lived experience, are 
fundamentally well suited for locating the meanings people place on events, processes, and 

structures of their lives: their perceptions, assumptions, prejudgements, presuppositions and 
for connecting these meanings to the social world around them. Such Qualitative Data is 

discussed at length in Qualitative Data, 4nalysis (SAGE Publications Inc., 1994). 

5.8.4 Qualitative Analysis as a Whole 

Figure 5.17 shows an integrated overview of qualitative data analysis. Starting at the top, the 
early mutual influence of conceptual framework and research questions can be seen. Both 
lead to plans for sampling (within and across cases) and for instrumentation. Once the 
sampling plan is clear, access to cases can start and data collection can begin. During this time 
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a well-defined data management system needs to be established, which can be used - with 

evolutionary changes - throughout the project. A documentation scheme for the regular 

tracking of project data analysis activities is also advantageous. The first experiences of data 

collection can have back effects (shown as dashed lines in the diagram), which can mean the 

reconsideration not only of sampling and instrumentation but also of the conceptual 
framework itself. Initial processing of the data often leads to interim summaries of various 
kinds, which also have effects back to the sampling and instrumentation approaches being 

taken, as well as, more conceptually, to the framework and research questions. The initial 

coding scheme is usually influenced by the research questions, but it develops steadily as 
further coding is carried out. If interim reports are required, a format can be designed at this 

point and the interim summaries fed into it. Assuming a body of coded data (not necessarily 

complete or full), the next step is to move into within-case analysis. The general strategy 

should be to first build descriptive display formats, designed to answer the research questions. 
Coded data can then be entered and, from them, conclusions of a descriptive sort drawn and 

verified. With these conclusions, explanatory displays can be built, coded data entered, and 

explanatory conclusions drawn. Both descriptive and explanatory conclusions can be fed back 

for verification and revision. At this stage a format for within-site reporting, based as always 

on the research questions, as well as on the interim results, is prepared. Within-case reports 

are written, and then revised on the basis of respondent feedback. If more than one case is 

included, this entire cycle of within-case analysis is repeated to draw cross-case conclusions. 
These conclusions and the within-case results are then included in a final report, which will 
include implications for theory, policy, and action. 

The qualitative research process for this research is broken down and described in the 
following Sections 5.8.4 i) to 5.8.4 v). 
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Figure 5.17 An Overview of Qualitative Data Analysis Processes, taken from Qualitative 
Data Analysis (SAGE Publications Inc., 1994). 

5.8.4 i) Building a Conceptual Framework 

A conceptual framework explains, either graphically or in narrative form, the main things to 

be studied - the key factors, constructs or variables - and the presumed relationships among 

them. Frameworks can be rudimentary or elaborate, theory-driven or commonsensical, 

descriptive or casual. 

5.8.4 ii) Formulating Research Questions 

After establishing a conceptual fixnework the next stage is to outline various research 
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questions. 51-53 Research questions may be general or particular, descriptive or explanatory. 
They may be formulated at the outset or at a later stage, and may be refined or reformulated in 

the course of the fieldwork. 

It is advisable to start with some general research questions as they clarify what is of most 
interest to the study. Most research questions will alter slightly as the research takes place 
irrespective of how experienced the researcher or how clear the domain of study. No more 

than a dozen or so general questions should be formulated. Having a large number of research 

questions will complicate the search for emergent links across the database and the integration 

of findings. A solution to research question proliferation is the use of major questions, each 

with subquestions - in this research called prompts. This research question formulation 

process can be seen in Sections 6.4.1 and 6.4.2. It also helps to consider whether there is a key 

question, the thing you really want to know. A conceptual framework can also be outlined 

after you have made a list of research questions. This method can then facilitate a list of 

common themes, common constructs, implicit or explicit relationships, and so on, and then 

begin to map out the underlying fi-amework joining them. It has been found that some 

researchers operate best in this mode and this way of forming the conceptual framework was 

adopted for this research, driven by the research questions. Once the list of research questions 
is generated and fmalised, it must be checked in order that each question is, in fact, 

researchable, i. e. to avoid any questions that the respondents have no real means of 

answering, nor the interviewer of measuring. Unless something has an obvious, direct, or 

potentially important link to a research question, it should not be included. 

Case: Bounding the Territorv 

The case is, in effect, the unit of analysis. Studies may be of just one case or of several. It is 

advantageous to defme the case as early as possible during a study. Defining a case at this 

stage will help to further clarify both the framework and the questions. The case in this 

research can be thought of, collectively or individually, as those people, described in Section 
6.2.1, of interest to this study. Sampling operations will also defline the case(s) further. 

5.8.4 iv) Sampling: Bounding the Collection of Data 

Sampling is crucial for final analysis. It is not possible to study everyone everywhere doing 

everything. The choices of whom to observe or talk to, where, when, about what, and why - 
will all place limits on the conclusions that can be drawn, and on how confident the author 
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and others feel about them. 

Figure S. 18 shows a typology of sampling strategies in qualitative inquiry. Sampling involves 

decisions not only about which people to observe or interview, but also about settings, events, 

and social processes. Qualitative studies call for the continuous refocusing and redrawing. of 

study parameters during fieldwork, but some initial selection is still required. The conceptual 

fi-amework and research questions can help set the foci and boundaries for sampling 

decisions. 

Type of Sampling Purpose 

Maximum Variation Documents diverse variations and identifies important common 
patterns. 

Homogeneous Focuses, reduces, simplifies, facilitates group interviewing. 

critical Case Permits logical generalisation and maximum application of 

information to other cases. 

Theory Based Finding examples of a theoretical construct and thereby elaborate 

and examine iL 

Confirming and Disconfirming Cases Elaborating initial analysis, seeking exceptions, looking for 

Snowball or Chain variation. 
Identifies cases of interest from people who know people who know 

Extreme or Deviant Case what cases are information-rich. 

Learning from highly unusual manifestations of the phenomenon of 

Typical Case interest. 

Intensity Highlights what is normal or average. 
Information-rich cases that manifest the phenomenon intensely, but 

politically Important Cases not extremely. 

Random Purposeful Attracts desired attention or avoids attracting undesired attention. 
Adds credibility to sample when potential purposeful sample is too 

Stratified Purposeful large. 

Criterion Illustrates subgroups; facilitates comparisons. 

Opportunistic All cases that meet some criterion; useful for quality assurance. 
Combination or Mixed Following new leads; taking advantage of the unexpected. 
Convenience Triangulation, flexibility, meets multiple interests and needs. 

Saves time, money, and effort, but at the expense of information and 
credibility. 

Figure 5.18 Typology of Sampling Strategies in Qualitative Inquiry, taken from Qualitative 
Data, 4nalysis (SAGE Publications Inc., 1994). 
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In qualitative research, as in other types of research, there is a danger of sampling too 

narrowly. Therefore, it is also important to do some work at the peripheries - to talk to people 

who are not central to the phenomenon but who are neighbours to it, to people no longer 

actively involved and if possible to other relevant groups. This will provide contrasting and 

comparative information that may assist in an understanding of the phenomenon at hand by 

de-centering from the way the other cases have been viewed. This has been possible, for this 

research, due to the nature of Contract Work, Presentations and Conferences attended whilst 

working at the Newcastle Photovoltaics Applications Centre. 

The following are some underlying issues relevant to sampling: 

" Is the sampling relevant to the conceptual fi-ame and research questions ? 

" Will the relevant phenomena appear ? In principle, can they appear ? 

" Does the plan enhance generalisability of the findings, either through conceptual power or 

representativeness 

- Can believable descriptions and explanations be produced, ones that are true to real life ? 

- Is the sampling plan feasible, in terms of time, money, access to people, and individual 

work style 

- Is the sampling plan ethical, in terms of such issues as informed consent, potential benefits 

and risks, and the relationship with informants ? 

In 1988, Kvale noted that during an open-ended interview much interpretation occurs along 

the way. The person describing his or her life world discovers new relationships and patterns 
during the interview and the researcher, who occasionally summarlses or reflects what has 

been heard, condenses and interprets the flow of meaning. Kvale suggested that the data are 

not being collected, but rather co-authored. This is detailed in Qualitative Data Analysis 

(SAGE Publications Inc., 1994). The same happens even when the interview question is more 

structured and focused. There is no total control and precision in the instrumentation but a 

real difference in data quality and the analyses that can be carried out is seen when carried out 

correctly. There are several theories as to how much preplanning and structuring of 
instrumentation is desirable. A summary of these main issues, in deciding on the appropriate 

amount offront-end instrumentation, is shown in Figure 5.19. 
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Instrumentation can be modified steadily to explore new leads, address a revised research 

question, or interview a new class of informant. In qualitative research, issues of instrument 

validity and reliability depend largely on the skills of the researcher. Essentially they are 

observing, interviewing, and recording, while modifying the observation, interviewing, and 

recording devices from one field trip to the next. 

LUde Prior Instrumentation It Depends A Lot of Prior Instrumentation 

Rich context description needed. 
Concepts inductively grounded in local 

meanings. 
Exploratory, inductive. 

Descriptive intent 

Bask research emphasis. 

Single case. 

Comparability not too important. 

Simple, manageable, single-level case. 

Gencralising not a concern. 

Need to avoid researcher impact. 

Qualitative only, free-standing study. 

Context less crucial. 
Concepts defined ahead by researcher. 

Confirmatory, theory-driven. 

Explanatory intent. 

Applied, evaluation or policy emphasis. 
Multiple cases. 
Comparability Important. 

Compim multilevel, overloading case. 
Gencralisability/representativeness 

importanL 

Researcher impact of less concern. 
Multimethod study, quantitative included. 

Figure 5.19 Prior Instrumentation: Key Decision Factors, taken from Qualitative Data 
Analysis (Sage Publications Inc., 1994). 

Characteristics of a good qualitative researcher-as-instrument are deemed to be: 
Some familiarity with the phenomenon and the setting under study. 
Strong conceptual interests. 

A multidisciplinary approach, as opposed to a narrow grounding or focus in a single 
discipline. 

- Good investigative skills, including doggedness, the ability to draw people out, and the 
ability to ward off premature closure. 

For this research the interview results (contained in Section 6.5) contain a mix of quoted 
respondents' comments and where relevant the following method of summary of numerical 
results: 
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Value Label Frequency Valid Percent 

Comment A 
Comment B 
Comment C, etc.. 

Total (Whole Sample Size) 

5.8.4 A) Summary 

This Section 5.8 and Section 6 have been presented in such a way as to promote the 

communication of this qualitative research methodology, providing a useful precedent for 

future studies of the public perception of building integrated photovoltaics and the renewable 

energy technologies in general. 
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6.1 MEDIA REACTION TO THE NORTHUMBERLAND BUILDING PV FA4; ADE 

Before discussing the survey conducted during this research it is useful to examine the 

media's early reactions to the Northumberland Building PV Fagade. The way various projects 

are presented by the media can often influence the public's perception of a project and 

therefore acceptance of the technology, etc.. This can be seen when asking the respondents in 

this survey about wind farms, with most expressing an opinion based on seeing a site via the 

media but never having actually visited a site for themselves. 

The following articles are included in order to show the press coverage of this project from as 

early as the 29th of January 1994 to June 1996. This is also useful as it helps to establish an 

ongoing reaction to the project by journalists. These articles are all positive (headlines and 

general tone), outlining the fact that this project was the first of its kind in the UK. Most 

discussed the fact that this was a demonstration project and that PV would not be economic 

until at least 2005. A few also quoted that the panels worked with daylight alone and gave 

supporting facts and figures. A certain air of pride surrounded the building's description 

(particularly in the local press) and how it would be viewed outside the UK. Most articles 

have photographs of the fagade, taken from the adjacent wing of the Northumberland 

Building. It is interesting to note the absence of any comments on the fagade's aesthetics. 

Solar PoNver brings a Nvarm glo-vv to Tyneside 
Jeremy Webb 

SUNNY Newcastle upon Tyne is about to 
become home to a pioneering project that 
will rum a university building into a huge 
solar power plant. In June, the facade of 
the University of Northumbria's central 
computer centre will be stripped off and 
replaced by panels of photovoltaic cells 
capable of generating 40 kilowatts of elec- 
trical power. 

The El-S million project is intended to 
show the benefits of solar cells even in the 
northeast of England. The building will 
become the first in northern Europe to have 
photovoltaic panels that are integral to 
the structure of the building, says Bob Hill, 
the project's coordinator and head of the 
university's photovoltaic centre. 

The project arose when it became clear 
that the concrete facade of the four-storey 
block was cracking. "The cladding has to 
come off or it will fall off and start killing 

students, " says Hill. He recruited a consor- 
tium of companies to the cause and attrac- 
ted funding from the European Commis- 
sion and Department of Trade and industry. 

Only the longer, south-facing elevation of 
the rectangular building will be covered 
with photovoltaic cladding. Sections of this 
wall will also be inclined from the vertical 
so that they catch more of the Sun's rays. 

The direct current from the cells will be 
converted to alternating current and is 
expected to provide about half the energy 
used in the building in summer and about 
one-tenth in winter. Any surplus power will 
be fed into the universiry's own grid or into 
the national grid. As well as producing 
power, the new panels are designed to act 
as cladding to keep the building dry. 

Hill stresses that the Northumbria project 
is largely for the benefit of research. "Ies 
not a benefit in terms of saving energy, " he 
says. "It's hardware in place that engineers 
and architects can see. " 

Photovoltaic cladding is already cheaper 
than marble facing. The price of solar cells 
is projected to continue falling into the next 
century, while their efficiency is increasing. 
Hill reckons photovoltaic cladding will 
become commercially viable around 2005. 

Hill says that research he carried out 
for the DTI showed that the walls and roofs 
of Britain's buildings could generate 12 
gigawatts; of electricity and supply almost 
all the power used during a working day. 

The Department of Energy in the US last 
week announced that a government-backed 
$6-3 million solar energy programme, had 
succeeded in developing thin-film solar 
panels. These solar panels could be used to 
replace glass in commercial buildings. 

The DOE's assistant secretary, Christine 
Ervin, said that new panels, which will 
be manufactured by United Solar Systems, 
in Virginia, could reduce the cost of gener- 
ating electricity from 33p per kilowatt-hour 
to 8p per kilowatt-hour. C3 

29 januaq 1994 

Figure 6.1 New Scientist. 29 January, 1994. 
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Sun be. Ims on project 
THE sun shone right on cue 
on a key moment in a project 
which will make the region a 
European leader in the field 
of solar energy. 

The fust solar photovoltaic 
panel was slotted into place 
on the side of the 1960s 
Norlhumberland Building of 
the University of Northum- 
bria in Newcastle. 

The building will be clad 
with 465 panels in a L1.5m 
scheme to convert sun and 
daylight into electricity. 

It will tap some of the 
immense energy from the 
sun. which bombards the 

ByTONY so it is a very special day, " 
HENDERSON said Prof Hill. 

The big switch-on is set for 
Environment Editor November 18 when the sys- 

tem will begin feeding power Earth with the equivalent of into the university. the output of 121 million The scheme will be for- 
power stations. mally opened by Renewable 

The project, led by the uni- Energy Minister Ian Taylor 
versity*s solar energy expert on January 23. 
Prof Bob Hill, is the first of It is being backed by the its type in the UK and the university, international largest pv-clad building in building consultants Ove 
northern Europe. It will Arup, Europe's leading pv become an international suppliers BP Solar, intema- 
monitoring site. tional consultants in renew- 

"I have been working able energy IT Power and 
since the late 70s towards this Northern Electric. 

THE TIMES MONDAY JANUARY 21995 

Buildings create their own power 

Hot news 
THE first building 
in Britain to be 
completely clad in 
solar cells, has 
been corripleted at 
the University. Pf 
Northumbria in 
Newcastle. Work 

was finished last week and the 
buildirig is due to be opened on 
January 19 by Ian Taylor, junior 
minister at the Department of 
Trade and Industry, which has 
helped support the project. 

Mie building that has been 
transformed is a typical 1960s 

office block, which was beginrung 
to show its age. The idea is to 
demonstrate that even in as north- 
erly a latitude as Tyneside, solar 
cladding can generate useful 
amounts of power. as well as 
forming part of a building's exteri- 
or skin. 
. The electricity generated will be 
used within the building. after 
conversion to alternating current. - 
When the sun is bnght and 
internal demand small. such as 
during weekends, power will be 
fed into the university's Own 

S te and supply other buildings 
on the campus. It will also be 
ys 'm 

linked to the local electricity grid. 
A study carried out for the DT1 

and completed in 1991 suggested 
that cladding commercial build- 
ings with photovoltaic cells could 
generate significant amounts of 
energy. By 2020, it was estimted. 
100 gigawatts of capacity might be 
created in this way. almost twice 
Britain's total generating capacity 
at present. 

An achievable target would be a 
more modest 12 GW - still very 
significant. 'The cost 'of electricity 
from the cells could be cheaper 
than conventionally-generated 
power within the next 15 years.. . 

Figure 6.3 The. Journal. 12 October, 1994 & The Times. 2 January, 1995. 
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W Proud moment Prof Bob Hill with the first of the solar panels to be fitted in the EI. 5m scheme at the University of Northumbda. 
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ENERGY 

Newcastle 
finds a place 
in the sun 
E VENTS in Newcastle-upon- 

Tyne are increasingly hard to 
fathom. First there was Andy 

(_ý)Je's departure to Manchester 
United, and now there's today's 
opening of a solar-powered building 
at the University of Northumbria. 

The building, a large sixties 
block, makes use of photovoltaics 
(pvs) -- silicon cells that convert 
sunlight into electricity. Some 
16,74o have been installed in t lie 
cladding along the building's south 
facing facade and the hope is that 
they will supply about 3(Y35, OOOkWh 
a year - about a third of the 
building's power needs. 

The logic behind the scheme is 
fairly easy to understand. Pvs 
represent an environmentally 
friendly power source -- and do not 
require an expensive distribution 
system. Currently they are the 
subject of much research in warmer 
climes, and there is concern that 
Britain doesn't get left behind. 

Even the location isn't as bad as it 
may seem. Surprisingly, PVS work 
better when they are cool than when 
they are warm -- optimum 
conditions are cold, bright, sunny 
days, and while Newcastle may miss 
out on the bright sunny days, it 
seems it gains because it is cool. 
Besides, as project manager Nicola 
Pearsall says, "if we can prove it 
works here, it'll work anywhere. " 

Jasper Pleydell-Bouverie 

A UNIVERSITY building 
with a faCade made of solar 
panels will be opened in two 
weeks by Ian Taylor, the 
Technology Minister. 

In a fl. 5 million alterna- 
tive energy project, the Six- 
ties office building was cov- 
ered in photovoltaic panels 
to convert sunlight into 
enough electrical power to 
meet most of the buildilng's 
needs. 

The project, managed by 
Northumbria University, 
Ove Arup & Partners, BP 
Solar and IT Power Ltd. was 
intended as a study of the 
feasibility of using photovol- 
taic energy in city-centre 
commercial buildings in 
northern Europe. This build- 
ing is the first of its kind in 
Britain and the largest with a 
photovoltaic energy genera- 
tion system in northern 
Europe. 

The project was led by Prof 
Bob Hill, head of the New- 
castle Photovoltaics Applica- 
tions Centre. It took about 
six months to complete. In 
periods of high power gen- 
eration and low usage, such 
as summer weekends, the 
power will supply electricity 
to other buildings on the 
campus. There will also be a 
connection to the local elec- 
tricity supply grid. 

A 1991 government report 
found that photovoltaic 
cladding of commercial 
buildings could be an attrac- 
tive option for power-genera- 
tion in this country in the 
vears 1995 to 2020. C. M. 

1-igure 6.4 The Guardian. 19 Jailliary, 1995 & The Daily Telegraph. 4 January, 1995. 
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BY NICIIOL%S SCIMON 
Environment Correspondent 

The largest facade ofsolarcells 
in northern Europe was 
launched by the University or 
Northumbri in New-castleu*1xin 63 
lyne ýsesterday. 

I 'lie universitv believe% its 
sun%hine-piswerid office block 
can defy con%entional volsdom 
and leaa to a future in%hich the 
rmifs or walls of most commer- 
cial building-i are clad in %olar 
cells making pollution-f-ee eiec- 
tricity. 

Britain's latitude and cil- 
mate are Far from optimal for 
solar powerAotal cloud cover is 
common and In winter. %hen 
mom poitser is needed. the da)s 
are short and the light bi weak 
because the -on is low in the sky. 

But (hiring a sunny spell in 
the North-east on Wedne-duy. 
the 21.41111 solar cells which 
co%er most of the south side or 
the unherdiv's 1960% office 
bliwk generated 211 kilormatiq - 
enough to beat a couple or 
hilmes. 

Profe%%or Rob Hill. volso 
head-4 the unhersito*4 phsolo). 
voluslc% opplic-ifinst centre. sati 
that I% half the %%%ten%*% ma%i- 
mum output. lie forecalls it will 
meet about half the building's 
needs in summer and one-tenth 
in winter. It 1-4 used ror lighting. 
sillier equipment and a main. 
truine computer. 

The project. funded largely by 
lite European Union and the 
Department or 'Irade and In- 
dtmtrjýý should demonstrate that 
phistmollaic poster is a practi- 
CA oplinis ul northerly lati- 
tude%. Slxon%ors Include VI", soo. 
lar subsidiary and Greenpeace. 

Dr Niciola ileursall. Professor 
llill)s depul%. admitted the pro. 
ject is hopeles-Ov uneconomic in 
comentional Iýrms. With sit 
In-dallation co%I or u. sm. the 
electricity it mill generate ovey 
It% 311-iear lilethne will coNI 
al"oul i5p per unit - about Ill 
time,; the price of pomer frow 
coal. va%and nucleisr roomer sla. 
tiipn.;. -jtot the ciosiq or pholio, 
itoltaic rotmer h; i%e come domi 

soiar power 
cool climate 

a lot and will continue to do so. " 
she said. "%Ne expect it to become 
economic fur oMce buildings at 
this latitude around 1101S. - 

One reason will be further 
gain-i In the efricienty or solar 
cells. Tho%e used in Ne"ca%tle. 
made by III-Solar in Spain. turn 
I.; per cent of the light energy 
Ingo electricit., - twice the 
amount P41%-. il)IC 211 year'l ago. 
The best laboratory cells ha%e 
reached 23 per cent. 

Mas , production or solar 
cells should bring down unit 
costs markedly. and so -hould 
the buI4 manufacturing or roor 
and wall-cladding materials 
with built-in tell%. At pre%ent 
they ha%# to he Muck (in to con. 
ventional consiruction materi- 
als. which Is time-con%uming 
and t%penshe- 

A sunty carried out hy the 
universilv for the Government 

'We expect it to 
become economic 

at this latitude 
around 2015' 

concluded that an achietuble 
target for the capucity of solar 
cladding In Britain ýould he 
12.0110 mepauntiq - equisalent 
to eight big nuclear or coal-fired 
Po"er station%. 
0 The Home Energy Conser. 
Vation Bill %ill recei%e Its Sec. 
ond Reading In the Commons 
today amid signs that the Gov. 
ernment 1% abandoning Its op. 
poOtion. The LibernI Democrat 
Nil' Diann Maddock's llri%utt 
Members' Bill -, A hichwould reý 
quire ever? district or borough 
council In Britain it) draw up 
and publi%h an energy-saving 
plin for homes In Its area - Is 
backed by hundreds or councils, 
Nil', ' 'it ý11 partiti. and almost 
all the Intereted preswe 
groups. It Is the third time that 
the legiiiation hn% come before 
Parliament. Each time. it has 
been substantially watered 
dimn In an attempt in %in got. 
ernment bucking. 
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Figure 6.7 The Guardian. 20 January, 1995. 
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BRITAIN'S only Solar- 
powered office block was 
formally switched on yester- 
day. with computem lift. q. 
lights and fans powered by 
energy generated from 456 
panels mounted on its out- 
side walls. 

Only on particularly dull 
days will the National Grid 
licip out at the University of 
Northmbria's computer 
centre in Newcastle upon 
Tyne. Its creators expect that 
during the summer vacation 
the system will produce more 
power than required and the 
surplus can be fed Into the 
rest of the campus. 

The EIS million solar refit 
of the 1960s Northumberland 
Building is the high point in 
20 years' work by Professor 
Bob Hill. 57. head of the 
university's photo-voltaics ap- 
lic2tions centre. Yesterday 
e predicted that by 2020 

solar-powcred buildings 
would be common. 

Pror Ifil. 1 believes that by 
settling up such a system In a 
region not noted for its 
sunshine. he will silence crit- 
ics who claim solar power 
can never be successful in 
Britain's climate. "We know 
that itwill work but proving it 
is another thing. - lie said. 

Prof Ifill said that as the 
cost of solar cells dropped 
their use would increase. 
making them affordable to 
all companies by the start of 
the next century. 

Figure 6.8 The Financial Times. 20 January, 1995 & The Times. 20 January, 1995. 
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Panel-clad 
brainchild 
powers up 

on light 
A tI-5 MILLION project to) 
create solar powered Wlice 
blocks was launched 
yesterday. 
A Northumbria University 
building clad with . 150 solar 
panels was declared 
operational in Newcastle 
upon Tyne by SIr Ian Taylor, 
minister with responsibility 
for Ty-ne and lVear. 
The panels will harness 
clean power from the sun to 
meet a third of the building's 
electrical needs even In 
British weather. 
professor Bob Hill. director 
of the project, said: "This is 
something which will 
become commonplace to our 
children. 
-in 15 to 20 years it will be 
cheaper to generate 
-lectricity in this way than 
to buy it front the utilities. 
So we wi II see tens or 
thousands or these buildings 
across the country. meeting 
between 10 and 20 percent 
or our energy needs. " 
Funding has come rrom the 
]Department of Trade and 
industry. the European 
Community's Thermie 
energy demonstration 
programme und several 
private partners. 
one or them is the 
environmental campaign 
group. Greenpeace UK, 
which has awarded the 
university's solar team 
f 30.000 over three years to 
help promote the concept. 
0A VO million, 10,500-seat 
Indoor stadium on a former 
railway goods yard beside 
the Tyne in Newcastle has 
won the backing of the Tyne 
and Wear Development 
Corporation, and is likely to 
bt completed by the antumn. 

Figure 6.9 The Daily Telegraph. 20 January, 1995. 
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The Journaffriday, January 20,1995 

University, building*'pr6vides'-shinifig "example -to Europe 
Offices 
harness 
power of 
the sun 

ByTONY 
HENDERSON 

Environment Editor 

11 IE Pioneering *"It- or 
abaft than a century wen 
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aged of the blaciL's poweL 

jibe projed will now be 
inuniiored by Farope, where 

M VANTE R 0 Power gasme: Professor Bob Hill caps more than 20 years of research vAth the launch of 
Northumbria University's solar panel-clad Northumberland Building. 

more than two millium buil"ga dioxide In the next 20 years. tedusology-buildw of electricity by hhowing dial 
an due for mcladding in " U* ceremony yesterday Pro( Laing Bardes. university solar power can %%A cirldendy 
se3d 30 years. and wdl become a capped more flum 20 years of vice chancello; said a century Is " Gortbom cwuaie: l be 
port of call for architects, K" research by the go the a" 
builifing and exergy experts and univenloy's Pro( Bob Hill and 

:- 
development with Pro( 1110 has predicted that, 

students. his feam, Including senior Josepb Swan's lamp, CIAMrIcs with the " of lechnology 
As wed as generating dean research fellow Dr Nk-ols Parwans's turbine, and Charles Liling and ilk eirkiency 

and renewable corm the Pearmll, wbo said: "TIiis Is a Merzs work on power gridL Increasing, solar power will be a 
system Is expected to save on very special day for us and we -ney pioneered the age of multl-bil&m pound Industry by 
the endwon of W tomacs of bope the project firm people's clectricity sad muw we we early next century and a o4uc 
The greenhouse grA carbon Imaginations for using die leading dw UK Into a ww age employer Wi" 20 yeam 

Figure 6.10 The Journal. 20 January, 1995. 

Northern sun power is written on the Nvall 
CLINGING to the sunny side of a build- 
ing at the University of Northumbria in 
Newcastle upon Tyne is a 40-kilowatt 
power plant. The photovoltaic array, 
which was officially opened last week, 
has already generated up to 18 kilowatts 
from the weak winter sunshine. The 
cells, which keep the weather off as well 
as producing power, are silicon wafers 
that turn about 17 per cent of the sun- 
light's energy into electricity. 

The building's original cladding was 
failing off, so Bob Hill, director of the 
Newcastle Photovoltaics Applications 
Centre, decided to replace it with the 
dual-purpose shielding. 

Many energy experts reckon that solar 
panels will be able to compete withi ex- 
isting power supplies early next century. 
By then, says Hill, "we will have had 15 
years experience with this building. We'll 
be able to tell architects what works". 13 

'S 

21 IdtiuAry 1993 

Figure 6.11 New Scientist. 21 January, 1995. 
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UNN SOLAR PROJECT 

The Northumbria Solar Project attracted the 
attention of both regional and national TV, Radio 
and Newspapers last week when it was officially 
opened by Ian Taylor, Parliamentary Under 
Secretary of State for Trade and Technology. 

professor Bob Hill and Dr Nicola Pearsall from 
the Newcastle Photovoltaics Application Centre 
plus representatives from the project's partners 
and sponsors have so far been featured in all the 
Oquality' nationals, plus New Scientist. They 
have also appeared on local and national TV 
news, Good Morning TV, Newsround and given 
radio interviews including the Today programme 
on Radio 4, Radio One, Virgin, Century, Radio 
Newcastle, Radio 5 live, London News Radio, 
Radio Bristol and Radio Leeds. Interviews with 
many trade publications in construction, energy 
and architectural journals are to follow. Filming 
also starts next week with a BBC science 
programme for nine - eleven year olds called 
Science Zone. 

CIAL-nMll'ý 

___________ I 

Figure 6.12 University of Northumbria Staff Newsletter. 25 January, 1995. 

i 
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NEWS 

Solar breakthrough 
B RITAIN'S first photovol6ic 

clad building (pictured right) was 
officially opened by junior trade and 
industry minister Ian Taylor on 19 
January. The E1.5m project, at 
Northumbria University, involved the 
installation of an integral photovoltaic 
(pv) facade on the south side of the 
university computer centre, a typical 
1960's'office'buflding, which required 
recladding. 

It is one of the largest building- 
mounted pv systems in northern 
Europe and will become a major 
monitoring site for the performance of 
pv panels at higher latitudes. 

The electricity generated from the 
465 BP Saturn modules, with a 
maximum output of 40kW, will be 
used within the building, and at times 
of high insolation and low usage 
surplus electricity will be supplied 
through the University's internal 
distribution system to other campus 
buildings. 

The performance of the project will 
be monitored by the Newcastle 
Photovoltaics Centre (University of 
Northumbria), and it is hoped to 
promote the technological 
achievements of the building to other 
potential users, architects, planners 
and students in the UK and around the 
world. 

Backers of the scheme 
include the European 
Commission Thermie 
programme, the Depart- 
ment of Trade and Industry 
(DTI), Northern Electric 
and Greenpeace Environ- 
mental Trust. 

Some of the installation 
costs in this project were 
offset by the costs of 
conventional recladding 
which would otherwise 
have been required. Even 
with such cost offset, 
however, the present cost of 
pv electricity is well above 
that from other sources at 
around 45p/kWh. But costs 
have been falling rapidly 
and some researchers 
believe with advances in 
the technology and 
economies of scale the 
could be economic in 10 to 
15 years. The DTI has estimated that 
by the year 2020 there could be a 
UK pv resource averaging over 
10OGW between 9am and Sprn each 
day and suggested an achievable 
target of 12GW could supply much 
of the workday load in the UK from 
the facades and roofs of commercial 
buildings. 

Figure 6.13 Safe Energy Journal 104. March-May, 1995. 

0 Plans for a new factory to produce 
cheaper pv panels have been announced 
by two US companies, oil multinaticnal 
Amoco, and Enron, a natural gas 
producer. The companies expect to sell 
IOMW of amorphous silicon cells 
annually, and will be targeting power 
companies which need extra generating 
capacity to meet peak demand. U 
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Waiting for the* ýun 
The photovoltaic cladding on the University of Northumbria's\\ 
Northumberland building in Newcastle-upon-Tyne is 
performing very well technically, but cost-effective pv cladding 
is still probably a decade away. 

JONATHAN DAVID REPORTS 

S ince the aim of the University of North- 
umbria project was to demonstrate the 

Ibis approach irrunediately rules out pv for 
domestic applications simply because roofs 

technical feasibility of using photovoltaic are cheap to construct. Even the most ardent 
(pv) panels to clad a building in the UY, it commercial supporters of pv accept this. be- 
must be counted as a success'. In the first 15 lieving that prestige commercial buildings 
months of operation it has been out of action are the most promising target - as well as 
for only 12 hours - even this short downtime pyramidal rooffights on industrial buildings. 
was caused not by problems with the pv pan- with solar panels on the east. south and west 
els, but by variations in the frequency of the sides and glazing on the north. 
pubUc supply of around 2% tripping the static It is false to assume that pv generation is 
inverters, which turn the output of the panels suited only to very sunny climates. Solar cells 
from dc to ac. The inverters then failed to respond to total irradiance within the wave- 
res= automadcally. lengths to which they are sensitive. roughly ACC 

However. looked at as an economic propo- 350-1000 nm with a peak of around 700 run, ional She DC 
sition. pv cladding has a long way to go, even and diffuse daylight is as valuable as direct 
though the figures are improving rapidly. Only sunlighL AC 
a few years ago it was being said that over It is important to get the direction and angle Inverter 
their lifecycle. from creation to destruction, of mounting right. though some deviation 
pv panels consumed more energy than they from due south merely shifts the generation is more valuable - it is often best to design for 
convened from sunlightlbat is no longer the period earlier or later in the day. It is impor- optimum winter conditions. - 
case. and typical current panels convert be. tant that the panels are not shaded - at New- Another factor in favour of the UY. com- 
tween 15 and 50 times as much energyas they castle it is estimated that 25% of generation pared with say Spain. is that pv cells become 
consume. Even so. prices need to drop greatly capacity is lost through shading by adjacent less efficient as temperature rises. It is there- 
before pv panels can hope to compete with buildings - since the cells are connected in fore important to arrange the effective ventfla- 
power stations. 'strings' and if some of the cells in a string are don of panels - on the University of Northum- 

is evaluating the value of electricity gener- shaded the whole string stops generating. bria building air circulation behind the panels 
ated the right economic approach when pv On urban sites it may be difficult to ensure is assisted by the stack effect. Again. genera- 
panels are used to clad a building? Those that future buildings will not shade an existing don will be more efficient in winter than in 
involved in the Information Action: building. If a pv array is sited to provide the summer. 
photovoltaics in Buildings (IA. PVLB) project maximum possible summer generation, hwill The economics of pv generation are likely 

- including project partners rT Power, Ove be less efficient in winter when the electricity to get better in the medium term, though it is 
Arup & Partners. the Newcastle PV Applica. 
tions Centre, BP Solar and consultants Studio 
E Architects and DBa'-believe that it is more 

ABOVE. RIGHT: Section 
h h f 

J 

realistic to forget about the electricity gener. 
t rough t e south acade 
at the Northumberland 

ated. concentrating instead on the capital cost Building. 

compared with the cost of alternative clad- 
ding systems. 

However. this still does n't make the costs 

RIGHT: Variation of 
module power output with 

so- 

, stack up unless very high quality cladding is 
insolation and 

temperature. go- 
being displaced - even allowing for cost re- 
ductions since the Newcastle scheme began, 4*, 

the typical cost for a rainscreen cladding pv 
installation is L800/0. If the Newcastle build- 20- 

ing had been given conventional cladding it 
would probably not have cost more thanZ100/ 
mi. though on a prestige building cladding 

" P~ raftri might cost up to E600/m . 
BUILDING SERVICES JOURNAL JUNE 1996 41 

Figure 6.14 Building Services Journal. June, 1996. (Page 1) 
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very much a chicken-and-egg situation. 
Greatly increased efficiencies are unlikely - 
present monocrystalline -silicon cells are about 
13.17% efficient in converting solar radiation 
to dc electricity. other typts somewhat less. 
rbe cost of silicon. purchased from the micro- 
chip industry. is by far the biggest element in 
the cost ofa pv panel. and unless worldwide pv 
panel manufacturing volumes can be greatly 
increased the industry will not be able to 
justify building its own silicon plant (though 
Japanese plans could change this). 

However. three different approaches to thin 
film cells are being worked on. While their 
efficiencies are lower they are likely to be 
cheaperto produce in large volumesand easier 
and cheaper to install on building facades. Itis 
generally accepted that for pv to be econornic 
for building applications the module cost has 
to be reduced to about 31 (65p) per Wan 
against the typical current ptice of S4-5 (E2.60 
or 01.25). equivalent to an electricity cost of 
10- 12p/kWh. and the cost of other aspects of 
the installation has to be at least halved. 

Another issue is the price paid by the local 
electricity company for any electricity ex. 
ported. since it is not usually worthwhHe siz. 
ing an installation to meet only the miaimum 
baseload of a building (usually at weekends). 
In Switurland and Germany the price is the 
same for imports and exports. This is in effect 
a subsidy for pv generation, as rrost export 
will occur at times of low national demand. 

In the UK exports are priced much lower 
than imports. and while the pv industry appar. 
ently hopes for two-way metering in the UK it 
is unlikely that in the British framework elec. 
timicity companies would Pay peak prices for 
off-peak electricity. Possibly a more realistic 
scenario is two-way metering coupled with 
spot pricing. which would probably give 
sUghtly better average prices than at present 

Switzerland. Germ any. the Netherlands, 
j1pan and the USA are giving greater govern- 
ment backing to developing the industry than 
the CK - the Non Fossil Fuel Obligation 
(N'FFO) is se., n as inappropriate for pv gen. 
eration as it assumes a conventional separa- 
tion cf generation and use, and in any case pv 
eleancivi costs at the moment are way above 
those of modesreceiving NFFO supporL 

However. the big push for the technology 
could come fromJapan. If a massive proposed 
! cheme takes off it could.. on its own, be th. - 

30 
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Daily POwer OL'tPut 31 the Norlhumber land Building: February and lune 1995. 

At the Northumberland Buildirs. the Ov, module$ are 
beneath the glazinL angled at 25'C from the vertical. 

rrump priming needed ru bring costs down to 
economic levels. though probably at: the ex- 
pense of Lhe European solar industry if the 
silicon processing plant was built in Japan. 

For the nomtnL though. the marketing 
strategy appears to be to persuade prestige 
building clients that a modicum of pv cladding 
wiU demor. str. te Eheirgreen credentials. even 
if it is only used to power a fountain. 

Performance monitoring tests 
Located on the University of Northumbria's 
campus in central Newcastle-upon-Tyne. the 
Northumberland building was erected in the 
1960s and houses university offices. The clad- 
ding was time-expired. so the building was 
used for the IA. PViB demonstration project 
on photovoltaic rainscreen cladding. 

When the scheme was designed. only stand- 
ard 12 by 3 modules of pv cells (designed 
primarily to give a 12 V output for battery 
charging) were availah.; -. This, and the con- 
straints of the existing structure. led to a 
scheme in which the modules are angled at 
25' from the verical in rows under the glaz- 
ing, mounted on a steel hmework. 

The building facade faces 16* east of south 
such that the panel orientation isnearer opd- 
mum in winterthan it is in surnmer. tending to 
even out seasonal variations in outpuL 71iis 
has the advantage of giving good ventiladon 
for the panels (allowing drying and helping to 
keep them cool) and providing a space for the 
junction boxes and cable ducts. Cabling is led 
back -to a room in the lift towerwhich contains 
the main switchgear and the static inverter. 

Some 465 modules have bten installed. 
each rated at 85 W giving a maximum total dc 
output of '39-5 kW for an array area of 286 m-' 
out of a total cladding area o1390 m-.. After 15 

months of operation the following perform. 
ance figures have been obtained: 
L-I peak dc power recorded: 39 kW (March 
1995): 
ý- peak daily energy output: 166 *(%%Il (April 
1995): 
ý- peak monthly energy output: 3106 Wh dc 

converted to 2940 k%Vh ac (August 1995): 

ý. - minimum monLhly energy output: 1793 
kWh dc converted to 1614 k%%`h ac (February 
1905) - this last figure was in fact beaten in 
January 1996. when there were extremely 
poor sunshine levels. 

Using these figures gives a realistic annual 
output of 30. 'vf%'vlL With a system lifetimeof 25 
years. regarded as conservative. the electric- 
ity cost will work out at 42p/k%Vh. However, 
withoutany shading from otherbuildings, the 
electricity cost would be more in the region cf 
32p/kWh. 

These figures use the actual total cladding 
cost of E907/m-and an'offset! of Z105/m'i for 
the cladding which would otherwise'have 
been installed. However. of the total of Wf 
m2 the pv modules cost only E423/m2. The 
electrical system including the associated ca- 
bling and control equipment and the static 
inverter cost E209/mr. The rainscreen clad- 
ding itself cost E275/m2. more than double 
theestimated costof the claddingwhich would 
otherwise have been used. The total scheme 
cost was 9354 000. 

Wifle there is little scope forrerlucing the 
cost of the electrical imitailation. ow-ug to the 
need for numerous junction boxes and cir- 
cuiEry to protectthe public supply, it should be 
possible to reduce thecost of the cladding and 
support structure. 

Reference 
'Brister A. "Let 'Mere be lignt", Building Serv)Ces 
inurna) July 1994. 

'The protect sponsors are the EC Directorate General 
XVI II (Eriergy) under the Altener Programme (40%). 
the UK Energy Technology Support Unit (30%) and 
the Britisr Photovoltaic Association 1.30%). 

Thanxs are due to the PhotovoltaiCs in SwIdIMP 
Programme for muc. 1i of the material used mere. 

Next Spring the CIBSE Electrical Services Group is 
organising a vis t tj the Northumberlaid Building to 
see how A has performed during its first two years in 
oDeration- see forvIlcoming issues of Building 
Servlc! s Journal fir details. 
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Figure 6.15 Building Services Journal. June, 1996. (Page 2) 
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6.2 SURVEY DEVELOPMENT FOR THIS RESEARCH 

Section 5.8 briefly summarises the general survey design and techniques research undertaken, 

nedessary for this survey development. The nature of this research determined that qualitative 

and not quantitative methods would be most appropriate. 

This research assisted the development of the overall conceptual framework of this survey, 

which examines the UK public perception of BIPV. From this framework it was possible to 

establish exactly which information should be collected and analysed in order to achieve 

meaningful conclusions from this research. The development of the Research Interview 

Schedule questions and prompts, to be asked during the interviews, was therefore very 

important. This has also established variables that may be used in future research of this 

nature. In that sense this work is exploratory -a starting point for further research into how 

the general public perceive BIPV and how their acceptance of this technology can be 

achieved. These initial boundaries and their development helped to establish and define the 

research case and the sample to be used. This work was ongoing with minor changes 

occurring throughout the survey development and interview stages. The instrumentation, or 

way of summarising these data, takes place later in this Section - Section 6.5, with the 

Conclusions (Section 7) then summarising what can be learnt from this survey. 

6.2--1-SEPIYMaaMRk 

The overall objective of this type of research should be to explore the reactions of different 

key groups in the population to the prospect of the wider use of BIPV in the urban 

environment. By learning about possible objections in advance, both system design and 

communication programmes can be developed to minimise opposition and increase public 

acceptability of this renewable energy technology. 

The specific objectives of this research are: 
I. To explore the perception and attitudes of those who might be most affected by BIPV, 

i. e. the first of the four key groups listed below due to their close proximity to an 

example of BlPV. 

i) City residents or workers near existing BIPV sites. 
It was anticipated that at least some residents/workers would already be aware 

of local BIPV demonstration projects or of proposals to build new examples. 
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Some were also expected to have seen the schemes, so their attitudes might be 

more mature and reflect reactions to their actual appearance. 

, BIPV sites ii) City residents or workers not near existing 
It was anticipated that these residents would have less idea of the actual 

appearance of modem BIPV, and have reactions based more on how they 

imagined BIPV might look. 

iii) Visitors to the city from surrounding areas. 
They were expected to have less realistic views of the patterns of change in 

the urban environment, and possibly more extreme views of how they expect it 

to look. 

iv) Members of special interest groups. from surrounding areas. 
These too were to be regular visitors to towns or cities, but ones who, because 

of their involvement with conservation, environment, etc., might be expected 

to hold stronger than average views about the perceived impact of BIPV. 

2. To assess how the views of these key groups are affected by personal circumstances 

and expectations about the urban environment. 

3. To identify what sorts of information each group ideally needs to help it understand 

and accept the need for extending the use of BIPV for alternative urban electricity. 

The Northumberland Building PV Fagade was chosen for this research, as a local example of 

BIPV that people would be aware of. This building is described in Section 4 and is illustrated 

in Figure 4.49. 

Due to the lack of any similar research, that may have already established certain variables for 

the public perception of building integrated photovoltaics and the nature of qualitative 

research ajudgement sainple was chosen. This consisted of those people who make regular 

use of the area of the city because they work or study there, i. e. workers/students in the wing 

of Northumberland Building adjacent to and overlooking the PV Fagade. This should be 

borne in mind when examining the findings. They reflect the views of people who have a 
special interest in this area of the urban environment because it is their immediate daytime 

environment, a relatively rare audience exposed to BIPV, i. e. with experience of the 
technology. They have a greater interest in this area than the broader public at large but less 
interest than if it was an area where they spent their leisure time. The views represented here 

are therefore those of people more likely to voice objections to what they see as undesirable 
working conditions. Further research will enable the development of future studies of this 
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type, or of a quantitative nature, with larger resources facilitating greater sample variety 

and/or numbers of respondents. 

6.2.2 Exploratory Interviews 

As outlined in The Dilemma of Qualitative Method (Routledge, 1989), an interview is not an 

ordinary conversation, although the exploratory interview appears similar in some respects. In 

some societies the concept of a social research interview either does not exist or is vigorously 

resisted precisely because it is not an ordinary conversation. Until it is accepted as a socially 

approved phenomenon, with its attendant roles and expectations, it may annoy potential 

respondents for many reasons: they resent the intrusion by a complete stranger; they do not 

want to be so accurate or attentive in their responses; they want to share in the control of the' 

interview and ask questions of the interviewer, and they fear the potential use to which their 

responses might be put. Or, conversely, they may feel enormously flattered at being 

interviewed at all; engage in elaborate displays of friendship and hospitality; involve the 

interviewer in personal or family matters, and seek to strike up a lasting relationship. 

Interviewers must realise that these problems exist and that people have every right to feel 

this way. The ethics of conducting interviews are a continual topic of lively controversy. 

Interviewers must also learn how to cope with the biases and distortions which these 

problems create. For many people, being interviewed requires the learning of a new social 

role in a new social exchange setting and the interviewer must also learn and adopt a social 

role which may be quite unlike his or her normal persona. 

6.2.2 i) Depth Interviews 

A judgement sample is a small sample, typical of the respondents that make up all those 

ultimately of relevance to the research. Exact representativeness is not normally necessary, 

but a good spread of respondent characteristics is needed in order to include probable 

respondents of every kind and background. 

There is no definitive answer to how many depth interviews should be conducted but twenty 

to thirty interviews is typical. In the process of conducting a series of depth interviews, it will 
become obvious when the series has reached the point where no new ideas are emerging. 
Obviously depth interviews are costly and time-consuming so there are usually extraneous 

pressures to reduce numbers to a minimum, but quality, rather than quantity, should be the 

essential determinant of numbers. 
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Ideally each respondent should be recruited by the interviewer who should explain to their 

potential respondents that the interview will last about an hour or perhaps longer; that the 

interviewer will be an experienced professional who will maintain confidentiality and high 

ethical standards and that the questions will not be of the market-research type but will range 

widely over many topics. If possible, the respondents should be given only a vague idea. of 

the central topics of the interview as spontaneous reactions are wanted, not carefully thought 

out positions. This process was conducted as discussed in Section 6.3. 

The setting for the actual interview should be private, quiet and comfortable and not 

intimidating. For this research the respondents' offices were chosen also facilitating a view of 

the PV fagade during the interview. The interviewer should maintain control of the interview, 

probe gently but incisively and present a measure of authority, assuring confidentiality. Tone 

of voice, a pleasant and polite manner, deportment, choice of dress, the management of 

personal space, an acceptant and non-judgmental attitude and a willingness to listen are also 

cited as the interpersonal skills necessary for interviewers. High ethical standards should 

prevail and respondents should not fear self-incrimination or embarrassing feelings when 

responding. 

Once the respondent is comfortable the interviewer should then produce an agreed and rather 

vague statement of purpose such as: We are planning a major survey on this topic, and we are 

about to ask you for your views and experiences. The interviews are entirely private and 

confidential, your name will not be linked to anything you say here, and I have not been told 

anything about who you are or where you comefrom. Most peoplefind these interviews very 
interesting. The statement used in this research can be seen in the final Interview Schedule, 

shown in Section 6.4.2. 

Questions should be as open and as projective as possible, with no leading questions, 

encouraging the respondents to express their own ideas spontaneously and in their own 
words. In some depth interviews real objects, or pictures or faces, scenes or objects can be 

introduced for discussion and for sorting into categories. For this research the Visual Sheets, 

also shown in Section 6.4.2, are used in this way - provoking comment on a variety of topics. 
If a topic has been explored in a free-style manner a deliberately directive prompt may then be 

used, for example, sonie people say that niore goods should be carried by road. How do you 
feel about this ? Two or more points of view can also be offered, such as sollie politicians are 
canipaigiihig to have ? )zore goods carried by road, while others watit niore goods carried by 
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raiL Hat do you think? 

A depth interview is then concluded by the interviewer who indicates that it is over by, for 

example, saying well, I think we have covered everything I needed to ask you. Thank you very 

much, you have been most helpful, perhaps followed by is there anything you would like. to 

ask me ? At this very last moment respondents can often make a revealing comment or offer a 

confidence, perhaps out of relief that the interview is over. These comments should be noted 

down as soon as possible. 

The interviewer should also note any ideas and suggestions that have been stimulated by the 

interview as well as anything that might have affected the interview. Depth interviews can be 

very useful in such conventional and practical areas as market research, opinion polls, product 

development, architectural research or transport studies. 

6.3 FINAL SURVEY INTERVIEWS 

This Section shows how this survey sample was recruited. Respondents were chosen by 

visiting the wing of the Northumberland Building, on the University of Northumbria's City 

Centre Campus, adjacent to and overlooking its PV fagade. The names (from the name 

plaques on each door) and numbers were noted of all the rooms that would overlook the 
fagade and the following Email sent to them. Their Email addresses were found in the 

University's Staff Address Book: 

Subject: Your opinions please 

1 wonder if you can help ? 
I need to interview you for my PhD research which requires 20-30 people in your 
building who have offices that face the same direction as yours. 
It would take approximately one hour of your time and I would, of course, conic to your 
office at your convenience. 
I hope you can spare the time and I look forward to hearing your views 

Tyrnandra Blewett-Silcock 
Ext.: 4555 

Any personal details were removed from the message in order to prevent any bias and 
confin-nation messages were then sent if they replied, with possible times. There was a 100% 
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response rate within eight working days of the initial message, even though the University's 

Summer Vacation had already started. A few wished to know more about the research before 

they committed themselves, but in depth information was not permitted. The reaction was 

positive and within three weeks 20 potential respondents had been recruited, all members of 

University staff with offices that overlooked the Northumberland Building's PV fagade. - 

Respondents were not recruited if they had direct links with the inception of the PV fagade or 

had worked with the Newcastle Photovoltaics Applications Centre (NPAC) in order to gauge, 

as far as possible, a general opinion, or the public perception, of BIPV. 

Fieldwork was conducted in the Summer of 1998 with the members of University Staff in the 

Northumberland Building cooperating fully. 

Figure 6.16 shows the University's City Centre Campus, in Newcastle upon Tyne, with the 

Northumberland Building appearing as number nine on this diagram. The PV fagade is 

actually on the south-side of the building, whilst the wing that the respondents' offices are in 

is the L-shaped block to the right of it. Figure 4.49, in Section 4, also shows the PV fagade 

(this wing being to the right of where these photographs were taken). 

The following diagrams, Figures 6.17 to 6.21, show the plan views of each floor of this wing 

with room numbers/areas marked on them. This shows the views the respondents have from 

their individual offices and where the interviews took place. 
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Where 9= The Northumberland Building 

\ Jý 

Figure 6.16 The University of Northumbria's City Centre Campus, taken from the 
Visitors Guide. 

., 7, ý 

Figure 6.17 The Ground Floor Reception Area of the Northumberland Building - directly 
opposite the PV Fagade. 
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Figure 6.18 The First Floor Room Numbers of the Northumberland Building - adjacent to 
or opposite the PV Fagade. 
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Figure 6.19 The Second Floor Room Numbers of the Northumberland Building - adjacent 

to or opposite the PV Fagade. 
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Figure 6.20 The Third Floor Room Numbers of the Northumberland Building - adjacent to 
or opposite the PV Fagade. 
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Figure 6.21 The Fourth Floor Room Numbers of the Northumberland Building - adjacent 
to or opposite the PV Fagade. 
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The following interviews were arranged: 

Interview Room Number/Area 

I NB240 
2 NB440 
3 NB236 
4 NB141 
5 NB143 
6 NBI51 
7 NB168 
8 NB329 
9 NB347 
10 NB243 
11 NB254 
12 Reception 
13 NB441 
14 NB336 
15 NB242 
16 Reception 
17 NB323 
18 NB337 
19 NB332 
20 NB324 

6.4 INTERVIEW SCHEDULE AND VISUAL SHEETS 

In order to build up a full picture of the public's mind-set into which BIPV will be 

introduced, and in order to achieve this research's objectives set out at the start of this Thesis, 

each interview explored the contextual background - respondents' activities in the city or 

countryside, their views of its pleasant and unpleasant aspects, the changes they have noticed 

over the years and their current concerns. Their views on owners/developers, attitudes to 

different building types, and awareness of PV and its implications were also covered. Their 

existing awareness of any type of PV was also explored along with its application in the built 

environment. Photographs of other BIPV projects, around the world, were shown during the 

interview to give respondents a better idea of the appearance and purpose of PV in the urban 

environment and to elicit and explore their reactions. Comparisons of conventional fuelled 

power stations and other renewable energy technologies were also made to gauge reactions to 

these technologies. 
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Attitudes to working in and visiting the urban environment: 

o What people enjoy and do not enjoy about city and countryside life. 

0 Activities engaged there. 

0 Benefits of working in or visiting the city and countryside. 

0 Role of city-scape or countryside to enjoyment. 

0 Pleasant and unpleasant scenery and sights. 

Changes in the urban environment: 

o Changes noticed over the years and more recently. 

* Changes for better or worse. 

* Attitudes to, expectations of and acceptance of change. 

e Awareness of PV technology. 

* Effects noticed or expected in city and countryside character, incomes, jobs, etc.. 

* Expected changes - good or bad. 

Current issues of concern in the city and countryside: 

" What things that have happened, are happening or may happen, cause concern. 

" Why does each cause concern. 

" Views on responsibilities of owners/developers and planning bodies. 

4, Respondents' abilities and attempts to influence them. 

" General attitudes to conservation and environmental issues. 

" Which are serious global and local issues. 

0 What can be done and who should take action - own ideal thoughts vs. official. 

Knowledge of PV: 

Awareness of different types of PV materials, etc.. 
Which are attractive and less attractive. Why. 

@ What new materials people are aware of 

Awareness and attitudes to BlPV: 

" Are people aware of PV modules as building materials yet. 

" How did they first notice them or hear about them. 

" How did they feel about them at first and now. 

9 What do solar buildings mean to people. Years ago and now. 
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What do they look like and what progress has been made. 
Awareness of any proposals to expand BIPV in the UK. What have they heard and how. 

How often do they have to be cleaned and maintained. How extensive will it become - 
short- and long-term. 

Who might build them. Where and on what sort of land and in place of what. 
Attitudes to BIPV based on what they know already. 
Perceived advantages and disadvantages to nearby residents, visitors, workers, wildlife, 

owners, developers, local industry, etc.. 

Reactions to photographs of BIPV in the landscape: 

Explain how BIPV schemes look today. Probe reactions, expectations, concerns and 

questions raised. What do people want to know about PV. 

What will it look like in a few years. How extensive will it become. Why. 

What effects would large-scale BIPV have on the environment and on their way of life and 

enjoyment or use of the city and countryside. 
How does BIPV compare with other possible renewable energy technologies. 

How does this clash with their general expectations of the city and countryside. 

Information needs and reactions to more information: 

o Explore needs in detail. What concerns are most common. 

Go Appearance of BIPV. Expected extent of projects. Effects on view and amenities. 

0 Show PV technology and concepts. PV as energy. 
Reactions toC02reductions. Reactions to large-scale use of PV. 

Perceived advantages and disadvantages. Globally/nationally. 

What more would people like to know. Who would they expect or hope to inforrn them 
and how. 

The following pages show the Interview Schedule and Visual Sheets for this study of UK 

public perception of the visual impacts of BIPV. 

6.4.1 Initial Interview Schedule Desitin 

The following pages show the initial Interview Schedule design produced for this research. It 
can be seen that there are too many questions and had to be siniplified to take into account the 
nature of this research and its development. It was occasionally relevant, however, to raise 
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certain of these points during the final interviews. The final Interview Schedule is detailed in 

Section 6.4.2 and was taken to all final survey interviews. 
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INTERVIEW SCHEDULE SHEETS 
UK Public Perception of BIPV 
(Newcastle Sample: Summer 1998) 

Thankyoufor agreeing to this interview - it will be entirely private and confidential. 
Your name will not be linked to anything you say here, and I have not been told anything 
aboutyou. 

A Respondent's Background 
1. Age: 
2. Sex: 
3. Occupation: 
4. What background would you say you have out of the following: 

Economics / Architecture / Environment / Technical 
5. Nationality: 
6. Parents' nationalities: 
7. Where did you grow up ? 
8. Where do you live now ? 
9. Marital status: 
10. If you had to describe yourself as upper, middle or working class which would you 

choose ? 
11. Ideally, what political party would you like to see in power ? 
12. If you had to describe yourself in one or two sentences how would you do so ? 
13. Do you belong to, or attend any, Clubs, Societies, Classes, etc. ? 
14. When would you say you are happiest ? 
15. What do you fear most ? 
16. What is your favourite possession at the moment ? 

Why? 
17. Looking at your Sheet I, please tell me which of the three choices you prefer for each: 
18. How many times, out of say 10, would your opinion of something be influenced by 

what other people's reactions to it were ? 

B Energy and the Environment 
1. Do you talk about environmental issues with your family or friends ? 
2. Do you think about the future of the environment ? 
3. Do you see yourself as sympathetic to environmental issues ? 
4. Do you own or drive a car ? (If no go to question 7) 
5. Do you use unleaded petrol ? 
6. Do you use public transport ? 
7. Do you use products that state they are environmentally friendly, e. g. detergents, light 

bulbs, etc. ? 
Do you subscribe to, or are a member, or make donations to any environmental group, 
e. g. Greenpeace, Friends of the Earth. 

9. Do you subscribe to, or are a member, or make donations to any wildlife, heritage or 
countryside conservation group, e. g. National Trust, RSPB, World Wildlife Fund. 

10. Do you recycle any products, such as paper, cans, glass, plastic, etc. ? 
11. Would you complain to your local authority about an envirom-nental issue that 

concerned you ? 
12. What do you think you could do to reduce your electricity consumption ? 
13. What do you think others could do to do the same ? 
14. What do you think would encourage energy conservation in the UK ? 
15. Would you pay extra if you knew your electricity was generated by environmentally 

friendly means ? 
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How much extra on say an electricity bill of E50 ? 
16. Do you think others would pay extra ? 

Why ? 
17. What do you enjoy about working in a city ? 
18. What do you dislike ? 
19. How important do you think surroundings arc to how to feel ? 
20. What would you say arc unpleasant city sights/scenes ? 
21. What would you say are pleasant ? 
22. What do you like about the view from your off ice window ? 
23. What do you dislike ? 
24. Do you think Newcastle has changed much since you started working here ? 

For better or worse ? 
25. How do you think it will change in the future ? 

Are you looking forward to the changes or dreading them ? 

C Reneivable Energy 
1. Have you ever seen any renewable or alternative energy schemes such as hydro-dams 

or wind farms ? 
Where ? 
Did you see them quite by chance or did you specifically visit them ? 
What do you think of these electricity generating technologies ? 
Have you ever thought of making use of these technologies on some small-scale ? 

2. How long do you think it will be before people have to seriously consider our 
remaining resources of oil, gas and coal ? 

3. In 1992 specialists estimated these fossil fuels had the following resources remaining: 
oil: Western Europe = -10 years; 

N. America = -25 years and 
Middle Eastern Countries = -100 years 

Gas: World =- 65 years 
Coal: World =- 200 years 
Do you think, people would believe these figures ? 
Do you think people for the most part would: 
Not believe the results and do nothing as they feel they couldn't help individually; 
think about the figures and decide to do something one day if others do, or 
feel like taking action immediately whether or not others seem to be doing anything. 

4. Is the idea of electricity self-sufficiency for the UK important to you ? 
Why? 

5. Do you think taking environmental factors into account when charging for 
conventional electricity should take place, e. g. a carbon tax, to make clean electricity 
more competitive ? 
Why? 

6. What do you think of local ownership of electricity generation plants, e. g. Danish 
Wind Farms ? 

7. Did you know it is estimated that here in the UK we have the largest wind and wave 
resources in Europe (and the wave resource is one of the largest in the world) ? 
How does this make you feel ? 

8. What do think of the UK's efforts regarding the environment vs. other countries in the 
world ? 

9. If Someone describes an energy conscious/efficicnt building how do you picture it in 
your mind ? 

10. Do you think such a building can be beautiful or have a pleasing style as well as 
functioning very well ? 
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11. How do you feel about conventional power stations, refineries and other such plants in 
the environment ? 
When you see them do you link your own energy consumption with them ? 

12. Can you remember the last time you noticed an electricity pylon and why ? 
Which of the pylon designs on your sheet do you prefer ? 
Why? 

13. At first glance what do you think this is ? 
If I told you it was an experimental Orange Telecommunication Tower what would 
you think ? 

14. How long do you think it would take for people to get used to the idea of renewable 
energy electricity generation in this country ? 

15. Were you aware that buildings consume half of the total energy used by humans 
(equal to that used for transport and in industry combined ? 

16. What do you think makes a successful building ? 

D Photovoltaics 
1. Would you tell me what you know about solar energy in one or two sentences ? 
2. Have you ever heard of photovoltaic or solar electric power ? 

How ? 
Can you give any examples of where these solar electric cells or panels are used ? 

3. Have you ever seen photovoltaics, or TT, on a structure ? 
Where ? 
Did you see it by chance or did you specifically visit the site ? 

4. What do you think of the way PV panels look ? 
5. Did you know that this sort of cladding would be used on the Northumberland 

Building's new fagade before it was all finished ? 
Where did you hear this and what did you think of the way in which that information 
was presented ? 

6. What do you think of the Northumberland Building now ? 
7. Here are some statements about PV. From what you know of the technology, I would 

like to know if you think each one is an accurate or inaccurate thing to say about PV, 
or if you're not sure: 
PV is unreliable since the sun doesn't shine all the time. 
PV power is clean and doesn't cause pollution. 
PV power is safe. 
Building integrated PV in towns or cities spoils the scenery of the modem 
environment. 
BIPV systems are expensive to research and build. 
BIPV interferes with life as it was before the project. 
BIPV would disturb wildlife/humans in the area. 
Using PV power would mean that supplies of oil and coal would last longer. 
A BIPV system would be a tourist attraction. 
PV power provides cheap electricity. 
Given that PV cells are more efficient in cold conditions with a medium amount of 
sunshine than a very hot climate what do you think now about PV in this country 
now ? 

9. Given that many buildings built in the '50s and '60s will need refurbishment soon 
what do think of integrating PV into their fagades ? 
What do you think are the factors which determine whether a building is appropriate 
for PV application ? 

10. In prestigious buildings PV competes well economically with cladding materials such 
as marble, etc.. What do you think of buildings whose cladding 'work for a living', 
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i. e. producing electricity while also perfon-ning the traditional functions of protecting 
the building from the weather, etc.? 

E Northumberland Building 
1. Would you describe the Northumberland Building to me in one or two sentences 

please ? 
What do you think about it? 

2. Do you ever think about the fact that it's producing electricity while its sat there ? 
3. In percentage terms how much of the building's daily electricity requirement do you 

think the PV fagade produces on a good day ? 
4. Have you ever read the display boards as you walk underneath the building which tell 

you about the project ? 
Do you keep an eye on the total or instantaneous power displays down there ? 
Do you think it is useful to have this kind of information available to those that pass 
by ? 
What else do you think it should say or do ? 

5. Do you tell family, friends or colleagues about the fagade ? 
What have they said when they've seen it ? 

6. Do you ever see people looking at it ? 
What do you think of this ? 

7. Have people asked you what it's like to work so close to the fagade ? 
8. Have you heard opinions from those who actually work inside the Northumberland 

Building and what they think about the refurbishment ? 
9. Did you know that when installed it was the largest PV fagade in Northern Europe ? 

How does this make you feel ? 
10. Has your opinion changed of the building since it was completed - what do you think 

of it now years later ? 
11. How reliable do you think it's been since it was put up ? 

How many days do you think it hasn't been running smoothly ? 
Why do you think this probably was ? 

12. What do you think is the best thing about Northumberland Building ? 
The worst ? 

13. Do you imagine there's much maintenance involved with such a system ? 
14. Do you think keeping the PV panel surfaces clean and unshaded are important to 

output ? 
15. Do you think it fits in with its surroundings ? 

Why? 
16. What do you think the building represents to passers by ? 

Do you think it obviously looks like PV cladding or do you think some people would 
walk past oblivious to the materials used ? 

17. Prior to the NB were you aware that PV modules were being used as building 
materials ? 

18. What do you think of the building's scale ? 
19. Do you think the building has 'harmony' ? 

Why? 
20. How do you think the building relates to the other spaces created on campus ? 
-21. Would you rather see traditional materials used here instead of PV ? 

Why? 
Would you rather stone or brick ? 
Why? 

22. Do you think the building is decorative ? 
In what way ? 

23. Do you think it is artistic or 'aesthetically pleasing' ? 
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Why? 
24. How do you think it affects the surrounding 'community' ? 

Would you have liked to be in on some kind of discussion about the proposal to build 

such a project from the very start ? 
25. Do you think PV buildings are different to 'normal' buildings ? 

Why? 
26. Do you ever visit or walk through the garden below the fagade ? 
27. Why do you think a stepped fagade was chosen ? 

Do you like this profile ? 
28. What do you think of the colour of the cells in the panels ? 

What do you think of the colour of the surrounding aluminium support structure ? 
29. If you were convinced about such a building's efficiency, safety, that it was 

state-of-the-art, etc., how important would its looks be to you ? 
30. How do you perceive this building ? 
31. Do you think people would accept large-scale use of this type of cladding ? 

Why? 
32. Does the weather have an effect on how the building looks ? 
33. When you look at the building from somewhere other than your office do you notice 

new things or do you not really notice it ? 
34. Do you think it makes sense putting such a building here ? 
35. Did it feel familiar to you when you saw it complete for the first time ? 
36. Do you think it's complex ? 
37. What do you feel about how much of the building you can see ? 
38. What kind of texture do you think it has ? 
39. Do you think it has an air of mystery about it or do you think it looks very functional ? 
40. What can you remember thinking of the building before it was refurbished ? 
41. Do you use blinds in this room and other environmental controls ? 

How? 
Would you be prepared to participate in a more user interactive building where you 
can control your environment and also reduce energy consumption at the same time ? 

42. Have you ever experienced glare from the surface of the building ? 
When have you noticed this is at its worst/best and why do you think this is the case ? 

43. Do you look at the building during thought or breaks during the day ? 
When? 
Do you tend to take it for granted now and is it 'just there' 9. 

44. What do you think are important factors to how people perceive BIPV ? 
45. Do you think your reactions to the building would differ if you used this area for other 

reasons than for work, e. g. leisure time ? 
46. Have you ever gone up to the building's fagade to have a closer look ? 

What did you think or notice ? 

F Building Integrated Photovoltaics 
1. Did you know there is another larger project just completed in the north east ? 

It's called the Doxford Solar International Office and is just off the Al 9. It uses semi- 
transparent PV panels with different width gaps between the tiny PV cells - what do 
you think of it ? 
Why? 
Other energy efficiency/conservation measures are also used within the building do 
you think this is the way forward ? 

2. Looking at your sheet which do you prefer out of the following PV facade, roof, etc., 
profiles ? 

3. If you were thinking about using PV would you trust a British or overseas installer 
more ? 
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Why? 
4. Do you think these demonstration projects are useful ? 

Why ? 
5. Do you expect other countries to be ahead of us in this technology? 
6. How would you feel if a BIPV project was built near your home ? 
7. Would you use it if you could ?- 
8. How would you feel if a BIPV scheme was one of many - what percentage of a 

peripheral vision of a scene would you find acceptable ? 
Compare this to areas of 100% brick or stone buildings - why is this different ? 

9. Are you aware of any other plans or strategies to increase the use of PV in the UK ? 
Would you be in favour of this ? 

10. Looking at your sheet which of the following choices do you prefer for each: 
11. Given that mono-crystalline silicon cells are the most efficient but most expensive 

would your earlier decision be affected by this fact ? 
12. Given that thin-film materials are cheaper but degrade with time do you think your 

choice between the looks of both types of PV modules would change ? 
13. Given that the pseudo-square cells wastes less silicon than circular cells would your 

choice between cell shapes change ? 
14. Given that the lighter the PV cell is the slightly less efficient it is due to light 

reflection would your choice of colour change ? 
15. Do you think PV should try and blend in or make a statement ? 

G Information 
1. Did you realise how many BIPV examples there were all over the world ? 
2. Do you think it's a good idea involving the local community in new building projects 

and renewable energy technologies in general ? 
Why? 
Is it all about 'control back in their lives' ? 

3. If you were asked to participate in a community meeting with a developer what ways 
of showing how the scheme would look would you prefer ? 
High-tech video or computer based visuals or virtual reality; 
Photographic based presentation, or 
Hand-drawn visuals 
Why? 

4. Following this questionnaire do you think you have learnt anything useful ? 
What ? 
What do you feel about this and other renewable energy technologies now ? 

5. Do you think more information should be made available or publicised to bring 
attention to the renewable energy technologies ? 
How do you think this should take place - who should organise this ? 

6. Do you think others would be interested in such facts ? 
7. What concerns you about the environment now ? 
8. What do you think we should do in the UK ? 
9. What do you see as the advantages of using BIPV ? 
10. What disadvantages can you foresee ? 
11. What further information would you like now ? 

Well, I think we've covered everything I needed to ask you. Thank you again, you have been 
very helpful. Is there anything you'd like to ask me now ? 
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6.4.2 Final Interview Schedule and Visual Sheets 

The following pages show the questions and prompts used in each of the twenty survey 

interviews conducted for this research in the Summer of 1998. 

The order of and amount of prompts varied from this list when necessary in order to promote 
the flow and nature of the conversation. 

The pages that follow these Interview Schedule Sheets show the final Visual Sheets used 
during each interview. These sheets are referred to throughout the transcribed interviews. 

These illustrations were chosen to best explore the respondents' perception of BIPV and 

associated factors with the resources available. In future work of this kind computer 

visualisation techniques would be useful in order to produce exact comparisons for 

respondents to choose between, producing pictures of the same scale and of uniform quality. 
The opportunity of discussing an example of UK BIPV whilst actually sitting there facing it, 

instead of having to rely on illustrations throughout, was also extremely useful. This 

knowledge of the fagade and the option of discussing the project whilst actually looking at it 

was also a way in which to further explore how they react with their daily environment and 

respond to the fagade in 3D instead of talking notionally about BIPV. 
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Thankyoufor agreeing to this interview - it will be entirely private and confildentiah 
Your natne will not be linked to anything you say here, and I have not been told anything about 

you. 

RESPONDENT'S BACKGROUND, 
Age: 
Occupation: 
How long have you worked here ? 
(And in this office ?) 
Nationality: 
Parents' nationalities: 
Where did you grow up ? 
Where do you live now ? 
Please describe yourself in a few sentences: 
Do you belong to, or attend any, Clubs, Societies, Classes, etc. ? 

ENERGY AND THE ENVIRONMENT 
What do the terms 'green' or 'environmentally friendly' mean to you ? 
How much do You think about these issues ? 

ProMpts: 
Public Transport - Green Products - Recycling - Conservation. 
Extra for 'green electricity' (how much on a bill of 440) - would others. 
How could reducing energy consumption be encouraged in the UK. 
People or surroundings (local and immediate) important to how you feel. 
Pleasant/unpleasant sights in cities and countryside. 
How long before we have to seriously consider the remaining reserves of oil, gas and coal ? 

RENEWABLE ENERGY 
What do you think of the way Renewable Energy schemes look - for example hydro-dams and 
wind farms ? 

Prompts: 
Visited any. 
Community ownership. 
These schemes vs. conventional power/processing plant. 
*VISUAL - Which pylon designs preferred. 
Should scheme designs blend in or make a technology statement. 
* VISUAL - Orange Telecommunication Tower. 
Energy conscious buildings - can they perform well and be pleasing to look at. 
What makes a 'successful' building. 

BUILDING INTEGRATED PHOTOVOLTAICS AND THE NORTHUMBERLAND 
BUILDING PV FACADE 
Would you describe the Northumberland Building's Photovoltaic fagade in a few sentences 
please: 
What do you think about this demonstration project 

Prompts: 
Knowledge - active solar vs. PV prejudices - information from where ? 
Know of any other buildings. 
Output in this climate- efficiency - works to the UK's advantage. 
What type(s) of building would be appropriate or all. 
Economic - prestigious cladding materials, e. g. marble - PV also providing electricity. 235 



Good day -% produced of building's total electrical requirement. 
Display boards below the building - ever been over to 'explore'. 
Told family or friends about it - ever asked about it. 
See people looking at it - what do you think of that. 
Heard others talking about it - their opinions. 
How have your opinions about the faýade changed - before the refurbishment and now -4 years 
later ? 
Link it with your own consumption. 
Best/worst thing. 
Does it fit in with its surroundings. 
How do you think your attitude to it differs in comparison with passers by/general public ? 
Obvious it's PV ? 
Aesthetically pleasing - what would be better. 
Effects on NB community. 
Would you have liked to have known more at the start of the project. 
Garden below - walk through it or sit there. 
Why do you think stepped faýade chosen - what do you think of it. 
Design of the building ? Colour, patterns, materials, finishes, quality, etc.. 
If convinced about building's efficiency, safety, etc., how important looks to you. 
Do you still notice new things about the building - look at it during the day. 
Important factors to how people perceive BIPV. 
Combination with energy efficient measures. 
UK vs. other countries. 
* VISUALS - Discuss cell materials; cell shapes; cell colours; module backing materials, and 
fully integrated vs. '. stuck-on' PV - domestic and commercial examples. 

Q INFORMATION 
How do you feel about photovoltaic schemes in the UK now ? 

Prompts: 
Alore publicity of this and other REs - others interested too ? 
Involving local communities in new projects. 
if asked to participate in a local community meeting what presentation method (showing how 
the proposal would look) would you prefer: 
" Video or computer based visuals (VR), 
" Photograph based - photo-montage displays, or 
-P Hand-drawn visuals. 
WHY? 
What learnt from this interview. 

just to conclude then - thankyou again, you've beets EM helpfuL 
is there anythingyou Id like to ask me now ? 
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Visual Sheet I (Actual Size) 

B 
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Visual Sheet III (Half Actual Size) 
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Visual Sheet IV (Half Actual Size) 
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6.5 INTERVIEW RESULTS 

With hindsight and for future interview transcription work it should be noted that it is 

advantageous to use the best possible quality audio -cassettes, tape recorder and to try and 

secure the use of professional audio-typist equipment. This important lesson was learnt when 

starting the transcription process for this research. Medium quality audio-cassettes and a 

walkman-style recorder with a built-in microphone, set at full volume throughout the 

interviews, were used and still at times transcription was very difficult. This can be seen when 

examining the time taken to complete the transcriptions - the first interview took 

approximately one and a half hours to complete whilst the transcription itself took more than 

twenty six hours in total. Following some improvement in transcription technique it became- 

possible to reduce them to around twelve hours (Interview 10) and finally ten hours 

(Interview 20). The way people spoke and constructed their sentences, etc., also added to this 

complex task and this can be seen in the transcribed interviews. Slang, incorrect grammar and 

various reactions are included in order to gauge reaction to the interview as a whole. 

The remainder of this Section discusses the interview results, taken and summarised from the 

transcribed interviews. Referring to these whilst reading the following results is useful 

contextually but they are not contained within this Thesis due to their potentially sensitive 

nature. The format is similar to that of the Interview Schedule. 

Before dealing with the first Section - Respondent's Background - it is interesting to note the 
following: 

Tnterview-Room Numbers/Area 

Ground Floor - Reception Area 2 10% 
First Floor 4 20% 
Second Floor 5 25% 
Third Floor 7 35% 
Fourth Floor 2 10% 

(Total 20) 
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Times Interviews Held 

Moming 14 70% 
Aftemoon 6 30% 

(Total 20) 

Weather Durine Interviews 

Cloudy and Rain (including overcast) 6 30% 
Clear and Sunny (including cloudy but bright) 14 70% 

(Total 20) 

6.5.1 Respondent's Backimound 

This information, recorded at the start of the interviews, is useful in order to establish the 

descriptions used when the subjects' responses to future questions are noted in full. A short 

reminder of that person was useful when surnmarising the findings as they appear in the 

remainder of this Section. 

6.5.1 i) Gender 

Male 13 65% 
Female 7 35% 

(Total 20) 

Comments: 

Interviews with females were consistently shorter than those with males, which may have 

been because it was a female interviewer. Both males and females would occasionally refer to 

earlier comments they had made, almost trying to gauge if their answer was correct or what 

was expected of them. Females would, however, more readily admit that they didn't know an 

answer because of a lack of knowledge of that subject but offer a guess or intuitively respond, 

sometimes asking what others had said in response to that question. 

242 



6.5.1 ii) Age 

Up to and including 30 2 10% 
31-40 4 20% 
41-50 8 40% 
51-60 5 25% 
61 and up 1 5% 

(Total 20) 

6.5.1 iii) Main Job Title 

Faculty Receptionist/Secretary/Assistant 4 20% 
Lecturer 1 5% 
Senior Lecturer 14 70% 
Faculty Director 1 5% 

(Total 20) 

6.5.1 iv) How long have you worked here 

Up to and including 5 years 6 30% 
6-10 years 7 35% 
11-15 years 4 20% 
16-20 years 1 5% 
21 years and over 2 10% 

(Total 20) 

And in this office 

Up to and including 3 years 1 55% 
4-7 years 7 35% 
8-10 years 2 10% 

(Total 20) 

Comments: 

The length of time the respondents had worked at the University influenced how much they 
knew of the fagade, both now and prior to refurbishment. 
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6.5.1 v) Nationality 

All twenty respondents were British with British parents. 

6.5.1 vi) Where did you grow up ? 

Newcastle and surrounding area 12 60% 
North England 3 15% 
South England 3 15% 
Scotland 2 10% 

(Total 20) 

Where do you live now 

Newcastle and immediate surrounding area 14 . 70% 

As far away as and including Durham 
(approximately 16 miles from Newcastle) 5 25% 

Further away than Durham (over 16 miles away) 5% 

(Total 20) 

6.5.1 vii) Please describe yourself in a few sentences: 
All subjects asked if this should be an academic/work related or general description and once 

reassured continued to describe themselves in a few sentences. One respondent (Interview 4), 

however, felt he was unable to answer this question, stating: 

No - that's impossible. No, I wouldn't know what you were after - it's not the sort of 
question you would ask a psychologist anyway. 
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The remaining nineteen responses had several points in common and these are as follows: 

Point Number of Remaining Respondents (19) 
that Mentioned this Point 

Sociableness 12 

Work of prime importance 6 

I work to live, not live to work 6 

Family 8 

Physical Appearance 3 

Indoor Interests 5 

Outdoor Interests 3 

Respondents would often laugh if they felt they were not being modest enough and if there 

was surprise, from the interviewer, at how frank they were being. 

6.5.1 viii) Do you belong to, or attend any, Clubs, Societies, Classes, etc. ? 

The respondents mentioned the following: 

Club, Society, etc.. Number of Total Respondents (20) 
that Mentioned this type of Club, etc.. 

None 6 
Political 2 
Indoor Sports 4 
Outdoor Sports 5 
Studying 2 
Community 2 
National Trust/WWF 2 
Professional Bodies 3 

6.5.2 Energy and the Environment 

6.5.2 i) What do the terms green or environnientallyfriendly mean to you ? 
Respondents were able to define green or environmentallyfriendly terms clearly but perhaps 
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the most interesting point to note about this question was the way thirty percent of 

respondents separated the two terms for definition. This was unexpected and should be noted 

for the future publicity of the Renewables. This phenomenon can be seen in the following 

summary: 

Terms described as one 
Ten-ns described as two separate tenns 

Terms described as two separate terms with green 
seen as a negative, or extremist, term with 
environmentallyfriendly seen as a positive phrase 

12 60% 

2 10% 

6.30% 

(Total 20) 

Comments: 

The words renewable energy, non-renewable resources and renew were also mentioned, 

unprompted, by Interviews 3,13 and 16 respectively, which was an encouraging gauge of 

what respondents already knew about these issues. 

6.5.2 ii) How much do you think about these issues ? 

Most were aware of these issues and what could be done with some expressing a regret that 

they do not do as much as they might. The following summary shows how many are actually 

actively involved in green activities: 

Aware of these issues and personally active 9 45% 
Aware of the issues but not active 11 55% 

(Total 20) 

Comments: 
One respondent (Interview 4) stated that he was more concerned for bird than human ecology. 
Two respondents (Interviews 7 and 12), both in their early fifties, mentioned age as a 
determining factor of how much people thought about these issues. One respondent 
(Interview 18) also mentioned how she tries to encourage her children to understand and think 

about these issues. 
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6.5.2 iii) General Green Facts 

Public Transport to Work 

Yes, all the time 11 55% 
Never, or very rarely 7 35% 

(Total 18) 

Comments: 

One of the remaining two respondents usually cycles to work (Interview 19), whilst the other 

always cycles to work (Interview 14). 

Green Products at Home 

Aware of them but none 10 50% 

Yes, but usually because of the economics rather 
than for the environment's sake 10 50% 

(Total 20) 

Comments: 

Two respondents (Interviews II and 20) referred to buying Caf6 Direct when asked about 

buying green products. Organically grown produce was also mentioned by five respondents 
(Interviews 1,8,14,18 and 19). 

Recyc-ii-n? -', -It 
Home 

Yes -a local depot/centre 9 45% 
No 1 55% 

(Total 20) 

6.5.2 iv) Would you pay extra for so-called green electricity ? 

Yes 16 80% 
No 4 20% 

(Total 20) 
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How much on say a bill of -f40 (if the previous answer was Yes) 

up to 10% 4 20% 
11-24% 4 20% 
25-55% 3 15% 
56-75% 1 5% 
No answer 4 20% 

(Total 16) 

Comments: 

The final respondent (Interview 20) has a home active solar system and made some comments 

on her own experiences. Although these comments were negative she still said she would pay 

extra for green electricity. 

6.5.2 V) How do you think we could be encouraged, in the UK, to reduce our energy 
consumption ? 

All respondents tended to group their answers as follows, with regards to ways in which they 

thought it was possible to conserve energy in the UK: 

1) Large-scale transport reduction and improved public transport (accessibility and 

reduced cost) although they still want to have a car. 

2) Domestic conservation, e. g. central heating and insulation, improved energy efficient 

products (reduced cost), recycling, packaging, water use, etc.. 

The following respondents had interesting points that are worth noting here: 

Interview 13 - Senior Lecturer in Politics, male, 61 years old and a fonner Liberal Councillor, 

Largely through the tax system I suppose. You could certainly impose a higher petrol 
tax and there's a whole range of transport policies - encourage tile use of public 
transport, not building out of town supermarkets, so that people lead the sort of lives 
where they don't need to travel long distances by car - certainly not in tile course of 
your daily working life. I mean at weekends then anyone can drive into tile countryside, 
but in terms of everyday life it should be possible to have things on a human-scale so 
that everything's within walking distance or there's public transport. 

The following comments show how tough nwasures were occasionally cited by respondents 
including the following: 
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Interview 6- Facultv Secreta . female and 47 years old. 

Automatic cut out switches I think (laughs) - it's functional - especially when you leave 

a room. I think something which detects body heat -I mean I always switch off the 
lights unless I'm just nipping to the toilet... 

Interview 19 - Senior Lecturer in Business Infonnation Systems. male, 37 years old and who 
usually cycles to work. 

I think there should be more of a collective feel about the country - have a policy - for 

the future -I think many people are very selfish, for example cars - to come into the 

city with often only one person in the car -I think it should just be made impossible - 
that would make people more efficient. I don't think you can encourage them you have 
to make them - in this country. I've just been to Austria and it's completely different 
but that's because people are more conscious of their environment and appreciate how 
important it is. I don't think people are in this country. How would you encourage them, 
I don't know -I think you'd have to hit them with a stick, unfortunately. Traffic's a big 

one for me - they're already planning to stop traffic from coming into cities - that will 
happen, which may not be environmental but in itself will reduce pollution and improve 
health. 

turer in Marketing, male and 53 years old. 

you get advice about turning your lights off, things like that, which I think is fairly 

marginal anyway. I suppose, I mean there are parallels historically with things like 
drink driving - if you ran a sustained advertising campaign, encouraging people to be a 
bit more frugal in the way that they actually consume energy, and this were mounted on 
a persistent basis, I think it could be effective. But what seems to have happened in the 

past perhaps, is you get all the campaigns and the government's money runs out and the 

campaign is forgotten about. Whereas the parallel with drink driving, if you go back 25 

years even, people were quite happy going into pubs, drinking and then going out to 
drive. Now attitudes there have changed totally. To some extent it's due to promotional 
activity through advertising and whatever, and clearly that's the carrot - the big stick - 
if you're caught doing this then you go to court as well. I suppose you could use that as 
an example of what could happen if you have a situation where there was a general 
public attitude that it's a good thing to save energy, which currently I don't think there 
is. And if it's backed up with some penalty for excessive use of energy, I mean they keep 
talking about a green tax on your electricity bill -I think that would work. If the public 
opinion climate is right, if people were adequately primed by promotional campaigns of 
one kind or ano 

, 
ther, I think it would be accepted because I think people realise that you 

can't just keep using more and more energy, then you get all these scare stories about 
holes in the ozone layer and global warming (which may or may not be true). If public 
opinion is primed, then I think you could then move in with legislative action or 
executive action of some kind to increase the cost and that would certainly reduce 
simple economics of it, if the cost goes up people would use it less. 

The following two respondents made comments about regional electricity or gas companies 

that contrast quite markedly: 
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Interview 10 - Senior Lecturer in Business Modelling. female. 30 years old and a fon-ner 
employee of British Gas. 

You've already mentioned public transport, that's a big one. The reason I use public 
transport is because I live in Heaton and it's easier for me to get the bus to work than it 
is to bring the car in, and it's cheaper. It should be like that for everybody. I have a car 
but I don't use it to come into work. Apart from that I suppose there are things that 
have been tried in other places where the electricity companies or the gas companies are 
giving an allowance to try and get people to use low energy light bulbs or insulate their 
houses or that type of thing... 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who always cycles to 
work. 

Yes, it's an interesting thing and it's often an issue I address as a marketing lecturer. I 
mean what marketing is all about is defining what people's needs are and one of the 
conventional questions we ask of the students is - what is PowerGen selling ? Selling 
electricity - well is it ? It's selling comfort, warmth, cleanliness, etc.. So I don't think the 
energy industry has done enough to define itself in terms of consumer needs. I still see 
that the gas and electricity companies want to sell me energy but they don't seem to be 
particularly concerned about me being warm by lets say for instance conserving energy. 
I find that particularly annoying. Huge marketing campaigns which stress the 
importance of insulation rather than generation and transmission of power. 

The following respondent had already stressed the importance of teaching children about 

green issues but went on to say the following about how the older generations must also be 
included in this education process: 

Tnterview 18 - Senior Lecturer in Marketing female. 41 years old and a mother. 

By educating children. The older generations need to be educated more though so - 
there needs to be much more advertising by the government -a constant reminder - leaflet drops (although that's wasting paper isn't it - laughs) - it does need the education 
of people - showing examples, like you were saying, of what the differences are in cost - 
that's what people are concerned about at the end of the day - what money's left in their 
pockets. There would have to be that emphasis that it didn't cost that much - that it 
may actually save money - in the long-term that would happen anyway. Showing the 
results of what action in a small way can do in the longer term - education rather than 
individuals. Here at the University it should be part of every course - it could easily be 
built in... 
Certainly we as members of staff have been encouraged to do things like put our paper in the green bins so every little helps. There has to be a lot of impetus from government 
and key organisations - 

The final respondent had already mentioned their home solar water heating system when 
asked if she would pay more for green electricity and went on to say the following: 
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Interview 20 - Senior Lecturer in Infonnation Systems, female and 48 years old . 

That's difficult - the media encourages us to buy more and more things that are 
electrically powered so you're bombarded by adverts about how you must have this, 
that and the other. I think it's just a question of educating people not to waste energy. 
I'm much more conscious now of water, we don't have a water meter but I try to be 
careful with our water. My husband thinks we should have a meter and then we'd be 
even more careful. I don't think we're excessive in our use of energy although we have a 
large house so our bills are fairly heavy but that's partly because we have my mother 
who is in the house all the time so we have to make sure she's comfortable. Doing things 
like insulating and all the things you can do to save energy in the home -I know we've 
done things over the years, better windows and better fitting doors, loft insulation, 
cavity walls and draught excluders and I think there's quite a lot you can do in that 
sense. I think if you encourage them not to waste it and it saves them money after all. 
I've looked at buying the energy efficient light bulbs but whenever I've gone to get them 
and look at the cost - we've got so many lights - it's such an astronomical cost. 
Whose idea was it to have solar water heating on the house: 
Well, we had someone come around - you know how they leaflet an area - you've been 
chosen and all the usual sales patter but my husband believed in it and he thought it was 
a good idea and they come out and do all sorts of measurements to see how much sun 
you get and whether it's worth it and so on so when they decided it was worth it it was 
his decision really to go ahead with it. I had strong reservations but I thought it was a 
good thing to do and therefore I would support him in doing it. We had to borrow the 
money though - get a bank loan to pay for it - so - 

6.5.2 vi) How important is your office, this building, and the people around you, to 
the way you feel ? 

Three respondents felt their offices were irrelevant to how they felt during the day (Interviews 

11,17 and 19). The remaining seventeen respondents all felt that their surroundings were 
important, but not as important as the people. Comments on the bare breeze block walls, 

office size, broken or difficult to use window blinds and the quality of the building in general 

were common coniplaints which would be expected when asking them to specify their 

working environment - given the limitations when personalising such space. Two respondents 
(Interviews 5 and 6), however, were able to choose their office decoration scheme and were 

very happy they'were able to do so. Only a few respondents mentioned the view from their 

offices, occasionally joking about the sight of the St. James Park Football Stand. The internal 

environment was cited by all respondents with little reference to the overall look of the 

exterior of the building. Heat was repeatedly mentioned as a major problem in the 
Northumberland Building. They were able to control the amount of daylight and any resultant 
heat that entered their rooms but not heat from the heating system and this was obvious 
throughout most interviews during several questions. The heat problem was occasionally 
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linked to the fagade refurbishment but this is discussed in further questions. Two respondents 

mentioned that they were also cold sometimes and their responses are as follows: 

Interview 13 - Senior Lecturer in Politics, male, 61 years old with an office on the top 
(fourth) floor. 

(Laughs) To how I feel ? It's my bread and butter - I'm reasonably happy at my work. 
In terms of actual physical surroundings - no real gripes except decent double glazing 
would be warmer and if the heating came on according to the temperature and not the 
calendar it would be better, otherwise I probably would not grumble as much as other 
people who would probably grumble to you about these factors. It doesn't bother me 
that much. 

Tnterview 20 - Senior Lecturer in Information Systems, female and 48 years-old. 

I don't think it's as important as the people. I don't get too hung up about surroundings 
but I can't spend too long in this office, I have to get out and I think the same for the 
building. Normally we have a coffee room down here but during the summer we've gone 
to Ellison Building for one and I've really enjoyed being in a different environment and 
I'd forgotten how important it was - just to get out of the building. Generally, I don't 
have a problem with this building, although the temperature is always difficult, it seems 
you9re either cold or hot - 

Several people linked the often oppressive heat in the Northumberland Building to health 

problems amongst staff and the following responses (Interviews I and 8) show the depth of 

their feelings with Interview 2 showing other health aspects considered by its inhabitants: 

the difference of interview technique at this 
summarises the variety of points 

In terms of people, I've probably got the best working relationships with the people here 
than I've ever had in my working life. That's not a negative comment about the places 
19ve worked in the past. The nature of the work, again, I enjoy a lot and rate that very 
highly. 
The quality of the building I think is dreadful - this individual room is not a problem - 
there are two of us in the room but quite often my colleague works on another site so I 
get the room to myself quite a lot of the time - the only time we ever get a problem 
sharing the office is when we need to supervise projects with undergraduates and we 
happen to have 'booked' to see students at the same time. What we both tend to do if 
this happens is go out to rind another room or go for a cup of tea and speak to tile 
student there because you can fit two people in here nicely or two people plus someone 
meeting one of them but if there are two pairs having conversations like this it doesn't 
lend itself very well. Other aspects of the room - it can get incredibly hot in ail 
afternoon, almost unbearably hot, we try to open the window but that makes a noise as 
the venetian blind starts rattling - it does get unbelievably hot in the afternoons. 
Would you say that was from the sunshine, the heating, or both: 
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Two things - from the sun itself but also from the build up of heat during the day. That 
thing spews out beat (points to radiator below the window) first thing in the morning - if 
it's within core months. It's switched off at the minute and it's quite nice but if I was 
having this conversation three months down the line you'd see exactly what I'm on 
about - as soon as you'd open the door you'd feel it. It's unbearable - added to the 
cumulative build up of heat during the day, with the sun, although it's not out at the 
minute - it can get incredibly hot. 
One advantage for me, in comparison to the office three doors down - it's a bit of a 
flippant one - is that I don't have to look at St. James Park any more, as I'm a 
Sunderland fan. I often look at the flats opposite so the view's not a problem. 
The University have this new policy in terms of health and sickness reporting which 
again is not a problem for me - I've been here for seven years and haven't had a sick 
day - like everyone else I get the odd cold and get a bit croaky but I just get on with it. I 

may come in and then go home if I feel a bit rough though. But I think if you're going to 
look at the role of having people in - customer care, etc. - you've got to meet the 
problem half way and I should imagine if you look at a breakdown at why people are off 
and why they are ill it's a building related problem in here. It's cold, flu like symptoms, 
those types of viruses -a product of the number of people in the building (it's full to 
capacity when the students are here) and also the effect of the fairly oppressive heat. 
I'm not really bothered about the aesthetics of the building, it could just do with having 
the heating turned off and a little bit of air conditioning - say perhaps up in the labs 

where it gets naturally hot because of the 20-odd machines and the people working at 
them. 

Interview 8- Senior Lecturer in Business. Infon-nation and Technology and Information 

, ement, female and 44 years old. Systems-Manap 

(Laughs) It's not a pleasant room at all. The building in general is - we often talk about 
sick building syndrome - people go away at the end of the day generally fed up. It's 
dingy, dark, miserable, cold in the winter. I had an eye infection a couple of years ago 
and I had to see a Specialist and the Health and Safety people came to see me as well. 
A4y desk was facing the window to try and get maximum light in. They suggested I 
moved the desk around, away from there so you don't know what's going around. 
They're not suggesting it caused my eye infection but it doesn't help. I've also got a 
guard for the screen because of the static attracting all the gunge out (pointing to the 
radiatorfins), so it's not very pleasant. 

and an active environmentalist. 

I think it's quite a dire environment to be honest. I think it's quite a depressing 
environment and oppressive even - there's also been asbestos removed from the 
building recently. So most of the people that work in this building think it's some kind 
of sick building. I tend to agree with that in most respects. I think ultimately this 
building should have been condemned but nobody dare say it. It's not a pleasant 
environment to work in, I don't think. People are very important, rather than the 
building. 
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6.5.2 vii) What would you call pleasant and unpleasant sights in cities and the 
countryside ? 

A variety of often contrasting opinions were noted during this question. Generally though, in 

cities - deteriorating 1960s and modem buildings, derelict buildings or areas, vandalism, 

litter, too much traffic, building- and road-works and claustrophobic areas were cited'as 

common dislikes. People thought a good neat and tidy mix of architectural styles, greenery 

and openness were attractive if seen in a city. Swan House, a modem building spanning the 

motorway that leads just to the east of the city centre, was mentioned by two respondents as 

bad examples of modem architecture whilst there was a difference of opinion about the large- 

scale sculpture, the Angel of the North in Gateshead. Nineteen respondents said they 

generally preferred the countryside, with very positive comments about it, to the city. One 

respondent had the following interesting response, which shows how strong environmental 

beliefs need not, necessarily, mean a longing to live in the countryside: 

, turer in Politics, males, 42 years old and an active environmentalist.. 

I can't say I have any particular preferences -I like both -I have to say that I prefer 
the city to the countryside even though I would be generally committed to 'green' 
principles - I'm afraid it would be a nightmare for me to live in the country. I enjoy 
being in the country but I enjoy working and living in a city. So there are no particular 
eyesores that I-I mean windmills don't bother me - the look of them. 

In the countryside the unpleasant sights included opencast mining, rubbish dumps and 

sprawling housing and industrial estates. The following responses are worth noting, 

surnmarising these general comments made throughout: 

interview 4- Senior Lecturer in Psycholop y. male and 45 years old. 

In an urban area probably what I don't like to see, in the first instance, is rubbish. In 
terms of the built environment I don't like run down areas - or derelict buildings - 
apart from that I can't say there's an awful lot - I've no aesthetic taste in terms of 
architecture, so building type - as long as it looks neat and tidy it doesn't offend me 
really. 
in the countryside - again I suppose rubbish would offend me - despite having an 
interest in bird ecology the sight of deforestation doesn't actually offend me but I can 
understand it would disrupt certain bird ecologies but it doesn't actually offend me. I 
might be offended by - as the people in my area were potentially upset - by coming 
upon an opencast site -I don't know if that would be urban or countryside now though 
- it might well offend me if I was travelling through the countryside and saw a huge 
opencast site - it does offend me for instance to see something like Siemens. Because I 
used to ivork locally 10 years ago - before any of those industrial estates were built and I 
know what was there before. Although that's an aesthetic preference people are 
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employed by it so I just trade the two off against one another - beyond that probably 
nothing would offend me. I tend not to be offended easily. 

Interview 8- Senior Lecturer. female and 44 years old. 

In the country -I spend a lot of time in the Lakes, we go walking quite a lot -I like the 
open air, the mountains, that sort of environment is very attractive to me. In the towns, 
in Newcastle, the 60s buildings are dingy and horrible. If you go down to the park 
opposite Warner Brothers though, they've built a park there, and the buildings are 
inuch better. We have a suite of rooms in there that we use and if you go over there to 
work it's much more pleasant. The Business Parks along by the River are also very nice. 
What they've done along by the Tyne is very attractive and it gives Newcastle a more 
upmarket, upbeat feel about it. In Sunderland, we went down past St. Peters Wharf on 
the bikes at the weekend, there's a Glass Centre there, and they've had a lot of 
European funding and they've done well, it's beautiful. The new University campus 
there too - it's really well designed - light and airy. You know there are good 
environments and bad environments. I don't know what it's like to work there, but 
there's a Crkhe for mothers which is very nice. 

Interview 9- Senior Lecturer in-Marketing. male and 53 years old. 

In terms of buildings ? In terms of any structure at all -I don't want to say I'm a total 
traditionalist -I don't like to see architecture which is out of place - classic 1950s or 60s 
architecture, boxes, I find irksome. When I go to a new place I always like to look 
upwards to see what the skyline looks like, above street level, otherwise wherever you 
are one place looks much like the next - the same old shops. You get some sort of view 
overall of what places are, and you get this sense of rightness that certain kinds of 
buildings fit in and others don't. And it makes you wonder why certain structures were 
allowed to be placed where they are, when they were actually built initially. What I like 
in the countryside, what I rind (I've actually come back from a weeks holiday in the 
South of England) very irksome is when you get these nice country villages, The 
Cotswolds, cottages that are hundreds of years old, that have all been neatly done up 
and the place looks totally artificial. Getting back to the point you raised earlier about 
wind farms and things like this, the idea though of sticking pylons with enormous 
propellers on the top of them in the countryside doesn't bother me at all. What I find 
quite annoying is when you find people saying that wind farms shouldn't be allowed in 
these beautiful environments, such as the Yorkshire Dales. When most of the arguments 
are - when people say that they're being imposed on the 'natural' environment - it's a 
man-made environment, it's totally unnatural - how have all these stone walls got there 
? It's a man-made environment and a windmill is just another man-made intrusion in 
the same way that the stone wall is, but everybody accepts a stone wall as being natural 
because it's been there for more than a hundred or more years. I think you've got to 
adopt a sort of reasonable live and let live attitude. I don't think you can specifically say 
that everywhere should always look the same, you've got to allow sonic sort of 
development, as long as it's not so garish that it ruins it for dozens of subsequent 
generations. 

Tnterview 14 - Senior Lecturer in Marketing, male, 47 v ars old and who cycles to work. 

I'm not against buildings as such, but I am against ugly buildings, looking out here I 
can see buildings that I think are OK and I can see buildings that are great and which 
are unpleasant, so it's architectural design, without any thought, so I'm a bit like a Prince Charles I suppose. I like effective greenery in towns, I think that quiet is 
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important therefore look forward to less traffic in the town and that's the same at home 
as well, our house was chosen because it's a considerable distance from a main road. 
Visual things, sound, odour have never really been a problem, except when they paint 
the building, I hate it. Variety I think, it's nice to see a variety of styles. I also think good 
s patial design, you can have lots of nice things crowded together that wouldn't be 
appropriate - but with greenery in between I think that works quite well. I consider 
myself quite lucky to look out here, particularly when the sun sets over the old 
University and lights up the lantern tower of the church there. I can even reflect on this 
building and think well it's not a brilliant building - but you see the photovoltaic cells 
and you think well it's taking something that is not a particularly good design and 
which puts it to some use, that pleases me too. 

Interview 19 - Senior Lecturer in Business Information Systems. male. 37 years old who 
usually cycles to work. 

In the cities, as I say, I've got a big problem with traffic -I think there's far too much 
traffic. Generally the sort of buildings they threw up in the 1960s -a bit like this one 
probably, which are a bit square, featureless - aren't particularly attractive -I prefer 
the older sort of stone built architecture that exists around the Grainger Street area of 
Newcastle for example. 
In the country I don't really mind as long as there are some nice green areas - Rothbury 
for example is a nice attractive village and the surrounding countryside is too but the 
more they develop housing in it the less attractive it becomes as a village. I suppose it's a 
crystal ball type of world where they say they should stay as it is but obviously it can't, 
but I think as long as things are done within the character of the existing surroundings 
then I don't think there's a problem - in architecture terms anyway. 

6.5.2 viii) How long do you think it is going to be before we have to seriously consider 
our reserves of gas, coal, oil ? 

Most respondents acknowledged that there would be problems some time in the future, in 

under sixty years from now, depending on consumption rates and population growth. Two 

respondents (Interviews I and 10) stated that they thought reserves would last much longer 

than 60 years, interestingly each in their thirties. One respondent (Interview 17) was 

surprisingly candid saying the following: 

Interview 17 - Senior Lecturer in Information Systems, male and 40 years of age. 

I guess I don't think about it, in as far as I don't think it's an issue in my lifetime, I 
haven't got any children so it doesn't affect my view really. 

Another respondent (Interview 8) also pointed out this short-term view that people may have 

and the potential apathy from governments, stating: 
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Interview 8- Senior Lecturer in Business, Infonnation and Technology and Information 
Systems Management. female and 44 years old. 

Well, it wasn't so long ago that there was an absolute crisis -when the Middle East 
countries cut off oil to the West. I think it made people sit up and realise that they're not 
renewable. I don't know what reserves are left in the North Sea, if any, I think it's very 
important but the problem is we only live for approximately 70 to 80 years and people 
don't take a long-term view of it. And in terms of the Government, they only take a5 
year view of what's going on. Nobody's planning for the next century. I'm a cynic and I 
say nobody ever will. Until something drastic happens, like another crisis, people will 
not plan that far ahead. 
You knowq they sort of invest in nuclear power and then forget that this stuff is going to 
be around for millions of years, degenerating and causing huge problems of what to do 
with it. Then they dump it under the Lakes. I think people could have told them that but 
they're just looking for cheap electricity. 

Seven respondents (Interviews 3,4,11,14,15,16 and 18) actually stated that something 

should have already been done, up to 20 years ago, or something should be done now. Of 

these responses the following two respondents' comments are worth noting: 

Interview 3- Lecturer in Business Modelling. male and 29 years old. 

Sooner rather than later -I would say within 10 years there's going to be serious 
problems - quite easily I should imagine. But I rind it hard to see how things will alter 
as regards personal transport -I think we've inbred a situation where people expect the 
right for everyone to have a car and not just one per family. I think people will object to 
having that taken away. Personally, with living on Teesside and working in Newcastle I 
have to travel in everyday by car which is frustrating because of the time it takes and 
the expense and although I don't think about it all that often it is causing a lot of 
pollution. I am trying to move a bit nearer though and my top priority for moving 
nearer is somewhere with good public transport links. I'd rather not use the car - even 
if it worked out more expensive then I'd still rather use that - in certain places it would 
even be more convenient. You also don't have the worry of looking for parking, etc.. I 
can't see everyone doing that though - they're going to live where they want to and then 
the transport there will be a second thought. Things are going to have to change -I 
can't see things happening quickly though it's going to be a slow process. With regard 
to petrol prices!. - if they just keep going up and up I don't think that will put people off 
using their car, because at the minute there's no alternative to that. I think they'd - not 
grin and bear it but - bear the expense - just keep paying and paying. There will have 
to be a vast improvement of public transport before it would have any kind of effect. I'd 
even consider having a bike if my home was within 4 or 5 miles of where I worked, 
Everything at the moment is geared up for cars. 

Interview 14 - Senior Lecturer in Marketing, male. 47 years old and who cycles to work. 

Before we have to - well we're probably too late I suspect, I don't know the extent of the 
primary reserves. Even if we just take the current estimates as being reliable and 
current projected demand -I think there's a mismatch there -I wouldn't know tile 
precise figures, but I guess it isn't looking good. Maybe there's a thirty to fifty year 
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time-scale before we run out so to speak, and therefore given that society reacts 
extremely slowly we really ought to be doing something about it some time ago - but 

given that we can only start from where we are now -I would wish to see things happen 

a lot quicker. I'm rather hoping the government with several years of power to go will 
do something about that but I'm not that sufficiently concerned about that to write to 

the Prime Minister everyday but I can see that something could be done. 

6.5.3 Renewable Energy 

6.5.3 i) What do you think of the way Renewable Energy schemes look, like hydro- 
dams and wind farms ? 

The following eight respondents' comments summarise the general feeling recorded during 

this question, in addition to the general feeling that schemes should try to blend in: 

Interview 4- Senior Lecturer in Psychology. male and 45 years old 

What do you mean by look ? The aesthetic side, oh - (yawns and sighs again) Whitley 

Bay's in a nice position for that as you can actually see the wind generators at Blyth -I 
don't think anybody could ever find them aesthetically pleasing - but on the other hand 

Blyth has a power station as well. For me there's a huge contrast between the two. 
Anything that either resembles Alcan or a power station has to be aesthetically more 
offensive than the wind turbines. I know that in certain countryside areas, e. g. the Peak 
District, the locals have been offended by the possibility of putting these wind turbines 

up -I think they're more aesthetically pleasing than a power station though. I drive up 
to Scotland regularly and I pass one and to me the wind turbine is more aesthetically 
pleasing but it's difficult - but as a psychologist here I know how much perception Is 
driven not by what you see but by what you think. In that sense I would much prefer a 
wind turbine or hydroelectric plant than a nuclear - in answer to your question I 

wouldn't mind any of those in comparison with the conventional things. 

ecturer in Business. Infon-nation and Technology and Infon-nation 

ystems Management. female and 44 years old. 

Well, I've seen the wind turbine things up at Blyth and they look hideous. (Laughs) I 
don't think they look particularly attractive. If they're out on the Moors then I think 
they look pretty awful. But people complain about electricity pylons. I don't know what 
tile alternative is - to catch wind - I'm not that well informed about better ways of 
doing it. The hydroelectric schemes are alright - the dams. They can be turned into nice 
visitor centres and greened over and people fish - things like that. If you look at 
reservoirs I mean they've got a big blanket of concrete holding it all in, but they've 
actually grassed over it and it doesn't look too bad. 
So to you blending it in rather than it standing out - 
Yes. I don't know what you'd do - whether you'd paint them blue when they're against 
a sky or the sea or green when they're (laughs) -just a bit of colour. 
The ones you've mentioned are they ones you've actually visited or just passed by: 
I've seen Blyth from a distance and I've seen the odd one or two around -I haven't 
gone out of my way to visit them. We go up to the reservoirs on a regular basis, walking. 

258 



Interview 9- Senior Lecturer in Marketing. male and 53 years -old. 

Hydroelectric dams - the dam itself, sometimes I think the wall could be landscaped a 
bit, trees on it or something, as they can be very stark. But the lake behind it is very 
nice. I don't have any problems with them flooding the countryside - as long as my 
house isn't under it (laughs) - but aesthetically I don't have any problems. The same 
with windmills - I'm quite happy with them. 
Have you ever visited any schemes like that: 
I've not visited them speciflcally, I mean I've seen them around, like when I've been on 
holiday in Denmark on a number of occasions - this is going back years long before it 
became an issue in Britain - these things are quite distinctive landmarks, generating 
power for the local village - yes. 

Interview 10 - Senior Lecturer in Business Modelling, female and 30 years of age. 

I think they're alright but then I don't have to live next to one. I know some people- 
complain about the noise, that type of thing, but at the moment I don't think there's 
anything wrong with them, they look fine but then I only have to drive through the 
countryside and see them, I don't have to live with them. 

Interview 12 - Business School Receptionist. female and 50. years old. 

I think - are you talking about those big wind things - they spoil the look of the 
countryside actually -I think they look dreadful. I know it is supposed to be for energy 
for the future, but is it, or is it something new they're just sort of experimenting with, I 
think it looks awful. 
Is it anything in particular about them that makes you feel that way: 
Just them being there -I think that's about it - they're just sort of all over the place - 
ugly looking. It's the size of them - they are pretty big aren't they ?I am sure there is 
another way around it, creating energy I mean, obviously it's something they're going to 
look at in the future but at the moment I am not keen on seeing them. 
Have you visited any projects like that or is it really what you have heard: 
No, actually I haven't visited any - it's just what I've seen on the television, when they 
show you areas where they have actually done this. I have never seen it visually for 
myself, I've never actually been, I couldn't comment on it personally, but from what 
I've seen on the television I don't agree with it. 

interview 13 - Senior Lecturer in Politics. male, 61 years old and a fon-ner Liberal Councillor. 

I suppose they don't look attractive if you're not used to them -I don't feel strongly 
opposed to them - if I think what the alternatives are. Ilydroclectric dams, they seem to 
be out of fashion now but they can be attractive - the Volta Dam for example -I mean I 
don't know what it was like before, but a lot of man-made reservoirs can be attractive 
especially if the alternative to these is nuclear power or something worse. As far as the 
wind farms are concerned I have noticed that there were some on the news - out to sea - if they can do that then great. 
Have you ever specifically gone to visit any schemes like this or have you just seen them in 
passing, or on television: 
I went to the Volta Lake and the Volta Dam when I was in Ghana -I can't think of 
anytiling else specifically, no. 
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Interview 14 - Senior Lecturer in Marketing, male, 47 years old and who cycles to work. 

Yes - I'm in a privileged position to have seen a fair few of them. Having seen them it 
might have changed my attitude to some of them. I've seen the original wind farms in 
California, I'm guessing, fifteen to twenty years after they were installed and now 
consider them to be quite an eyesore and indeed an ear-sore, I think they're invasive 
both visually and aurally. Even where they are used in discrete numbers lets say. at 
Blyth, or the occasional single propeller generator that you see, they are not that good 
and they certainly get noisy when you get close to them. I would imagine that the local 
residents are understandably annoyed. 
On the other hand I look at the outside of this building and think that well actually, for 
me, that has improved the look of it. 
I've seen the Dinorwic scheme in North Wales, as much as you can see it, and I thought 
that was an excellent use of Pumped storage, I liked the idea of that but don't know 
enough about it. 
The idea of stuff out at sea, I have recently started sailing - I've just come back from 
sailing across the North Sea and you don't get out of sight of anything these days - the 
gas fields are a menace -I suppose that's not so much a visual problem it's a bit of a 
problem if you are navigating a yacht at night and you've got to go around these things 
so I guess I can live with that. I suppose extrapolating from that, offshore wind would 
seem to be a kind of the way to go. 
I suspect in terms of wave power technology I don't think we're going to get that right, 
visually I think it will look a bit odd -I can't imagine what that would look like - some 
huge raft I suppose, so I've kind of discounted that I think. 
What I do quite like are the small kind of power schemes, lets say if you're in the Alps 
you'll see the radio telephones in the huts and at the top it's powered by a small solar 
panel, I guess charging a battery, that kind of strikes me as a neat thing to do. 
just to conclude then I'm generally in favour of it but the changing of the landscape 
visually and in other ways would concern me. I'm also concerned about having power 
lines strewn all over the place but I know the economics of that -I wish we would 
consume less power and therefore have less needs to put power lines all over the 
countryside. 

Interview 19 - Senior Lecturer in Business Information Systems. male. 37 years old and who 
MMEYSýýý 

I don't have a problem with hydro, I think - again having just been to Austria - they 
just dam all their rivers and use hydro in that sense, I suppose they're in a much better 
position because they have a lot more water coming from a lot more height that we do in 
this country. The wind farms I think are singularly unattractive - again I've just been to 
lJolland as well and they use them there - and they weren't out of place but I don't 
think wind farms are the answer as they are now. Poles and propellers -I think they 
have to look at other ways to harness wind of which we have plenty in this country. I'm 
not very keen on the wind farms in terms of their environmental impact - visually - but 
they're talking about putting them out to sea which may or may not be more attractive. 
in the North Sea for example there are so many platforms but you don't see them out 
there so what's the difference in that way. 
Have you ever visited any schemes like these or has it just been on passing: 
Not specifically - my father works at Cragside Country House, near Rothbury, and that 
was the first house in this country that used hydroelectricity so that's the only scheme 
I've ever looked at. That was from the 1800s but - 

260 



6.5.3 ii) What do you think about community ownership of schemes like these ? 

Nineteen respondents were in favour of this concept with one respondent expressing the 

following concern: 

Interview 15 - Senior Lecturer in Business Modelling. male-and 51 years old. 

I've never thought about community ownership but I would have thought that it was 
probably either irrelevant or inefficient. If you are going to have any sort of impact on 
national use of electricity or energy, then leaving it to little villages to put up a windmill 
is really - if you're going to do it properly then you have to have to do it at a regional or 
national level. 

Another respondent, whilst he was in favour of community ownership on the whole, also 

expressed a concern that this kind of scheme may be unfair: 

ecturer in Politics, male. 61 years old and a former Liberal Councillor. 

I don't know a lot about it - the immediate local community ? In principle - the 
difficulty isý I suppose, if you've got some natural resource that other people don't 
happen to have because you live in a place that happens to have it, for example a lot of 
wind, then I suppose you could unfairly sell what extra you produce at a profit to other 
people less fortunate - taking advantage of the gift of nature - but otherwise, yes, it's a 
good thing. 

The following comments show how a few respondents agreed with the principle but 

expressed reservations about the definition of a modem conimunity in this country: 

interview 8- Senior Lecturer in Business. Information and Technology and Information 

I don't know, I don't know if communities could get themselves organised enough to 
run something like that. I mean I don't see why not, I'm just a bit of a cynic when it 
comes to British people and their ability to organise themselves into Action Groups. I 
can't be bothered with local politics, never mind anything else. 

Interview 14 - Senior Lecturer in Marketing, Male. 47 years old and who cycles to work. 

in principle I'm in favour of community ownership of lots of things so I think it's a good 
idea, but I'm not too sure that we've got the sociology of that right and that it would 
always work. So I don't know if we are talking here about the scale of it which I 
presume would be fairly small scale or the community nature of the involvement. I like 
the idea in principle but my experience tells me that it would be riddled with difficulties 
- cooperatives get together with often no idea of what cooperation means and often fail 
because of that, in my experience, perhaps that's a bit out of date now - so in principle I 
would like the idea but I wouldn't be blind to the fact that there could be problems. 
What did strike me as being interesting was small-scale combined heat and power, I 
think they've got one in Byker where they burn rubbish and generate electricity on that 
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basis, and that's something that I've got a good feeling about - in as much as them 
burning anything. 

Interview 19 - Senior Lecturer in Business Infon-nation Systems. male. 37 years old and who 
usually cycles to work. 

Again, I think it comes back to the responsibility issue - whether people are prepared to 
take responsibility for what they do - it might work - most people think well what's in it 
for me - and I think that's what it would boil down to. Initially with something like that, 
I presume, would be a large capital investment to build it or whatever, and it would take 
some time before the benefits would be reaped - in terms of saving money - so it's a case 
of having to convince people that it's not short-term it's long-term. Whether you can do 
that I don't know - communities in this country are very transient these days - people 
move a lot. To say that you own that wind farm then you move two years later - where's 
that benefit for you ? That would be where the problem would be. Perhaps you could 
make it a UK-wide tax - to say look we're going to build things like these and this is 

going to be your responsibility and you pay this wherever you are. 

6.5.3 iii) How do you think Renewable Energy schemes look in comparison with 
Conventional Power or Processing plant ? 

Generally the reaction to the appearance of Renewable Energy schemes was very positive, the 

rnajority of the respondents saying they would prefer them to conventional plant. Three 

respondents, however, mentioned Battersea Power Station as a good example of conventional 

power structures. Respondents also acknowledged that each form of generation had its place, 

often quoting the number of wind turbines necessary to generate the equivalent power from a 

conventional plant. The following responses are worth noting here: 

interview 15 - Senior Lecturer in Business Modelling. male and 51 years old, 

I think a conventional power station is absolutely hideous, but how many windmills does 
it take to replace one conventional power station, I don't know the number but I suspect 
several thousands, so we will get lots and lots of visual pollution at a low level rather 
than a mass of visual pollution highly localised -I mean where they tend to put power 
stations tend to. be unpleasant sites anyway. Where they put tile windmills tends to be 
where you want to walk and look at the trees and commune with nature (laughs). I don't 
think Battersea would be improved by pulling the power station down, for example. 
Do you think that sort of scheme should try and blend in or try and make some kind of 
technology statement: 
Nly understanding is that one of these little rather elegant spindles with the propeller 
thing on the top - I've forgotten what it's called - does not produce very much 
electricity. Yes ? And by its very nature one would have thought a wind farm needs to 
be sticking up in the air with very big blades - that's what they're called - you can't 
hide that. You can hide a hydroelectric power station but they tend to be unattractive - you get one that can provide enough electricity for a small country, or a very small 
country maybe. I don't rind those visually offensive, they are actually quite magnificent in a way. I would much rather have one of those, which in a strange way do blend in, 
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than the equivalent in thousands of wind farms. I think it"s an interesting initiative and 
we9re learning more -I mean we've got our solar panels up there - it's in a very early 
stage of development and when you ask this question about when do we need to start 
worrying and I say we should have started worrying 10,15,20 years ago, it's because if 

you actually take current consumption and the current known reserves of fossil fuels 
then we're going to be running out, and it depends who you read, but I think it'll be in a 
few decades. If we add to that the fact that current rates of usage are increasing 

exponentially, doubling every 5,10,15 years especially in the third world countries - 
they9re also going to want to have their cars, TVs, then we're maybe talking about 5,10 

or 15 years. Think how long it takes to turn a massive economy around - we need to 
have that technology here and now in Britain. We are still twiddling at the edges -I 
mean this is the most advanced solar panel faqade in Europe I think - have a look at the 
dial and see how many kilowatts were generated in the last 12 months,, it's about 20,30 
40 thousand - that"s neither here nor there - sorry if I'm being negative. 

, ecturer in Marketing. female and 41 years old. 

They are less obtrusive -I don't think we can hide them though. The conventional style 
are very, very ugly, but then I don't have to live near this sort of scheme so -I don't 
know enough about them and how many of them it would take if we were going to 
convert totally - and what area it would take up - living in a city I'm not affected by it, 
you'd have to listen to both sides of the argument - they look like windmills don't they, 
little windmills, quite pleasant - yes, very teletubbyish (laughs). 

Nuclear power was mentioned with the following two respondents showing the two extremes 

of thought on this type of power generation: 

cturer in Politics. male, 42 years old and an active environmentalist. 

Nuclear power plants I don't like the look of or sound of, or anything to do with them 
(latighs) - so I'm pretty biased when it comes to them. I suppose it's because I think of 
them in architectural terms - sort of like this building, 'high-modernism' - machines for 
living/working in. Power stations, because they were built in the 60s, look very much 
like that -I dislike that sort of attitude to form generally. If I don't like the form and 
then somebody tells me it's something producing nuclear power - to put those two 
things together is not going to make me in favour of it. 

ale and 29 years old. 

Well, I think Renewable Energy is always going to be the underdog - it's always going 
to be struggling for a market share, just because the other companies are bigger and 
well established. I worked for Nuclear Electric for a year when I was doing my degree - 
as a placement student - looking at nuclear power generation. Before that I think I had 
this preconceived idea that nuclear power is dangerous - like most people I think - but 
once I looked at the kind of procedures and checks that they have to adhere to then it's 
no more dangerous than any other type of fuel as far as I'm concerned. Nuclear power 
does have that disadvantage - that people don't like it -I think coal and gas burning are 
the dominant force though - until the resources expire or until no more can be found. 
The way the industry's geared up at the minute makes that the cheapest way of doing it. 
There's no way wind or wave generation is going to have any kind of impact on that. I 
don't think a carbon tax would work, no, a blanket tax like that -I don't know what the 
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answer is to make wind power more desirable. I mean there was a problem with the 
sulphur from coal burning power stations and that cost a lot of money to put 
desulphurising equipment on the stations - so even though it's still a very messy way of 
producing energy it's the way we've developed and we're stuck with it - for a while 
anyway. You'd have to cover the island with wind turbines a few times over in order to 
produce the same amount of power as the coal industry we've got. 
It'll be interesting to see but I can't see how it would change - unless resources do come 
to an abrupt end. But I still think we could rind the fuel from somewhere even if it 
became more expensive - because the investment is there - in the machinery, the plant - 
we'll still carry on using it until the bitter end. 

Other factors were also mentioned by respondents including transmission lines and the 

character of the method of generation: 

Interview 9- Senior Lecturer-in Marketing, male and 53 years old. 

I think they look a lot neater. What I really don't know about - but what I've thought 
about is that the actual source of generation like a windmill can be quite aesthetic, 
particularly if there is a number of them. But youtve still got the problem of 
transmission lines, you've got to get the electricity from where it's generated to where 
it's used and I really do find electricity transmission lines of whatever kind a bit naff. 

interview 20 - Senior Lecturer in Infonnation Systems. female, 48 years old and an owner of 

Well, I think oil refineries and things like that are awful. I wouldn't want to live 
anywhere near anything like that and I feel sorry for anyone that does have to live there. 
By comparison a wind farm or hydro-dam or something must be a more pleasant tiling 
to look at or live beside. You must feel less threatened by it in terms of fumes and 
escapes and - 

6.5.3 iv) Visual Sheet I-A&B 

Visual Sheet I-A 

Respondents' preferences were as follows: 

Top pylons 4 20% 
13ottom right pylon 10 50% 
No opinion 3 15% 
Should be underground 2 10% 

(Total 19) 

Comments: 

The pylon, bottom right, was often described as naturalistic, tree-like, simpler or less 

obtrusive. The bottom left pylon, however, was described as being very obtrusive due to tile 
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area it appears to span. 

Visual Sheet I-B 

Respondents' reactions were as follows: 

It is a tree 6 30% 

it might be a tree but -6 30% 

It might be something else - communications, 
power transmission ?5 25% 

It is a Telecommunication Tower 2 10% 

(Total 19) 

Comments: 
Three respondents had very different comments about mobile phones and they are as follows: 

interview 2- Senior Lecturer in Politics, male, 42 years old and an active environmentalist. 

it looks like another pylon - in the distance - that's what I'd say, or a surveillance 
tower. 
It's Orange's latest telecommunication tower design - what do you think: 
It could well be a tree because there are trees around like that. I know there have been 

complaints in the countryside about that sort of thing. I suppose it looks OK but I have 
to say I think mobile phones are a social menace (laughs). I suppose if they're allowed to 
do this kind of thing then -I mean most of my opinions about this sort of thing are 
Coloured by the fact that I teach about technology and politics so I've got an acute sense 
of technology which maybe other people don't have. 

cturer in Marketing, male, 47 years old and who cycles to work. 

if I had to guess, if I'd seen it from a distance like that I would have thought it was part 
of some microwave link, there seem to be aerials on the top, although it looks like I can 
see line carriers, insulating bushings underneath. 
if I told you it was Orange's latest attempt at cainouflaging their towers, what would that 
make you think: 
I would say it looks like an attempt at camouflaging a microwave tower. I've thought 
about it - there was an item on about - it was on the North York Moors about farmers 
wanting aerials up, indeed me as well, if you're riding a bike alone on tile North York 
Moors it's nice to have your Cellnet working. My view about that would have been - 
well is there no way of camouflaging these by forestation rather than trying to make a 
microwave link look like a tree. I suppose you would need to compare it to what you 
normally see. I don't rind the Cellnet or the conventional ones look particularly 
unpleasant, they seem to be small, purposeful and relatively easy on tile eye in these 
areas. Another thing I would say is that that picture is at quite a distance and you might 
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have a different view if you got nearer to it, but I don't know if you would be able to get 
a bit nearer to it. 

Interview 17 - Senior Lecturer in Information Systems, male and 40 years old. 

Is it a Cellnet radio link ? 
Have you heard about it: 
I've seen it on the news. 
What do you think - 
I think it's unnecessary, I don't think Cellnet masts are that intrusive, I like my mobile 
phone - did I say selfish when I was describing myself at the beginning ? (Laughs) I 
don't think single structures are that offensive, I think the thing with pylons in 

particular is the way it sort of goes on and on and on over the entire landscape you are 
looking at. One thing somewhere on that landscape doesn't offend me in the same way. 

The remaining respondent, that does not appear in the above summaries, gave the following 

responses and became increasingly difficult to interview in future questions: 

gy. male and 45 years old. : cturer in Psycholop 

Visual Sheet I-A 
The top ones look like the ones I'm vaguely familiar with - to be perfectly honest I can't 
say that I find any of them aesthetically pleasing. The bottom ones look interesting but 
that may just be because they're different. I think if I had to live with any of these I may 
rind them just as unpleasant to look at as the top ones. 
Do you ever find yourself noticing things like these: 
Again, I have an interest which goes away from the perception - I've followed from a 
distance that electromagnetic radiation may have some health implication -I have 
relatives that live in an estate that has this sort straddling it. So in a built up area I'm 
likely to actually notice them potentially more than in the open countryside - because 
again the cognition of thinking well how close are people living to them. So you should 
never have an interview with a psychologist in that sense. I honestly think the cognition 
is driving me to thinking and making me more salient if you wish - when you're close to 
people. So in an open area probably perceptually they're not as salient for me so in the 
countryside perhaps it wouldn't matter so much as opposed to sticking them near 
houses - my attention would be drawn to them more. 

Visual Sheet I- 13 
Well it would appear to be - is it underground cabling ? Oli - there are no 'catches' - 
well I'm not sure I really know what I'm supposed to be looking at. 
If I told you it's Orange's latest telecommunication tower design, what would you think: 
I wouldn't know what you meant by it. Oh right - yes it stands out from the 
background but I'm not sure what I'm supposed to be judging it against - it's certainly 
not as offensive as a series of these (pointing to the pylons). But if there were a series of 
these then I would find it offensive. I think you've actually identified another structure - in terms of the 'dish structure' you're talking about - and I would need to have a look at 
that before I could then make a comparison of how this looks. 
You've never seen any standard communication towers: 
Well, I have seen things but I'm not sure what their function has been. If I have noticed 
them I've wondered if they were something to do with the railways and maybe sonic sort 
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of communication system for them - I've always thought of them as part of a public 
utility never as a single company. It's a difficult question for me to answer -I would 
need to have a view of what they had before to be sure I have in mind what you have in 

mind. Can I just ask you then how frequent are they ? 
Again travelling through Northumberland you come across transmission structures but 

where they've never been near railways I've always assumed they're military based. 
Does it have a logo on it ? 

It should be noted that for future work it is advisable to keep Visual Sheets separate - with no 

apparent link illustrations on the same sheet. During each interview it was necessary to keep 

the other illustrations covered which sometimes became awkward. Although the order of each 

element of the Visual Sheets was suitable it would be advantageous to keep them entirely 

separate. For this work this means that Visual Sheets 1,111 and IV (with parts A, B or Q 

should be avoided and produced as single pages - therefore meaning that for this work there 

should, ideally, be ten Visual Sheets in total. 

6.5.3 v) Moving on to energy conscious buildings - do you think they can perform 
well and be pleasing to look at ? 

Eighteen out of the eighteen respondents I prompted here thought that energy conscious 

buildings could perform well and look good, with nine of them mentioning the 

Northumberland Building in that context. The following responses raise some interesting 

points: 

Interview 2- Senior Lecturer-in Politics-male, 42 years old and an active environmentalist, 

Yes, I do -I think it is possible -I went to the Technology Centre in Wales, there's a big 
one there, and they've got self-build type houses and things - they're all solar powered. 
So I don't think there's any reason why solar powered houses can't look good. In fact 
they often look better than the things that are normally on offer - to me anyway. 

Interview 5- Faculty Secretary. female and 52 years old. 

Well, we work in one -I don't think there's anything particularly displeasing about the 
look of it -I understand it does work well - from what I've been told it actually stores 
quite a lot of energy. So, yes, I suppose it can work - if they're worked properly. 
What do you think makes a successful building then: 
Good management I would have thought - as far as the energy is concerned - obviously 
someone has got to understand what they're conserving and how to use it. 

Interview 6- Faculty Secreta1y. female and 47 years old. 

Yes. 
What do you think makes a successful building then: 
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That it doesn't stand out like a sore ringer - it does blend with whatever is around 
about. Also the people inside have got to be happy with looking out and looking at it. 
We're very lucky in this building - we've got quite a nice view out of this window 
although we very rarely look out - but it's nice to glance to the window and we can see a 
tree even though we're in the middle of town - it's not a brick wall. 

Interview 7- Senior Lecturer in Management Accounting, male and 51 years old. 

I don"t see why not. That's a perfect example - that building - the Northumberland 
Building - what we used to call the St. Mary's building. It was built in the 60s (out of 
these breeze blocks) when there was a huge expansion in further and higher education - 
it just went up of course - you built a box - that was pre 70s - it was built and that was 
that - up it went. Beauty is in the eye of the beholder but I don't see why not -I don't 
see why you can't design anything that's aesthetically pleasing. 
What do you think makes a successful building: 
Accessibility, comfort, airiness, light and in this day and age cheap enough. Also, from 
what I've been reading that you could use it in two or three different ways - so If this 
ceased to be a University it could become, for example a hotel. Like the big cigarette 
factory on the Coast Road which is now flats. That frontage there was a College of 
Education and it has ended up as flats. 

ecturer in Marketing. male. 47 years old and who cycles to work. 

Yes, I don't know whether they can but I suspect that the technology is there, it's just 
the desire or the architectural will as it were, the will of the client and the ability to 
absorb the cost. Although I have a feeling that increasing the costs shouldn't be an issue, 
I mean my guess is that it would be as easy to build a building with a higher insulation 
factor as it is not, it's just somebody hasn't done it. 
What do you think makes a successful building visually: 
I think it would be a question of both (outside and inside) because you might argue that, 
for example the Pompidou Centre in Paris, visually from the outside - well beauty is in 
the eye of the beholder. I don't find it pleasant but on the other hand I can understand 
the principles and that he may well have created an internal working environment 
which was brilliant. My view would be that you could still do both and indeed you could 
take the church out here which is still a church and you could reuse buildings like that, 
look at the Trinity across the road, that has been adapted and quite well. So I would 
look for a blend of buildings that were attractive both inside and outside and 
ergonomically correct inside -I do my best to make this office ergonomically sound for 
me but it isn't. But also then there's this vista out of the window - that's really quite 
important. What it is functioning like inside is OK but not particularly brilliant and 
then what it is like from the desk when you can afford the time to look up and look 
outside and it's quite good so that would be my view of this. If I had a perfect choice I 
would look to tune those three things and then I might discount one for another. So I 
might work in the Pompidou Centre if it was absolutely brilliant inside. 

nterview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

Yes, friends of mine live in Canada where the temperature drops to minus something 
ridiculous, minus 20'C or worse and they don't all freeze to death. The buildings are 
attractive as anywhere else the), just build them sensibly. 
What would you term a successfid building, visually: 
I don't know, not most modern buildings - my partner only likes old buildings -I love 
old buildings too, we have a Victorian house, but I think some modern buildings can be 
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very attractive. The Angel of the North is actually an embellishment to the area. I think 
the problem is, if you actually look at an old town hall or some building like that, when 
they built it they built so it would perform a function, like Corbusier, but they were 
prepared to spend the extra 10%, 20%, even 100% to make it visually attractive. In the 
modern era we always, it seems, go for the least cost option to actually achieve the 
purpose, therefore any kind of aesthetic function or role or value doesn't come into it - 
it should do but it doesn't - in the main. There are buildings -I mean there's the 
Pompidou Centre -I don't like it but I can see why others might - but this one is the 
cheapest way to provide accommodation for people I know. 

Interview 18 - Senior Lecturer in Marketing. female and 41 years old. 

The closest I've come to an energy conscious building was when I worked for North 
Thames Gas and that had, for example, lighting that depended on various things - it 

was open plan and quite efficient - yes, I think it can look good. These solar panels here 

were put on an ugly building anyway they're not too bad - they make it look much more 
modern. 

Respondents in offices opposite the PV fagade often commented on the reflection from the 

panels which occasionally caused them problems. The following response to this question 

shows how this effect influences one particular person, with additional comments made 

throughout the interview: 

Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

I think this thing over here is terrible. It's not the look of the thing, I mean if you look at 
it, bearing in mind it's a box building anyway, the walls are made out of panels, 
whatever the panels are, it's not the actual look of the panels - but they reflect the 
sunlight terribly. You can look out there some days and you can be blinded at certain 
times of the day. I think you can design energy conscious buildings to look good 
externally. Internally, I suppose if it's done really well then you don't know it's an 
energy conscious building. But externally yes, there have to be certain physical features 
presumably which allow energy to be conserved. I mean certainly when you travel to 
Mediterranean countries you see these water heating schemes - massive big things on 
the roof. They look a bit irksome. How you would actually make them look better, I 
don't know. Presumably they're designed by Engineers rather than Architects. It ought 
to be possible. Ithink given the time people will develop ideas to soften the look of these 
things so they are more acceptable. 

The reflection from the Northumberland Building's PV fagade can also, occasionally, be seen 
further afield. Figure 6.22 shows a photograph taken along the main corridor in Ellison 

Building (shown as number 14 in Figure 6.16). This is another University building a few 
hundred metres away from the fagade, with its main corridor lying perpendicular to the PV 
fagade. 
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Figure 6.22 The Reflection, along the Main Ground Floor Corridor in Ellison Building, 
from the Northumberland Building's PV Fagade. 

IPV in General 

6.5.4 i) Please describe the Northumberland Building's Photovoltaic faýade in a few 

sentences: 

All respondents, that were working in the University at the time of the refurbishment, thought 

it was an improvement on the original 1960s building. The phrases more modem, geometric, 

clean, striking, pleasant, rows, unobtrusive, horizontal, bars and twenty-first century were 

amongst the most popular when respondents referred to the fagade. The following comments 

summarise these common points: 

ears old and who had previouLly 

Today - when the sun's not in the wrong position - if you didn't know that it was what 
it is, you might think it's just another cleverly designed fascia panel. The fact that it's at 
an angle is a bit of a give away I suppose, but it's not that bad. If you look at the 
windows between them - you might say they don't look too good either. If you're just 
looking at it as a building, it's reasonably acceptable I suppose - it's an awful box 
anyway. What was there previously, the tiles fell off, were really no better than that. But 
the real problem is because of the way it's designed, because it's sloping, when the sun 

270 



gets down to a particular angle and we get the unfortunate benefit of it shining straight 
back at us. 
Do you ever use the blinds: 
I do but it seems ridiculous. This is a north facing room and the blinds shouldn't really 
be thereq they're totally unnecessary. On the other side of this building, particularly in 

winter time when you get a nice clear day and the sun is low in the sky, it's terrible. But 
the one good thing about being here is it's all north light and therefore quite pleasant as 
a desk working environment, until the reflection comes in. Sticking paper up or using 
the blinds seems to defeat the object. 
How much of the year would you say the reflection was a problem: 
There's no pattern, though it may be worse in winter when the sun is lower in the sky. 
you knowg the clear winter days that you get. It bounces straight back in here. 
Is it a common problem would you say: 
oh yes, people have said. YoU'get the glare from the windows anyway, even previously 
when it was just a tiled surface - because it was a light surface, it was a bit harsh. But it 

certainly is worse now with the reflective surface. 

ecturer in Marketing. male. 47 years old and who cycles to work. 

The first word that springs to mind is it's got the look of a calculator about it, a sort of 
hand-held thing with cells across the top. I think there is a nice combination of those 
horizontal black and grey bars and vertical whites - the replacement windows. So it 
feels quite good, feels geometrical, feels technological, but I also remember how it was 
and it is not a particularly well designed building. It's been an improvement that's for 
sure. There's the reassurance of that now we've got something that looks OK but that's 
got some purpose to it. I'm happy to look at it in that respect. 

Interview 115 - Senior Lecturer in Business Modellinc,, male and 51 years old. 

It's just row upon row of - as a faqade it's a flat block interspersed by long lines of glass 
ivindows and what used to be concrete now has what appears to be plastic, black and 
silver cladding on it. It's still a flat faqade with no interest or visual attraction to it. 

ssistant, female and 53 years old. 

it's rows of rectangles really - like rows of dominoes interspersed with windows. It9s 
light and bright not dark and overpowering. I've seen it as it was before and I think it9s 
an improvement. I'm sure there9s a better way of doing it but they did have to convert 
the original building and they did make a reasonable job of it. 

ecturer in Infon-nation Systems, male and 40 years old. 

I think it's quite attractive, I think it gives the building a high-tech image, I don't think 
it generates much electricity but it gives a good image. It creates a good impression in 
terms of being high-tech, moving with the times, having a degree of environmental 
awareness. 

terview 19 - Senior Lecturer in Business Information jystems, mgle, 37 years old-and-who 
tisuaily cycles to work. 

The faqade is mirrored with windows between the mirrors, or solar panels. I tilink, it 
looks quite attractive. How much energy it generates I'm not sure. Strangely enough 
I've just been in Ellison Building and I was standing and reading the pamphlets tiley've 
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got on the wall - which suggest that it could produce quite a substantial amount of 
energy. On that basis it's 100% better than what it was. So if it can provide some value 
as well as look quite aesthetically pleasing then I think that's something to be said for it. 
Again going back to Austria - there's a lot of solar installations and they're not 
intrusive. They're on the roofs so on a flat roof like this you could see the potential or 
angling it like here. 

One of the most surprising things that was to emerge during this research was the apparent 

lack of awareness some people had of their environments in general. This can be seen 

throughout this stage of the survey and can be seen initially in the following two respondents' 

comments about the fagade: 

Interview 6- Faculty Secretaxy. female and 47 years old. 

From memory it's like a building covered in mirrors. It's a mirror fascia - tiny squares 
- to me they look like mirrors and obviously very beneficial for what they've been made 
for. People can obviously see out of them - otherwise they wouldn't have had them put 
up -although in fact they're not beside the windows are they - they're below - they look 
very nice. 

ecturer in Politics, male, 61 years old and a fonner Liberal Councillor, 

The what faqade ? Oh, I see - it looks OK, whatever it is. 

6.5.4 ii) What do you think about this demonstration project ? 

In general most respondents thought this project was a good idea, promoting the University 

and its research activities, but added that they didn't know much about it. Few could 

remember the information that was available at the time. There were conflicting responses, 

however, regarding how well the building had been publicised. Most thought it had appeared 

quite widely in the local media whilst the following respondent, interestingly, *stated: 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work. 

, %Vcllg I was totally in favour of it - whether it's been successful in demonstrating it or 
not I don't know. It's an example I use when talking to students about what peoples 
needs are, and how you generate electricity - you look outside and people don't know 
what they are -A that's interesting. I think it's potentially very good at demonstrating, 
but I wouldn't know the reality of it as to whether it's actually done that. I'm not too 
sure whether it has been well enough marketed in that sense. 

The Acting Assistant Director of the Business School (Interview 11) felt he had had little 

information but later in the interview said he would now actively seek out more infomiation. 
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He has a large office directly opposite the fagade and has often been asked about it by visitors 

when they attend meetings, but felt unable to tell them about it: 

I don't know because I've no idea how it's used as a demonstration project, I don't 
know what use it's put to. I've received very little in terms of information about what's 
happening, in terms of its effectiveness. I mean it's fine as a demonstration building, it 
doesn't appear to affect anything to do with the Northumberland Building but it hasn't 
disrupted us in that respect, apart from the initial installation. 

Many negative comments, about the amount of electricity respondents felt it had produced 

since its completion, were also made throughout these interviews. It was often extremely 

difficult to look unaffected by these comments but it was necessary throughout to look 

unbiased and interested in all opinions. The following responses show the variety of beliefs 

regarding its output: 

Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old 

I think it's nice that we got it. It's nice that we're doing work in that area, in an area 
that geographically you don't normally expect month after month of glorious sunshine - 
so it's actually pushing the limits. Unfortunately it has dial on the wall next door which 
just shows how the vast expenditure is not producing very much electricity. 

ssistant, female and 53 years old. 

I9m in favour of it - it's a good demonstration. I see groups of people coming to look at 
it - it's well publicised. I don't know that much but I know that even on a dull day like 
this it still provides power because the digital band underneath the building says so - 
the changes show that - so many kilowatts per hour, I think. 

The following, response is of great importance as it shows the power of a seemingly 

innocuous piece of graffiti on a poster in the same corridor of the Ellison Building (shown in 

Figure 6.22) mentioned previously: 

. Interview 3- Lecturer in Business Modelling, Male and 29 years old. 

I think it's valuable, I'm not sure how much the -I think it's a cooling tower thing 
that's stuck in front of it -I don't think that's a good idea because it'll obviously have 

an effect on the efficiency of the panels. Oh, that was already there. That's the only 
thing that springs to mind - why would you put a solar cell behind something that will 
mean it's in shadow all the time - it didn't seem a particularly good idea, but otherwise 
I think it's a good thing. But I'm not sure on the details, how much power it actually 
generates -I believe it's not very much - just from the odd jokes I've heard - enough to 
boil your kettle, something like that. As to the actual power output I've not really looked 
into that - but it would be impressive if it does produce a fair bit of electricity but I 
can't see that it would - especially on a day like today when it's overcast and there's 
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hardly any sunlight then I can't see it generating very much at all. Overall I think it's a 
good venture. 

The joke he had heard about the fagade, producing enough electricity to boil your kettle, 

apparently came from the Staff Room as someone had seen this graffiti on a publicity poster. 

The poster, seen in Figure 6.23, was removed by myself as it was outside the NPAC reception 

area and might have been seen by too many people in that location. It seems it was up, 

however, just long enough to travel across the University Campus. Ironically the graffiti had 

been produced by a NPAC research student conducting experimental work into thin-film 

technologies. It can be seen how such a seemingly small action, over two years ago, can be 

taken seriously enough by people to talk about it in a variety of social venues for years 

following the event. 
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Figure 6.23 Graffiti on a Northumberland Building Publicity Poster along the corridor of 
Ellison Building. 
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Two other estimates of the project's output were given by the following respondents and are 

interesting to note: 

Interview 17 - Senior Lecturer in Information Syste s, male and 40 years old. 

I think the amount of electricity it produces are derisory. I can't see that unless it can be 

improved greatly it's going to be very commercially viable. The actual figure from the 
first year of use was enough electricity to power twenty computers every day which, 

given that we've got labs each of which have twenty computers in and there are about 
twelve or thirteen labs like that - if you can power one of those - providing you don't 

switch the lights on -I don't think that is achieving an awful lot. It's a nice idea though. 

cturer in-Marketing. male and 53 years old. 

Well, you probably know more about the technicalities than I do. Well, we hear all 
kinds of rumours about this thing. When it was first put in the University put out a lot 

of publicity material about it, how it's going to save on the electricity bills. The story I 
heard was that the capital cost of it when written off against electricity saving, is that it 

won9t break even until about 30 years time. By which time these things will probably 
have broken down and worn out anyway, which seems slightly odd. I mean it makes a 
nice statement about the University being at the forefront technically, but it doesn't 

make a lot of sense economically. How true that is, I don't know. But it's certainly a 
commonly accepted fact among a lot of staff here that it looks good but it's really just a 
piece of PR. 
So you would think of it that way rather than as an experiment to test the technology: 
Nvell, I mean if it's going to test the technology, if what it's for is to sort of develop better 

means of converting solar energy into electrical energy, then fine, I don't have any great 
difficulties with that. But certainly the way it was presented to us was that it was really a 
bit of a PR thing to show what a wonderfully technically advanced institution we are. 
one strange thing about it though, we've got these panels here facing south on this side 
of the building, there appears to be one panel on the other side of that building facing 

north. That9s if the sun ever rises in the north presumably ? (Laughs) 
That's to test the diffuse light available - to test if north facing fagades are viable: 
I -, vondered about that. 

A common misconception, often seen by those working in the PV field, is how people think 

()f active solar systems when the term solar energy is mentioned. Photovoltaic panels are 

ofien, for example, mistaken for water heating panels. Only two respondents made this kind 

of comment at this stage and I was able to explain the difference later in their interviews. One 

respondent (Interview 13), however, was the only person interviewed who still, at the end of 

the interview, could not, or would not, grasp this concept. 

Intcryiew 7- Senior Lecturcr in Manap 
., cment Accounting, male and 51 years old. 

I tliought it was excellent - the fact that they were heating the whole thing. Also, what 
you have to remember is the history of the building: it was opened in 169 and tiley have 
one little boiler in the corner - something had to be done and I don't think there was 
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physically the room to put another conventional boiler in it. This is three times the size 
of the original project - that wing was built 169 and that one in '72 - you can tell by 
looking at the blackboards. All of the blackboards have an identification number and 
the first two digits are the years it was put in. I was one of the first students in that 
building in 1969 - it was my first home. 

Tnterview 13 - Senior Lecturer in Politics. male and 61 years old. 

it's fine in principle, as I say, but what time I've spent in that building it never seems to 
be very comfortable. Generally it's too cold or too hot and it doesn't seem to work very 
well. 
That'll be the windows, rather than the actual electricity being generated from the panels in- 
between: 
I don't know what it is but I get the impression that the temperature is more even in this 
block than it is over there, but I obviously haven't seen any figures. 

6.5.4 iii) Do you know of any other buildings that use that technology ? 

Nine respondents said that they hadn't seen any other examples of BIPV whilst four 

respondents confused PV with active solar systems on houses they had seen whilst on holiday 

overseas. Two respondents said they had seen systems on television and two respondents 

mentioned having seen some examples when visiting the Centre for Alternative Technology 

(CAT) at Machynlleth in Wales. One of the respondents who had already mentioned CAT 

added: 

Interview 2- Senior Lecturer in Politics. male. 42 years old and an active environmentalist. 

I know of them but I haven't visited them - there are some in this country, there is one 
ljouse which is completely 'green' - in fact there are a few. 

The respondent who owns a home active solar system (Interview 20) said she thought she had 

seen some examples in Canada. Two respondents also acknowledged that there was a 
difference between the two solar technologies: 

interview 9- Senior Lecturer in Marketing. male and 53 years old. 

Not locally, I've seen them around in different parts of the world - but not here - not 
electricity generation - lots of solar panels to heat water but not like this, no. 

old and who cycles to work. 

Not substantially, I suspect what I have probably been looking at is water heaters oil 
roofs, south facing roofs. I've seen the odd panel in the odd place, for instance on yachts 
I)ut I couldn't say I've seen a building. 
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6.5.4 iv) What type of building do you think it would be appropriate on, commercial, 
industrial, domestic - 

Ten respondents said that they could imagine this form of cladding on any type of building, 

used within the constraints of the individual building. Four respondents were doubtful about 

its use in domestic housing with one respondent very successfully outlining the possible 

reasons behind this reticence: 

ecturer in Information Systems. female, 48 years old and an owner-of 
ng system. 

I9m not quite sure what it would be like on a house, it would probably be alright on a 
big block of flats -a big building where it could blend in. It's your perception isn't it -. 
you have a picture of what you think a domestic building should look like but you have 
to kind of change that idea. It's like when new designs of cars come out they look 
horrible sometimes, but 2 years down the line they're acceptable because that's the way 
the designs have changed. So I think it would probably be alright on any building but 

you might have to get people used to the idea of seeing it. 

There were also a few comments about PV on walls, or fagades, rather than roofs with the 

following respondent summing up these concerns concisely: 

Interview 14 - Senior Lecturer in Marketin. male. 47 years old and who cycles to work. 

I suppose as it has a kind of functional appearance then it would sit more happily on 
commercial buildings. On the other hand I could easily see it being incorporated into 
lets say the grey slate roofs in Jesmond, in much the same way as you would see Velux 

., vindows inserted into those. It's a kind of modern technology superimposed on a fairly 

ancient roofing technology. I could see it sitting happily if the design was thought out. I 
don't think the water heating panels have been aesthetically thought through quite well 
enough. I suppose if you look at industrial estates you could see them working quite well 
there, I could see them working perhaps on buildings in London, like tile top of tile 
Lloyds Building for example - high-tech -I don't know much of what is required in 
terms of orientation but it strikes me as being - that roofs would be good -I don't know 

, %vhat they'd look like from a plane of course -I was quite surprised to see them as wall 
panels. 

Tvvo respondents described various factors about its use in city centres and are worth noting: 

s old. 

Big, functional public buildings like this, principally -I don't think it would work on 
older buildings. Big modern buildings with a high proportion of glass - it would fit in 
weil and blend in nicely -I don't think you could put a few on the front of a beautiful 
building like Sutherland Building (a nearby red traditional and ceramic brick University 
building). So it lends itself to this type of building rather than that. But if you take a look 
at most cities there's a mixture of both types of building. 
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Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

I think it would be difficult on domestic buildings - for industrial buildings - but 
presumably it depends on the actual site and the configuration, the topography. The big 
problem with commercial buildings is that they tend to be in city centres and if there's a 
commercial building to the south of you that's bigger than you, you wouldn't get any 
sunlight. So whilst it might be a good idea in that respect, it might be self-defeating 
because you can only have one barrier to stop the sun. So low-rise industrial buildings 
ynight be better, they wouldn't be as visually intrusive because industrial buildings tend 
not to be all that pretty anyway. So I think domestically the economics of it wouldn't 
work, you need a fairly big area, you might stick some on blocks of flats I suppose - 

The following respondent's comments are included as they show how much certain people 

have thought about this technology and can communicate their ideas about something that 

they feel an empathy with and yet may not know much detail of. His comments and others 

show how relevant this research and future work like this will be for the public acceptance of 

BIPV: 

linterview 19 - Senior Lecturer in Business Infon-nation Systems, male. 37 years old and who 
usually cycles to work. 

I think on the fascia of a building it's quite unusual -I think it would suit any building 
on the roof. Modern office blocks could use this - if people thought how this technology 
could be used these awful buildings could be enhanced - not just think of them as 
squares that catch sunlight, other than just a series of boxes - design them differently, to 
niake a pattern - make it a feature, in the shape of a dragon or something on the side of 
a building. Something innovative not just solar panels, put on something - something 
different. This building is attractive though. Let's see what we could do - so there's 
scope for people from architecture or design to improve solar power - to make it more 
aesthetically pleasing - whether it's technically possible I don't know - to make shapes, 
to make pictures - 

6.5.4 v) Do you think it is economic in this country ? 

Eight respondents stated that they didn't know if it was economic in this country whilst four 

respondents said it might be. All of these respondents said that they would need more 
information to make an informed decision. Two respondents did not think it was economic 
but that it might be in the future. The remaining six respondents' comments are included in 

this Section as they show some common points raised, shedding some light on the perception 

of this technology in northern latitude countries and how additional information contained in 

prompts can examine what education may be necessary: 

and an active environmentalist. 

I think it seems like it's more economical, in terms of sunshine, the further south rather 
than somewhere like Newcastle. But I think that there's a lot of propaganda against the 
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economics of solar energy - which is coming from the nuclear industry, etc.. As such I 

don't think the economics are being investigated in the way that they should be so I 

would be very suspicious if somebody said to me that it wasn't possible - that these 

things weren't economically viable. It sounds too close to coal pits aren't economically 
, viable, those kinds of arguments, which are completely spurious. I certainly think if 

there was the political will, which there isn't, there are no reasons why the economics 
couldn't be investigated and my other suspicion would be that the economics would 
work out better than people would imagine. 

Interview 3- Lecturer in Business Modelling, male and 2 years old. 

No, I don't think so. I think it would cost more to build, to install and to repair - 
because I don't think we get the weather to benefit that kind of installation. I think the 

number of good sunny days we get -I think if it was in the Mediterranean then yes - 
but here I think it would cost more to produce and install than it would ever generate. 
So I think it's only valuable as an exercise to show what the technology is capable of 

rather than a serious attempt at generating electricity. I think the building it's on will 

still need to buy in electricity -I mean I don't know the figures - but on a day like today 

and all through the winter I can't see it being much use. 
(Explained about temperature and efficiency - also diffuse light - offset, etc.. ) 

19ve not looked into the technology in detail -I find that quite surprising - it's 

-, vorthwhile you explaining that. 

rturer in Marketing. male and 53 years old. 

I honestly don't know. I mean intuitively I would have thought not. If it's working on 
sunlight and we've so much cloud here, presumably that affects it but if it's just tile 

ultraviolet radiation then it could pass through the clouds - 
It's just diffuse light, daylight: 
NVell, we get enough daylight, if it can work when the sun is low in the sky, it'll be fine. 
if it's summer time then you get a nice long day. This is one thing I didn't know, I 
thought it worked on sunlight. 
Our climate also keeps the cells nice and cool which improves efficiency in comparison to hot 

climates where the efficiency actually drops off - 
Oh, I didn't realise that. Excellent, yes. And presumably then if eventually tile 
technology is improved and you get more volts out of it or whatever, I would be willing 
to put up with something visually intrusive if it was generating electricity. 

interview 14 - Senior Lecturer in Marketing, male. 47 years old and who cycles to-work, 

That depends on the relative price of things, I don't know the cost of generating 
conventional power and how it compares. I think my view might be changed if perhaps 
originally I thought well it can't be economic because they must rely on sunlight, or 
direct sunlight, and therefore the amount of direct sunlight hours we have isn't going to 
be good. I understand now that it doesn't, even if it's cloudy then it still works. 
Where did you get that bit of information from: 
I'm not too sure actually, not from reading any scientific paper on it just probably 
general discussion in the staff room, or from people I talk to who are very similar to 
myself - so that would have been word of mouth or rumour. 
Was that a while ago or recently: 
(Trying to find out if lie had been speaking to a previous respondent) 
I would have thought two or three years ago when that inforniation kind of filtered 
through to me, made me kind of think A yeah, that's a point. I suppose the other thing 
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is the efficiency of the panel, I know there have been substantial moves made on the 
panel efficiency some time ago but I can't remember when. Given that the source of the 
energy is free, I think it's just the construction costs that you are paying for and looking 
at it and assuming - to my business mind - once they're in they are going to last a long 
time, then however you calculate the cost from them, whatever period of time you chose 
to -I would have thought that the generation cost is quite low and therefore a useful 
source, particularly if it ever generates more than we need and it can be sold to the grid 
then fine. So my guess would be that the economics are in favour in the long-term. 

Tnterview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

No. The only hard evidence I have is a vague recollection of how much that cost, which 
19m sure was in the hundreds of thousands, quite a few hundreds of thousands and the 
fact the little dial on the wall says that it could power a couple of semi-detached houses - 
that is obviously not economical. If you went down to the South of France maybe it 
would be. 
Photovoltaics operates on daylight, not just direct sunlight, and the panels also operate at a 
higher efficiency when they're cool rather than when they are in hotter climates. How does 
that make you feel: 
(Almost ignored me when I was talking - seemed defensive) 
It9s a view I wish I didn't have but - being reasonably scientific the one example I've 
had -I mean if these are working efficiently and producing this little then - it9s almost 
worsening my estimate if they are like this in this ambient temperature. Yes, yes, I see 
that it's a sort of trade-off but - it's the one example we've got -I have walked past it 
very frequently and see it generating piddling amounts. 

rs old and an owner of 

In my experience with our solar system it isn't. The country we live in - in a good 
summer we have the solar on all summer and we never use the gas boiler at all but this 
year I can count on both hands the days we've been able to do that. I know you get some 
benefit from just the daylight, I know it's not just down to heat, but I know from ours it 
does make a big difference if we get more sun. Certain positions will be better than 
others - I'm not sure that a city centre is one of them. 

6.5.4 vi) On a good day what percentage would you say the faqade produces of the 
building's total electricity requirements ? 

Wouldn't like to guess or didn't know 8 40% 
Up to and including 10% 4 20% 
20-30% 4 20% 
50-70% 4 20% 

(Total 20) 

Comments: 
The respondents were reluctant to answer this question often adding this is a 1vild guess or I 

should knoiv because it's on those display panels. Three respondents' conimcnts are worth 
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noting, the first showing how storage was thought of, the second shows how project viability 

is considered and the latter showing how the respondent considered the question in some 

detail 

Interview 5- Faculty Secretaly. female and 52 years old. 

No - because again I haven't seen the figures but I have been told that it has stored a lot 

of electricity so I presume it must produce upwards of 50% if they're managing to store 
it as well. 

Interview 6- Faculty Secretaly. female and 47 years old. 

Well, hopefully over 50% otherwise it wouldn't have been viable in the first place. 
Maybe 60-65%. 

interview 9- Senior Lecturer in Marketing. male and 53 years old. 

I don't know - they did quote some figures which I've forgotten. On a good day, 

presumably that would be a sunny day, and we wouldn't have any lights on internally. 
The only power used would be the computers and whatever, so I would presume it could 
produce most of it. On a winter"s day when there's not much light in the sky it may not 
produce much at all. But when there's no additional demand for lighting - 60-70% or 
more ? 

6.5.4 vii) Have you ever seen the display boards underneath the building ? 

Seen panels but only in passing 14 70% 
Read panels and still look on passing 4 20% 
Not seen them/not aware that they are there 2 10% 

(Total 20) 

Comments: 

Respondents tended to notice the red LCD displays rather than the text of the boards. Two 

commented on keeping a regular eye on their values, with others referring to them in other 

questions. Figure 6.24 shows the information panels beneath the Northumberland Building. 
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Figure 6.24 The Northumberland Building's Display Boards. 

6.5.4 viii) Have you told family or friends about the building or have you ever been 
asked about it ? 

Asked by others about it 6 30% 
Told others about it 6 30% 
spoken about it in general 4 20% 
Never comes up 4 20% 

(Total 20) 

Cornments: 

The following comments are worth noting in addition to the above figures: 

old. 
I've been asked about it - is that the building you work at - and I was able to answer yes it is - because it obviously got publicity through the local TV - Look North. One or two responses - oh, you work there, you know the building -A yes it just happens to be the building I work in -A right, etc.. 
How does that make you feel: 
It was just the fact that it was good that the University had got a piece of positive publicity from some of the work that's been done here, so that was good. Wasn't that much of a talking point because really I knew nothing about it. It did have some sort of 
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impact on people though because it was Northumbria and people knew I worked there 
and would comment on it. 

Interview 6- Faculty Secretaly, female and 47 years old. 

Oh yes - my husband asked me about it as soon as it was publicised. Well, what does it 
look like ? Is it in your building ?I told him it's the building but not my side -I can see 
it but - he actually picks me up near it now - he used to drop me off and pick me up out 
the front but - he now parks there and obviously looks up at it when he's waiting for me 
(laughs). He's an electronics engineer so I think after reading it in the paper - because of 
the publicity and everything - he came and looked at it and said well it must be feasible 
for them to do it on the whole side of a building. Plus you've obviously got to look which 
way the sun's coming around and when you're going to get the best benefit. He actually 
asked me why they chose that building - my response was well I haven't got a clue - but 
if it's in the right place and the right height - but I don't know. 

Interview 
-14 - 

Senior Lecturer in Marketing, male. 47 years old and who cycles to work. 

No, I mean I generally point to it as a business example or an aesthetic example or 
example of the University and its contribution to research. 
Usually in lectures - things like that: 
Yes, or in conversation with students coming to work hereq part-time students for 
instance. The other thing I often add to it is to say do you know who makes these panels 
- and they don't so I say if you have a look then I'm fairly sure it says BP in the corner, 
of course they're all surprised by that - and I say well actually that9s good news isn't it - 
because BP are now defining themselves not as oil refiners but as providers of energy. 
They are still not quite as close to the customers' needs as they could be but what I want 
isn9t energy it's warmth and warm water. 

6.5.4 ix) Do you ever see people looking at it ? 

No 8 40% 
Yes 8 40% 
Not sure what they might be doing 2 10% 

(Total 18) 

Comments: 

it was not appropriate to ask this of the two remaining respondents. Two other respondents 
had seen people looking at it and felt feelings of pride or a good feeling that this was 
happening. One respondent had also seen someone reading the display boards. Neither 
Business School Receptionists had ever had any queries about the building. The following 

comments during this question are also worth noting and show the variety of points that such 
a variety of respondents made. Also noticeable throughout this research is the way in which 
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respondents would sometimes answer certain questions in such a way that they referred back 

to earlier questions, as if to clarify or substantiate comments they had already made: 

Interview I- Senior Lecturer in Business Modellim male and 33 years old. 

You get a few people having a look up at it, for example we've had a whole week. of 
graduation ceremonies recently, and you can tell one or two people were looking up at 
it. 
What's that make you feel: 
Nothing really - just like any other building with a bit of interest about it, would 
generate that type of response. 

Interview 2- Senior Lecturer in'Politics, mate. 42 years old and an active environmentalist. 

I wouldn't say so - not now anyway - the problem is in this building you see, especially 
for people who work in it, is you've got this completely contradictory situation where 
you've got this high-tech stuff on the outside of the building but water still comes 
through the roof into the corridors. That sort of disjunction between the two is a source 
of quite considerable annoyance I have to say in this building. That we can put this on 
the outside but nobody can manage to get up four flights of stairs to fix the roof (7aughs). 
But I realise - 

Interview 13 - Senior Lecturer in Politics, male. 61 years old and a fonner Liberal Councillor. 

Yes, I think so. 
What does that make you feel: 
obviously if it's of interest to people and it's something new then I hope it is something 
that will eventually work well. But going into rooms on the top floor of the building I 
don't get the impression it's a very even temperature. 

ars old. 

Given what I have said about the economics of it I rind it surprising that people are 
perhaps looking at it with a view to doing something similar. I don't know wily they are 
looking at it I assume that part of the deal of having this done was that we would use 
this place as somewhere that potential buyers of similar systems would come and look 
at. In that case I find it surprising that people are thinking seriously of spending money 
on something which is going to do so little. If people are coming to look at it because 
they are interested in the concept of it and finding out more and developing similar 
things and maybe working to improve it, yes that makes sense. 

6.5.4 x) Have you ever heard other people talking about it - heard any other opinions 
about it ? 

Heard others talk about it but not now 3 15% 
Negative comments 1 5% 
positive comments 2 10% 
Never heard anyone else talking about it 8 40% 

(Total 14) 
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Comments: 
Two respondents were not asked this question. The following comments made during various 

interviews shows the variety of reactions to this question: 

Interview 3- Senior Lecturer in Business Modelling, male and 29 years old. 

You said about the kettle earlier - have you ever heard anyone talking about it, airing their 
opinions: 
That's the only comment I've had from a couple of my colleagues - I've never heard 
anyone ever come up and really praise it - ever said it's generating so much -a%. Only 
a negative thing - about the electricity generation not the looks. Nothing about the 
appearance -I don't think it's that strong a visual effect to provoke anyone to say well 
that's a completely horrible faqade. I always took that with a pinch of salt though -I 
assumed it was generating something but I didn't know how much. 
(Discussion about PV as a cladding material that also produces electricity - comparison with 
rnarble on a prestigious building - asked if he thought others thought about this) 
I don't think people consider it in those terms - the people I've spoken to - they see that 
the only reason it's there is to produce electricity and that they don't really see it as 
cladding or anything - they think that if it's not making electricity to pay back what it 
took to install then it's not worthwhile. I think they're looking at the overall picture and 
saying well it's not recouping its investment and I think that's the whole joke - from 
their point of view. 
Yes, it's seen as a 'proper' project rather than a demonstration project - it was the older 
ones here. 

ars old. 

The odd time members of staff have been passing the dials or gauges or digital displays 
and they've said it isn't doing anything. It isn't an issue, I'm sure the department that 
did thatý congratulations to them and everything else, it may be an issue over there but 
here it's not mentioned, it's not an issue. Partly because if anything visually it's an 
irnprovement, it might look ugly but it's less ugly than what was there before flaughs). 

male and 41 years old. 

NVell, I was actually interested how it affected people on that side of the building so I've 
asked people in there how it has been and if they'd noticed any difference. The heating 
system for example. Oh, I think there's definitely a positive feeling about it. 

rs old and who owns a 

I don't think it was much talked about here because it was kind of decided and it was 
done over the summer break so we weren't all around - it was an academic break - it 
wasn't a major focus of our attention. There were more changes going on in the 
University that were occupying peoples minds. I think one or two people said it was a 
good idea and we should do more of that sort of thing, I can't remember anything 
specific. Nothing negative no, other than people having to be put out of their offices, but 
that's normal. 
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6.5.4 A) Have your opinions changed about it since before it was actually put up, to 
now - almost four years later ? 

The following respondents' comments summarise the overall consensus of opinion, raising 

various points: 

Interview 2- Senior Lecturer in Politics. male. 42 years old and an active environmentalist. 

I took an interest in it because I'm interested in those sorts of things and I can't say 
putting up the scaffolding to put it on bothered me at all. I thought it was a good thing 
to attempt and it will be interesting to see, especially this far north,, as to how much it 

could contribute -a scheme like that. I didn't think a great deal about the way it looked, 
I'm more interested about how it functions, because I feel that the building is a lost 

cause anyway. So it's almost like adding gargoyles to it or something, that sort of 
addition, so I think that's the problem I would say. As a project I would say it's good of 
its type but unfortunately it's been attached to a doomed modernistic wreck (laughs). 
What do you think about other buildings of this era that are coming up for refurbishment that 

rnay use this type of technology then: 
I would have no objection to it at all. 

nfonnation and Technology and Information 
Systems Management. female and 44 years old. 

I don't think I was that aware prior to it going up, we just knew it was going to be some 
big experiment. I mean we aren't consulted that much, things just take place without 
Would you like to have been consulted: 
I think some of the staff down that side of the building might have been because the 
blinds are inappropriate, and that's quite a major expense when you rind out that the 
blinds don9t actually work. I know it's for security reasons as well, you don't want 
people jumping out of windows, but there are times that you can't get the windows open 
and it9s so hot in the rooms that there's just no air, especially in the summer. So I think 
if somebody had actually spoken to the staff, we could have pointed out problems that 
we have, because that is a very sunny part of the building and we had problems with it 
prior - and it9s'just got worse. Basically, I think it's the double glazing and the nature of 
it, that you can't open windows. That's part of the problem. They pull out a little bit 
and you can get some circulation there, if you open the doors and of course if you're 
trying to teach a class then there's people going up and down the corridors. 

ale and 45 years old. 

I think I was pleasantly surprised by the way it looked, I don't think it's changed 
significantly since then, I still think it's aesthetically quite nice to look at. 

s old. 

Well, I'm not bothered about the faqade, it doesn't make the building less attractive but 
in the end I'm just concerned with them keeping a reasonably even temperature. If it 
can do that and do it without using up coal or nuclear power then, yes, they're fine. 
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Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work. 

No, I was very happy to see the development coming particularly when I was looking at 

cladding which was failing off and that was a) unsightly, b) dangerous and c) telling me 

something about the construction of the building. The reality of it is I think it looks 

more pleasing than I anticipated. Not knowing anything about it I didn't expect them to 
be angled out, but it's immediately apparent why that would be the case and I think it 

adds an extra dimension to it visually, it starts to have the appearance of a canopy over 
a window. So aesthetically it is better than I anticipated. 

Assistant. female and 53 years old. 

I had the idea that there would be wires in the windows (laughs). I was pleasantly 

surprised to be honest - it's a landmark - when I'm directing people to various 
buildings on the campus (accommodation and the library) I say 'see that black and 

white building' and tell them to walk under it. 

ecturer in Infonnation Systems. male and 40 years old. 

When I first heard it was going up I didn't have any strong views at all, when I saw how 

much of the walls were covered in solar panels, I think my expectation was rather 
higher than the amount it has produced. 

Tnterview 19 - Senior Lecturer in Business Infon-nation Systems, male, 37 years old and who 

Mjally. UýJes to work. 

I think you get used to it and just accept it being there -I don't think you look at it 

every day and think oh that's nice. Just coming back from Austria though I have looked 

at it over the last few days in that context, having seen those solar panels. 

ho owns a 

No, although I should really find out how effective it is. I really feel I should know more 

about it as it's the building I work in. I'd be interested to find out how effective it is and 
llow much energy it does supply and so on - 

6.5.4 xii) Do you ever link the electricity you use in this room to the electricity tile 
Northumberland Building is generating ? 

All respondents questioned had not linked their own electricity consumption with that 

produced by the fagade. The following comments are included in order to show the variety of 

responses to a relatively straight forward question: 

and an active environmentalist. 

No, I don't - not really. Maybe there should be some sort of statement or it should be 
announced in the Staff Newsletter - this has produced X amount of electricity which is 
equivalent to 10 million hours on the computer - that kind of thing would help to give 
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you some sense of it. It would also be useful in giving people a sense of what 
contribution it makes, i. e. it's not just an aesthetic addition to the front but that it's 

actually functional, in a way that something else isn't. 

Interview 5- Faculty Secretary. female and 52 years old. 

No -I wish they would -I wish we could have air conditioning in this office. They've 

told us it's too expensive - I've asked them though if we can't use some of the savings in 

electricity towards it. 

ecretaI3ý. female and 47 years old. 

yes -I often think about how it relates to this building - does it have an effect on this 

one - where on earth are all the wires going. Things like is it just that side of the 

building benefiting or is it this one too - where is it going to. 

-zement 
Accountini Interview 7- Senior Lecturer in Manai g. male and 51 years old. 

I don't know - what I do in this room is link the fact that the carpets they put in are 

very warm and so you have to open the window or I put the fan on to cool the building 

down. The building is hot because of these carpets. In the past you had to have the 

heater on because before the carpets there was nothing below us - we were like that 

building over there - there was a huge space below us, the Business School Reception 

has only been built in about the last five years. 
So they were all on stilts: 
Yes. Before that was built there was just nothing underneath, it was freezing in the 

morning because, of course, the heat from the small boiler didn't reach here until the 

afternoon - so you put your heater on and I used to think this must be costing a fortune. 

Funnily enough, we didn't have any of that in the Sutherland Building, the heating 

system, as I recall, was very efficient. 

interview 9- Senior Lecturer in Marketing 
X.: -ý -,. male and 53 years old. 

No. Electricity just comes out the socket. 

Interview 10 - Senior Lecturer in Business Modelling, female and 30 years old. 

Maybe not so much in this office, but the block that they've put it on has got all the 

computers in it. So if you go into the computer labs on a sunny day you think - oil - this 
is good for the panels outside. 

interview 14 - Senior Lecturer in Marketing, male, 47 years old and who cycles to work. 

I don't know whether it powers this building or not, whether it powers the building then 

, we import electricity from the grid or export it when it's over-powered it or not. My 

personal concern is for power consumption, the computers in this room. I didn't realise 
until I watched a programme recently that standby power is quite a drain. We typically 
just used to turn computers off at the console, or leave them on standby. So there's tile 
note save standby power turn off at the mains (Post-it attached to the door frame) because 
I'm quite concerned about that and I tell all my colleagues to turn things off - don't 
leave things on over night - we are consuming too much power. Going on from that I 
kind of wish someone would do something about that in the University because I guess 
there is a lot of standby power being used particularly over there. 
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Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

My assumption has always been that the amount of electricity it's producing is so small 
it's irrelevant. What has crossed my mind more and more, and this may be totally 
irrelevant, is that today it is absolutely - well actually it's not that bad today but it's still 
warm - there are times when it's like a sauna and the heating seems to be totally out of 
sink with the temperature outside. It did occur to me as to whether they were using - it's 
the old thing where you can't really store the electricity so you have to do something 
with it - maybe they were actually using the temperature of the room as a heat sink 
(7aughs). There's no one here at 5 o'clock at night, the sun shines bright on wonderful 
summers day - what can we do with the electricity we'll just pump it into the heating 
systemq then it won't be needed tomorrow. It would be a very cheap and easy way of 
having a heat sink, probably isn't. 
When I was at Lancaster with very little expenditure we actually produced savings in 
heating of a hundred thousand pounds a year. Here someone needs to investigate why it 
can be that most of the members of staff are sitting here thinking I better not come in 
here with a sweater, absolutely boiling - with the heating full on and the windows open 
to let the heat go out. If we're going to have any credibility as an eco-friendly University 
then at the very least we must do something about that 
Do you have the blinds down most of the time: 
That's why the blinds are like this to try to - it's from direct sun, on those machines 
they are taking up so much space and user unfriendly, we had to take them off the desk 
and hide them down there so at least we can slant them away and not get the glare on 
the screen. 

interview 19 - Senior Lecturer in Business Information Systems. male, 37 years-old and who 
mofly-ýýý 

No, but I'm sure there is a link. I don't really think of certain things being from 
something but I don't really have the lights on in here and I try to minimise the power. 
Yes, the blinds are down at the moment - it does make your eyes jump - it's there to 
intimidate the students so they can't see me (laughs)... 

6.5.4 xiii) What do you think is the best/worst thing about the way it looks ? 

All respondents questioned stated that it was an improvement on what was there before, with 
the following statements included to show the variety of points raised: 

ale and 29 years old. 

The best thing is that it's - it's not really striking but I think it's quite impressive. The 
regularity - it's almost fractal - where you look at one small part and it's the same 
pattern -I think it's quite pleasant to look at. The worse thing is - all in white just looks 
a bit like a bit of a block really - if it was broken up perhaps with different colours or 
something. The design of the windows too -I don't know if they could only have 
windows that were narrow - there's a lot of window frame - if that could be made less 
so that there was more glass area I think that would have tidied it up a bit. It looks as if 
they tried to match the width of the solar panel with the window, which I don't think 
does itself any favours. I think if the windows were wider but tile panels were as they 
are it would look better - it looks very kind of striped. I don't know if there were 
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constraints. It must have been more expensive to install lots of small windows - 
regularity of the window pattern is perhaps a bit boring - doesn't seem to have been a 
lot of imagination there. With the solar panels obviously you don't have any choice - 
they'd be made up as a particular size, that's fine, but you'd think that windows could 
be made to any dimensions. 

Interview 5- Faculty Secretary. female and 52 years old. 

It's very clean looking - that's one of the best things. Nicely finished, 'clean', pleasing to 
look at - it's not a monstrosity it's quite a pleasant building. 
The worst thing is perhaps the windows -just watching the window cleaners stretching 
out to clean them -I think something could have been done to make them easier to 

clean. I don't know the technology of it so perhaps not. 

interview 6- Facultv Secretarv. female and 47 years old. 

It looks very modern - that's a good thing - it stands out slightly as opposed to the rest 
but - the way it's being used is more beneficial than what it looks like. I think it's the 

same for wind farms - things like that - if it benefits the local community then you have 
to think like that. It's got to look like that because - 

Interview 7- Senior Lecturer in Management Accounting. male and 51 years old. 

I think it will date very quickly - it is so modern it will be dated - rather than the way 
this is and I think that sometimes the reflections irritate - but I think it is very modern, 
very striking. 

Interview 9- Senior Lecturer in Marketing, male and 53 years old. 

Well, the worst thing is the reflection - the fact that it's sometimes unbearable when the 
glare comes off it. The best thing about it is that from the University's point of view, it 
does enable us to say that we are developing new technology and we all benefit by that. 
The fact that it's the Engineers that are doing it doesn9t matter. The Business School 

proffis quietly. That's the best thing. The actual amount of energy that it produces I 
think is less important than the fact that it helps us to show that we are a dynamic, 
forward-looking institution. 

Interview 10 - Senior Lecturer in Business Modelling. female and 30 years old. 

I think that the best thing is that they put in new windows at the same time and I think 
it all blends together quite well. The panels don't look as if they've been stuck on, they 
look as if they're part of the building and I think the windows and stuff help that. I 
suppose if I had to pick something bad about it, it's that there are just so many of them, 
the panels, but I must admit that I don't think it looks any worse than it did before. 

Interview 14 - Senior Lecturer in Marketing, male. 47 years old and who cycles to work, 

The best thing is that it looks purposeful, in terms of the aesthetics I quite like it - the 
monochrome of it - it fits well with the white window surrounds. I suspect if I was 
picking and choosing - the kind of printed circuit board appearance of the silvery 
'terminals' I suppose they are, at the bottoms, but I know why they are there so I can 
accept them. The worst thing about the whole thing is that the sixties stairwell is still 
there and it sits incongruously with it. The chimney stack's not too bad - it provides a 
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very interesting roost for the ravens and pigeons. It's a great improvement in my 
opinion. I can't remember if they did the windows before or after or at the same time. 
Same time - 
Certainly the old windows, which were kind of like these (points to his office windows) 
but worse, were bad. The ones where I taught were appalling to work, didn't seal, didn't 
shut so I think the new windows are a vast improvement -I presume they're double 
glazed. 

Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

The best thing is that the panels are quite elegant, I really quite like them, the worst 
thing is the building which they are stuck on. That's not being facetious it's just such an 
ugly building. 
Is there anything you think that could have been done any better: 
Visually the panels are actually improved. Apart from pulling the building down but I 
can't think of anything practical. 

Tnterview 16 - Faculty Assistant, female and 53 years old. 

The best thing is that it's light and bright - the overall effect - even though it's black. 
The worst thing is that it's a bit repetitive but it's not monotonous. There's nothing to 
break it up - the lines of rectangles of both the windows and panels. 

Interview 17 - Senior Lecturer in Information Systems. male and 40 years old. 

I don't think there is a worst thing, I think it's always looked high-tech, it is remarkable 
how it's always looked clean and maintenance free, it's very rare that you see anyone 
doing anything to it which is a positive thing. I don9t think I can think of anything 
negative to say about it. 

Interview 18 - Senior Lecturer in Marketing, female and 41 years old. 

The best thing about the way it looks is that it looks modern and it's clean looking. The 
worst thing is that it's very obvious and you do notice it but it isn't an ugly building 
anyway. Another thing is why the two sides should be so different but I don't know 
enough about it - 

Interview 19 - Senior Lecturer in Business Infon-nation Systems. male. 37 years old and who 

_usually cycles to work. 

I think it's quite a nice attractive faqade the only thing I would say is what I said earlier 
in terms of solar panels and solar power in general - i. e. some sort of innovation in 
design is what is needed not necessarily in the way they operate but the aesthetics. That's the only thing I'd comment on. I mean it's straight lines - but that's the nature of 
the building in a way - it would be difficult to do anything else on that faqade. I find it 
hard to criticise it -I don't really know enough about solar energy or the panels. It 
seems OK. 
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6.5.4 xiv) Do you think it fits in with its surroundings ? 

All respondents questioned, except those listed next, thought the PV fagadefitted in with its 

surroundings. This was justified by many stating that it was because there were so many 

different architectural styles in the area that there was no pattern to fit into. The following 

comments are of interest when considering this question and how certain people may see such 

a building in its particular context or local enviromnent: 

- mate and 53 years old. Interview 9- Senior Lecturer in Marketing 

Not particularly. But there again neither did what was there before so -I was here when 
this wing of the building wag built and it's all supposed to be one building and one 
massive comment at the time was that if you at home wanted to build an extension to 

your house, and you built in a totally different architectural style to the original, the 

planning people wouldn't let you do it. But this is exactly what they did here. It was 
done on the cheap. The walls are solid over there, but this ludicrous balcony, you can 

see outside, that serves no purpose whatsoever - it just makes the room smaller. So what 
that does is no worse than what was there previously. It doesn't fit in with the rest of the 

building manifestly but then again it's only replacing something which didn't fit in 

anyway - it's no worse. 

Tnterview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

it depends how you define surroundings, it fits in with that and this because these are 

equally ugly utilitarian buildings. You could then look at several beautiful churches and 

whatever and it doesn't. It was built down to a price rather than up to a standard. 

Tnterview 20 - Senior Lecturer in Information Systems. female. 48 years old and who owns a 
bome solar water heating system. 

Well, probably not but I don't think that's anything to do with the faqade I think the 
whole building doesn't really when you look at the churches and Sutherland Building - 
this is very much out of place - probably St. James Park is out of place when you look 

over there. My husband really envies my view actually - Mecca. 

6.5.4 xv) Do you think your attitude to it is different to that of a passer by, the general 
public ? 

Most respondents felt that their attitude to the fagade would probably differ from that of a 

passer by or general public, many adding that passers by may not even notice it was different 

from a standard building cladding system. In addition the following comments are worth 

noting: 

Interview 2- Senior Lecturer in Politics, mate, 42 years old and an active environmentalist. 

it may differ because I'm here but also because I'm interested in technology I suppose. 
So I have a developed eye I think - with anything that involves technology. Maybe 
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because I work here and because I've got that specialism - maybe that makes me more 
aware of things I don't know. I imagine there are people much more aware of it than I 

am but I imagine most people aren't. But I think it's a good project on the whole so I do 

notice it and I do notice the box with the numbers in. 

Interview 4- Senior Lecturer in Psychology. male and 45 years old. 

I'm not sure - I'm definitely aware of having thought more about that frontage than the 

other side and this interview will of course lend itself to that. But there may well be 

visitors that come here that actually know what the panels are when they look at them. 
So in that sense, they might think more about it that I do. Probably people would walk 
past it - probably wouldn't look at it as much as I have - but only because I've gone 
through that induction process or through this process now. 

interview 9- Senior Lecturer in Marketing. mate and 53 years old. 

Yes, I think so. I don't think there's massive interest in it from the general public, sadly. 

Interview 14 - Senior Lecturer in Marketing-male. 47 years old and who c cles to work. 

I suspect we don't get many passers by, to be honest, just looking at this building, the 
walkways, you'll not get many people walking through here who are not students or 
staff or someone connected to the University. I don't think it has a great impact either 
one way or another on the public. I suspect if the public did see it they might not even 
notice it which is a good thing I suppose. I doubt anyone would particularly notice it. 

interview 17 - Senior Lecturer in Information Systems, male and 40 years old. 

I wouldn't have thought so, this is probably contradicting what I said earlier but that 
tends to happen doesn't it, part of my job in doing the admissions is very often that 
people come up on one off visits, not general open days. Particularly during summer like 
now and when we get into clearing next week, we'll get people coming up to this 
University and perhaps come up with parents. I do a lot of time showing people around 
and it is something I point out to people. I suppose I'm more positive about it, than I 
said before. I don9t tell them about how much electricity it produces though (laughs). 

Interview 19 - Senior Lecturer in Business Information Systems, male. 37 years old and who 
UMaHLUgLeýý 

possibly, yes, be 
, 
cause they probably don't even notice it. You've already mentioned the 

display panels but they're in a dark corner under the building, hidden away - with no 
light and they may not see them as they're walking to the quadrangle. It is quite hidden 
- if they really wanted to publicise it they should have it on other aspects of the building 
so people walking near it can't not see what it's doing. Perhaps - using numbers is fine, 
it tells you the wattage today or whatever - that's very nice but what does that mean - 
graphically you could represent that a lot differently perhaps - this month we generated 
- outside the world of numbers - more innovative -a graph, a demand and supply 
curve for example - that would be interesting, people could then stop and see where it 
was that day then. You could switch off a light and then 20 lights and see what 
difference it would make. Graphically it would be more interesting or use a bar chart - 
all sorts of different ways in a more public position - that would raise awareness and interest -I could see what the difference would be on different days. 
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6.5.4 xvi) Do you think it is obvious it is photovoltaics ? 

Thirteen of the nineteen respondents questioned felt that it was not obvious it was a 

photovoltaic fagade. Three felt it was obviously some sort of solar technology given the level 

of knowledge of an individual with three feeling that it would entirely depend on this 

knowledge base. The following comments contain several interesting points that are worth 

noting here: 

Interview 3- Lecturer in Business Modelling, mate and 29 years old 

I think it is fairly clear -I mean you've got the individual groups of cells - most people 
are familiar with them - they're on their pocket calculators, or other things. I think 

people know what they are - just passing by they would probably have an idea of what 
it was - but no information of the project as a whole. 

Tnterview 7- Senior Lecturer in Management Accounting. male and-51 years old. 

No, I think it could be anything -I mean you could have the question why the hell have 

they built that on. It's striking because it's photovoltaics -I think if you'd just showed 
me a picture of it and I didn't know what it was and you asked me if it was an attractive 
building I'd probably say 'get out'. But knowing that it has some use and it performs 
some useful function, I think, yes, that they have done quite well - yes. 
What would you do to make it better if given the opportunity: 
I couldn't, I don't think I could because I have never designed anything. 

Interview 9- Senior Lecturer in Marketing, male and 53 years old. 

judging by the way a lot of buildings are constructed these days, most people might just 
think it could be anything. It could just be the latest sort of trendy thing by an architect 
- just a new faqade. I think most people would not recognise it for what it is. Unless it 
was brought to their attention, or unless you had a pretty good interest in that sort of 
thing. But I assume it's those kind of people who do have an interest in that kind of 
tiling that it's trying to impress anyway. 

ars old. 

I think most people would know what it was. 
Even the general. public: 
yes, I would have thought so, most people are familiar with going abroad and seeing 
solar panels on houses things like that, I would have thought most people would 
recognise it. 

Interview 20 - Senior Lecturer in Infonnation Systems, female, 48 years old and who owns a 
1hpme solar wntt-r hgnting system. 

I think it's fairly obvious, the grids make it - but I don't find it offensive to the eye in 
any way, I think it's attractive, but that to me makes it look what it is. 
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6.5.4 xvii) Would you go as far as to say it was 'aesthetically pleasing' ., 
It was only appropriate to ask ten of the respondents this question as the remainder had 

generally already made their views known. In general these respondents felt that it was 

acceptable or better than what was there prior to this project. The following responses show 

the general feeling and additional comments made by the remainder: 

Interview 2- Senior Lecturer in Politics, male. 42 years old and an active environmentalist. 

It9s more in keeping with its surroundings - yes, in terms of a functionalistic aesthetic. 
How do you think it could be better: 
19d never thought of ever having that much power (laughs). I don't know - more curves 

- something much more organic - in terms of design. Because there are seemingly no 
working parts involved then there's not much to think about and I think you can easily 
mistake it for being part of the building - which is no bad thing. 

Interview 3- Lecturer in Business Modelling. male and 29 years old. 

Well, I think so - yes - I'd rather look out onto that rather than just the same but bricks 
where the panels are. It's got a kind of, as I said, a kind of fractal quality. If I ever stare 
out of the window I'm more likely to stare at that rather than the flats. 
I-low do you think it could be better: 
I've already mentioned the windows - and colour would perhaps improve it. If the 
chimney can't be moved then obviously it has to stay - which is a shame. 
(Explained about learning from the shading - city sites, etc.. ) 
Yes, I hadn't thought about that - if it's a test, an investigation. If you were then going 
to go ahead with a similar installation though you'd actually try and position it away 
from anything if you could. 

interview 4- Senior Lecturer in Psycholov. male and 45 years old. 

(Long pause - adding the definition being whateveryou want to make of it) 
Well, I'll just make a comparison if I can then -I rind it as aesthetically pleasing as 
looking at this building - or potentially the other side - possibly more than the other 
side. The view is positive - of that immediate context. If I was walking up - along the 
pathway - looking up - then because of the garden being there I think I would view it 
more positively than if it was just stark building. 

Inte iew 5- Faculty Secretajy. female and 52 years old. 

I haven't really thought about it so obviously it must be or it would cause a problem. 
How do you think it could be better: 
Nothing really - it's alright the way it is. 

interview 10 - Senior Lecturer in Business Modelling, female and 30 years old. 

I think it's kind of neutral. 
Do you think anything could be done to improve the looks of it: 
I think it's not really the kind of building that I would like to start with anyway. If 
anything I think this side of the building, where the panels are, looks better thall tile 
other side. I would be neutral about it really because I didn't like the building. 
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Interview 17 - Senior Lecturer in Information Systems. male and 40 years old. 

Oh yes, I like it. Who cares if it's not generating any electricity it looks good - the image 
of that, forget the substance (laughs). 

6.5.4 xviii) Would you like to have known more about the proposal at the start of the 
project ? 

The number of responses included here is indicative of the wide variety of comments made in 

answer to this question: 

Interview 2- Senior Lecturer in *Politics, male. 42 years old and an active environmentalist. 

For me there was enough information - there were things in the Newsletter and I think 
there was a lecture on it - from the people that were going to do it - this guy, and I 
know that the money came partly from Europe and partly from elsewhere, this kind of 
thing. I've also read some of the press cuttings that are along in Ellison Building - 
outside Engineering - or there were anyway - cuttings from the Financial Times and 
'Building News' - things like that - so I made a point of reading those. I remember it 
was in the Guardian too. 
How was it portrayed in there: 
The usual - the man with the hard hat pointing. It was a positive write-up I think. 

gy. male and 45 years old. Interview 4- Senior Lecturer in Psycholog 

I've already indicated to you I don't think people can easily separate them however 
much they want to - perception is driven as much by cognition as it is by - 
(Explained that this was what I was trying to explore in this work and that I understood what 
he was talking about) 
I think all I could say to that is my perception might change but to be honest I don't 
know if I would want my cognition to change. I don't know if I would want to know that 
every ten pence that computer consumed of electricity that this saved me whatever. 
Probably a change in cognition would affect my perception but I would have no 
motivation to want to have any change. I would be happy to have someone say to me it 
had its energy advantages but that would be it. I wouldn't want to know what 
proportion of the fuel or energy bill would be saved. 

Interview 5- Faculty Secretary, female and 52 years old. 

I don't think I could have understood more about it -I don't really know a lot about 
photovoltaics anyway so it would have taken a bit of time to take it in. 
Would you have liked to be involved in an initial meeting before the project went ahead: 
No. 

Interview 6- Faculty SecretaEy, female and 47 years old. 

It was just something new -I didn't know what it was. I just didn't have a clue - then 
the scaffolding went up -I mean they were saying it's to generate electricity and tile 
look, of the building -I think it might have been a little bit more complicated if I'd gone 
into it in more detail. From what they said in the Newsletter they said this is going to 
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benefit this University and we've had this grant and hopefully we'll be able to have 
them not only on one building - depends on how well it does it could possibly go on 
another. 
I don't think anyone would have liked to be involved, no -I think it was up to the 
University - it wasn't as though we were having to pay towards it ourselves. It's 
something that people in other places in the country will think - yes it worked in 
Newcastle - we could have it down here and it would cost X amount of pounds - and if 
they're going to save some money within the institution - because they're all trying to 
cut costs and looking for things to help Universities save money - it's as simple as that. 
We've got overheads the same as all businesses. Then if they want to take out a patent 
on what we have - even for small companies - if you're looking to save money then - 

Interview 7- Senior Lecturer in ManaRement Accounting. male and 51 years old. 

I think we were fairly well informed you know. I must say that I thought to myself my 
god, we're going to have builders building here, all over the summer, and we're not- 
going to be able to get an ounce of work done. Given the fact that they were shouting 
from the roof down to the ground for most of the day, it was remarkably quiet and quite 
tidy, I think. You know, I don't think I was inconvenienced that much. Of course Sod's 
Law says that it isn't going to be ready on time, it's going to run over budget, but it was 
ready on time - well it was ready into the new term, but I don't think I was 
inconvenienced. But we knew what was going on, that it was, you know, an exciting new 
project. Orders from the man in charge and all that. 

Tnterview 9- Senior Lecturer in Marketing. male and 53 years old. 

We're getting on to the whole democratic nature of the University. There are a lot of 
decisions here I would like to have known more about, that's a fairly minor one. The 
actual architectural improvement, doesn't physically impinge upon my working 
directly. It would have been nice, but in terms of overall priorities, there are lots of 
other things about the way the University runs where I would prefer to be consulted. 

interview II- Business Scbool Acting Assistant Director, male-and 45 years old. 

It's an interesting point. I was going to have said it might have been nice to have known 
more about it, but saying that, it wouldn't have been that difficult to rind out, I could 
have just got hold of somebody. But I guess it would have been nice if somebody had 
maybe gone to the effort of having a presentation or something. But in terms of what it 
looks like it's easy for me to sit here and say - that's not a problem, because I think it 
looks alright, but if it looked awful, then probably it would have been nice to -I can't 
remember to be' honest, if we had an artist's impression or a panel sent across to just 
have a look at. 

Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

No, not really, I mean it isn't a big part of my life (laughs). I'm interested that they got the grant to install it and it has been reasonably successful - just as I would be 
interested in whether the computer system in the library is working, it's just a general University thing. Despite that, as I say I have a great interest in the environment. 
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Interview 16 - Facultv Assistant. female and 53 years old. 

No - I'm not at all technical -I agree with the theory and I'm in favour of 
environmental improvements. I find the technicalities hard to get interested in. 

Interview 18 - Senior Lecturer in Marketing. female and 41 years old. 

There seemed to be quite a bit of excitement about it and a lot of publicity but again Ilve 

never felt as if I've known the exact benefit. So I think many people in this building 

would like to know the cost benefits. 

Interview 19 - Senior Lecturer in Business Infonnation Systems. male. 37 years old and who 
usually cycles to work. 

They probably provided quite a lot of information but like most people I have a series of 
in and out trays and generally if it's in the tray it'll go in the bin - if it's important it'll 

come back again. I will have read a bit about it but whether I knew a lot about it I don't 
know. So I think you've got to look at different media for getting over that problem - 
graphically perhaps and not numbers. I think it was noticed as there was a lot of 
disruption but I don't think it was only that. I couldn't tell you what power it generates 
and whether it could power this building - as I've said - so I think that sort of 
information would be of interest. How you'd get people to read it and take it in is 

another matter - that's an education thing really. 

6.5.4 xix) Have you ever gone down to sit in the garden below or do you ever walk 
through it ? 

All respondents stated that they had occasionally done the following: 

just walked through the area 7 35% 
Both 10 50% 
Neither 3 15% 

(Total 20) 

Comments: 

At certain times due to path maintenance the Estates Department closes the main path that 

runs perpendicular to (and directly underneath) the Northumberland Building PV Fagade, 

forcing people to walk through the garden area or skirting it along the base of the 
Northumberland Building wing. Some respondents said they looked out on the garden area 
but most cited time being too precious for such activities. The following responses are worth 
noting: 

298 



Interview 4- Senior Lecturer in Psychology. male and 45 years old. 

I haven't had the time as yet, no. But I can imagine myself doing that. But then again 
you're talking to someone in the middle of probably one of the wettest springs and 
summers in recent years - so if it had been sunnier I may well have been encouraged to 
do that. But I tend to be fairly boring when I'm in work I must admit - and I tend to 
actually work. The people in my department are fairly communal so I tend, when I have 
a break, to join them instead of maybe going out and making the most of it. It's more 
likely to happen at this time of year when there isn't so much routine. I've noticed here 
too that compared to the last campus I worked at there are more maintained areas of 
green. 

Interview 6- Faculty Secretaly. female and 47 years old. 

Yes, I do -I take my book - the sun hits the first seat just nicely at about half one. I 
certainly have walked through there and glanced up but nothing's crossed my mind, it's 
just there. 

Interview 7- Senior Lecturer in Management Accounting, male and 51 years old. 

Well, I walk through it and it's good sitting where I am and it's good for people 
watching, and I think it's a good idea. But I'm spoilt you see because I studied at 
Newcastle University where they have the Quad surrounded by the beautiful 19 th 
Century architecture. But I think, yes, a little bit of greenery out there -I know there 
are people who do go and sit out there, pay their court to one another and smoke a fag. 
Now that's what it's used for, that's the other thing, you can smell the tobacco coming in 
when the addicts are outside. 

Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

I have been known to take upset students and sit them down there when there's been no 
-where else to take them. I tend not to sit there, probably for the same reason as one of 
the technicians said once. He said he was going to get something, a can of coke I think, I 
said to him why don't you go to the staff bar because they do coffees and sandwiches, lie 
said AI don't go to the staff bar because you only need to be seen there once and for 
ever more it's always down the staff bar. So that's why I don't sit there. Yes, you have to 
bear in mind that all of our bosses sit along here, not that they're probably going to 
inind but there is that. 

6.5.4 xx) Just*to recap, what do you think about the colour, the patterns$ the materials 
used - what do you think about the quality or finish of it ? 

Most respondents were positive about the fagade with the following exceptions and additions: 

Interview 3- Lecturer in Business Modelling 
,,, male and 29 years old. 

I think it's tile way it over uses the PVC - they don't look particularly attractive - there's that much white plastic on it -I don't think that's aesthetically pleasing. The 
solar cells are OK - it looks as if it's all white apart from the cells themselves which are 
grey. I don't mind the cells themselves and the cell housing but I dont like the overuse 
of tile White on the windows. I would call the cells grey, yes. Grey or black. Blue - 
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really? They look grey to me - yes it must be where I am and the reflection, etc.. Going 
back to the windows it doesn't look like a classy installation it doesn't look like it has a 
lot of quality about it. It looks like a low budget installation which doesn't really match 
with the solar cells which I would imagine are fairly expensive and innovative. The 
windows detract from the solar cells and I think they downgrade the building. 

Interview 4- Senior Lecturer in Psychology. male and 45 years old. 

I can't say I have thought about them -I would always have to judge it - and again I 
don't know if this is my psychology background - for me I can't judge in perceptual 
absolutes it has to be relative so I'd have to compare say that side with this side and so 
on. I've already said what I think in relation to it being just like a modern building - 
positive. The colour cannot be any worse than the colour the other side of it you know. I 
can only see positive things aesthetically - not positive enough to make me come in here 
and smile all day long. If I have to judge it aesthetically I can only see it as being positive 
in relation to this building - or the other side of the building. I'm presuming that there 
aren't panels on the other side of that building of course. Oh, there is one is there - 
right. 
To go back to the building I was in, on Teesside - that was just a cube with nothing to 
break it up - you see I'm always making comparisons. 

interview 7- Senior Lecturer in Management Accounting, male and 51 years old, 

I notice the pattern. It seems to be - the window frames - I've taught over there. The 
windows are quite solid and I like the way that if you open the window the whole 
, window opens, so if it gets too hot you can get a fair amount of fresh air in, which you 
sometimes need on a hot day. 
So you're actually over there occasionally: 
i9ve been over there once or twice, not that many classes, but I've taught a few classes 
over there. 
So, going back to the colours and the patterns of it, any more comments: 
I think it's striking. I like the colour. 

Interview-9 - Senior Lecturer in Marketing, male and 53 years old. 

I just accept it as it is. I assume from a technical point of view it has to be like it is. I 
mean if it were possible to vary it slightly so you didn't have such a mass - you could 
have different colours, possibly different designs, that might break it up a bit. But you'd 
have to be careful because you could end up with an even bigger mess. 

male and 45 years old. 

I would have to say that overall, I am impressed with the design. I am sure that is partly 
influenced by the fact that I keep thinking that it makes the building look better. It's 
fine, I really don't have any problems with it. I can't honestly say that I've ever looked 
at it and thought - if only they'd done that. 

Interview 14 - Senior Lecturer in Marketing. male, 47 years old and who cycles to work. 

The finishing quality implied by what I can see, seems to be good. I would think that, 
apart from generating the electricity and serving as an actual cladding I suspect they 
are quite durable, as I said before the monochrome, grey, silver and light combination I 
actually rind quite pleasing. As indeed the kind of angle that it creates I think it gives 
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you a bit more interest to this side of the building which otherwise would be just like 
this side of this wing. You've got the balcony over here which helps break it up a bit. It 
fits with my image of what it would be, I don't think it could be white or black or should 
be a different colour. I'm not generally in favour of people using adventurous colours on 
buildings, for instance red brick buildings with blue window frames for a fashion 

statement I don't like, others may,, but it would be out of fashion soon. So, it seems I 
think not to be dating in anyway, where as the cladding they had before was dating, it 

was clearly the sixties, cheaply built building. So now itts a high technology building, of 
course architectural style can change - whether I think the same in ten years - 

Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

it"s almost stereotypical of the building that went on in the 60s - concrete and glass - 
flat and featureless and extremely ugly. 
You've used the word flat even though the modules are angled, why: 
Yes, it sticks out a little bit. It's because for several years it was totally flat, it was just 

flat panels that were flaking off, it was a totally flat faqade, and it's never actually 

occurred to me that I still think of it as a flat faqade so it must be largely from memory 
that I describe it as flat. 

Interview 17 - Senior Lecturer in Infonnation Systems. mate and 40 years old 

No, as I said before, I think the one thing that is quite striking is how it stays really 
clean, you haven't got rain streaks from edges that you normally get on buildings, there 

are no sort of black lines down the edges where water has run down. It has always 
looked clean and that's very positive. As for shapes, colours, etc., I couldn't really care 
(laughs). 

Interview 20 - Senior Lecturer in Information Systems, 
-female. 

48 years old and who owns a 

, 
hnome solar water heating system. 

It looks to me like a good quality job, I'm no expert but as someone who has had a lot of 
alterations done to their house and houses before. When I'm in the labs I'm opening 
and shutting those windows - if they're not already open the first thing I do is open 
them all as it gets so hot in the labs. I rind them very easy to manage - they always look 

good to me, like a good quality product, robust as well. As far as I can tell I would say 
it's a very good job it's not a cheap or shoddy job. It's not offensive to the eye in any 
way it's just quite pleasant to look at. It's just black and white anyway isn't it so it's a 
good colour for this city (laughs). 

6.5.4 xxi) If you are convinced about a building's efficiency, safety, etc., how important 
are its looks to you ? 

The following comments are worth noting in order to appreciate the variety of points raised 
here: 

Interview 1- Senior Lecturer in Business Modelling. male and 33 years old. 

I think in terms of looks it's got to fit in so I don't think, for example, old is good, new is 
bad. 
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Do you think that's because of your age: 
It could be because if I look at my parents and my uncle - people of that generation - 
they've got a very traditional view of things, take for example art - Picassol's awful and 
Constable is brilliant. The same would apply to buildings - for example the Sutherland 
Building would be lovely and this building would be dismissed - purely and simply 
because it's modern. That is perhaps age related amongst certain people. 
Do you think if they were told more about it - the technology - this would change things: 
No. For people of a pensionable age they have their minds set on what they like and 
dislike. 

Interview 3- Lecturer in Business Modelling. male and 29 years old. 

Not particularly important - if I was working in the building, for example, I would be 

more concerned with the interior layout than the external finish. So I'd look for the 
efficiency, the safety, the interior layout and then the exterior - it would be my lowest 

priority really. 

Interview 5- Faculty Secretary. female and 52 years old. 

It's quite important. If you were in a building that was really ugly then you wouldn't 
want to be in it would you ? 

Tnterview 7- Senior Lecturer in Manap-ement Accounting, male and 51 years old. 

That's a difficult question -I mean, you seem to be suggesting there's a trade off 
between the two and I'm not sure there is. I'm not sure that you can't have, that you 
couldn't get, somebody to design something which was functional and yet pleasing to the 
eye. And there are many, many things around that I know are. 

Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

it's pointless designing something which is phenomenally efficient but what people don't 
like the look of. Getting back to that Orange transmitter, it's more likely to be accepted 
as a transmitter if it physically looks nice than if it's some sort of garish thing that really 
is a nasty eyesore. So I think when things are being designed you've got to take into 
account the overall way people are going to react to it, in the kind of environment that 
it's in. It gets back to the point we said right at the beginning about what we look for in 
terms of a friendly environment, facilities that generate electricity from the sun, i. e. for 
freeg sound good, but if the cost of achieving that is something that is going to look very 
garish indeed, and you've got to sit and look at it all your working day, then you might 
prefer electricity generated by more conventional means. If the things do look nice, and 
fit in - become an accepted part of the landscape, I don't think there's a problem. 

cars old. 

I would be more interested in the efficiency than anything else. I think if it was possible 
to make it much more efficient but it was going to be a 'glare', I would put up with the 
ugliness to have the efficiency I think. 

Interview 17 - Senior Lecturer in Infon-nation Systems. male and 40 years old. 

I've got no worries with the safety of the solar panels, it's the safety of the building in 
general, solar panels are my least concern. I wouldn't want to live - oil god I am a 
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workaholic aren't I-I don't live here - work in a place which was very visually 
unattractive,, which was run down and uncared-for. Yes, I guess I like being in a 
building which has got a high-tech modern image. That may be connected with the fact 

that I'm moving to a more high-tech house. 

z. female and 41 years old. Interview 18 - Senior Lecturer in Marketint 

If it was my home I would be much more concerned about what it looked like. But here 

at work it's more important how you adapt the inside. It may be fairly important but 

there are other factors that may be equally as important. 

6.5.4 xxii) Do you still notice the building during the day ? 

Still notice building during the day 9 45% 
Not any more 8 40% 

(Total 17) 

Comments: 
It was not appropriate to ask this question of the other three respondents. Many would think 

this was a trick question, looking to see if anything had changed about the fagade that they 

had missed. The following responses show how some respondents view the fagade: 

.,. male and 29 years old. Interview 3- Lecturer in Business Modelling 

I would like to think so -I can't think of any changes since I've been here. I do look out 
occasionally - the main thing I look for I suppose is how much of the panels are In the 

shadow of the chimney - that's what I usually look at (laughs). 
Your eye is just drawn towards it. The cells don't do anything but if I do look out of the 
window I do tend to look at it rather than anywhere else. 

Interview 6- Faculty Secretary. female and 47 years old. 

if I'm at the photocopier then I do tend to look out the window and look up at it - but I 
think it's just habit. 

Tnterview 9- Seninr T ecturer in Marketing, male and 53 
-years old. 

I sometimes look at it during the day and wonder if it is really working. Apart from the 
massive publicity we had about it, you're the first person who has really explained 
anything at all about it. After the initial publicity there's been a massive silence. For all 
I know, it might not be generating any electricity at all. We've had no communication 
whatsoever about for example what you were talking about earlier - what percentage of 
the electricity is being generated by it. It would be nice to know that - it was put lip in a 
blaze of publicity - now it's not a hot topic of conversation. 
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Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work. 

I was wondering the other day how it was kept clean and if it was kept clean and 
whether or not that would affect the efficiency of it and whether it was one of these 
things that was getting dirty and I hadn't kind of noticed that. If they cleaned it would 
come up all bright and gleaming, that sort of thought went through my mind. But that 
was probably because the windows in here were being cleaned. 
It is cleaned once a year in the Easter holidays and the output improves up to about 5%. 
Is there some type of coating on it ? 
It seems to be relatively unchanging, I'm still happy to look out at it and it still gives me 
a little buzz to think it's ours and - 

Interview 16 - Faculty Assistant, female and 53 years old. 

When I'm directing people it's a landmark. I mostly don't though - if it's a particularly 
overcast or bright sunny day then I'll wonder how much electricity it's producing, but 
not that often - that sounds a bit corny. 

Interview 18 - Senior Lecturer in Marketing. female and 41 years old. 

I do notice it but I think about the internal environment a lot more because that's where 
I am all the time. As it's such a built up area I don't think you get to look at the building 
as a whole you just see a part of it so - certain views of the building will be nicer than 
others. 

6.5.4 xxiii) How do you think the UK is doing with this type of technology in 
comparison to other countries ? 

Behind other countries 12 60% 
Ahead of other countries 1 5% 
On par with other countries 2 10% 
Do not know 3 15% 

(Total 18) 

Comments: 

It was not appropriate to ask one respondent this question and one respondent (Interview 3) 

gave a list of how he felt the UK was doing in comparison with other countries, This response 
(Interview 3) is included in the following comments worth noting during this question: 

Inte iiew 2- Senior Lecturer in Politics, male, 42 years old and an activc environmentalist. 

Not well. In terms of information that I've picked up - also idiosyncratic information 
from your holiday in Spain, etc., you see it on ordinary peoples houses, just as a matter 
of course, more and more I think. Maybe that's got high visibility but actually lower 
numbers than here - just a small bank on each house but when you add the total up it 
doesn't really add up to the total amount in Britain -I wouldn't like to say. In terms of 
visibility at least you see it much more in countries like that. You don't really wonder 
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about it and think Britain's behind though because they get 10 hours of sunshine there. 
I certainly think we could develop it a lot more than we are doing. 
With our climate we can actually make use of the trade-off between the efficiency of the cells 
(which reduces in the high temperatures of the traditional sunnier countries) and the amount 
of daylight and not just direct sunlight though - 
I tend to think of it in those terms though - hey, the sun is out and it's really soaking it 

up now - as I'm interested in green technologies but don't really know much about 
them I think I'm like most others who would think that's how things would work. I'm 
happy to find out actually - that they're still 'punching away there'. 

Inte iew 3- Lecturer in Business Modelling. male and 29 years old. 

I don't know any details but I should imagine Germany does better than us. I would 
think France has about the same level as us as I know they have a heavy investment in 

nuclear power and I would see countries like Spain or Portugal having less renewable 
energy resources than us. But that's only my guess. I would say the more technologically 

advanced the country is the more I would expect to see renewable energy being created. 

Interview 7- Senior Lecturer in Management Accounting, male and 51 years old. 

Well again, I don't know, but I would imagine that Necessity is the Father of Invention 
and Laziness the mother - sorry, it's the other way around isn't it - sexist comment. So 
I would imagine that the Swedes are probably ahead of us. The English seem to be a 
nation of great Engineers and the Japanese tend to put them into practice don't they ? 
So I don't know. Given the history of the last 100 years, we've probably invented it and 
somebody else is using it. 

ýy and Info ation Interview 8- Senior Lecturer in Business. Infon-nation and Technoloig rm 
Systems Management. female and 44 years old. 

You mean photovoltaic cells -I think we're probably, I don't know if we use it as much 
as others. I'm assuming that what we're getting is energy from the sun and it's 
converted. I think that probably we may not be as advanced, I don't know this, it's just 
off the top of my head, because we don't have as much sun as some countries. I mean 
you go somewhere like Spain and they do use solar panels in roofs. I don't know if we 
could rely on that sort of technology. 
Given that the panels actually operate in daylight as well as direct sun, and the cells are more 
efficient when they are kept cool, as in our climate here in Britain, does that influence your - 
Well, that's new to me, I didn't know this. I think if we could use more, but I mean in 
terms of the cost, I've no idea what they cost, whether they could be incorporated in the 
roof of a house, 1 don't know. 
The cladding is about the same price as - say you're using it on a prestigious project, this 
obviously being a demonstration project, but about the same as marble, but instead of sitting 
there as marble would, it's sitting there as a conventional weather seal, plus it produces 
electricity - 
Oh, that's pretty good. 

Interview 9- Senior Lecturer in Marketing, male and 53-years old. 

Years and years ago when I went to Denmark I was amazed - they've got wind power, 
communal district heating - to a much greater extent that we have. Certainly in the 
Mediterranean we see a lot of these schemes with the solar heating of water. We don't 
tend to do too much of that in this country - the odd scherne you do see is very 
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noticeable because they are essentially one-offs. I think broadly we tend to lag behind. 
Most of the places on this latitude, they'll be more in tune with this in Germany. But 

where you get climatic differences it's difficult to make comparisons. I get the 
impression we're not as far advanced as others. 

Interview II- Business School Acting Assistant Director. male and 45 years old. 

My guess is that the Scandinavians are ahead of us, I don't know why I think this. 

interview 14 - Senior Lecturer in Marketing. male, 47 years old and who cycles to work. 

I have a sneaky suspicion we are doing alright, on the other hand I think I heard a 
report on the radio the other day, which said we are actually dramatically behind the 

rest of Europe on this kind of thing. An interpretation of all that data is well I think 

wetre doing better than we might be. In somewhere like America - they try very hard in 
California but if you go to New York City. I think it might reflect, the green and the 

environmental uptake throughout Europe and my guess is that it's probably stronger in 

Germany possibly France and Holland. We have not fallen completely behind, but we 

are probably not as good as the rest of Europe. I suspect we would be better than 
America, and there"s not much point commenting about the southern hemisphere as 
they have got different problems. 

As a country I think we are way behind many other countries in terms of things like 

efficient use of energy, insulation and building buildings so that they actually work. In 

terms of that particular technology I think we are ahead of people and if that's true that 
is really pretty depressing as we are ahead and are still managing to do so little. 

Interview 18 - Senior Lecturer in Marketing, female and 41 years old. 

I get the feeling that we're not that far advanced, or not as much as we could be. Yes, 
it9s just a feeling I don't have enough information to make a- my feeling about British 

people who don9t like changing - so it may be a cultural thing and the more I keep 

reading - individually I think we've become more environmentally aware but for 

projects like this funding needs to come from the government and they need to get 
involved. 

6.5.4 xxiv) Visual Sheet 11 

During most respondents' comments some mention of what the cell would actually look like 

in context was made. Often they would sit back and hold the Visual Sheet as if to try and 

superimpose it onto the faqade to see what the cells would look like on that type of building 

and on that scale. One respondent thought that her opinion would change depending on 

whether the building were commercial or housing. The respondents that chose the bottom left 

cell would often call it different, crinkled, reflective, patterned, etc.. The following figures 

show how this cell was chosen time and time again (although two respondents did specifically 

state that any but that cell would be fine) and the responses to this question that follow 
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contain some interesting observations: 

The cell on the bottom left 16 80% 
Another cell 4 20% 

(Total 20) 

Interview 7- Senior Lecturer in Management Accounting. male and 51 years old. 

The blue one - it's nice. 
Why do you think it's nice: 
Because it sort of breaks up the pattern. The top one is a bit too much - it's too jarring. 
The bottom right one looks like someone's De-mob suit from the 1930s. 
Somebody else said it looks like a pinstripe suit: 
Yes, yes. You couldn't be an accountant wearing a suit like that, you'd be barred, it's 

got to be a blue pinstripe. 

Interview 9-- Senior Lecturer in Marketing. male and 53 years old. 

The random almost blue one, I think if that were over there it might be a bit much. The 
top right hand one, the grid pattern, that looks too harsh. The bottom right one, the one 
-with red stripes in, that looks quite nice. The top left one looks like a venetian blind 
(laughs). Of the four, I think the bottom right one with the thin red stripe and the black 
surroundings. 

interview 10 - Senior Lecturer in Business Modelling, female and 30 years old. 

I think the bluey-one would, well you would at least be careful what type of building you 
put that colour on. I think because most buildings tend to be grey or white, so I think 
that would really stand out. The others I think are all kind of the same. If I had to go for 
oneq I'd go for that checked one (top right). But I would say the other three are all OK, 
and even the blue one would probably be alright, but you'd just need to be careful about 
what sort of building it went on. 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work, 

10cm x 10cm, that's four inches square, those panels are therefore built up of four inch 
squares. 
Interesting is my first reaction. That might give architects a little more leeway, as 19ve 
said I'm against the over use of colour in buildings, but most of them, well two of them 
are monochrome and one has a bit of red in it. The one with the kind of blue random 
pattern in it seems like it9s almost making its own reflection which is interesting. I'm not 
entirely against that style of building, when you see them, the fact that they do reflect 
the sky and stuff like that and give them a bit of interest, it can be over used though. 
There's a city down in the south of France which has developed a lot recently using an 
awful lot of glass. But here the odd glass building looks OK. So I would say that I 
wouldn't wish to see every building looking the same or any building completely clad 
with photovoltaic cells and glass like things but I would welcome the use as long as it 
was thoughtful use, slightly different colour layers in the panels. The one that's 
particularly grabbing my attention at the minute is the blue one which -I could see that 
looking quite interesting. 
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Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

The bottom left hand one with the swirly random blue patterns. If you told me that the 
ones we9ve got here are that, that and that I would probably believe you. So that they 
are basically black with a few lines etched on - the other one at least makes an attempt 
to tone in. I assume you can actually change the colour, put flowers or daffodils or, on 
the back. I assume if you have got a yellow building you don't have to have blue panels - 
you can have a blue panel because you have a bluish one or whatever. It does look a bit 
like people painting their satellite dishes. 

Interview 19 - Senior Lecturer in Business Infonnation Systems. male. 37 years old and who 
usually cycles to work. 

I prefer the blue one. The top*left one looks a bit like a window - black with two broad 
white stripes. The bottom right one looks like a pinstripe suit. The top right looks a bit 
like a prison cell - barred -I suppose. My favourite would be the blue one. 

6.5.4 xxv) Visual Sheet III - Aq B&C 

Visual Sheet III -A 
When pressed for their preferences the respondents' choices were as follows: 

Pseudo-square cells 
Square cells 
Circular cells 

Semi-pseudo-square cells 
Semicircle cells 
No preferences - but comments on all 

(Total 20) 

Comments: 

5 25% 
4 20% 
1 5% 

5 25% 
2 10% 
3 15% 

The following additional comments were made showing the variety of responses but also 
common points raised during responses to this question: 

Interview 2- Senior Lecturer in Politics. male, 42 years old and an active environmentalist. 

I quite like the half-circles. I would hope it would interest my eyes. If I had to make a 
choice out of the whole cells then it would be the circles I suppose - the squares are more 
authoritarian than the circles, there are possibilities with a circle. If it was a matter of 
costs though, yes, the project would have to override the aesthetics to a certain extent, 
I'd have squares yes. 

Interview 4- Senior Lecturer in Psycholog gy. male and 42 years old. 

My immediate impression is that the more light there is in the pattern tile inore I dislike 
it so that the circle and semicircle would be my least favourite -I quite like it tile darker 
it is. The contrast between light and dark is dreadful between the semicircles. 
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Interview 5- Faculty Secret=. female and 52 years old. 

I think any of the larger ones -I really don't think it would make much of a difference - 
the smaller ones though would probably be too much. I would say the square or the 
pseudo-square, I don't know about circles. They tend to make your eyes fuzzy. 

interview 8- Senior Lecturer in Business. Information and Technology and Information 
Systems Management. female and 44 years old. 

It depends again on where you were going to put them. If they were going to go in a 
roof, or on a south facing wall, I don't know where they'd be best but they'd have to 
blend in. I think the fully square ones would probably go on a roof somewhere. That's 
like the ones over on the building - the circle ones - oh they look like circles from here. 
They don't look so bad but the circular ones are the best of the lot. 

Interview 14 - Senior Lecturer in Marketing, male. 47 years old and who cycles to work, 

They're looking more like electronic components than these do here - oh, that's the one 
used here is it -I think the thing that makes that successful visually is the fact that 
whilst it looks electronic it doesn't look as electronic as it might do. If you start to look 
at some of the others like the circles or the half-circles or the other shapes, they start to 
look a bit dated. Some of them remind me of 1960s wallpaper which I thought was 
wonderful as an adolescent but when you see it now you regret it - so I guess the reason I 
like the Northumbrian panels is that they are relatively fashion free or design free. Put 
too much design into things which may appeal in the short-term, but in the long-term 
you might regret and it won't be as easy to change as wallpaper of course. You need to 
think long and hard about the design aspect of it and what would be acceptable to 
people. 

Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

None really, I'm almost surprised it's an issue. I assumed, obviously wrongly, that these 
are simply cut off a sheet and you could have them whatever size or shape you wanted. 
No, other than the fact that the round ones and these sort of cup shape things, they are 
more in your face than the others. 

Interview 17 - Senior Lecturer in Infon-nation Systems. male and 40 years old. 

No, the only one I would comment on is the one with the semicircle patterns, just off 
centre, which looks, not knowing about photovoltaics, to me as if they have gone for 
design rather than area, and I would have thought area was the most important thing. I 
would have assumed you would go for something which got you maximum area and just 
messing around with pretty designs I think is a waste of time. 

Interview 18 -, Senior Lecturer in Marketing. female and 41 years old. 

The pseudo-square looks least imposing I think. The squares make it look very black. I 
quite like the half-circles - curved - it's got more white in it. You can't really tell until it 
Was Put up actually on the building or shown how it would look. Larger panels - I'd be 
interested to see what the half-circle one would look like on this building. 
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Interview 19 - Senior Lecturer in Business Information Systems, male. 37 years old and who 
usually cycles to work. 

Well the round one (looks around to the North uniberland Building) no the pseudo-square 
is the one used here - quite nice but again it's all straight lines. The half shapes are a bit 
more varied - as I said earlier there should be scope to bring more design and art into it. 
It might sound odd but I think that's how you would get it more aesthetically attractive. 

Visual Sheet III -B 
Respondcnts had the following prcfcrences: 

Dark blue 

Light blue/green 
5 25% 

4 20% 

Yellow/gold 2 10% 

No real preference - dependent upon the 
building and surroundings 9 45% 

(Total 20) 

Comments: 

Nine of the respondents commented on several of the colours, often pointing out that it would 
depend upon the building itself and context within which it was being used as to which colour 
would be most appropriate. The following responses show a variety of responses to the initial 

question; finding out the cells used on the fagade were in fact dark blue and a prompt used to 
determine whether their opinion would change given more information about the technology. 

Interview 2- Senior Lecturer in Politics. male. 42 years old and an active environmentalist, 

I quite like the lighter blue - sky. I didn't realise the Northumberland Building was that 
blue no, I haven't any objections to that but I do prefer the lighter blue. 
If I told you the lighter the colour, the slightly less efficient the cells were - I think that's the important thing, the function of it. If it has to be black then that's it, 
that's the way we have to go, if we can get more efficiency out of it. If that was explained 
to people at the start of a project I don't see any problems - that's the point of doing 
these things I would have thought. It depends, I think aesthetics is a secondary 
consideration then, but it's not unimportant as a factor. I think it would be very important to demonstrate the link between its efficiency and function, in the University 
or wherever it is, and the way it looks. If you could show that these things had to look 
like this and explain why - but nobody ever does in any technology. You can't give them 
free rein but a little more creativity wouldn't go amiss in these things. 
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Interview 3- Lecturer in Business Modelling. male and 29 years old 

The dark blue - that's personal choice on colour though. Any of them would be OK. I 
don't think it's really necessary to produce a colour - just a grey would be adequate. Is 

that the colour used - blue - well I'm surprised - I've not looked up at them when I've 

been close. 
If I told you the lighter the colour, the slightly less efficient the cells are, then - 
I think you should use the most efficient cells - if you want to introduce colour then 
there are other ways to do so - e. g. the window frames on this building. You shouldn't 
compromise on efficiency just for a different colour. 

- male and 53 years old. cturer in Marketing 

Any of these colours are preferable to what we've got (laughs) - oh I see, the dark blue is 

the one we've got. I think I prefer the red and green (light blue) rather than the yellow. 
Yellow could be a bit too much. Yes those three are alright. 
If I told you that the lighter the cells, the slightly lower the efficiency of the cells, would that 
have any bearing on your comments: 
Well, I suppose it depends on the amount. If it's just a marginal effect then it wouldn't, 
if it were a massive effect then yes - if by making the things look good you were ruining 
it in terms of the electricity it generates. But that's only minor. You could compensate 
aesthetically by a minor reduction in the efficiency, just to make people think it looked 

neater. 

Interview 10 - Senior Lecturer in Business Modelling. female and 30 years old. 

Again, I think it would depend on the building, but if you had something like a red 
brick building, then I would imagine that one or that one (red or the gold) might look 

nicer against it. 
Given that the lighter they are, the slightly less efficient the cells are, would this influence 

your decision: 
Yes, again, because as I said earlier I'd rather have efficiency than have them loolk, 
'good'. 

interview 14 - Senior Lecturer in Marketing. male, 47 years old and who cycles to work, 

Really, dark blue ? 
Slate-grey is what springs to mind. That's interesting - clearly I rind tile blue acceptable, 
but I didn't know it was blue. (Laughs) I'm guessing now - 
The problem I would have now is knowing what it would actually look like and the top 
one looks like - 'someone has taken these pictures with flash photography I presume -I 
suppose that might simulate bright direct sunlight on it. Something that glows gold - nly 
marketing mind tells me that people like gold - it represents warmth and sophistication 
and all that - but you've got different circumstances. I think the reddy-purple one gives 
me a problem and I'm not too sure what that one would show - that one comes out as 
light blue ? It's also slightly green. 
The things I like in terms of cladding -I like Lake District green slate cladding, now I 
don't suppose what we are supposed to do is copy the colours but it seems that if we 
were going towards a colour you should look to what colours you see in buildings. You 
see aged copper that's acceptable, gold might be acceptable. I don't like the grey oil tile 
Curtis Building which is probably slates. Anyway back to this, the reddy-purple gives 
me the greatest problem, the blue shows as grey to me and gold I think you wouldn't 
want too much of it but I think would be acceptable. 
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Would your opinion change given that the lighter the cell colour the slightly less efficient it 
is: 
I think I could live with it - so gold is less efficient than the blue. Yes, it's a kind of 
trade-off isn't it - if it had to be purple to be more efficient I suppose I could live with it. 
I would accept darker shades to increase efficiency. Whatever colour it is it's clearly got 
a reflective nature as well - it is not matt. It's not looking dark it's looking silvery dark 
grey to me and of course the surrounds lift it as well. It would be interesting to see if 
they could be changed, whether they could be blue on black - rather than blue on grey, 
or is it white - that might be another possibility - 

Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

You mentioned the colour earlier, several manufacturers are now producing different colours, 
you mentioned the Northumberland Building - what colour would you describe those cells as: 
Black. 
They are actually that colour, believe it or not: 
(Laughs). I don't believe it. You are actually saying that they have a blue cast to them, I 
have never ever seen that blue cast, despite the fact that I walk past there -I try to 
reduce my smoking, but for the smoking reason I must walk through there two or three 
times a day. I have never ever noticed it. Can you see a blue cast on them now ? 
Assuming that the colours are actually visible - maybe it's my eyes. If you do notice a 
blue cast on them, because they are so shiny they are reflective, and if it is a blue sky you 
would expect to see a blue cast in the panels and maybe not think that was the panels. 
In terms of personal choice, I do not have a personal choice, it's just nice to see that 
there is a range of colours because if presumably you have a sandstone building the 
walls are -a yellow cast would be sensible for a brick wall the one with the blue cast - 
steel, painted black, and one of the others it's nice that we can get something that will 
actually blend in whatever the rest of the building is. 
Given that the lighter the cells the slightly less efficient they are, would that actually colour 
your opinion on which shades should be used: 
I would have thought that given that there was a drop in the efficiency and cost 
effectiveness of these things that really you were going to go with the most efficient, 
unless there was a very strong reason - it was a real bad clash, especially as the cast 
seems to be quite difficult to see. 

Interview 16 - Faculty Assistant, female and 53 years old. 

oil -I like the light blue best. I've never noticed any blue in the Northumberland 
Building - now you've told me - at all. At this level it looks dark. Does the colour make 
any difference to the electricity ? 
Yes, my opinion would change given that difference in efficiency - in this country we 
need to take advantage of tile limited sunlight. 

Interview 19 - Senior Lecturer in Business Infonnation Systems, male. 37 years old -and who 
usually cycles Lo work. 

They've taken my advice then (laughs) - is it really, that's what's used here - well you 
wouldn't know that. That colour - is it - from looking at it -I would have said it was just 
a bland grey. You wouldn't pick that one out. Colour's a good thing - if you call see it that is (laughs). Going back to what I said -I think variance would be quite attractive - it Nvould certainly make it more controversial and that would make people talk about it 
more, even if it was ugly. That's the same about adverts - even if they're awful people 
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talk about them. It gets some people conscious of the product. The yellow is quite nice 
because it reflects the fact that it's solar - yellow. 
If you were then told that if they are lighter in colour then they are slightly less efficient, what 
would you say: 
It might influence me - as I say technically I don't know anything about them really - 
that's a design issue and I think they have to get around that problem. They might then 

say we'll just have them not coloured. In my mind you've got to get away from squares 
and lines - straight lines - that would change peoples perception - if they think they 

could be attractive then they might be attracted to them - so colours probably really will 
help. It might be that you could design a dragon where it has a yellow eye - the rest of it 

is just normal panels to get the efficiency. Obviously that is an issue. 

Interview 20 - Senior Lecturer in Information Systems, female. 48 years old and who owns a 
home solar water heating system. 

The building here is blue ? Is it really ? I've never seen any hint of blue in it at all I must 
admit but maybe I haven't been looking at the right time. I mean if that is blue then I 

can't see that colour makes that much difference then it's just going to come out as the 
darker shade generally. I'm not so keen on the yellowy one, I would go for the blues or 
the red. Probably the bottom two. But if that's blue out there then I don't see why they 
bother with different colours. Just make them black or grey or something (laughs). 

Visual Sheet III -C 
The respondents' reactions and preferences were as follows: 

No real preference - but comments on all 
dependent upon the individual building 9 45% 

Semi-transparent modules (Glass-glass) 5 25% 

Patterned backing sheet 6 30% 

(Total 20) 

Comments: 

Comments were 
, 
made about the quality of the illustrations - the scale and therefore difficulty 

they had in direct comparisons between the backing materials and their application. The 

following interviews show four of the responses to this question and Figure 6.9 shows how 

the spacing between cells within individual modules could also be an important issue. 

Tnterview 2- Senior Lecturer in Politics, male. 42 years old and an active environmentalist, 

I think it would depend on the situation - the glass one might be quite nice on one side of 
a corridor in a particular location, whereas the patterned one could Nvork somewhere 
else -I don't like the one on tile left. I like the idea of that down a corridor - it would 
look just like stained glass windows. There should be no reason why people couldn't put 
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proper paintings made out of cells somewhere. Actually why can't they do that - why 
can't they have like stained glass windows with Madonnas in them ? 
(Explanation about mixing colours - stringing, etc.. ) 
Oh. 

Interview 3- Lecturer in Business Modelline. male and 29 years old. 

I think it would depend on the design of the building you were doing. If, like on this 
building, you've got enough room to have the one with a solid backing then that's best. 
If you had constraints like needing to let light through then the clear one would be OK - 
but I wouldn't personally like that effect because it's not one thing or another -I don't 

like the idea of the sun coming through the solar panel - seeing these lines. If it was just 
for stairwells, etc., yes, then that would be fine but not if I had to work for any length of 
time behind it. The middle one -I can't see that one having any advantages over the 

other ones in fact it would probably be more expensive to produce. 

Interview 8- Senior Lecturer in Business Infon-nation and Technology and Information 
Svsterns Mannement. female and 44 years old. 

(Laughs) Do you want me to comment on the appropriateness or whether I like them ? 
Yes, whether you like them: 
Well, I can see the middle one on a roof somewhere, you see houses with greeny- 
coloured tiles. The all slate, the grey slate, I could see that on a roof somewhere. This far 

right one, on the side of the building, these are the ones we've got on the side of the 
Northumberland Building. I don't really have any thoughts about them, they look fairly 

attractive, but I wouldn't like them on my house. Unfortunately, as I say, I'm not 
terribly good, if you'd have asked me about it prior to it being built and asked what 
might fit in then fair enough - but to take them in isolation is very difficult. 

interview 14 - Senior Lecturer in Marketing. male, 47 years old and who cycles to work, 

Well, no particular preference -I like this one, the middle one - it's starting to take on a 
green marbled appearance, it suits my taste, as does this kind of high-tech space station 
look as well (right). I think if I was a building designer I would welcome the ability to do 

all those things. I could happily work the aesthetics of those into many buildings. I think 

we are dealing with two things here, the window type of material (right) and dealing 

with cladding sorts of things here (left), and this one in the middle one is starting to look 

more like a building material. We know what the left one is, the middle one is cleverly 
disguised and this looks like a very clever way of letting light in but restricting light 
which of course is what you're trying to do -a useful way of blocking out of light, heat. 

The following illustration shows the latest Japanese PV module with a larger gap between 

cells than non-nal. Widening the gap has increased output by 4% and yet reduced the number 

of cells in each module by 11%. The new reflector-concentrator PV module enables the solar 

radiation to pass through the larger gaps and be diffused by a reflector film and is then picked 

up by the surrounding cells. This kind of module development, and the constraints on the 
backing material colour, i. e. having to be light in colour to promote rcflcction, also have 
implications on its visual character or how it may be perceived by the public. 
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Figure 6.25 The New Japanese, Sharp Corporation's, PV Module (NT5 I FL6), with larger 
than normal gaps between cells. 

6.5.4 xxvi) Visual Sheet IV -A&B 
Visual Sheet IV -A 

Of the nineteen respondents asked this question, their preferences were as follows: 

Left 5 25% 
Middle 3 15% 
Right 6 30% 
No preference - but comments made about all 5 25% 

(Total 19) 

Visual Sheet IV -B 
Of the nineteen respondents asked this question, their preferences were as follows: 

Left 7 35% 
Middle 6 30% 
No preference - but comments about all 6 30% 

(Total 19) 
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Comments on both questions: 
The following responses to both questions are worth noting and it is interesting to note the 

difference between respondent expectations of domestic vs. commercial aesthetics, i. e. A vs. 

B here. The method of integration they often found acceptable differed markedly and this can 

be seen in the following comments by a large proportion of the sample: 

Interview 2- Senior Lecturer in Politics. male. 42 years old and an active -environmentalist. 

Visual Sheet IV -A 
Oh, the whole roof definitely - the one on the far right hand side. The one on the left is 
terrible - it's vandalisation - awful stuff - who'd want that on their roof - with that 
colour. The right hand one is fine. 

Visual Sheet IV -B 
The middle one seems OK -I suppose it looks quite integrated into that particular 
building. On that building it"s fine and it's got a kind of totem pole effect hasn't it. 

Interview 3- Lecturer in Business Modelling. male and 29 years old. 

Visual Sheet IV -A 
The first one is like I've seen on houses. I like this one - the first one -I think because it's 
more conventional. The all in one, on the right, just seems a bit odd - futuristic - I'd be 
suspicious of it. The ones on the left would also be more portable - if you wanted to 
change the design of the house or whatever then it would be more flexible. The middle 
one doesn't really stand out - it's trying to blend in too well I think. If you're putting 
this type of thing on I think you should at least make it apparent. 

Visual Sheet IV -B 
Again - where it is 'stuck-on' to the outside of the existing building is fine - far right. 
Fully integrated - that suits this kind of building - you'd be hard pushed to say if that 
used solar cells or not - on that style of building, a high-rise glass building, I don't see 
any problems with that. Incorporating some panels into a building - the middle one - if 
it's for some purpose - but I see it as a lost opportunity of having a lot of area available 
and then only using a fraction of it. As you're already putting it in anyway you should 
cover the whole building to maximise the benefit. 

Interview 4- Senior_Lecturer in Psycbology. male and 45 years old. 

Visual Sheet IV :A 
The more they tend to integration the more pleasing I rind it. I like the panels perfectly 
flush and ritting - not like the left one which is not at all aesthetically pleasing. The left 
one just looks like something added on. 

Visual Sheet IV -B 
The one in the middle strikes me as a 1950s building really. The one on the right is 1101v 
I see this - as a piece of contemporary architecture - built to be like that not convert 
solar energy. I can't say I find it an attractive building but on the other hand if you 
didn't say anything to me about the building I couldn't say it was because of the 
photovoltaic panels -I would just say it didn't look particularly pleasing to me. 
Ironically although I don't like the look of the first one, probably because of the way the 
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panels go, I would still go for that - because it just looks to be a building of a certain sort 

- not anything different. 
The middle one doesn't appeal to me at all - it reminds me of the Tobacco factory on the 

coast road - that sort of era. 

Interview 5- Faculty Secreta1y. female and 52 years old. 

Visual Sheet IV -A 
I suppose they all must have their place. I don't know -I quite like the one that's on top 
of the tiles. I don't know why but it looks different. I don't like the middle one because 
that's half and half. Either of the two - right or left. On a very modern house on a 
modern estate the one on the right would look best and the left one would look best on 
older houses. 

Visual Sheet IV -B 
Again, it would depend on where and what the surrounding area was like. I think the 
one with the company's logo on - if that is what it is - is quite a good idea, if we're going 
to have these monstrosities in the sky. If they're going to have their logo somewhere it 

may as well be somewhere 'useful'. 

interview 6- Faculty Secretaly. female and 47 years old. 

Visual Sheet IV -A 
The right hand one -I think it would depend on how the house had been built - with 
regards to the whole roof -I would also think of the damage, whether or not if anyone 
kicked something like a football on it - there would be damage - or threw a stone. 
The middle one I'd be a bit concerned about the way it looked - lying in the same space - 
wondering if any of the seals would go. 
I would prefer this one on the left - lying on top of the tiles -I think it looks a lot nicer. 

Visual Sheet IV -B 
I like the photovoltaics as the whole building -I think it looks really nice. 
The middle one I'm not very keen on - unless I worked for the company and thought it 
looked really brilliant (if it is the logo) - this is who I work for. 
They're all quite alright but the outstanding would be the whole building - the one on 
the left. 
I don't even know how I feel about the last one. 

Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

Visual Sheet IV -A 
That looks like an afterthought, the left hand one. The house has been built and they've 
put it on top. The concept of the entire roof being like that and it being actually fitted 
into the roof is quite good - the right one. Yes, the middle one is a bad photograph. 

Visual Sheet IV -B 
I think it's quite nice - the one in the middle - it breaks up what otherwise is a pretty 
rotten looking building. This one, the fully integrated system, technically tile people 
working behind here - can the thing be used as a window as well as a cell, tile light can 
pass through it ? 
Yes they are classed as send-transparent panels then: 
You see glass structures all over the world just like that. Well, if you're using tile same 
material and it's doubling up as a window and a generator of electricity - that's no 
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worse than thousands of office blocks around the place. This one again is a bit like the 
house, on the left - it looks like an afterthought (right one). I think if it's done properly 
it's got to be designed actually within the building, but only if the panels themselves are 
not too shiny. If you're in an office block, umpteen storeys up, opposite something like 

this, it could be too much. But you'd still get that off any building like that. I do like the 
idea of actually integrating it into the design to make it look a bit different aesthetically. 

Interview 10 - Senior Lecturer in Business Modelling. female and 30 years old. 

Visual Sheet IV -A 
I like that one, the modern one - fully integrated - that's actually quite attractive the 

way they've got the porch with the lines coming down, that matches the roof. But 

obviously that's only going to be suitable for somewhere that you're building from 

scratch, so again I think if I Was given a choice I'd be prepared to go for just putting it 

on top (left one) - sticking it on - as long as it didn't involve taking the whole roof off. 

Visual Sheet IV -B 
I actually think that you wouldn't look at any of those and think they were solar panels. 
The first one just looks like glass windows, it doesn't look like there are solar cells on 
there. The middle one just looks like fancy brickwork, and again the third one just looks 
like a standard block, they don't look like solar panels. 

Interview 14 - Senior Lecturer in Marketing. 
-mate, 

47 years old and who cycles to work. 

Visual Sheet IV -A 
I have a problem with that (left), I could probably live with it on the grounds of if I was 
living there it would be saving money but it looks like - the tiles are a very old roofing 
design, which I actually quite like - and the new technology seems to be perched on top 
of it, but I would have a problem with the whole building -I don't think the tiles match - 
I assume that's not a UK building. You would live with that but wished that somebody 
would have thought more about the design of it. 
The middle one seems like photovoltaic cells as felt-like roofing slates which, another 
problem with felt roofs and felt roofing slates strikes me as being cheap, and not 
particularly cheerful, and maybe breaking it up with photovoltaics might improve It. 
The integrated design (right), a good attempt, why did they bother with brick and If it's 
so modern why did they bother with any traditional materials at all. I could recognise it 
as a good attempt, I don't have any problems with the roof or the conservatory area, it 
looks like it might be in Milton Keynes, just the mismatch of the brick, I think that 
might be the direction to go in. My concern would be in houses I want to live in - three 
storey Victorian terraces in Jesmond, how would I integrate it -I think I'm fortunate 
that the south facing rooms are at the back so it wouldn't spoil the roofline at the front 
and we don't particularly have a view of our own rear view. It is quite a complex 
question to answer. Interesting - all of them. 

Visual Sheet IV -B 
I haven't really seen enough of all of these buildings to know, I don't have much of a 
problem with that (left) unless every building on the estate looked like that, when it 
might become a bit overwhelming. 
This middle one which is clearly an integrated structure, it's all office, a functional 
building. I don't think it particularly looks brilliant from tile outside but I think it is a 
fairly good use of it. Presumably inside, if I went into a building like that I would find it 
comfortable - very acceptable. 
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The one on the right is a panel superimposed over the traditional cladding, I think 
that's been done reasonably well, I suspect it is not as good as what we have here but 
then we had the opportunity to replace our windows at the same time. It seems to be a 
reasonable use of it. 

Interview 17 - Senior Lecturer in Tnfonnation Systems. male and 40 years old. 

Visual Sheet IV -A 
As with most things designed in from the beginning looks better, so the one integrated 
looks better than the one that was added on as an afterthought. But given that it wasn't 
there and it wasn't built in it's just a bit awkward, I still think it looks quite good. 

Visual Sheet IV -B 
Is this the middle one - so it's just the grey panels are the Ivoltaics' .9 Going back to my 

earlier comments, if you're wanting it to produce electricity then I don't know if it 

should be driven by the company's logo, I would think in terms of maximum area and 

cover the wall with it. Maybe using different panels if they wanted to create their logo, 

but not wasting the opportunity of having more panels on the wall. No more comments 

on the others. 

Interview 20 - Senior Lecturer in Information Systems. female. 48 years old and an owner of 

, system, a home solar water heating 

Visual Sheet IV -A 
I don't really like the first one - that's one of the problems I have you see I don't really 
like the look of our solar panels although we do have Velux windows to our loft 

conversion. They don't look too bad but they're obviously - we have a nice big stone 
built Victorian house and I think it spoils the character of the house but I accepted that 

as the price you pay. Yes, our system is on the top of our roof - not like that one, It looks 
like extra windows really. I wouldn't be happy with the first one although it's not too 
bad when you look at the overall design of the house, it's not too offensive. The one on 
the right would look alright once you got used to it, although it goes back to what I was 
saying about changing your perception of what you expect a house to look like and I 
think that actually blends in quite well but when you first look at it it isn't what you 
expect. This middle one is probably a better idea - blending it in - but 19d have to see it 
in a similar way to that to be able to tell. 

Visual Sheet IV -B 
I think I prefer the middle one, if you're going to go for it you may as well go for It. 
Presumably the first one is 

, 
more effective because you've got more panels than the 

middle one andYm not so keen on the right hand one. I think I would say the middle 
one is the best. 

6.5.5 Information 

6.5.5 i) What do you think about photovoltaic schemes in the UK now 
Generally respondents felt positive about these schemes or at least felt enthusiastic enough 

about them to want to find out more about them. Five respondents felt their opinions had not 

changed since the start of the interview whilst the remainder all had comments about what 
they had learnt or further questions about the potential in this country. Most felt more aware 
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of BIPV, but still wanted more information, and many felt it was the way things would go in 

the future. The few negative comments are included in the following responses with one 

respondent (Interview 13) still believing the fagade influenced the building's ambient 

temperature. 

Interview I- Senior Lecturer in Business Modelling, male and 33 years old. 

Reasonably positive. I think you've got to be thinking of using resources in an efficient 
way and given the technology we've got and given a lot of the mistakes that have been 
made with regard to public building design in the past -I think the two separate skills 
can be brought together to produce something fairly reasonable so therefore I've got no 
negative feelings about it at all. 

Interview 2- Senior Lecturer in Politics. male, 42 
-years old and an active environmentalist. 

I think I know more about it now - than I did. I don't know that I feel different about it 
because I don't know that I've got enough information about that particular scheme, as 
to why it looks the way it does. Do you see what I mean ? Here you've got a situation 
that you have to work with so it does harmonise with the building - it's the building 
that's the problem and not the solar panels. 
I didn't know they were functioning even when the sun wasn't shining so bright -I 
don't think about them a lot and I certainly don't think about them as something I wish 
somebody would remove. But in some ways I think it's a compliment to say that you 
don't think about them - harmonisation - because it's not kind of jarring. 

Interview 3- Lecturer in Business Modelling, male and 29 years old. 

I think I'm more aware of the different types of cell for one thing. It's been interesting 
because I've looked at the building but I've not really gone into detail about how much 
power it generates - but I might be more interested in that now. To find out what 
proportion of energy it does actually supply. Before I've seen the LEDs on the side and 
not really taken much notice whereas now I might read what it says next time. It has 
been interesting. It's interesting to see that this sort of idea could be used on private 
houses as well as big buildings. It's increased my awareness of renewable energy I think. 
The idea of it generating in diffuse light too - it's been worthwhile. 

,y and Infonnation Interview 8- Senior Lecturer in Business, Infon-nation and Technolop 
Systems Management, female and 44 years old. 

Well, I think I'm a bit more informed as to what it's all about. I mean I literally thought 
they relied on the sun being out rather than just on ordinary daylight and if given the 
opportunity of having it incorporated into a house design, then I would consider it 
provided I benefited from the electricity that was generated. I wouldn't have a problem 
talking to somebody about it, once again it would be about costs - like double glazing, if 
it would pay back over X number of years. 

Interview 9- Senior Lecturer in Marketing, male and 53 years old. 

You've given me a bit more information about the way these things operate. I mean I'm 
all in favour of renewable energies of whatever kind, as long as it's reasonably effective 
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economically. It's pointless putting these things up if they're never going to work. But if 
there is some economic sense behind it, as well as this general idea that green is good, 
then yes, fine. 

Interview II- Business School Acting Assistant Director. male and 45 years old. 

I think I'm probably aware that I don't know of any and that I'm not aware of any 
conscious attempt by anybody to push it, to probably say - this is what's happening. It's 
not something I've come across, I certainly haven't come across them, either in terms of 
- well, I haven't come across them consistently, just generally on the news. It's not 
something I'm terribly aware of, you kind of hear about experimental houses and that 
type of thing. I certainly don't hear about very much, and whether that's me, maybe I 
should be more inquisitive and rind out more, or it's a real problem that it"s not getting 
publicised, I suspect the latter. But I think also that it's still kind of presented like - 
there's an odd person there building a house. 

Interview 13 - Senior Lecturer in Politics, male. 61 years old and a former Liberal Councillor. 

Well, you've still got to persuade me that they keep an even temperature in the building. 
If they do that then fine. 
As I said earlier, they don't actually have anything to do with the temperature inside the 
building. That is purely the design of the windows that have been replaced - so the 
temperature is effectively the windows' and heating system's responsibility. The panels have 
been angled slightly to produce some shading - to attempt to reduce any excessive solar gain, 
but the solar cells themselves just produce the electricity for the building: 
So it should still be feasible to say that you want a temperature of 701F and you can 
keepitthat- 

Interview 14 - Senior Lecturer in Marketing. Male. 47 years old and who cycles to work, 

I think going in the right direction, my fear would be that they are not well integrated 
enough but I am glad to see there seems to be some thought going into the issue really - 
or you are thinking about it at least. There are enough clever people out there designing 
cells and designing buildings and between them they should be able to come up with 
something which is going to be acceptable and it's good to see the issue being addressed 
really. A very good idea - preventing it from floundering from the point of view that 
nobody considered the aesthetics just the functionality - that is a bit of a fear - so it's 
good that it's being considered -I live in hope for the future. 

Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

I feel totally the same, you haven't given me any information, well you have given me a little information. My criticism, if it is a criticism, is simply one of perceived non cost- 
effectiveness rather than aesthetics. I would be interested if many people had said that 
spoils the building. I don't feel it's a problem if you are putting it on a modern building 
and do it with some sensitivity, but it must be simply cost-effective or have sonic cost benefits. 
If you were designing a prestigious building it's roughly equivalent to the costs of marble 
cladding - that includes the rest of the system required to produce the electricity (which it 
does in addition to acting as a waterproof building skin): You've done a little mental trick there but it makes me see a bit more of what you do. I 
perceive those things as simply a method of generating electricity and therefore cost benefits. What you're actually saying is what we actually have here is a different kind of 
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surface finish like marble cladding, and that's bringing a different dimension. I have 

never thought of it being a surface finish. 
It's rather like a double glazing salesman that comes along and explains things - you 
want to hear about if it keeps the heat in and he tells you about how it keeps the noise 
out. Yes, OK, when you raise that point - yes, it is a way of cladding the building, you 
need to have wanted to clad the building anyway. That brick building down there 
though has no cladding, so for that building it would be very expensive to do, if you 
were going to put cladding on anywhere and make it cost-effective, that's where you can 
make it fit sometimes. That's where you did the mental trick. If I did have a piece of 
cladding, if I had a wall of Durham Cathedral which is not clad, who wants to clad in 

marble or granite. I suspect if I put marble cladding on there in five hundred years time 
it would still be there. I think in terms of a cladding material you then need to work out 
its life expectancy and its cost and everything else. I don't think it compares to marble, 
marble is going to be there for one heck of a long time. I am agreeing with you, if you 
can actually provide another function as well then great - yes, I understand now. 
I just wanted to clarify that, it is interesting to know what you think it is in effect, does it 

perform these other things - coming from my background it would be easy to assume that 

people know it is a cladding material in itself now. Also, any cladding material's lifetime 
depends entirely upon the fixing's strength and expected lifetime. 

Interview 19 - Senior Lecturer in Business Infon-nation Systems. male. 37 years old and who 

. usuall4gygles to work. 

it's something I hadn't given a lot of thought to - certainly as I'm environmentally 
interested - the house I'm in I wouldn't have thought there was much scope for it but 

maybe there is especially with a roof tile. I'm very aware of pollution and therefore I do 

what I can do about minimising my impact but I don't think I particularly think 

positively about solar panels in terms of going out and looking for them in the city - but 
in terms of how attractive they are I'll think a little bit more. 

6.5.5 ii) Do you think there should be more publicity of this and other Renewable 
Energies, do you think others would be interested in finding out more ? 

Generally most respondents felt that there should be more publicity of photovoltaics, and the 

other renewables, than there is at present and that others would also be interested in finding 

out more. They expressed an interest in what would happen if there was more publicity and 

felt this could come from advertising real results from existing projects. A few respondents 

also mentioned Age as a factor in the response rate to a publicity campaign of that kind and 
felt that it should be taken seriously by the likes of government bodies. The following 

responses are included and show many of these and additional comments made during this 

question: 

Interview 1- Senior Lecturer in Business Modelling, male and 33 years old. 

Once the technology's right and you can go armed with good cost benefit information - i. e. it's there as a finished article, or on its way - then perhaps you could increase the 
publicity because you know you could defend your arguments and you can win people 
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over. If it's something a long way from that and the benefits aren't perhaps as tangible 
then, given that there's a squeeze on a lot of things people would like to see money spent 
on, you're not going to win people over - there'll be other priorities. Whereas, if you're 
down the road and the benefits can be tangible and part of your argument is pounds, 
shillings and pence then the publicity machine will gather momentum much more. 

Interview 2- Senior Lecturer in Politics, male. 42 years old and an active environmentalist. 

Yes, as much as possible I'd say. Yes -I think it's a long campaign - but I think things 

are heading this way - people are starting to talk about future resource wars and then 
there are wars about water. That is the way things are moving but a lot of people are 
more concerned with what's right in front of them, rather than the future. I don't think 
it's that controversial -I don't think people get enough explanation about these things, 

or they are often presented badly - by people who are involved in the area - engineers 
and people who see themselves attached to say Greenpeace, and the like. They both 

seem to shoot themselves in the foot as far as I can see. Overall there should be more 
publicity. 

Interview 8- Senior Lecturer in Business. Infon-nation and Technology and Infonnation 
Systems Management. female and 44 years old. 

I think that if there was going to be a political push for this type of renewable energy 
source, then you've got to start advertising it, and they've got to make it accessible to 

people. I mean, if you're talking to Joe Bloggs on the street about it, you might rind out 
they're less well informed about it than me, and I'm not particularly well informed, so I 
definitely think it needs some sort of advertising campaign, if the Government are 
genuinely interested in getting people involved in this. Not just for commercial 
companies. Is this genuinely a green issue or is it just someone wanting to sell equipment 
to make a quick buck ? 

Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

Yes. 
Do you think other people are generally interested in that: 
I think you've got to start off somewhere. It all gets back to this point that if you don't 

create a general issue then it's going to be regarded as this is just a few cranks. If you 
want to make a big success of it then you've got to get public opinion on your side and 
you've got to look at some kind of sustained publicity. The only way you can do that, 
generating any enthusiasm or investment in something like that, is by demonstrating 
that these things actually work rather than just sticking them up as one-offs. I rind that 
over the years certain Governments' attitudes towards renewable energy is on-off. One 
day it's flavour of the month and another it's not. That's not the way to deal with it, it's 
something which - you've got to cultivate public opinion, not just assume public opinion 
is going to be on your side. Therefore, it's going to take a long time just to change 
peoples ideas. But it can be done. 

Interview II- Business School Acting Assistant Director. male and 45 years old. 

I think there has to be more publicity. If you take me as an example, as I say, maybe it's 
me - maybe it'd be different talking to others - if you talked to people like my son who 
tends to be a bit more aware of it, but I wouldn't go looking for it. Unless someone 
pushed it in my face and said - this is what we're doing, this is what Nve can do, this is 
what the alternatives are. I think probably I'm not a model of awareness yet, or 
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conscious. As I said, I don't think it's going to be a problem for me, I can look at it and 
say - yeah, it's going to be a problem but it's not going to be my problem. And I think 
that's a big thing to get over, so yes, I definitely think we need more publicity. 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work, 

Yes, I think the way things are going at the minute seems to be that you can get at the 
adults through the children. But probably not enough marketing of the whole isgue 
really, and that doesn't just mean outright publicity, that means understanding the 
inental state of the various target audiences - you don't need to convince me that it looks 
good but there'll be others who need convincing in different ways, so that would be my 
view of what the problem is for the future. I think people will ask why they should pay 
for it and what will it make their house look like. I'm still probably more concerned 
with the waste of energy -I Ahink we should look to that rather than to increasing 
cheaper ways of generating it. 

Interview 15 - Senior Lecturer in Business Modelling. male and 51 years old. 

I think there"s a whole generation growing up, fortunatelyg that's into green, ecological, 
save the whales, and whatever type issues. Don't know whether that particular faqade 
would seize their imagination in the way of some of the more obvious ones do. I think 
there's an awareness that certainly wasn't there when I was sixteen. That particular one 
is just a piece of engineering as far as I am concerned. 

Interview 17 - Senior Lecturer in Information Systems. male and 40 years old. 

I think there should be more tying together of the renewables, rather than each group 
championing their own, so people can put things in proportion in terms of, in fifty years 
time what proportion of electricity could come from photovoltaics, could come from 
wind, come from waves, and so on. 

Interview 18 - Senior Lecturer in Marketing. female and 41 years old, 

Yes - definitely. As a package -a way of life - incorporating information into a daily 
routine. All of us need to be environmentally aware I think. A lot more publicity. 

Interview 19 - Senior Lecturer in Business Information Systems-male. 37 years old and who 
usually cycles to work. 

I think so but again - how much notice do people take - as I said about the information 
at the time this-was put up - it's about our education and how to make people take 
notice -I think there has to be some ideal on how that's done and whether it is the 
demand and supply type variance graphs which show how things are interacting - when 
you go to museums now they have a lot of interactive things and that is the way they 
must see that there's the potential of people absorbing more - getting into it and 
pressing buttons and seeing the effects - that would be a better way of getting it over 
than a nice government pamphlet - you can go on a government website and look at things, like the DTI, but it's mostly text based as a rule. You've got to look at different 
ways of communicating and illustrating the differences it can make. 
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Interview 20 - Senior Lecturer in Infonnation Systems. female. 48 years old and who owns a 
home solar water heating system. 

I think any company that's using vast amounts, I know if you add up all the houses 
they're also using vast amounts but -I would have thought they would be very 
interested how they could help the environment and save energy. I think you've got a 
tougher job with domestic people - ordinary homes because people will always be 

reluctant to put out the original capital to have it done like we did but I don't think 
many people would. Our experience is not one where I'd say - oh, yes it saves you money 
which is what people want to hear at the end of the day. I've never seen anything on 
television or very much about alternative energy supplies and that's the main way to 
reach people. It's mainly things that come through the post that people tend to bin so, 
yes, they should be more informed but it's a question of finding effective ways of doing 
it and I think that's a big problem. 

6.5.5 iii) What do you think about involving local communities in this type of project ? 

The majority of those asked this question stated that it would be a good idea to involve the 

local community with the following exceptions and additions: 

Interview 1- Senior Lecturer in Business Modelling. male and 33 years old. 

It's good because they live or work there - it's their community - it's like everything else 
probably in terms of the society we live in, in that there's a minority that make decisions 
and they probably think that the majority aren't intelligent enough or aren't informed 

enough to have opinions - which I think is quite arrogant really. I think if you look at 
housing share ownership schemes that are available and the new building that's taking 
place -I can remember a council housing estate in London as well that was actually 
rebuilt with input from people that lived there and because of that stake - their 
involvement with it - and 'ownership' of it - there was a lot of participation, a lot of 
pride of what came out of it. Involving people in the designing of where they live or 
work I have no problems with it at all - they're there on a day-to-day basis - they have to 
live with what's imposed on them so if they can participate in the decision making then I 
think it's a good idea. If people are made to see that their opinions count then I think 
that's good. There's a major problem with the way things are going with communities - 
what is a community now - you look at things like local elections with 10-12% not voting 
because they think it's a waste of time, etc.. Something like designing a housing estate or 
a local energy policy could involve people, the level of participation could be potentially 
greater. People have moved away from this community idea though, I think - that's 
quite disappointing if that's the case. 

Interview 4- Senior Lecturer in Psychology. male and 45 years old. 

If you can find local communities - do they exist ?I don't know if they do or 
not ? What would it involve them doing ? 
Ask me the question again then. 
It's probably a necessary idea - some people might profess to having aesthetic values 
that unless you did have it open to discussion -I do think people need to know what's 
available for them. The way forward would be the community approach but I don't 
know where in the community. It's one thing having the people you want to be there 
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actually come. In principle it's fine but in practise I don't know how many people would 
turn up. 

Interview 7- Senior Lecturer in Management Accounting. male and 51 years old. 

Again, I don't see why not. I mean if the people who have actually got to live there have 
a say in what's done, then they can't then turn around later and say I didn't want it like 
this, I wouldn't have done it that way. That was one of the criticisms of architecture in 
the 60s, that they didn't have to live in the bloody awful boxes they were putting up. 

Interview 9- Senior Lecturer in Marketing. male and 53 years old. 

The problem with local communities is that you actually don't get involved with the 
community, you get involved with people who claim to speak on behalf of the 
community which is not quite the same thing. I've been involved in marketing and 
market research and I'm very cynical about people who claim to speak on behalf of 
other people. Invariably they don't. The concept of the silent majority is very important 
indeed. Lots of things are built on the basis that it's good for the community and the 
community wants this. The community quite frequently is a euphemism for the voice of 
the people who shout loudest. I think that it's got to be organised not on a sort of small 
community basis, possibly on a local authority basis. But certainly I think there needs to 
be some kind of overall coordination because it gets back to this point about promotion 
and publicity. You can't promote things purely on a localised basis. You've got to 
promote them through the media generally. That's got to be done either regionally or 
more importantly centrally in this country and everyone is therefore going to see the 
benefit. 
in wind farms the community thing is slightly different I think. You would probably be 
in some isolated place where the wind blows a lot. And there will be a localised 
community in the area, but with things like this - who is the community ? Is it the entire 
University, is it the people who live in the centre of Newcastle ? So, you could only 
involve the community if you're actually able to identify what the community is. 

interview 19 - Senior Lecturer in Business Infonnation Systems. male. 37 years old who 
usually cycles to work. 

It can only help to get them involved but maybe they would get very negative about It or 
the other way. There are a lot of people that oppose wind farms but then you've got tile 
power stations along this coast - up to Edinburgh. I think solar panels could be much 
more integrated into the structure of the buildings than they are - you might be able to 
answer my question actually, why don't they put windmills on the tops of buildings ? In 
new buildings then I can't see why they can't make them self-sufficient. 

6.5.5 iv) If you were asked along to a local community meeting what kind of 
presentation method would you prefer - to show how a new proposal would look: 
a) Video or computer based visuals (e. g. VR), 
b) Photograph based - Photo-montage displays, or 
c) Hand-drawn visuals. 
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Respondents preferences were as follows: 

a 45% 
55% 

(Total 20) 

Comments: 

In general respondents required realism more than anything else. Some were sceptical of 

computer generation and hand-drawn visuals, saying they did not trust things like that and 

some, who preferred computer animation techniques, said they felt a need to be able to walk 

through these schemes. One respondent felt his answer would be different to his fifteen year 

old son's response as he felt he would be more receptive to computer presentations. A few 

respondents also pointed out that these choices need not be exclusive but could be combined 

in a presentation to the local community. The following points are worth considering: 

Interview 2- Senior Lecturer in Politics, male. 42 years old and an active environmentalist, 

you're going to give me a date and time now aren't you ? (Laughs) 
They would need to involve me right from the start not suddenly give me three different 

choices, for example. I would resent that straight away because I would think that was a 
pseudo-exercise in community involvement. I would like to be told that that was what 
they were thinking of - things like such and such - and then later be told - taking on 
board what you said, etc.. 
I would go for low-tech, certainly if you're dealing with communities - photographs at 
most and maybe one of those cells to look at. I just know for a fact that if my mother 
came along to a meeting like that and somebody told her to wander along to a computer 
you've already lost. I'm all in favour of low-tech presentation methods - although I 
teach mass media - with things like films, TV, etc., it's a one-way communication system 
and you're completely passive. It seems to me if you were going to the Scout Hall at the 
top of my road in Gosforth and you sit behind a table and say look I'm Mr. X, we've got 
these things and what we're going to do is pass them around. Even if you want to split 
up into groups maybe - make a list of what you think - let's discuss it. That's 
participation - films are a way of excluding them. Or if you start with a VR suite it's a 
way of including only those that know about those sorts of things and excluding others 
again. If you start at a low-tech level then you can always go up. 

Interview 8- Senior Lecturer in Business Information and Technology- and Information 
Systems Management. female and 44 years old. 

I think it would be, in terms of what might get me interested, probably the virtual 
reality type of presentation whereby I could experience what it would actually be like 
and I find visuals very difficult to relate to. At the end of the day if you're going to take 
this onboard then you need to know how it's going to impact on yourself. Because if 
you're talking about pylons and things like that and the impact on the environment they 
have, this sort of thing could have the same impact if it wasn't done properly. 
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Interview 9- Senior Lecturer in Marketim male and 53 years old 

Hand-drawn visuals depend entirely on the creativity of the artist - when you get an 
artist's impression it could be all lies (laughs). When you get these IT generated things, 
it normally looks unrealistic, I suppose it depends on the extent to which IT is 
developing, but I get the impression that computer simulated graphics, whilst it might 
be accurate, it tends to lose something in translation. Whereas a photograph does 

actually tell the truth. If you put a montage together and presumably use an artist's 
impression, super-imposing over photographs, I wouldn't object to that. But the total 

artist9s impression of what the thing might look like -I think most people would be very, 
very cynical. Having seen artist9s impressions of hotels on the Costa Brava that have not 
yet been built, and you turn up and they look nothing like it. There's a lot of historical 

negative feeling about something like that with 'artistic licence'. I think it'd be better 

with photos of the site with a montage over the top of that of whatever the development 
is likely to be, because then people can physically relate to it and see the thing in its true 

scale, relative to existing buildings, landscape, etc.. 

Interview 13 - Senior Lecturer in Politics, male. 61 years old and a fon-ner Liberal Councillor. 

Well, I'm not really sure what the first one would involve. If it was comprehensible to 
the layman then - presumably they're not mutually exclusive are they -I should imagine 

anyone offering something like this would have a mixture of all three. 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work. 

Probably the photo-montage, the artist's impression of things is rarely what it looks like 

and computer simulation can be quite accurate but lacks reality but it maybe for 
instance that we don't need to choose one or other of those presentations - can they be 

used combined to the best effect. I'm happy with this (pointing to my visuals) because I 

can see the photo-montage, because it shows me what it looks like elsewhere and it 
doesn't take a great leap of my imagination to understand how it would work on my 
building - either domestically or in the workplace. 

Interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

A photo-montage, because I wouldn't trust either of the other two. I've seen enough 
especially of the hand-drawn ones with pretty people walking along near it and the 
reality is nothing like it - computers, well anything can happen. 

Interview 16 - Faculty Assistant, female and 53 years old. 

The first one - the computer virtual reality -I don't have a good sense of visualising in 
3D from photos. Virtual reality does that for you - it does the hard work. I don't think I 
have a very good spatial sense. 

6.5.5 v) Thank you again for your time, is there anything you would like to ask me 
now ? 

it seemed that this question was vital to most respondents as it gave them an opportunity to 

ask their own questions about BIPV and then ask not only if their answers were accuratc but 
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how they compared to others. They often wanted to clarify points I had made and to also add 

to what they had said during earlier questions. Three respondents (Interviews 9,18 and 19) 

, specifically asked how their comments compared with others. One respondent (Interview 13) 

also asked me to switch off the recorder before he asked questions about the feasibility of the 

technology and again asked about the heat in the building. Those that were very interested in 

this work and BIPV in general used this question as a real opportunity to find out more, or to 

clarify what they thought they had heard me say earlier, asking about many points including 

the costs; the electricity actually generated; if it was commercially viable; the status of the 

technology; again about sunlight vs. daylight; progress and other BIPV examples in this and 

other countries; general results; government initiatives; a criticism of the short-term views of 

many people; own homes and applications; innovation vs. costs; future trends; other research 
in this area and the regional electric companies' reactions to such projects. They wished me 

well and hoped that their comments were of use. One respondent (Interview 14) guessed 

exactly what type of research I was conducting with another (Interview 1) presuming I was 
from the Department of the Built Environment. It was necessary to have a lengthy discussion 

with one respondent (Interview 4) in order to examine why he had answered most questions 
in such a manner, his reactions often extremely provoking or rude, even more so than the 

worst of the other respondents. This conversation is included in the next Section, Section 

6.5.6 - Additional Questions and Comments - and is useful in understanding many of his 

responses throughout the interview. At the end of each interview a few personal sentences 

were included, describing this work and career/background, and these can be seen in brackets 

in the responses that follow (Interviews 8 and 14). The following responses are worth noting: 

Interview 6- Faculty Secretaly, female and 47 years old. 

flow cheap is it ? (Laughs) 
(Explanation of the costs using the prestigious and marble comparison) 
That's very good mind - when you think about it. 
How long have they taken to put it on buildings then ? 
(Explanation of the age of the technology itself and other examples of buildings throughout 
the world) 
I would have thought for the roofs of things in hot countries it would be really beneficial 
- the amount of sun that they get as well. 
(Explanation of the site and how the Northumberland Building came about) 
I thought it must have a lot to do with the way the sun comes around. It peaks in the 
afternoon - in this room and in my own room (next-door using a reception area) - it's so 
hot even with all the windows open and no heating on or anything - roasting. They're 
talking about putting some film on the windows because of that - we're tile only ones 
with any air-conditioning in this building because they happened to have some funds at 
the time. I don't know how they must cope over there in that building - with all that 
heat as they face that way. 

329 



(Explanation of the stepped fagade and shading to reduce the solar gain complained of 
previously) 
I think it's really good though - if it's going to save money then it will save people's jobs, 
etc.. 

Interview 8- Senior Lecturer in Business Infon-nation 
-and 

Technology and Information 
Systems Management female and 44 years old. 

Well, you can tell me where you are from. 
(Short description of why I wanted to keep my identity fairly secret, where I work, what I do, 

and my PhD Title - my background of architecture and product design and asked if the 
interview could be kept confidential in case I see colleagues) 
Right -a softer perspective - that's what the boy's club here would say isn't it ? We deal 
with the hard technology side and you girls deal with the softer side - you girls are good 
at that. (Laughs) 
Well, that's exactly it - that's men - we do the hard bit and you girls can sort of integrate- 
it into the environment, etc.. 

Interview 14 - Senior Lecturer in MaTketing. male, 47 years old and who cycles to work. 

I'm second guessing what you're at here, if you're coming from EST, you're looking 
presumably at the visual impact of solar cell technology on buildings in the UK ? 
(Short description of why I wanted to keep my identity fairly secret, where I work, what I do, 

and my PhD Title - my background of architecture and product design and asked if the 
interview could be kept confidential in case I see colleagues) 
Well, you're involving the right combination of skills -I know of Bob Hill - it's great 
because from a marketing point of view, the marketing models tell you that 
functionality is only part of it - Gucci handbags are dramatically different to other 
handbags not because it's a handbag, because of the design, the aesthetics, etc.. 
(Talked at length about schemes he had thought about for cycling and expeditions, etc., 
incorporating PV. Talked of his awareness of his environment - he said he'd been intrigued 
by my Email and tried to guess what I was doing. Discussed the disparity between uproar 
about certain aerials, etc., and yet pylons and chair lifts, etc., are ignored now) 

interview 15 - Senior Lecturer in Business Modelling, male and 51 years old. 

How much did it cost and how much has it generated ? 
it has generated over 75, OOOkWh, so far - 
How much is a kilowatt, less than 10p I think ? 
We are talking about it generating seven and a half thousand approximately. My 
recollection which is probably wrong was that we got a couple of hundred thousand, so 
it is generating 3% per annum, I wouldn't invest in a project giving me 3% leaving 
aside that it's a cladding element, that's very expensive. 
(Conversation about it being a demonstration project and the fact that it is a cladding element 
-a multi-functional element - he began to be very condescending talking of discount rates and 
we went on for some time - talking in circles until he thought he had won. Talked of Doxford 
too - speculative building and combination with natural ventilation, etc.. ) 
So what you're really doing, and I don't mean this disrespectfully, is flipping it - you're 
saying it's not just a technical thing it helps to improve the aesthetics of the building - 
you're saying well we can justify this if we're doing a prestigious building anyway and 
we have to re-clad and the electricity is a side -a fringe benefit - it's very interesting. 

330 



Yes, yes. From my point of view - having been around the fringes of the ecology 
movement - people have been talking about using solar energy for at least 20 years, and 

we've had that up for about 3 years, and we haven't got very far. 
(Explained difference between this country and others - take up of the technology, etc.. ) 

Interview 17 - Senior Lecturer in Information Systems. male and 40 years old. 

No, it was quite interesting, you seemed surprised when I quoted the figure of how much 

electricity it was producing. You weren't aware of that coming out in the Newsletter 

then ? People were joking about it in the staff room so it must have been in that - we 
better not switch the lights on, things like that (laughs). Some of the things you were 

asking me about the panels designs and building things, how far out from reality are my 

perceptions in terms of things like when I said that one panel with half the space was 
blank in the semicircle. Is that*wasteful ? 
(Discussion during the above speech - genuinely interested - lots of questions relating to 

earlier points he'd made and the normal closing comment of mine re. confidentiality, my 

work, PhD work and background) 

6.5.6 Additional Questions and Comments 

Interview 3- Lecturer in Business Modelling. male and 29 years old. 

Why do you think that sort of stepped fagade was chosen: 
Well, I would have thought the angle is to maximise the light from the sun. That must be 

a particular angle that's been calculated rather than just arbitrary. Perhaps it keeps the 

rain off the panels better if they are angled rather than being flat. That's better than 
just having a vertical faqade because I think it draws attention to it. All the levels are all 
the same though and I wonder if the angle was calculated why it doesn't change as you 
go down nearer the ground - so it was more in line with the rays of the sun - perhaps 
they do change and you just don't notice or - I'm not sure. 

Interview 14 - Senior Lecturer in Marketing. male. 47 years old and who cycles to work. 

I see you have your blinds right up, do you ever have them pulled all the way down: 
Yes, I do. 
Because of the direct sunlight: 
Yes, direct sun and heat. 
Do you have any reflections at all from the fagade: 
There were reflections from the conventional windows that we had previously, I could 
probably work it out in terms of time, probably between 1 or 2 o'clock in the afternoon 
when the angle is correct for it to reflect in. Probably what happens here is later in the 
afternoon you get the odd glint off it, but that doesn't particularly affect me, if it is 
affecting me I can lower the blinds. I have to lower the blinds against the sun anyway, I 
kind of regard that as a bonus anyway, the sun glinting off buildings I actually find 
aesthetically quite pleasing. Just as the sun lighting up a far rock face pleases me - it's 
OK, I haven't got a problem with the reflection I regard it as an advantage. 

Interview I- Senior Lecturer in Business Modelling, male, 33 years old. 

What do you think are the most important factors to how other people might perceive the use 
of photovoltaics in buildings: 
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I think if you're looking at a city centre -I think people would accept it as long as 
there's a lid on it. A proportion of buildings like this one would be accepted but if it 
became a uniformity where it was right across the city I think then the reaction might be 
different - like not more of that stuff - that could be quite a problem. If it's limited then 
it wouldn't upset the general consensus of opinion. I think people view part of their 
environment as what they are looking at and if they see something like that becomes 
overriding the positive aspects of getting public support might be lost - but that"s just a 
guess on my part. 

Interview 17 - Senior Lecturer in Information Systems, male and 40 years old. 

Going back to the electricity being generated, does your opinion stem entirely from the Staff 
Newsletter, or would you say it wouldn't be economic in this country because of your 
personal perception of the weather: 
I'm sure that eventually it can be, I think the whole point of the thing, as I understood 
it, was that this was going to be the furthest north and therefore in a sense the whole 
point was to say people wouldn't have thought you could do it this far north. Therefore, 
perhaps whatever it achieved was going to be a plus (laughs). 
Given that the solar cells work in daylight not just direct sunlight and that they operate very 
well in cool climates, in comparison to other countries where efficiencies can drop due to the 
high operating temperatures, what would you think: 
I think I made a bit of a sweeping statement, not intended as to saying what we're doing 
in individual instances isn't good. I think the failing is not in individual but in the 
overriding strategy of the country. I am quite sure that in this country we are as capable 
as any other country of developing an individual good project but we are not any good 
at actually figuring out any national strategy, i. e. what are the best ways of producing 
energy for the next fifty years, or even the next ten years. If we ever had a strategy we 
would never have gone down the nuclear path. We would have been looking at the 
renewables a long time ago and a lot more seriously and some of the things like the 
photovoltaic thing here - when I was a student I was at Lancaster University where 
they've got a big thing about wave technology. I hear nothing about it now but when I 
was at Lancaster I heard about it all the time because it was their thing, they deal with 
things like that. It's this thing where it's all go at one place but you don't hear from 
somewhere else unless you are directly involved which I am not anymore, obviously at 
the time I was doing the nuclear stuff at University, I was very interested in what was 
going on in some of the debates about renewables which was predominantly in terms of 
the information that was coming to me which predominantly related to wind and more 
than photovoltaics which I think at that point people were not probably thinking of as a 
serious option in this country. 
19m talking a few years ago, I was involved at that point and aware of the ludicrous 
things that were being said like a wind farm can be more dangerous than a nuclear 
power plant - you're more likely to be killed by a wind generator than a nuclear power 
station. At that point I was involved and aware, I am not anymore, I am aware of this 
because it is there, but I think all this fragmentation and I am sure other good things are happening. To many people the obvious thing would have been given the weather 
conditions we've got here - wouldn't wind generators on the roof have made more sense than solar panels - but I don't know - 

Intervie vI- Senior Lecturer in Business Modelling, male, 33 years old. 

Do you think you've learnt anything from talking about these things: I'd never thought about them much before - obviously given tilat you didn't tell me anything about what was going on before this meeting I thought was quite useful 
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because I wasn't biased. I was talking to one of my colleagues - guessing what it was 
going to be about - and when I was having a drink the other night I said that someone 
was coming to interview me just because of the room I was in - is she a psychologist he 
said - and after what I asked you on the phone I was able to say no. So I was stumped as 
to what it was. So that's been very good. I came in without any preconceived ideas - the 
way you put the Email meant that there was a degree of idle curiosity there. 
I have learnt more about the new things like patterns and proposals, and the pylons. 
Yes, it's been useful. 

Interview 4- Senior Lecturer in Psychology. male and 45 years old. 

(Having been polite throughout this was my opportunity to discuss why he felt it so necessary 
to continually repeat that his answers would be different because he was a psychologist and to 
question this research methodology in favour of what he was obviously doing in his own 
research which I assumed to be vaguely in the vision area due to some of his remarks and the 
terms he used throughout. There were long pauses, sighs and very negative or defensive 
body-language which I have not, for the most part, included in the transcribed interview. It 
was extremely hard work provoking any kind of response which I found very strange as he 
had agreed to the interview almost as soon as I had sent my first Email to prospective 
respondents. His answers were so carefully thought out before he actually said anything that I 
felt as if his comments were very unnatural responses to my prompts and I had to continually 
rephrase my questions in order to pre-empt many clever answers. This was the most 
complicated and biased interview I carried out and the following discussion was a final 
attempt in trying to explore his prejudices, etc.. ) 
Right, in my own research I didn't do interviewing - this is not to do with what we've 
been talking about but the process now - which for me is the most interesting part for 
me - you've got to go back and transcribe this, how are you going to make sense out of 
it? 
The way you have answered things in comparison to the other people I have interviewed is 
completely different - you couldn't get any more different if you tried - 
Is that right ? 
It's just been a complete and utter - 
Disaster, you can say it. 
It's very difficult when I'm asking questions in a very personal way - as a human being - not 
as a labelled person, like a psychologist, etc.. I mean one of the things I wanted to explore 
originally is the way many people have of seeing people as, for example, scientists OR artists 
which I see as a complete and utter fallacy. You may be in a physics department but you may 
not have that kind ofpersonality as far as I am concerned - no set characteristics just because 
you are something or do something in particular. That is as dangerous as judging someone by 
appearances or generalising before finding out for yourself what they are actually like - the 
same analogy being applicable to any visual assessment. The way people have answered so 
far -I mean I've had people from Politics, the Business School, etc., and the way they have 
answered has been slightly influenced by what they do but they have answered as people with 
their own interests and not purely biased by politics or economics, etc.. So it's been quite 
difficult to get past your well as a psychologist I would have to say... because I'm interested 
in what people say and feel in a personal way. I mean I know you obviously got your 
Doctorate in this sort of field, so you may well be different from anyone I'll speak to but - It just so happens that my research area is vision - as well - but it's vision free from any 
sort of cognition or aestheticism - so all the time you9re looking for a simple response to 
something - and I've got to think - I want to find out why people perceive it in a particular way -a lot of the responses I've had 
already have been very interesting because the ideas I have, I realise, are obviously because I 
am immersed in the work of the Photovoltaics Group that I am part of here at the University. 
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I've structured these depth interviews in such a way that there aren't any leading questions, as 
you know - giving them scope - with you I have found it impossible to use that indirect style 
of prompting given your responses quite early on. It's been very interesting. 
I don't think I have a great aesthetic sense at all -I think I may be developing one - but I 

would agree with the notion you can look at something - for example what I was talking 

about, how this angle of the panels broke up the regularity - breaking it down 

analytically, which is of course the basis of any scientific observation. I'm fully confident 
that people who view things differently and who aren't scientists who have a sense of 
aesthetics might describe it to you completely differently - but then - oh, I see what you 
mean - ah. 
What I'm trying to do though is record the responses of a variety of people where the only 
predetermining factor of the sample is the view from their office. If I had wanted a so-called 
aesthetically informed group of respondents I would have perhaps asked the Built 
Environment for subjects but to repeat myself that doesn't necessarily mean that those 
studying or working in that environment are any better at aesthetic thought or have any 
stronger opinions about where they are each day. The method I used to recruit this sample 
was appropriate to this type of qualitative research and the way in which I wish to assess the 

results. 
Perhaps I reflect mote than most on questions like these. 
Yes - people didn't examine the questions but they still thought deeply about them. Going 
back to personality traits, one thing I have looked at was the kind of system that Hogan and 
Champagne developed but maybe I can look at that in further research - maybe as a follow up 
to this work when I have established the variables for further studies of the perception of the 

renewables. If there are indeed certain personality types that are more sensitive to the way 
schemes are aesthetically and if this is linked to their backgrounds and - as this research also 
examines how much this is determined by actual knowledge or prejudice to these 
technologies. 
My approach to visual perception has been the complete opposite - my interest is in how 
the brain processes the information as opposed to how aesthetic judgement takes place. 
So you're looking at things like eyeflicker-theory, how - 
Yes and how the brain processes that information from the retina - so not only do I 
think I've not got any great sense of aesthetic appreciation but academically I've got no 
real interest in that area - that doesn't help your question I suppose - 
Well, I am interested in as many viewpoints as possible which will help me try and draw a 
balanced picture of what people do actually think of BIPV. 
How are you going to tie them all together - is that the core of the Thesis ? 
(Explained my work again and how nothing like this has been done in the PV world as 
opposed to the psychological and architectural worlds) 
So do some people actually find it offensive then ? 
From the responses I have had so far I would say no - quite the opposite - but a few years ago 
I gave a presentation at a symposium at Kingston University and a so-called green architect 
described the building as visually autistic which I suppose made me all the more interested in 
what people really thought of this application of PV in their environment. 
This was someone whose specialisation was in the area though - as opposed to a lay 
person - 
He had designed a zero-energy house on the outskirts of London and when I spoke to him in 
length found out he had never used photovoltaics or actually visited a scheme. 
Ah, but you're talking about someone whose expertise lies in the built environment as 
opposed to a lay person. 
Yes, but someone else's opinions are no less valid if they are untrained - art and architecture I 
think are something every single person has an opinion on and as they forrn the majority - the 
audience for what the experts are producing - they are perhaps the most crucial people to 
gauge - don't you think ? 
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Well -I suppose so -I guess any global impacts are made on the general public as 
opposed to the architects. Yes. 
This research is an attempt at leaming from what people think about a technology in the 
relatively early days of BIPV rather than suddenly paying the price of a certain style of 
architecture like, for example, the tower blocks of the 60s, a little further down the line. 
Trying to make recommendations to the professionals involved that still tend to work 
separately, within their own fields - informing them of what people think primarily about this 
project and yet other examples that they seen on those visual sheets - leaming from what their 
reactions are to an increased awareness and more information of the technology - making the 
subjects think about their energy use all be it for the length of the interview or from time to 
time in the future. 
is there a health risk attached to them ? The fact that there's energy transmission going 
on near you if you work in an office over there ? 
(Explained as best I could the stringing, the electrical side of things - how I didn't know of 
any research about factors like that - apart from research into thin-film materials where the 
chemicals themselves are being studied) 
So are you saying there's no 'radiation' from these things or - 
Not as far as I'm aware. On this kind of scale I mean - when you talk about pylons I know 
there's been work that's examining their effects on nearby communities but that's huge 
amounts of power passing overhead - no more so than ordinary household appliances which 
have to pass electromagnetic codes of conduct, etc.. 

(Discussion of the relevance of the items andflow of them on the visual sheets used, etc.. I 
explained how that was determined by the prompts within each interview and that my 
research into pictorial stimulus and indirect methods within such research meant that I had 
designed them in such a way) 
Well, I did warn you what I was like beforehand. I mean I wasn't exactly sure what you 
were going to ask me. 
Which is exactly what I wanted and I would have thought with your various comments about 
the dangers of leading a subject - making them feel that you expect a certain response, etc. - 
that you would have understood why this was necessary. I find this very contradictory. 
Well, it gives you diversity at least. 

6.6 ANALYSIS AND SUMMARY OF FINDINGS 

This survey sample consisted of 20 respondents, all members of University staff with offices 

either adjacent to or opposite the Northumberland Building PV Fagade at the University of 
Northumbria, Newcastle upon Tyne. This sample was chosen to guarantee some knowledge 

of this technology integrated within buildings. The interviews were held within sight of this 
demonstration project ensuring that the respondents' perception of the visual impacts of BIPV 
could be explored using a real example as well as the use of photographs of these systems. 
The following is a discussion of the main themes that emerged from the responses recorded 
during interviews with these subjects, during the summer of 1998. 
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Within the photovoltaics industry one of the concerns about this technology's integration 

within buildings relates to the public acceptance of its visual appearance. Here, however, any 
doubts about BIPV were due to the perception of this technology's suitability for the UKs 

climate. The appearance of existing systems, shown during the interview, was thought to be 

acceptable by all respondents although this was the first time they had seen other examples of 
BIPV. Establishing. what information people need and how this is presented to them is, 

therefore, vital. 

6.6.1 Energy and the Environment 

All respondents were aware of green or environmentally friendly issues but the most 

interesting thing to note is how people separated the terms - green being seen as a negative- 

description or someone with extremist tendencies and environmentally friendly seen as a 

positive phrase. This should be noted for future publicity. 

All respondents were aware of green issues, with 45% of these recycling items but expressing 

a regret that they do not do as much as they felt they could do. It was considered important to 

teach children about these issues but also older generations. Fifty-five percent regularly use 

public transport to travel to work with 35% rarely using this method. The remaining 10% 

I cycle in and it must be noted that all those questioned still wanted access to their own cars. 
They were aware of various green products but said their choice was dependent upon the 

economics rather than simply for the environment's sake. 

Most (80%) respondents said they would pay extra for electricity generated by renewable 
energies. It is interesting to note that whilst the owner of the active solar system had some 
negative comments about her own system she would still be prepared to pay extra for green 
electricity. 

Most (85%) respondents acknowledged that there would be problems with coal, oil and gas 
reserves within 60 years from now, with 35% saying something should have already been 
done. The two youngest respondents, however, thought they would last for more than 60 
years. This was an unexpected response from people in their thirties. There was criticism of 
the short-term views of most people and a reluctance by governments to do anything before 
the next crisis meant they had to. 
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The transmission of power was often a contentious issue with 50% of respondents preferring 

the pylon on the bottom right of Visual Sheet I-A out of all designs. This choice was 
described as tree-like, naturalistic and a simpler design. One respondent disliked the idea of 

pylons being situated near housing following various items of news he had heard and went on 

to ask about the health implications of PV. The possibility of underground cabling was also 

mentioned by 10% of respondents. 

6.6.2 Renewable Energy 

Respondents thought Renewable Energy schemes should blend in and that they were 

preferable to conventional plant but they noted that each form of generation had its place. The 

scale of renewable energy schemes, in comparison to conventional plant to produce the 

equivalent output, was also discussed. Respondents felt they would rather live near a 

renewable scheme as they were less threatening. The concept of offshore wind farms was 

seen as exciting with recent news items meaning that they were aware of this type of 

technology application. Small systems of all kinds were considered as good or neat ways of 

generating electricity forfree. One respondent, however, felt that it was more important to 

develop ways in which to encourage people to consume less, reducing the need for additional 

transmission lines. Respondents had seen various schemes and were generally very positive 

about them. Renewable Energy schemes were seen as the underdog to conventional stations 

which were the cheapest and more established form of generation at present. They thought 

that the conventional stations and methods would be used to the bitter end and although they 

had never actually visited a renewable energy scheme but were able to hold strong opinions 

about, e. g. wind fanns. This is a challenge for the education of the general public and shows 

the power of the niedia which can often influence an individual's perception or cognition 

processes. 

6.6.3 The Visual Impacts of Building Integrated Photovoltaics 

When asked to choose between the four cells shown in Visual Sheet II, most (80%) preferred 
the blue multi-crystal line silicon solar cell material. However, respondents said that it would 
be important to see them in context, superimposed on a building, before they could say if it 
would be appropriate on a particular building or site. The preferred cell was described as 
different, crinkled, reflective, swirly, random and patterned. The cell contacts of the other 
cells were often seen as slightly intrusive. 
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Most (70%) respondepts preferred the pseudo-square, half pseudo-square cells or fully square 

cells saying they were fashion free. A few (15%) liked the non-uniformity or organic nature 

of circles (and semicircles) but would be prepared to have other cells if project costs or other 

constraints determined that. Circles or half cells were often cited as having potential problems 
for being uncomfortable to look at making the eyes gofuzzy, unless the cells were on a darker 

background that those shown on the Visual Sheet. The reflective quality of the cells were 

cited as being more important if the background was lighter. One respondent was surprised 

cell shape was an issue as he presumed they were cut off a sheet to whatever size or shape 

required. 

Forty-five percent of respondents said that different module colours would give architects 

choice with most saying, again, that it would depend upon the building and site as to what 

colour modules were finally used. When informed that the Northumberland Building modules 

were in fact the same dark blue as in Visual Sheet III -B there was great surprise and often 

disbelief, showing how a module's glass surface (which also reflects sky colour and 

surrounding structures) can often influence perception. When told how colour influenced the 

module's efficiency slightly the respondents said they should be produced to optimise 

efficiency and not a designers preference, unless the colour really was not appropriate. When 

told about the PV fagade they wondered if colour could be seen at all and thought there would 

be no need to produce colours other than black or grey, colour then being introduced in some 

other way in the overall building design. 

Forty-five percent of respondents had no preference of module backing material when shown 
Visual Sheet III -C saying, again, that it depended on the individual building, surroundings 

and what element of the building was to incorporate that particular type. The remainder 

preferred in equal measure the patterned and glass-glass module backing sheets. Glass-glass 

was preferred in stairwell, atria or corridor locations with one saying he would not like to 

work behind such a fagade. As this type of fagade is used in the Doxford International Solar 
Office (shown in Section 4, Figure 4.48) it may be worthwhile studying workers' reactions to 
this type of construction in the future. One respondent asked if it would be possible to use 
glass-glass areas to simulate stained glass windows and was excited by this innovative use of 
PV. An artist that has produced PV sculptures, Antonia Spowers, was also discussed. One 

respondent felt it was good to have all of these possibilities bringing a new aesthetic potential 
to PV architecture and more choice for architects describing the different backing materials as 
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either window or cladding materials. One thought the control of light through glass-glass 

modules or panels was exciting. 

Module design will, of course, be important in the future, the gaps between cells, cell 

patterns, colours, backing sheet materials, reflection, etc., all being features that will influence 

their visual character and thus the way they are seen or perceived once the technology is 

establishe . 

The most remarkable thing about the responses to Visual Sheet IV -A&B was that those that 

chose the PV array on top of an existing domestic roof (left hand picture in A), chose fully 

integrated PV in a commercial (left hand picture in B) setting. This showed different aesthetic 

values or expectations for these two building types - conventional vs. futuristic, i. e. 

vernacular vs. modem. They had a familiarity with PV as they had seen active solar systems 

and could see how they could appear similar. The perception of what a house should look like 

and what people were used to seeing in a domestic setting was discussed during this question. 

The fully integrated domestic example was described as futuristic but liked by 30% of 

respondents. One respondent compared this to car design and how new concepts are often 

seen as too futuristic but are then accepted in a few years time. Accepting a new domestic 

style may be complicated in the UK but this has already happened in places like The 

Netherlands and Germany. At this stage of development, the feeling that it should be apparent 

if this technology is used within a building was prevalent as they could not tell if the 

commercial examples used this cladding material. Small areas of PV on large fagades was 

also seen as a waste of potential surface area for electricity generation. Using PV to improve 

certain buildings was discussed with the general feeling that they would live with something 

they did not particularly like the look of - if they were saving money. Careful, thoughtful 

design was considered important for this technology's acceptance. 

Respondents felt that PV would be suitable on most types of building, depending upon the 

constraints of the individual building. There were several doubts about its use in domestic 

applications, however, again the perception of domestic buildings being discussed as to why 
this was so. Large-scale, high-tech, functional buildings with a large proportion of glass were 
seen as ideal applications. Commercial buildings on city centre sites were seen as a problem 
for shading and industrial sites were seen as the solution to this problem of guaranteed access 
to light. Blocks of flats were seen as the most appropriate applications if it had to be within 
housing. 
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Sixty percent of respondents thought that the UK was probably behind other countries in the 

use of this technology. One respondent thought that if the UK was ahead of any country then 

it was depressing as we were still managing to do so little. 

Involving local communities in this type of project, as it would be where they lived or worked 

ultimately, was seen as a good idea by respondents. It was also seen as a way to prevent the 

minority making decisions for the majority, giving the community a stake - involvement and 

ownership - participation and pride in the project and enabling them to see that their opinions 

count. One respondent, however, said he would resent any attempt at involving him in a 

pseudo-exercise. People were seen to need to be in control of their own futures. This kind of 

consultation was thought to prevent locals turning around, in the future, and saying they did 

not like what was imposed on them. The definition of a modem community was questioned 

due to the transient nature of communities now. 

Fifty-five percent of this sample preferred the idea of photo-montage displays used as the 

presentation method for a new project, shown at a local community meeting. The remainder 

liked the idea of video or computer based visuals. Realism was seen as the most important 

factor. Many did not trust computer generated drawings or artist's impressions. Those that 

preferred computer animation wanted to be able to walk through schemes - to help their sense 

of, or lack of awareness of, 3D. All presentation methods could be combined for a final 

presentation. Low-tech presentations were also praised - showing actual products and asking 

for feedback. One respondent thought films, etc., were passive or one-way communication 

systems with Virtual Reality seen as a way of excluding those that did not understand that 

technology. Schemes shown in Photo-montages were thought to convey how structures 

physically relate, on a true scale, to existing features. 

6.6.4 Perception of the Northumberland Buildinji's PV Fagade 

Any negative comments about the PV Fagade were related to the perceived electricity 

generated due to the weather in this country (in comparison to other sunnier countries) and 
figures they had heard about the perfon-nance. The vast expenditure was not seen to be 

economic, with the feeling that by the time capital costs could be written off the modules 
themselves would not be working. The fagade was often described as a PR exercise, a project 

which they had dismissed, a generator of electricity or an aesthetic addition to the building. It 

was not seen as a test of this technology (i. e. a demonstration project), a complete cladding 
material or functional. This may be due to the assumption that this type of building is much 
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more common than it really is, people thinking it is just another project that incorporates 

some sort of solar panel array. It is perhaps ironic that BIPV, however, is still actually in the 

chicken and egg situation of not yet being widely known enough to be easily recognised and 

therefore accepted. 

Jokes about the performance were more readily remembered than the information available at 

the start of the project. Information given during the interviews was found to be interesting by 

all respondents - particularly that electricity could be generated in diffuse light and not just 

direct sun conditions, although, again, this information was also given at the start of the 

project, approximately four years ago. All respondents were unaware of any campaign to push 

PV. It must be noted that care should be taken when quoting and presenting any figures. The 

fagade's multi functionality was seen as attractive and its appearance seen as positive. One 

criticism of the windows was that they are too narrow with a large total area of white PVC. It 

has been described as clean looking and well finished. One respondent said it was modem and 

said that the way in which it is used is more beneficial than its looks. One respondent said it 

looked purposeful and liked the monochrome of it. The silver terminals were mentioned but 

they could accept that as they know why it has to be that way. The worst thing cited about the 

fagade was that the 60s stairwell had been kept. One respondent said the faqade was light and 

bright. A few said it was repetitive but not monotonous, with nothing to break up the lines of 

rectangles, the restraints of the original building were appreciated here though. The fact that it 

remains clean and apparently maintenance free was seen as good and rare on a building, i. e. 

no streaks running down the building, discolouring the fagade. Often people just accepted it 

as something they assumed had to be like it is for technical reasons. People are happy with the 

fagade following refurbishment improvements and it is seen as a more modem, geometric, 

clean, striking, horizontal and twenty-first century building. The fagade was also likened to 

dominoes, a calculator or was called mirror-like. One respondent had only seen PV on roofs 

and thought this was a novel application on a building's fagade. Ideally a study like this 

should have been done when the refurbishment was about to take place in order to establish 

an ongoing study of the perception of this technology as its use becomes more popular. One 

respondent felt as if it was attaching decoration to a doomed building but he thought it would 
be suitable for future refurbishments of 60s buildings. The fagade was more pleasing than 

anticipated and one had not expected it to be angled but realised why that was necessary as 
soon as he saw it. One expected to see wires in the windows and she now uses it as a 
landmark when directing people across the University Campus. One respondent was surpriscd 
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at how much of the fagade was covered and he had a higher expectation of the output than he 

has seen so far. 

The heat within the building was mentioned throughout the interviews during a variety of 

questions. They wanted some control of their heating system saying that it should be 

determined by the outside temperature not the calendar. This excessive heat was occasionally 
linked with the PV fagade. Other factors about the building were highlighted such as a feeling 

that it had many potential health problems as it is. If a building is seen in a particularly 

negative way it could influence the cognition or perception of BIPV and therefore poor 

examples (visually, internally, e tc. ) must be avoided to prevent this link which may damage 

the technology's reputation. 

The reflection in offices directly opposite the fagade causes problems which were described 

as worse than before the refurbishment. The reflection is seen quite a distance from the fagade 

itself and must be investigated further. This problem was experienced first hand during an 
interview in one of these offices and it could be seen that complaints were not exaggerated. 
There had been larger windows before the Northumberland Building's refurbishment which 

caused some reflection in combination with a light coloured mosaic cladding. Now the 

windows are less of a problem but the PV panels can be seen to be highly reflective. 

Forty percent of respondents did not want to try to estimate or did not feel they knew what 

percentage the fagade generated of the total building's electrical requirements. Twenty 

percent thought that it must generate 50-70% of the total required or the project would not 
have been viable. 

Seventy percent of respondents had seen the display boards underneath the building but just 

in passing. The red LCDs were obviously noticed more than the text on the boards nearby. 
One respondent'felt that a more interactive display in a more noticeable location would 
improve interest. A system where differences could be seen, e. g. differences between demand 

and weather conditions, etc.. 

Sixty-five percent felt it was not obviously a PV fagade. One respondent thought if someone 
showed him a photograph of the Northumberland Building and asked if he thought it was 
attractive he would probably say no, but has seen it is useful and with his first hand 

experience of it this made him think differently about the project. 
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Sixty percent had either been asked about the building or had told people about it and they 

thought the publicity has been good. One respondent's husband now picks her up outside the 

fagade as he finds it interesting. 

One respondent mentions the fact that it says BP Solar in the comer of modules in his 

Marketing lectures, which surprises people. He talks about the project and finds it interesting 

that a company like BP should now be redefining itself as a provider of energy not just as an 

oil refiner. 

No respondents linked their electricity consumption in their offices with that produced by the 

PV fagade but were aware of their consumption. One respondent, having seen an item on the 

news recently, tries to turn off standby power too as he was surprised by the figures quoted. 

One respondent also commented on how they use fans and open the windows to keep c6ol 

and then use heaters when necessary which he presumed must cost the University afortune. 

Eighty-five percent of respondents thought it fits in with its surroundings. This was justified 

by respondents stating that this was because there is no particular architectural style to fit into, 

no pattern. Respondents also still notice the fagade. 

In Section 5.1, The Aesthetics of Ecological Architecture are discussed with the contentious 

Ten Principles, suggested by Prince Charles, being outlined. It is interesting to re-examine 

these points at this stage of this research in order to gauge how such reasoning may be applied 

to the thoughtful application of PV in the built environment: 

The Place - respect the land. For this refurbishment project, on an existing urban site 

(criticised by respondents and described as a collection of doonied inodernistic wrecks 
during interview 2), it is hard to be able to assert any new practices which might aim to 

respect the land. The fact that respondents think the fagade is now better than it was, 
following refurbishment, is perhaps the best possible outcome that could have been hoped 

for. If the project had been a new building on a new site then this point would have been 

more relevant. 

9 Hierarchy - architecture is like a laiiguage -a building must express itself so we 

understand it. Again, on this existing site, the surrounding buildings suggest 60s, 

functional University structures, built to house the maximum number of students at the 

time of erection and nothing more. Perhaps the only way in which the Northumberland 
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Building expresses itself now is as a building with a particular type of patterned cladding 

on one of its faýades, as perceived by the general public. 
Scale - buildings must relate first of all to human proportions. The number of storeys of 

the Northumberland Building means it has lost a direct human proportional scale but may 
be described as having a more comfortable scale than the nearby Library Building, which 
has twice its number of storeys. The garden at the foot of the fagade also assists in 

bringing some kind of human scale to one elevation, with random medium size planting, a 

winding path and benches used to soften the environment. 
In Section 5.4, Wind Farm Visual Impact and Its Assessment is discussed with a 
Summary of Fundamental Design Principles significant to Wind farm Development 

appearing. Here, scale is also mentioned stating that, in the past, large-scale has been used 

to signify importance and to communicate to large audiences. When elements are 
described as monumental in scale, the actual size of the object is not being described, it is 

the feeling it gives by being aggressive or commanding its environment, extending its 

authority. Here, the same could be said of the University who conveys authority by 

building large buildings on its Campus. 

Figure 6.26 Northumberland Building - Scale. 
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9 Harmony - the playing together of the parts - harmony is usually not achieved by 

uniformity. Whilst the fagade was called harmonious it was also occasionally described as 

being uniform due to the standard modular construction. The repeated PV module and 

window elements do not help in challenging an accusation of uniformity but no great 

problems were cited as the building's appearance had always been of a repetitive nature 

and thus already established as acceptable. 
Harmony & Clarity are also discussed in Section 5.4, the Summary of Fundamental Design 

Principles significant to Wind Farm Development stating that the eye seeks clarity in a 

visual pattern, Le. the eye must be able to tell what a design is trying to say. Harmony 

refers to a feeling of restful completeness, creating a feeling of balance where opposite 
forms and forces compensate. The clear horizontal lines of the panels and windows, and 

pattern of the PV cells, create what harmony and clarity there is in this building - the 

stairwell, the play between the cells and their background material and chimney in front of 

the fagade opposing any total effect that may have been possible. 

Enclosure - an elementary idea with a thousand variants - connecting closely with the 
ideas of place and location. Architecture and planning can reinforce or undermine any 
effect of place by the way it responds to climate, for example. Such simple devices are 
rarely employed and are not encouraged by existing planning regulations. The 
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Northumberland Building and adjacent wing create a courtyard-like space or enclosure in 

front of the PV fagade which acts as a relief before people have to pass underneath the 

building. This area is like an entrance way to the University main Campus buildings and 

their associated central space or square. 
In 1967, Beck conducted research into Spatial Settings. This work is of relevance as this 
is how most respondents perceived their environments. Most often they thought of their 

internal environments but also thought of the local area in spatial terms: 

Diffuse vs. dense; Open vs. delineated; Vertical vs. horizontal; Left vs. right, and Up vs. 
down. 

/ 

Figure 6.28 Northumberland Building - Enclosure. 
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Materials - let where it is be what it's made of - when importing non-indigenous materials 

was too difficult or expensive this gave an integrated character to buildings of a region 

which now needs to be regained by design and by insisting on local content in 

construction. This would also strengthen the construction sector of the local economy. 
The materials of the Northumberland Building prior to refurbishment were manufactured 

and so too the new fagade - few modem commercial buildings make use of indigenous 

materials and encouraging this practice may mean such buildings are seen as attractive 

and not blocks of concrete. 
Decoration -a bare outline won't do, give us the details - being 'make-up' that highlights 

a structure's intrinsic features not masking reality. Respondents described the new PV 

fagade as decoration of an ugly building. This shows how the PV panels were not actually* 

thought of as building components, i. e. cladding elements, but over-cladding of some 
description. 

Art -art should always bean organic and integral part of all great new buildings -and 
the most humble. For this refurbishment project this point has little application except that 

any reference to art or aesthetics (in interviews) was made when discussing the colour and 

nature of the individual PV cells themselves. 

Colour - We attach symbolic meanings to colours. Within the British culture, white has, 

for example, been used for many years to symbolise purity and neutrality. White windows 
(the only uPVC colour available) were chosen for this building, along with a light module 
backing material and grey powder coated framework system. The individual PV cells were 
the darkest elements within the fagade. 

Colour, similarity or form and repeated features are common Gestalt principles used by 

artists and architects to unify various parts. 
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Figure 6.29 Northumberland Building - Art. 

VAQ 

Signs and Lights - don't make rude signs in public places. The building as a whole does 

not metaphorically appear like a sign, the only true signs in the area being the new display 

boards, with no negative comments outlined in the interviews. 

Community - let the people who will have to live with what you build help guide your 
hand - public input to ecological development processes is essential and the inhabitants of 
the region hosting an ecological development should be involved. A practical approach 
must be adopted in order to avoid extensive committee structures, such as a design, 

planning and development office on-site for any project with models, drawings, 
information and feedback mechanisms, e. g. something as simple as a comment box. If an 
open-door policy is maintained with a free flow of information about ecological 
development ideas and programmes people will be taken into confidence, feel confident 
and be more able to assimilate new, or unexpected ideas. This point is vital for new 
projects but for the Northumberland Building the respondents seemed to think their 
opinions did not count anyway. This was probably acceptable to them as it was their 
working environment and the way in which they perceived the University treated all staff. 
It was seen as advantageous for general projects but most seemed unconcerned that they 
had not been involved in the initial design stage, etc., in this instance. 

348 



It is important to note here that a cladding unit (with single module) was positioned in the 

foyer of the building along with an artist's impression of the new fagade and short 

description of the project. This shows how they may have been informed even if they 

were not consulted. 

In Section 5.4, Wind Farm Visual Impact and Its Assessment is discussed with a SummarY of 

Fundamental Design Principles significant to Wind Farm Development appearing. Whilst not 

directly applicable to PV, this research is useful when examining the few Renewable Energy 

precedents of this nature in existence: 

Order - is achieved when the pushes and pulls within a composition can be clearly 

understood by the eye, when there is no doubt about the direction in which a form is 

moving or the nature of its relationship to an ideal shape or position. The solid and clear 

horizontal sections of the fagade create a movement along the building's length which 

may be hindered by the stairwell and chimney. 

Figure 6.30 Northumberland Building - Order. 

A Point - traditionally used to mark a position in space, e. g. obelisk, a point has no 
length, width or depth and is therefore static, directionless and centralised. At the centre of 
its environment, a point is stable and at rest, organising surrounding elements about itself 
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and dominating its field. This building does not appear to be a point as it is a large object 
surrounding a square rather than being at its centre. It may, however, be seen as the point 
of University Campus Buildings, i. e. a new fagade - afocus of this technology. 
A Line & Edge - two points describe a line that connects them. Although the points give 
a line finite length, the line can be considered a segment of an infinitely larger axis. A 
line, in describing the path of a point in motion, is capable of expressing movement, 
direction and growth. A line joins, links, supports and intersects other visual elements. It 

gives shape and articulation to the surface of planes and describes edges. Edges are linear 

elements which form the boundaries between two phases. They may be barriers, more or 
less penetrable, which close one region from another; or they may be seams, lines along 
which two regions are related and joined together. These edge elements are important 

organising features, particularly in the role of holding together generalised areas, as in the 

outline of a city by water or wall. The horizontal lines of this fagade, intersected by the 

stairwell, are the overriding lines of the building whilst the edges are defined by the 

angled PV panels and way in which they join the vertical windows. The edges of the 
building itself are also apparent on this rectangular 60s box. 

Figure 6.31 Northumberland Building - Line & Edge. 
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Parallel Lines - have the ability to visually describe a plane. A transparent spatial 

membrane can be stretched between them to acknowledge their visual relationship. The 

closer these lines are to each other, the stronger will be the sense of place they convey. 

The panels and windows of this fagade create an overwhelming parallel line phenomenon 

with the windows, PV panels and soffit areas having narrower lines, respectively. 

Figure 6.32 Northumberland Building - Parallel Lines. 

* Grid - encourages the viewer to divide their attention equally over an entire surface. The 

grid in 31), generates a spatial network of points and lines. Within this modular 
framework, any number of forms and spaces can be visually organised. The organising 

power of a grid results from the regularity and continuity of its pattern that parades the 

elements it organises. It establishes a constant set or field of reference points, so features 

dissimilar in size, form and function relate. This fagade has an underlying grid structure 
but strong horizontal lines, the stairwell and chimney mean it is not overpowering. 
Clusters/Groups - Grouping is used to organise and structure pieces of visual information 
into graspable visual patterns, depending on proximity. Clustering can consist of forms 

equivalent in size, shape and function, ordered into coherent non-hierarchical organisation 
by proximity and similarity of visual properties. Lacking introverted nature and 
geometrical regularity of centralised forms, clustering is flexible enough to incorporate 
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various forms, shapes, sizes and orientation. There is no clustering obsevred for this 

fagade or similar buildings. 

Figure 6.33 Northumberland Building - Grid. 

* Rhythm & Repetition - Rhythm refers to the regular or harmonious reoccurrence of lines, 

shapes, forms or colours. It incorporates the fundamental notion of repetition as one of the 

most effective devices to create unity in a composition, organising forms and spaces. 
Within repetition, the elegance of proportions and the reassuring expectancy of each 

element has a hypnotic regularity, the whole unified by the sameness of shape and 
interval, whilst remaining interesting in the visual changes that occur with distance. This 

point perhaps has most relevance for the Northumberland Building, the words used to 
describe rhythm and repetition being quoted by respondents time and time again. 

* Shape -A geometric shape looks absolute, uncontaminated by accidents, outside of any 

style and universally understandable. Even geometric shapes in nature such as crystals, 
have a timeless look, giving an impression of creation rather than growth. Similar shapes 
have a structure easily grasped by the eye. The simple shape will have a clear order to its 

parts, angles and directions, that can be remembered at a close glance and will have an 
easy to see quality. The more vertical or horizontal the position of the shape, the more 
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static or permanent it will appear. If a shape lies on a diagonal, it will seem in motion, 
temporary and dynamic. A radial form combines the aspects of linearity and centrality 

into a single composition. The core is either the symbolic or functional centre of the 

organisation. The Northumberland Building's strong horizontal elements therefore assist 

in the perception of the building being static or permanent. From where most respondents 

worked these lines seemed diagonal so the eye was drawn along the fagade giving a sense 

of motion. This building was calledfractal - the PV cells visually linking outward to the 

modules, panels and whole fagade. 

Figure 6.34 Northumberland Building - Rhythm & Repetition. 
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Figure 6.35 Northumberland Building - Shape. 

In Section 6.2, Aesthetics, Human Information Processing, and Dimensions of Aesthetic 
Experience is discussed and The Golden Section is shown in Figure 5.15. In 1969, Berlyne 
showed that if asked to show the major subdivisions in a series of paintings, people tended to 
divide the pictures close to the golden section. In 1978, Piehl found that the golden section 
was the most preferred proportion when rated for their pleasingness. The relationship of this 
Golden Section to the Northumberland Building's fagade can be seen overleaf, 
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Figure 6.36 Northumberland Building - Golden Section. 

Also discussed in Section 6.2, the Figure-ground Principle: 

* Allows that by shape, location, colour, contrast, relative size, and so on, features of the 

environment will be seen either as figure or ground. 

Perhaps the main function of great artists, architects, etc., is to educate us to experience the 

world in new ways. That is, by exposure to their works, to restructure our long-term memory 

(LTM) so that we increase the range of possible integrations of information which we find 

aesthetically pleasing. 

An understanding of aesthetic judgement is essential for deigning pleasing environments, and 
it is not enough to assume that some people inherently possess good taste while other do not. 
Rather, because our LTM stores relationships, good taste should be viewed much more in 

terms of an educational advantage which has been derived from interacting with various 

symbolic representations of the physical or psychological world. The respondents of this 

survey sample have been exposed to BIPV, i. e. they have the advantage of interacting with 
such a technology on a personal level. This means their LTM has been restructured and they 

can now begin to accept this faqade as they are used to its appearance and way in which it 
influences their everyday lives. Potential prejudices to this technology in the built 
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environment must be avoided at this stage, when people are becoming used to the idea of 

such buildings. 

Figure 6.37 Northumberland Building - Figure-ground Principle. 

In 1971, Berlyne conducted research into the function of aesthetic experience. It is also 

interesting to re-examine this work here: 

Providing pleasure, or hedonic tone, which may among other things determine whether 

we value an environment and behave protectively towards it or not. Sommer, in his book 

Tight Spaces, notes the challenge which many forms of hard architectural environments 

provide for people alienated by them to mutilate or destroy them, and cites subway spray- 
can artistry as an attempt to soften a hard environment. Vandalism and delinquency are far 

too complex to be simply explained, but environments which are not valued and regarded 
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as pleasurable, seem to trigger behaviour which is interpreted as aggressive in its 

motivation and destructive in its effects. Opposite effects are created by objects and 

environments which are experienced as aesthetically pleasing, so that, ergonomically, a 

degree of control over mood, tension and behaviour can be exercised through the design 

of an environment and its artefacts. 
The respondents were found to value their environment more since the refurbishment of 

the Northumberland Building. There has also been no vandalism recorded so far and this is 

important to note due to the location of the fagade, i. e. a main University Campus building 

near the Student Union and its outdoor seating area. As such it was seen as a potential 

target but has remained untouched to date. Instead students are seen to bring their families 

to the garden at the foot of the fagade to have their photographs taken here at graduation 

time which indicates an element of pride associated with the project, with the added 

attraction of a soft landscaped area for the foreground. 

ý'igurc 6.38 
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Informing us about ways in which we can reshape, transform, translate or symbolise the 

world. 
The most important message this fagade conveys to the respondents is that it is a 

demonstration of photovoltaics as a building cladding material and that it can work 

successfully in the UK. The respondents have started to think about the environmental 
implications of using renewable energies instead of conventional technologies and how 

they can make a difference to overall UK consumption. The interview process helped to 

prompt often deep thought about this type of project, and environmental issues in general, 

showing how they have the power to control their impact on their environment. 
Exercising our information processing capacities. One of the prerequisites for 

aesthetically pleasing design is that it loads our information processing capacity to some 

extent. Because we tend to code and store sensory data in the most economical way we 

can often reinterpret our experiences into simpler forms. We can see this tendency, e. g. in 

recalling and reproducing visual material where we make it more symmetrical, more 

regular than it really was, and we tend to close figures which were open and, in retrospect, 

to give identity to, or confer a meaning upon figures, which they did not originally have. 

Those most simply and economically coded and stored figures which are regular and 

completely symmetrical, such as circles, squares and so on do not usually give rise to any 

experience of an aesthetic nature unless some other dimension, say the relationship 
between the colour of the figure and the background, adds more sensory information. 

Gestalt principles also state that if too good a figure is created an aesthetically neutral 

object can be created, e. g. circle or square. 
Similarly, where by repeated experience we are very familiar with an environment, 

objects in it, like paintings, cease to be sources of information in their own right, and we 
become aware virtually only of their presence or absence because there is no new 
information for us to process. At the other end of the spectrum it is easy to create 

environments or to produce artefacts which cannot be organised into a unifled perceptual 

construct, either by there being too many different elements, or by subsets of them 

requiring perceptual organisations which conflict with one another. Satisfying aesthetic 
experiences can only result when, after some perceptual effort or inspection, integration 
into a unified percept occurs. That is, some degree of complexity which places a loading 

on our information processing capacities is a sine qua non for aesthetic experience. Even 
in its simplest form, the golden section invokes so many more varied relationships than 
equally bisected spaces that it evokes an aesthetic response while they do not. 
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The Northumberland Building's fagade was often described as repetitive by respondents, 

this being attributed to the long horizontal lines of PV panels. The complexity of 

individual modules is not seen, rather the modularity is seen or experienced by individuals 

who see the fagade as a linked panel system, i. e. horizontal lines of panels on each floor of 

the building between another long line of windows. Assumptions can be made about the 

whole fagade by a glance at part of it for only a few seconds. Respondents had never 

studied the building and yet called it monotonous as they made sense of it in their own 

way. Respondents would also call the PV cells circular or square, s1mplIfying them as 

described above. 

Figure 6.39 Northumberland Building - Infon-nation Processing. 
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Defining our personality or sense of identity. Some comment has already been made on the 

role of the environment in the development of self-concept but it needs to be added that 

environments can also affect people's identification with particular groups and their aims 

and ideals, as well as promoting their own sense of individuality. The range of such 

efforts is very great and can vary from evoking identification with a nation's history and 

tradition or its current aspirations, to identifying with small subgroups in society. 
As respondents find out more about the technology and associate themselves with this type 

of project they will be more open to future projects of this nature, having first-hand 

experience of such a building, They will also be more comfortable with the type of person 

they perceive as being interested in and connected with BIPV as they themselves are part 

of the same club now - people with experience of an actual example of UK BIPV. 

The respondents in this sample, however, were seen to be more concerned with what went 

on inside their own offices and wing of the Northumberland Building. Their. interior meant 

much more to them than their local surroundings, i. e. than the exterior of the building. 

Here they would personalise the space and feel safest which is natural if they are not 

actively involved in decisions regarding their surroundings or environment in general. 

6.6.5 Information 

The overall feeling was that there should be more publicity of BIPV, and the renewables in 

general, than at present and they would be interested in finding out more now. They were 

interested in what would happen if there was more publicity and stated that real results of 

existing projects should be advertised. It was seen as vital to get public opinion on your side 

with sustained publicity. The BIPV examples, or other renewable schemes, should 

demonstrate that they work and this will generate enthusiasm and investment and there should 

be a constant governmental push. Public opinion must be cultivated it cannot just be assumed 

that it will be on your side. This may not necessarily be publicity but gaining an 

understanding of the mental state of various target audiences and learning to convince 
different people in different ways. Fortunately a whole new generation is seen to be interested 

in green issues but it was queried as to whether the Northumberland would seize their 
imagination. One respondent felt that all Renewable Energies should be linked, combining 

strategies and systems for contribution to generation in the future. It was also felt that they 
had not seen anything on television about the renewables which is seen as the main way to 

reach people now. If public opinion is right, with people being primed by promotional 

campaigns, this will be accepted as people know they cannot keep using more and more 
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energy, i. e. ozone layer and global warming facts. It is then possible to move in with 
legislative or executive action. 

During these interviews various pieces of technical information were supplied and this 

surprised and enthused most respondents and shows how education is vital to influence 

perception of renewable energy generation. 

It is possible to continue this work, examining different sample groups, e. g. the younger 

generation. Continued feedback from the public as to their perception of BIPV in the built 

environment will also be advantageous in assessing how perception changes as the 

technology matures. Similar work but conducted during presentations of proposed BIPV 

projects at local meetings would be an exciting step with the highest quality presentation 

techniques being considered. Variables are now established which can be explored in further 

detail and on different audiences which will result in future feedback for module 

manufacturers and system designers. This type of investigation is new to the PV industry but 

not to architectural research. The communication of this methodology and results is necessary 
to promote future studies of this kind. 

By reading the 20 transcribed interviews it is possible to appreciate the interview process used 
here and how the style (apparent in the first transcription) alters during successive interviews, 

as experience improves and the qualitative research techniques are refined. However, these 
transcriptions are not contained in the Thesis due to their potentially sensitive nature. 
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Research into the environmental benefits and impacts of renewable energy technologies and 

their implementation, and the ways in which they interface with society, is imperative. As 

with any man-made structure, and particularly with the imposition of power plant 

construction on natural or urban landscapes, a potential environmental impact of the 

renewables is believed to be visual intrusion. This area of research, which has investigated the 

visual impacts of photovoltaic systems in the built environment is vital if visual impacts 

which may be detrimental to the environment are to be avoided in the future. 

If BIPV schemes are perceived in a negative way at this stage of development implementation 

may be slowed, or perhaps even halted. This research, therefore, explores the reactions of a 

key group in the population to the prospect of the wider use of building integrated 

photovoltaics (BIPV) in the urban environment. By learning about possible objections 

(negative perception or attitudes) in advance, both system design and communication 

programmes can be developed to minimise opposition and increase public acceptability of 

this renewable energy technology. 

The specific objective of this research was: 

To explore the perceptions of those who work near an example of UK BIPV, and 

therefore with some knowledge of this type of project, identifying information of use to 

BIPV professionals and the general public (to help them understand and accept the need 

for extending the use of BIPV for alternative urban electricity). 

In order to achieve this objective the responses to an Interview Schedule and Visual Sheets, 

used during interviews conducted within sight of this UK example of BIPV (the 

Northumberland Building, Newcastle upon Tyne), have been recorded. These findings reflect 

genuine attitudes to this renewable energy technology, aesthetic preferences, etc., and are 

testimony to actual public opinion rather than assumptions being made by experts. The future 

involvement of the public and cooperation of the multidisciplinary, BIPV team will challenge 

specific and defined specialist disciplines. The continuation of research of a similar nature 
into renewable energy technologies will ensure that future sites are publicly acceptable and 

aesthetically desirable without compromise of a project's viability. This kind of technology 
integration, in combination with other energy efficient measures, within buildings will help to 

promote future holistic, ecologically sustainable architecture and urban planning. 
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What follows now are the conclusions drawn from these discussions, with the survey sample 

of 20 respondents (all members of University staff with offices either adjacent to or opposite 

the Northumberland Building PV Fagade) during the summer of 1998. This sample was 

chosen to guarantee some knowledge of the technology integrated within buildings. The 

interviews were held within sight of this demonstration project ensuring that the respondents' 

perception of the visual impacts of BIPV could be explored using a real example, as well as 

the use of photographs, of these systems. 

As this research was the first of its kind variables, i. e. relevant areas of interest discussed 

during the interviews, have been established that can be used in similar research in the future. 

Lessons learnt from the interview process and findings will help to develop research 

methodologies that will explore the perception of this type of technology in much greater 
detail in the future. 

The sample group chosen proved to be ideal as, even though their offices were so close to the 

fagade, their knowledge of the technology was still very limited. If the sample had been a 

random selection, for example, the general public that passed the building, results may have 

differed (certainly with more explanations necessary) but it could be seen how broadly these 

results could be applied to the public at large (even with this relatively small qualitative 
judgement sample). At this stage, therefore, it is perhaps most useful to ask those with some 

experience of these technologies for feedback. It would also be useful to return to this sample 

group, in say 5 to 10 years, to again examine their perception of this technology to determine 

how their opinions may have changed. It would also have been useful if a pilot study had 

been conducted, prior to refurbishment in 1994, to form a continuous study of those most 

affected by the fagade. 

Respondents were seen to care more about their office interiors than the exterior of the 
Northumberland Building. This may be due to the fact that they feel they can personalise their 
office - the only space they feel they have any say in whilst at the University. If they had 
some other community involvement in their surroundings they may feel they have more 
control over the environment and therefore show more interest in it. Environments, in turn, 
will influence people - their self-concept or self-esteem being influenced by how they feel 
they are valued within society in general. It is also interesting to note how certain respondents 
criticised others for thinking in the short-lenn, 'aspiring to actively caring about the 
environment for future generations, and yet realistically no one can expect humans to 
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selflessly ignore the fact that they have only a limited time on the planet and could potentially 
deny responsibility for the earth's future. People can only be encouraged to do their best in 

such a situation and education, about what we are doing to our enviromnent and how we may 

help, is vital. 

Art and architecture are often contentious subjects, with everyone having an opinion on what 

they experience daily in their environments and what they see in other ways, e. g. in the 

media. There must be good examples of BIPV at this stage to avoid people linking the 

technology with anything negative. Bad press, such as the wind farms have experienced, must 

be avoided at all costs. This is how the general public, for the most part, hear about projects 
for the first time and first impressions are made. During many interviews it could be seen that 

respondents were opposed to wind farms and yet most had never actually visited a site for 

themselves. This shows how prejudice against BIPV at this stage would be very destructive. 

As most people are concerned with what others, or primarily their peers, think of them it is 

also important that no set group of people are seen to support such schemes. This was seen 

during the interview process when people described green groups as being potentially 

extremist and a few linked that type of person with this type of technology. With more 

examples of BIPV it is possible to educate the general public in order to experience the world 

in new ways, i. e. accept such projects more readily as they become used to them. This 

restructures the long-term memory and therefore increases the range of possible integrations 

of information that people find aesthetically pleasing and therefore acceptable in their 

environments. Good quality, exciting demonstration projects are vital in order to build up the 

stock of BIPV examples available in any country. It is vital that BIPV professionals learn 

from this type of research at this stage in order to understand the way in which they may 
influence the public's perception of this technology in the built environment. 

The Northumberland Building's refurbishment was seen to improve the faqade by all 
respondents. Thi§ is promising information when examining how many buildings, built in the 
1960s, may need refurbishment in the near future. This technology could take advantage of 
this perceived improvement of a refurbishment project over the next few decades. 

For future work of this nature it should be noted that the transcription process is an important 

element of the research method and good quality equipment is imperative. It should also be 
noted that Visual Sheets and any illustrations used should be of exceptional quality. For 
similar research any comparisons between illustrations should be made as simple as possible, 
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i. e. use of computer visualisation techniques - to produce pictures on the same scale and on 

single sheets showing individual questions visuals. 

Within the photovoltaics industry, one of the concerns about this technology's integration 

within buildings relates to the public acceptance of its visual appearance. Here, however, any 
doubts about BIPV were due to the perception of this technology's suitability for the Uk's 

climate. The appearance of existing systems, shown during the interview, was thought to be 

acceptable by all respondents. This makes education and information about the technology, 

e. g. the fact that cells work in diffuse light and not only direct sun conditions, and how it is 

presented vital in thefight to encourage the public to readily accept BIPV. 

All respondents were aware of green or environmentally friendly issues but the most 
interesting thing to note is how people separated the terms - green being seen as a negative 
description or someone with extremist tendencies and environmentally friendly seen as a 

positive phrase. This should be noted for future publicity and the marketing of BIPV. 

When asked to choose between the four cells shown in Visual Sheet II (showing PV cell 

materials) most (80%) respondents preferred the blue multi-crystalline silicon solar cell 

material. Respondents would say that it would be important to see them in context, 

superimposed on a building, before they could say if it would be appropriate on a particular 
building or site. The preferred cell was described as different, crinkled, reflective, swirly, 

random and patterned. The cell contacts of the other cells were often seen as being slightly 
intrusive. Using this material and/or discrete contacts, at this stage in development, may 
therefore reduce any perceived negative visual impacts associated with cell design. 

When asked for their preferences of PV cell shape most (70%) respondents preferred the 
pseudo-square, half pseudo-square cells or fully square cells saying they wercfashioll free. A 
few (15%) likedthe non-uniformity or organic nature of circles but would be prepared to 
have other cells if project costs or other constraints determined that. Circles or half cells were 
often cited as having potential problems for being uncomfortable to look at making the eyes 
gofuzzy. One respondent was surprised cell shape was an issue as he presumed they were cut 
off a sheet to whatever size or shape required. When cell shape issues were discussed 
following this question it could be seen how respondents thought the shape was ultimately 
visually irrelevant if it compromised project viability. 
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It was generally thought (by the PV industry) that the introduction of different cell colours 

would give architects choice. Respondents said that it would depend upon the building and 

site as to what colour cells/modules were finally used. When informed that the 

Northumberland Building modules were in fact the same dark blue as in Visual Sheet III -B 
there was great surprise and often disbelief When told how colour influenced the module's 

efficiency slightly the respondents said they should be produced to optimise efficiency and 

not a designers preference, unless the colour really was not appropriate. When told about the 

PV fagade they wondered if colour could be seen at all and thought there would be no need to 

produce colours other than black or grey, colour then being introduced in some other way in 

the overall building design. 

Issues such as these, i. e. choice of PV cell material, shape and colour could be discussed at a 

community meeting at design concept stage. A majority decision could then take place once 

they are informed of the alternatives and their advantages/disadvantages. 

I 

Forty-five percent of the respondents had no preference when asked for their choice of 

module backing material when shown three choices in Visual Sheet III -C saying, again, that 

it depended on the individual building, surroundings and what element of the building was to 

incorporate that particular type. The remainder preferred in equal measure the patterned and 

glass-glass module backing sheets. Glass-glass was preferred in stairwell, atria or corridor 

locations with one saying he would not like to work behind such a fagade. One respondent 

asked if it would be possible to use glass-glass areas to simulate stained glass windows and 

was excited by the idea of this innovative use of PV. An artist that has produced PV 

sculptures, Antonia Spowers, was also discussed at this point. One respondent felt it was good 

to have all of these backing material possibilities bringing a new aesthetic potential to PV 

architecture and more choice for architects describing the different backing materials as either 

window or cladding materials. One thought the control of light through glass-glass modules 

or panels was ex6ting. 

The most remarkable thing about the responses to Visual Sheet IV -A&B (comparisons 

between PV integration methods in domestic and commercial buildings) was that those that 
chose the PV array on top of an existing domestic roof (left hand picture in A), chose fully 
integrated PV in a commercial (left hand picture in B) setting. This showed different aesthetic 
values or expectations for these two building types. Respondents commented that it should be 
apparent if this technology is used within a building, especially at this stage of development, 
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as they could not tell if the commercial examples used this cladding material. The use of only 

small areas of PV on large fagades was questioned as it could be seen as a waste of potential 

surface area for electricity generation. PV was seen as a way of improving certain buildings 

with respondents saying they would live with something they did not particularly like the 

look of - if they were saving money. Once again, the responses noted here indicate that if a 
local community is involved at design concept stage appropriate solutions can be determined 

for potentially sensitive sites that may use PV- 

Respondents felt that PV would be suitable on most types of building, depending upon the 

constraints of the individual bu ilding. There were several doubts about its use in domestic 

applications, however, again the perception of domestic buildings being discussed as to why 

this was so. Large-scale, high-tech, functional buildings with a large proportion of glass were 

seen as ideal applications. Commercial buildings on city centre sites were seen as a problem 

for shading and industrial sites were seen as the solution to this problem of guaranteed access 

to light. Blocks of flats were seen as the most appropriate applications if it had to be within 

housing. 

Respondents thought it was a good idea to involve local communities in this type of project as 

it would be where they lived or worked ultimately. It was seen as a way to prevent the 

minority making decisions for the majority. Many said it gives the community a stake - 
involvement and ownership - empowering people - encouraging enthusiastic participation 

and pride in a project, adding it is good if they see that their opinions count. One respondent 

said he would resent any attempt at involving him in a pseudo-exercise, however. People 

were seen to need to be in control of their own futures with respondents saying that if this 

kind of consultation was to take place then the locals could not then turn around and say they 

did not like what was imposed on them in the future. The definition of a modem community 

was questioned due to the perceived transient nature of communities at present. 

Fifty-five percent of this sample preferred the idea of photo-montage displays used as the 
presentation method for a new project - shown at a local community meeting. The remainder 
liked the idea of video or computer based visuals. Realism was seen as the most important 
factor. Many did not trust computer generated drawings or artist's impressions. Those that 
preferred computer animation wanted to be able to walk through schemes - to help their sense 
of, or lack of awareness of, 3D. All presentation methods could, of course, be combined for 
future final presentations. Low-tech presentations were also praised - showing actual products 

367 



and asking for feedback. A few thought films, etc., were passive or one-way communication 

systems. Virtual Reality was also seen as a way of excluding those that did not understand 

that technology. Photo-montages were seen as good with schemes superimposed - physically 

relating on a true scale to existing features. These points are interesting and should be noted 
for presentations given to the general public. 

The heat within the building was mentioned throughout the interviews during a variety of 

questions. They wanted some control of their heating system saying that it should be 

determined by the outside temperature not the calendar. Unfortunately, occasionally 

respondents linked this oppressive heat with the PV fagade, linking solar PV modules to 

active solar panels. Other factors about the building were highlighted such as a feeling that it- 

had many potential health problems as it is. As discussed earlier, if a building is seen in a 

particularly negative way it could influence the cognition or perception of BIPV and therefore 

poor examples (visually, internally, etc. ) must be avoided to prevent this link which may 

damage the technology's reputation. 

The reflection in offices directly opposite the Northumberland Building's fagade causes 

problems which were described as worse than before the refurbishment. The reflection is seen 

quite a distance from the fagade itself and must be investigated further - for all module 

orientations. This problem was experienced first hand during an interview in one of these 

offices and it could be seen that complaints were not exaggerated. There had been larger 

windows (before refurbishment) which caused some reflection in combination with a light 

coloured mosaic cladding. Now the windows were described as less of a problem but the PV 

panels can be seen to be highly reflective. 

No respondents linked their office electricity consumption with that produced by the PV 
faqade. Electricity is now largely taken for granted in industrialised countries and this makes 
it difficult to trý and re-educate the public to use it wisely, or to think about how it is 

generated at source - this must also be addressed. 

The overall feeling was that there should be more publicity of BIPV, and the rcnewables in 

general, than at present and they would be interested in finding out more now. They were 
interested in what would happen if there was more publicity and stated that real results of 
existing projects should be advertised. It was seen as vital to get public opi nion on your side 
with sustained publicity. The respondents said the BIPV examples, or other renewable 
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schemes, should demonstrate that they work and suggested this would generate enthusiasm 

and investment. They stated there should be a constant governmental push with public 
opinion being cultivated not taken for granted. This may not necessarily be achieved by 

publicity but by gaining an understanding of the mental state of various target audiences and 
learning to convince different people in different ways. Fortunately a whole new generation is 

seen to be interested in green issues but it was queried as to whether the Northumberla*nd 

would seize their imagination. One respondent felt that all Renewable Energies should be 
linked, combining strategies and systems for contribution to generation in the future with 
energy conservation being paramount in this move forward. Respondents had never seen 
anything on television about the renewables which was seen as the main way to reach people 
now. A respondent said that if public opinion is right, with people being primed by 

promotional campaigns, this will be accepted as people know they cannot keep using more 
and more energy, suggesting it would then be possible to move in with legislative or 
executive action, showing how important government strategies, or support, is perceived to 
be. 

It is possible to continue this work, examining different sample groups, e. g. the younger 

generation. Continued feedback from the public as to their perception of BIPV in the built 

environment will also be advantageous in assessing how perception changes as the 

technology matures. Similar work, conducted during presentations of proposed BIPV projects 

at local community meetings, would be an exciting step - highest quality presentation 
techniques being utilised. Themes used in this research can be explored in further detail, with 
different audiences, which will result in on-going feedback for module manufacturers and 
system designers. These conclusions are of note to those interested in conducting similar 
work in the future or those who wish to learn from what the minority exposed to BIPV think 

at this stage of implementation in the UK. This type of investigation is new to the PV industry 
but not to architectural research. The communication of this methodology and results is 

necessary to promote future studies of this kind and BIPV world-wide. 
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Acid Rain 
Cloud and min droplets containing a solution of sulphur oxides (S02 and S03) and nitrogen 
dioxide (NO2), generated by the combustion of fossil fuel in power stations and cars. 

Adaption 
In general, adjustment to environmental conditions. Sensory adaption involves a change in the 
characteristics of experience as a result of prior experience. In design, becoming less sensitive 
to environmental attributes after prolonged experience. 

Agenda 21 
A commitment entered into at the Rio (Earth) Summit (1992) to introduce specific policies to 
help stabilise, world temperatures and move towards sustainable development. 

Air Mass (AM) 
The path length of light through the atmosphere is described in terms of an equivalent relative 
air mass. AMO corresponds to the solar spectrum in outer space. At the equator the average 
spectrum is AMI. The reference spectrum for Standard Test Conditions (STC) was defined to 
be AM1.5 (average spectrum at 450 latitude). 

Alternating Current (AC) 
Electric current in which the direction of flow is reversed at frequent intervals, usually 100 or 
120 times per second (50 or 60 cycles per second or 50/60 Hz). 

Ambient Temperature 
The temperature of the surrounding air as measured by a thermometer in a vented enclosure 
and shielded from solar, sky and ground radiation (T). 

Amorphous Silicon (a-Si) 
Silicon in which the atoms are not arranged in an ordered pattern as in crystalline silicon. 

Ampere (A) 
The unit for electric current. 

Ampere-hour (Ah) 
Quantity of electricity or measure of charge. I Ah = 3,600C (Coulomb) 

Amplitude 
The amount or value of a wave or a fluctuating quantity or variable, 

Analytic Approach 
An approach that assumes that a complex process can be understood by breaking it into its 
components and that the complex can best be improved by improving its parts. 

Analytical Survey 
A survey designed to clarify associations and provide explanations. It presupposes a theoretical framework suggesting causality among variables, as contrasted with a descriptive 
survey, which enumerates but does not ask why. 

Angle of Incidence 
The angle between the direct irradiant beam and the normal to the active surface (degrees). 



Antireflective Coating 
A thin layer of transparent material which decreases light deflection and increases light 
transmission through a glass or the surface of a solar cell. 

Appropriate Design 
The use of the minimum energy input and the lowest level of technological sophistication to 
achieve effective and healthy conditions. 

Architectural Ideas 
Concepts stated in architectural concerns like daylight, space, sequence of spaces, integration 
of structure and form, siting in the landscape, etc.. A specific concern used as the basis for 
building design. 

Architecture 
The word architecture, was first used about 1563, derived from the Latin architectura, and 
that in turn came from the Greek architekton, literally chief craftsman or master builder. 
Hence architecture refers to buildings designed by a competent person as distinct from 
buildings not so designed. This is admittedly not a very clear distinction. It is so difficult to 
clearly define architecture, that most of the attempts made in the past three or four centuries 
have proven unsatisfactory. An English writer in 1581 defined architecture as the science of 
building. Ruskin in the 19th century wrote that it is nothing but ornament applied to 
buildings, a dictum not universally accepted today when many stark and austere buildings 
devoid of ornament are accorded the distinction of architecture. It is something more than 
good building in the sense of sound construction with good materials. An often quoted 
definition by Sir Henry Wotton, an amateur critic, in his book, The Elements of Architecture 
(1924), comes very near what is accepted as truth. He says that it must fulfil three conditions, 
commodity, firmness, and delight, meaning that to constitute architecture a building must not 
only be conveniently planned for its purpose (commodity), and be soundly built of good 
materials (firmness), but must also give pleasure to the eye of a discriminating beholder 
(delight). It is this third quality, added to the other two essentials, that differentiates 
architecture from building. Some very primitive buildings, such as rude huts or wigwams in all 
ages have not been counted as architecture under this definition. To these may be added 
primitive stone circles (such as Stonehenge), megaliths, and barrows; also, perhaps, the 
Egyptian pyramids; and, in modem times, bridges and other structures which are now 
commonly regarded as civil engineering rather than architecture or even building. The 
definition given in Concise Encyclopedia of Architecture by M. S. Briggs (1959) has been 
considerably widened in the four decades since the book's publication. Primitive building is 
now considered by some to be architecture; new building types such as pizza parlours and car 
washes were examined, extolled, and published in architectural magazines in the 1960s. As 
licensed architects involve themselves less in actual building techniques and supervision, for a 
variety of reasons not the least of which is the increasingly onerous burden of liability claims, 
it is doubtful that the architect, architecture, or the practice of architecture can be said to 
conform to Wotton's definition, although it remains the romantic picture the public has of 
architects and a number of architects have of themselves. 

Arris 
A sharp edge formed by the meeting of two surfaces. 

Artificial Lighting 
The use of non-natural means of providing internal or external illumination. Artificial lighting 
is usually dependent upon fossil-fuel use. 



trium 
Large, top-lit space rising through several floors in modem buildings (old Roman concept). 

ttenuation 
The loss of energy suffered by radiation as it passes through matter, especially as a result of 
absorption or scattering. 

Atto (a) 
Prefix of the factor 10" 

Autonomous System 
A stand-alone photovoltaic system which has no back-up generating source. May or may not 
include storage batteries. 

Average 
Measure of central tendency. Three average scores are in common use - median, mode and 
arithmetic mean. 

Awnings 
Covering to screen persons or parts of buildings from the sun or rain. 

Azimuth 
Angle between the north direction and the projection of the surface normal into the horizontal 

plane, measured clockwise from north. As applied to the PV array, 180-degree azimuth means 
the array faces due south. 

Back-up Generator 
Supplementary electricity source to ensure full-time cost-effective electricity supply. 

Balance of System (BOS) 
The parts of a photovoltaic system other than the array: switches, controls, meters, power 
conditioning equipment, supporting structure for the array and storage components, if any. 

Base Load 
The minimum amount of electric power which a utility must supply in a 24-hour period. 

Batten 
Small rectangular piece of timber used to provide fixings for tiles or slates. Cover-slip 

concealing the joint between two boards, or a strip of timber fixed across two parallel boards 
to join them together. 

Batter 
A term applied to a wall with an inclined face. 

Battery Capacity 
Amount of ampere-hours that can be discharged from the battery under specified conditions of 
discharge (cut-off voltage, current and temperature). 

Battery Charge Regulator 
An electrical device used to keep current from running backwards through an array at night or 
during periods of low sunlight, thereby preventing drainage of the storage battery. 



Biodiversity 
The diversity of living things - eco-systems, species and genetic complexity. 

Biotope 
A limited ecological region or area in which the environment is suitable for specific forms of 
life. 

Blocking Diode 
Diode connected in series to a PV string, protecting its modules from a reverse power flow 

and thus against the risk of thermal destruction of solar cells. 

Brise-soleil 
A screen to break the glare of sunshine upon windows. In recent architecture such screens 
often take the form of louvres, and are usually made a permanent and effective part of the 
architecture. 

Brown Field Sites 
Land in urban areas which has already seen development and is lying vacant. In the UK about 
40% of urban land falls into this category. 

Brown-out 
A planned voltage reduction by a utility company to counter excessive demand on their 
generation and distribution system. 

Building Envelope 
The elements of a building that contain the interior spaces - the skin or waterproof covering of 
the structure. 

Building Type 
Classification of building by function, e. g. hospital, school, manufacturing, industrial, etc.. 

Bypass Diode 
Diode connected anti-parallel across a part of the solar cells of a PV module. It protects these 
solar cells from thermal destruction in case of total or partial shading of individual solar cells 
whilst other cells are exposed to full light. 

Cartesian 
Based on the philosophy of Ren6 Descartes, French philosopher (1596-1650), one of the 
fathers of Rationalism. In architectural terms a Cartesian approach is based on exploring the 
simple, single element before attempting to understand the complex. 

Casement Window 
A window of which the opening lights are hinged at the side and open in the manner of a door. 

Case Study 
A collection of all relevant evidence - social, psychological, physiological, biographical, 
environmental, vocational - to illustrate a social unit such as a community. 

Cathodic Protection 
A method of slowing down the rate of deterioration from oxidation (i. e. rusting) in metal 
pipes, bridges, etc., resulting from a difference in the electrical potential of the surrounding 
ground and the metal. A small electric charge is applied between the metal to be protected and 
the ground to oppose the flow of electrons such that the applied voltage is greater than the 



oxidation voltage. 

Centi (c) 
Prefix of the factor 10'2. 

Chance 
In research, something that happens unpredictably without discernible human intention or 
observable cause. 

Chlorofluorocarbons (CFCs) 
These are man-made chemicals which cause the thinning of the ozone layer (about one half are 
used in building). CFCs are also a greenhouse gas. 

Circadian Rhythm 
Biological processes that occur regularly at about 24-hr intervals, even in the absence of 
periodicity in the environment. 

Circuit Breaker 
A device used in the power distribution line, which opens its contacts when the current passing 
through it exceeds a certain value, thus protecting the power source from destructive over- 
current. 

Cladding 
External face or skin of a building. 

Class Interval 
In statistics, a small section of a scale, according to which frequency distributions are grouped, 
e. g. heights or weights. 

Claustra 
A term sometimes used in the late 19th and early 20th centuries to describe panels, pierced 
with geometrical designs, as employed by the French architect Auguste Perret in certain of his 
reinforced-concrete buildings. 

Clearness Index 
The ratio of direct normal solar iffadiance at a given location to the extraterrestrial irradiance 
at a given time. This term can be applied also for a given time interval, e. g. for one day or 
month. 

Clerestory,. Clere-storyg Clearstory or Clear-Storey 
Any window, row of windows, or openings in the upper part of a building. 

Climate 
The modified climate close to a building usually due to man's intervention. 

Cognitive Map 
1) The ability to reorder and reconstruct parts of our experience to provide a complete 
picture of a situation. 
2) The description of a place in terms of its location and psychological influences, from the 
standpoint of an individual. 

Colour Rendering 
The effect of a light source on the colour appearance of objects as compared with appearance 



under a standard light source. 

Column 
1) A cylindrical and slightly tapered pillar, serving as a support to some portion of a building. 
2) A similar pillar standing isolated as a monument, e. g. Traj an's Column at Rome, AD 112, 
and Nelson's Column in London. 

C! CGT 
Combined Cycle Gas Turbine. 

CHP 
Combined Heat and Power (Co-generation). 

CEC 
Commission of the European Community. 

Commutation 
The action of transferring current from one switching device to another in a power 
conditioning unit. (Stand-alone inverters must be self-commutated but utility interactive 
inverters make use of line commutation where the circuit operation depends on the utility line 
connection. Utility interactive inverters may also be self-commutated. Other types of 
commutation have been used, such as natural and load commutation, but generally in special 
applications). 

Concentrator 
A PV array which includes an optical component such as a lens or focusing mirror to direct 
incident sunlight onto a solar cell of small area. 

Concepts 
Ideas that integrate design elements into a whole. A specific combination of programmatic 
requirements, context, and beliefs. 

Conditioned Reflex 
A reflex based on previous experience rather than inherited structure, such as dogs salivating 
at the sound of a bell (Pavlov). 

Confederate 
A person working with an experimenter as a covert participant in a research study. 

Constancy Phenomena 
The tendency for brightness, colour, size, or shape to remain relatively constant despite 
marked changes in stimulation. 

Conversion Efficiency (ij) 
The ratio of the electrical energy produced by a PV cell (or module) to the energy from 
sunlight incident on the cell (or module). This is usually quoted for STC. 

Converter (DC-DC) 
An electrical piece of equipment that changes the input DC voltage to another higher or lower 
DC voltage. 

Coping 
The capping or cover to a wall. 



Correlation 
A relationship between variables such that changes in one are accompanied by changes in the 
other, either positively (as when weight tends to increase with height) or negatively. 

CPRE 
Council for the Protection of Rural England. 

Critical Flicker Frequency (CFF) 
The frequency of light flashes necessary to produce an uninterrupted experience of brightness, 
i. e. without flicker. 

Cross-sectional Survey 
A type of survey in which the data result from a time-ordered series of questions asked of a 
sample of a predefined population of subjects. 

Cross Ventilation 
The use of wind, temperature and pressure differences to ventilate a building naturally usually 
via windows or vents. 

Curtain Wall 
Non-load-bearing wall placed as a weather-proof membrane round a structure and usually 
made of glass or metal. 

Cycle 
When referring to battery operation, a cycle comprises one discharge and one charge period 
occurring. As referred * 

to an AC system, a cycle follows a sinusoidal waveform, with its value 
starting from zero, rising to a peak value in the positive direction, returning to zero, and then 
going in the negative direction in a similar manner. 

Cycle Life 
Amount of discharge-charge cycles that a battery can tolerate under specified conditions 
before it fails to meet specified criteria as to performance (e. g. capacity decreases to 80% of 
the nominal capacity). 

Czochralski (Cz) Process 
Method of growing a perfect crystal of large size by slowly lifting a seed crystal from a molten 
bath of the material under careful conditions of cooling. 

Data Acquisition System (DAS) 
A key part of the Data Collection System which has the function of collecting analogue and 
digital signals, converting the analogue signals to digital, multiplexing the signals, doing 
arithmetic and logical operations, and storing measured and calculated values. Depending on 
the specific manufacturer's model, the DAS may have its own display and printing devices 
built in (e. g. data loggers). 

Data Collection System 
A complete system for collecting, analysing, storing, and displaying measured and calculated data. It consists of sensors, signal conditioning, cabling, and the DAS. 

Daylight 
Natural source of light which determines the internal Daylight Factor (DF). This is dependent 
upon direct light, external reflected light, and internal reflected light. Daylight itself consists of 
sunlight, cloud diffused sunlight, and both reflected by the ground and adjoining surfaces. 



DNC 
Declared Net Capacity. 

DTI 
Department of Trade and Industry. 

Ded (d) 
Prefix of the factor 10". 

Declination 
When referring to the sun, the solar declination angle is the angular position of the sun at its 
highest point in the sky with respect to the equatorial plane. 

Deka (da) 
Prefix of the factor 10. 

DOD 
Depth-of-Discharge, 100% - SOC (see SOC). 

Dichotomous Items 
Survey questions which require the subject to make a choice between two explicit alternatives. 

Diffuse Radiation 
Solar radiation scattered by the atmosphere. 

Direct Current (DC) 
Electric current in which electrons flow in one direction only. Opposite of alternating current. 

Direct Radiation 
Solar radiation transmitted directly through the atmosphere. 

Disability Glare 
Glare resulting in reduced visual perfomance and visibility. 

Discharge Rate 
The rate, usually expressed in amperes or time, at which electrical current is taken from the 
battery. 

Discomfort Glare 
Glare which results in a feeling of annoyance. It does not necessarily interfere with visibility or 
visual performance. 

Drift 
Movement of buildings, such as high rise structures, during storm conditions when high 
velocity winds are present. 

Eaves 
The lower part of a roof projecting beyond the face of the wall. 

Ecological Psycliology 
The study of organisms in reference to their physical environment, especially the study of their 
responses to stimuli which are environmental. 



Electrical Grid 
An integrated system of electricity distribution, usually covering a large area. 

Electrolyte 
A liquid conductor of electricity. 

Electromagnetic Interference 
Undesirable energy usually emitted by switching power supplies such as inverters and 
converters and can be conducted or radiated. 

Elevation 
Used in reference to the sun's position relative to the horizontal surface, specifically the angle 
between the horizontal plane and the direction of incident radiation. 

End Use Energy 
The energy actually consumed at the point of use. 

Energy Conservation 
The conservation of energy by reducing the outward transmission of heat, by controlling 
ventilation, and by exploiting renewable sources of energy such as sunlight. Energy 
conservation is also a matter of balancing heating and lighting needs, and addressing energy 
use, energy controls and energy generation as related factors. 

Energy Density 
The ratio of the energy available from a battery to its volume (Wh/1) or mass (Wh/kg). 

Energy Payback Time 
The time required for any energy producing system or device to produce as much energy as 
was required in its manufacture. 

EST 
Energy Saving Trust. 

ETSU 
Energy Technology Support Unit. 

Environmental Audit 
A term used by companies to measure and understand the environmental implications of their 
operations, particularly with regard to pollution. 

Environmental Contamination 
The damage to the environment and its eco-systems caused by contaminants of various kinds. 
Such damage can be either irreversible or reversible. 

Environmental Cost 
A measure of the cost in resource or financial terms of environmental damage or degradation. 

Environmental Impact Assessment (EA) 
The assessment and evaluation of the impact of development upon a specific site or location. It 
usually consists of three analytical stages - impact identification, evaluation and comparison. 
Environmental impact Assessment and Environmental Assessment are synonymous terms. 



Environmental Impact Statement 
A quantitative and qualitative statement of a broad range of impacts (from ecological to 
social), whether direct, indirect or cumulative. It is usually a publicly available document 
prepared by a developer. 

Environmental Review 
The review of operations by a company to determine performance against selected 
environmental criteria. Usually an introduction to developing an environmental policy or action 
progranime. 

Environmental Value 
The value attached to an* environmental resource in social, economic or cultural terms. 

Environment-friendly (Environmentally-friendly) 
Materials and processes which seek to have the minimum impact upon the envirofflnent 
throughout their life-cycle (manufacture, use, disposal). 

Equation of Time 
The difference between the standard time and the solar time. 

Equinox 
The time when the sun in its apparent motion in the celestial sphere crosses the equator and 
the solar declination is zero. March 21 is the vernal equinox and September 21 is the autumnal 
equinox in the northern hemisphere. The vernal equinox is more precisely defined as the point 
of intersection of the ecliptic plane and the equator on the celestial sphere. 

Ergonomics 
The scientific study of the relationships between (wo)men and machines, particularly the 
psychological, biological, and cultural relationships, for the purpose of adapting machines and 
jobs to meet the needs of (wo)men and of choosing suitable persons for particular jobs or 
machines; biotechnology. 

Ethnography 
The branch of anthropology that deals with the scientific description of individual human 
societies. 

Ethylene Vinyl Acetate (EVA) 
An encapsulant used between the glass cover and the solar cells in PV modules. It is durable, 
transparent, resistant to corrosion, and flame retardant. 

EC 
European Commission (of the European Union). 

Exa (E) 
Prefix of the factor 10 

Fnade 
The face or elevation of a building. 

Fascia 
A board or plate covering the end of roof rafters. 



Femto (0 
Prefix of the factor 10*15. 

Field Study 
Collection of data outside the laboratory, library, or clinic - the study of organisms in their 

usual habitats. 

Figure-Ground 
The principle that all perception and even awareness is fundamentally patterned into two parts 
or aspects that mutually influence each other: 
1) The figure, which has good contour and unity, and is perceived as being separate from the 

ground, and 
2) The ground, which is typically relatively homogenous and whose parts are not clearly 
patterned. 

Fill Factor (FF) 
The ratio of the maximum power output of a PV cell (or module) under reference conditions 
to the product of the short circuit current and the open circuit voltage under the same 

conditions. 

Filter Question 
A question, primarily factual in nature, which may be used in public opinion research to 
enable the interviewer to determine the extent of knowledge possessed by the respondent 
about the topic under study. 

Fixed-Feature Space 
Features of buildings that are not moveable, e. g. windows and walls. 

Flashing 
Piece of metal set into the joints of brickwork to lap over a gutter, or set along the slates of a 
roof, to prevent water from penetrating the junctions. To flash makes water-tight joints. 

Flat Plate (module or array) 
An arrangement of solar cells in which the cells are exposed directly to normal incident 
sunlight. Opposite of Concentrator. 

Float Charge 
Float charge is the voltage required to counteract the self-discharge of the battery at a certain 
temperature. 

Float Life 
Number of years that a battery can keep its stated capacity when it is kept at float charge (see 
Float Charge). 

Float Zone (Fz) Process 
Process used in the fabrication of single-crystal ingot. It uses induction heating at 1-3MHz 
frequency and the liquid does not come in contact with any foreign material. This results in 
very pure crystal. Conventional Fz crystals contain two orders of magnitude less of carbon and 
oxygen impurities than Cz-grown crystals. Finished Fz cells exhibit typically 1-2% higher 
efficiency and are about 25% higher in cost than the Cz cells. 

Focused Interview 
An interview which uses an interview guide with a list of objectives and suggested questions. 



Using this technique, an interviewer can explore new topics as they are introduced and can 
follow up in detail when this appears to be a useful approach. 

Formwork 
A temporary casing of woodwork within which concrete is moulded. 

Fossil Fuels 
Finite sources of carbon-based energy (mostly oil, gas and coal) which are burnt to produce 
heat and other sources of power. 

Free Association 
1) An unrestricted, random flow of words or ideas. 
2) In psychoanalysis, a method in which the subject says whatever comes into his/her mind 
and speaks freely. 

Gable 
The triangular portion of a wall, between the enclosing lines of a sloping lines of a sloping 
roof 

Gallium Arsenide (GaAs) 
A black chemical compound that in its mono-crystal form has very good properties as a 
photovoltaic device. 

Gassing Current 
Portion of charge current that goes into electrolytical production of hydrogen and oxygen 
from the electrolytic liquid. This current increases with increasing voltage and temperature. 

Gel-type Battery 
Lead-acid battery in which the electrolyte is composed of a silica gel matrix. 

Gestalt 
A perceptual pattern or structure possessing qualities as a whole that cannot be described 
merely as a sum of its parts. 

Giga (G) 
Prefix of the factor 109. 

Gigawatt (GNV) 
19000mw. 

Global Irradiance 
The total irradiance (sunlight intensity) falling on a surface - the sum of the direct and diffuse 
iffadiance. 

Global Warming 
The possible increase in average global temperatures as a result of an enhanced greenhouse 
effect due to the release of gases such as carbon dioxide and methane into the atmosphere. 
Global warming is one element in the resultant process of climate change. 

Green Field Sites 
Land in rural areas which is primarily in agricultural or forestry use. 



Greenhouse Effect (of a building) 
The warming of a building due to the absorption, usually through glass, of short wave solar 
energy which is stored as heat by elements of construction and prevented from being re- 
emitted as long wave radiation by the glass. 

Greenhouse Effect (of the planet) 
The warming of the planet due to the increase in density of trace greenhouse gases in the 
atmosphere. They have the effect of increasing the absorption of sunlight by preventing the 
outward radiation of heat from the Earth. 

Grid-connected (PV System) 
A PV system in which PV arrays act like central generating plants supplying power to the 
grid. Either the PV system is operated by the utility, or (in what is known as a grid-interactive 
system) individual buildings in the grid are equipped with PV systems that feed into the grid 
when they generate excess power, and draw from the grid at night and during periods of low 
sunshine. 

Groin 
A curved arris formed by the intersection of vaulting surfaces. 

Ground Loop 
An undesirable feedback condition caused by two or more circuits sharing a common electrical 
line. 

Halons 
These are CFCs used, for instance, in fire fighting equipment. 

Hazardous Waste 
Particular types of waste which pose direct risks to personal or environmental health. 

Hecto (h) 
Prefix of the factor 10'. 

Heisenberg's Principle of Uncertainty 
A principle of physics which embodies the idea that an observer of any phenomenon interacts 
with that phenomenon, thereby rendering objective certainty impossible. 

Heliodon 
Apparatus similar to an Artificial Sky used to predict sunlight, falling on a scale model, for a 
given month, date and time. 

Hertz (Hz) 
Cycles per second -a specification of frequency in waves. 

Holistic 
Pertaining to the principle that an organism is not equal to the sum of its parts and must be 
considered as a whole. 

Hot Spot 
An undesirable phenomenon of PV device operation whereby one or more cells within a PV 
module or array act as a resistive load, resulting in local overheating or melting of the cell(s). 



Hybrid PV System 
A PV system that includes other sources of electricity generation, such as diesel or a wind 
generator. 

Imageability 
The degree to which characteristics of the environment lend themselves to the formation of a 
vivid image by the person experiencing them. 

Impedance Matching 
The process of matching the output of one device to the input of another device such that 
there is a maximum transfer of power between the two. 

Incident Light 
Light shining on a specified object. 

Infradian Rhythm 
Occurring with a frequency less than once a day. 

Ingot 
Conveniently shaped piece of metallic or other material, such as silicon, to be used for further 

processing, such as refining, cutting, or shaping, e. g. Czochralski ingot from which 
monocrystalline Si-wafers are cut. 

Innate 
Present in the individual at birth. 

Insolation 
Used as an alternative term for irradiation. 

Insulated-gate Bipolar Transistor (IGBT) 
Power semiconductor switch made up of power MOSFETS and power bipolar transistors, 
used in high-frequency high-voltage inverters. 

IEPCC 

Intergovernmental Panel on Climate Change. 

Interior Amenity 
A sense of amenity in the interior envirorunent based upon spatial quality, extent of natural 
daylight and interior air quality. 

Inverter 
A PV inverter is a power converter which transforms DC voltage and current of the PV 
generator into single or multiphase AC voltage and current. 

Inverter Efficiency (ij) 
The ratio of the useful electrical output power of the inverter to the power input. 

IP 

Ingress Protection, describes with two figtires the protection level against mechanical impact 
and water penetration. 

Irradiance 
The intensitY of solar radiation on a surface (W/rný). 



Irradiation 
The amount of solar energy received on a surface (M/mý) 

ISPRA-Guidelines 
Guidelines for the Assessment of PV Plants, published by the Joint Research Centre of the 
Commission of the European Communities, Ispra, Italy. 

IN Curve 
A graphical representation of the current (I) versus voltage (V) relationship of a PV cell (or 

module) as the load is increased from zero (the short circuit current point) to infinite (the open 
circuit voltage point). 

Joule (J) 
A unit of work or energy. The work done when the point of application of a force of I 
Newton is displaced through a distance of I metre in the direction of the force. IJ is equivalent 
to I watt-second. 

Junction Box 
A PV generator junction box is an enclosure where all PV strings are electrically connected 
and where protection devices can be located, if necessary. 

Kilo (k) 
Prefix of the factor 103. 

Kilowatt (W) 
Unit of power equal to 1,000W. 

Kilowatt Hour (kNVh) 
One thousand watts acting over a period of one hour. The kWh is a unit of energy. lkWh 
316000. 

Kondratiev Cycles 
The long waves (i. e. cyclic patterns) in global economic activity identified by Kondratiev, and 
interpreted by some subsequent economists as being due to regular bursts of technological 
innovation. 

Life-cycle Costing 
A method of calculating the total cost or value of an item over its full life time, including 
interest, maintenance costs, fuel costs, replacement costs, etc.. 

Line-commutated Inverter 
An inverter that is tied into a power grid or line. The commutation of power (conversion from 
DC to AC) is controlled by the power line, so that if there is a failure in the power network, 
the PV system cannot feed power into the line. 

Lintel 
A piece of stone, timber, steel, or concrete laid horizontally across a doorway or window 
opening, to carry superincumbent walling. 

Load 
Anything in an electrical circuit which, when the circuit is turned on) draws power from that 
circuit. 



Louvre 
A series of inclined slats in a vertical frame, allowing ventilation without admitting rain or 
direct sunlight; a roof ventilator embodying the principle. Sometimes applied to roof 
ventilators in general. 

Mansard Roof 
A roof with steep lower slope and flatter upper portion, named after Mansart. Also known. as a 
gambrel roof. 

Maslow's Need Hierarchy 
A postulated hierarchy or order in which the individual must satisfy physiological needs first, 
followed by needs for safety, love, esteem, and self-actualisation. 

Maximum Power Point (MPP) 
The point on a current-voltage (IV) curve where maximum power is produced. For a typical 

silicon cell this is about 0.45V. 

Maximum Power Point Tracker (MPPI) 
Means of a power conditioning unit that automatically operates the PV-generator at its MPP 

under all conditions. 

Mega (M) 
Prefix of the factor I Cý. 

Megawatt (MW) 
1,000W. 

Micro (g) 
Prefix of the factor 10-6 

Micron 
Unit of thickness equal to 10-6m. 

Milli (M) 
Preft of the factor 10'3. 

Mismatch Efficiency (il. j. ) 
The ratio of the output of a series/parallel assembly of cells or modules measured in uniform 
irradiance conditions to the aggregate of the outputs of the individual elements calculated for 
the same irradiance and temperature. (Includes interconnect series resistance losses). 

Mixed-mode Ventilation 
Natural ventilation involving openable windows combined with mechanical air change usually 
with an emphasis upon local control of the environment. 

Modem 
Modulator/demodulator. A device that converts signals from one form to a form compatible 
with another kind of equipment, commonly used for transmitting computer data over 
telephone lines. 

Monocrystalline Silicon 
The perfect state of a solid in which all of the atoms are arranged in an ordered fashion. Single 
crystal silicon PV cells usually have a very even surface colour in contrast to the 



polycrystalline cells with grain boundaries. 

Mouldings 
The contours given to projecting members. 

Mullion 
Slender pier which forms the division between the lights of a window, a screen or an opening. 

Multicrystalline Silicon 
Silicon that has solidified at such a rate that many small crystals (crystallites) were formed. The 

atoms within a single crystallite are symmetrically arranged, whereas multi-crystallites are 
jumbled together. Multi is used interchangeably with the prefix poly. 

Multiple Junction Cell 
A photovoltaic cell with two or more cell junctions, each of which responds to a particular 
wavelength or colour of the solar spectrum to achieve greater cell efficiency. 

Nano (n) 
Prefix of the factor 10'9. 

Nativists 
A group of perceptual psychologists who place emphasis on the inherited factors determining 

perception rather than on experience. 

Natural Cooling 
The use of ground cooling, night-time radiation heat loss, cross ventilation and evaporative 
cooling to naturally reduce internal temperatures. 

Nominal Array Power 
The power rating of an array in Wp, as measured under STC. 

Nominal Operating Cell Temperature (NOCT) 
The solar cell temperature at a reference environment defined as 800W/mý irradiance, 20*C 

ambient air temperature, and Im/s wind speed with the cell or module in an electrically open 
circuit state. 

Nominal Scale 
A scale in which numbers are assigned to events or event classes for identification and with no 
reference to any property of the event class. Thus, the number does not represent any 
dimension of the event or class. 

NFFO 
Non-Fossil Fuel Obligation. 

Nuclear Fission 
The process of splitting the nucleus of certain atoms (e. g. uranium) with the resultant release 
of heat and radiation, as in atomic bombs or nuclear reactors. 

Nuclear Fusion 
The process of fusing together certain light elements (e. g. hydrogen) to yield heat and 
radiation, as in the H-bomb and the yet to be fully developed fusion reactor. 



Objective 
Not depending on the judgement or accuracy of the individual observer; free from personal 
bias. 

Observational Techniques 
Techniques and procedures for assisting the observer to make more complete and accurate 
observations, included are mechanical aids to observation, charts and checklists for prompt 
and inclusive records, motion picture photography and sound recording and special training of 
the observer. 

Ohm 
The unit of resistance to the flow of an electric current. 

Open-circuit Voltage (Voc) 
The voltage across an illuminated PV cell or module when there is no current flowing - the 
Voc is the maximum possible voltage. 

Open-ended Question 
Any question which allows the person answering flexibility of form and substance in his/her 

response. 

Optimal Daylight 
The satisfactory provision of lighting based upon a combination of daylight and artificial light 

at the lowest level for effective work. 

Orientation 
The direction of the normal to the module (or array) expressed in relation to the compass 
directions. 

Orientation Angle 
The angle between the normal to the module surface and due south. 

Overhang 
Projection of a Storey or any part of the building beyond a Storey below or in front of the wall. 

Ozone Layer 
A layer of protective gas some 10-40km above the earth which absorbs ultraviolet radiation 
from the sun. 

Parallel Connection 
A method of interconnecting two or more electricity-producing, or power-using devices, so 
that the voltage produced, or required, is not increased, but the current is additive. Opposite of 
Series Connection. 

Parapet 
Low safety wall where there is a drop, as at the edge of a roof, balcony, t. errace, etc.. 

Pattern Book 
Illustrated book of correct architectural features, plans, etc., for use by provincial builders in 
the eighteenth century. 

pAkNVh 
Pence per kilowatt-hour. 



Perception 
The process of obtaining information about the world through the senses. 

Performance Ratio 
Ratio of the system yield to the incident solar irradiation in the array plane. 

Permissive 
An attitude which grants freedom of choice and expression to another person out of respect 
for histher personality. 

Personal Space 
The normal spacing between individuals in their environments. 

Peta (P) 
Prefix of the factor 1015. 

Photon 
A quantity of light having a fixed energy dependent on the wavelength oý the light. 

Phototropic 
Tending to involuntarilY look at the brightest spot. 

PV Array 
An interconnected system of PV panels that ffinctions as a single electricity-producing unit. 
The panels are assembled as a discrete structure, with common support or mounting. In 

smaller systems, an array can consist of a single panel plus support structure or mounting. 

PV Cell 
A PV cell is the smallest semi-conductor element within a PV module to perform the 
immediate conversion of light into electrical energy (DC voltage and current). 

PV Generator 
A PV generator is the total of all PV strings of a PV power supply system, which are 
electrically interconnected. 

PV Module 
The term modide is often used interchangeably wfth the term panel. 

PV Module Area 
The entire frontal area of the module, including borders and frame (n? ). 

PV Module Packaging Efficiency (IJNj p. c) 
The ratio of the total cell area to module area. 

PV Panel 
A group of modules fastened together and wired in either series or parallel. The term panel is 
often used interchangeably with the term module. 

PV String 
A PV string is a series connection of individual modules or equal groups of several paralleled 
modules. 



PV System 
A complete set of components for converting sunlight into electricity by the PV process, 
including array and balance of system components. 

Pico (p) 

10-12. Prefix of the factor 

Pilot Study 
A limited preliminary study performed as a forerunner to an experiment, e. g. to test the 

adequacy of a research approach. 

Polarity 
Property of a device or a circuit which has poles such as north and south or positive and 

negative. 

Polluter Pays Principle 
The principle that the polluter is responsible for damage even to third parties and in perpetuity. 

Pollution 
The contamination of natural resources (water, air, land) or eco-systems by man-made actions 
and a human reaction to that physical effect. 

Pollution at Source Principle 
The principle that pollution should be dealt with at source, rather than through remedial action 
later. 

P-N Junction 
A junction formed between two semiconductors of different doping types; the usual 
configuration for a PV cell. 

Postmodern Architecture 
An eclectic ' pluralist movement defined by the historian Charles Jencks as a reaction against 
Modernism, and characterised by the American architect Robert Venturi in his book 
Complexity and Contradiction in Architecture (1966) in terms of the richness and ambiguity 
of modem experience. Central to it is the concern to express meaning, by signsi metaphors and 
stylistic allusions. 

Power Density 
The ratio of the power available from a battery to its mass (W/kg) or volume (W/1). 

Power Conditioning Equipment 
Electrical equipment used to convert power from a PV array into a form suitable for 
subsequent use. A collective term for inverter, converter, battery charge regulator and 
blocking diode. 

Power Factor 
The ratio of real power (watts) to apparent power (volt-amps) in an AC circuit. Displacement 
power factor is the ratio of fundamental watts to fundamental RMS volts times RMS amps. 

Precautionary Principle " 
Where doubts exist one should err on the side of caution rather than risk. This implies an 
anticipatory and preventative approach. 



Primary Energy 
The energy in the basic fuels or energy sources used, e. g. the energy in the fuel fed into 
conventional power stations. 

Public Opinion Poll 
A sampling of the general state of feeling, opinion, or attitude of some predefined segment of 
the population on an issue or group of issues. 

Pulse-width Modulation (PWM) 
A method of voltage regulation used in power electronic converters whereby their output is 
controlled by varying the width, but not the amplitude, of a train of pulses which drive a power 
switch. 

Pyranometer 
A radiometer normally used to measure global solar irradiance (or, with a shade ring or disc, 
diffuse solar irradiance) on a horizontal plane. Can also be used at an angle to measure the 
total irradiance on an inclined plane, which in this case includes a contribution due to radiation 
reflected from the foreground. 

Pyrheliometer 
A radiometer, complete with a collimator, used to measure direct solar irradiance. 

Qualitative 
Concerned with characteristics, properties, or attributes not specified in numerical terms (see 
Subjective). 

Quantitative 
Pertaining to the description or measurement of anything in numerical terms (see Objective). 

Questionnaire 
A set of questions, often elaborate, which is designed so as to investigate a given subject. 

Recycled Materials 
Products which are manufactured from the resources previously existing in waste. 

Recycling 
The reuse of the resource potential locked within a waste product, including a redundant 
building. 

Reference Solar Cell 
A solar cell used to measure irradiance or to set simulator irradiance levels in terms of a 
reference solar spectral irradiance distribution. 

Reference Spectral Irradiance Distribution 
The spectral irradiance distribution to be used for reference purposes in photovoltaic 
measurements as defined in the relevant IEC standard. 

REC 
Regional Electricity Company. 

Relativity 
The attitude or belief that the truth of anything is always dependent on the context, that 
standards of conduct are not absolute but relative to time, place, culture, and historical 



circumstances. 

Relatoscope 
An instrument used in assessing an individual's perception of an envirorunent. The relatoscope 
is a long pencil-shaped tube with a lens. It extends from a mobile television camera down into 

a naturalistic model giving a view from eye level. 

Relay 
An electromechanical switch activated by magnetic action through a coil. 

Remote Site 
Site which is not connected to a utility grid. 

Renewable Energy 
Energy sources such as the winds, waves and tides which are naturally replenished and cannot 
be used up. 

Response Time 
Time period for the output voltage to change to 96 or 98% of the final value when a step 
change occurs in the input variable. 

Retrofitting 
Placing solar energy devices on an existing building structure to provide part or all of the 
energy required by that structure. 

Reverse Bias 
Condition where the current-producing capability of a PV cell is significantly less than that of 
other cells in its series string. This can occur when a cell is shaded, cracked, or otherwise 
degraded or when it is electrically poorly matched with other cells in its string. 

Sample 
A part of a larger or parent set, usually selected deliberately, used to investigate the properties 
of the parent population. 

Sample Size 
The number of sampling units included in a given sample. 

Scale Model 
A reduced-size physical representation of some aspect of the real world. 

Schema 
Set of relationships abstracted from experience which functions as a rule for the translation or 
interpretation of sensory information. 

Section 
The representation of a building cut by a vertical plane, so as to show the construction. 

Semiconductor 
A substance with conducting properties intermediate between those of a conductor and an 
insulator. In contrast to conductors, the resistance of a semiconductor decreases with 
increasing temperature. Other energising forces, such as light, may also have the same effect. 



Semirixed Feature 
A feature of building to which limited modification is acceptable and possible. 

Sensation 
Immediate elementary experience requiring no verbal, symbolic, or conceptual elaboration, and 
related primarily to sense organ activity such as occurring in an eye or ear and in the 
associated nervous system leading to the particular sensory area in the brain. 

Series Regulator 
A type of battery charge regulator where the charging current is controlled by a switch 
connected in series with the PV-generator. 

Series Connection 
A method of interconnecting devices that generate or use electricity so that the voltage, but 
not the current, is additive. Opposite of Parallel Connection. 

Shelf Life 
The length of time under specified conditions that a battery can be stored so that it keeps its 

guaranteed capacity. 

Short Circuit Current (Ix) 
The current flowing freely from an illuminated PV cell or module through an external circuit 
that has no resistance. The Isc is the maximum current possible. 

SRC 
Short Rotation Coppicing. 

Shunt Regulator 
Type of battery charge regulator where th( 
connected in parallel with the PV-generator. 
shorting the PV-generator. 

charging current is controlled by a switch 
Overcharging of the battery is prevented by 

Siemens Process 
A commercial method of making purified silicon. 

Silicon (Si) 
A non-metallic element which constitutes more than one quarter of the earth's crust, and is 
found primarily in sand, but also in combination with other elements and ' 

in almost all rocks. In 
purified forms it acts as a semiconductor and has good properties for use as a photovoltaic 
device. 

Sinusoidal 
Characterised by simple harmonic, vibratory motions, such as those of the sine wave. 

Skylight 
Frame containing glass or translucent/transparent material, set in a roof, fixed or opening. 

Social Distance 
The relative accessibility of one person or group to association with another person or group. 
The degree of intimacy with which a person is willing to associate with another person or 
group. 



Social Psychology 
The branch of psychology concerned with the study of individuals in groups. It deals with the 
psychological processes and interpersonal interactions in groups and between groups. 

Solar Cell 
Refers to a PV device which generates electricity when exposed to sunlight. 

Solar Day 
A measurement of time from the moment the sun crosses the local meridian to the next time it 
crosses the same meridian. 

Solar Gain 
The increase in temperature inside a building due to trapping and storing sunlight. 

Solar Hour Angle 
The unit of angular measurement of time. It is measured from solar noon and is positive before 
solar noon and negative after solar noon. 

Solar Noon 
The time at which the sun crosses the local meridian, usually the time at which the sun's 
altitude is at the highest point in the sky. Note that solar noon is different for locations at 
different longitudes. 

Solar Simulator (PV) 
A fight source capable of irradiating a photovoltaic device to the standard of irradiance, 
uniformity, temporal stability and spectral match required for test purposes. 

Solstice 
The time when the sun in its apparent motion in the celestial sphere attains the maximum 
distance from the equator. In the northern hemisphere, June 21 is the summer solstice, and 
December 21 is the winter solstice, and the solar declination angle is maximum (northerly peak 
of +23.45 degrees). 

Stack Effect Ventilation 
The use of thermal currents driven primarily by utilising passive solar gain to ventilate the 
interior of buildings. 

Stand-alone (PV System) 
An autonomous or hybrid PV system not connected to a grid. May or may not have storage, 
but most stand-: alone systems require batteries or some other form of storage. 

Standard Test Conditions (STC) 

Solar Irradiation: 1.000w/ný 
Cell Temperature: 250C 
Spectrum: AMI. 5 

Stand-off Mounting 
Technique for mounting a PV array on a sloped roof that involves mounting the modules a 
short distance above the pitched roof and tilting them to the optimum angle. 

State of Charge (SOC) 
The available capacity remaining in the battery expressed as a percentage of the rated capacity. 



Storey 
A floor or level of a building. 

Strategy 
A plan of action based on high level goals. Strategic considerations are longer term and more 
fundamental than tactical consideration. The concept derives from military thinking - strategy 
being about the overall war aims and plan while tactics are about specific battles. 

Stratified Sample 
A sample selected from a population which has been divided into parts, a portion of the sample 
coming from each stratum. 

Structural Glazing 
A system of retaHng glass or other materials to the aluminiurn members of a curtain wall 
using silicon sealant. These systems use no mechanical fasteners, and as a result have no 
profiles which cast shadows on the glazing surface. 

Subject 
The person or animal to whom stimuli are applied for the purpose of evoking response or, 
more generally, the person or animal whose reactions are observed. 

Subjective 
1) Referring to experience available only to the person having the experience. 
2) Referring to judgements made without the use of independent devices or instruments. 

Subsystem 
A subset of a system comprising one or more components which serve a given function of a 
system. A PV/battery system is usually grouped into PV array, battery, power conditioning, 
power distribution, control, and monitoring subsystems. 

Surge Arrestor 
A protective device for limiting surge voltages by discharging or bypassing surge current, it 
also prevents the continued flow of current while remaining capable of repeating these 
functions. Arrestors are normally used in power and signal lines to protect the equipment from 
high current surges such as from overvoltage or lightning flashes. 

Sustainable Development 
Development which meets present needs without compromising the ability of future 
generations to achieve their needs and aspirations (Bruntland Commission definition). 
Alternatively, Sustainable Development is based upon development which: 
1) Utilises renewable resources at rates less than the natural rate at which they regenerate, 
and 
2) Optimises the efficiency with which non-renewable resources are used. 
Sustainable Fix 
Amoreradical Techtdcal Fix which may go further towards a more comprehensive and lasting solution, e. g. renewable energy. 

System Yield 
Useful energy supplied to the load by the PV system expressed as a function of the nominal 
array power (kWh/day per kWp). 



Tachistoscope 
An instrument used in experimental studies of perception, learning, etc., for exposure of visual 
stimuli (photos, digits) for brief intervals. 

Technical Fix 
A technical solution to a social, envirom-nental or technical problem which tends to deal with 
symptoms rather than causes and may create further problems elsewhere or at a later date.. 

Temperature Conversion 

*C T oc T 

-50 -59 25 77 
40 40 30 86 
-30 -22 35 95 
-25 -13 40 104 
-20 -4 45 113 
-15 5 50 122 
-10 14 100 212 
-5 23 150 302 
0 32 200 392 
5 41 250 482 
10 50 300 572 
15 59 350 662 
20 68 400 752 

Temperature Gradient Effect 
The exploitation of different temperatures of air (and hence density and pressure) to create 
currents and hence ventilate a building, usually by natural means (see Stack Effect 
Ventilation). 

Tera (T) 
Prefix of the factor 1012. 

Terawatt Hour (T%Vli) 
1,000,000,000M. 

Territoriality 
The perception of a person or group that they possess a given place and all others are intruders 
there. 

Theme 
A particular idea or pattern that occurs throughout the design of a building. It may be a 
specific geometric pattern or, as in Kahn's Kimbel Gallery, a theme of light. 

Thermal Comfort 
A variable level of perceived comfort based upon a combination of metabolism, clothing, skin 
temperature, room temperature and relative humidity. The Clo Valite is a numerical value 
given to clothing in comfort computations, e. g. 0= no clothing. 

Thin-film 
A layer of semiconductor material, such as gallium arsenide, a few microns or less in thickness, 
used to make PV cells. 



Three-phase Alternating Current 
Combination of three alternating currents which have their voltages displaced by 120 degrees 
or one-third cycle. 

Thyristor (Silicon-controlled Rectifier) 
A latching power semiconductor switch, turned on via its gate electrode. For DC applications, 
such as inverters, it needs an external commutation circuit to be turned off. 

Tilt Angle 
The angle between the module surface and the horizontal. 

Transrormer 
Device which transfers energy from one circuit to another by electromagnetic induction. 

Transistor 
Semiconductor device derived from two words, transfer and resistor. 

Transom 
Horizontal bar dividing a window or opening into two or more lights in height. 

Trickle Charge 
A charge at a low rate, balancing losses through self-discharge to maintain a cell or battery in a 
fully charged condition. 

Truss 
Combination of timbers to forrn a frame, placed at intervals, carrying the purlins. As well as a 
frame, of timber or metal, the term means a projection from the face of a wall, or a large 
console. 

Turbidity 
A condition of the atmosphere which reduces its transparency to solar radiation due to 
scattering by atmospheric gases, dust, and aerosols. 

Ultradian Rhythm 
Occurring with a frequency more than once a day. 

Uninterruptible Power Supply (UPS) 
Term used to define a reliable power source for special equipment such as computers and 
system controllers which must continue operating in the event of failure of the main power 
system. It usually contains a rectifier, battery, and inverter which serve as a back-up power 
supply to provide continuous power (i. e. on an uninterrupted basis). 

Urban Microclimate 
The local climate in a town, usually modified by the configuration of streets and buildings and 
the presence of planting. 

Varistor 
A voltage-dependent variable resistor, normally used to protect equipment from high voltages, 
e. g. from lightning strikes, by shunting the energy to ground. 

Visual Comfort 
The perception of vision based upon relative brightness, clarity and even colour spread. Generally, glare free conditions and artificial lighting colours close to natural lighting are 



preferred. 

VAC 

Volts AC. 

VEC 

Volts DC. 

Volt (V) 
The unit of voltage which is a measure of the force or push of the electrons in an electric 
circuit. One volt produces one ampere of current when acting against a resistance of one ohm. 

Voltage Regulator 
An electrical device that controls its output voltage to predetermined levels. 

Waste Management 
The management of waste to reduce the amount generated and to recycle the resources which 
exist within it. 

Watt (W) 
The unit of electric power or amount of work (J) done in a unit of time. One ampere of current 
flowing at a potential of one volt produces one watt of power. 

Whlyear 
Watt-hours per year. 

Watt Peak (Wp) 
Power output of a PV module under STC. 

Weathering 
The slope given to offsets to buttresses and the upper surface of cornices and mouldings to 
throw off rain. Also, the mechanical and chemical breakdown of components by the action of 
rain, snow, cold, etc.. 

Zenith 
The point of the celestial sphere that is vertically above the observer. The solar zenith angle is 
the sun's angular distance from the zenith. 
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Book. Solar Photovoltaic Products. 
A. Derrick, C. Francis & V. Bokalders. 
IT Publications. 199 1. 

BSc(Hons) Dissertation. The Use and Energy Efficiency of Passive Solar Systems in Earth 
Sheltered Design. 
T. Blewett. 1991. 

MSc Thesis. Utilising Renewable EnerV - .4 Sala, - Pholovoliaic Medical Refrigerator & 
Icepack Freezer. 
T. Blewett. 1993. 

PV Manufacturers' and Nfiscellaneous Brochures/Information/Photographs from: 
Flachglas Solartechnik GMBH now Pilkington Solar International, Germany. 
Gechelin Group, Italy. 
Schilco International, UK. 
NUKEM GNIBH, Germany. 
Advanced PV Systems, USA. 
Atlantis Solarenergietechnik, Germany. 
Phototronics Solartechnik GMBH, Germany. 
Energie Diss, Germany (also SIEMENS). 
NESTE Advanced Power Systems, Finland. 
OKALUX Kapillarglas GN1BH, Germany. 
Greschbach now Sch6ck, Germany. 
BP Solar, UK. 
GWU Solar, Germany. 
Solution - AG far Solartechnik, Switzerland. 
Powerlight Corporation, USA. 
EUROSOLARE SpA - ANIT, Italy. 
R&S Renewable Energy Systems, The Netherlands. 
Greenpeace, UK. 
Uni-Solar Systems Corporation, USA. 

Keeping up-to-date with the latest Journal articles in: 
Progress hi Pholovoltaics - Research andApplications. 
Wiley. 
Intenzatiotial Jounial of Solar Ehergy. 
Harwood Academic Publishers. 
Solar Ehergy. 
International Monthly Journal for Scientists, Engineers and Technologists in Solar Energy and 
its Applications. ISES. Pergamon. 
Solar Ehergy Materials & Solar Cells. 
International Journal devoted to Photovoltaics, Photothermal and Photochemical Solar Energy 
Conversion. Amsterdam 
Solar Cells gast ismie hi December 1991 - izow thejournal listed above). 
Their Science, Technology, Applications and Economics. 
Elsevier Sequoia. Lausanne. 
IEERevieiv. 
PVPoiver. 
Poiver Engineering Journal. 
RENE W. 
NATTA's Bimonthly Newsletter. The Open University. 
Britsol. 



British PV Association's Newsletter. 
Demosite Neivs. 
Solar Energy Laboratory. EPFL. Switzerland. 
Solar Neips. 
Solar Energy Society's Newsletter. 
Solar Europe. 
EC's Renewable Energy R&D Programme Newsletter. 

Newcastle Photovoltaics Applications Centre Contract Work. 
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