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Abstract—Renewable and sustainable energy with advance-
ment in information and communication technologies bear huge
expectations in power sector. Whereas, switching from traditional
to networked power grid requires a long process. Currently,
Renewable Energy (RE) injection into existing power systems is
in transition state, which is a sophisticated and multidisciplinary
task. In this article, RE integration engineering efforts are
discussed that take a step ahead towards green energy. RE inte-
gration engineering refers to the controlling and configuring tasks
regarding distributed power generation sources, information and
communication technologies and dispatchable loads. An exten-
sive literature review of this domain is conducted considering
main objectives with associated constraints, techniques used and
miscellaneous parameters that lead towards green energy. As
with the induction of Renewable Energy Sources (RESs) and
utilization of Microgrids (MGs), the power generation uncer-
tainty factor is evolved which limits networked grid to operate
within its full capacity and perceived advantages.In this study, an
hierarchal conceptual framework is also presented that is hybrid
in nature i.e., adds functionalities of both centralized as well
as distributed control to avoid bottle necks and complexities to
minimize the power generation uncertainty effects. Furthermore,
a brief discussion is provided keeping a broader perspective
in forth coming power networks for eco-friendly smart cities.
The focus of the discussion is on RE integration engineering in
perspectives of precise forecasting problem, dynamic dispatch
problem, demand responsiveness and market implications that
tends to lead towards eco-friendly and power aware smart cities.

Index Terms—Renewable energy Integration, optimal recourse
management, ubiquitous energy management, smart city, com-
putational intelligence, ecological concerns, RE generation uncer-
tainty.

I. INTRODUCTION

There is a direct connection between mankind and energy
in prospering the quality of life. Today humans need electrical
energy to move, act, or solve any problem. Although power
generation is increasing to meet demand, however, approxi-
mately two billion people cannot avail electric power on the
face of this earth [1]. On the other hand, there is a gradual
increase in power demand due to electrical advancements in
raising comfort level, access to technology and increase in
population. To meet such exponential increase in electricity

demand, consumption of fossil fuels is increasing, that raises
severe and irreplaceable hazards to the life on earth. Earth has
a unique thermodynamic equilibrium and consuming natural
resources rapidly disturbs that balance resulting in certain
threats. Ensuring a balance between demand and supply of
electric power, with minimal absorption of natural resources
and preserving the environment is one major consideration. To
attain such balance, there is a need to find ways of electricity
production that help in preserving atmosphere and give a
positive impact on life.

A. Ecological concerns
Existing power systems majorly rely on fossil fuels (coal,

gas, oil, etc.) or nuclear energy. These fossil fuels, while in
the electricity production process, emits several wastes and
most importantly dangerous gasses like Carbon dioxide (Co2)
and Nox (compounds consisting of nitrogen and oxygen).
Fossil fuel based power plants and cement factories are major
contributors of Co2 emission on the globe [2] [3]. The bulk
of such emissions are the causes of ozone layer deteriora-
tions, acid rains, and fine particles in the air (such as Sox
(compounds consisting of sulfur and oxygen)). These three
elements solely are enough to spoil the life on earth in the
long run.
Energy production by fossil fuel based power plants release
carbon that was enclosed in these fuels for millions of years.
Emitted carbon is immediately transformed into Co2 due to
the suitable environment (combustion process) and disturbs
the greenhouse effect [4], [5]. Forests are an integral part of
ecosystem services; however, they have their limits. Moreover,
due to rapid urbanization, forests are reduced, disturbing the
ecological system and becoming a reason for an increase in
global warming [6]. Besides gasses, released liquid wastes
during power production processes, threats not only to streams
and underground water but also the life under water [7].

B. System limitations
Traditional power plants have certain limitations. As with

the passage of time, the ratio between harmful emissions and
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Fig. 1. Global RES share 2015 [10]

power production varies.For each 1 kWh of energy produced
by coal power plants, 800g of Co2 is released initially [8].
Moreover, an older coal power plant emits 5 to 10% more
carbon and nitrogen with respect to a fresh coal power plant.
Besides, such hazards, a dramatic increase in power demand
tends to choke the existing power distribution infrastructure.
Traditional power systems are centralized and generated power
is distributed across long distances, comprising of numerous
nodes and relays in between. The distances and line losses are
directly proportional to each other. As the distance increases,
losses also increase [9].
With the increase in power production, there is a need for an
increase in power distribution capacity. Whereas, upgrading
an existing power distribution network is a complex and
expensive job that ultimately results in higher electricity
prices. Major objectives are contrary to this i.e., lowering the
electricity costs and uninterrupted supply [25], [26], [27].

II. TOWARDS GREEN ENERGY

Traditional or centralized power systems not only disturb
the ecological equilibrium, but are also expensive in terms
of production and distribution. In search of optimal power
consumption, initially the terminology of energy efficiency
was defined that advocates to use less energy for the
provision of the same service. However, ever increasing
demand enforced to jump on to the concept of energy
preservation and then further ahead to use such power
generation technologies that can produce clean and green
energy. i.e., Renewable Energy Sources (RESs). Hence,

today’s energy sources can be categorized into three major
classes, i.e., fossil fuels based, nuclear based, and renewable
sources based. Emerging RE technologies are briefed in
[1] [11]. Authors briefly discussed five main stream RESs
along with five emerging RESs including concentrated solar
photovoltaic (PV), enhanced geothermal, cellulosic ethanol,
marine and artificial photosynthesis. Moreover, reference [1],
also investigated challenges and implications for adoption
with major challenges and scope of each emerging RES. The
future lies within RESs and distributed energy systems that
preserve environment and natural entities [30], [29], [14].
Under the concept of Distributed Energy Resources (DERs),
utilizing the power generated by RESs in parallel with
the traditional power system shifts centralized power
infrastructure to the distributed environment. Distributed
Energy Resources (DERs) approach promises to provide
affordable, eco-friendly and smooth power distribution not
only in establishing cities, but also in the rural region having
small scale energy requirements [15], [16]. Considering
small scale RE integration, numerous studies are conducted
that advocate usefulness of installing and integrating RE
technologies [17] [18], [21], [22]. Recent research trends are
also focusing on self sufficiency in power by utilizing reliable
and economical micro RE production [36] [37].
The ultimate goal in power sector is to focus on green
energy harvesting techniques. In the past few decades,
the world has focused on utilizing RESs and that is the
reason that RES share in global power consumption is
raised from 2% (estimated for the year 1998 [38]) to 23%
(estimated for the year 2015 [10]). Figure 1 illustrates that
still, 76.3 % of global power consumption is dependent on
non-renewable power sources. Within 23% of RESs share,
16.6% rests with hydropower plants, 3.7% is generated from
wind farms and 2.0% of produced energy is from biofuels.
Photovoltaic (PV) systems are in demand and are focused
in research arena [28], however, yet solar production share
in global energy production is only 1.6%, whereas, 0.4%
lies with geothermal and marine/ ocean power generation [10].

The comparison of energy production between 2004 and
2014 is presented in Table I. Observing Table I, electricity
production rises from 3800GW (2004) to 6180GW (2014) i.e.,
it is approximately doubled in this decade. Considering the
global share, RE generation has increased 22.74% within this
decade, whereas, the non-RE share is decreased by 8.71%. One
of the most viable solutions towards clean and green energy is
hydropower generation. Although there are some geographical
constraints, nonetheless, its global share is decreased from
18.8% to 17.1% which is not a good indicator. Besides
hydropower generation, the global share of other RESs has
increased, however, yet there is a slow penetration rate of RE
in existing power system which must be expedited to solve
green energy issues. Figure 2 represents the current trend of
power system equilibrium. It is desired and need of the time
to increase power production from RESs for clean and green
energy. Authors in [40] defined green energy engineering
as, “an interdisciplinary approach that will blend old school
fossil fuel knowledge with the novel strategies for renewable
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TABLE I
COMPARISON (2004-2014):GLOBAL SHARE OF RE AND NON-RE GENERATION [39]

2004 2014 Annual Growth Rate
Power Source Power Gener-

ated
Global Share Power Gener-

ated
Global Share %

Hydro 715GW 18.8% 1055GW 17.1% 4%
Wind 48GW 1.3% 370GW 6.0% 23%
Biomass 39GW 1.0% 93GW 1.5% 9%
Solar 3GW 0.1% 181GW 2.9% 51%
Geothermal 9GW 0.2% 13GW 0.2% 4%
Total RE 814GW 21.4% 1712GW 27.7% 8%
Total non-RE 2986GW 78.6% 4468GW 72.3% 4%

Total 3800GW 100% 6180GW 100% 5%

Non-RESs (76% of global production)Non-RESs (76% of global production)

RESs (24% of global production)
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Fig. 2. Towards green energy engineering

energy in the melting pot of efficiency, accessibility, labor
opportunity, equity, energy security and economic feasibility
without underestimating the core backbone of the environment
and stainability”.
The initial step that counts towards green energy engineering
is the integration engineering of RE into the existing power
system. This is a complex and multi-disciplinary task which
is highly dependent on the geography of the region.
The objectives of this work are:

• To provide basic understanding of RE integration en-
gineering and its need by utilizing ICT enabled power
infrastructure,

• To present an insight regarding configuration and OPF
strategies,

• To present a brief review on the state of the artwork
regarding configuration and OPF strategies,

• To present the raise in element of uncertainty due to RE
generation,

• To propose a conceptual model focusing the uncertainty
factor to get desired results in RE integration based on
configuration and OPF strategies and finally

• To provide an insight regarding current challenges and
future directions in integration engineering.

To achieve above mentioned objectives

III. RES INTEGRATION ENGINEERING

RE integration engineering can be defined as injecting the
power produced by RESs in existing power system. Major
challenges in RE integration engineering are optimum node
or location selection, sizing of RESs, power loss, uncertainty
in energy demand and production, multiple RESs integration,
and utilizing the optimum capacity of power distribution lines
and system etc. Optimum selection and sizing of RESs along
with location tends to raise system reliability and efficiency
with minimal costs [41] [42]. Above mentioned such all tasks
can be accomplished by integerating ICT enabled mechanisms
within such highly distributed power infrastructure. Extensive
research is ongoing regarding integration engineering of RESs.
In this paper, ICT enabled RES integration engineering is
divided into 2 major categories i.e., Configuration Strategies
(CS) and Optimal Power Flow (OPF) control strategies. Due
to the intermittent nature of RE generation, both classes
bear uncertainty problems. Uncertainty problem in such a
networked grid environment is majorally tackled in literature
by utilizing advanced ICT technologies and multiple forecast-
ing and predicting algorithms [12]. CS and OPF in smart
grid technologies can be optimized by utilizing distributed
processing, delay intolarent transmission and reception of
information and computational intelligence techniques [13]
Moreover, both classes are tightly related with each other in
such a way that one effect and sometimes conflicts with the
objectives of other [43]. Figure 3 illustrates a networked grid
environment considering RE integration engineering.

a) State of the art work: :
Table II and Table III discuss basic objectives and focus
of research trends, constraints and critical remarks regarding
configuration strategies and OPF problem in RE integration
engineering. While, Table IV and Table V presents the pa-
rameters of the reviewed literature as in Table II and Table
III respectively. Major parameters selected are the flexibility
of the system, cost saving, carbon emission reduction, power
losses, DERs /RESs management, Scheduling DERs/ load,
controlling methodology, Peak to Average Ratio (PAR), the
capacity of RES and Energy Storage System (ESS) along with
tackling of forecasting errors.

A. Configuration Techniques

Gradual increase in integration of RESs with traditional
power system raises control and configuration issues. Forming
microgrids are one solution in configuring and controlling
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Generation

Residential users
Public sector (Industries 

and offices)
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Large scale RE Power 

Generation

Multiple small scale RESsMultiple small scale RESsMultiple small scale RESs

Optimum power flow challenges

Configuration challenges

Calculation of active and reactive power demands

Optimizing Voltage fluctuations with demand
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Minimize fuel costs

Optimal RES Sizing ad placement

Optimal switching and dispatch of power

Uncertainty in production

Control strategies regarding power generation to distribution systems

RE integration engineering

Existing PDS

Small scale personalized RES

Fig. 3. Networked grid environment (with RE and non-RE generation plants.)

multiple power sources [20]. Main aspects in controlling and
configuring multiple power sources are illustrated in Figure 4.
Placement and location of RESs or generators is a vital factor
that is able to enhance the objectives of power distribution
system capacity and line losses. Above all, the selection of
RES is an important task and it is based on the geography
of under consideration region. Microgrids or unified DERs,
not only add smartness in traditional grid, but also result in
positive impact on power industry hazards and offer financial
benefits.
The control challenges in deploying multiple RESs include:
current/ voltage profile stability in islanded mode [44] [45]
[46]. Whereas, in grid connected mode, the grid is the dom-
inant source of power and is responsible to maintain these
profiles.
Each RES has its own capacities and characteristics and
merging different RESs need rapid regulatory work, precisely
in islanded mode [44]. Within DERs, there are voltage and
frequency stability issues during operations. Combining DERs,
forming a microgrid without interrupting existing grid infras-
tructure is one solution.
Unifying multiple RESs i.e., forming a microgrid gives the
following benefits:

• Applying computational intelligence locally is more ef-
fective in aspects of load shedding and optimal switching
of power sources [47] [48].

• Forming a unit of multiple RESs (microgrid) enables ease
of configuration and fault control [47] [49].

• Multiple RESs can be installed without rewiring the
existing power distribution network [50] [51] [52].

• Using ESS for backup and improved quality of power.
• Overall system reliability is improved due to improved

flexibility [50] [52] [54] [53] [55] [56].
• In grid connected mode, microgrids stabilize the power

quality when it falls down during crucial or peak demand
hours [51] [57] [58].

Injecting RE in power distribution network without
calculating optimal location and sizing may lead to increased
line losses and fluctuations in voltages. Hence, sizing ad

location must be dealt with in one strategy to ensure optimal
configuration of DERs. Authors in [59] gave an extensive
review on latest techniques regarding such configurations to
limit power losses and improve voltage profile.
Under distributed environment, multi-agent systems are
proving their worth due to features like inter-operability,
flexibility, and plug and play capability etc. [60]. Rehman
et. al. in [61] proposed an energy management and control
mechanism anticipating multiple RESs by using multi-agent
systems. The proposed framework ensures the effective
coordination amongst agents regarding power control and
management. Intercommunication amongst agents is based on
graph theory, where agents receive neighboring information
as well to add more reactiveness in the system. However,
the delay within agent communication can be minimized by
designing a distributed controller.
Novel RE generation ideas are prospering rapidly. Feroldi
et. al. in [62] presented a practical strategy of hybrid RESs.
The proposed hybrid RE power source uses a PEM fuel cell
system which needs hydrogen. This hydrogen is produced
by bioethanol reformer. Authors also configured wind-solar
systems with an ESS in proposed framework. Pannala et. al.
developed an extensive power flow strategy regarding the
development of a small-scale grid-connected DC microgrid
within the residential sector in [63]. Authors also developed
a prototype to validate simulated results of proposed strategy,
both in islanded and grid connected mode.
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TABLE II
STATE OF THE ART WORK: CONFIGURATION STRATEGIES.

Ref.# Focus Achievements and considerations Remarks Technique/
tool used

Objective Constraint/ prerequisites

[64] Smart communities- integrate RESs/ mi-
crogrids and (Electric Vehicles) EVs
with the main grid to stabilize and
minimize the element of uncertainty in
power supply.

Solving Voltage Ampare Reactive optimization
(VVO) problem anticipating scheduling of load,
EVs (as energy transportation and storage) and
RES. Reduction in generation cost.

The proposed model (Volt VAR and conservative
voltage regulation optimization model (VVCO)
for solving VVO problem) is scalable and can be
implemented on larger communities.

Non-
cooperative
mixed strategy
game.

Minimize
generation cost
at a specific time.

Voltage drop and losses, bal-
ancing of demand and supply
and reactiveness of power sys-
tem.

[65] HEMS; small scale microgrids inte-
grated with main grid.

Responsive demand and supply is investigated re-
garding controllable and uncontrollable generation
sources.

Proposed model can incorporate small scale MGs
composed of RESs and loads for better power
management, and appliance scheduling with min-
imal costs.

MiLP model. Minimizing energy
consumption and
costs.

Balancing power use, bidding
by suppliers / consumers,
dispatch-able and non-
dispatch-able resources and
storage device constraints.

[66] Investigating and quantifying the role of
RES and ESS (switching and reinforce-
ments).

Assessing the potential of multiple RESs along
with ESSs for optimizing energy usage.

Formulate a stochastic multi stage model for op-
timizing simultaneous power sources (ESS and
RES) as a power network. Afterwards, a thorough
analysis is conducted considering RESs and ESSs
deployments in terms of cost and losses.

Multi objective
stochastic
MiLP.

Optimize energy
fluxes and
evaluation of
long term energy
balances.

Lack of resources and govern-
ment sponsored infrastructure.

[67] Unit commitment problem by tackling
the uncertainty problem in RESs and
pumped hydro ESS. Considered DERs
consists of thermal, wind, solar and
pumped hydro energy storage.

Performance analysis is conducted amongst im-
proved BPSO, hybrid PSO, binary gravitational
search algorithm, genetic algorithm, enhanced
simulated annealing and evolutionary algorithm.
The proposed algorithm outclasses other in terms
of cost and converging time.

A novel evaluation technique for investigating
uncertainties of RES considering unit commitment
problem is presented. The authors also give their
insight regarding pumped hydro ESS integration,
focusing cost fluctuations.

Binary
artificial sheep
algorithm.

Minimize total
costs.

Generation limiting
constraints, capacity
constraints, pumping /
storing constraints, storage
discharging constraints.

[68] For multiple homes- Scheduling house-
hold load pattern using DERs (renew-
able and non-renewable power sources).

Balancing between cost and carbon emissions.
Developed a relationship amongst the two. Pareto
curve determines and configure normalization for
DSM and DERs operations.

Minimized cost and carbon emissions. The pro-
posed model determines Pareto optimal curve
amongst cost and carbon emissions to provide
guidelines regarding DSM and DERs scheduling.
However, the authors took homogeneity in smart
homes, i.e., nearly similar loads and load con-
sumption patterns which in real seem hard.

MiLP model,
multi-objective
function with
e-constraint
method.

Minimize electric-
ity cost and carbon
emissions consider-
ing 24 hours.

Generation capacity
constraints, ESS constraints,
energy balancing constraints
and peak demand constraints.

[69] Microgrid with uncertain renewable
generation sources and uncertain load
demands.

A case is studied considering a worst case sce-
nario. To predict uncertainty and forecasting er-
rors, interval prediction theory is utilized. Based
on this, a smart EM optimization model is or-
chestrated that deal with combined RES and main
grid. Power switching factor is considered explic-
itly and finally Taquchi’s orthogonal array testing
model is utilized for operational planning.

Proposed a practical model to incorporate uncer-
tainties in renewable power generations, storage
devices and load demands. However, this model
is not completly risk free and extensive study of
algorithms is required.

Search
strategy based
on Taguchi’s
orthogonal
array (OA)
optimization
along with
Monte Carlo
simulations.

Minimize social
welfare cost.

Power storage constraints
along with several variable
entities.

[70] Residential Building EMS- Modular and
flexible approach for building EMS.

Proposed model considered electrical appliances
and optimize their schedules focusing energy effi-
ciency and self sufficiency. RES (PV system) and
ESS are utilized for organic smart homes within
a building.

Improve operating cost, electricity tariff, and
power consumption within organic smart homes of
the building. However, control parameters regard-
ing storage devices are fixed in this work which
actually are dynamic in nature.

Evolutionary
algorithm
for building
operation
optimization

Optimize energy
flow from all
energy carriers.

Energy cost minimization
and energy efficiency
maximization ESS constraints
and building infrastructure.

[71] Integrating maximum value of renew-
ables in the grid without grid up-
gradations. Optimized design and op-
eration regarding DERs in a building.
Formulating main grid constraints to ac-
commodate more renewables to lower
cost and carbon emissions.

Proposed framework can accommodate addition of
45% of RESs without existing grid upgrades and
reduce 40% of carbon emissions. Moreover, cost
savings are 18% with respect to baseline savings.

Mainly 3 questions considering DERs or inte-
gration of RES are investigated, i.e., what is
the effect of inducing grid constraints in power
scheduling operations? To what extent RE can be
induced without the need of upgrading existing
grid? And; Is proper designing and determining
operational strategies of networked grid an answer
of the negative impact of DERs on existing grid
infrastructure?

GA and MiLP. Minimizing sum
of power input
streams, total
cost minimization
in relation with
carbon emission
minimization.

Power flow related
constraints.

[72] Intermittent RESs integration with main
grid problem.

Proposed computational framework quantified and
integrated considering uncertainties (reflecting
generation as well as demand side) for risk es-
timation and decision making.

The proposed system is compared in terms of wind
power generation costs with existing frameworks
based on different optimization techniques. How-
ever, test scenario must be expanded to visualize
impact of sizing and complexity of the proposed
system.

Genetic Algo-
rithm.

Minimize
operational costs
that include,
thermal generation
costs and start up
costs.

Balancing of power (demand/
supply), spinning reserves,
generation limits and up-time/
down-time constraints.

[73] HEMS- PV system and wind mill inte-
gration with the main grid. Previously
recorded data of a day is utilized for
validation of the proposed system.

Tends to use appliances when RE is available.
Maximize use of RE. Operational complexity,
installation and maintenance cost is considered.
Neglect efficient switching mechanism (amongst
power sources).

Minimized the cost, however the element of un-
certainty is not considered explicitly. Moreover,
user comfort due to delay in optimized schedules
is still a problem.

Binary Linear
Programming
Model-
(MATLAB-LP
solver).

Minimize power us-
age cost (from each
RES).

Load balancing, i.e., demand
supply balance based on a sin-
gle power (RE) source and
appliance usage timing con-
straints.
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Authors in [74] combined analytical methods with heuristic
search optimization to calculate the optimal placement of RES
generators. Sizing of generators is computed by analytical
methods, whereas, their optimal location is found by using
Particle Swarm Optimization (PSO).
A novel and simple control strategy is presented in [75] that
aims to minimize peak load at the demand side by using
RESs and power storage system. The authors modeled a
low voltage DC microgrid that contains a PV source and
power storage system composed of ultra capacitors and battery
storage. Proposed power flow control strategy is based upon
the state of the charge of batteries and an efficient framework
is given. Three scenarios are depicted in this work, i.e., on
peak, off peak and isolated mode. The authors claimed to
improve power flow, lowering demand peaks, and seamless
power transfer by utilizing their proposed strategy.
High penetration of RESs brings in challenges of de-
mand/supply controls and transmission constraints. ESSs are
one vital solution, however, installation and maintenance costs
are high, thus increase the power generation cost. Authors
in [76] presented a novel smart grid system that contains
distributed power generation modules as wind mills, PV
systems, thermal units along with ESSs. The authors used tabu
search algorithm to solve this optimization problem as it tends
to converge relatively faster than other algorithms and gives
quality solutions [76]. At supply side, tabu search algorithm
optimizes operations regarding thermal units and ESSs while
at demand side, same algorithm manages the operations of
electrical vehicles and heat pumps. The proposed system is
applied under different weather conditions, i.e., fair to cloudy
and down to rainy along with variations in demand response
rates. Transmission constraints are handled by using Electric
Vehicles (EVs) and heat pumps that give a fresh breathe in
managing the capacities of storage systems.
Integration of distributed applications in a distributed power
grid such as microgrids, DR programs and current/ voltage
control for better power quality is analyzed in [77]. While,
authors in [78] ensure control and monitoring of power quality
and consumption in accordance with utility services and real
time power network operations via smart meters.
A control scheme regarding operations and management of mi-
crogrids having different RESs and storage system is presented
in [79]. The proposed system is based on model predictive
control for optimal scheduling of renewable power generation.
Scheduling is based on forecasted load demand for the next
few hours, however, if an excess of energy is generated it
is stored in storage systems instead of selling it back to the
utility. Hydrogen as well as battery energy storage system is
utilized, while their utilization costs are given as:

CH2 =
(CCEL

LEL
+O&MEL) + (CCFC

LFC
+O&MFC)

ηEL.ηFC
(1)

CB =
CCB

EBNCY CLESηBCηBD
PB (2)

Considering Equation 1 ([79]), hydrogen power storage system
is represented by CH2, CCEL and CCFC represents costs

while, LEL and LFC depicts lifetimes of electrolyzer and
fuel cell respectively. O&M represents the operation and
management. Whereas, efficiencies are defined by η. Focusing
Equation 2, CCB represents the capital cost of battery ESS,
EB depicts capacity of the battery, while NCY CLES is the
average life time of battery. ηBC and ηDC are the battery
efficiency during charging and discharging processes, and PB

is the power of battery.
Major improvements as claimed in [79] are 1: eliminating deep
discharge problem of storage system, 2: periodic tracking of
the state of charge and the hydrogen level based on forecasted
data.
Variability of RE generation is the core problem in orchestrat-
ing a stand alone power system without involvement of high
capacity ESSs. Considering the same problem, authors in [80]
proposed control strategies to analyze a stand alone system
containing renewable power generation and storage systems.
Power generation and storage systems include wind turbines,
PV system, ESS and ultra capacitors along with fuel cells. In
this paper, the major concern is to ensure load demand and
for that load flow control based on maximum efficiency point
tracking control scheme is introduced, providing efficient fuel
rates and energy efficiency.

The authors in [81] gave a futuristic approach regarding
renewable energy integration with the main grid, considering
demand response and RES planning model. Initially, uncertain
cost regarding renewable sources along with demand response
is formulated. Afterwards, a novel economic market model
reflecting demand response in renewable energy sources is
presented and finally the proposed model is studied for British
Columbia, Canada. The authors presented a model that in-
tegrates RES with the main grid, considering the impact of
intermittency and demand response for annual costs. Also,
new RES allocation with respect to investment function is
considered. The proposed model is tested by optimizing 2024
planning case for British Columbia and provides more cheap
and stable electricity.

B. Optimal power flow: RES integration

OPF refers to a smart module that solves the load flow
problems along with optimization of operating conditions
within given constraints. As RE is injected in existing power
infrastructure, there is a tendency of increase in transmission
and conversion losses. In order to minimize such losses, the
concept of OPF emerged that regulates the flow of power
into the power distribution system. Hence, it can be stated as
OPF is one of the major aspects anticipating RE integration
engineering. Figure 4 illustrates its key aspects, i.e., optimal
use of power network capacity, minimizing line losses which
are based on the effective placement of RES and load
generators with respect to existing power distribution system
geographically, and normalize voltage and current ramping.
The existing power system has a certain capacity of power
distribution [19]. Injecting RE in the existing power network
needs to be optimized in such a way that is cost effective and
maximum benefits can be achieved.
Authors in [82], presented a strategy regarding RE integration
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End users

Optimal Power Flow

PDS capacity utilization

Line losses minimization

Voltage fluctuations and ramping management

Uncertainty in load and supply tackling

Coping with varying load demands

Fuel cost reduction

Responsibilities Techniques

Genetic Algorithm

Rule based strategies

Multi agent systems

Real time transient analysis

Game theory

End users Optimal Power Flow

Fig. 4. Configuration strategies: aspects and challenges

in a radial distribution system by using an adaptive genetic
algorithm. Whereas, the uncertainties considering energy
demand and generation are tackled by formulating fuzzy
rules. The authors concluded that the optimal selection of
location/ nodes is vital to achieve maximum benefits from
RE integration i.e., decreasing power losses.
With the possibility of RE integration in the main distribution
network, many small-scale enterprises are formed that
trade with the main grid. Authors in [83], focusing same,
formulated a coalitional game that ensures direct trading of
power between these enterprises and end users, eliminating
the retailers. This strategy improved benefits to both parties,
however, proper regulations are to be modelled considering
such approach.
Integrating RE of multiple RESs within the existing power
network exhibits certain constraints. Major, of which is
the capacity of the distribution system. To overcome
such problems, a novel strategy regarding sizing of RESs
units with individual configurations is proposed in [84].
Proposed Active Network Management (ANM) strategy is
dependent on optimal RE penetration at certain locations.
To compute optimal locations (for distributed generation
penetration), a Multi-configuration Multi-period Optimal
Power Flow (MMOPF) technique is formulated that handles
the uncertainties regarding RE generation at demand side.
Every distribution system has its own terms and losses,
whereas, integrating RE produced by different RESs into the
existing power system is a complex task. Each RE model has
its own power generation and power loss ratio. Optimal loss
allocation in such a distributed power network is conducted in
[85]. The authors proposed loss allocation model in a radial
Power distribution network. This Power Distribution System

(PDS) is composed of the existing distribution system along
with different RE models in a deregulated fashion.
Considering stand-alone environment, authors in [86]
proposed an optimal multi-source hybrid generation design
that minimizes energy consumption and power losses by
improving the performance of the distribution network. To
attain such objectives, an improvised Multi-Objective Particle
Swarm Optimization (MOPSO) technique is formulated. In
hybrid design, the authors used PV panels, windmills and
diesel generator along with ESS. The proposed mechanism
is implemented in MATLAB for IEEE-69 Bus distribution
system. The authors claimed that MOPSO technique is more
effective with respect to improved Hybrid Optimization
(i-HOGA) using genetic algorithm.
In a distributed power network, the power loss management is
a critical task. In order to tackle the problem, authors in [87]
utilized hybrid harmony search algorithm (HHSA) to reduce
power losses in the radial power distribution network. The
proposed strategy also ensures optimal locations and sizing
of distributed generators. The converging time of HHSA is
expedited by utilizing particle artificial bee colony algorithm
that enhanced harmony memory vector.
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TABLE III
STATE OF THE ART WORK: OPF STRATEGIES.

Ref.# Focus Achievements and considerations Remarks Technique/
tool used

objective constraint/ prerequisites

[90] Stand alone Microgrid (wind, solar and hydro)
for the high altitude small community (in the
Himalayas).

Authors presented a standalone energy manage-
ment solution of high altitude areas to provide
electricity at lower cost with the aim of self-
sufficiency.

Exploiting natural resources, within the study
region has the capability of eliminating or
at least reducing dependence on imported as
well as interior fuels (firewood etc). This also
ensure health conditions.

Direct
measurements
and
Computational
Fluid
Dynamics
(CFD)
simulation.

Simulation on direct
measurements for
optimum energy system

environmental,
geographical and
geopolitical constraints.

[91] Optimal switching from the main grid to variable
RESs and enhance on-site RES utilization. Major
objective is to maintain the throughput while en-
ergy optimization and control mechanisms are in
process.

Takes an initial step of integrating variable RES
into an existing power system infrastructure seam-
lessly (without compromising on throughput of
energy) to enhance energy efficiency and flexibil-
ity.

The proposed control algorithm can maintain
the throughput of power while using on site
RESs however, it was meant for an already
running plant with volatile power supply.
It does not develop schedules by using the
forecasted data.

Real-time
energy, control
framework.

Maximize utilization of
on-site RES power sup-
ply.

Power generation and
consumption timings.

[92] Residential Building EMS - Maintaining balance
between power demand and supply by using PV
system and ESS in addition to the main grid.

Proposed model achieved significant reduction in
cost (20-25%) and carbon emissions that indi-
rectly states reduction of feed-in energy from the
main grid. However, power requirements regard-
ing main grid and RESs could be defined more
explicitly.

Electricity cost reduction along with feed-in
from main grid reduction. PV system, shift
able load and ESS are manipulated to achieve
the task of cost and power feed-in (from main
grid) minimization.

Rule based
control
strategies-
(Dynamic
programming
algorithm).

Cost minimization and
RES usage maximiza-
tion, power balancing
constraint.

Appliance classification
for time of use and bat-
tery constraints.

[93] Expansion planning by the increasing share of
RESs (thermal, solar and hydro) in an existing
power generation.

A proposed power expansion model that includes
wind, solar and hydro sources (run of river, hydro
storage and pumping units are considered per
season) is helpful devising long term (10 years)
strategic electricity planning.

The proposed model is deterministic in nature
and support long term planning and strate-
gic decisions. However, this requires perfect
knowledge of demand and other restrictions
(many variables) at a time. Which in real is
not possible.

Mixed
integer linear
optimization.

Objective function caters
both economic and envi-
ronmental costs.

Intermittency of RESs
(as wind, large hydro and
pumping constraints),
demand and capacity
constraints.

[94] Hybrid RE System (HRES) considering wind,
solar, diesel generator and Storage system.

EM strategies for both demand and generation
side are considered to meet power demands and
minimize operating and environmental costs.

Stand alone system is designed considering
demand response with RE generation. Solar
and wind energy generations are modeled
explicitly and overall system economic along
with environmental costs are minimized.

Receding
horizon
optimization
(Model
Predictive
control).

Minimize generation and
environmental costs dur-
ing operations (for spe-
cific time window), in-
cluding capital and daily
costs of installed RESs.

Power generation and
storage constraints, the
generation cost at certain
interval of time, power
loss.

[95] Integrating multiple RESs using an energy hub ap-
proach for maintaining and defining energy flow.

Proposed energy hub concept for integrating re-
newable / distributed energy at a district level. Pro-
posed method significantly reduces carbon emis-
sions as well as economic costs.

Energy hub concept is presented that is able
to optimize cost, emissions and energy con-
sumption. Energy hub is composed of ESSs,
power distribution system and power conver-
sion systems.

Linear
programming
model/ Matlab.

Environmental cost min-
imization as well as op-
timum multi time period
objectives.

Distribution of power
from a possible
combination of multiple
RESs and the limits of
power carriers.

[96] Integrating large scale RESs and improving the
power distribution system in networked micro-
grids.

Proposed framework is studied on IEEE 33 bus
distribution system and is compared with other
centralized strategies. The proposed model outper-
formed traditional systems in terms of power loss
and fluctuations with improved voltage profile and
operational costs.

The paper proposed dynamic energy man-
agement scheme to optimize operational per-
formances in multiple microgrid environment
having active distribution system.

Game theory
for multiple
microgrids
and problem
is formulated
using a
hybrid genetic
algorithm (GA
+ Set theory).

Minimize the influence
(uncertainty element) of
large scale integration
of RESs using coopera-
tive game theoretical ap-
proach. Also, operating
cost and energy wastage
minimization is tackled.

Limits of distributed
generation sources,
spinning reserve
constraints, plenty cost
of power curtailment,
and active/ reactive
power equilibrium.

[97] Multiple homes- Microgrid composed of multiple
renewable sources. Economic dispatch of power to
smart homes along with managing power demand
at end users.

GA solver schedules w.r.t energy provided by re-
newable sources and demanded energy. Reduction
in operating costs for single as well as the multi
microgrid environment.

A solution is proposed for combined DSM
and economic dispatch- multiple suppliers
and multiple users in microgrid environment.

Genetic Algo-
rithm.

Minimize cost having
one microgrid and mul-
tiple residential units.

Demand and supply
equilibrium, operational
limits of the system,
optimum generation and
dispatch of energy.

[98] HEMS- deals with uncertainty in demanded load
as well as power supply by using small scale
renewable source and a power bank (BESS).

IBR +RTP is used as a pricing mechanism in
the proposed model that achieves lower PAR and
electricity cost. Certainty equivalent method is
used to minimize computational complexity.

Efficient switching between main grid and
renewable source missing in the paper. En-
couraging the users to shift load on to RES.

Nonlinear
certainty-
equivalent
approximation.

Minimize cost for cur-
rent time slot.

Appliance categorization
constraints, time of use
constraints, uncertainty
in demand constraints.

[99] HEMS- increasing capability of renewable source
integration with the main grid to ensure more
robust and flexibility in power system.

Combination of RTP and IBR is utilized which
itself provides a base to minimize power consump-
tion. Optimized power consumption, reduced cost
and PAR.

Proposed solution minimizes energy con-
sumption cost and PAR. Pricing mechanism
utilized is a combination of RTP and IBR.
However, user convenience with respect to
delay in ToU of Appliances is not explicitly
considered.

Genetic Algo-
rithm.

Electricity cost
minimization.

Optimal time to switch
on or off load/s.
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A standalone microgrid which is composed of multiple
RESs i.e., the wind, solar and hydro, is modeled considering
a high altitude village in the Himalayan mountain range [88].
The authors presented a standalone energy management solu-
tion of high altitude areas to provide electricity at lower cost
with the aim of self-sufficiency. Exploiting natural resources
within the study region has the capability of eliminating or
at least reducing dependence on imported as well as interior
fuels. Authors in [23] presents a unit commitment model
considering an isolated power grid of cyprus. Authors sug-
gest to utilize sodium-sulpher back up power storage system
to store RE energy. Researchers in [24] suggest to utilize
Ni0.67Co0.33S based hybrid super capacitors for self-powered
charging systems.
A multiple RESs based DER is configured in [89] that
overcomes the unit commitment problem, focusing the RE
uncertainty element. In this model, thermal, wind and solar
along with pumped hydro energy storage are in consideration.
A novel evaluation technique for investigating uncertainties of
RES, considering the unit commitment problem is presented.
The authors also gave their insight regarding pumped hydro
ESS integration, aiming to study cost fluctuations. Afterwards,
a performance analysis is conducted amongst binary sheep
algorithm, improved BPSO, hybrid PSO, binary gravitational
search algorithm, genetic algorithm, enhanced simulated an-
nealing and evolutionary algorithm. Results showed that pro-
posed algorithm (binary sheep algorithm) outclasses the others
in terms of cost and converging time.
Enhancing on-site RES utilization by optimal switching mech-
anism is presented in [100]. The major objective is to maintain
the throughput during management operations. The proposed
mechanism integrates variable RE into an existing power sys-
tem seamlessly (without compromising on the throughput of
energy) to enhance energy efficiency and flexibility. However,
it was meant for an already running plant with volatile power
supply. Proposed model does not develop schedules based on
the forecasted data, however, this can be incorporated in future
to optimize future power network.
Authors in [101] tackle the uncertainty problem of available
power reserves. The power stored in these power reserves is
different with respect to time considering RE generation and
are not known at the time of computing schedules of load with
respect to optimal generation and power reserves. Initially the
authors formulated a Chance Constraint OPF (CCOPF) model
followed by modeling of distributionally robust optimization
algorithms for the said problem keeping the objectives of
minimizing ambiguity. To solve CCOPF problem, the au-
thors used four approaches, i.e., Gaussian approximation,
scenario approximation, Robust Semi-Definite Programming
(DR-SDP) approximation and distributionally Robust Sec-
ond Order Conic Programming (DR SOCP) approximation.
Summarizing the conclusion of [101], distributionally robust
optimization based CCOPF gives optimum tradeoff between
performance and computational complexity.
The concept of DER has brought more complexity in existing
distribution systems mainly due to the advent of new technolo-
gies and responsive loads. Under such scenario, it is difficult to
monitor and control the operations within a distributed power

network. Focusing the said problem, authors of reference
[102] presented a novel methodology for integrated operational
planning concerning a distribution system. A key feature of
their work is the role of aggregator that ensures the power
balance amongst demand and supply side. This aggregator is
placed between end users and distribution system operator.
Moreover, the authors also exploited the duel role of EVs.
EVs act as responsive loads along with system power reserves.
Effective classification of EVs (two classes) is conducted to
make the idea more appealing and getting maximum benefits
from these power reserves (i.e., EVs). The proposed distributed
scheme is compared with the centralized scheduling scheme.
Proposed scheme outclass the centralized system in terms of
load balancing and computational time.
Authors in [103] proposed an energy management model for
off-grid applications consisting of PV-diesel generator and
hybrid battery ESS. Major emphasis is on OPF that ensures
minimum battery wear and tear along with minimizing fuel
costs. These are conflicting objectives and authors tend to
develop an equilibrium amongst them. Moreover, this study
is more beneficial to system operators and decision makers
to depict best decision according to environment and needs.
Modeling of problem formulation as well as PV system,
batteries and fuel generators is conducted keeping the above
mentioned objectives (i.e., minimum battery wear and tear and
minimum fuel cost). The battery is taken care by formulating a
state of charge based control strategy that depends upon Depth
of Discharge (DoD). Mathematically at any given time, State
of Charge (SoC) can be stated as in [103]:

SOC(K + 1) = SOC(k)− αP3(k) (3)

Where SOC(k) is the current state of charge of battery while
SOC(K + 1) is dependent upon SOC(K). α is ηδt/Emax

where, η is round trip battery efficiency, δt is the time stamp
while Emax is the maximum capacity of battery. P3(K) is
a variable expressing energy flow to and from battery at kth

hour.
Diesel generator is employed considering load-following
strategy and is switched on when other sources of energy
are drained. Moreover, diesel generator is not used to store
power in battery rather it is switched on at high load factors
which ultimately results in lowering of fuel consumption
along with increasing generator life. The proposed scheme
ensures longer life cycles of batteries and generators along
with minimal fuel costs [103].
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TABLE IV
STATE OF THE ART WORK: MAJOR PARAMETERS CONFIGURATION STRATEGIES

Reference
#

Flexibility
in power
system
tackled

Reliability
enhanced
in power
system

Cost Saving Co2 re-
duction

Storage
and dis-
tribution
cost/
losses

Managing/
Schedul-
ing
DERs/RESs

Scheduling/
shifting
load

Controller
RE / Load

Real time
data

PAR Re-
duced

Pricing
Scheme

RE / ESS
capacity

ESS used Load on
main grid

Forecasting
error
problem

[64] Not Men-
tioned

Not Men-
tioned

Generation
cost saved

Reduced Yes Yes Yes Decentralized Yes Not
discussed

Day
ahead
pricing
scheme

Not Men-
tioned

Yes Reduced Assumption
based

[65] Not
discussed

Not
discussed

21% w.r.t
baseline
bills

Yes Not
discussed

Yes No Centralized Assumed Yes no Multiple
RESs
integrated

Yes Reduced No

[66] Not
discussed

Yes 60% total
system cost
saving

Yes 90%
reduction
in losses

Yes No Decentralized Yes No No 1.5MVA
+ 1MVA

Yes Reduced No

[67] No Yes Yes Yes Minimized Yes No Decentralized Assumed No Generation
cost

Not
explicitly
men-
tioned

Yes Reduced Yes

[68] Not Men-
tioned

Not
discussed

7% bill re-
duction

13% de-
crease

Assumed Yes Yes Distributed No Not
discussed

Day
ahead
RTP

Total of
170kWe

available
in parts at
discrete
times

Yes
(Electri-
cal and
thermal)

Reduced No

[69] Not men-
tioned

Yes Yes Not men-
tioned

Not men-
tioned

Yes No Modular No Not men-
tioned

Exchange
electricity
price

Not men-
tioned

Yes Microgrid
optimiza-
tion

Yes

[70] Not men-
tioned

Not men-
tioned

Yes Remarkable
reduction

Yes Yes Yes Centralized No Not men-
tioned

Not men-
tioned

2.5-3.8
KW +
3KW

Yes Reduced No

[71] Yes Yes Yes Reduced
by 18%

Neglected Yes Not
discussed

Modular Assumed Not
discussed

Not
discussed

Can
accom-
modate
40% of
grid load

Yes Can be
reduced
by 40%
without
grid up-
gradation

No

[72] No Yes Minimizing
generation
cost

Not men-
tioned

Not men-
tioned

Yes To some
extant

Modular Yes Not
discussed

Stand
alone
system

300MW Yes Stand
alone
system

Not men-
tioned

[73] No No 48% of
baseline
cost

Not
discussed

Not
discussed

No Yes Centralized Yes Yes Day
ahead
hourly
pricing

3KV- PV Yes Reduced No
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TABLE V
STATE OF THE ART WORK: MAJOR PARAMETERS OPF STRATEGIES.

Reference
#

Flexibility
in power
system
tackled

Reliability
enhanced
in power
system

Cost Saving Co2 re-
duction

Storage
and dis-
tribution
cost/
losses

Managing/
Schedul-
ing
DERs/RESs

Scheduling/
shifting
load

Controller
RE / Load

Real time
data

PAR Re-
duced

Pricing
Scheme

RE / ESS
capacity

ESS used Load on
main grid

Forecasting
error
problem

[90] Yes Yes Not
mentioned

Minimized Yes Yes Yes Modular
approach

Yes Not men-
tioned

Not men-
tioned

Multiple
RE
sources
with
multiple
peak
limits

Yes Standalone
system

Fixed er-
ror rate

[91] Yes Yes Not
discussed

Reduced Not men-
tioned

Yes Yes Decentralized Assumed Yes Not men-
tioned

Not men-
tioned

Yes Reduced No

[92] Yes Yes 13-25% Not men-
tioned

Not men-
tioned

Yes Yes Modular No Not men-
tioned

Constant
bought
price

3KV +
9KV

Yes Yes No

[93] No Yes Yes Reduced Neglected Yes Not
discussed

Modular Assumed Not
discussed

Not
discussed

Multiple
sources
with
multiple
dimen-
sions

Yes Reduced Not men-
tioned

[94] Yes Yes Yes Yes Not men-
tioned

Yes Yes Modular Assumed Not
discussed

Stand
alone
system

Not
defined

Yes Stand
alone
system

Defined
errors

[95] Not
discussed

Yes Yes Reduced
signif-
icantly
by 81%-
90%

Yes Yes Not
discussed

Modular/
Central

Yes Yes Not men-
tioned

Not Men-
tioned

Yes Reduced Not men-
tioned

[96] Yes Yes Optimized
operational
cost

Reduced
approx.
12%

Lower
losses

Yes No Modular Yes Not
discussed

Not
discussed

Multiple
sources
with
multiple
dimen-
sions

Yes -
extended
ESS is in-
troduced

Reduced Reduced

[97] Yes No 35% of
operational
and setup
cost

Not
discussed

Assumed Yes Yes Combined
controller
for RES
and Load

Assumed Yes Generation
cost

Not Men-
tioned

Yes Stand
alone
system

No

[98] Not
discussed

Not
discussed

Reduced
bills

Not
discussed

Not
discussed

Yes Yes Centralized Assumed Yes RTP+IBR 5KW/h+2KW/hYes Reduced No

[99] Yes Yes Bill
reduced

Not
discussed

Not
discussed

Yes Yes Centralized Assumed Yes RTP+IBR Not Men-
tioned

No reduced
by 25%

No
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Acquiring the concept of mechanical spring, authors in
[104] worked on electrical spring focusing the following
functions:

• Assisting in voltage support,
• storing electric power and
• damping oscillations.

The authors presented a control scheme regarding OPF within
a microgrid (considering uncertain RESs) using electric spring
concept in [104]. Proposed strategy gave a realization of active
and reactive power control of electric spring. This strategy
is based on adjustments of amplitude and shift angles of
modulated signals. Four case studies are conducted under
the umbrella of 9-bus system, i.e., with varying wind speed,
varying loads, generator tripping and electric spring with wind-
mill. The authors concluded that their proposed strategy gave
improvements in steady state frequency derivation. Electric
spring can be a key aspect in future networked grid comprising
of uncertain and variable RESs.
Expanding infiltration of distributed energy assets with DC
power, for example, photovoltaic and storage systems, along
with the potential advancements in DC loads, have gained
much attention in utilizing DC power in microgrids and
electric systems. Whereas, considering DC microgrids, prior
grid knowledge, such as line impedance, and demanded load
is required and numerous studies are conducted on OPF of
DC microgrids [105] [106]. In paper [107], authors proposed
a control strategy for OPF that is not dependent on prior
grid knowledge. Initially OPF considering the single power
source is derived followed with multiple renewable power
sources focusing the concept of power line sharing. Proposed
OPF strategy minimizes ohmic as well as converter losses.
Moreover, it tends to create an equilibrium between the
two tradeoffs i.e., transmission loss minimization and current
sharing. Although the response time of proposed technique is
higher with respect to traditional DC-OPF strategy and have
higher degree of DC voltage deviation, however, it is more
efficient in terms of feasibility as it is extendible and has huge
economic potential.

IV. RE UNCERTAINTIES AND OPTIMIZATION TECHNIQUES

One major problem that persists in optimizing the power
flow in networked enabled power grid is the element of un-
certainty due to depletive nature of RESs. Predicted or timely
information regarding demand and supply curve may tends to
minimize the uncertainty factor however, yet it is a burning
issue in engineering industries as well as research arena. To
deal with demand response and uncertainty problems, multiple
Energy Management Systems (EMSs) are developed that tends
to reduce operational costs as well as minimize the uncertainty
factor. EMS enables the networked grid to optimally schedule
the power resources and Energy Storage System (ESS) in
a way to achieve the balance of supply and load [108].
Numerous studies have been carried out to investigate the
optimal scheduling and energy management of interconnected
MGs to avoid uncertainty factor. And the strategies suggested
in literature for optimal EMS are either centralized or de-
centralized. Centralized strategy offers better control however,

lack in scalability and have one point of failure. Decentralized
mechanisms offer the scalability but there is a compromise on
control. For example, Zhao et al. [109] proposed a centralized
EMS, based on system of system architecture for networked
RESs, which used column and constraint generation (C&CG)
algorithm for problem formulation and MILP for optimiza-
tion. Bazmohammadi et.al., [110] proposed an hierarchical
approach to optimally develop the power scheduling to manage
power trading, storage, and distribution in networked grid
environment. Although, the numerous studies proposed the
optimal scheduling of networked grid resources however,
lacked in considering uncertainties or facing the disadvantages
of centralized or decentralized control strategies. Wang et al.
[111] addressed the aforementioned issues comprehensively
and developed a two-stage layered approach equipped with hy-
brid control strategy and achieved better results in. In proposed
model the uncertainties are broadcasted from the individual
EMS of RES to centralized EMS, which creates computational
overload and time complexity that tends to grow exponentially
with the growth MGs in the system. On other hand the
presence of uncertainties in local operation of MG affects its
capability to cooperate other MGs in the network[110]. The
centralized energy management system exposes its limitation
to control the emerging renewable energy sources (RES). The
RES comprises on distributed sources and loads. These dis-
tributed sources and loads require the communication of their
states with central controller and broadcasting of action states
from controller to each unit. The load of this communication
is increasing exponentially and the other hand the failure of
central control is still the question to the reliability of system.
Kofinas et al. [112] addresses the aforementioned problem
and proposed the fully distributed multi-agent system (MAS)
and enforcement learning facilitate the agents to learn the
optimal policy. The Fuzzy Q-learning prepare the agent to
cope up the problem continuous state-action space. The power
balancing between the MG makes the system reliable and
minimize the use of generators by deployment of MAS in
decentralized context. The most significant feature of proposed
MAS is an independent learning approach. Local rewards
and state information of respective agent in islanded mode
is achieved through independent learning approach. In this
way this approach reduces the state space and increase the
learning mechanism. The fuzzy Q-learning is introduced to
cater continuous state and action space at the level of each
agent. Power balancing between production and consumption
units managed with fully decentralized model and additionally
the problem of consumer unit is addressed. Real time data
of energy demand and production from photovoltaic source
is used for experiments. In such an independent learning
approach, each agent acts autonomously while the MGs po-
tentially have the environmental uncertainties and convergence
cannot be accepted, because the agents consider their state and
ignore the actions of other agents. Comparative experiments
with distinct MAS approaches will be the future dimension in
this domain. The proposed technique has possible application
for MGs which contains the various units like wind turbine
and electrical vehicles.
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TABLE VI
STATE OF THE ART WORK: FOCUSING UNCERTAINTY FACTOR IN NETWORKED GRID ENVIRONMENT

Reference
#

Main Features Techniques ap-
plied

Contribution Limitation Tools

[108] The economic and stability
requirement of MGs is en-
sured by developing multi-
market driven power schedul-
ing

Stackelberg
game theory

” The suggested framework effectively
addressed the potential difference of in-
ner ancillary service and outer market
participation

” In simulation of proposed model,
the load is assumed as 25% for
each MG. This assumption may
leads to non-realistic results.

MATLAB

[110] To mitigate the uncertainty
from RESs and variation of
load.

CCMPC,
Receding
Horizon
Control

establishing a power exchange mecha-
nism to minimize uncertainty factor

Operating cost is increased CIGRE
Based
bench-
mark
Distri-
bution
network
Simula-
tion

[114] Optimal scheduling of ESS
and RE generation with the
objective of cost reduction
and reliability enhancement

Artificial Fish
Swarm Algo-
rithm (AFSA)

Optimal scheduling of energy gener-
ation and storage in MGs by con-
sider RES, dynamic pricing and demand
side management.Implementation of ar-
tificial fish swarm algorithm (AFSA) for
compensation of disadvantages of GA.

Result are not compared with any
previous algorithm or GA. Wind
generation is based on assumption

MATLAB

[118] Optimal scheduling of net-
worked MGs, consideration
of adjustable loads for re-
siliency assessment, RE un-
certainty and minimization of
operation cost.

Probabilistic
model
development
for input data,
Resilience
modeling for
networked
MGs, GAMS,
BARON

Proposed EMS enables the optimal MG’
operations and provides the economic
and reliable conditions for resource
sharing efficiently in network and lo-
cal environment. Two different problem
formulation and scheduling horizon for
normal operation and disaster conditions
are defined

During disruption event MG is not
permissible to change its sell-buy
state, load curtailment of MG for
hourly demand is assumed. RE un-
certainty is tackled on the basis of
assumed data

MATLAB

[119] Development of local and
global cost function for opti-
mal sharing in MGs

MILP Market operation of multi MGs im-
proved by using DMPC-Based algo-
rithm. MIPQ based controller formu-
lation linearized and reformulated as
MILP problem to improve Computa-
tional cost

Uncertainties have an important
impact on Operational cost which
are not considered explicitly to
avoid

CPLEX

[116] Hour a-head scheduling is
proposed in this study consid-
ering the uncertainties of RES
and loads. Two-stage energy
optimization performed in this
study.

MIP, Rolling
method,
Stackelberg
Game Theory

Development of a comprehensive en-
ergy management model by considering
the energy price uncertainties in energy
market

Uncertainties of load demand are
neglected in model

MATLAB
/ CPLEX

[117] Short time scheduling of MGs
by considering uncertain pa-
rameters of Wind and solar
generation, load profile and
market price

MILP Adaptive robust MG scheduling, Worst
case uncertainty problem formulation,
Formulation of AC power flow as SOCP

Consideration of only worst-case
scenario of uncertain parameters

GAMS

[26] [120] Smart governance of power
flow among hybrid MGs,
ESS, grid and satisfaction of
technical constraints in order
to ensure the economical, re-
liable and sustainable power
supply

GHI Precise rule development for economi-
cal storage system and power exchange.
Constitution of expected output of RES
by optimal economic dispatch subject
to the constraints of weather condition,
load profile and ESS.

Participation optimality is con-
sidered but ignored the optimal
scheduling of ESS and other com-
ponents of the system.

MATLAB

[121] Optimization of load schedul-
ing subject to the cooperation
of consumer

MIP (mixed
Integer
Programming)

Integration of production line load with
other type of loads. Storage capacity
analysis in influence of different price
policy and storage efficiency. Integration
of demand side and supply side for the
sake of energy efficiency

Uncertainties of communication
are not considered

GOURBI

[122] Power exchange within a
building on the basis of barter
trading.

MILP Development of three step internal trad-
ing strategy to maximize the internal
trade and minimize the operational cost.
Computation burden is shared by using
hierarchical architecture and complexity
reduced through MILP formulation

Uncertainties of load fluctuation
are not considered

MATLAB,
CPLEX

[123] The dynamic interaction prob-
lem in network of multi MGs
and utility grid combined with
market and DSM and covered
the emergency mod and nor-
mal mode of MG operation.

MILP, MPC,
Game theory

Multi time scale bilayer framework of
networked MG operation to maintain
the power balance by considering un-
certainties. Development of market price
control (MPC) based direct economic
power sharing model

system lacks in consideration the
uncertainties of RES, security mea-
sures, network power losses and
voltage fluctuation

MATLAB

[124] To identify the misbehaving
MG EMS from network other
than cyber-attacks.

MILP , MIQP Development of globally optimized and
economical algorithm. Detection of mis-
behaving MG EMS other than the cyber-
attacks. Identification of the most suspi-
cious misbehaving MG EMS

In study the consumption effects on
price ignored.

MATLAB
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Wang et al [111] proposed a bi-level energy management
system for scheduling multi MGs in a network, economic
and stable operation of MGs under high penetration of re-
newable energy sources (RES). The overall objective of study
is to derogate the operational cost of grid-connected mode
of networked MGs and define the income risk at a certain
level. The proposed system achieved the better performance
in hybrid way of control that is simply the trade-off between
central and distributed control. Hybrid EMS is more flexible
as compare to central control and offer less operational cost as
compare to distributed EMS. At first level hourly based day-
ahead scheduling articulated for MGs in network. A hierarchi-
cal optimization scheme is embraced for power management
of community MG. In the lower level the MG level cost
minimization is considered. The uncertainty of each MG is
considered collectively at the level of networked EMS. The
uncertainties of RESs are broadcasted to the networked EMS
through information channel and considered in risk control
problem formulation of networked MGs. As compared to
previous studies this study is more advantageous in context of
hybrid EMS strategy adoption in network of multi MGs with
the availability of MG community infrastructure. Simulation of
study performed on three grids with ideal situation. Whereas,
the real-time situation is very complex in nature, therefore
it is essential to validate the proposed model in real-time
situation or with complex scenario simulation. The power
load, transactional prices and RES uncertainties are ignored
in literature. This identified gap in literature is addressed by
[113] and proposed the operational method for multi-energy
MGs by looking uncertainties of RES, load profile and market
prices based on temporary coordination. The main objective
of this study is to develop the coordinated energy management
system for different energies and cater the uncertainties in
order to attain the operational method of multi energy MGs
having the feature of optimality and robustness. The uncer-
tainties of RESs, power transactional prices, and electricity
load are incorporated in proposed operational model and dealt
through multi-level stochastic programming methods with the
operating security guarantee. Kumar et al. [114] solved the
problem of next day generation and storage scheduling by
looking the RES in order to reduce the energy generation
cost by modeling uncertainty factor. The objective function is
developed by using linear cost function for RES generators and
quadratic cost function for traditional generators. Uncertainties
are modeled using the minimum and maximum values of
variable agents. Authors in [115] review on communication in
MGs is rendered comprehensively, identified the challenges,
communication of intelligent MGs and network topologies
critically analyzed, peer-to-peer (P2P) communication system
for the future MGs is suggested. Finally, new research topics
for the transition to future MGs are presented. Author of study
observed that current MG applications are not able to manage
the uncertainty and variability of energy resources, diversity of
RES and suggested advanced stochastic algorithm, predictive
analytics and no linear schemes for future MGs Due to the
penetration of RES and the increasing number of DER data
compatibility and exchange are emerging as major challenges
for implementation of dynamic MG capabilities. Rui et al.

[116] proposed the two stage optimization method to address
the uncertainties of RES and load. Energy market operator
(EMO) is the upper level manager of multi MGs and MG
operator (MGO) is the lower level manager of MGs in the
proposed optimization model. In first stage of model the local
EMS acquires the rolling method to schedule the local ESS
for next period considering the time coupling features which
is modeled as mixed Integer Programming (MIP) subject to
the constraint of selling or buying prices, state of charging
(SoC) and SoC upper and lower limits. In second stage the
EMO optimizes the internal price based on Stackelberg game
theory by considering the short term forecast information and
prices of power grid. [110] address the uncertainties of RES
at MG level while introducing operational management of
interconnected MGs effectively and efficiently. The stochastic
energy management system based on chance constrained MPC
(CCMPC) is developed in this study. This study developed a
CCMPC based hierarchical stochastic framework for EMS,
considering the uncertainties produced by power exchange
and proposed communication-oriented strategy to exploit the
most recent uncertain parameters. Ebrahimi et al. proposed the
periodic scheduling for MGs of wind, solar and micro turbine
generators and energy storage system in [117]. The scheduling
problem is formulated by considering the uncertainties of wind
and solar generations, demand fluctuation and variance of
market prices. The interval bounded method is used to model
the uncertainties and simultaneously optimizes the of ”wait
and see decision” as well as the ”here and now decision” in
order to get the best operating point and inoculate the model
from worst case realization. MG scheduling is modeled in
two tiers. The first tier consists up of three levels. Initially
commitment decision is made in first level even before recog-
nition of uncertainties, at second level worst case of uncertain
parameters are recognized and at third level the wait and see
decisions are made after recognition of uncertain parameters.
The worst-case uncertainties are acquired by exploiting the
adptRub problem. The first level problem is formulated with
minimization of no-load cost and startup cost and the worst-
case determination of uncertainty. In second stage of model
the scheduling problem is formulated to account the losses
and implementation of substation limits. The problem is mixed
integer nonlinear because of micro-turbine binary status.Table
VI represents state of the art work focusing uncertainty factor
in networked grid for an eco-friendly smart city
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Power Grid

Main EMS
Multi Objective:

Reduction in uncertainties at supply side

Maintain load on ICT enabled power grid

Smoothen the demand response curve

Sharing of surplus power within MGs ensuring sharing economy concept

Inputs:

Power status from individual RESs/ MGs

Power status from ICT enabled Power Grid

Process:

Optimal Resource scheduling for effective demand responsiveness
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Decision on import/ export power from/ to MGs

Optimal power dispatch

RESs/ MG EMS
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no power buying or selling from main ICT enabled power grid

Tackling uncertainties at generation level (balancing demand supply curve)

Inputs:

Weather forecast (machine learning)

Power generation capacity of installed system

SoC of local energy storage systems

Process:

Prediction of power generation for next couple of hours

Optimal scheduling of demand and supply based on predicted power generation

Output:

Power status sharing to Main EMS for upcoming hours (time slot)

Power dispatch to local users of MG.

RESs/ MG EMS
Objective:

Unit commitment: 

no power buying or selling from main ICT enabled power grid

Tackling uncertainties at generation level (balancing demand supply curve)

Inputs:

Weather forecast (machine learning)

Power generation capacity of installed system

SoC of local energy storage systems

Process:

Prediction of power generation for next couple of hours

Optimal scheduling of demand and supply based on predicted power generation

Output:

Power status sharing to Main EMS for upcoming hours (time slot)

Power dispatch to local users of MG.

. . .MG 1
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Power Distribution System

Communication Channel

Dealing uncertainty at ICT 

enabled Power grid level

Dealing uncertainty at RE 

generation (MG) level

Communication Channel

Power and information 

Distribution systems

Fig. 5. Conceptual Model: Dealing uncertainties in two tiers



JOURNAL OF LATEX CLASS FILES 16

V. CRITICAL ANALYSIS AND CONCEPTUAL MODEL

Focusing reviewed literature (Table IV and Table V), it
can be analysed that a key feature of current research trends
lies in cost savings by using multiple optimization techniques.
Moreover, use of ESSs is in focus considering RE integration.
However, there is a need to work on minimizing forecasting
errors (the element of uncertainty) that plays vital role in
destabilizing the implemented EMS. Table VI represents state
of the art work that tends to deal with RE power generation
uncertainty. Unless a system is developed that tends to elim-
inate the element of uncertainty, it is impossible to extract
all the perceived benefits of networked grid that surely is one
major step towards the formulation of an eco-friendly smart
city.

A. Uncertainty Analysis for optimum networked grid environ-
ment

By reviewing literature it is observed that most of the
studies conducted for energy scheduling tends to analyze
the uncertainties either with pro-active approach or re-active
approach. In other hand the demand response schemes with
incentives for the end users are considered in most studies.
It is also realized that the proposed models normally are
demonstrated with average conditions and resultantly the pro-
posed model becomes incapable to manage the extreme or
worst uncertainty conditions. The volatility and uncertainty
mostly is examined for 24 hours whereas the evolvement
of random failure requires longer study period Overviewing
whole networked grid environment for a smart city, key
players includes RESs, controllable distributed energy genera-
tions, ESS and controllable/non-controllable loads as essential
components. RESs are capable to generate the environment
friendly and sustainable energy. ESSs can be used to maintain
the reliability while, controllable loads support in attaining the
”supply demand equilibrium” as discussed in earlier sections.
In order to solve such demand supply balancing problems,
energy management systems are developed focusing effective
resource allocation and scheduling at demand as well as supply
side. Major challenges in orchestrating an EMS for networked
MG environment are: 1. Precise forecast of demand and
supply, 2. Effective resource scheduling of MG to maintain
the equilibrium between demand and supply, 3. Consideration
of uncertainties at appropriate level, and 4. Power sharing and
optimal usage of ESS amongst networked MGs

To cater uncertainties in networked grid environment, most
of the literature focus on broadcasting RES level uncertainties
to centralized of main EMS for handling, however, this may
result in more complexities i.e., increase in the computational
overhead and time complexity. On other hand the existence
of uncertainty at RES level, EMS effects its capability of
cooperation with other MGs that may exist in networked grid
environment. Hence there is a need of such a system that
not only ensures minimal computational and time complexity
but also mitigate the effects of uncertainties at lower or MG-
level despite of broadcasting them directly to main EMS or
centralized EMS. There is a dire need of twofold EMSs.
Initially an EMS that manages individual MG (RESs) and

try to develop a balance amongst demand and supply and
then an EMS for the networked grid environment that deals
with worst case uncertainties by power sharing mechanisms
amongst other MGs in network. To mitigate the uncertainties
at the level of MG-EMS and present the uncertainty aware
periodic scheduling system on the basis sharing economy
concept at networked grid-EMS.

B. Conceptual Model
To solve the aforementioned uncertainty problem that limits

the benefits of scheduling multiple MGs within networked
grid environment, a two layer system is to be developed as
stated earlier. The first layer mitigates the uncertainties of MG
locally and consider the demand associated uncertainty at the
2nd layer i.e., at networked grid EMS. Additionally, a power
sharing mechanism based on sharing economy concept i.e. no
profit and no loss-based power sharing model is needed to
manage the cost functions of the networked grid environment
at networked grid EMS. The novel feature of this conceptual
model will be a hybrid-control layered EMS model with less
computational overhead and time complexity. Proposed system
is designed in hierarchal fashion and divided in two level
individual MG level network of MG level in a networked grid
environment for a smart city. For that there is a need to write
two major algorithms. Algorithm-l is to be designed to solve
the optimization problem at level of individual MG and is
composed of 4 parts. Part-a performs the short-term forecast-
ing of generation output on the basis of 30-days historic data.
Part-b has to provide the short-term forecast of power demand
on the basis of historic data of 30-days. It also determines
the controllable and non-controllable loads and for that the
concept of direct load control (DLC) can be used. Part-c of
algorithm-1 calculates the power balance states on the basis
of forecasted generation output, power demand and available
energy in ESS and also mitigate the appeared uncertainty
at MG-level and ESS states of charge is described in Part-
d of Algorithm-1 . The Algorithm-1 Collectively forecast
the generation-output and power demand, compute the power
balance states on the basis of forecasted generation-output
and formulate the problem BESS. The Algoritm-2 that depicts
networked grid EMS should be composed of two parts. Part-
a is responsible to take the power balance from Algorithm-1
and compute the power balance at network level in order to
schedule the resources in whole grid environment. Moreover,
it also broadcast the unit commitment states to individual
MG and requisition to utility grid. Part b is responsible
to implement the provided schedule and power flow from
MG to MG and utility grid as well. Pseudo code of the
aforementioned algorithms can be seen as follows.
Figure 5 illustrates the basic conceptual model of bi level un-
certainty handling at RE generation as well as centralized EMS
levels. The proposed model tends to take the benefits of both
centralized and distributed control regarding RE generation
uncertainties and hence, it has ability to implement OPF as
well configuration strategies to their masximum potential.

Pseudo code Algorithm-1 Part-1a: Real time Forecasting
of RES’s Generation output of MG.



JOURNAL OF LATEX CLASS FILES 17

1) Prepare the power generation data of previous 30-days.
2) Collect the periodic data of weather forecast (using

appropriate ML algorithm)
3) Use prediction model to predict the periodic RES gen-

eration output on the basis of step 1 & 2.
Part-1b: Short-term Forecast of Power demand of MG.

• Prepare the power demand data of previous 30-days.
• Determine the controllable and non-controllable loads.

(based on previous data)
• Use prediction model to predict the periodic power de-

mand for controllable and non-controllable loads. (using
appropriate computational intelegance algorithm)

Part-1c: Calculate Power surplus or power shortage state
of MG.

• Consider the forecasted power generation output from
Part a

• Consider the forecasted power demand from Part b (for
controllable and non-controllable loads).

• Collect the power available in ESS.
• 4. Compute the power energy balance state.
• 5. Schedule loads in accordance with available power in

case of power shortage. (using optimization techniques)
– Reduce the controllable loads in case of power

shortage.
– Compute the power balance after reduction of con-

trollable loads
– Broadcast state to networked grid EMS

• In case of power surplus execute the Part-d.
• Inform the CEMS about final state of power balance.
Part-1d: ESS Modeling

• In case of power surplus check ESS State of Charge
(SOC)

• Charge the battery in accordance of charge limits.
• Avoid the simultaneous operation of charging and dis-

charging
Pseudo code Algorithm-2 Part-2a: Network level Power

Management Algorithm.
• Consider the computed power balance state from each

individual MG EMS.
• Compute the power surplus and power shortage at com-

munity level.
• Define the unit commitment status of each MG with

respect to power state.
• Broadcast the unit commitment status to scheduler.
Part-2b: Periodic power scheduling.
• Collect the defined commitment states from Part a
• Schedule the power as per collected commitment status

(using optimization techniques) under the umbrella of
sharing economy concept (pricing models needs to be
investigated)

• Define the power flow between networks of multiple
MGs.

• Broadcast the power schedule to respective MG-EMS.

C. Discussion Focusing Broader Spectrum

The power sector is evolving, providing vast opportunities
and possibilities for research, industrial and government arenas
over the past few years. There is a shift in government policies
that bring in more attention to smart grid applications and
open new possibilities amongst researchers from both industry
and academia. However, still there is a dire need to develop
space for RE projects nationwide and introducing such policies
that offer multiple incentives regarding RE projects and RE
industry development [32]. RE industry development may
raise stakeholder’s interest in the RE business accompanying
with local job openings and it can lead to a community based
income program on a shared basis. Though, attaining such
target is a future challenge that needs to be orchestrated. The
concept of sharing economy is emerging across the globe and a
next level challenge is to accommodate benefits of RE within
the community by giving her RESs ownership and decision
making. Materializing community based RE power sharing
conceptualization is another aspect that needs further explo-
rations. This not only gives stabilized power infrastructure, but
may also offer self sufficiency in energy sector at community
level. Foremost important aspects in achieving such goals
are raising environmental awareness, harvesting small scale
energy from the environment and seek knowledge to use skills
regarding RE technologies. Figure 6 illustrates certain goals
of future power systems.
The utmost challenge in high penetration of RE in the
distributed power network, is ensuring real-time equilibrium
between power demand and supply. Attaining such balance
bears complications due to variable generation technologies,
the majority of which are the wind, water, and solar. In this
context, produced energy is completely dependent on natural
behaviors such as wind speed, water flow, and solar radiation
respectively. On the other hand, uninterrupted supply of power
is the basic need. Major challenges as described in [125]
are scalability, production schemes and their market models,
sustainability, and natural tendency towards intermittency etc.,
along with time dependency.
The uncertainty and variability in RE generation need addi-
tional measures to normalize the power system. A next level
flexibility is one optimum solution that accommodates supply
as well as demand side variability. At times, solar generations
may increase as the load increases, however, this may not be
the case for always. System managers must ensure that there
is sufficient surplus power to accommodate such variations.
Besides the problems and challenges within RE integration
engineering, there is a vital effect on traditional power systems.
The interment RE power in the existing power system may
cause the main grid to switch on and off more often or at
least enforce to vary its production at a frequent level. This
kind of fluctuation within a power plant results in declining
power efficiency and reduce plant’s lifetime. The cost of such
cycling varies as generator type varies. Coal power plants bear
the maximum cost of such behavior, while large hydropower
plants are least effected.
Considering ecological problems, cycling traditional power
plants (switching on and off often) impacts hugely on Co2,
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Fig. 6. Goals: RE integration for future power systems

Fig. 7. Major considerations: RES integeration engineering

So2 and Nox emissions. The reduction achieved by RESs can
be eroded by the cycling of fossil fuel based power plants.
In literature, numerous research issues are under the spotlight
considering integration engineering of RE over the large or
small scale. Anticipating the uncertainty factor, key considera-
tions in installing an RE system rest in cost effectiveness, prop-
erties of the existing power system, operational practices, and
regulatory infrastructure. Additional flexibility can be achieved
by end user operational practices, demand responsiveness,
precise and efficient ESSs operations, and other strategies as
illustrated in Figure 7 and briefed in following subsections.

1) Precise forecasting: Forecasting the weather (wind and
solar) can help in reducing uncertainty effect. The use of
forecasting tables helps system managers to switch power
generators accordingly such that changes in RE production
can be addressed. Forecasting also tends to address the issue
of optimal ESSs operations, resulting in system cost reduction.
California Independent System Operator (CAISO) is one of the
pioneer in such forecasting that was initiated in 2004. Today,
CAISO is well organized and established, and is utilized by
almost all independent system operators in the US. In liter-

ature, numerous studies are conducted regarding forecasting
for RESs [34]. Machine learning algorithms are in spotlight
for precise short-term forecasting, as in [126], authors used
Extreme Learning Machine (ELM) that is trained in various
ways and [128] discusses Artificial Neural Networks (ANN)
for such forecasting. The average forecast error rate is reduced
significantly in recent years. Improvements have been made in
current era toward reducing mean average forecast errors. For
instance Xcel Energy inc. improved 3.5% mean error rates
between 2009 (error rate= 15.65%)-2010(error rate= 12.2%)
saving $2.5 million [127]. Precise forecasting at electricity
production or demand side is a key to stabilized grid and
economical benefits.

2) Optimal dispatch of power: Operational control has a
huge impact on RE integration engineering. Rapid and precise
dispatch of power amongst DERs optimize power efficiency,
quality and help power system managers to access a broader
horizon of regulating resources. This ultimately gives a
balance in power system. Power generators are planned for
the longer duration of time. However, in fluctuating demand
and supply profiles, the pre-planned scenario may not be
able to retain demand-supply equilibrium. To maintain this
equilibrium, rapid dispatch processes are in need to utilize
resources at utmost economical costs.
At small scale, ESSs plays a vital role in this equilibrium.
ESSs management and operations can be optimized to
address fluctuations in wind and solar power generations. The
solutions that tend to reduce overall cost and give efficiency
in resource utilization are required. The role of ESS is further
explained in [129] and [130].

Considering large scale solutions for such fluctuations,
the flexibility can be achieved by other power generation
plants. Hydropower plants are most flexible and eco-friendly
as well. Whereas, coal and nuclear-based plants are least
flexible [131]. Within the same context, a study is conducted
regarding large scale RE integration in reference [31],

3) Demand responsiveness: One of the most viable solu-
tions is demand responsiveness. Flexibility at end user results
in normalizing Power consumption peak to average ratio,
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particularly considering power consumption ramps or any
other uncertain event. Following demand responsiveness to
balance the RE system is also feasible considering electricity
cost that may arise due to power reserve usage. Positive
responses of users over the supply curve can lead to increase
in variable RE penetration. However, this is solely dependent
on the end user activeness. More flexibility shown at user
premises raises utility of demand response programs. Authors
in [33] explains the mismatch between supply and demand
extensively. Considering, global consumption, industrial or
production sector needs to meet its milestones and there are
strict timelines. The scope of demand response mainly rests
with the residential sector, which is more flexible and load
shifting can be done easily onto less crucial timings. That
is the reason that numerous energy management schemes are
proposed in the literature that deals with single home regarding
autonomous and ubiquitous load shifting mechanisms or with
communities [132] [133]. Integrating small scale RE sources
at community or individual levels along with ESSs are also
in the limelight of research arena [35]. Implementation of
home energy management systems over a large scale has the
capability to reduce global energy consumption along with
distributed RE integration into the power system.
The future is expecting power consumers to take active part
in the management and operations of future distributed grid.
Small scale RESs such as roof top PV along with control-
lable electrical devices may lead as a solution of generation
variability as well as rise in power quality. There is a dire
need to further explore the scope of demand responsiveness
considering voltage control within distributed energy sources.

4) Market implications: RE generation, especially the wind
and solar, when installed gives cheapest marginal costs. High
penetration of such RESs affects the existing power market
model. The concept of net metering gives a fresh breath to
utilities and end users, however, it contradicts the basic busi-
ness model of utilities [134] [135]. On the other hand, RESs
installed at supply side may raise unfair pricing mechanisms
as there are fixed and variable cost with respect to power
generators (both RE and non-RE sources)[136]. Net metering
or fluctuating/ unfair energy costs result in potential challenges
for system managers. Examining such conflicting interests of
power suppliers and consumers and orchestrating schemes for
mutual benefits is need of the era.

5) Power quality: One vital problem in a distributed power
network is maintaining the power quality. Power quality is
enhanced using the concept of electrical spring constituting of
basic power operating systems, i.e., harmonic synchronization,
normalizing intermittent nature of RE and limiting forecasting
errors [137]. Work is ongoing on observing power consump-
tion patterns to lower power costs and ensure stability in power
transmission as in [137]. Power quality issues are tackled in
[138] which include control strategies regarding power quality
enhancements, synchronization methodologies, and examining
power quality constraints. Still, there is a need to work on
control strategies and mechanisms to ensure power quality
within uncertain, distributed and RE integration.

6) Adding smartness: Adding intelligence in power sector
yields better results to electricity consumers, providers and

generators. This also ensures the power flow even after an
unexpected failure in the main grid. The concept of energy
efficiency is progressing concerning limited use of RESs as
small scale demand units which need further enhancements
[139]. Concerning near future, distributed power generation
along with small/ large scale microgrid technologies are in
process of integration with main grid. [140] presented a
comprehensive study regarding this transition in power sector.
Power transportation from remote locations is studied in [141]
by utilizing EVs. However, with the rapid emergence of
applications, products and communication capabilities, this
is an open room of research in applying distributed inele-
gance within the distributed power network for optimal power
transmission and consumption operations. A key player in
adding smartness into distributed power network comprising
of traditional as well as RES lies in advancements of com-
munication technologies. Communication within a distributed
environment is less sensitive in terms of bandwidth, so it can
be supported by numerous low power, low rate communication
protocols as power line communication, that does not require
the deployment of dedicated infrastructure. A hybrid solution
composed of wired and wireless communication technologies
may give an optimum solution in terms of cost effectiveness,
reliability and robustness against delays and noise. Privacy and
security of data are another concern while adding smartness
in RE integration within the existing power sector.

VI. CONCLUSION

In this study various studies on optimal resource allocation
and scheduling of grid connected microgrid (networked grid)
are critically reviewed. Different resource allocation method-
ologies regarding optimal power flow, control and commu-
nication strategies and finally uncertainty aware scheduling
of networked grid resources are analyzed. It can be analyzed
that without dealing with RE power generation uncertainties,
it is impossible to operate a networked grid within its full
capacity. At individual MG level, uncertainty problem is
discussed widely, however, a few studies considered the both
RES generation associated uncertainty at community level
or smart city level. Management of uncertainty at upper or
community level resulted in increased computation overhead
and time complexity with the increase of MGs in network
due to centralized control. However, mitigating uncertainties in
distributed nature increase time and complexity constraints. In
this study, after care fully reviewing the OPF strategies, control
and configuration strategies and strategies adopted to minimize
forecasting/ uncertainty factors, a conceptual framework is
presented which is hybrid in nature i.e., having features of both
centralized and distributed control. To manage the uncertainty,
a hierarchal approach is presented where, individual MG will
tend to achieve unit commitment state, if failed to do so, it
will broadcast the energy state to networked EMS for the short
coming as well as if excessive power is stored/ generated. This
approach not only address the uncertainty problem but also
tackles with the scalability problem.
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