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Assessment of the contribution of TEX air
pollutants from Nigeria’s petroleum refineries to
the ambient air quality: Part II

Ebenezer Leke Odekanle’, Chinchong Blessing Bakut?, Abiodun Paul Olalekan?,
Roseline Oluwaseun Ogundokun®, Charity O. Aremu>®, Jacob Ademola Sonibare’,

Oreoluwa Tabitha Akande®, Adeniyi Tajudeen Olayanju®'® and Bamidele Sunday Fakinle®®*

Abstract: Environmental hazards associated with release of emission from petro-
leum refineries have caused serious concerns for the host communities. The study
focused on the assessment of the contribution of Nigerian refineries to the ambient
air quality. Total emission of toluene, ethyl benzene and xylene (TEX) from Nigerian
twenty-six (four existing and twenty-two proposed) refineries were estimated using
emission factor approach, under no-control measure (worst case scenario) option.
Results showed that the four existing refineries emit 2.90 x 103 tons of toluene,
1.93 x 10*3 tons ethyl benzene and 1.06 x 10*3 tons per year while the twenty-two
proposed refineries have the capacity of releasing annually 9.17 x 10*2 tons of
toluene, 6.69 x 103 tons of ethyl benzene and .95 x 103 tons of xylene. If operated
at full capacity, the total estimated TEX emission from the existing refineries stood
at 5.89 x 103 tons/year while the proposed refineries have the potential of adding
additional 2.01 x 10** tons/year. These concentrations were considered as envir-
onmental menace that could have adverse health challenge of the residents of the
host communities. Some technologically driven measures to control and subse-

quently reduce TEX emission from these refineries were suggested.

Subjects: Industrial Chemistry; Combustion; Pollution
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1. Introduction

Continuous increase in both global population and energy consumption has led to a decrease in air
quality and this phenomenon is being rapidly recognized as a major environmental and public
health issue in both developing and developed nations (WHO, 2005). Ambient air quality is
associated with United Nations Sustainable Development Goals. Mitigating measures targeted at
enhancing clean air directly influence climate mitigation access, access to clean and affordable
energy, sound waste management and other areas of socio-economic development (Rafaja et al.,
2018). Clean air ensures safe and resilient environment, retards climate and its impacts and
promotes environmental sustainability. Several health issues such as asthma, bronchitis, acute
respiratory infection, cardiovascular diseases, lung cancer and nervous system disorder have been
traced to adverse effect of air pollution (Brauer et al., 2007; McConnell et al., 2010; Odekanle et al.,
2016; Pope et al.,, 2006). Apart from this, close to 2.4 million deaths per year are attributable to
varying degrees of exposure to different types of air pollutants (Magaji & Hassan, 2015).
Industrialization and urbanization accompanied by increase in energy consumption have signifi-
cantly contributed to air pollution problem in Nigeria as a result of the release of emission from
anthropogenic activities such as domestic, industrial, and vehicular activities (Odekanle et al,
2017; Shukla et al.,, 2008).

Petroleum refineries are parts of the largest industries in Nigeria having the greatest contribu-
tion to national economy. The impacts of petroleum as source of Nigerian economy cannot be
underestimated. They separate crude oil into different fractions and other products through
sequence of separation techniques. However, potential environmental pollution associated with
the petroleum refineries continues to generate great concern to the host communities (Damian,
2013). Exposure to pollutants emitted from petroleum refinery has been reported to be responsible
for cancer-related illness; developmental and reproductive difficulties; complication in respiratory
condition as well as cardiovascular diseases (Edokpolo et al., 2014). Sources of these pollutants
within a refinery either through normal, fugitive or accidental emissions include but not limited to
equipment leaks (from valves or other devices); high-temperature combustion processes in the
actual burning of fuels for electricity generation; the heating of steam and process fluids; and the
transfer of products (U.S. Department of Energy (DoE), 2007). Pollutants can also be released
during maintenance and shut-down operations (Bozlaker et al., 2013). Petroleum refineries have
been recognized as major emitters of toxic pollutants such as benzene, toluene, ethyl benzene,
and xylene (commonly referred to as BTEX) apart from emission of hydrocarbons like natural gas
(methane) and light volatile fuels which are less toxic (Beckett et al,, 1998). They also release
criteria air pollutants such as particulate matter (PM), nitrogen oxides (NOx), carbon monoxide
(CO), hydrogen sulfide (H,S), and sulfur dioxide (SO,).

With a maximum crude oil production capacity of 2.5 million barrels per day, Nigeria is ranked as
Africa’s largest producer of oil and the eighth largest oil producing country in the world. Nigeria has
four existing petroleum refineries: Kaduna Refining and petrochemical company (KPRC) located at
Chikun Local Government of Kaduna State operating at 110,000 bbl/day; Warri Refining and
petrochemical company (WRPC) located at Warri southwest local government of Nigeria’s Delta
State with an installed capacity of 125,000 bbl/day; Port Harcourt Refining Company (PHRC) has
two refineries at Alesa-Eleme, near Port Harcourt in Nigeria’s Southern Province, Rivers State. Port
Harcourt I refinery has installed capacity of 60,000 bbl/day while Port Harcourt II refinery is the
complex new refinery with installed capacity of 150,000 bbl/day. One of the strategies developed
in Nigeria to increase her refining potential includes approval of more refineries to complement the
existing ailing four state-owned refineries which, despite having a combined production capacity of
445,000 bbl/day, remain unable to meet the nation’s petroleum products demand (scarcity of
petroleum products); twenty-two proposed refineries have been licensed and are at various stages
of completion (Department of Petroleum Resource DPR, 2004, 2010).

Several research works have been reported on the assessment of emission of benzene, toluene,
ethylbenzene and xylene from some anthropogenic sources. For instance, Moslem et al. (2020)
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measured BTEX concentrations in the ambient air of eight different operating rooms in hospital of
Sabzevar, Iran, using passive sampler. He reported the overall mean concentrations of benzene,
toluene, ethylbenzene, xylene and total BTEX to be 10.0, 7.2, 1.8, 0.4 and 19.4 pg/m?, respectively.
Of all these pollutants, the report indicated that only benzene has cancer risk of exposure in all
operating rooms above the USEPA acceptable limit. In a similar study, spatial distribution and risk
assessment of BTEX compounds in Urmia, Iran, were investigated by Mohammadi et al. (2020) in
twenty monitoring stations. The study found the mean concentrations of benzene, toluene,
ethylbenzene and xylene to be 12.83, 27.03, 4.72 and 27.35 pg/m>, respectively, with lifetime
carcinogenic risk of exposure to benzene higher than threshold limit of 1 x 107®. In addition, in the
capital city of Qom, Iran, mean concentrations of benzene, toluene, ethylbenzene and xylene were
found to be 15.2, 22.49, 5.69 and 12.38 ug/m>, respectively (Mojarrad et al., 2020). The study of
Mokhtari et al. (2016) did not only show that benzene and toluene emissions concentrations were
higher in the late morning hours than early hours but also that the main sources of the emissions
could be linked to street traffics and gasoline stations. There are other various submissions from
several other authors on the monitoring and assessment of BTEX in ambient air (Tiwari et al., 2010;
Esmaelnejad et al,, 2015; Tehrani et al., 2020). From literature search however, few documented
reports on the assessment of benzene and criteria pollutants from refinery were obtained
(Edokpolo et al., 2014; B. S. Fakinle et al., 2021). Dearth of reported information on the investiga-
tion of TEX (toluene, ethyl benzene) from petroleum refineries is a driving force behind this study.

As part of research efforts to assess the impacts of various anthropogenic activities on ambient
air quality, coupled with scarce documented information on the contribution of refineries to local
atmospheric pollution load across Nigeria, there is urgent need to investigate emission from these
industrial facilities in order to provide necessary scientific information for environmental sustain-
ability. It is opined that the more the refineries, the more the emissions generated, and the more
dangerous it becomes on health and the environment which may result in degraded air quality of
host environment, hence the need to control the rate of emissions in the refineries. This study aims
at assessing the potential contribution of petroleum refineries to emission of toluene, ethyl
benzene and xylene in Nigeria’s airshed using the emission factor approach. Activities data of
the refineries were combined with the emission factors of different units at the refineries to
estimate the emissions of toluene, ethylbenzene and xylene. The result of the study will provide
information that would help in policy making on how to mitigate the release of these hazardous
pollutants from petroleum refineries.

2. METHODOLOGY

2.1. Study area

Nigeria is one of the most populous countries in West Africa sub-region, having about 400 ethnic
groups and 500 languages. Nigeria is the eighth largest producers of oil among the Organization of
Petroleum Exporting Countries (OPEC). Although, the country is classified into six geopolitical
zones, based on similarity in culture, history and ethnicity (B.S. Fakinle et al., 2017), it could also
be broadly divided into northern and southern regions with each region having different number of
states. Apart from one of the existing refineries which is located in the northern part of Nigeria, all
the other three existing petroleum refineries and twenty-two proposed are located in the southern
part of the country (Figure 1) possibly because of the large availability of deposit of crude oil in the
region. The refineries’ names, location (including longitude and latitude), capacity and year of
production are as obtained from B. S. Fakinle et al. (2021).

2.2. Estimation of TEX emissions

Using the method described by Sonibare et al. (2007) and subsequently utilized by B. S. Fakinle et
al. (2021), emission factors of various units within the refineries were combined with the activities
of the refineries to quantify the rate of emission of toluene, ethylbenzene and xylene (WHO, 2005).
Following the procedure presented in Figure 2, the approach involves preparation of detailed
emission inventory using the information on the activities of the refineries as contained in the
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Figure 1. Map of the study area
showing the existing and pro-
posed petroleum refineries.

N
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Figure 2. Flowchart showing
procedure for estimating TEX
emission rate.

Identification of activities/ processes/ equipment that emait the
pollutants of concern (TEX) at the refinery

Collection of the activities data for both existing and proposed
refinery from the Department of Petroleum Eesources to
ascertain the capacity of the refineries

h 4
Collection of emission factors of different unit within the
refineries.

k4

Estimation of pollutants” emission rate from the process
egquipment’ units using equation 2 (assuming no-control-
measure)

h 4
Summation of the emission rate of the pollutants from all the unit/
process equipment each refinery

Page 5 of 22



Odekanle et al., Cogent Engineering (2021), 8: 1947007 ‘;K;' Cogent Y= g | nee ri N g

https://doi.org/10.1080/23311916.2021.1947007

documented reports of the Department of Petroleum Resources [(Department of Petroleum
Resource (DPR), 2001; Department of Petroleum Resource DPR, 2004; Department of Petroleum
Resource DPR, 2010) as well as information on the emission factors of different units at the
refineries (RTL: Research Triangle Institute, 2015) to estimate toluene, ethyl benzene and xylene
(TEX) emission as follows:

Emission rate (E) (ton/annum) =

(100 — D)

PQ 100

where P = annual operating rate of the refinery; Q = emission factor (kg/unit)

D = % control efficiency, since there was absence of information on the level of efficiency of the
control devices, control efficiency was assumed to be zero (Mulenga & Siziya, 2019; B. S. Fakinle et
al., 2021). Therefore, Eq. (1) becomes:

Emission rate (E) (ton/annum) = PQ(2)

At each of the refinery, processes, equipment and activities from where the pollutants are
released were identified. This ensured the use of appropriate emission factor and the estimation
of emission rate of each unit or process. The nation’s Department of Petroleum Resources was
then contacted to obtain the activities data of the proposed refineries. This helped to ascertain
individual production capacity. Using the emission factor of each unit obtained from literature, the
emission rates from each process were estimated. Total emissions of the pollutants from the
refineries were determined as the sum of emission from point and area sources Table 1 and 2.

3. Results and discussion

Total estimated emission rates from the four existing refineries were presented in Table 3. The
estimated average emission rates from Kaduna Refining and Petrochemical Company were
1.78 x 10! tons/yr for toluene, 1.62 x 10! tons/yr for ethyl benzene and 3.12 x 10'° tons/yr for
xylene. For Port Harcourt Refinery I, average emission rates of TEX were 1.12 x 10 tons/yr for
toluene, 7.69 x 10'° tons/yr for ethyl benzene and 1.70 x 10'° tons/yr for xylene. For emissions from
Port Harcourt Refinery II, average value of 2.43 x 10! tons/yr was recorded for toluene, 2.21 x 10!
tons/yr for ethyl benzene and 4.26 x 10 tons/yr for xylene. For Warri Refinery, average values of
2.03 x 10 tons/yr for toluene, 1.84 x 10! tons/yr for ethyl benzene and 3.55 x 10%° tons/yr for
xylene were recorded.

From the tables, highest emission rates of toluene, ethylbenzene and xylene were obtained from
Port Harcourt Refinery II, while Port Harcourt Refinery I recorded the lowest emission rates of
these pollutants. This could possibly be attributed to the production capacity of each of the
refineries, with Port Harcourt refinery II having the highest production capacity of 150,000 bbl/
day and Port Harcourt refinery I having the lowest capacity of 60,000 bbl/day. Total of 2.90 x 103
tons of toluene, 1.93 x 10*3 tons of ethylbenzene and 1.06 x 10** tons of xylene are released to
Nigerian’s airshed on annual basis from the existing refineries. Under full operation, the total
estimated TEX emission from the existing refineries stood at 5.89 x 102 tons/year.

Grouping the proposed refineries based on their localization, the emission rates of Amakpe
International Refinery, Chase Wood Consortium Nigeria Limited, Qua Petroleum Refinery Limited
and Resource Refinery and Petrochemical Limited were projected to have mean value of
4.12 x 102 tons/year for toluene, 3.12 x 10'? tons/year for ethylbenzene and 6.42 x 102 tons/
year for xylene. Annual average emission rates of Antonsio Oil, Gasoline Association International
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Refinery, and Total Support Limited were projected to be 3.28 x 102 tons for toluene, 2.48 x 102
ton of ethylbenzene and from 6.05 x 10! tons for xylene.

Emission rates of Clean Water Refinery, NPS Refineries Limited Services, Rivgas Petroleum and
Energy Services as well as Starrex Petroleum Refinery were projected to have mean values of
4.52 x 10" tons/year for toluene, 3.45 x 102 tons/year of ethylbenzene and 8.36 x 10! tons/year
for xylene. Ilaje Refinery and Petrochemical, Ode Aye Refinery Limited and Owena Oil and Gas
Limited- all have the potential of emitting annual average of 5.06 x 102 tons/year of toluene,
3.85 x 102 tons/year of ethylbenzene and 9.36 x 10! tons/year of xylene. Similarly, under no-
control measure, Niger Delta Refinery and Petrochemical as well as Sapele Refinery have capacity
of emitting average of 5.85 x 10'? tons of toluene per year, 4.43 x 10*2 tons of ethylbenzene per
year and 1.08 x 102 tons of xylene per year. Orient Petroleum Resources Limited had the potential
to emit average of 3.21 X 10?2 tons of toluene, 2.44 x 102 tons of ethylbenzene and 5.99 x 10!
xylene annually; Rehoboth Natural Resources had capacity for annual average emission of
7.01 x 10! tons of toluene, 5.31 x 10! ethylbenzene and 1.29 x 10! tons of xylene, while
Union Atlantic Petroleum Refinery has potential for the annual average emission of 5.85 x 102
tons of toluene, 4.44 x 102 tons of ethylbenzene and 1.08 X 102 tons of xylene. Figure 3
illustrates the estimated emission rates of toluene, ethylbenzene and xylene from each of the
twenty-two proposed petroleum refineries.

From the proposed refineries, when fully operational, NPS Refineries Service Limited was pro-
jected to be the highest annual emitter of toluene (7.01 x102 tons/year). The lowest concentration
was projected to come from each of Rehoboth Natural Resources Limited and Total Support
Limited. Similarly, NPS would have the potential of releasing about 5.31 x 10! ethylbenzene to
the ambient air; Amakpe International Refinery, Rehoboth Natural Resources Limited and Total
Support Limited have potential of emitting 5.31 x 10! tons/year each into the atmosphere. Each
of Qual Petroleum Refinery Limited and Resources Refinery and Petrochemical Limited would have
the capacity to release the highest concentration of about 1.24 x 10*2 tons/ year of xylene into the
ambient air, while each of Amakpe International Refinery, Ologobo Refinery Company Nigeria
Limited, Rehoboth Natural Resources Limited and Total Support Limited was expected to emit
lowest concentration of 1.29 x 10! tons/ year.

It was estimated that each of Resources Refinery and Petrochemical Limited and Qua Petroleum
Refinery has the potential of releasing 2.27 x 102 tons of TEX per year, followed by NSP Refineries
and Oil Services Limited which is projected to be capable of releasing 1.36 x 10 '3 annually. Total
support Limited with the proposed capacity of 12,000 bbl/day (4,380,000 bbl/yr) is release a
minimum emission of 1.36 x 10'? tons of TEX per year. Total anticipated TEX emission from the
twenty-two proposed refineries stood at 2.01 x 10 tons/year. Comparatively, the concentrations
reported in this study were much higher than the reported TEX levels in some of the previous
studies (Cerén-Bretén et al., 2014; Iovino et al., 2007; Kerchich & Kerbachi, 2012; Rad et al., 2014).
Similarly, several authors have documented a much lower concentration of TEX compounds in the
atmosphere of different regions (Baltrénas et al., 2011; Esmaelnejad et al., 2015; Esteve-Turrillas et
al., 2007). For instance, Sergio et al. (2012) reported mean concentration of 47.7 ug/m? for toluene,
23.3 pg/m? for ethylbenzene and 61.3 pg/m? for xylene from gas station while similar study by
Mehrjerdi et al. (2014) reported average concentrations of toluene, ethylbenzene and xylene as
148, 667 and 216 pg/m?>, respectively. The lower concentrations of TEX compounds in the previous
studies could be attributed to the emission sources. While the documented studies focused on
emissions from fuel stations, the focus of this study was on emissions from refineries where higher
concentration is expected. It could also be due to the level of implementation of mitigating
measures put in place in the respective nations where the studies were conducted. While the
reported studies were carried out in developed nations where there are strict regulations against
environmental pollutions, this study was carried out in developing nation where air pollution
regulations are more relaxed. Despite, their effects on human health, in Nigeria, there is no
regulation that controls the release of these pollutants into the ambient air. A worst scenario
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Table 2. Estimated ethyl benzene emission (tons/yr) for existing refineries

Warri
Refinery

Port Harcourt
Refinery I

Port Harcourt
Refinery II

Kaduna
Refinery

(125,000 bbl/
dy)

(60,000 bbl/
dy)

(150,000 bbl/
dy)

(110,000 bbl/
dy)

S/No

Process/
equipment

Storage tank

Crude Oil

1.41 x 10!

6.79 x 10%°

1.70 x 10!

1.24 x 10!

Gasoline And
Other Light
Distillates

3.19 x 10*?

1.53 x 10%2

3.83 x 10%?

2.81 x 1012

Diesel Fuel And
Other Middle
Distillates

1.60 x 10%?

7.67 x 10!

1.92 x 10*?

1.41 x 10%?

Asphalt Lube
Oils, And Heavy
Distillers

5.93 x 10%!

2.85 x 10!

7.12 x 101

5.22 x 10!

Aromatics

Boiler and
process Heaters
Firing Fuels

External

Combustion
Natural Gas/
Refinery Gas

2.10 x 108

1.01 x 10°

2.52 x 10°

1.85 x 10°

External
Combustion
Crude oil/
Pipeline

External
Combustion
Residual Fuel Oil
(No.2 Oil)

5.57 x 10*

2.67 x 10%

6.68 x 10*

4.90 x 10*

External
Combustion
Distillate Fuel Oil
(No.2 Oil)

Combustion
Engines Firing
Various Fuels

Diesel, 0, < 13%

1.64 x 107

Diesel, O, > 13%

2.54 x 107

Diesel, O, not
specified

2.61 x 107

Natural Gas/
Field Gas, Lean
(2-Stroke)

1.46 x 107

6.09 x 107

1.75 x 107

1.28 x 107

Natural Gas/
Field Gas, Lean
(4-Stroke)

5.02 x 10°

2.61 x 107

6.02 x 10°

442 x 108

Natural Gas/
Field Gas, Rich
(4-Stroke)

2.74 x 10°

3.55 x 107

3.29 x 108

2.41 x 108

Turbines Firing
Various Fuels

(Continued)
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Table 2. (Continued)

Warri Port Harcourt | Port Harcourt Kaduna
Refinery Refinery I Refinery II Refinery
(125,000 bbl/ | (60,000 bbl/ | (150,000 bbl/ | (110,000 bbl/
dy) dy) dy) dy)
S/No Process/
equipment
Distillate Oil, 0 0 0 0
Type not
specified
Natural Gas, 4.24 x 10° 8.28 x 10° 5.09 x 10° 3.73 x 10°
Type not
specified
Natural Gas/ 0 1.02 x 10’ 0 0
Refinery Fuel
Gas/Liquefied
Petroleum Gas,
Duct Burners
Natural Gas/ 0 1.97 x 107 0 0
Refinery Fuel
Gas/Liquefied
Petroleum Gas,
No Duct Burners
5 CCU Catalyst 5.48 x 10° 3.83 x 10%° 6.57 x 10° 4.82 x 10°
Regenerator
6 CRU Catalyst 0 1.05 x 10° 0 0
Regeneration
Vent
7 Flare 9.130 1.53 x 102 1.10 x 10 8.030
8 Diesel Fired 0 2.60 x 107 0 0
Emergency
Engines
9 Delayed coking 6.62 x 10* 3.46 x 10* 7.94 x 10* 5.82 x 10*
unit
10 Controlled Coke 0 1.02 x 107 0 0
Calcining
11 Effluents 9.58 x 10°! 3.550 1.150 8.43 x 10°!
12 Diesel
Combustion
Factor
external 1.92 x 10? 2.02 x 10° 2.30 x 107 1.69 x 107
combustion
internal 1.04 x 10* 4.84 x 10* 1.25 x 10* 9.19 x 10°
combustion
13 Crude/ 1.20 x 107 2.13 x 10° 1.43 x 107 1.05 x 107
Atmospheric
Distillation
14 Vacuum 2.82 x 10° 6.77 x 10* 3.38 x 10° 2.48 x 10°
distillation
15 Coking 9.17 x 10° 4.40 x 10° 1.10 x 107 8.07 x 10°
16 Hydrocracking 1.90 x 107 2.37 x 10° 2.28 x 107 1.67 x 107
17 Catalytic 2.32 x 107 3.72 x 108 2.79 x 107 2.04 x 107
cracking/FCCU
18 Catalytic 1.22 x 108 1.32 x 107 1.47 x 108 1.08 x 108
reforming/CRU
(Continued)
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Warri Port Harcourt | Port Harcourt Kaduna
Refinery Refinery I Refinery II Refinery
(125,000 bbl/ | (60,000 bbl/ | (150,000 bbl/ | (110,000 bbl/
dy) dy) dy) v dy)
S/No Process/
equipment

19 Hydrotreating/ 1.20 x 107 1.25 x 10° 1.43 x 107 1.05 x 107

Hydrode

sulfurization
20 Alkylation 1.41 x 107 0 1.69 x 10’ 1.24 x 10’
21 Isomerization 424 x 10° 0 5.09 x 108 3.73 x 108
22 Polymerization 4.05 x 10° 0 0
23 Controlled

Asphalt Blowing

With Blow Cycle 1.07 x 108 0 1.29 x 108 9.43 x 107

and Thermal

Oxidizer

Without Blow 9.53 x 107 0 1.14 x 108 8.38 x 107

Cycle and

Thermal

Oxidixer
24 Loading 5.00 x 10°? 3.24 x 10°? 6.00 x 10°? 4.40 x 10°!
25 Cooling tower 3.250 6.000 3.900 2.860
26 Wastewater 9.95 x 10° 1.91 x 107 1.19 x 107 8.75 x 108

TOTAL 5.53 x 102 2.69 x 10'? 6.64 x 10'? 4.87 x 10'?

case adopted in this study could also be responsible for the elevated concentrations of these
pollutants. It would be expected that under adequate control strategy, much lower concentration
could be recorded. Apart from this, emission sources being focused in this study differed from the
pollution sources assed by previous studies. While this study estimated emission from refinery;
many of the previous studies focused on the estimation of the concentrations of these pollutants
from other manufacturing industries and vehicular and manufacturing industries sources. It has
been reported that toluene, ethylbenzene and xylene concentrations present in refineries are
generally higher than typical outdoor air levels (Pourfarzi et al., 2016). The difference in TEX levels
reported in different cities around the world can be attributed to differences in fuel quality and
their BTEX content, traffic, variety of industries, different atmospheric conditions, and topography,
among other factors

These variations observed from one refinery to the other in this study could be associated to
the level of the release of these pollutants from the identified sources (units) from each
refinery. Also, since emission rate is proportional to the installed capacity, the variation could
also be explained in terms of different capacity of the individual refineries which is consequen-
tial on the amount of these pollutants being released. The most affected state with possibility
of highest exposure to TEX is Rivers State which hosts six refineries (existing and four pro-
posed), followed by Akwa Ibom with four proposed refineries while other states with one
refinery each are least affected by TEX emission. Calculated ambient TEX concentrations of
the criteria pollutants emitted by the proposed and existing refineries revealed toluene and
xylene as being the highest and lowest respectively. Accumulation of TEX in the atmosphere is
thought to be a function of their atmospheric lifetime and this is considered to favour toluene
which is a comparatively less reactive species (due to its longer atmospheric lifetime). It has
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Table 3. Estimated xylene emission (tons/yr) for existing refineries

Warri
Refinery

Port Harcourt
Refinery I

Port Harcourt
Refinery II

Kaduna
Refinery

(125,000 bbl/
dy)

(60,000 bbl/
dy)

(150,000 bbl/
dy)

(110,000 bbl/
dy)

S/No

Process/
Equipment

Storage tank

Crude Oil

3.65 x 10'°

1.75 x 10%°

438 x 10%°

3.21 x 10%°

Gasoline And
Other Light
Distillates

7.07 x 101!

3.39 x 10"

8.49 x 10!

6.22 x 10"

Diesel Fuel And
Other Middle
Distillates

411 x 101

1.97 x 101!

4.93 x 101

3.61 x 10!

Asphalt Lube Oils,
And Heavy
Distillers

1.21 x 10%*

5.80 x 10%°

1.45 x 10!

1.06 x 10!

Aromatics

Boiler and process
Heaters Firing
Fuels

External

Combustion
Natural Gas/
Refinery Gas

3.31 x 10°

1.59 x 108

3.97 x 10°

2.91 x 10°

External
Combustion Crude
oil/Pipeline

3.83 x 10°

1.84 x 10°

4.60 x 10°

3.37 x 10°

External
Combustion
Residual Fuel Oil
(No.2 Oil)

External
Combustion
Distillate Fuel Oil
(No.2 Oil)

Combustion
Engines Firing
Various Fuels

Diesel, 02 < 13%

2.51 x 10’

1.20 x 10’

3.01 x 107

2.21 x 107

Diesel, 02 > 13%

3.42 x 107

1.64 x 107

411 x 107

3.01 x 107

Diesel, 02 not
specified

3.83 x 107

1.84 x 107

4.60 x 107

3.37 x 107

Natural Gas/Field
Gas, Lean (2-
Stroke)

3.56 x 107

1.71 x 107

427 x 107

3.13 x 107

Natural Gas/Field
Gas, Lean (4-
Stroke)

2.37 x 107

1.14 x 107

2.85 x 107

2.09 x 107

Natural Gas/Field
Gas, Rich (4-
Stroke)

2.65 x 10’

1.27 x 10’

3.18 x 107

2.33 x 107

Turbines Firing
Various Fuels

Distillate Oil, Type
not specified

(Continued)
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Warri Port Harcourt | Port Harcourt Kaduna
Refinery Refinery I Refinery II Refinery
(125,000 bbl/ | (60,000 bbl/ | (150,000 bbl/ | (110,000 bbl/
dy) dy) dy) dy)
S/No Process/
Equipment
Natural Gas, Type 8.49 x 108 4.07 x 10° 1.02 x 107 7.47 x 108
not specified
Natural Gas/ 4.89 x 107 2.35 x 107 5.87 x 10’ 430 x 107
Refinery Fuel Gas/
Liquefied
Petroleum Gas,
Duct Burners
Natural Gas/ 1.02 x 10® 4.89 x 107 1.22 x 108 8.97 x 107
Refinery Fuel Gas/
Liquefied
Petroleum Gas, No
Duct Burners
5 CCU Catalyst 7.30 x 10%° 3.50 x 10%° 8.76 x 10'° 6.42 x 10'°
Regenerator
6 CRU Catalyst 1.60 x 10° 7.67 x 10* 1.92 x 10° 1.41 x 10°
Regeneration Vent
Flare 2.74 x 102 1.31 x 102 3.29 x 10? 2.41 x 107
8 Diesel Fired 0 0 0 0
Emergency
Engines
9 Delayed coking 5.34 x 10° 2.56 x 10° 6.41 x 10° 4.70 x 10°
unit
10 Controlled Coke 1.72 x 107 8.26 x 10° 2.06 x 107 1.51 x 107
Calcining
11 Effluents 1.12 x 10 5.370 1.34 x 10 9.840
12 Diesel Combustion
Factor
external 1.53 x 10° 7.36 x 10? 1.84 x 10° 1.35 x 10°
combustion
internal 4,06 x 10" 1.95 x 10* 4.87 x 10* 3.57 x 10*
combustion
13 Crude/ 1.41 x 107 6.77 x 10° 1.69 x 10’ 1.24 x 10’
Atmospheric
Distillation
14 Vacuum 2.82 x 10° 1.35 x 10° 338 x 10° 2.48 x 10°
distillation
15 Coking 9.17 x 10° 4.40 x 10° 1.10 x 107 8.07 x 10°
16 Hydrocracking 1.90 x 10’ 9.13 x 10° 2.28 x 10’ 1.67 x 10’
17 Catalytic cracking/ 3.45 x 107 1.66 x 107 414 x 107 3.04 x 107
FCcU
18 Catalytic 1.24 x 108 5.95 x 10’ 1.49 x 108 1.09 x 108
reforming/CRU
19 Hydrotreating/ 1.34 x 107 6.42 x 108 1.60 x 10’ 1.18 x 10’
Hydrode
sulfurization
20 Alkylation 5.48 x 10° 2.63 x 10° 6.57 x 10° 4.82 x 10°
21 Isomerization 1.05 x 10° 5.04 x 10° 1.26 x 10° 9.23 x 10°
22 Polymerization 1.27 x 107 6.09 x 10° 1.52 x 10’ 1.12 x 107
(Continued)

Page 17 of 22



Odekanle et al., Cogent Engineering (2021), 8: 1947007
https://doi.org/10.1080/23311916.2021.1947007

<X cogent.-engineering

Table 3. (Continued)

Warri Port Harcourt | Port Harcourt Kaduna
Refinery Refinery I Refinery II Refinery
(125,000 bbl/ | (60,000 bbl/ | (150,000 bbl/ | (110,000 bbl/
dy) dy) dy) dy)
S/No Process/
Equipment

23 Controlled Asphalt

Blowing

With Blow Cycle 1.07 x 108 5.14 x 107 1.29 x 108 9.43 x 107

and Thermal

Oxidizer

Without Blow 9.53 x 107 4.57 x 107 1.14 x 108 8.38 x 107

Cycle and Thermal

Oxidixer
24 Loading 1.88 x 10°! 9.00 x 1002 2.25 x 10°? 1.65 x 10°!
25 Cooling tower 1.25 x 10 6.000 1.50 x 10 1.10 x 10

been reported that the atmospheric lifetime of toluene, ethyl benzene, m-xylene, p-xylene, o-
xylene are 1.9 days, 1.6 days, 11.8 hr, 19.4 hr and 20.3 hr respectively (Monod et al., 2001). The
implication is that there will be continuous accumulation of toluene and ethyl benzene in the
airshed of the refineries host states due to their longer lifetime. Effects of closeness to
petroleum refineries on ambient concentrations of benzene, toluene, ethyl benzene and xylene
have been reported by (Na et al., 2001) and it is expected that ambient concentration of these
pollutants will decrease as the emissions from petroleum industries reduce (Kajihara et al.,,
2003).

Apart from the fact that, the present measures to combat the release of these pollutants
into the atmosphere are considered inadequate, it is also projected that the growth rate in
petroleum refining capacity in Nigeria would increase in the future which would amount to
increase in the levels of pollutants being emitted from the refining operation. It is therefore
extremely important to map out more stringent regulatory and technologically driven mea-
sures that can be applied, with acceptable level of capital investment to bring about absolute
reduction in the emission of pollutants to the environment from refineries. Some of the
measures may include introduction of basically new refining processes, improved units and
equipment, and advanced methods for organizing production (Damian, 2013), improvement in
the crude oil pretreatment method before processing, the use of larger tank for storage of
crude oil and petroleum products, with the installation of floating roofs. Also, avoidance of
leakages and cracks from valves, pipes and tanks must be ensured; discharge of pressure relief
valves into treatment equipment should be put in place and the effect of the construction of
combination of units for several processes in a single process block should not be under-
estimated (Damian, 2013). Deployment of Internet of Thing (IoT) solution could also be helpful
in air emission monitoring and abatement process. Several IoT devices and attached sensors
are mounted at the refineries, periodically collect emission data from the facilities and send
the data to IoT cloud. This can help Environmental Protection Agency to identify pollution
hotspots; shape and develop policy and decision making as well as enhancing transparency in
sharing air quality data. On the overall, government agencies responsible for environmental
issues must not only enact laws that prohibit emission of pollutants above threshold limits,
compliance with the laws guidelines and regulation must be enforced even on refining
operators.
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4. Conclusion

Total emission of toluene, ethyl benzene and xylene (TEX) from Nigerian twenty-six (four existing and
twenty-two proposed) refineries were estimated using emission factor approach. Results showed that
the four existing refineries emitted a total of 2.90 x 102 tons of Toluene, 1.93 x 103 tons Ethyl
benzene and 1.06 x 102 tons of xylene per year while the twenty-two proposed refineries have the
capacity of releasing 9.17 x 103 tons of Toluene, 6.96 x 10 tons of Ethyl benzene and 3.95 x 103
tons of Xylene annually. When operated at full capacity, the total estimated TEX emission from the
existing refineries stood at 5.89 x 103 tons/year apart from additional 2.01 X 10 tons/year antici-
pated from the twenty-two proposed refineries. This implies that 2.27 x 10 tons of TEX will be
released into Nigerian airshed yearly from petroleum refineries. This is thought to be of great
magnitude and the consequence could be devastating on ambient air quality of the host commu-
nities. Implementation of control measures for the abatement of this emission is therefore advocated.
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