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Diesel inventory of emitting sources. This study estimated the emission of CO;
Emission Inventory from the consumption of premium motor spirit (PMS) and automotive
Gasoline gas oil (AGO), two principal refined petroleum products used in
Global Warming. Nigeria using an emission factor technique. Ten years consumption

data of PMS and AGO were deployed for the study. The study revealed
that anthropogenic CO, from the consumption of refined petroleum
products is on the increase in the country with the largest proportion
of the emissions happening in the South-West and South-South regions
of the country. As of 2014, the percentage increases in annual national
CO; emissions from consumption of PMS and AGO had risen by
246.77% and 375.70% of their year 2012 values. Given the global
concerns on the implementation of an emission reduction programme
for greenhouse gases, the study concluded that Nigeria needs to muster
political will in formulating and implementing policies that will result
in the reduction of CO, emissions.

1. INTRODUCTION

Nigeria depends primarily on conventional fossil-based energy sources for power generation,
transportation, industrial utilities, domestic cooking among other things (Okedere et al., 2021). In recent
times, the demand for these products has increased tremendously owing to a rapid increase in population.
Based on information from Nigeria’s National Bureau of Statistics (NBS), the number of registered motor
vehicles increased by 3.4% between 2017 and 2018. Roughly 700,000 additional drivers’ licenses were
issued in 2018, hence, the upsurge in the consumption of refined petroleum products (NBS, 2019). Other
features of the transportation system in the country include the huge deployment of heavy-duty haulage
trucks as well as proliferation of motorcycles and tricycles which have been reported to be up to 8 million
(Fakinle et al., 2013; Premium Times, 2014; Okedere et al., 2021). This huge number logically translates
to increase in demand for fuel. Other factors include industrial growth, an increase in the number of small
and medium businesses as well as domestic energy needs with heavy reliance on power utilities such as
diesel and small gasoline generators (Okedere et al., 2021; Okedere and Oyelami, 2021). The near absolute
dependence on the conventional fossil by industries, small business owners and households is predicated
on the non-reliability of supply of electricity from the countries national grid (Sonibare, 2010; Okedere et
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al., 2021). According to reports from Nigeria National Petroleum Corporation (NNPC) and the Department
of Petroleum Resources, two major refined petroleum products that are heavily in use in Nigeria include
premium motor spirit (PMS) and automotive gas oil (AGO). Based on these reports, the consumption of
PMS and AGO has increased tremendously over the past decade. The consumption of these products is
associated with the emission of air pollutants and greenhouse gases.

Greenhouse gases (GHG) (CO., CH., N-O) among others are excellent heat trappers and have been noted
to play vital roles in the atmospheric processes leading to climate change (Okedere and Oyelami, 2021).
Notable manifestations of climate change include global warming, melting of glacial ice, rise in sea levels,
floods and drought. These factors affect the social and environmental determinants of health such as
availability of clean air, safe drinking water, food abundance and housing security. Consequently, they have
the tendencies to slow down the drive towards attainment of the sustainable development goals through the
aggravation of food insecurity.

Carbon dioxide (CO) is the leading GHG in terms of atmospheric chemistry leading to global warming
(Okedere and Oyelami, 2021). Presently, there are several on-going efforts aimed at addressing the issue
of global warming and climate change and these efforts are geared towards reducing the anthropogenic
emissions of GHGs among which is CO,. The concept of global warming is closely associated with the
greenhouse effect. When visible light, ultraviolet and infra-red radiations from the sun reach the earth, a
considerable fraction is returned to space by reflection. About 70% is taken by oceans, land and atmosphere
which become heated up. Thermal radiation in the form of infra-red is therefore released back into the space
by these hot bodies. This interchange of incoming and outgoing radiations that warm earth is termed the
greenhouse effect (Lallanilla, 2015). However, GHGs being generated from all sorts of sources are dumped
into the atmosphere. The layers of these gases are getting thicker by the unabated release of these pollutants.
While radiations from the sun pass through this thick layer of gases, weaker infra-red thermal radiations
are unable to escape to the atmosphere. The continuous build of thermal energy in this manner will cause
excess heat on the earth which is regarded as global warming.

The atmospheric levels of GHGs have been reported to be on the increase globally and a major contributor
has been the heavy reliance on the consumption of fossil-based fuels (Okedere et al., 2021). Nigeria as a
signatory to the global treaties and protocols on the emission of GHGs and climate change needs to evolve
practical approaches for the management of these gases. One positive step in this direction is the
development of a robust emission inventory for sources of these gases to quantify them and subsequently
implement an emission reduction programme. The emission inventory technique offers a simplified and
reliable approach for the quantification of emission rates of pollutants from sources based on source activity
and emission factors. Presently, information on the emission inventory of GHGs is not sufficient in Nigeria.
The present study therefore, seeks to quantify the emission rates of CO, from consumption of key refined
petroleum products such as PMS and AGO.

2. METHODOLOGY

Brief description of the study area

The study area (Nigeria) has a population of about 200 million people occupying a land area of 923,768
square kilometer. It is located in West Africa and is delineated by the Niger Republic and the Atlantic Ocean
in the North and South, respectively. The west and east boundaries are shared with the Republic of Benin
and Cameroun, respectively. The country comprises States that are further categorized into six geopolitical
zones which include the North-West (NW), North-Central (NC), North- East (NE), South-West (SW),
South-East (SE) and the South-South (SS). Nigeria is rich in oil and gas reserves, having the largest
petroleum industry on the African Continent. The oil is chiefly situated in the Niger Delta Region of the
country which comprises mainly the SS States and partly SW. A huge proportion of the refined petroleum
products consumed in the country are imported with only a little fraction refined locally. Figure 1 presents
a map of Nigeria which shows the States and the six Regions.
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Figure 1: Map of Nigeria showing the different zones

Determination of CO; emitted from consumption of PMS and AGO

Quantification of CO emitted from the consumption of PMS and AGO in Nigeria was achieved by the
emission factor approach. The emission factors of CO, from PMS and AGO were obtained from the Units
and Conversion Fact Sheet of Massachusetts Institute of Technology Energy Club (MIT, 2007) as
summarized in Table 1. These were combined with annual fuel consumptions (inventory of PMS and AGO)
which were obtained from the Annual Statistical Bulletin of the NNPC (NNPC, 2016) as presented in Table
2 and Table 3. The emission rate of CO, was calculated as:

L. . li
co, ( on ) = Emission factor (to—n) X Annual fuel consumption ( e ) @
annum litre annum

Table 1: Emission Factors of CO; from PMS and AGO
Emission Factor

Ib/gal Ib/mmBtu
PMS 19.56 156.4
AGO 22.38 161.4

MIT (2007)
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3. RESULTS AND DISCUSSION

The yearly estimates of CO; from consumption of PMS and AGO in the six regions of Nigeria between
2001 and 2014 are presented in Tables 4 and 5, respectively. Across the regions, CO, emissions from
consumption of PMS (Table 4) ranged between 493 — 7295 ktons/year, 13748 - 7674 kton/year, 443 — 8462
ktons/year, 852 — 9839 kton/year, 440 — 7318 ktons/year, 406 — 6318 ktons/year, 446 — 5266 kton/year,
2363 — 12361 kton/year and 2771 - 13916 ton/year for years 2001, 2002, 2003, 2005, 2009, 2010, 2011,
2012, 2013 and 2014, respectively. Between 2001 and 2005, the least annual CO. emissions from
consumption of PMS were from North — East region of the country while the South- East region contributed
the least annual emissions of CO, between 2009 and 2014. For all the selected years, the maximum CO,
emissions from consumption of PMS were from South — West Nigeria.

The corresponding CO, emissions from consumption of AGO (Table 5) ranged between 346 — 2083
kton/year, 353 — 2813 kton/year, 199 — 1822 kton/year, 132 — 2409 kton/year, 106 — 1377 kton/year, 72 —
1009 kton/year, 69 — 1150 kton/year, 56 — 753 kton/year, 162 — 3765 kton/year, 117 - 4655 ton/year for
years 2001, 2002, 2003, 2005, 2009, 2010, 2011, 2012, 2013 and 2014, respectively. Except for years 2010
and 2011 when the least emissions of CO; due to consumption of AGO in the country were from the South-
East region, the least emissions of CO, were generally from the North-East region of the country. Over the
selected years, maximum CO; emissions from AGO consumption were generally from the South-South
region of Nigeria; although, this trend has now shifted to the South—West in the most recent years.

The pattern of CO emission observed from the consumption of PMS and AGO across the six regions of
Nigeria is associated with the demand for petroleum products occasioned by population and volume of
commercial activities in each region. The South-West Region of the country is the second most populous
region in Nigeria after the North-West and it is the most commercially active centre in the country largely
because of the largest sea ports located in Lagos State which is part of the region. Most of the industries in
Nigeria are also located in the Lagos — Ogun State axis of the country. Although, the availability of
electricity at any instance in any part of the country is not easy to predict, an occasional experience of
stability in electricity supply can influence the pattern of refined petroleum product consumption and
emissions of COa.

A closer look at the available data shows that CO, emission from the consumption of refined petroleum
products in the country has been on the increase since 2013. Figure 2 shows the National trends of CO;
emissions from consumption of PMS and AGO for the ten years investigated. As of 2014, the percentage
increases in annual CO- emissions from consumption of PMS and AGO had risen by 246.77% and 375.70%
of their year 2012 figures, respectively. The seemingly decline in emissions figures of CO- during some of
the years was never due to any intervention to mitigate its emission; rather, it could be due to a combination
of factors such as low income, hike in the price of refined petroleum products and temporary stability in
electricity generation and availability forcing down demand for refined petroleum products.
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Figure 2: Annual Estimated Emissions of CO; from PMS and AGO

4. CONCLUSION

Annual emissions of CO; (the number one GHG) from consumption of PMS and AGO in Nigeria over ten
decades were estimated using the emission factor approach. The study revealed that an increase in
consumption of PMS and AGO in the country has a considerable incremental impact on the annual estimates
of CO; emissions in the country. Among the regions of the country, the South-West and South-South
regions which were the leading consumers of refined petroleum products were observed to contribute to
national emissions of CO, more than any other region. Given the general awareness about CO- as the leading
GHG and the efforts being put in place by various governments; the study concluded that Nigeria needs to
justify her being a signatory to some of the protocols and treaties on GHG and climate change by the
evolvement of CO; emission reduction programme.

References

Fakinle, B. S., Sonibare, J. A. Akeredolu, F. A., Okedere, O. B. and Jimoda, L. A. (2013). Toxicity
Potential of Particulate in the Airshed of Haulage Vehicle Park. Global NEST Journal, 15(4): 466-
473. https://doi.org/10.30955/gn;j.000948

Goshwe, N. Y., Kureve, T. D. and Okeleke, A. (2015). Performance Evaluation of Power in GSM BTS in
Nigeria using PV Solar System. International Journal of Emerging Research in Management and
Technology, 4(8): 14 - 26.

Lallanilla, M. (2015). Greenhouse Gas Emissions: Causes and Sources. www.livescience.com/37821-
greenhouse-gases.html (Accessed in May, 2016)

MIT (2007). Units and conversion fact sheet, Derek supple, MIT Energy Club.
https://web.mit.edu/mit_energy (Accessed in August, 2016).

Newson, C. (2012). Renewable Energy Potential in Nigeria: Low-carbon Approaches to Tackling Nigeria’s
Energy Poverty, The SUNGAS project. www.pubs.iied.org/pdfs/G03512.pdf (Accessed in July
2016)

NBS (2019). Road industry data. https://www.nigerianstat.gov.ng/pdfuploads/ Road_Transport_Data_-
_Q4_2018.pdf. (Accessed 15 January, 2021)

Okedere et al.: Inventory of Greenhouse Gases from Consumption of Key Refined Petroleum Products in
Nigeria 7



Premier Journal of Engineering and Applied Sciences [ B | 4 || E || & | 8

Publication of Nigerian Society of Engineers, Ibadan Branch Vol. 2, No. 4, 2021 /SSN-Z2734-3170

NNPC (2016). Annual Statistical Bulletin, Nigeria National Petroleum  Corporation.
www.nnpcgroup.com/Public Relations/monthlyPerformance.aspx. (Accessed in August, 2016)

Okedere, O. B., Fakinle, B. S. and Sonibare, J. A. (2015). Ground Level Concentrations of Hydrocarbon
Emissions from Diesel Fueled Electric Power Generators. Global NEST Journal, 17(4): 673-681.

Okedere, O. B., Elehinafe, F. B., Oyelami, S. and Ayeni, A. O. (2021). Drivers of Anthropogenic Air
Emission in Nigeria - A Review. Heliyon, 7 e06398. https://doi.org/10.1016/j.heliyon.2021.e06398

Okedere, O. B. and Oyelami, S. (2021). Emission Inventory of Greenhouse Gases and Sustainable Energy
for Mobile Telecommunication Facilities in Nigeria. Environmental Challenges, 4:100203.
https://doi.org/10.1016/j.envc.2021.100203

Premium Times (2014). Nigeria has 8 Million Registered Okada Riders — Association President. By
Premium Times. April 11, 2014. https://www.premiumtimesng.com/news/158562-nigeria-8-
million-registered-okada-riders-association-president.html. (Accessed July, 2021).

Sonibare, J. A. (2010). Air Pollution Implications of Nigeria’s Present Strategy on Improved Electricity
Generation. Energy Policy, 38: 5783-5789.

Okedere et al.: Inventory of Greenhouse Gases from Consumption of Key Refined Petroleum Products in
Nigeria 8



