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Abstract

This study is undertaken to-ray the need to optimise gas reserve in Nigerictoate
a more robust and sustainable economy for futurengeation. Gas reserves in Niger
is estimated in the region of 187TCF and this repoffiemed that 7.1 billion SCF/day
is produced daily and a volume of 3.4 billion SClRAdis utilised averagely while 3
billion SCF/day may have been flared. Also discusse this work is the importanc
of local content policy which is pivotal to gas devetoent in any modern society. Th
work is conceptualised as part of -going efforts to promote inclusiveness in oil a
gas industry in Nigerii.
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1.0 Introduction

Gas reserve in Nigeria has been reported to beeinvélume of 182 trillion cubic fe¢q1] which place Nigeria as a hu
producer of Natural gas among oil producing coest(Table 1). Various auth(2, 3]have reported enormous potential
Natural gas as a future energy use in view ofésuparities. Tts has resulted in the need to optimise the cugasireserv:
in Nigeria for future generation. Gas flaring hamsistently been a drawback to gas growth and epann Nigeria a:
volume of gas flared in Nigeria is reported in thage of 42.6% of tt produced gas[4, 5T his estinate is considerably high
for a developing country like Nigeria as enormoas @ still in high demand in other area of theneeoy. Crude oil reser's
are reported to be in the barrel of 36.5billion agab reserves is predicted to surpass the curedue if adequate gas
exploration is intensified. Figure 1 shows globaéry demand and utilization in key sector of vasi@nergy sources. s
clearly seen from the Figure 1 that Natural gaoanted for 24% of energy supply and this is a fapadtur from the
untapped potential from gas as many au[6, 7]have reported that gas may likely take the ceriigesin search of clean
and sustainable energy.
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Fig.1. Global energy utilization as at 2012. Adpted from Nwaoha, C and Woaod, D.A
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Table 1: Potential energy reserves in Nigeria as at 2005.

Energy source Reserve

Crude 36.7 billion barrels

Natural gas 187.44TCF

Tar sand 30 billion barrel of oil equivalent

Over 400 billion tonnes
11235MW
13,071,464ha

61 million tonnes/year
83 million tonnes/yr.
Solar radiation 3.4-7.4 kWh/nday
Wind 2-4m/s at 10m height

Coal and lignite
Large hydropower
Fuel wood

Animal waste
Crop residue

Source: Nigeria energy master plan, Energy commissionigéNa, 2007

Table 1 clearly shows that gas in Nigeria may epdaube the last resort for government to explarét as still the most
abundant resource among the natural resourcesfl@ary appears to be most ravaging phenomenon hwbid across
developing and developed countries[4]. In a repelgased by World Bank in 2004 on the top twenty figring countries in
the world, countries like United States, Russit fetatured prominently on the list which call fgreater synergy among the
oil producing countries and oil company to devedoglear-cut plan to mitigate gas flaring. Althougk release gave USA
absolute clean bill of health in terms of volumardld. It is generally believed the world can achiegro gas flaring [8, 9].
Table 2 presents volume and percentage of gasdfiaresome of the gas producing countries with Naem the high
pedestal. This study clearly showed that 90% offgasluced in Nigeria is flared and this is a neitgsbat needed urgent
and pragmatic solution[4, 10].

Table 2 Volume of gas production and percentage flared

Country Volume of gas Gas flaring(BCM) Percentage left for
production(BCM) domestic utilization
Nigeria 56.4 24.1 57.4
Russia 640 14.9 97.3
Iran 152.5 13.3 91.3
Iraq 114 8.6 24.6
Angola 8.5 6.8 20
Venezuela 57.8 5.4 90.7
Qatar 57.6 4.5 92
Algeria 186 4.3 98
Indonesia 88.9 3.7 96
Equatorial Guinea 3.8 3.6 5
USA 664.2 2.8 99.6
Kuwait 15.1 2.7 82
Kazakhstan 26 2.7 90
Libya 20 25 87
Azerbaijan 5.8 2.5 57
Mexico 45 1.5 97
United kingdom 95 1.6 98
Brazil 18 1.5 92
Gabon 2.1 1.4 33
Congo 8 1.2 87

Source Energy international Administration report, 2008ote: the value was calculated by the author.

In light of the abovgas flaring activities are causing Nigeria greabreenic loss as the country has not met domestic
demand in terms of manufacturing and energy geieraDomestic and local industrial demand of gastiooies to receive
little or no attention and this gas shortfall cong to hamper on economy growth in Nigeria. Keyusides are being
deprived gas to run operations which ultimatelyeetffemployment generation among the youth. In artggresented by
Department of petroleum resources which are predantTable 3, attempts were made to asses fuagegmand in various
key industrial sectors in Nigeria and the analygseye presented as shown in Table 3. To furtherdssgteffective gas
utilisation, Oseni [11] emphasised the need tovesjate energy sector through gas integration. Gaglg is instrumental to
energy need and many authors have equally affirmetthis direction. Oyedepo [12] was critical in egye concept as
evidenced in his view on fundamental element omagsble development. The author identified enexgypne of the most
pressing issues among cardinal objective of millemrdevelopment goal (MDG).
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Table 3: Nigeria gas consumption (mmsc

Utilization Year 2000 Year 2010 Year 2020
power 225 1390 3770
Cement 25 82 275
Fertilizer 70 80 172
Aluminium 15 39 102

Iron and steel 02 15 129
Others 86 200 358

Total 423 1806 4806

Source: Department of Petroleum Resources, Nii

Table 4 also illustrated natural gas productionNigeria between 19¢-2002 and various techniques employed by

companies to contain gas due to rmmailability of framework to convey gas for consunhbenefit. This concept furth

bring to fore some dposal method that are detrimental to human surviMany researcher[13, 14 had criticised re-
injection of gas as detrimental and should be distananced. Associated gas seemed to be the hibast this category

gas are continuously flared due to the cost invbivets separati[15].

Table 4 Natural gas production and utilization in Nigeagat 199-20023°

Designation Quantity (million m°)

1998 1999 2000 2001 2002
Net production (annual)
Associated gas 200002 19341 21961 24053 2342¢
Non-associated gas 11747 11359 12898 14127 1376(
Disposition(annual)
Re-injection 4200 4000 4000 4000 4253
Domestic market 5900 1000 6510 6780 6220
Exported(LNG) - 5950 5950 8900 8900
Shrinkage 750 900 1200 1700 200
Flaring 20,900 18,850 17200 18800 1560

"Source: NigeriamNational Petroleum Company(NNF

2.0  Environmental Concerns and Associated Ris

According to Anejionu et al. [16]Gas flaring in Niger Delta is taking toll cagricultural investment in oil producing ar
The authors developed a series of geospatial témfies and modelling methods to assess the imgaait pollution in the
domain of gas flaring area in order to ascertaivirenmental impact of gas on hun health and animals. Preliming
evaluation showed that gas flaring is the majoiseanf pollution in the area and this could furttvrsen the economic a
lifespan of human race in the affected area.lnn@lai vein, some authc[17-19]have called on Nigerian government
declare Niger Delta a disaster zone in view ohitge neglect in terms of replenishing the naturtiiais in dire need «
attention in Niger delta and active participatidrath may sive the oil rich area from imminent and looming dandn Fig.
2, a clear illustration of onshore gas flaring isgented and from all indication, this scenarieesy close to farm ar. One
can imagine what the aftermath effect.

Fig. 2: Gas Flaring at onshore field location in Rumuekpe, Rivers State.
Adapted from [16]

Ajayi [20] had affirmed Nigeria as the leading country in §agng as shown in Fig.3. Nigeria is believed t® ftaring
completely all the associated gas and this portdadger to gas development architecture in Ni. Government had
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earlier developedstringent compliance to zero tginf) as at December 20:and the effort has not seen the light of
day[21] Associated gas contains carbon and hydrogen whikéy element to the formation of hydrocarbon pratessing
this particular content has been reported to balyigxpensive in terms of cost and transportattmough pipeline[14].
Among African countries that currently in the busines®ibf Nigeria appeared to have relaxed effective framework ant
legislation to mitigate this scourge. Studies hslvewr that oil producing areas are worst affected andiaily grounded a
daily oil spillage and environmental degradatiosckmmned. Some of these environmental issue are sx&n discussed ar
analysed by Giwa et al. [7].

3.0 Natural Gas Optimising Theory for Sustanable Future.

Sonibare and Akeredolu [22jpd reported the need to completely eliminate gam§ in upstream petroleum sector in |
Niger Delta. There is currently energy deficit imgBria and gas is consequentially being fl[12]. This author predicated
his position on the fact that area of natural gssge has not been fully explored and most of tdesties need to k
adapted and conditioned in a way that gas developmeNigeria will be enccraged in a market driven economy. Ga
reported to be in reserve of 4 trillionamd many autho[15, 23] have predicted that this source of energy needse
diversified to create more jobs for the teemingtiiaaf Nigeria.Table 5 below depicts an average%friatural gas curren
being used in homes which is a far cry from enarggd in Nigeria. Petrcum product seemed to have overtaken gz
Nigeria and the environmental impact of petroleundpct has been studied extensivelyTassolet al. [24].

Table 5. Energy source and percent utilization. AdaptedfOyedepo [12].

Type Average % of total
2002 2003 2004 2005 2006 2007 Average
Coal 0.03 0.03 0.03 0.03 0.05 0.05 0.037(insignificant)
Hydro 11.93 1420 17.39 12.04 17.03 23.90 16.08
Natural 2.84 1.9 454 55 7.52 8.73 5.17
as
I%etroleum 85.20 83.87 78.04 82.45 75.44 67.32 78.72
Products

Another scenario is presented in Table 6below wdfiokw: daily production of natural gas in the range offillion CF/day
and a huge volume of 3.4 billion SCF/day is consaiaeeragely while 3.7 billion SCF/day may have bitamec[9].
Table 6: Existing sources of energy in Nigeria. AdaptezhfiOyedepo [12].

SIN Resource type Reserve Production Domestic utilizatio
Natural unit: Energy units

1 Crude oil 36 billion 4.76 2.5 million 445,000 barrels/di
barrel: barrels/day

2 Natural gas 187 trillion 4.32 7.1 billion 3.4 billion SCF/da
SCF SCF/day

3 Coal and lignite 2.734billion 1.92 - -
tonne:

4 Tar sand 31 billion 4.22 - -
barrels of
equivalen

5 Large hydropower 11,250MW 1.11 1938MW 167.4 millionMWh/da’
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Wolde-Rufael [25] has presented a model which impsahe earlier theory represented as TY versigheoGranger non-
causality test, for VAR(2), (k=1and,g=1),we estimate the followingsystemequations

LYt LYt—l LYI—Z
L Et Ao+ Aql L Et—l +Ay| L Et—z
L K t L K t-1 LK t-2
LL, Ll LL..

This equation is 4 by 4 matrices of coefficienig#4; and A. This can be used to test the hypothesis optigitie gas
reserves with the coefficients highlighted earlier.

4.0 Bridging the Gap Through Local Content Policy

Ovadia [8] has thrown his weight behind local cobteolicy which according to him encourages pubketicipation in the

oil and gas industries. According to Levett et [@6], there is urgent need for communities to imgoin oil and gas
development which may promote inclusiveness andadriction that is currently ravaging Niger Dettammunities. In

Nigeria, natural resources are seen as a sole nyopeFederal government and attentions are nad fraoperation and
processing of these resources by the concerned uoaoities. Oil communities in Niger Delta are curtgrin penury and

precarious situation which is against internatiob@s$t practises. This concept has further aggrdvgds development in
Nigeria on a number of reasons [15]. Most of th&tiveness in part of Nigeria is reported to be aesalt of non-active
participation of youth in resource management. Lammntent policy could foster a new relationshiptvieen the oil

communities and oil companies if fully adopted ilg&tia. This idea has been widely reported in méteydtures[27, 28]and
some of the problems currently battling gas groimtiNigeria are presented in Table belowwhich ordipanay not be

relevant if local content policy is fully operatiized in Nigeria.

Table 7: Challenges confronting gas growth in Nigeria.

Operational reasons Economic and social factors icPahd Law issues

Absence of Pipeline framework Low market pricedas Complete monopoly of gas
transportation by government

Inefficient metering / gauge Potential marketers are not easily Metering and gauges for gas are

system reached. not harmonised.

Cost of constructing pipeline Penalty on gas flaring are not Laws are ambiguous and need to

architecture is highly expensive. enforced and most often overtakerbe harmonised.
by political interference.
High operational cost including  Lack of incentives for compliance. Communal uphédua to lack

cost of maintaining expatriate. of inclusiveness.
Underdeveloped gas and less Lack of proper awareness on Complete absence of local content
return on gas market. usage of gas by the public policy.

5.0 Conclusion

This research gives a glooming picture of gasritasituation in Nigeria and its consequential ircgiion. Many literatures
have equally reported similar issue about gasniggim Nigeria but this research clearly definedc#pepolicy that should be
embarking upon by government to discourage gamdlairhe author also noted that drastic actiontbdse taken to avert a
looming disaster as illustrated in some of the ades presented. Gas flaring has been reportech@®bthe contributing
factor to ozone depletion and ultimately global mverg. Farming and source of livelihood of oil prethg communities are
continuously being eroded as a result of gas figwhich needed pragmatic solution.

6.0  Acknowledgement

The author wishes to be grateful to Nigerian NatldPetroleum Company and also Department of Petmole@esources for
the data cited in this research. Appreciation a@ises to the Olabisi Onabanjo University for thetfplan to conduct this
research. Also important in this study is the arghof many literatures that have provided usefébrimation that have
formed the basis of the study and findings.

7.0 References

[1] C. Nwaoha and D. A. Wood, "A review of the i#ltion and monetization of Nigeria's natural gasources:
Current realities,Journal of Natural Gas Science and Engineering, vol. 18, pp. 412-432, 5// 2014.
[2] M. J. Economides and D. A. Wood, "The statenafural gas,'Journal of Natural Gas Science and Engineering,

vol. 1, pp. 1-13, 2009.

Journal of the Nigerian Association of Mathematic&hysics Volume 33, (January, 2016), 463 — 468
467



[3]
[4]
[5]
[6]
[7]
(8]
9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

(28]

Optimising Gas Reserve in... Adekomaya Jof NAMP

D. T. Leather, A. Bahadori, C. Nwaoha, and D.\Wood, "A review of Australia's natural gas resms and their
exploitation,"Journal of Natural Gas Science and Engineering, vol. 10, pp. 68-88, 2013.

E. K. Ogunleye, "Natural resource abundancHigeria: From dependence to developmeRgeSources Policy, vol.
33, pp. 168-174, 9// 2008.

I. Onwukwe Stanley, "Gas-to-Liquid technolod@rospect for natural gas utilization in Nigeridgurnal of Natural
Gas Science and Engineering, vol. 1, pp. 190-194, 12// 2009.

I. K. Maji, "Does clean energy contributes tmaomic growth? Evidence from Nigerid&hergy Reports, vol. 1, pp.
145-150, 11// 2015.

S. O. Giwa, O. O. Adama, and O. O. Akinyemia4&line black carbon emissions for gas flarindhenNliger Delta
region of Nigeria,"Journal of Natural Gas Science and Engineering, vol. 20, pp. 373-379, 9// 2014.

J. S. Ovadia, "Local content and natural reseugovernance: The cases of Angola and Nigefibg'Extractive
Industries and Society, vol. 1, pp. 137-146, 11// 2014.

M. Shaaban and J. O. Petinrin, "Renewable gnpajentials in Nigeria: Meeting rural energy neéd@newable
and Sustainable Energy Reviews, vol. 29, pp. 72-84, 1// 2014.

C. A. Odumugbo, "Natural gas utilisation ingétia: Challenges and opportunitie3gurnal of Natural Gas Science
and Engineering, vol. 2, pp. 310-316, 12// 2010.

M. O. Oseni, "Improving households’ accesslectricity and energy consumption pattern in NiegeRenewable
energy alternative Renewable and Sustainable Energy Reviews, vol. 16, pp. 3967-3974, 8// 2012.

S. O. Oyedepo, "Towards achieving energy fastainable development in NigeridRenewable and Sustainable
Energy Reviews, vol. 34, pp. 255-272, 6// 2014.

E. Friedrich and C. Trois, "Quantification gfeenhouse gas emissions from waste managemergspesc for
municipalities — A comparative review focusing ofti¢a," Waste Management, vol. 31, pp. 1585-1596, 7// 2011.
J.-M. Burniaux and J. Chateau, "Greenhousegjasitigation potential and economic efficiency pdfasing-out
fossil fuel subsidies,I'nternational Economics, vol. 140, pp. 71-88, 12// 2014.

J. S. P. Loe and O. Ladehaug, "Reducing ga#nfi in Russia: Gloomy outlook in times of econorimisecurity,”
Energy Policy, vol. 50, pp. 507-517, 11// 2012.

O. C. D. Anegjionu, J. D. Whyatt, G. A. Blackiny and C. S. Price, "Contributions of gas flaringa global air
pollution hotspot: Spatial and temporal variationgpacts and alleviation Atmospheric Environment, vol. 118, pp.
184-193, 10// 2015.

G. Marland and R. M. Rotty, "Carbon dioxideissions from fossil fuels: a procedure for estimatand results for
1950-1982,'Tellus B, vol. 36, 1984.

D. M. Leahey, K. Preston, and M. Strosher, édfetical and observational assessments of fldteiegfcies,"
Journal of the Air & Waste Management Association, vol. 51, pp. 1610-1616, 2001.

M. R. Johnson and A. R. Coderre, "Compositiand greenhouse gas emission factors of flaredvantkd gas in
the Western Canadian Sedimentary Basinyrnal of the Air & Waste Management Association, vol. 62, pp. 992-
1002, 2012.

0. O. Ajayi, "Sustainable energy developmemd anvironmental protection: Implication for sektstates in West
Africa," Renewable and Sustainable Energy Reviews, vol. 26, pp. 532-539, 10// 2013.

C. Igwenagu, "Principal component analysisgidbal warming with respect to CO2 emission in Nigean
exploratory study,Asian Journal of Mathematics and Satistics, vol. 4, pp. 71-80, 2011.

J. A. Sonibare and F. A. Akeredolu, "Naturakglomestic market development for total elimimatbroutine flares
in Nigeria's upstream petroleum operatiois)ergy Policy, vol. 34, pp. 743-753, 4// 2006.

A. M. Homssi, "Flaring Reduction and EmissiokBnimization at Q-Chem," inProceedings of the 3rd Gas
Processing Symposium. vol. 3, A. A. Benyahia, Ed., ed Oxford: Elsevi2f12, pp. 58-63.

S. A. Tassou, G. De-Lille, and Y. T. Ge, "Fowdnsport refrigeration — Approaches to reducegneonsumption
and environmental impacts of road transpakpplied Thermal Engineering, vol. 29, pp. 1467-1477, 6// 2009.

Y. Wolde-Rufael, "Energy consumption and eami® growth: The experience of African countries isded,"
Energy Economics, vol. 31, pp. 217-224, 3// 2009.

M. Levett, A. E. Chandler, T. Patterson, andMC Savoy, "Maximizing Development of Local Conteacross
Industry Sectors in Emerging Market€énter for Srategic and International Studies, 2012.

M. J. Economides and D. A. Wood, "The statenafural gas,Journal of Natural Gas Science and Engineering,
vol. 1, pp. 1-13, 7// 2009.

V. D. Dragomir, "The disclosure of industrigfeenhouse gas emissions: a critical assessmenbrpbrate
sustainability reports,Journal of Cleaner Production, vol. 29-30, pp. 222-237, 7// 2012

Journal of the Nigerian Association of Mathematic&thysics Volume 33, (January, 2016), 463 — 468
468



