Natural Resources, 2013, 4, 341-348

3% Scientific
http://dx.doi.org/10.4236/nr.2013.44041 Published Online August 2013 (http://www.scirp.org/journal/nr)

#%% Research

The Effect of Gas Production, Utilization, and Flaring on
the Economic Growth of Nigeria

Ikechukwu A. Diugwu?®, Mukalia A. ljaiya?, Musa Mohammed®, Ashem E. Egila®

'Project Management Technology Department, Federal University of Technology, Minna, Nigeria; “Department of Entrepreneurship
and Business Studies, Federal University of Technology, Minna, Nigeria.
Email: i.diugwu@aim.com, i.diugwu@futminna.edu.ng

Received May 7%, 2013; revised June 16", 2013; accepted June 29", 2013

Copyright © 2013 Ikechukwu A. Diugwu et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

The extent to which a country develops is anchored around its resources; and this is evidenced in how the revenue de-
rived from natural resources (especially the oil and gas industries) has influenced national development strategies. This
notwithstanding, the existence of natural resources does not always translate to development, as these often times lead
to complacency and mismanagement; Nigeria may have suffered from this. This paper establishes the impact of gas
production, utilization, and flaring on the estimated monetary value of the goods and services produced in Nigeria
(GDP), using multiple linear regression analysis. The result shows that while gas utilization has a positive impact on the
nation’s GDP, gas production and flaring are negatively associated with GDP. The paper concludes that for these to
positively stimulate economic growth, there is need to invest more in infrastructure in the industry, and review the

regulatory framework guiding operations of the oil and gas industry.
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1. Introduction

The strategies of many countries are often woven around,
and influenced by available resources such as mineral
deposits, oil and natural gas. In view of this, [1] con-
cludes that the presence of natural resources (especially
oil and gas) plays an important role in national develop-
ment strategy. This notwithstanding, the existence of
natural resources does not always translate to develop-
ment—a situation that may have influenced certain views.
Michael Ross [2], for example, propounded the resource
curse theory, a theory which perhaps substantiates the
view that while growth rates in resource-rich countries
seem stagnated, there are signs of rapid growth in re-
source-poor countries [3-5]. Although many reasons have
been adduced for this [6-8], the authors of this paper
identify with the view that the inability of resource in-
dustries to stimulate growth cannot be totally divorced
from the predominance of the resource extraction Indus-
try by foreign multinationals who choose to repatriate
their profits instead of (re)investing them locally [9,10].
There is also a suggestion of a positive association be-
tween resource extraction and breakdown in law and
order [2,11]. This may, perhaps be the reason why in Ni-
geria, no meaningful progress has been made in reducing
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the frequency and level of oil spill incidences, poor re-
mediation and clean up of the environment, illegal oil
exploration and refining, among others.

In spite of these observations, in Nigeria for instance,
there seems to be a determination to correct the perceived
imbalances in the management of the oil and gas sector.
For example, rather than allow the flaring of associated
gas, the Nigerian National Petroleum Corporation (NNPC)
hopes to transform Nigeria into a leading Liquefied
Natural Gas (LNG) producing and utilization nation [12]
by commercializing Nigeria’s abundant gas reserves and
promoting a viable LNG industry. The comment by Mrs
Diezani Alison-Madueke (Nigeria’s Minister of Petro-
leum Resources), that Nigeria intends to reduce flared
gas from the current 7% to 2% by 2017 [13] corroborates
this desire. This is a laudable vision as better exploitation
of natural gas resources, especially those under utilized
in West Africa, is seen as a significant way to satisfy the
world’s increasing natural gas demand, which has been
projected to grow by 1.9% annually, reaching 4700 bil-
lion cubic metres (BCM) in 2030, and account for 24.4%
of expected energy consumption [14,15]. However, this
vision can only be realized if established management
principles and procedures are adopted. First, those
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assets and capabilities that could enhance the efficiency
and effectiveness of adopted development strategies need
to be identified [16]. This is because some resources may
actually prevent some valuable strategies from being
conceived and implemented [17]. Michael Porter’s works
[18-21] are good sources of information on the relation-
ship between resources and sustainable development/
competitive advantage.

In view of the above, this paper intends to contribute
towards the oil and gas development strategy of the Fed-
eral Government of Nigeria through a systematic analysis
of gas production, utilization, and flaring. It shall go fur-
ther to make a case for better regulation and management
of the gas sector of the oil and gas industry as a way of
maximizing its potentials. Although, there have been ear-
lier studies of gas flaring in Nigeria, they are fundamen-
tally different from this. For instance, [22] attempted an
assessment of the economic cost of gas flaring in Nigeria
between 1965 and 2008, but did not quantify this in
monetary terms, perhaps the only language known to
public (political) office holders in Nigeria. Another study
by [23] looked at the contributions of major oil compa-
nies to the overall gas flaring activity in Nigeria, while
[24] on the other hand, studied the relationship among
gas flaring, transportation and sustainable energy devel-
opment in the Niger-Delta region of Nigeria.

2. Literature Review

2.1. Natural Gas Resource in Nigeria

Nigeria boasts of substantial natural gas reserve that is
estimated to be even greater than her oil reserve [25]. It
could be seen from Table 1 below that as at the end of

Table 1. Nigeria’s natural gas proved reserves and produc-
tion at the end of 2011.

Proved reserves Gas production

R/P  Billion cubic Share of
ratio metres (bcm)  total

Trillion Share
cubic metres of total

Algeria 45 22% 577 78.0 2.4%
Egypt 22 1.1% 357 613 1.9%
Libya 1.5 0.7% : 4.1 0.1%

Nigeria 5.1 2.5% ) 39.9 1.2%

Other Africa 12 0.6%  63.4 19.4 0.6%

Total Africa 14.5 70% 717 202.7 6.2%

Total World 280.4 100.0% 63.6 3276.2 100%

"More than 100 years; Notes: Proved reserves of oil—Generally taken to be
those quantities that geological and engineering information indicates with
reasonable certainty can be recovered in the future from known reservoirs
under existing economic and operating conditions; Reserves-to-production
(R/P) ratio—If the reserves remaining at the end of any year are divided by
the production in that year, the result is the length of time that those remain-
ing reserves would last if production were to continue at that rate. Source:
[26].
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2011, the proved natural gas reserve of Nigeria is esti-
mated to be about 5.1 trillion cubic metres; about 2.5%
of the 208.4 trillion cubic metres of world proven natural
gas reserves, and reserves-to-production (R/P) ratio of
more than 100 years [26].

In spite of the estimated gas potentials, both anecdotal
and empirical evidences suggest that the potentials from
the level of resource endowment have not been maxi-
mally exploited. It could be seen from the data presented
in Table 1 that while Nigeria has the highest proved gas
reserves in Africa, it is placed a distant third in terms of
gas production. The inability to maximise our gas reserve
potentials could partly be blamed on gas flaring activity.
Gas flaring, which is the combustion of associated gas
produced with crude oil or from gas fields [27], has been
discussed extensively in existing literature. Associated
gas is the raw natural gas (usually a mixture of methane
and other hydrocarbons) that emerges from oil wells [28].

2.2. Gas flaring in Nigeria: A Comparison with
Global Trend

There seems to be a level of uncertainty about the actual
volume of gas flared globally. This is perhaps due to lack
of monitoring equipment and limited oversight [29], as
well as the inability of many countries to publicly report
gas flaring volumes [30].

Farina [29], for instance, suggests a global annual gas
flare volume of 120 to 200 BCM, while [31] gives a fig-
ure between 140 to 170 BCM. Again, GGFR [32] esti-
mates that about 146 BCM of natural gas is flared glob-
ally every year, GGFR [33] notes that in 2011, a lower
volume of 140 BCM of natural gas was flared globally.
Figure 1 below shows the volume of gas flared globally
from 1994 to 2011 as estimated by the Defense Mete-
orological Satellite Program (DMSP) [34].

A significant inference to be drawn from [34] is that
gas glaring is not evenly spread but concentrated in a
small number of countries; with the top two gas flaring
countries (Russia and Nigeria) accounting for about 40%
of global gas flare and the top twenty countries account-
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Figure 1. DMSP global estimates of flared gas volume
(Source: [34]).
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ing for about 85% of total global gas flare [31].

The impression created by the figure above confirms
the view that Nigeria has, perhaps, one of the worst rates
of gas flaring in the world [35], having flared about 76%
of her natural gas in 2002 [36], and 60% in 2006 [37].
These flare data are an accumulation of the 2.5 billion
cubic feet of gas that is flared per day, amounting to an
estimated 2.5 billion US dollars yearly revenue loss [38].
These data can be placed within the context of Figure 2
below which shows Nigeria’s natural gas production,
utilization and flaring trend between 2002 and 2011.

2.3. Major Motivators of Gas Flaring

While gas flaring could be carried out as a precautionary
measure on oil exploration and production fields/plat-
forms, unregulated flaring could have disastrous conse-
quences. Gas flaring occurs due to several reasons. In the
views of [40], it could be due to safety reasons wherein
gas is flared in order to relief pressure on the system in
cases of emergency or during maintenance; or as part of
quality assurance procedure during well tests or start-ups
of new installations, where gas is flared until gas with the
required properties (for transportation or re-use) is ob-
tained. Reference [31] believes that a major reason for
continued gas flaring is the dearth of infrastructure which
makes it impossible to commoditize the gas. This cate-
gory of continuous flaring represents the largest quanti-
ties. Specifically with respect to Nigeria, [41] suggests
that gas flaring has continued because of limited number
of reservoirs suitable for gas reinjection/storage, the cost
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of developing major and inter-connecting network of gas
pipelines, low technological and industrial base for en-
ergy consumption in the country, limited regional and
international gas market, as well as inadequate fiscal and
gas pricing policies to encourage investment. It has been
noted that the dearth of infrastructure results in the flar-
ing of approximately 76% of associated gas in Nigeria,
compared 8% in Alberta, Canada [42,43]. Some other
sources present an economic perspective to gas flaring,
observing that it oil companies may find it cheaper to pay
fines (often viewed as insignificant by the oil companies)
that may be levied on them for flaring gas, than finance
the re-injection of the gas back into the oil wells [44].

2.4. Economic and Environmental Implications
of Gas Flaring

There are no doubts about the environmental, health and
economic implications of gas flaring. An instance of this
is the observation by [29] that gas flaring leads to envi-
ronmental degradation, which impacts significantly on
local populations, with a high likelihood of loss of live-
lihood and severe health issues. The soot and carbon
monoxide resulting from the incomplete combustion of
associated natural gas contribute to air pollution [45].
Again, according to [28], associated gas flaring releases
carbon dioxide (CO;) and carbon monoxide (CO), along-
side other pollutants such as volatile organic compounds
(VOC) into the atmosphere. And these pollutants lead to
premature death, respiratory illnesses, cancers, asthma
attacks among others [46].
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Figure 2. Ten year trend of natural gas utilization, production, and flaring in Nigeria (Source: [39]).
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It is estimated that about $3 billion is lost annually
through gas flaring in sub-Saharan Africa [47]. Equally,
the energy resource wasted in Nigeria alone is equivalent
to 45% of the energy requirements of France [48]. The
World Bank [49] highlights how the volume of flared
natural gas could help boost electricity generation. Gas
flaring contributes to global warming by emitting green-
house gas and carbon dioxide equivalent (CO, e) into the
atmosphere [29,31,50]. In Nigeria, an estimated 35 mil-
lion and 12 million tons of carbon dioxide (CO,) and
methane (CH4) respectively, acknowledged as global
warming inducing substances, are released into the atmo-
sphere [42,51].

2.5. Utilization of Flared Gas

The above statistics and their attendant consequences
notwithstanding, the argument has not been whether as-
sociated gas should be flared at all, but rather how best to
effectively utilize associated natural gas and or regulate
its disposal. There is a business case for proper harness-
ing and adequate utilization of associated natural gas, as
it can be a source of huge foreign exchange [52]. Off-
shore associated gas could be treated, recovered and
economically utilized in power generation [53]. This
view is supported by the outcome of the study by [54]
which suggests that substantial amount of money could
be saved if conventional fuel and energy were to be sub-
stituted with natural gas. This could also reduce the level
of loss reported by [47].

3. Materials and Method
3.1. Data Sources

The results presented here were derived from data ob-
tained from secondary sources. The data on gross domes-
tic product (GDP), and the capital stock (K) measured by
the gross capital formation (GCF) were obtained from
the National Bureau of Statistics data portal. The data
used for labour stock (L) were the total labour force data
of Nigeria, obtained from the World Banks World De-
velopment Index (WDI) database. Nigeria’s gas produc-
tion, utilization, and flaring data were obtained from the
Nigeria National Petroleum Corporation’s (NNPC) sta-
tistical bulletins.

3.2. Model Specification

This study assesses the influence of the volume of gas
flared on the economic growth of Nigeria (GDP in this
instance) using an econometric analysis based on the
Cobb-Douglas non-linear production function built
around gas production and utilization. The model is thus
used in estimating the impact of these components on
Nigeria’s economic growth. The model is an independent
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and additive one, relating economic growth with compo-
nents of gas production (GASP) and gas utilization
(GASU). The essence of this model is to determine, si-
multaneously, the relative weights of each component—
gas production and gas utilization—on improved eco-
nomic growth in Nigeria, using gross domestic product
(GDP) as proxy. Emphasis is placed on whether gas
production and utilization has a significant impact on
economic growth of Nigeria. Against this background,
the model is formulated using the Cobb and Douglas [55]
version of the production function, which according to
[56] is popular in applied research because it is easier to
handle mathematically. The production function in its
general form is purely technological in relation to quanti-
ties of inputs and outputs. The production function in the
neo-classical growth model is given as:

0=f(K.L) o)

where Q = output (amount); K = capital input; L = La-
bour input.

The above was expanded and transformed by [55] to
yield the Cobb-Douglas production function shown be-
low:

Q=4AKI" . )
Disembodying capital from Equation (2) above yields;
0=AK"K I/ 1, 3)

where Q is the output; 4 is the technical efficiency (or
coefficient of production); K, is the gas production and
utilization; K is the capital inputs proxied by the nation’s
gross capital formation.

Disaggregating Equation (3) above yields

0= AKS"KS KK . )

In view of the fact that the Cobb-Douglas production
function exhibits a non-linear relationship, it would be
more appropriate to work with the logarithms of the va-
riables during the transformation process of estimation.
~InQ =Ind+a,, K, +a,K, +a,K; +a,InK, + SInL +

®)
where InQ = log output proxied by the nation’s GDP; In4
is the log of technical efficiency (or coefficient of pro-
duction); K, is the volume of gas produced; K, is the
volume of gas utilised; K3 is the volume of gas flared;
InK; is the log of capital inputs; InL is the log of labour
input; a;; - a3 are the estimation parameters associated
with the influence of gas production and utilisation on
economic growth in Nigeria; o, and f are the estimation
parameters associated with the influence of capital and
labour on economic growth in Nigeria; u is the distur-
bance term.

The a-priori expectation regarding the relationship
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among the independent variables (K, Ki», Ki3, K, L)
and the dependent variable (GDP) is that

K, >0,K,>0,K,<0,K,>0,L>0. That is, all coef-
ficients, with the exception of gas flaring, are expected to
positively impact on the economic performance of Nige-
ria.

In estimating the model, a multiple regression analysis
is used in order to reflect the explanatory nature of the
variance; while verification of the validity of the model
was based on two major evaluation criteria:

1) The a-priori expectation criterion which is based on
the signs and magnitude of the coefficients of the
variables under investigation, and.

2) Statistical criteria which are based on statistical the-
ory, which in other records is referred to as the first
order least square (OLS) consisting of R-square (R?),
F-statistic and #-test. The R* is concerned with the
overall explanatory power of the analysis and the
t-test is used to test the significant contribution of the
independent variable on the dependent variables [57,
58].

4. Results and Discussion

The summary of the result of the regression analysis car-
ried is presented in Table 2 (see Appendices 1 and 2 for
details of data used and result obtained respectively).

The regression result with an R” value of 0.99, shows a
good fit, suggestive that 99% variation in the dependent
(endogenous) variable (GDP) is explained by the ex-
planatory (exogenous) variables (gas produced, gas util-
ized and gas flared), while the error term takes care of
the remaining 1% (which are the variables in the study
that cannot be included in the model because of certain
qualitative features). The computed F-statistic value of
59.36, which is greater than the tabulated F-statistic
value of 2.58 at 5% level of significance, indicates a
negative relationship between economic growth and gas
flaring in Nigeria. Furthermore, a Prob (F-statistic) value
of 0.00763 shows that the regression equation has some
degree of validity in fitting the data; in order words, the
independent (exogenous) variables are not purely random
with respect to the dependent (endogenous) variables.

A consideration of the coefficients and associated ¢-
values shown in Table 2 shows an agreement with the
a-priori expectations in all the variables except that of
gas produced (GASP) and capital (K). It could then be
concluded that gas flaring has a negative impact on the
economic growth of Nigeria. Again, gas production in
Nigeria could be said to be statistically insignificant to
her economic growth. This outcome is not surprising be-
cause, as pointed out earlier, although Nigeria’s 5.1 tril-
lion cubic metres of proved gas reserves is the highest in
Africa, she produces only 39.9 billion cubic metres of
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Table 2. Summary of regression result.

Explanatory variable Coefficient t-value”
Intercept (C) —2.2622501 —0.141347
Gas produced (K1) —0.072858 —3.190343
Gas utilized (K2) 0.569982 5.737055
Gas flared (K3) —0.741172 —5.241819
Capital (K3) —0.197278 —0.961307
Labour (L) 2.174711 1.654497
F-statistic 59.36894
Prob (F-statistic) 0.000763
R 0.99

*statistically significant at 5% level of.

gas, placing her third behind Algeria with 78.0 billion
cubic metres and Egypt with about 61.3 billion cubic
metres. Indeed, a similar conclusion was drawn by [59]
who concluded that “:--gas production in Nigeria at this
current state is not economically or socially worthwhile.
That is, it is not profitable to the society.” While this may
sound absurd, it should be seen more from the inability to
put gas produced to productive use, and less from the
volume of gas produced.

5. Conclusion and Recommendations

The practice of flaring gas and its implication(s) on Nige-
ria’s economic growth and stability has been considered
within the traditional resource management viewpoint.
The study has been empirically underpinned using a mul-
tiple linear regression analysis which established that gas
production and flaring impact negatively on the eco-
nomic growth of Nigeria, thus corroborating the “re-
source curse” arguments. In the light of this outcome,
there is a need to turn this threat/weakness (gas flaring)
and opportunity (gas production) into an economic
strength.

In the light of the above findings, there is a need to
improve on the gas production capacity of Nigeria, while
reducing the volume of gas flared to its barest minimum.
Consequently, the Federal Government of Nigeria,
through its organs and agents, is advised to:

1) Construct more reservoirs suitable for gas re-injec-
tion and storage.

2) Expand local and regional gas networks, so as to fa-
cilitate improved local consumption of gas produced.

3) Establish adequate fiscal/gas pricing policies as a
way of improving/encouraging investments in the
gas sub-sector of the oil and gas market.

4) Strengthen existing legal framework so that it could
be at par with international standards; Specifically,
there is need to re-visit the existing punishment pre-

NR



346

(18]
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scribed for indiscriminate gas flaring and other asso-
ciated practices in the oil and gas industry as these
have not been effective.
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Appendix 1. Raw Data Used.

ok

Hhx

Year Gross Domfstic Gross Ce'lpit*al Total Labour Force™ Gas Produced”™ Gas Utilised Gas Flared
Product Formation (MSCF) (MSCF) (MSCF)
2010 477,532,990,000 5,171,050,000 50280306.59 1,828,541,855 983,562,969 844,978,386
2009 527,576,030,000 3,793,110,000 48851361.02 2,082,283,189 1,195,742,993 886,540,196
2008 561,931,400,000 2,785,200,000 47558,734.52 2,093,628,859 1,282,313,082 811,315,777
2007 595,821,610,000 2,449,450,000 46221549.94 2,182,432,084 1,378,770,261 803,661,823
2006 634,251,100,000 2,438,120,000 45002451.22 2,415,649,041 1,655,960,315 759,688,726
2005 672,202,550,000 2,021,220,000 43729560.06 2,287,547,344 1,668,148,489 619,398,854
2004 718,977,330,000 1,941,780,000 42561456.66 1,837,278,307 1,327,926,402 509,351,905
2003 776,332,210,000 1,480,700,000 41795634.41 2,392,838,898 1,811,270,545 581,568,354
2002 834,000,830,000 1,282,980,000 40959413.36 240,040,288 1,781,370,022 619,032,858
2001 356,994,260,000 1,149,930,000 40133163.65 1,824,683,025 910,835,428 913,847,597

ok

Sources of data: ‘[60]; “[61]); “[39, 62]; " Authors’ computation.

Appendix 2. Result of Regression.
log(gdp)=-2.26—-0.197log( gcf )+ 2.17log(lab) - 0.0729log ( gasp ) + 0.570log ( gasu ) — 0.741log ( gasf')

Dependent Variable: LOG(GDP)

Method: Least Squares
Date: 04/05/13 Time: 11:11
Sample: 2001 2010

Included observations: 10

Variable Coefficient Std. Error t-Statistic Prob.

C —2.262501 15.96155 —0.141747 0.8941
LOG(GCF) —0.197278 0.205218 -0.961307 0.3908
LOG(LAB) 2.174711 1.314424 1.654497 0.1734
LOG(GASP) —0.072858 0.022837 —3.190343 0.0332
LOG(GASU) 0.569982 0.099351 5.737055 0.0046
LOG(GASF) —0.741172 0.141396 —5.241819 0.0063

R-squared 0.986704 Mean dependent var 27.11903
Adjusted R-squared 0.970084 S.D. dependent var 0.250804
S.E. of regression 0.043379 Akaike info criterion —3.153952
Sum squared resid 0.007527 Schwarz criterion —2.972401
Log likelihood 21.76976 F-statistic 59.36894
Durbin-Watson stat 2.672549 Prob (F-statistic) 0.000763
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