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ABSTRACT 

Emissions released into the atmosphere from gas flaring in the Niger Delta Region (NDR) of Nigeria have adversely 

affected the environment and well-being of the inhabitants. This present study aimed at employing the emission 

inventory of flared gas in this region to assess the level of achievement of Millennium development goal (MDG) 7 

with respect to sustainable environment. Greenhouse gas (GHG) and black carbon (BC) inventory of the region was 

estimated from gas flared data sourced from Nigeria National Petroleum Corporation using empirical formula and 

emission factors obtained from literature. For the period in view (1990-2014), a total estimate of 1.80 x 109 tons of 

CO2 equivalent (tCO2 e) was released into the atmosphere from the flaring of 555.74 Bcm of gas. Relative 

uncertainty of the emission was between -92.2% and 51.16%. It was observed that the present (2014) quantity of 

emissions has reduced by 49.71% (3.61 x 107tCO2 e) compared to the emissions (7.26 x 107tCO2 e) for the year 

1990. The results showed that MDG-7 on environmental sustainability in the NDR is progressing well with 

considerable emission reduction achieved through increased utilization of gas in the country to reduce the volume 

of gas flared.  

 

Keyword: Emissions inventory; greenhouse gas; black carbon; millennium development goals; Niger Delta; flared 

gas 

 

Nomenclature 

bcm = Billion cubic metretcm = Trillion cubic metre 

tcf = Trillion cubic feetW/m2= Watt per square metre 

km2 = Kilometre square  

mscf = Million standard cubic feet 

mcm = Million cubic metre  

 scf = Standard cubic feet 

tons = Tonnes  

tCO2 e = Tonnes of carbon dioxide equivalent 

GF = Gas flared  

 GP = Gas Produced 

EF = Emission factor 

 HV = Heating value 

BC = Black carbon 

 GHG = Greenhouse gas 

CH4 = Methane  

N2O = Nitrous oxide 

CO2 = Carbon dioxide 

 MW = Molecular weight 

E = Emissions 

® = Registered trademark 

1. INTRODUCTION 

Gas flaring is one of the combustion-related human 

activities that can lead to global warming and climate 

change, hence, it is of local and global concern. The act 

of gas flaring is one of the most demanding and 

important energy and environmental problems 

confronting the world. Atmospheric contaminants 

from gas flaring include oxides of nitrogen, carbon and 

sulphur, particulate matter, hydrocarbons and ash, 

photochemical oxidants, benzapryene, toluene, xylene  

and hydrogen sulphide [1, 2] which are released into 

the atmosphere in large quantities with adverse 

effects on the environment. The quantities of 

emissions from natural gas flaring depend on gas 

production, its composition, and the flare efficiency.  

Nigeria is the sixth largest oil producer in the world 

with the seventh largest gas reserves in the world and 

the largest in Africa and is second only to Russia in gas 

flaring [3]. The Niger Delta is endowed with an 

estimated reserve of about 23 billion barrels of oil and 

183 trillion cubic feet (tcf) of natural gas. Gas flaring 

Nigerian Journal of Technology (NIJOTECH) 

Vol. 35, No. 2, April 2016, pp. 349 – 359 

Copyright© Faculty of Engineering, University of Nigeria, Nsukka,  

Print ISSN: 0331-8443, Electronic ISSN: 2467-8821 
www.nijotech.com 

http://dx.doi.org/10.4314/njt.v35i2.16 

mailto:sologiwa2002@yahoo.com
mailto:collinsnwaokocha@gmail.com
mailto:3%20yomilayeni@gmail.com
http://www.nijotech.com/
http://dx.doi.org/10.4314/njt.v35i2.16


ASSESSMENT OF MILLENNIUM DEVELOPMENT GOAL 7 IN THE NIGER DELTA REGION OF NIGERIA VIA EMISSIONS…,      S. O. Giwa et al 

 

Nigerian Journal of Technology  Vol. 35, No. 2, April 2016          350 

commenced right from the petroleum exploration in 

the Niger Delta region (NDR) of Nigeria in 1956 [4] 

and has been a contentious issue in Nigeria since the 

beginning of commercial exploitation of crude oil in 

the country. It has been reported that the estimated 

amount of gas flared in Nigeria in 2008 was 15.1 

billion cubic metres (bcm) [5]. Gas flaring operation is 

still on-going in Nigeria despite government policies 

and international communities’ pressure to put an end 

to it. Besides the huge annual financial (about US $2.5 

billion) loss for over five decades [6] of gas flaring, the 

environmental impact of this exercise is 

unquantifiable, overwhelming and far reaching.  

Pollution of various types (soil, water, air, light, 

thermal, noise) from gas flaring in the NDR of Nigeria 

have been reported; which has physical, chemical, 

biological, atmospheric and soil effects on the area [2, 

7]. Gas flaring has multifaceted impact on the 

environment, ecosystem, socio-economic and health 

of the residents of the area [2, 4, 8]. Most of the flaring 

take place close to communities and residents living 

near the gas flares complain of respiratory problems, 

skin rashes and eye irritations, as well as damage to 

plants due to acid rain [2, 4, 9]. It kills off crops such 

as cassava, a staple food in many African nations, 

which becomes malformed and rotten. The water 

systems, especially, surface water also become 

polluted and the fish die off. These effects are not only 

harmful for the environment, but impact negatively on 

the communities who farm and eat these fish. Many 

farmers have lost their livelihoods, and communities 

are suffering from lack of food due to the impacts of 

these obnoxious gases emitted through gas flaring 

activities [7]. It has been reported that life expectancy 

in the NDR is about 40 years due to the negative 

impact of gas flaring in the area [8, 10]. The 

aforementioned have impoverished the people of this 

area and have grossly degraded the environment.  

The impact of gas flaring on the global community in 

terms of GHG emissions is substantial due to the 

emission of 260 to 400 million tonnes per year of CO2 

as a result of flaring about 150 bcm of gas [11]. In fact, 

Nigeria’s gas flaring activities account for about 25% 

of Africa’s GHGs [10]. The World Bank estimated that 

Nigeria gas flares contribute about 70 million metric 

tons of carbon dioxide emissions a year [9]. It also 

releases about 12 million tons of CH4, which is known 

to have higher warming potential than CO2 [12, 13]. 

Gas flaring is likely one of the largest sources of Black 

Carbon (BC) emissions from the oil and gas sector. BC 

emissions are caused by incomplete combustion of 

fossil fuels, biofuels and biomass. BC is the most 

strongly light-absorbing component of particulate 

matter (PM). An aerosol rather than a greenhouse gas, 

it is the second largest climate forcer in today’s 

atmosphere, following carbon dioxide with a net 

climate forcing of +1.1 W/m2 [14]. BC’s contribution 

to global warming is approximately 70% of carbon 

dioxide’s contribution. Although, BC remains in the 

atmosphere for only a few days, one gram of BC 

warms the atmosphere several hundred times more 

during its short lifetime than one gram of carbon 

dioxide does during 100 years [7]. BC, as part of PM2.5, 

has adverse impacts on human health, ecosystems, 

climate and visibility. BC particles can penetrate into 

the human body through the lungs with inhalation, 

through the gastrointestinal tract with water and food 

contact, and through skin and mucosa [15]. 

Greenhouse gases (CO2,N2O and CH4) and BC are 

important component of the emissions from gas 

flaring activities. Both contribute significantly to 

global warming which leads to climate change. While 

greenhouse gas (GHG) emissions affect local, regional, 

national and international communities, and it is a 

long-lived climate forcer, the BC emissions affect local, 

regional and national communities, and are mainly a 

short-lived climate forcer. BC has recently been 

reported to have a global warming potential which is 

only second to that of CO2 [14]. BC is known to have a 

considerable effect on the climate, environment and 

public health.  

Millennium Development Goals (MDGs) have been 

perceived as the world biggest promise to mankind, 

especially for Africa as a continent with a benchmark 

of 2015. It was birthed by United Nations as a result of 

series of meeting and conferences held at various 

international for a. MDG is a collection of 

developmental goals and targets committing about 

189 countries and practically all of the world’s main 

multilateral organisations to an unequalled attempt to 

reduce multi-dimensional poverty through global 

partnership. MDG is made of 8 goals supported by 18 

quantifiable targets and 48 indicators through which 

progress can be measured. These goals are to (1) 

eradicate extreme poverty and hunger, (2) achieve 

universal primary education, (3) promote gender 

equality and empower women, (4) reduce child 

mortality, (5) improve maternal health, (6) combat 

HIV/AIDS, malaria, and other diseases, (7) ensure 

environmental sustainability and (8) develop a global 

partnership for development. These praiseworthy 
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goals are expected to be achieved between the years 

1990-2015.  

Nigeria as a member of global committee of nations is 

part of the global race in achieving the MDGs. This led 

to developmental plans such as VISION 2010, NEEDS, 

7-Points Agenda, VISION 20:2020, SURE etc. within 

the framework of MDG to serve as driving force to 

achieve these laudable projects. Several studies on 

MDGs attainment in Nigeria have been carried out 

with most of them reporting on Goals 1 to 6 and 8, and 

few on Goal 7 [16-22]. The focus of MDG 7 is to ensure 

environmental sustainability of which Targets 10 and 

11 are often reported in literature with scarce report 

on Target 9 [17]. Out of the Targets of Goal 7, Target 9 

with indicator 28 (carbon dioxide emissions (per 

capita) and consumption of ozone-depleting 

chlorofluorocarbons) which addresses the issue of 

emission in relation to sustainable environment [22] 

paints the true picture of happenings in the NDR of 

Nigeria as regard gas flaring.  

The main aim of this study is to carry out emission 

inventory and analyses of gas flaring activities in the 

NDR of the Nigeria with the objective of assessing the 

efforts of the Nigerian government in achievement of 

sustainable development through MDGs, especially 

Goal 7. 

 

2. METHODOLOGY 

2.1 Study Area 

The continuous gas flaring activities in the NDR of 

Nigeria is known to contribute significantly to the 

national, continental and global emissions, and 

therefore, the cause for the present study. The NDR 

houses the oil and gas reserves of the country and it is 

the stronghold of the country’s economy and foreign 

exchange earnings for over four decades now. This 

region is the second largest mangrove forest in the 

world and it is famous for its exceptional bio-diversity. 

The NDR of Nigeria comprises of nine States and 185 

Local Government Areas. The States include Delta, 

Rivers, Bayelsa, Imo, Abia, Akwa Ibom, Cross River, 

Edo and Ondo States. The NDR is a great flood plain 

which covers a 25,640 km² of the Nigeria's land mass 

[23] with an estimated regional population of about 

30 million people. It is the largest wetland and 

maintains the third-largest drainage basin in Africa 

[2]. The Niger Delta is an area of global significance for 

biodiversity conservation, due to its unusual 

biodiversity [9, 24]. The area's biodiversity is under 

serious threat due to the rapid rate of environmental 

degradation occasioned by oil and gas exploration 

activities. NDR of Nigeria, the second largest delta in 

the world [25]; has more than 123 gas flaring sites [2].  

 

2.2 Data Collection and Data Processing 

For this present study, the data used were obtained 

from bulletins released on the website of Nigerian 

National Petroleum Corporation (NNPC) for 

information on gas production, gas flared and percent 

gas flared in Nigeria [20, 26-33]. The data collected 

was for a period of 25 years (1990 - 2014). The 

amounts of gas produced and gas flared for 25 years 

were converted from mscf (million standard cubic 

feet) to mcm (million cubic metre) and Microsoft 

Excel (2010) was used to analyse the data. Also, the 

correlation between the volumes of gas produced and 

the volumes of gas flared for the 25-year period was 

calculated and reported. In addition, the total and the 

average yearly volume of gas produced and gas flared 

for period under consideration was estimated. 

 

2.3 Data on Greenhouse Gas and Black Carbon 

Emissions 

Most of the inventories for pollutant emissions were 

estimated using emission factors and activity data 

[34]. Record on the quantity of emissions (GHGs and 

BC) emitted into the atmosphere from gas flaring 

activities in Nigeria is lacking in literature and this is 

part of the objectives of this present study. The data of 

the flared gas gathered from the aforementioned 

source were used to estimate the GHGs (carbon 

dioxide, methane and nitrous oxide) and BC emitted 

for the period of 25 years to study the country's 

progress on environmental sustainability in the Niger 

Delta as part of MDGs. The estimation of each GHG 

was carried out based on empirical method reported 

by the Association of Petroleum Institute (API) for the 

oil and gas industry [25] while that of BC was based 

on emission factor for gas flaring as reported in 

literature in relation to heating volume of natural gas 

of Nigeria origin [36]. 

The equations for estimating emissions from flares 

are: 

E    (GF  molar volume  MW    mass coversion 

 (∑(
mole Hydrocarbon

mole gas
  

 
A mole C

mole Hydrocarbon
 

  
0.98 mole CO formed 

mole C combusted
) 

+
B mole CO 
mole gas

)                                    (1) 
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E    GF  CH  mole fraction   % residual CH  

 
1

molar volume
  MW                   (2) 

 

E    GP   EF                                                              (3) 

 

GHG emissions   ((1  CO  emissions) + (21 

 CH  emissions))  

+  (310   N O emissions)           (4) 

 

Emission factor (BC)  0.0578(H )   2.09          (5) 

 

EB  Emission factor (kg of BC 103m3⁄ )

  GF (m3)                                          (6) 

 

EB (tCO e)  EB  x 900                                                   (7)  

 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠  GHG emissions + EB (tCO e)   (8) 

where:  

E   is the CO2 emissions (kg);E   is theCH4 emissions 

(kg);E    is the N2O emissions (kg); GF is the Gas 

flared (m3);EB  is the Black carbon emissions (kg); 

EB (tCO e) is the Black carbon emissions (tons 

carbon dioxide equivalent); GHG Emissions is the 

Greenhouse gas emissions (tons carbon dioxide 

equivalent); Molar volume is the conversion from 

molar volume to mass (23.685 m3/kgmole); MW   is 

the CO2 molecular weight; Mass conversion is the 

tonne/1000 kg; A is the number of moles of carbon for 

the particular hydrocarbon; B is the moles of CO2 

present in the flared gas stream;% residual CH4 is the 

non-combusted fraction of flared stream; MW    is 

the CH4 molecular weight; GP is the Gas produced 

(m3); EF    is the N2O emission factor; and HV is the 

Heating volume of natural gas. 

It is worth mentioning that the natural gas 

composition of Nigeria origin was employed in this 

work as reported in literature [37]. Heating volume of 

natural gas from Nigeria is 52.46 MJ/m3 (calculated 

from heating value of 37.23 MJ/kg). 

 

2.4 Quantitative Uncertainty Analysis Procedure and 

Methods 

2.4.1 Uncertainty Analysis Procedure 

The first step in the estimation of the uncertainty 

associated with the emissions (total emissions) from 

gas flaring operations in the NDR of Nigeria is the 

compilation and utilization of the volumes of GP and 

GF as the inputs in modelling the outputs (CO2, CH4, 

N2O, BC, GHGs and total emissions). The second step is 

to establish the model, and this involves the use of the 

empirical formulae as provided in Equations (1 - 8) in 

the model. Thus, the most relevant parameters have 

been selected with some of them assumed as fixed 

parameters, which have less uncertainty. For this 

study, EasyFit® 5.6 (evaluation version) was 

employed to fit the input data (GP and GF) into the 

appropriate probability distribution function while 

Analytica® (4.5) software was used for modelling the 

uncertainty of the emission estimate. Thereafter, the 

probability distribution models of the input 

parameters (GP and GF) were developed as model 

inputs. The probability distributions may be empirical, 

parametric or combinations of both. In all, the 

procedure entails having the input models, 

propagations of uncertainty from input parameters to 

model outputs which can be estimated using Monte 

Carlo simulation (MCS) or Latin hypercube sampling 

(LHS) which is a Tier 2 method recommended in2006 

Guidelines for National Greenhouse Gas Inventories 

[38]. Finally, the quantitative or numerical estimates 

of the uncertainty associated with GHGs, BC and total 

emissions resulting from gas flaring were determined.  

 

2.4.2 Methods for Simulating Uncertainty Propagation 

A numerical simulation method, LHS, was used for 

simulating the propagation of probability 

distributions of all inputs using a model based on 

simulated random sampling in this study. Presently, 

both MCS and LHS are the most generally used 

numerical simulation methods. In MCS, a model is run 

repeatedly, using different values for each of the 

uncertain input parameters each time. The values of 

each of the uncertain input parameters are randomly 

generated based on the probability distributions for 

the parameters. In this present work using 

Analytica®, Minimal Standard which is the default 

method was used as random number generator. The 

benefit of using MCS is that it can afford an excellent 

approximation of the output distribution with a 

sufficient sample size. The disadvantage is that it may 

be necessary to use large sample sizes to obtain a 

smooth approximation of the probability distribution 

function. In LHS, the values of each uncertain input are 

not randomly generated. Instead, the probability 

distribution is first divided into ranges of equal 

probability, and then one sample is taken from each 

range [39]. For some applications with a given 

simulation sample size, LHS is a more precise 

numerical simulation method than MCS [39]. In the 

Analytica®, median Latin hypercube is preferred to 
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random Latin hypercube due to its high accuracy that 

is why it is set as the default sampling method. 

 

2.5 Sensitivity Analysis 

Sensitivity analysis is used to identify the major 

sources of the uncertainty from the model inputs. The 

results of the analyses helps the decision-makers in 

confirming the major contributors to the uncertainty 

in the model output, and in deciding where additional 

data collection may be needed in reducing uncertainty 

in the model input. In this study, sensitivity analysis 

was conducted on the input models to ascertain the 

parameter which significantly influence the emission 

of GHGs via flaring of gas. 

 

3. RESULTS AND DISCUSSION 

3.1 Analysis of Gas Produced and Flared  

Figure 1 shows the volume of GP and volume of GF 

from 1990 to 2014.At the start of 1990, the volume of 

GP was 28.43 bcm and this increased gradually to 

59.28 bcm in 2005. This volume of GP is more than 

double the value as at 1990 (Figure 1). A considerable 

increase in the volume of GP was noticed from 2005 to 

2007 with 2007 (84.71 bcm) being the peak of gas 

production for the 25-yearperiod in focus (Figure 1). 

Gas production decreased rapidly from 2007 to 2009 

(64.88 bcm) and then decreased slightly in 2013 to a 

volume of 61.64 bcm with a sharp increase in 2014 

(72.96 bcm). For this period, a yearly average of 

52.02bcmof gas was produced. 

The volume of GF in the year 1990 was 22.40 bcm, 

which was relatively steady between 22.36 bcm in 

1999 and 25.58 bcm in 2006 (Figure 1). For the 

period in view, year 2006 recorded the highest 

amount of GF. A sharp decrease in GF was observed 

from 2006 to 2014 with 2014 recording the lowest 

amount of GF which was 11.27bcm. A difference of 

11.14 bcm was calculated for the volume of GF in 1990 

and 2014, with the period recording an average of 

22.23bcm of GF on yearly basis. Total amount of GP 

and GF for this 25-year duration was 1.30tcm and 

555.74bcm, respectively. This shows that 57.26% of 

the GP was flared. In monetary terms, $58.91 Billion 

($3/1000 scf   $0.106/cm) of gas was burnt up in 

flame in 25 years which translates to annual resource 

wastage of $2.36 Billion. The difference observed 

between the volume of GP and the volume of GF is a 

measure of the volume of gas utilized and this is 

presented in Figure 1. For the period in view, the year 

2014 witnessed the peak of gas utilization and also 

recorded the lowest amount of GF in recent times 

(Figure 1). The correlation between data of GP and GF 

is estimated to be -0.36, which indicates a weak and 

negative relationship between them. Also, the analysis 

of variance test conducted on the data (GP and GF) 

show that they are not statistically equal (Fcritical 

(4.052) <Fobserved (70.982)) with P-value of <<0.001 

at 95% confidence interval. 

 

3.2 Analysis of Emissions from Flared Gas 

The amounts of GHGs and BC emitted through gas 

flaring activities in the NDR of Nigeria were estimated 

for the 25-year period using Equations 1-4 and 5-7, 

respectively. Emission factor of BC was calculated to 

be 0.942 kg of BC/103m3 for gas flaring activities as 

reported in literature [36] and this value is specifically 

for this present study. Figures 2 and 3 show the 

emission values of CO2, CH4 and N2O, and BC and GHGs 

from 1990 to 2014, respectively. 

 

3.2.1 Greenhouse Gases Emissions 

Figure 2shows the amounts of individual GHG emitted 

into the environment from 1990 to 2014. As can be 

noticed in Figure 1 for the volume of GF, the same 

pattern is observed for the amounts of CO2 released 

into the NDR. This is due to the linear relationship 

between the volume of GF and the quantity of CO2 

emitted as expressed in Equation (1).The quantity of 

CO2 emitted in 1990 was 4.67 x 107 tons while that in 

2014 was 2.35 x 107 tons, with the maximum CO2 

emission in 2006 estimated to be 5.96 x 107 tons 

(Figure 2).  

 

Table 1: Uncertainties of Gas Flaring Emissions (1990-2014) in the NDR of Nigeria (number of trails = 2000) 

Emission Min.  
(2.5th CL) 

Simulated 
Mean 

Max.  
(97.5th CL) 

Relative uncertainty Estimated 
mean 

CO2 3.065 M 39.31 M 59.42 M -92.20% 51.16% 41.53 M 
N2O 0.654 1.209 1.948 -45.91% 61.12% 1.166 
CH4 17.940 K 230.1 K 347.8 K -92.20% 51.15% 243.1 K 

GHGs 3.514 M 45.06 M 68.12 M -92.20% 51.18% 47.61 M 
BC 1.385 M 17.76 M 26.84 M -92.20% 51.12% 18.76 M 

Total 4.899 M 62.82 M 94.96 M -92.20% 51.16% 66.36 M 
Note: CL = Confidence level: Negative random error = (2.5th percentile-mean)/mean; positive random error = (97.5th percentile-mean)/mean. 
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Figure 1: Graph of Gas Produced and Gas Flared Indicating Gas Utilization 

 

Total amount of CO2 released in the NDR from 1990 to 

2014was 1.16 x 109 tons. Figure 2 shows a 

noteworthy reduction in CO2 emission (60.6%) from 

its peak in 2006 to its lowest value in 2014 (2.35 x 107 

tons). 

It is observed in Figure 2 that CH4 emissions follow 

similar pattern as that of CO2 emissions while N2O 

emissions for the period in view is different. This 

distinct pattern shown for N2O emissions emanated 

from Equation (3), which involves the GP parameter 

as against the GF variable for CO2 and CH4 emissions 

as provided in Equations(1 and 2). The amount of CH4 

released into the atmosphere in the NDR were 2.74 x 

105, 3.49 x 105 and 1.38 x 105 tons in 1990, 2006 and 

2014, respectively (Figure 2). For the quantity of N2O 

released, 0.65 tons was recorded in 1990 which 

increased moderately to 1.95 tons in 2007 and 

decreased gradually to 1.68 tons in 2014 (Figure 2). 

Total emission of CH4 and N2O for the 25-year period 

was estimated to be 6.79 x 106 tons and 29.91 tons, 

respectively (Figure 2). 

The total quantity of GHGs (1.16 x 109 tons of CO2, 

6.79 x 106 tons of CH4 and 29.91 tons of N2O) released 

in the NDR for the 25-year period was 1.33 x 109 tons 

of CO2 equivalent (tCO2 e) (Figure 2). The cost 

implication of flaring 555.74 bcm of gas in the NDR in 

terms of GHG emissions was $19.94 billion (at $15 per 

ton carbon credit tax). From Figure 3, the total 

amount of GHGs also demonstrated the same pattern 

as that of the GF and other emissions dependent on 

the amount of GF. 

 

3.2.2 Black Carbon Emissions 

Figure 3 illustrates the BC emissions from gas flaring 

operations in the NDR for 25 years. Since BC 

estimation depends on the volume of GF as expressed 

in Equation (6), the same pattern was observed 

between the amounts of BC emitted and the volume of 

GF. 

At the start of the period in view, 2.11 x 104 tons of BC 

was released into the atmosphere of the NDR with 

maximum amount of BC emitted in the year 2006 and 

1.06 x 104 tons released in 2014 (Figure 3).The total 

BC emission witnessed in this region in 25 years 

amounted to 5.24 x 105 tons, which translates to 4.71 

x 108 tCO2 e. Carbon credit tax estimation of this 

emission value was found to be $7.07 Billion (at $15 

per ton as carbon credit tax). 

 

3.3 Total Estimated Emission 

The total estimated emission (GHGs and BC) from gas 

flaring activities in the NDR during the period in view 

amounts to 1.80 x 109 tCO2 e from the burning of 

555.74 bcm of gas. The trend of the total emissions 

from 1990 to 2014 is presented in Figure 3 and this is 

similar with those of BC emissions and GHGs 

emissions. The GHGs emission costs $19.94 Billion 

while the BC emission was estimated to be $7.07 

Billion. For this 25 years of GHGs and BC emissions in 

the NDR, the total economic cost amounts to $85.92 

Billion. This value consists of the cost of gas flared 

($58.91 Billion) and the cost of emissions ($27.01 

Billion) released into the atmosphere. 
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Figure 2: Graph of CO2, CH4 and N2O Emissions 

 

 
Figure 3: Graph of GHGs, BC and Total Emissions 

 

3.4 Uncertainty Analysis 

3.4.1 Quantitative Uncertainty Analysis for the Mean of 

Total Emissions 

Of the two approaches - Tier 1 and Tier 2 - 

recommended for developing quantitative estimates 

of uncertainty in the inventory estimate of individual 

source categories, the Tier 2 approach is both more 

flexible and reliable than Tier 1 [38]. Other reasons 

that informed the choice of Tier 2 approach for this 

study is the coefficient of variation (ratio of the 

standard deviation to the mean) associated with the 

input variables which was more than 0.3(0.52) and 

the not normal distribution of the input variables. 

Goodness-of-fit tests (Chi-Squared test, Kolmogorov-
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Smirnov test, and Anderson-Darling test) conducted 

on the input parameters (GP and GF) using Easy Fit® 

assigned beta and triangle distribution to GP and GF, 

respectively. Finally, based on this distribution, the 

range of the mean of the total emissions (GHGs and 

BC) at 95% confidence was obtained by running the 

simulation involving both the input and output 

models on Analytica®. 

Figure 4 provides the influence diagram developed to 

model the estimation of the uncertainty associated 

with this study using Analytica®. Each sample was 

obtained using the same sample size as the original 

observed data set, and then the mean was calculated. 

These means describe a probability distribution for 

statistics from which probability ranges were 

deduced. Table1 gives the mean (simulated), relative 

uncertainties of the mean, lower and upper confidence 

levels of the mean for the quantity of GHGs, BC and 

total emissions released into the Niger Delta 

environment due to flaring of gas. The estimated mean 

of GHGs, BC and total emissions obtained prior to 

quantifying the uncertainties associated with them 

was found to be relatively higher than that obtained 

for the simulated mean as presented in Table 1. This 

discrepancy in the mean of GHGs, BC and total 

emissions may be attributed to the nature and 

statistical distribution of the input data, the collection 

and mode of collection of the data by the oil 

companies operating in the country, who are the sole 

providers of these data.  

It is worth mentioning that the running of the 

simulation model involved 250, 500, 1000 and 2000 

iterations. For this work, the simulation with 2000 

iterations was observed to give the best result for the 

emission model output. All of this was obtained using 

the median LH. 

 

3.4.2 Estimating Uncertainty in the Model Output 

In the emission (output) model, uncertainties from GP 

and GF were propagated to estimate the amounts of 

CO2, CH4, N2O, BC, GHGs and total emissions based on 

the equations used in the model. Random samples 

were generated using median LH method on the 

Analytica®. The range of uncertainties of GHGs, BC 

and total emissions is shown in Figures 5-7, 

respectively. The mean values are 3.93× 107 tons, 2.30 

× 105 tons,1.209 tons, 1.78× 107tCO2 e, 4.51 × 

107tCO2 e and 6.28 × 107tCO2 e for CO2, CH4, N2O, BC, 

GHGs and total emissions, respectively (Table 1). As 

observed in Table 1, the range of total GHGs is 

between 6.45 x 106 tons and 6.65 x 107 tons at the 95 

percent confidence interval which corresponds to 

relative uncertainties of -92.20% and 51.16%. The 

relative uncertainties associated with CO2, CH4, N2O 

and BC emissions are also presented in Table 1. 

Comparison of these results with what was previously 

reported (± 75% for CO2 and CH4; -10% to 1000% for 

N2O)in literature shows that the lower limits of CO2, 

CH4 and N2O are slightly outside the values specified 

while the upper limits are well within the set limits, 

especially, for N2O [35].  

 

3.4.3 Sensitivity Analysis on Emissions from Gas 

Flaring Activities 

The Tornado chart as represented by Figure 8 shows 

the sensitivity of total emissions released in the gas 

flaring activities of NDR. It can be observed that out of 

the two main parameters (GF and GP) that contribute 

to the estimation of emissions, GF is more sensitive to 

the uncertainty of the total emissions (Figure 8). The 

result of the sensitivity analysis indicates that the 

most effective way to reduce uncertainty in the 

estimated total emissions is to reduce uncertainty in 

the data of GF with more accurate data collection and 

the use of state-of-the-art instruments. 

 

3.5Environmental Sustainability Consideration 

No region in Nigeria is experiencing such an extent of 

environmental degradation as witnessed in the NDR 

of the country. Gas flaring is known to release 

numerous harmful gases and particles which have 

polluted the environment in many ways. Soil, water 

and air in the region is gravely polluted by this 

singular act of gas flaring and has seriously affected 

the livelihood and well-being of the inhabitants, 

especially, those living close to the flaring sites [2]. 

Building roofs, walls, and other structures are 

corroded by the emissions from gas flaring operations 

[8]. The ecosystem, atmosphere, economy and public 

health are adversely affected by this exercise, leaving 

the people of the region poor and hungry, unhealthy, 

lacking drinking water and good sanitation, and basic 

social amenities.  

Proffering a lasting solution to the problem of nonstop 

gas flaring in the region will go a long way in curbing 

the ecological destruction and environmental 

degradation presently witnessed in the NDR of 

Nigeria, in order to ensure and promote 

environmental sustainability. 
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Figure 4: Influence Diagram Used to Model the Uncertainty Estimates 

 
Figure 5: Cumulative Probability of GHGs Emitted 

 
Figure 6: Cumulative Probability of BC Emitted 

 
Figure 7: Cumulative Probability of Total Emissions 

Released 

 
Figure 8:Tornado Graph of Sensitivity of Input 

Parameters 
 

Subject to the aforementioned, the progress on Goal 7 

(ensure environmental sustainability), Target 9 

(reversing loss of environmental resources), indicator 

28 (emissions) of the MDG in the NDR was studied 

and a significant reduction in the emissions from the 

gas flaring activities in the region was observed. The 

quantity of emissions released into the environment 

in the years 1990 and 2014 were estimated to be 7.26 

x 107 and 3.65 x 107 tCO2 e, respectively. These results 

indicate a significant reduction in emissions by 3.61 x 

107 t CO2 e (50.0%). For GHGs and BC emissions, 

substantial reduction by 49.71% and 49.67%, which 

correspond to 2.66 x 107 and 9.44 x 106 tCO2 e, 

respectively, were recorded. Worthy of note is the fact 

that no benchmark is given in the indicator 28 of the 

MDG to measure the success and compliance of Goal 7, 

Target 9. The result obtained from this study is a 

pointer to the promotion of environmental 

sustainability, especially in the NDR as set by the MDG 

7, Target 9 and indicator 28. The latter centres on the 
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reduction of emissions discharged into the 

atmosphere thereby preserving the environment, 

ecosystem, natural resources, and consequently 

fulfilling the purpose of MDG. 

The above values demonstrate a considerable 

progress in the pursuit of the government of Nigeria 

towards achieving the Goal 7, Target 9 and indicator 

28of the MDG as it applies to the NDR, which is 

renowned for devastating environmental degradation. 

Increased utilization of natural gas in the country due 

to the various government policies and infrastructural 

developments in the gas sector of the economy have 

helped reduce gas flaring by reducing the amount of 

flared gas. Percent gas flared in the country has 

reduced from over 95% in the 1960s to over 70% in 

the 1990s and to 15.28% in 2014 [15]. The NDR of the 

country is notorious for continuous gas flaring 

activities for over four decades with the experience of 

unquantifiable negative impact on the ecosystem, 

environment, socio-economic and human public 

health. Ensuring environmental sustainability in this 

part of the nation is very important because of the 

peculiar nature and endowment of the region. Above 

all, environmental sustainability in the NDR as set by 

the MDG 7 will positively affect the livelihood and 

well-being of the over 30 million people in this part of 

the country. 

To this effect, there is the desperate need for Nigeria 

to either completely stop gas flaring or reduce it to the 

barest minimum, and this can be achieved by the 

development of domestic market and gas 

infrastructure to encourage increased utilization of 

natural gas. This will considerable improve 

environmental sustainability in the NDR in line with 

MDG 7, Target 9 and indicator 28. Also, natural gas 

should be monetized to diversify the economy in 

order to increase foreign earnings. In addition, the 

final drafting and passing into law of the petroleum 

industry bill (PIB) in Nigeria will significantly assist in 

the development of the gas sector of the economy. 

 

4. CONCLUSION 

Over five decades of gas flaring in the NDR of the 

country is responsible for the unjustifiable destruction 

of ecological system, degradation of environment, 

poverty, unrest, erosion, serious health problems, and 

climate change and its effects. Results obtained from 

this study revealed that the quantity of emissions 

(GHGs and BC) released into the NDR's environment 

due to gas flaring activities has reduced by 

approximately 50% in 2014 compared to 1990. This 

can be attributed to sustained gas utilization on the 

part of the Nigerian government to curb gas flaring 

despite the increase in GP. Goal 7, Target 9 (reverse of 

loss environmental resources) of the MDGs on 

sustainable environment in 2014 compared to that of 

1990 seems progressing well in the NDR, despite no 

recommended criterion to measure its level of 

success. This is a right step in the right direction in 

ensuring environmental sustainability in the NDR in 

accordance with the MDG 7. 
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