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ABSTRACT

Associatednatural gas is produced as afrpduct from crude oil exploration and production.
When perceived as a nalesirable product, it is wasted during gas flaring. Globally, about 100
Billion Cubic Meters (BCM) of gas is flared annually, leading to releassbotit 300 million

tons of carbon dioxide yearly into the environment. Russia and Nigeria flare more than other
countries to the tune of 35.5 and 18.27 BCM, respectively. The consequence of gas flaring ha
continued to pose significant threats to the emiment as well as the economy of oil and gas
producing countries. Therefore, this research is aimed at developing a sustainable framewor
that could enable management of flared gas in an oil and gas environment by generating energ
and also minimise envimmental impact that arises from gas flaring process. Three major
research gaps were identified and they include lack of existing gas flare management framewor
in Nigeria, lack of economic evaluation of gas to wire (GTW) technology for flared gas
reduction and, lack of cordial relationship and understanding between oil and gas
producing/flaring companies and electricity producing sectors towards gas flare management. /
qualitative research strategy was employeditilising the single case study approachhwit
embedded units of analysis. Three case study companies wereamedil and gas producing
company, and twelectricity-generatingcompanies. Data collection involved semi structured
interviews, documentation, observation, and review of relevanttiliteraData was analysed
using QSR Nvivo version 10. A framework for flared gas reduction was developed based on
literature review and also from information made available by experts operating in the oil and
gas and electricity sectors. The framework shmpsits from various stakeholders, as well as an
evaluation of volume of gas produced, utilized and flared. An economic assessment of GTW
technology was carried out to determine the cost effectiveness of the framework. Findings from
the study showed thatT®V is a viable means of management, and could reduce the total volume
of flared gas in Nigeria to 7.1%. This reduces environmental, health and safety hazards. It is als
economically profitable. A total capital investment of £1.64b is required in thei&hgeontext,

with a net profit of £1.26b/year, and has a rate of return of investment of 16.3%. This study has
demonstrated that GTW is a sustainable technology for reducing flared gas in Nigeria and othe
countries facing similar challenges as NigeriaJ aapable of minimising adverse environmental
and health impact associated with gas flaring. Therefore, the developed framework is alsc

recommended for effective management of flared gas in such countries.
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Quantity of gas flared (BCM)

CHAPTER ONE 7 INTRODUCTION TO STUDY

1.1 BACKGROUND OF THE STUDY

In the process of routine operatidhgt are involved in the production of oil and gas, there is a
controlled system that involves the burning of associated gas. According to OGP (2000), tha
process is referred to as gas flaring, and could take place at oil wells, refineries and even i

chamical plants. The gas that is flared is purely natuaghgade up of hydrocarbons.

Over 100bn Cubic Meters (ff) of natural gas is annually flared worldwide (MEE 2012) as
clearly shown in Fure 1.1; and evidence goes further to show that gas flaasgactually
reduced in some parts of the globe: but it is totélly incorrectto state that in general, gas
flaring has not reduced. This is because flaring has severely increased in countries like Russi:
Nigeria and other major producers of crudeoveer the yeargBroere, 2008).

RUSSIA NIGERIA IRAQ IRAN ALGERIA

Figure 1. 1: Representation of quantity of gas flared by top five fladagntries MEE, 2012)

There is need for gas flaring to be checked, minimized or eradicated so that the negatitgee impac
could seize. The environment is pollutedSuphur oxides and carbon dioxide as a result of gas
flaring (Hewitt et al, 1995), leading to the risk of global warming; also, there is the issue of

waste of resources. In fact, according to BP (2012), Nigeas a proven natural gas reserve of



about 181 Trillion Cubic Feet andas a loss of aboutZl5bnannuallydue to gas flaring. There

is also a problem of destabilization of the ecology, courtesy of gas flaring.

Previously, several authors (Agbodtal., 2011; Economidest al, 2004; Economides, 2005;
Ishisome, 20060©dumugbo, 20100ni and Oyewo, 2011Sonibare, 2006) have identifieohd
highlighted the problems ped by gas flaring. They have also gone further to identify
infrastructure or technogy that could be utilized to reduce gas flaring, and hence prevent the
negative effects in Nigeria and beybrnHowever, literature evidencghows that the studies
described abay were primarily descriptivexplanatory, which basicgllconcentrated on the
problems.Theresearcltarried out here providesviable and sustainable process rfiaanaging

gas flaring, and in so doingeducesor eliminatesthe impacts that & associated with flaring

gas.

1.2 RESEARCH SCOPE AND MOTIVATION

This study investigates that of gas flaring in the oil and gasoduchg environments with the
view to providea sustainable solution toamage it It uses data from Nigeria and focuses on the
Niger Delta region, which accommodatasst ofthe crude oil and gas resources of thertry.

The choice of Nigeria athe focus for study out of other counties that flare gass purpose
driven. The selectioris mostlyas a result ofwo major reasons. Firstly, the occurrence under
investigation(gas flaring) poses a great menace to #hevironment, health of the citizens, as
well asthe economy of the countries directly involved. Nigeria is one of the countries facing
high level of gas flaring and its consequendess the second highest gflaring nation after
Russia (Oniand Oyewo0,2011), andflares about 15.2 BCM of gas; loses about $2.5b to gas
flaring; andexpelsgreenhouse gas (GHG) to the environment (see BP, 2012; M.E.E., 2012;
Odumugbo, 2010).

The second reason for the choice of Nigeria arises from the fact that Nigaffecied by low
generation and distribution of electricitfccording to Ahmecet al. (2012), only 40 percent of
the Nigerian population has access to electricity, the majority of who are concentrated in urbar

areas.This signifies thatmost of the citizendiving in rural areas are devoid of electricity in



Nigeria. Nigeria needs 12,000 MWh of electricity on a daily basis, but what is ideally obtainable
currently is 3358 MWh, while the installed capacity is 6904.6 MW (Aéyal, 2013). This just
depicts 8.32% of the electricity need. A very good way to manage the flared gas is ussng it
fuel for gas t ur leleatrieity gehecatiors aisisVherefoxeithg ehoiceaod s
Nigeria for this research is vital. This research therefore sees tHkagag challenge and the
quest for its management as a catalyst for the improvement of environment, health and safety
and economy. Also with the electricity generation scenario in the country, any positive plan and

action forimprovement will bring posive change

In conclusion, using Nigeria as a case study also stems from accessibility to requisite data for th
research. Nigeria has a number of oil and gas operating-magibnal and national firms like
Shell, Agip, Mobil,just to mention a few, asell as independent bodies that regulate and partner
these firms. There are also the national electricity providers, Power Holding Company of Nigeria
(PHCN) and some Independent Power Providers, edutd serve as means of data collection
concerning elecicity matters in NigeriaConcisely there are several baseline activities in the oil
and gas sector and electricity sector of the country; and as a result, this serves as a rich da

source for this present research.

This research was establishbedcausof t he researcherds dissat
flaring condition and in particular the Nigerian scenario. The reseansier,hails fromthe

Niger Delta region of Nigeria, is not unaware of the impacts of gas flaring both on the
environment andn health and safety. The air in the locality is pollutexsidues from gas
flaring affect the water sources (ponds, rivers, and rainwaded the agricultural crops are

taunted; yet there is little or no electricity.

The stimulating idea about carrsn g out t his research startec
Degree Program on Environmental Management, at Coventry University, United Kingdom. In
l' ine with this program, one of the modul e:
module explicitly highlighted the threats posed by gas flaring and gave insightoto
technology and technological todlike Gas to Electricity and Liquefied Natural Gas could
sustainably manage gasr. The researchetherefore,is poised to contribute to knowledge,
minimize wastage and improve the utilization of gas in the oil arsl ggector in Nigeria

particularly,and the entire globe in general.
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1.3 RESEARCH QUESTIONS

This research seeks to answer a number of questofatlows

What are the reasons for gas flaring Nigeria, and possible gas flare mitigation
measures?

What is the magnitude of the impaof gas flaring with respe to the environment,
economyhealth and safety of the oil and gas production host communities?

Can flare gas be sustainably conveftadenergy use through GTW

iv. How can gas flaring be minimized to fit into electricity productsmmemen Nigeria,;
and what are theostbenefitsof flare gas reductioandconversionof gasfor electricity
production?

1.4 AIM

The aim of this research is tevelop aframeworkthat would enable management of flared gas

in an oil and gas environment by generating energy from it as well as minimising environmental

impact that arises from it.

1.5 OBJECTIVES

The successful achievement of the research aim stated, aithvdepend adt on the following

objectives:

1.
2.

3.

4.

5.

To concisely revieviterature on gas flaringndsome gas flare reduction technologies.

To evaluate gas productiputilization and flaringactivities in Nigeria
To evaluate the technological implicatiasisgas to electricity
To evaluate the financial analysis of GTW technology.

To develop and validate faameworkfor flaredgas management.

Figure 1.2 highligtd a typical flaring siteit clearly shows the wastage of gas through burning,

and the same piate shows how it affects the environment adversely, particularly the air



Figure 1.2: A typical flaring site in the Niger Delta region, Nigeria.

1.6 RESEARCH DESIGN

The designof this thesis as schematically shown ilgére 1.3consists ofthree major stage

These are the study, the methodology, andréselts andanalysis. As part of the study, a
thorough literature review was carried out on gas flaring to understand the problem at hand an
the literature review proceeded tfoe expected means of solving the problergas to wire,
where a thorough study was carried out on gas turbine, which is the main apparatus utilized
From the literature review, the study identified three major gapsowledge, whichincluded

lack of exsting gas fhre managemeritameworkin Nigerig lack of economic evaluation of
GTW technology for gas flare reducti@and; lack of cordial relationship and understanding
between oil and gas producing/flaring companies anceldericity-producingsectortowards

gas flare management

To solve the problem of gas flaring, the stadipptedan interpretivistapproach, whiclnvolves
useof qualitative research methothis study applied thease study resezh pattern whereby
three case companies areed br the study. One cas®mmpany $ chosen from the oil and gas
production sector, and two casempanies i@ chosen from the electricity generation sector.
These cases guidede identification othe remote causes/reasdos gas flaring in Nigeria, as

well as the electricity generation and distribution scenarios in Nigeria. To successfully achieve
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these, the study applied interviews, documentaghais, site observation, and literature review
asmeans of data collections.

The data collected aanalyzel through content analysis and thematic analygismthe results

of the study, dlared gasreductionframeworkis developed, which shows that GTddthnology

viable andeconomically profitable.
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1.7 CHAPTER SUMMARY

This Chapter covers the background of this study laslprovided the research aim and
objectives. It also highligetd the motivation that drives the studyastly, the Chapter

demonstrated the structure of the thesihwhie help of a diagram. The next chapter disesiss
previous studies by other researchers on gas flammgacts and management of gas flaring.

Additionally, a brief review oNigeriais discussed



CHAPTER TWO : REVIEW OF GAS FLARING, ENFORCEMENT AND
MONITORING POLICIES, ADVERSE IMPACT AND MANAGEMENT
TECHNOLOGIES

2.1 INTRODUCTION

Chapters ondasprovided data on the estimated volume of globally flared ghs Chapter
reviews studies that have been carried out by different researchers on some majodgam@ro
countieson gasregulations, permission to flare, restriction as well as penalties for flaring. The
chapter goes further to discuss the impacts of gas flaring, and ends by discussing technologie
that are available for gas utilizatioh.also pravided vital information on gas flaring and on

Nigeria as a gas flaring country

2.2 GAS FLARING AND FLARING IN SOME SELECTED COUNTRIES

According to Agbooleet al, (2011), crude oil exploration comes with associated gas that needs
to be separated before thi is refined. During the routine operations that are involved in the
production of oil and gas, there is a controlled system whereby the gas or associated gas
burned. That is known as gas flaring; and this process takes place at the extreme stacKare
(OGP, 2000). It could take place at the oil wells, the refineries or even in the chemical plants.
According to Bjorndaleret al, (2005), it is a fact that gas flaring is utilised to dispose the gas
that is not wanted or needed at the moment; howekier actual implementation of 1ilare

design will go a long way in the reduction of emassduring production. e awareness created
through the environmental impacts associated with gas flaring as well as the Kyoto protocol, the
future looks brightern terms of global gas flaring reductiodflared gas isnade up of several
compositions of which, Methane (GHand Ethane have the highest mole fractitm3.able 2.1

the full compositions that make up flared gas are highlighted, whileré-ig.1 showsthe
process leading to gas flaring as demonstrated by CCEI (2006). During crude oil exploration
crude oil and associated gas are produced. Crude oil is completely taken to the oil storage afte
treatment; while the associated gas faces two potentialnggtieystematically gathered for
utilization, or wasted through flaring. Regarding flaring, the gas is systematically channeled to

the knockout drum from where gas is directed to the flare stack.
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Table 2.1: Composition of Flarg (Bahadori, 2014).

Component Chemical formula Volume fraction (%) Weight fraction (%)
Methane CHa 81 60
Ethane CoHs 5.5 7.7
Propane CsHs 6.6 13.5
Butane C4H1o 4.0 10.8
Pentane CsHi2 1.4 4.8
Nitrogen N> 1.0 1.3
Carbon dioxide CO, 0.17 0.33

Flare
stack Automatic

Gas gathering
system

Compressor
Solution gas line
*

F

L 4
Knockout
drum Detonation
‘ ! ' arrester

Free water
knockout Tank vapours line

Blanket ——

gas
—

Water storage

Figure 2.1: Flow chart for gas production and flaring process (Canadian Centre for Energy
Information, 2006)
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There could be one or more flares in a typical flare site; however, this depends on the design ¢
the site. Due to some tegical or economic reasons like location of natural gas, availability of
customers, and government energy policies, a lot of the gas that is flared could not. be sold
Therefore, gas may have to be flared as a waste prétdimeever, whatever the reasonsyniee,

there is urgent and severe need for maximal reduction of the flaring of gas for a cleaner

environment and minimization of wastéh will improve the economy.

According to the World Bank, over 100billion cubic metres of natural gas are flaredllgnis

a matter of fact, gas flaring has actually reduced in some parts of the globe: but in general, ga
flaring has increased. This is because flaring has severely increased in countries like Russi
Nigeria and other major producers of crude(Broere, 2008. Figures 2.2 and 2.@emonstrate

the global estimated amount of gas production and consumption from 2001 to 2025 and frorr
1990 to 2025 respectively (EIA, 2004).

4276
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Figure 2.2: Estimation of World Natural Gas Productifivom 2001i 2025(EIA, 2004)
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Figure 2. 3: Estimation of World Natural Gas Consumption from 20@D25(EIA, 2004)

Most of the increase (about 23%) in consumption is expected to emanate from energy
consumption and this calibe attributed to electricity generation. This is because natural gas is

gradually becoming the fastest growing component of world primary energy.

According to OGP (2000), there are various sources that bring about the flaring of gas and som

of them mayinclude the following:

Unburned gas that results from the production process.

1

1 Excessive gas that could not be supplied to commercial customers.

9 Vapours that are collected from the top of tanks during the filling process.

1 Production shutdown: this involvedl the available gas in the facility to be temporarily
flared, so that high pressure will be released.

9 During process upsets, maintenance and equipment changeover.

However, another source of gas flaring surfaces due to safety precautions in the qocadigsti
This necessitates release of gas in case of high pressures from the valves or other equipment us
for operation. But it is very vital to sta

cannot possibly be linked to the major concabout global gas flaring; rather the problem is
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based or rallied on the systematic severe waste of resource (associated gas) due to lack of ¢

i nvest ment so. So for this reason, there is

According EIA (2004)and as seen iRigure2.4, annualflaring will increase by 60% from 1999

to 2020. This increase is because of the estimated increase on oil crude oil production as clear
specified in Figure 3. It shows that the greatest increase in crude oil production will emanate
from the Mddle East (46%), seconded by Africa (18%), with the least production coming from
North America (3%). Stringent measures therefore are essential for reduction in gas flaring.

Production increment (1999-2020)

North Amenca

3%
MNeddie East
48 %

Figure 2.4: Future Oil Production and Flaring T@nEIA, 200dand Wor |l d Bankad
2004)

2.2.1 Gas Flaring In Norway

Norway is a major oil producer, and its oil fields are located offshore in the Norwegian
Continental Shelf (NCS). Norway has over 60 oil fields and produces about 2 million barrels of
crudeoil per day as well as produces about 99.3 billion standard cubic metres of gas per day
(Norwegian Petroleum Directorates, 201lt)also serves as the"Targest exporter of crude oil

and boasts as th8%argest exporter of gas (Norwegian PetroleunreEtorates, 2011). In 2002,

oil accounted for about 44 percent of Norwegian exports and 24 percent of government revenue

In 2008, Norway flared just 0.16% of the total annual associated gas from its production of crude
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oil (CCSI, 2014). The amount of gdarked has varied from year to year, mostly depending on
the number of new fields that came into operation. However, flaring volumes as a percentage o
oil production has decreased substantially over the last two decades. As a consequenc:
percentage of fling volumes has substantially decreased too.

2211 Regulation of Gas Flaring In Norway:

The Norwegian Petroleum Directorate (NPD), which is part of the Ministry of Petroleum and
Energy (MPE), and the Norwegian Pollution Control Authority (SFT) are the twaeijpain
authorities that supervise air emissions and the petroleum activities under the Petroleum an
Pollution Act, respectively. NPD is responsible for energy efficiency and safety on installations
and for gas flaring and venting operations and enforggsldéion concerning the carbon dioxide

(COy) tax. SFT has overall responsibility for emissions to the sea.

Norway has a |l aid down principle that is |
permeated within the Norwegian legislative framework thavipes strong policy perspective

for legal enforcement (Hunter, 2014). This is known as the Petroleum Activities Act (PAA). The
PAA stipulates that resource management of petroleum resources shall be carried out-in a long
term per cept i onhe Noowegiah boeietylag aneegtity. Aocbrding to the NPD
(2015), Section 4.1 of the Act states ttatb pet r ol eum producti on
accordance with prudent production technologies and sound economic principles, to ensure tha
petroleum resourceare not wasted. The production shall take place in accordance with prudent
technical and sound economic principles and in such a manner that waste of petroleum or
reservoir energy is avoided. The licensee shall carry out continuous evaluation of pyoducti
strategy and technical solutions and shalll
These acts do not only restrict waste of petroleum resources, but also directs on the best ways tc
harness them and also stipulates on best utilizatiasuones. Therefore, there is a government
actwhich guides crude oil and gas productamrd utilisationin Norway: this is a strong reason

for very low level of gas flaring in Norwajilhis could be a possibfgocesdhat can be adopted

by other gas flarig countries for gas flare minimization and utilsatiblowever, this Act could

deter potential investors from coming into Norway, especially for short term investments in the
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oil and gas sectofThis is because the requirements in Norway are huge anddalsand a

longer completiomperiod

2.2.1.2 Legal Framework of gas flaringn Norway

The Norwegian Petroleum Directorate (NPD) is administered by the Ministry of Petroleum and
Energy, andhas the responsibility to adeithe Ministry on issues bordering managerant of

the petroleum resources. It also monitalsdat on petroleum activities aride development of
different oil and gas fields as wethe responsibility to control flaring and venting activities
during crude oil production (CCSI, 2015)his highights that NDP as a body acknowledges

every operations in the oil and gas sector in Norway.

The operators who flare gas during operational phase are responsible for the establishment «
internal control system to ensure compliance such as checking s=ilifwation every six
months. Also operating firms with flaring permit will submit a report showing the volume of gas
that is flared daily. On the part of the NPD, it is responsible for the supervision of internal
control systems for operators to verifyattpetroleum activities are done in accordance with the
authoritydos requirements and accepted by c
reports of gas flaring that are submitted by the operators concerning the volumes of gas flare
within specifc periods (basically every six months).

The Petroleum Activities Act 1996 regulates all petroleum activities. This Act regulates
exploration licensing, production licensing, cessation of petroleum activities as well as
compensation to the community in teeent of pollution like oil spillage and gas flaring (NPD,
2015).

2.2.1.3 Environmental And Gas Flaring Policy in Norway:

Since the beginning of oil production i n Noc

flaring to avoid wasting valuable energyhe pollution aspect of flaring and venting was

introduced later. The Norwegian enviroemtal policy historically has been based on direct

regulation of environmentally harmful emissions and discharges (Hunter, 2014). Increasingly,

economic instruments suels taxes have been used. The Norwegian authorities consider a close

cooperation with the industry essential to achieve the established environmental goals, including
15



reducing flaring and venting volumes, without imposing excessive economic cost burdeas on

society.

Operators of the oil and gas industry in Norway are required to carry out an environmental
impact assessment (EIA), and this is made public. These operators are not required to carry o
any routine flaring for economic reason, but they cagldure waivers in some exceptional cases

like for safety reasons.

2214 Fiscal Framework of gas flaring in Norway

There is aCO, Tax which is in connection with petroleum activities since 1991. This tax has
increased over the years and as at the year 20$3hbbut $0.16 per standard cubic meter of gas
flared. Greenhouse Gas Emission Trading Act is also another measure to checkmate gas flarir
in Norway. Since Norway is a part of the European Union, it means that Emission Trading
Directive with associated disons applies to Norwegian petroleum activities. Therefore the
Greenhouse Gas Emission Trading Act was sanctioned in 2005 and recently amended in 201
Petroleum activities are currently subject to BB, Tax and mandatory emission allowanke.
Norway,there is a Act onCO,which providesan additional incentive for reduction of gas flare.
Also restrictions for flaring are credited with provision of further incentives for the development
of infrastructure or other gas flare reduction technologies.

2.2.2 GasFlaring In Netherlands

This is oil and gas producing country in Europe, and it has laid down the following policies for

the use of associated gas for the operators:
V Lift, process, and market associated gas, subject to approval of a development plan.
V Use a&sociated gas in operations or reinject or flare gas, subject to consent and approval.

Until the provisions of the EU Gas Directive were introduced, gas intended for use in the
Netherlands must continue to be supplied to Gasunie (National Gas SupplkeNlifister has

the sole right for the approval of the sales price of exported gas in Netherlands.
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2221 Gas Flaring Permission in Netherlands:

Permission to flare gas that exceeds operational requirements and also cannot be marketed
granted by the Oil and GaDirectorate. Associated gas may be used in petroleum operations,
reinjected for storage, or commercialized. Gas may be flared and vented for normal operationa
safety reasons but must otherwise be approved by the Ministry. The Ministry imposes strict

redrictions on how flaring and venting take place.

The Convention for the Protection of the Marine Environment of the MNeasit Atlantic,
otherwise known as the OSPAR Commission is a legislative instrument that is responsible for
the regulation of internaihal cooperation on environmental protection in the NBdahAtlantic
(OSPAR Commission, n.d). The Netherlands is one of the fifteen countries from the Europear
Union that constitute the Commission. At the international level, the OSPAR Commission is in
the process of expanding descriptions of best available techniques (BAT) and best environment:

practice (BEP) related to oil and gas condensate flaring from well testing.

2.2.2.2 Restrictions and Penalties for Gas Flaring in Netherlands:

Special emission guideles exist for onshore and offshore operators. These are included in
licenses issued for onshore operations. In the case of offshore operations, there is a voluntal
covenant between operators and the State to try to meet the standards established in tt
guidelines. Failure to achieve this in a fixed period may result in legislative imposition of

emission standards. The Oil and Gas Directorate iRégeilating Authority.

2.2.3 Gas Flaring In Qatar

In Qatar, operators in the oil and gas industry could lift, m®cand market associated gas
jointly with Qatar General Petroleum Corporation (QGPC), the national oil company, subject to
a negotiated gas agreement; also they could utilize associated gas in operatieingecor oe

flare gas, subject to relevant censand approval.

Priority is given to gas used to optimize oil production. QGPC is entitled to take, free of charge,
associated gas that is not marketed and that exceeds operational requirements at the separat

point. The state may require the operdimrinstall and operate gathering and transportation
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facilities to bring gas ashore (using pipeline for instance), and the operator is reimbursed for al

costs (subject to separate agreement).

2.2.3.1 Permission to Flare In Qatar:

Permission to flare gas that canrbe marketed and that exceeds operational requirements is

granted by the minister. Flaring must be consistent with good petroleum industry practice.

2.2.3.2 Flaring Restrictions and Penalties:

Mi nistry of Munici pal Af fairs a n dProtetigmr i c L
Management Standards state that flares are regulated at the permitting stage and must |
smokeless and efficient so that ambient air quality criteria are not violated. For onshore
operations, flares should be of the grolexkl type and shoulbe enclosed. All flares (onshore

and offshore) should operate free of smoke except in emergency conditions. Except for drilling
operations, sour gas should not be burned in flares except in an emergency, and then, for limite
periods only. The flaring cdrol in Qatar also stipulates that:

1 Emissions during normal operations should be free from visible smoke, and emissions of

acid soot should be prevented at all times.
T Emissions of hydrogen sulfide should not exceed 5rhg/m
9 All emissions should be free froaffensive odors.
1 Unconfined combustion is prohibited (for example, burn pits, refuse, or waste disposal).

There is also stipulation for periods of smoky, high volume, emergency, and salt gas flaring mus
be recorded in a logbook, to be submitted to QGEGWEronmental Affairs Department on a
monthly basis. And above all, it is worthy to note that regulating agency is the Ministry of

Energy and Industry in Qatar.

2.2.4 Gas Flaring In Ecuador

Ecuador permits the operators:
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V To lift, process, and market associatgds, subject to a development agreement

negotiated with Petroecuador (the national oil company).

V To use associated gas in operations or reinject or flare gas, subject to relevant agreemen:

2.2.4.1 Flare Permissionand Adoption of Flare Gas Reductioim Ecuador:

Flaring is not permitted without authorization; however, the permission to flare gas that cannot
be marketed and that exceeds operational requirements is granted by -Hezrstdriat for
environmental protection (SMA) of the Ministry of Energy and Mindawever, the oil and gas
sector in Ecuador does not have a structure that clearly identifies and states the roles an
functions of the State. The institutions in this sector include the National Hydrocarbons
Directorate which applies the policy and thenMtry of Energy and Mines, which is responsible

for defining the policy for the sector (Mayorgdba et al, 2008). Furthermore, Mayorgslba et

al. (2008) stated that Ecuador lacks both defined environmental legislation for oil and gas
exploration as welas a framework on environmental protection which support a sustainable
development of the sector. To a large extent, this challengealnasdsocial conflicts to evolve

in the oil producing communities, and in some cases, has caused severe sedsrity trea

2.2.4.2 Restriction of Flaring and Penalties:

After the establishment of the Global Gas Flaring Reduction (GGFR) by the World Bank in
2002, Ecuador as an oil and gas producing country became a member in 2003. Also in the ye:
2003, GGFR commissioned a progwae which seeks to provide various means for the
utilization of flare gas in Ecuador (World Bank 2004). By 2007, the urge to reduce further the
act of gas flaring prompted Ecuador to endorse the Global Voluntary Standard, which compels
and provides guideies to the government as well as the oil and gas producing companies how
the ways to achieve reduction in both venting and flaring (MayAta et al., 2008).Relevant
international standards such as those adopted by the Regional Association of Otiuaab®ées
Companies in Latin America and the Caribbean (ARPEL) have been taken into account in
setting emission and ambient air quality standards. However, the framework for setting operating
standards is provided by Decree No. 2982/1995 of the countguddor It is understood that
additional requirements can be imposed on a -bgsmse basis if warranted by the

environmental conditions. Therefore, in a situation of noncompliance, financial penalties may be
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imposed both under the hydrocarbons legistat{the sums involved are insignificant) and
environmental legislation. Noncompliance may also constitute grounds for revoking the
operatords rights. Above all, the regul ato
Mines, specifically the subecetariat for Environmental Protection within the ministry.

2.2.5 Gas Flaring In Russia

The Russian State ownB mineral resources. Licers which aressued jointly by the Ministry
of Natural Resoues and the regional authoritiase needed for extraction ofi,onatural gas,

and associated gas. The operators are required to:
V Lift, process, and market associated gas.

V Use associated gas in operations or reinject or flare gas.

2.25.1 Gas Flaring Permission in Russia:

In Russia, gas flaring restrictions vary from regtonregion as the federal Mineral Resource
Act, which sets standard license terms, does not require the condition on associated gas flarir
and usage to be included in the oil production license or license agreement. This has led to gz
flaring matters tobe isolated to the regional authorities. Presently, only a few regions have
included special provisions on associated gas flaring and usage in their regional mineral acts. Fc
example, under the mineral acts of Khahtgnsijsk and YamaliNenetd two major @ and

gas producing regions in West Sibérithe usage rate of agsated gas is a mandatory licenc
condition that the operator and the regional authorities haveree am before signing the
license agreement. Khantiansijsk subsequently went furthancaset a mandatory 5% cap on

gas flaring (95 percent of associated gas has to be used). However, this 5 percent limit might b
i ncreased if the operatoroés feasibility st
companies opt not to negotiater fa higher limit since their compliance with the gas flaring

condition is unlikely to be scrupulously monitored in this region.

2.25.2 Flaring RestrictiondLegislationin Russia:

The Federal lawsn Russia daot historically required oil and gas producing aigationsto
neither minimizegas flaringnor require the utilization of associated petroleum gas (APG)
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Despite this, some regions created and adopted their own rules for gas flare reduction, but it he
been a slow and irregular process. Russia has tyar gas flaring regions YamalNenetz and
Khanty Mansiysk. These two regions have adopted a gas flaring provision, which they made ¢
standard part of theitlicence to operators. In Khanty Mansiysk for instance, there is an
establishment or permission 66 limit on gas flaring; however, oil and gas operators are
permitted to flare beyond such percentage as far they can demonstrate to the regional authoriti
that gas flaring is more economical that gas utilization. Despite the effort of the regional
authaities, it is wortly to note that out of 213 liceas given to operators of oil and gas, just
26% applied the rule in 2005 (PFC Energy, 2007).

In Russia, hgirocarbon licenes must come with gas utilization requirements; however, these
laws are rarely enfeed and this gives the oil and gas operators the leverage to fail to comply.
Although another major reason for lack of compliance is that the financial fines that are attachec

to lack of compliance are very meagrgist capped at $1,540 per year.

2.25.3 Monitoring and Reporting Of Gas Flaring:

Theoretically, the licensed operators are supervised by both the Ministry of Natural Resources
and regional authorities, and eithef the two can initiate licemc withdrawal in case of
noncompliance with a caiition stipdated in the licenceBut it is worthy to note that neither the
regional authorities nor the mitig have ever revoked any licemdecause of excessive gas
flaring (PFC Energy, 2007)even though Russia is rated as the highest gas flaring country
worldwide (Rahimpour, 2012)which can be partly blamed on the lack of clearly defined
authority (powers) as well as clearly assigned (divided) roles and responsibilities among
government supervisory agencies. The lack of standardized reporting, monitoring, and
erforcement procedures make the taskeoburing compliance with liceacconditions even

more difficult. Data on associated gas are reported to several government agencies, including tr
State Statistical Committee, the Ministry of Taxation, the MinistriEérgy, and the Ministry

on Natural Resources, as well as to the committees within the regional governments in charge c
natural resources. Since there has been little coordination among these recipients of statistic
information, data are not systemaligacrosschecked or synchronized, and consequently they
are to a large degree inconsistent. The comparison of data received and collected by differer

government agencies reveals that often the volume of flared gas reported by a producer to th
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Ministry of Natural Resources exceeds the associated gas production reported by the sam

producer to the Statistical Committee and the Ministry of Taxation.

The KhantyMansijsk government has been working on creating guidelines that, if introduced,
will result in dricter requirements on associated gas measuring and reporting, and improved anc
standardized procedures in monitoring associated gas flaring and usage. Two regulating agencit

are responsible for gas flaring regulation in Russia and they are:
1 Ministry of Natural Resources

1 Regional Authorities (Department and Committees of Local Governments).

2.254 Enforcement of AntiGas Flare Law in Russia

Even though Russia has multiple agencies that enforce utilization of gas, this process has bec
marred by poor monitoringshich has advertently limited the availability of information to the
regulators. Also the enforcement tools that currently exist in Russia are not sufficient enough tc
motivate the utilization of gas. According to PFC Energy (2007), there is neitherestring
punishment nor strong incentive that encourages reduction of gas flaring in Russia. However
over the years, the Russian government has indulged in some enforcement improvement steps.
the year 2005, the Ministry of Economic Development and Tradeadsed the fees for the
emission of CH, this also included. The implication is that operators, who emivealioe
required or stated limiwill pay 250 Rubles per tonndlso in 2007, with a prospect to achieve
95% utilization of associated petroleum ¢gs2011, the Russian Ministry of Natural Resources

proposed a plan with a stringent financial fine of aboutfiolds of the existing fine.

2.3 OVERVIEW OF NIGERIA AND THE NIGER DELTA

Nigeria is a country located in the Western part of Africa and sharesd&oesm with the
Republic of Benin in the West; Chad and Cameroon in the East; Republic of Niger in the North;
and board of Gulf of Guinea in the South and the Atlantic Ocean (Internet World Stats, 2009).
The country has an area of 923,768 sq km with amattd population of over 158.3 million

and the official language is English (Trading Economics, 2011). It is also the most populous
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country in the entire African Continent. N
and ranks 8ttamongst the topen countries with the highest population in the world (Internet
World Stats, 2010). Figure 2showsa typical map of Nigeria, detailing the 36 States and the
federal capital territory, Abuja.

FZamfara

Bauchi

Osu n@

Enugu

Figure 25: Geographic Contexif the Study Nigeria Map(Adapted from Premium Times
2016).

Nigeria is enormously blessed with abundant human, agricultural, petroleum, gas and othe
unexploited solid mineral resources (Obadan, 2002). However, due to the political instability
experiened since her independence in 1960 from British rule, it has experienced decades o
political instability; therefore creating social tension and an unpredictable market for businesses
(Onuorah, 2009). It is worthy to mention that the Nigerian economy feyndly reliant on the

oil and gas sector and classed as the fifth largest oil exporter to the United States (Ploch, 2011).

The Niger Delta region of Nigeria literally covers about 36,000 kilometers (14, 000 square
miles) of marshland, creeks, tributariesd lagoons which drain the Niger River into the
Atlantic (Ibeanu, 2000). About 12,000 square kilometer of Niger Delta is fragile mangrove
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forest, and this is arguably the largest mangrove forest in the world. It is also the largest wetlanc
in the world. The biodiversity is very high and the area contains diverse plant and animal
species, including many exotic and unique flowers and birds. Implied in this ecology is that the
Niger Delta is an easily disquilibrated environment. The environment is mosaly water and
associated with shortage of arable land and freshwater. Furthermore, transportation through thi

ecosystem is very difficult.

Today, crude oil is produced in nine States in Nigeria, namely, Rivers, Bayelsa, Delta, Edo, Imo,
Abia, Akwalbom, GossRiver, and Ondo. Due to this fact and other political reason, the
preserdday Niger Delta is technically made up of these iStates aslepicted in Figure 2,6and

covers an area of about 41,000 square miles (106,189.50 km2) and habours Nigega'®ipro

and gas reserves. According to Igwe (2011), 70% of Nigeria's proven gas reserves are situated
land, while the rest 30% are offshore.

TmoTE

Map showing the Political Niger Delta
Lo,

ONDO STATE

CROSS RIVER
IMO STATE STATE

DELTA ST,

o _CALABAR

AKVUA-1BOM
STATE

Atlantic Ocean
Source of Map: N

suE

Figure 2.6: A Typical Map of Niger Delta RegiofAna, 2011)

The Niger Delta, wi ch i s the base of Nigeriads oil r
gas to the tune of 5.3 trillion cubic meters (187 trillion cubic feet) (Ahmed Bello and Idris 2012;
NLNG, 2011). In terms of gas production, about 33.21 billion cubic metegafs produced

annually from this region (Giwa, Oluwakayode and Olasunksnmi, 2014). Nigeria has proven oil
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reserves of an estimated 35 billion barrels and an estimated daily average crude oil production c
2.2 million barrels, therefore the Niger Delts a key region in Nigeria due to these vital
hydrocarbon reserves (&jionu et al, 2015; NNPC, 2015).

2.4 GAS FLARING IN NIGERIA (NIGER DELTA REGION)

According to Jimoh and Aghalino (2000), gas flaring in Nigeria could be traced to as far as
1906, in Oloibirj in the present Bayelsa State: and the responsibility rests onBFheah the

effort to discover crude oil in commercial quantity. It is also worth mentioning that the first ever
oil field was discovered in the year 1956 and subsequently the firstewd oil export from
Nigeria took place in 1958; and this marked the official gas flaring in Nigeria (Osuoka and
Roderick, 2005). And the amount of gas flaring in Nigeria has been on the rise because of the
continuous rise in the quantity of crude oil guoed: this corresponds with the statement of Oni
and Oyewo (2011) which states that Nigeria has become one of the highest gas flaring nation
because its oil production has improved in proportion with about 71,000,80@.%5billion

standard cubic feet).

The crude oil in Nigeria is associated with so much gas (Ikelegbe, 1993), therefore the oil anc
gas companies in Nigeria prefer to flare the gas that is mixed with the oil (associated gas), so &
to maximize crude oil production; and prefer to extractriheiral gas directly from its isolated
deposit (norassociated gas). Therefore, this is evident to the fact that Nigeria burns a large
volume of gas, because the volume of associated gas that is produced and also flared is direct
linked to the amount obil which is produced. Currently Nigeria produces about 2.4 million
barrels of crude oil daily (Index mundi, 2015). Above all, as far as oil production is concerned,
associated gas is flared (very minimal or nothing at all in developed countries) squtinel
however, in the case of Nigeria, it causes a raised eyebrow because so much viiduete &n
estimated $2.5 bworth of gas is annually flared; which accounts for about 75% of total gas
flared in Africa. So much have really been discussed on thadmgf oil exploration and
production on the environment in Nigeria and they are based on oil spillage as well as the
environmental degradation which accompany the act; while in contrast, natural gas and its
components have often been neglected, perhapgadthe fact that natural the impacts of gas
flaring are not easily visible. This is evident when compared with the effects of crude oil spill,

which brings about acute degenerateffects on the environment.
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2.4.1 Nigerian Government and Gas Flaring: The LegaFramework

Nigeriads crude oil is linked with "pohletat y
Russia in gas flaring with about 15.2 billion cubic metre of gas, which is flared annually (Bailey
et al, 2000 and M.E.E.S., 2012). Ironicallyhat figure represents about 40% of the gas
consumption of Africa in 2001 and about 25¢
Nigeria takes place in the Niger Delta region that is mainly made up of Abia,-Kong

Bayelsa, Cross River, Delta, &dlmo, Ogun, and Rivers States. The Niger Delta region has a

population of about 25 30 mi | I i on people (about 8% of
20,000 Knf (Yakubu, 2008). The flaring of gas in the Niger Delta kicked off with crude oil
productonn t he 19500s. Ever since then, flarir

difference with Western European countries where 99% of the associated gas is either use
judiciously or reinjected into the ground. Unfortunately, in Nigeria, despite ak th
606regul ationsé66é put in place so0o many years
still flared till now, and this causes local pollution and also contributes so much to climate

change, antb a large extent billions ofadlars are losin the process.

In the early 1960s, the Nigerian government recognized gas flaring as a potential problem
associated with oil production. Since then, the government has combated it through legislatior
such as the Petroleum Act of 1969 and the Gametion Act. The first time that the Nigerian
government tried to prohibit oil companies from flaring gas was in 1969 during the
administration of General Yakubu Gowon (military junta). The companies were mandated to put
facilities in place for useful utilizadn of associated gas within five years. Both the government
and the oil companies failed. The government has subsequently tried and failed to achieve
zeroflare situation. The last failed mandate for z#awe was in 31 December 2008;
unfortunately,the irony is that gas flaring is just on the rise in the Niger Delta. The Area
Manager of ExxonMobil in Nigeria stated that to stop flaring by 2008 would not be feasible due
to the security issue in the Niger Delta, the pricing regime for gas and furfdimfgastructural
devel opment (The Punch, 2007) . Ni g eassociatedi S
gases, which are estimated in excess of 1865 trillion cubic feet. Nigeria is ranked th& 7
highest producer of gas, accounts for about 13he gas flared worldwide and the

reserve/production estimate is for about 110 years as specified by specialists.

Shell Petroleum Development Company of Nigeria Limited (SPDC) is the single biggest gas

flaring company in the Niger Delta. There are sonteiomajor players that include Nigeria
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Agip Oil Company (NAOC), ExxonMobil and TotalFinaEIf. It is worth noting that the amount

of oil produced determines the amount of associated gas produced too; likewise the amount ¢
associated gas produced determitesamount flared simply put, the amount of gas flared is
directly proportional to the associated gas that is produced. It is reported that in 2004, SPDC
alone accounted for about 1.1 million bbl/d while ExxonMobil accounted for about 570,000
bbl/d. Accading to the World Bank, Nigeria flared 75% of all the gas produced. In the Niger
Delta, there are more than 100 flare sites, which keep emitting toxic cocktail of chemicals into
the atmosphere.

The stoppage of gas flaring in Nigeria has not been suatéssfause of the failure to enforce
gasflaring legislation. The Petroleum Act of 1969 was the first Act that addressed the general
potential problem of oil production and its accompanying environmental hazards (Ukdln, 201
This act encouraged oil compas to submit oidlevelopment schemes that specified potential
solutions to such environmental hazards. In 1979, the Nigerian government made its first attemg
to specifically address the issue of gas flaring by promulgating the Associated Bgsdien

Act No. 99. Through this Act, the government mandated that oil companiggetcegas for gas
utilization. January 1, 1984 was set as the deadline to stop gas flaring; however, an oil compan
could be exempt from this deadline if they were issuedtdicate from the petroleum minister.
Major oil companies in Nigeria indicated difficulties in meeting the 1984 deadline, citing lack of
resources to construct a gagection plant within the timeframe; consequently, the deadline was
extended by one yedrowever, oil companies failed to adhere to the policies stipulated in the
1984 deadline, claiming it was too expensive tonject gas (Ishisone, 2006). Consequently,
approximately 55% of oil fields were exempted from participating in gasjeetion am an

insignificant penalty was imposed on oil fields where gas is flared.

By 2007, the Nigerian department of Petroleum Resources reported that there were about 11
flare sites in the Delta. Gdkare practices continued to increase dramatically as oilpanies
deemed it less expensive to pay the minimal fines thanitge® gas. Consequently, about 75%

of gas is flared, whereas approximately only 12% isnjexted. Although legislators
promulgated a law to combat giaring, gas flaring remains ansise because of inadequate
enforcement due to low penalties imposed for violations and the granting of exemptions to oil

companies that flare gas.
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2.4.2 Institutional Framework for Gas Flare Management in Nigeria

Nigeria has some vital institutions that are mspble through various means to control and
manage the production as well as utilization of crude oil and gas. These have been mentione
and elaborated as follows:

2421 Ministry of Petroleum Resources (MPR)

The Ministry of Petroleum Resources in Nigeriagsponsible for the creation of all policies that
relate to the oil and gas industry. The ministry is under the care of a Minister, and the ministry is
also responsible for issuance of regulations and standards for the conducts of other engineerir
and petoleum procedures. The responsibilities of the MPR are duly carried out through the
Department of Petroleum Resources (DPR), which is a body under the Ministry of Petroleum

Resources.

24.2.2 Nigerian National Petroleum Corporation (NNPC)

This organisation was &dlished from Section 1, Decree No. 33 of 1973 of the Federal
Republic of Nigeria. NNPC latwo major responsibilities:-llinspectoral and commercial
responsibility, which allows it to manage and overlook the operations of its subsidiaries within
the oiland gas industry, li&k Nigeria Gas Company (NGC). Zhe NNPC is responsible for the
control of the Nigeriabs participatory 1int

signed with different mukthational corporations in the oil and gas secto

2.4.2.3 Federal Ministry of Environment (FMENV)

This represents the highest authority in terms of environmental management in Nigeria, and wa
established in 1999 to repladke Federal Environmental Protection Agency (FEPA). The
FMENV was also invested witth¢ authority to be in charge of the Oil and Gas Pollution
Control Unit of the DPR. As part of its duty, the FMENYV drafted the National Environmental
Management Act (NEMACT), which incorporated the policy on gas flaring elimination as well

as gas utilizatio in Nigeria.
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2424 Niger DeltaDevelopmentCommission (NDDC)

This is a commission set up by the government in the year 2000 to replace the Oil Mineral
Producing Area Development Commission (OMPADEC). One of its major responsibilities is to

create a balance lvgten the oil and gas producing communities, the oil and gas producing

companies, and the government. Furthermore, the NDDC addresses the environmente
challenges that are associated with the activities that are related to engineering and production
Nigeria. It is worthy to note that the NDDC is controlled by a board, which is made up of

members from all the 9 States in Nigeria that make up the Niger Delta region.

2.5 RECOMMENDATIONS ON GAS FLARE REGULATION FOR NIGERIA

After reviews on regulations, permises, and penalties in other @hd gas production and
flaring countries, some recommendations are made for Nigeria as stdtaolen2.2 Theseare
currently applied in some countries (seecBons 2.2.1to 2.2.5 and are creating positive
impacts. Theserecommendations could encourage utilization of gas in Nigeria, particularly

when applied strictly and consistently.
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Table 2.2: Regulatory Recommendations for Gas Flare Reduction in Nigeria

S/No

Recommendation

Commerts

There should be an Act th|
restrics waste of petroleun
resourceggas inclusive), an(
also directs on the best way

to harness them

This currently operates in Norway. This Act
responsible for the specification on the best meang
gas produagbn and of gas utilizatiorNorway is a not fol
good management and utilization of gas, therefore
adoption of this Act in Nigeria will encourage gas fl;

reduction.

Provision of @& Act that

regulates exploration
licensing, productior
licensing, and cessation of
petroleum activities as we
th

community in the event ¢

as compensation to
pollution such agas flaring

should be promulgated.

This exists in Norway aBetroleum Activities Act 1996
and it is responsible for the regulation df @etroleum
activities. This could guarantee huge compensation
communities affected by gas flaring and cause
operators to be careful and channel more attentio
flare reduction, particularly if the penalty is hudeénes
for defaulting operators should lse exorbitant so as {
deter them.

Permission that enables
operators to flare gas that

of excessive requirements.

This is officially the responsibility of Oil and Ga
Directorate in the NetherlandsThis could be the
responsibility of Ministry of Btroleum Resource8/PR)
in Nigeria, because they are responsible for the cre
of all policies that relate to the oil and gas industry. T
policy will also grant these operators the right to fl
strict that cannot b

(under monitoring) gas

utilized/marketed.

Availability of a policy that

mandates oil and gas

operatos to install and

operate gasgathering anc

transportation facilitieg

This policy is operational in Qatar, and promag
bringing gas ashore. However, a part of the capiat
would be compensated based on separate agreemg

both partiesA good example for compensation could

30



(pipeline). through tax reductioor tax holidays

Promulgation of an Act tha This exists in Ecuadoas well as Russidf applied in

revokes licenses for Nigeria, it could be a deterretat oil and gas operators (¢

honcompliance of 94 gas flaring. This will be vital because surely no oper

reduction laws ant will wish to have its operational licence revokg

frameworks. Therefore, gas flare reducti process becomes
significant part of their plarin Russia, two ministries ar
in charge of the supervision. However, to make
work, particularly in Nigeria, there should be clea
defined authority (powers) as well as clearly assig
(divided) oles and responsibilities among governm
supervisory agencies. This could be the responsibi
of MPR and Federal Ministry of Environment (FMEN\
Furthermore, environmentalists and human right acti
should continue in their quest to end this attgas

flaring.

2.6 ENFORCEMENT AND MONITORING OF GAS FLARE SITES IN NIGERIA

Reduction of gas flaring may be difficult to achieve without the political will poweelevant
countries in general, andigeria in particular. Countries where gas flaring hasnbeeduced to
an acceptable or barest minimum like Canada and Norway have three major factors that hav
been linked together and put in motion. These include legislation, monitoring team and,
enforcement team. The combination of these three indepermbeigs work towards the

achievement of a vital aiiingas flare reduction, as has been demonstratedjine 2.7

2.6.1 Legislation

Although Nigeria has different forms and levels of institutional structures used for the course of
oil and gas management as statedection 3.3.2, it iyet to be understood clearly how these

structures strictly tackle gas flaring. Therefore, the government through legislation will have to
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consider some factors like core reasons that lead to continuous gas flaring; how to provide
financial support to the oil and gas companies, as well as how to make the environmen
conducive for the local communities within the oil and gas production and flaring sites. This
legislation provides specific and clear directives/guidelines on maximurmeadunount of gas

that each organization in the oil and gas sector is expected to flare (where necessary); as well
stating means of utilisation, for instance GTW and LNG. These directives will edyestislire

that flaring up to a certain volume of gdscomesan illegal act, thereby declaring the
perpetrators as offenders.

The legislation also makes provision for fines and penalties for offenders of these directives. In
Nigeria currently, the penalties for this offence is meagre when compared wittoltime of

flared gas, thereby giving the operators the grounds to continue flaring. However, to make this
work, the legislation should carry along heavier and stricter fines and penalties. Providing some
incentives such as tax holidays (for few yearsyval as tax reduction to the companies in the

oil and gas sector will serve as a good indirect financial support and encouragement toward:
investing on gas flare reduction. In other words, money meant for tax could be channeled

towards investment in tecblogies that reduces gas flaring.

2.6.2 Monitoring

An effective monitoring team is required to effectively enforce the laws that will be enacted by
the legislation of the country. Without consistent monitoring, there is a strong likelihood that
these legisladns for gas flare management may not succeed in the oil and gas sector. This is
because Nigeria currently has some institutional frameworks for the management of gas flare
but due to lack of monitoring from the government, these frameworks have pravéea b
successful. Therefore, to make the legislation successful, there should be strict monitoring teamr
who part of their primary duties is to regularly monitor if the companies adhere to the authorized

maximum volume of gas flaring.
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2.6.3 Enforcement

The diuty of the enforcement team is to be unbiased in compelling the oil and gas companies tc
comply with the directives of the legislation. This team will be entrusted with consistent checks
as well as nomliscriminatory execution of this duty. If all theses gout into effective practice,

which will require both the government and the oil and gas stakeholders acting in accordance t

their respective requirements, this framework will improve utilisation of gas.

Figure 2.7showsthe roles of legislation, mowmiting and enforcement towards the achievement

of flare gas utilizationAlthough each acts independenitys worth mentioning that they have a

common aim, which is gas flare minimization.
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Figure 2.7: Process Flow for Impwed Utilization of Gas
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2.7 ADVERSE IMPACT OF GAS FLARING

Gas production carries along routine associated gas flguagy minimal n developed
countries) however, in the case of Nigeria, it causes a raised eyebrow because so much volum

Is regularlyflared

Though Nigeria has tried to find ways of making the best use of the gas (exporiimjgctiag,

use for electric generation or even through any other means), but till date, a huge volume of ga
is still flared steadily in Nigeria, particularly in thedéir Delta, which is the major oil centre.

The effects that it has on the environment are quite héadgstruction of fauna and flora,
pollution of water bodies which happens through excessive heat and acid rains respectively
There is also the degradati@i human health. There has been the negative experience of
reduction in the region for flora and fauna because humans as well as fish need them for th
livelihood. Gas flaring also brings about waste of natural resources and economic waste. Th

following sections have extensively discussed these adverse impacts.

2.7.1 Environmental Impact of Gas Flaring

Due to the fact that gas flared from different oil fields has its own characteristics, it is not easy to
find a definite measurement of its impact. Howevegeneral, flaring of gas releases hazardous
chemicals such as carcinogens and heavy metals, which negatively affect the environmen
Anomohanran (2012) suggested that the governments need to be proactive in preventing th
release of millions of tons €O, into the atmospheren ithe same vai Edinoet al. (2010) also
supported the suggestion by opting that gas flaring is a controversial environmental issue
because it contributes significantly to greenhouse gas (GHG) emission and can be seen from ¢
economg perspective as a waste of valuable energy resources. These environmeatis

have been highlighted below:

2.7.1.1 Climate Change

Gas flaring contributes to climate chan@@rimoogunje et al., 2010jhereby creatingevere

consequences fdhe entire globendNigeriain particular because of the large volume of gas

flaring in Nigeria Gas flaring is a major source of greenhouse gases (GHG) contributing to

global warming which could accelerate the problem of climatic change and harsh living
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conditions on edhn, if not checkedPennerl999; Meehl 2007)Flaring releases carbon dioxide
and methane, the two major greenhouse gases. Of these two, methane is actuallymiore ha
than carbon dioxide, and could also roere prevalent in flares that burn at lowern@éncy.
However, bgether and crudely, these gases make upta&@o of global warming (Ajugwo,
2013)

Gas flaring contributes to climate change, which has serious implications for the world
(Orimoogunjeet al. 2010)Those less efficient flares tend taye more moisture and particles in
them that reflect heat and are said to have similar effect on the ozone layer like aerosols d
(Orubu et al. 2004;Bassey2008) Furthermore, Bassey (2008) states thfathe greenhouse
gases researched so far, the glateiming potential of a kilogram of methane is estimated to be
twenty-one times that of a kilogram of carbon dioxide when the effects are considered over one
hundred yearsin the year 2002, according to GGFR (2004), 199 to 262 million tor3Cpf
emissiors resulted from gas flaring in the world, i.e. about 3% of the total emission. The amount
of greenhouse gassHG) emission from gas flaring and venting depend on gas production, its
composition, and the flare efficiency. One of the main problésnthe unkown efficiency,

which depends on several factors such as the composition of the flare stream, gas flow rate an
wind velocity. The efficiency determines how much gas will be bur@@s while the rest will

be vented as methane, which has higher greeghoensity. Estimations of efficiency range
from 20% to 99% and this leads to large uncertainties as to the effects of flaring on the
environment (Kostiuk, et al, 2004). Tlh@nualgas flaringactivitiesin Nigerian releases about

35 million tons ofCO, and 12 million tons of Cki these are known to possess higher warming
potential tharCO,. These gases are known to have increased the average global temperature b
about 0.5 degree centigrade in the last 100 years (Pai@9). Particularly, there soncern of

likely impact of flood, rising sea level and tidal waves in Nigeria. And this fear has demonstrated
just a little bit of what it could be, when it perhaps comes in a larger force, as witnessed in the
recent flooding that engulfed Nigeria from May Movember 2012 as reported by BBC News
(2012). For the fact that most of the major and expanding cities in Nigeria are on the coast, witl
ti me, Ni dymg coasis snaylbe threatened by potentiatleeal rise. As estimated,
about 35 million tons focarbon dioxide and 12 million tons of methane are released into the
environment in the Niger Delta; surely this is astronomical and it is a major concern because o
its climatic and environmental hazards. So if there should be a case of rise of sethéegel

could be inundation along more than 30% of the Nigerian coastline.
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2.7.1.2 Acid precipitation

This is acknowledged as a significagifect of gas flaring. When sour gas is burnt, there is the
production of Sulphur oxides, which are finally exposed to thmsphere (Hewitet al, 1995).

When these compounds mix up with water and oxygen, they give out an end product known a
006aci d ThrsadausdsOimpacts on agriculture, forest and physical infrastructural
contamination, as well as roof erosiokghalino, 2009). The primary causes of acid rain are
emissions of sulphur dioxide ($and nitrogen oxides (NO) which comb with atmospheric
moisture for theformation of sulfuric acid and nitric acid respectivebaccording to FOE

(2004), acid rains have ée linked to gas flaring activities.

The effect of the acid rain can be toxic to the human body; it can also be experienced on th
corrugated iron roofs within the flaring are#ghey just rust quicker now as compared with about
2071 30 years ago. It is @rth noting that the constant input of these acids (no matter how dilute
they may be) into then@ironment can cause increasedl Ilpvel in the affected areé&Botkin and

Keller, 1998). he increase@H level increases the rate of extinction of flora therremt resist,

as well as condemning the water body and making it unfit/unhealthy for drinking (Nwaago

2005). Flare sites produce some toxic black powders through the flames (soot), which most time
deposit/settle on the roofing sheets of neardggéls. This soot is washed into the water aquifers
and soils of the inhabitants (Thomas and Allen, 1999).

In Nigeria, he concentration of acid in rain water appears to be higher in the Niger Delta region
and decreases further away from the redidyigue and Agho, 2007)This is due to the high
concentration of crude oil and gas reserves, as well as the high volume of gas flaring in the Nige
Delta region, which is more than the occurrence in other regions of Nigkaaacid rain caused

by gas flaring ks altered the vegetation of the Niger Delta area. On a casual observation of the
flares in the Niger Delta one sees that they are mucky and are evidenthatlomu efficiency

Gas flare sites, which often ti @9t ayewhi
deposited on building roofs of nearby villages. When it rains, this soot runs off the roofs of
building and pollutes the soil as well aster aquifers of the peopl@ghaling, 2009).
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2.7.1.3 Health and Safety

Hydrocarbon compounds cause samegdive changes in hematological parametéyscording

to Ajugwo (2013), lhese changes affect blood and bldoaming cells negativelyPropertiesof

gas faring such agarbon dioxide, nitrogen dioxide, Sulphur dioxide benzene, xylene, toluene
and carcinogeompounds (dioxin and benzapyrene) have been linked with leukaemia, chronic
bronchitis, asthma as well as infertility. It is nice to note that benzene particularly is known as
one of the top 20 toxic chemicals and the exposure of the human body to bkratnéo
headache, drowsiness and can lead to death (ATSDR).

Other effects associated with gas flaring at varying levels 6BQG/ears are low birth weight,

bone marrow damage, anaemia, decreased immune system and internal bleeding. Particularl
toluene is highly associated with severe nervous system damage. It is also reported that lon
exposure to moderate or even low amount can cause liver damage, as well as kidney and lung
damage; while long term exposure can even result to memory loss, visiomeandg
disabilities and at the extreme death can result. In the Niger Delta, children and women are see
drying cassava and fish through the aid of the heat that comes from gas flares. Actually, it serve
the locals that purpose but the irony is thatnagh as the goods are dried, they acquire some by

products of gas flaring like toluene, benzene etc, and these components are toxic to the body.

Furthermore, the US Environmental Protection Agency (EPA) stated that exposure to benzen
causes acute leukeanand a variety of other blood related disorders in humans. World Bank
Information on the adverse effects of particulate matter, suggests that gas flaring from Bayels:
State (in the Niger Delta Region of Nigerialpne, would likely cause on a yearly bal9
premature deaths, 4960 respiratory illness among children and 120 asthma(@uédloksand
Oshodi,2010). In a sour gas flare many reduced sulphur species are formed. Several including
hydrogen sulphide and carbon disulphide are potent toxic ch&miExposure to % at
concentrations below the level it can be smelled is associated with spontaneous abortion. Th
most common cause of Thyroid cancers is radioactivity. Thyroid cancers have an elevatec
median rate ratio in those geographic areak @itensive flaring operations. Furthermore, apart
from release of greenhouse gases into the atmosphere, gag igaresponsible for releasing

about45.8 billion kilowats of heat into the atmosphereNiiger Deltaon a daily basis (Ismail
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and Umukorg 2012). Therefore, it could be argued thgas flaringraises temperatures and

renderdarge areas uninhabitable.

Gas flaring really goes together with ngised at times with vibration. It can create so much
noise and vibration to people who live at abokilémetres radius from it; this affects the way
they talk (they tend to shout) and hear (they have hearing problem). In fact, people who visit the
Niger Delta at one point or the other complain that the inhabitants tend to talk at high tones
(Bailey et al, 2000).These coulde traced to noise and vibration from gas flaritngrefore, a
source for health and safety concern

2.7.2 Economic Impact of Gas Flaring

Gas flaring is a form of waste of natural resource somdeeconomic impacts have been stated

below

2.7.2.1 Reduction in Agricultural Output

Soil Infertility is a huge problem that is associated with gas flaring in the Niger Delta. Soil
acidification occurs through the deposits of acids on the soil, thereby reducing the PH of the soi
surface. This reduces thactivities of those microorganisms that séwusi to low |H and
decreases the decomposition of plant residue and nutrients. Soil acidification also reduces plar
intake ofmolybdate The end product/point is that acidification of soil brings about poaon fa
harvests and in extreme cases brings famine. This subsequently leads to high cost of food iten
in the local and or national levels. It also affects the livelihood of the local farmers. Gas flaring,
in Nigeria for instance, renders the Niger Delta extrly vulnerable to the impacts of climate
change. The International Institute for Applied Systems Analysis, Food and Sustainability
Agriculture (2008), projects that there will be a loss of 50% ability to produce cereal by the year
2020 and this could rig® about 80% by the year 205lhese acids also get in contact with the
water bodies and contaminate them, which makes the water bodies unfit for the fish. This alsc
turns out to affect the economy of the fishermen as well as that of the inhabitanasthtre is

lesser fish available, the price will tend to inflate.

Study byAugustineand Sanford (1976n Nigeria showed that gasafie could have areffect
beyond a distance greater than 110 m from the stacks, except in the case of suppression of t
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flowering of shortday plants however, it also states that mduether studies were required to
determine the effects of the flares on the yield of crop plants grown in theAdtteaugh it is

also worth to mention thabils of the study area are tdssing their fertility and capacity for
sustainable agriculture due to the acidification of the soils by the various pollutants adsociate
with gas flaring in the aredntevboreandAdeyemij 1981)

Studies show that gas flaring significantly affects aoly the microclimate but also the soil
physicchemical properties of the flare sites (Alak@d000; Odjugo, 2007

OdjugoandOsemwenkhe (2009) carried out a study tire effect on gas flaring on maize yield
size and concluded the sand content of 4bié, pH, bulk density, air and soil temperatures
increased toward the flare site. For optimum yield of maize within the Nigka Wvhere gas
flaring takes place, it i';ecommended that maize must not be cultivated within 2 km of the bund
wall of the flae sites.Therefore, esearch findings show that there is indeed a correlation
between environmental variables resulting from gas flaring and the development of certain

ailments found in individuals residing in such area.

2.7.2.2 Adverseeffect onrevenuegeneraton.

Nigeria, for nstance loses about $2.5 dnnually througtgas flaring; ifstopped, such money
realized could be invested into other sectors of the economy. It could even be used to start th
rehabilitation of what flaring itself has damaged, or euwsed in providing amenities like
hospital roads, as well as schools in the courirgm another point of view,as flaring has
indirectly hindered foreign investors from investing in the country. This is because they (these
foreign investors) tend to spgrmore on provision and maintenance of personal industrial
powergenerating plants. Even the local businessmen, artisans;sral@lbusiness people tend

to spend more on electric generation because of the nature of electric power supply in Nigeria
The @as that is wasted through flaring could be used to generate electricity.

2.7.2.3 Effectson tourism.

Continuous flaring surely leads to gradual destruction of the ecosystem of Nigeria and that of

Niger Delta in particular. This degradation could inhibit tourigtsn visiting the country.
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Tourists are attracted to serene environment, beautiful, monumental and natural places. The
also need security. Because of flaring of gas, there is tension and youth restiveness in some are
of the Niger Delta and surely thadrt inhibit tourism. The Niger Delta is the largest wetland in
the whole of West Africa and it is blessed with a variety of fresh water fish, crops and
economical trees that are at risk of extinction. The heat produced and in a way the vibration ha
destroyed so many economic and botanical plant species. This has really made it quite difficult
for the traditional healers who use herbs, bark of trees and roots for treatment of some mino

ailments.

2.8 GAS FLARE MANAGEMENT TECHNOLOGIES

There are availableéechndogies for the management dfare gas though their optimal usage
might not be in full application, thesare great potentials to the reduction of gas flaring, by
applying certain policies and strategies. Odumugbo (2010); Indriani (2005); Thomas and Dawe
(2003) outlined some technologies that could be vital in the reduction of gas flaring, and those

technologies are systematically reviewed and eldobited in Figure.8.
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Figure 2. 8: Natural Gas Transport and DevelopmenteAlatives Qdumughb2010).
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2.8.1 GasTo-Liquid (GTL) Technology

This involves the conversion of natural gas or other forms of gaseous hydrocarbons into longer
chain hydrocarbons like diesel fuel or gasoline. This process produces diesel fuel with almos
same aergy density to the conventional diesel, but possesses a higher cetane number, an
thereby permits or supports better performance engine design (Stanley, 2009): therefore with thi
quality in mind, the GTL adds valuesjttalso provides products theduld blend well with the
conventional products and at the same time having lesser pollutants. It is also worthy to note the
in Russian literature, GTL is substituted with symthdéiquid fuel (SLF) (Eliseev2008). To
achieve this process, two broader tashgies are involved and they are direct conversion from
gas and indirect conversion through synthesis gas (SYNGAS). The direct technology involves
the conversion of methane, thereby eliminating the cost for the produdtisynihesis gas.
However, thiscalls for higher activation energy and could be quite hard to control. The indirect
technology could take place through Fiselespsch (FT) synthesis or through methanol. The

F-T process involves a chemical process whereby catalysts (like cobalt orarmonmjsed to
synthesize complex hydrocarbons from simpler organic chemicals (Shell, 2009). -This F
process is further categorised into two namely: The High Temperature Fisolpsch process
technology (HTFT): the catalyst utilised here is iron and tpkese in temperature that ranges
between 300i 35(°C. According toAnyadiegwu et al., (2014), this particular process is
associated with the production of petrol (gasoline) and gas oil with aromatics and almost a zerc
Sulphur; and the second category ie thow Temperature Fisch@ropsch (LTFT) process
technology, which utilises cobalt as the catalyst within temperature level of about220fC:

the product from this process is known as GTL Fuel, which is a clean synthetic fraction of gas
oil that is dewid of aromatics anduphur Anyadiegwuet al., (2014). Figure 2.9s a schematic

of the FischerTropsch Synthesis: highlighting a flowchart of the process and the final products

I liquefied petroleum gas, naphtha and diesel (Rahmim, 2005).
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Figure 2.9: A simplified GTL FT Process (Modified from Rahmir2005).

According to Rahmim (2005), the earliest commercial usage of GTL was during the Second
World War by the Germans, and then seconded by South Africa in the 1950sdiAgcio
Genoveseet al, (2005), from a geographical poiat view, the areas interested@1L projects

are those in which gas constitutes a critical resource for economic development, such as the F
East (Indonesia and Australia), the Persian Gulh(lkad Qatar), Africa (Egypt and Nigeria),
Latin America (Trinidad and Venezuela), the North America (Alaska). The GTL projects are
often implemented in existing industrial sites (José in Venezuela and Point Lisas in Trinidad) or
in synergy with LNG plarg (Shell in Indonesia and Egypt). Shell applied th& process
successfully in Malaysia in the 1980s and it is been used to convert natural gas to fuel in a GTL
Plant in Bintulu (Stanley, 2009). However, the use of GTL as a means of reducing gas flaring
could have some drawbacks in some countries, particularly Nigeria because, the gas and o
wells are scattered in different and far away destinations (Tolulope, 2004). So this may be capita
intensive because it will surely require the construction of exterpipeline network, which is
necessary for the onward movement and delivery of gas to the industrial facility for the
conversion.
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2.8.2 Liquefied Natural Gas (LNG)

LNG is a technology that is effective in the transportation of gas for long distances,|adyticu
overseas; it is responsible for about 25% of the world gas movement (Deshpande anc
Economides, 2005). LNG is natural gas (mostly;OMhich has been converted to liquid form,

for easier transportation and storage. To become finished goods, it passesh several
processes ranging from removal of impurities to refrigeration and distillation, liquefaction,
removal of nitrogen content, before being stored and ready for transportation (Paktiieri
2015),as dulyrepresented in FigureId.

Apart from the ideal situation of lortgrm contracts/agreements, LNG development is currently
characterized by large investments in liquefaction facilities and LNG carriers (Odumugbo,
2010). Also, LNG production plants, to date, have been sited only ondhert their large

scale technical complexity and overall economics. Therefore, the viability of developing remote
offshore gas via LNG is determined by the economic limit of transporting the gas to shore.
Following some initial processing, the gas undesga liquefaction process using some variation
of a cascade cycle. The gas | i205ubechie Be @)t an
converted to LNG (Economides, 2005). Conventional LNG plants require large feed gas
volumes, in the range of 450600 million standard cubic feet per day (MMSCFD) or 385

mtpa (metric tons per annum) per LNG train. Therefore substantial investment in upstream ga:
gathering will be required in order to develop small remote gas reserves into onshore LNG.
These faairs limit the prospects of developing remote stranded gas via conventional LNG
(Akachidike, 2008).
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Figure 2.10: Block Flow Diagram of LNG Liquefactiofindriani, 2005)

According to Odumugbo (2010), presently, there is Rgomng development pertaining Floating
Production Storage and Offloading LNG (FPSO) or Floating Liquefied Natural Gas (FLNG)
facility for offshore applications. Rated capacities of current FLNG concepts are smaller (1.0
2.0 mtpa) when compared to the gentional LNG plants which rates about-B.0 mtpa. The

FLNG concept could suitable fit remote offshore gas reserves because some developers claim
achieve cost reduction of about 3@0% of unit capital cost compared to a standard onshore
liquefaction project. However, FLNG is considered an unproven technology. Although it is
readily acknowledged that the concept is simply a combination of such proven technologies a:
gas liquefaction and floating production and storage systems, the fact still renadiRENG is

still considered an unproven technology. The major concerns over FLNG have been in regards t
reliability and operational safety, including concerns for containment, -bsidale
loading/offloading and mooring. In general, the application oNGLhas been limited by

apparent technical and commercial risks, in addition to regulatory framework uncertainties.

The LNG Project i s Nigeriads most ambitiou
400 MMSCFD of LNG yearly. It was completed i@99 fa the cost of about $3.8tamd located
in Bonny, Rivers State (Odumugbo, 2010).
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2.8.3 Gas Relnjection/Recycle

Reinjection or Recycle is often applied offshore in order to boost oil recovery by maintaining
reservoir pressure and simultaneously reduceeloninate the need for gas transportation
facilities. Also this process requires a pressure of up to 700 bar or 70,000 KPaet(dhn
2001). This is still an attractive option for small volumes of associated gas aimed at utilizing
small volumes of gasyhich previously were flared because of the relatively small volume
produced. It is often used in cases where investment in processing or export infrastructure woul
render the prospect uneconomical. However, for reservoirs with substantial gas raserves,
injection is often considered uneconomic. It should be mentioned that water injection is the
commonly used technique to boost oil recovery. However gage&ion or recycling is a

viable alternative to gas flaring.

A typical gas renjection processis shown in Figure 2.11below, whi ch i s t
Condensate Projecto in Angol a, which is ex
and at the same time increase the production of oil by gathering, processingirgadtien of
associated ga(Shinn, 2004).

Sas compression

w

Condensate ]
to cales Gas reinjection

r-::u::|u|ning Well

Figure 2.11: Schematic drawing of Gas-mg@ection processindriani, 2005)
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By its completion, it will produce up to 100,000 barrels per day of oil, condensate and LPG
(ChevronTexaco, 2004). And also, thendensate and the LPG will be extracted from 650
million cubic feet per day of gas. With the addition of associated gas from the surrounding
platforms, the complex will separate the higilue hydrocarbon liquids from the gas.

At times, companies can alsnject gas back into the reservoirs to maintain pressure and help
force out more oil. This process igsed in so some Western countries and also in some
developing countries. For instance, in Gabon the government and its partner, Shell, recentl
added egipment to renject gas, reducingcO, emissions by a total of 1.1 million tonnes
(Broere, 2008). The Rabi oilfield in southern Gabon is a case in point. Flaring of about 0.6
million tonnes of natural gas per year was reduced to 0.02 million tonnes adunupexisting
compressors and installing new ones. The 1
shallow reservoirs, for example, adding too much pressure can lead to an uncontrolled flow of

oil, gas or water.

2.8.4 GasTo-Methanol

This is a synthetic &l produced by synthetic gas and methanol synthesis processe®- Gas
Methanol like other synthetic fuels can utilize existing liquid (oil) storage and transport
infrastructures relatively easily. From the report of the research by Odumugbo (2010} there i
limitation on the methanol market, which has inhibited its development. A most profound benefit
of Gasto-Methanol development is the very wide array of product vathain derivable from

the process, such as methanol to gasoline (MTG), methanokfinso{MTO), methanol to
olefins to gasoline and distillates (MOGD), dimethyl ether (DME), methanol to power (MTP)

etc.A schematic of gato-methanol is showm Figure 212.
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2.8.5 Pipeline

This is a good means of transporting natural gas globally to the end users; and it is still in
practice till date (responsible for about 75% of globally transported gas). This technology is also

convenient and economical for onshore purposes (Deshpande and Economides, 2005).

Pipeline is the principal and most convenient method of transporting gas: either from an offshore
location to onshore for processing or to interface with existing distibgfiids. It is also used
for transportation of export gas. Nevertheless, for offshore transport of natural gas, pipelines
become challenging as the water depth and the transporting distance increase. And it no\
becomes important to state that distancerd@&hes the economics of gas transportation (Burr

al., 2007). An application of this technology is the West African Gas
Pipeline (WAGP) as shown iRigure 2.13 Its ultimate capacity is estimated to be about 400

million standard cubic feet (SCF) peayd and supplies gas for electricity generation to Benin

Republic, Togo and Ghana from Nigeria (Shinn, 2004).
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Figure 2.13: The West African Gas Pipeline (WAGP) ProjéeEIGR 2015.

According to Indriani (2005), this tecblogy is associated with numerous benefits, like
reduction in flaring by using associated gas as alternative fuel, reducing air pollution and
improving health. However, it also has its own barriers like, policies and regulation issues,
namely government gport, pricing, taxation and regulatory structure. In addition, financial
problems might rise if the investment is high but profitability remains questionable. Current and
future markets will influence the feasibility of the project, as well as the pliysddfi leakage

and boundary determination.

However, these technologies are also facing some certain shortfalls. These have been highlighte
in Table 2.3andidentified as disadvantages.
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