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Abstract
Flaring of associated gas, found during petroleum exploration and production in Nigeria,
results in substantial environmental degradation, which endangers sustainable development
and exposes the population to health hazards. In addition, it results in significant economic
losses, especially from the opportunity cost of the disposed natural gas (NG). As part of the
many initiatives to abate flaring and harness NG resources, the Nigerian government
proposed the use of compressed natural gas (CNG) as an automotive fuel in 1997, but
progress has been slow.
This study investigates the barriers to use of CNG as an automotive fuel in Nigeria and how
these can be overcome. It identified, validated, prioritized and built consensus on 29 barriers
and 25 policy recommendations, using a combination of case study of selected countries,
semi-structured interviews and a Delphi survey among participants who are key stakeholders
in the energy and transportation sectors. Major hindrances identified include the absence of
market coordination; lack of transparency and accountability; inexperience of the population
with gas usage; lack of public awareness on the benefits of NG; artificial distortion of the
economic benefits of CNG due to the subsidy on gasoline; focus on export market
development to the detriment of the domestic market; absence of regulatory standards; poor
infrastructure; and an old and dilapidated national vehicle fleet. There was no convergence on
the impact of insecurity of human and material resources caused by militancy and pipeline
vandalism in the oil producing areas, despite widespread views of the negative effect on the
oil and gas industry generally.
Based on the consensus built among study participants, the study recommends 12 policy
interventions, which might stimulate growth in the use of CNG as automotive fuel; these
comprise specific energy market reforms, fiscal and operational incentives, transportation
sector reforms and the creation/building of public awareness.
Key words: Nigeria, compressed natural gas, transportation, stakeholders, barriers
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Glossary of terms

Associated gas

A form of natural gas found in association with petroleum in reservoirs;
can exist alone (as a gas cap) above petroleum or in a solution with
petroleum. It comprises compounds such as methane (CH4), ethane
(C2H6), propane (C3H8), butane (C4H10), nitrogen (N2), carbon dioxide
(CO2) and other impurities. It is released as a by-product during the
exploration of crude oil.

Climate change

Significant change in the statistical distribution of weather patterns over
an extended duration of time, ranging from decades to millions of years.
Natural processes or anthropogenic activities may cause it.

Climate change The degree to which a system is susceptible to or unable to cope with the
vulnerability
adverse effects of climate change, including climate variability and
extremes.
Fugitive
emissions

Emissions of gases from pressurized equipment due to leaks and other
unintended or irregular releases of gases, mostly from industrial activities.

Gas flaring

High temperature oxidation process used to burn combustible components,
mostly hydrocarbons, of waste gases from industrial operations.
Controlled burning of associated gas produced during the exploration of
crude oil.

Gas reinjection

Reinjection of natural gas into underground reservoirs containing natural
gas and crude oil in order to increase the pressure within the reservoir and
increase crude oil production.

Gas venting

Controlled release of natural gas into the atmosphere during oil and gas
operations.

Greenhouse
gases

Gases that can absorb and emit long wave (infrared) radiation. They
include carbon dioxide (CO2), water vapour (H2O), methane (CH4),
nitrous oxide N2O), ozone (O3), sulphur hexafluoride and
chlorofluorocarbons (CFCs).

Hermeneutics

The art and theory of understanding, and interpretation of, linguistic and
non-linguistic expressions.

Idiographic
analysis

Pertaining to or involving the study or explication of individual cases.

Interpretivism

Research approaches that emphasize the meaningful nature of people’s
participation in social and cultural life with the notion that the methods of
natural sciences are inappropriate for such investigation.

Natural gas
vehicles

Vehicles running on compressed natural gas (CNG) or liquefied natural
gas (LNG) as a cleaner alternative to other fossil fuel.

Netback price

A price mechanism that considers the sum of all the costs associated with
bringing one unit of oil to the marketplace and all the revenues from the
sale of all the products generated from that same unit. The netback is
calculated by taking all of the revenues from the oil, less all costs
14

associated with getting the oil to a market. The costs may include, but are
not limited to, importing, transportation, production and refining costs,
and royalty fees.
Nomothetic
analysis

The study of classes or cohorts of individual subjects where the subject is
seen as an exemplar of a population and their corresponding personality
traits and behaviours.

Positivism

A philosophy that states that the only authentic knowledge is scientific
knowledge and that such knowledge can only come from positive
affirmation of theories through strict scientific method.

Sterilized
approach
distance

A distance measured from the base of the flare stack within which no
other equipment except that related to the flare itself may be located.
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1. Introduction
1.1.

Research context

Nigeria is among the world’s ten most populous countries (United Nations [UN], 2015), the
eighth largest producer of crude oil (Nigerian National Petroleum Corporation [NNPC],
2014a, the largest economy in Africa and the 26th largest economy in the world (National
Bureau of Statistics [NBS], 2014a. In addition, Nigeria has the seventh largest proven
reserves of natural gas (NG) in the world, estimated at 187 trillion cubic feet (Tcf). The NG is
of high quality; it is rich in liquids and low in sulphur. The country’s proven gas reserves
were discovered during oil exploration and it is believed that these could increase to 600tcf if
intentionally explored (Nigeria Liquefied Natural Gas Ltd [NLNG], 2011).
The Nigerian economy is dependent on the income generated from the production,
processing, export and consumption of fossil fuels and associated energy-intensive products,
as oil and gas exports accounted for more than 98% of export earnings and over 40% of gross
domestic product (GDP) in 2011 (World Bank, 2011b). Although there are conflicting figures
on the contribution to GDP after the rebasing of the economy in 2013, the contribution is still
significant – ranging from 14% (NBS, 2014a) to 35% (OPEC, 2015). Nonetheless, the sector
continues to account for more than 90% of export earnings. Oil and gas exports contributed
USD 77 billion out of the total export earnings of USD 84 billion in 2014 (OPEC, 2015).
Despite the contribution of the oil and gas sector to the economy, the disposal of associated
gas (AG), the raw NG that is found during oil exploration and production, creates social and
environmental challenges (World Bank, 2004) and results in the waste of valuable natural
resources.
Methane, a colorless, odorless gas, is the primary component of AG. Methane is considered a
more potent greenhouse gas than carbon dioxide as it absorbs the sun’s heat faster when in the
atmosphere. Though methane does not linger in the atmosphere as long as carbon dioxide, its
impact is significantly devastating to the climate because of how effectively it absorbs heat
(Houghton et al. 2001). The composition of AG produced in Nigeria can be roughly described
as 90% methane, with 1.5–2.0% CO2, 3.9–5.3% ethane, 1.2–3.4% propane, 1.4–2.4% heavier
hydrocarbons and trace amounts of sulphur (Ashton-Jones et al., 1998). Nonetheless, volume
and composition of AG produced at any oil well depend on multiple factors, such as the
nature and the degree of depletion of the reservoir, and the type of lift used in the production
process (PFC Energy, 2007).
AG was considered a by-product to be disposed of because of safety considerations in the oil
exploration and production processes. The disposal processes include discharge into the
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atmosphere, known as venting, and burning during discharge, known as flaring. Venting
releases the entire constituent of AG, predominantly methane, into the atmosphere, while
flaring emissions range between raw NG and ideal methane combustion emissions of water
vapour and CO2, depending on the efficiency of the operation (Buzcu-Guven et al., 2010).
Consequently, the impact of venting on the environment would be greater than if the
equivalent amount of gas was flared, because hydrocarbons have higher potential for global
warming than CO2 (Houghton et al. 2001). Nonetheless, venting and flaring both result in
fugitive emissions, which predominantly consist of methane, are invisible to the naked eye,
difficult to detect and measure, and are significantly hazardous to public health, the
environment and eco-systems.
There is a paucity of data on vented volume globally, as many oil-producing countriesincluding Nigeria- do not report on this.1 Nonetheless, a number of countries report venting
incidences. For example, TUV SUD Ltd (2013) in its work for the U.K’s Department for
Business, Innovation and Skills reported venting in the UK as 0.05% of total emissions from
offshore and onshore terminals. In contrast, it reported that offshore venting in the USA
accounts for 36% of total energy-related emissions
Conversely, there are various estimates for the volume of gas flared globally. Data of the
World Bank-led Global Gas Flaring Reduction Partnership indicates that more than 150
billion cubic metres (bcm) of NG are flared annually, and that the top ten countries – Russia
(26.7%), Nigeria (10.4%), Iran (8.1%), Iraq (6.7%), USA (5.1%), Algeria (3.6 %),
Kazakhstan (3.4%), Angola (2.9 %), Saudi Arabia (2.6%) and Venezuela (2.5%) – account
for over 70% of the global volume of gas flared (see World Bank, 2015).
Self-reported figures by the state-owned Nigerian National Petroleum Corporation (NNPC)
indicate that 51% – that is, 459bcm of the 902bcm of AG produced between 1990 and 2010 –
was flared (see NNPC, 2013). In perspective, the volume represents 53 billion litres gasoline
equivalent,2 which translates to over 14.5 years worth of national gasoline consumption.3
While there are no official figures for the economic losses associated with gas flaring in
Nigeria, it was reported that Nigeria lost about USD 72 billion of unearned revenue between
1970 and 2006 due to gas flaring (See Bassey, 2008) while Eboh (2015) estimated the cost of
gas flared in 2014 at USD 869 million.
Figure 1-1 shows images of some gas flare sites in the Niger Delta area of Nigeria.

1

This might be because venting is more difficult to detect and is more common offshore (see TUV

SUD Ltd, 2013)

2
3

1m3 of NG is equivalent to 3.3X10-5 litre of gasoline.
Nigeria consumed 3.67 billion litres of gasoline in 2013 (CBN, 2013).
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Figure 1-1: Gas flaring in the Niger Delta area of Nigeria
Source: http://azibegna.wordpress.com/2010/01/22/nigeria-luci-sullacqua/

Nigeria has made efforts to exploit its NG resources and reduce the environmental impact and
economic losses associated with gas flaring and venting using various instruments including
legislation, fiscal incentives, the development of a gas-export market for both dry and
liquefied NG, construction of gas pipelines and promotion of the domestic use of CNG as an
automotive fuel. These initiatives are yielding results, particularly in gas exports and domestic
use of gas in the power and industrial sectors, and have been further boosted by the institution
of the domestic gas supply obligation, which mandates oil and gas companies to make a
portion of the gas they produce available to the domestic market. The Federal Ministry of
Petroleum Resources (MPR) (2012) reported that the domestic gas obligation initiative
contributed 28 million cubic metres (mcm) of NG to the domestic market per day between
2011 and 2012, and that the country has initiated an accelerated gas development and
utilization programme geared towards the collection of gas from flare sites and making it
available to indigenous third party companies. It further reported that a pilot programme had
installed gas flare meters at a number of flare sites to help determine the actual volume of gas
flared and levy appropriate fines or penalties. These initiatives and previous gas projects –
such as the Oso Condensate, the Nigeria Liquefied Natural Limited and the Escravos Gas
Project – have played a part in reducing both the percentage volume and absolute volume of
gas flared. However, NNPC (2012) data indicate that whereas the percentage volume of gas
flared reduced significantly, dropping from 77% in 1990 to 18% in 2012, the absolute volume
only reduced by 26%, dropping from 27 billion cubic meters (bcm) to 20 bcm.
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Despite the reduction in both the volume and percentage of gas flared, World Resources
Institute (WRI, 2014) data indicate an increase in the absolute volume of energy-related
greenhouse gas (GHG) emissions and showed that fugitive emissions and transportation are
still the two largest sources in Nigeria, contributing 31.34% and 8.94%, of total volume
respectively. The data further showed that methane is the dominant gas, unlike many other
countries where CO2 dominates (See Section 2.1). Moreover, Obioh et al. (1994) observed the
gas flare content includes sulphur dioxide (SO2), despite the low sulphur contents of AG
produced in the country. The increasing volumes and the composition of the GHG present
long-term risks, with implications for public health and the national economy – especially as
hydrocarbons have significantly higher impact on public health, climate change and potential
for global warming than CO2 (Houghton et al., 2001). In addition, SO2 is hygroscopic, i.e., it
reacts with humidity when it is in the atmosphere and forms sulphuric and sulphurous aerosol
acid that is later part of acid rain. Ite and Udo (2013) give a detailed account of the adverse
effect of gas flaring and venting on humans and the environment in Nigeria, particularly the
Niger Delta region where most of the flare sites are located.
Apart from the energy-related emission challenges, the country also experiences energy
vulnerability in the power and transportation sectors, characterized by frequent power outages
and persistent gaps in the domestic demand and supply of refined petroleum products.
Vulnerability in the power sector is attributed to the lack of sufficient generation capability,
dilapidated and out-dated transmission and distribution systems as well as weak institutional
capabilities (Energy Information Administration [EIA], 2013). The country has 23 operational
generating plants, with a total installed capacity of 10,396.0 megawatts (MW) – comprising
8,457.6MW or 81% of the total from gas-fired thermal plants and the rest from hydropower
plants; however, the government-owned Transmission Company of Nigeria (TCN), which is
solely responsible for transmission, has consistently reported the generation and transmission
of between 3,657MW and 4,600MW only (see TCN website). Because of low-generating
capacity, the supply of power to households, and commercial and industrial facilities is
irregular. It was reported that Nigerian households received an average of 6.2 hours of
electricity supply per day in the 30–month period between April 2013 and September 2015
(NOIPolls, 2015). As shown in Figure 1-2, the lowest and highest points of 3.9 hours and
10.8 hours daily occurred in May and September 2015 respectively.
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Figure 1-2: Electricity supply to households was between 4 and 11 hours per day between 2013
and 2015
Data Source: NOI-Polls, 2015.

With respect to transportation energy, the country has four refineries with a combined
installed crude oil distillation capacity of 445,000 barrels per day (bpd), which exceeds the
domestic demand. However, the refineries are dilapidated and – partly as a result – do not
operate anywhere near capacity. This causes perennial transportation energy shortages that
compel importation of more than 80% of the refined petroleum products consumed locally
(EIA, 2013). There is a widespread view that the attendant cost of importation depletes
foreign reserves, affects the balance of trade and exerts pressure on the local currency (See
Central Bank of Nigeria [CBN], 2015). In addition, the large and growing population of the
country, as well as the government subsidy on the pump price of petroleum products, further
compound the situation.
According to World Bank (2014) data, the Nigerian population grew by 384%, from 45.2
million in 1960 to 173.6 million in 2013, and witnessed significant urban drift, from 14% of
the population living in urban areas in 1960 to 50% in 2013. These changes indicate the
likelihood of increased demand for transportation energy, which will in turn put further
pressure on the country's environment and intensify the climate change threat. On the other
hand, pump price subsidies of gasoline and kerosene complicate the energy situation. As
reported by The Economist 4 and widely known, the petroleum subsidy administration is
fraught with corruption, ineptitude and inefficiency, which sometimes results in delays in the
importation of products by the oil marketing companies; this in turn results in perennial fuel
scarcity. Figure 1-3 shows the NNPC-initiated a Mega Station scheme to make gasoline
4

Edition of 19 October 2012.
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available at a lower price per litre compared to the price obtainable at privately owned
refuelling stations (NNPC was hitherto not involved in downstream operations). However,
this intervention has not solved the problem.
The foregoing calls for a holistic rethink in efforts to harness the use of NG in the country.

Figure 1-3: Long queues at filling stations due to fuel scarcity
Source: Information Nigeria, 2014.

1.2.

Research problem and question

Notwithstanding the efforts of government to abate gas flaring and increase domestic gas
utilization, as discussed in Section 1.1 above, energy-related GHG emissions in Nigeria
continue to pose challenges that present economic, social and environmental risks, with longterm implications for public health, the economy and ecological disturbances and with
consequences of global climate change. Furthermore, Nigeria continues to face challenges
with energy sufficiency in the areas of electricity and transportation. However, efforts to
reduce GHG emissions and harness the use of NG have focused mainly on gas export and
domestic use for power and industry, whereas the country continues to experience incessant
shortages in transportation energy, characterized by scarcity of gasoline which results in long
queues at refuelling stations. Despite the government’s proposal to promote compressed
natural gas (CNG) as an automotive fuel in 1997, the country’s growth in population of
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natural gas vehicles (NGVs) has been slow. Data supplied by Natural and Bio-Gas Vehicle
Association [NGVA] Europe and the Gas Vehicle Report (GVR) indicate that Nigeria had a
fleet of 2,210 NGVs out of the 5,686,485 registered vehicles and eight CNG stations as at the
end of 2013 (see NGVAEurope, 2013).
With Nigeria’s large and growing population, and rapid growth in urbanization, there is the
likelihood that the energy demand for transportation will continue to increase and, thus, put
further pressure on the country's environment, intensify the climate change threat and
exacerbate transportation energy challenges.
Hence, the research problem is to identify the cause of the slow progress in the automotive
use of CNG and chart pathways for success. Thus, the primary research question is:
‘What are the barriers to the use of natural gas as an automotive fuel in Nigeria and
how can these be overcome?’

1.3.

Aim and objectives

Deriving from the research question, the aim of this research is to investigate the exploration
of CNG as a transportation energy source, as a tool to reduce the emissions inventory
associated with oil exploration and simultaneously reduce transportation energy vulnerability.
The principal objectives of this research are to:
i.

Identify the critical success factors for the adoption of CNG as an automotive fuel
and evaluate the current situation in Nigeria against these factors;

ii.

Identify the barriers to the use of CNG as automotive fuel and establish the sources
and causes of these barriers;

iii.

Identify policy interventions towards successful adoption of CNG as an automotive
fuel in Nigeria;

iv.

Explore the degree of consensus on the barriers to adoption of CNG as an automotive
fuel in Nigeria; and

v.

Explore the possibility of consensus among key stakeholders and make
recommendations on policy interventions that might stimulate successful adoption.

These objectives are based on the scientific evidence that NG is a realistic alternative to petrol
and diesel (Carslaw and Fricker, 1995), offers advantages for public health (Gurjar et al.,
2010; Mena-Carrasco et al., 2012) and is cleaner and safer as an automotive fuel (Clean
Vehicle Education Foundation [CVEF], 1999; Marbek, 2010; NGV America, 2013). There is
also scientific evidence that NGVs offer similar performance to conventional vehicles
(Natural Gas Vehicle Institute [NGVi], 2013; US Department of Energy [DOE], 2013;
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Southern California Gas Company, 2013) and provide long-term savings and economic value,
particularly in the medium- and heavy-duty segments (Marbek, 2010).
To find answers to the primary question, the research asked secondary questions that are
linked to the aim and objectives, as illustrated in Table 1-1.
Table 1-1: Linkages between the research objectives and questions
Objective
A. Identify the critical success

Secondary questions
1.

factors for the adoption of CNG
as an automotive fuel and

critical elements for NGV market development?
2.

evaluate the current situation in
Nigeria against these factors

From the experiences of other countries, what are the
How does the current situation in Nigeria compare with
the critical success factors?

3.

What lessons can Nigeria take from the elements for NGV
market development?

B. Identify barriers to the use of

1.

CNG as an automotive fuel and
establish sources and causes of

What are the barriers to the use of CNG as an automotive
fuel in Nigeria?

2.

these barriers

Who are the critical stakeholders for NG utilization as an
automotive fuel?

3.

What are the entrenched interests and concerns of the
stakeholders?

C. Identify policy interventions

1.

towards successful adoption of
CNG as an automotive fuel in

addressed?
2.

Nigeria
D. Explore the degree of consensus

1.
2.

What are the perceptions of stakeholders to the relative
importance and severity of the identified barriers?

3.

How can these interests and concerns be aligned?

1.

What steps should the country take to achieve widespread

consensus among key
stakeholders on policy

What are the entrenched interests and concerns of
stakeholders?

Nigeria
E. Explore the possibility of

What implementation strategies have other countries
adopted and what lessons can Nigeria take from these?

on barriers to the adoption of
CNG as an automotive fuel in

How can stakeholders’ interests and concerns be

use of CNG as an automotive fuel?
2.

interventions that might

What is the level of support from stakeholders for the
identified policy interventions?

stimulate successful adoption.

1.4.

Justification for research

There is sufficient scientific evidence that gas flaring contributes to environmental
degradation, as well as economic losses associated with the opportunity cost. Consequently, it
is widely acknowledged that a reduction in the incidences of gas venting and flaring will
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result in a reduction of GHG emissions, and this will have a positive impact on the
environment and the social and economic fabric of Nigerian society. While there are a
number of studies on gas flaring in Nigeria, the research on the use of CNG as transportation
fuel is limited and the known studies are limited to desk evaluations. Examples include
Igweonu and Mbabuike (2011), who reviewed the potential environmental and economic
benefits of CNG and NGV, and Nwaoha and Iyoke (2013), who assessed the viability of
CNG as a potential tool for the reduction of carbon emissions in Nigeria.
Furthermore, most literature on the use of alternative fuel vehicles, in particular those using
gaseous fuels, has focused on a technical evaluation, viability and vehicle saturation, with
little emphasis on contextual understanding of the process.
The outcome of this study will contribute to the discussion on the CNG programme in Nigeria
– specifically, in respect of contextual understanding of the barriers to progress of the
implementation effort and pathways towards successful implementation. It will also provide
lessons for oil-rich developing countries and countries with rapid urbanization in their efforts
to deploy NGVs, in particular, and other alternative fuel vehicles in general.

1.5.

Research scope

The research scope was limited to policies and implementation approaches of the policies.
Technical evaluations of the automotive industry, as well as technical and economic
evaluation of alternative uses of NG, were exempted because Nigeria imports most of its
vehicle fleet due to the lack of domestic automobile manufacturing capability. The country is
also already making progress with respect to other uses of NG, particularly the export of
liquefied natural gas (LNG), the supply of NG to the regional market, use of NG for power
generation and as feedstock in industrial processes. The scope and exclusions are discussed in
detail in Chapter 4.

1.6.

Methodology

A qualitative enquiry approach was deemed appropriate considering the purpose of the study.
The research methods comprised the examination of NGV adoption strategies and outcomes
in selected case study countries, using existing literature as empirical text, as well as field
research. The field research involved the use of semi-structured interviews and the Delphi
survey technique with key stakeholders in the transportation and energy sectors.
The case study sought to identify critical success factors for the adoption of CNG as an
automotive fuel from the experiences of other countries, and compared the situation in
Nigeria to these critical success factors with a view to identifying lessons that might be
applicable to Nigeria.
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The semi-structured interviews explored the perspectives of participants on barriers to the
adoption of CNG as an automotive fuel, identified sources and causes of the barriers, and
sought ideas for policy recommendations to improve the level of adoption. Overall, the
interviews established the views of key stakeholders at a senior level and provided novel
insights that enabled exploration of consensus building on both barriers to the adoption of
CNG as an automotive fuel and potential policy interventions.
The Delphi survey explored the possibility of building consensus among participants on both
the barriers and policy interventions necessary to stimulate growth. In addition, the Delphi
technique enabled the prioritization of policy recommendations and establishment of the
relative importance and severity of the identified barriers. It further provided insights to the
reasons for divergence in the areas where consensus was not achieved because the opinions of
the participants did not converge.
The research method is discussed in detail in Chapter 4, Sections 4.5 to 4.7.

1.7.

Thesis structure

The thesis is structured into nine chapters.
Chapter 1 outlines the general research context, identifies the problem and question, justifies
the need for the research and defines the research scope and methods.
Chapter 2 discusses the emissions challenges and their impacts in Nigeria. The key point from
this chapter is that methane is the dominant GHG and it results from fugitive emissions from
the production and exploration of oil.
Chapter 3 reviews existing literature, with emphasis on sustainable transportation and the
evidence of the technical viability of CNG as an automotive fuel. It highlights the benefits of
NGVs compared to conventional vehicles. The issues identified in Chapters 2 and 3 informed
the research question, philosophy, scope, aim and objectives, as well as methods discussed in
Chapter 4.
Chapter 4 discusses research philosophy and sets out the epistemological standpoint of the
research. In addition, it discusses the scope of the study, as well as the data collection and
analysis techniques employed.
Chapter 5 presents the case study of selected countries using academic literature and
published reports by a variety of international and Nigerian agencies. The outcome of the case
study informed the conceptual design of the semi-structured interviews.
Chapter 6 presents stakeholder analyses using semi-structured interviews that enabled the
application of hermeneutics principles. It identifies the concerns, interests and dispositions of
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stakeholders involved in the use of CNG as an automotive fuel in Nigeria, and establishes
potential barriers and possible policy interventions that could be considered in the
conceptualization, design and implementation of any programme to improve the consumption
of CNG by the automotive industry. The outcome of the semi-structured interviews informed
the conceptual design of Delphi survey.
Chapter 7 discusses the outcome of the Delphi survey, which sought to build consensus
among stakeholders on both barriers to the adoption of CNG as an automotive fuel and
pathways for a successful implementation programme in Nigeria.
Chapter 8 brings together the findings from the case study, semi-structured interviews and the
Delphi survey.
Chapter 9 presents the conclusion, highlights the contributions of the study to the body of
knowledge on the implementation of the CNG programme and identifies the limitations of the
study and areas for further research.
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2. Energy-Related Emissions Challenges in Nigeria
This chapter provides detailed context of the research. It introduces the notion of sustainable
development and shows how gas flaring creates environmental, social and economic
challenges that threaten sustainable development in Nigeria. The chapter recognises the
attempts by successive government to address the challenges posed by gas flaring and
presents the key legislative efforts and other major initiatives that have been directed at
abating it, develop gas export markets and promote domestic utilisation of natural gas as fuel
in the industrial, power and transportation sectors. The chapter further shows that while
initiatives in the areas of gas export market and use of natural gas as fuel in the power and
industrial sectors have recorded appreciable progress, successive legislation have not abated
gas flaring and the transportation sector is lagging.
The chapter is structured into seven sections: Section 2.1 discusses the notion of sustainable
development; Section 2.2 discusses GHG emissions and the climate change threat; Section
2.3 highlights the challenges of energy-related emissions in Nigeria; Section 2.4 presents
existing environmental protection legislation and regulations; Section 2.5 presents existing
and proposed legislation aimed at abatement of gas flaring; Section 2.6 outlines gas utilization
initiatives; while Section 2.7 highlights key issues.

2.1

The notion of sustainable development

The notion of sustainable development stemmed from the realization that the impact of
human activities – such as the consumption of natural and mineral resources, emissions of
harmful substances, deforestation, population growth, rapid urbanization and other ecological
disturbances – could cause long-term material and irreversible damage to the Earth’s physical
and biological systems, endanger its well-being and deprive future generations of necessary
natural resources. Following this, the World Commission on Environment and Development
(1987) of the United Nations defined sustainable development as ‘development that meets the
needs of the present without compromising the ability of future generations to meet their own
needs’.
The early history of sustainable development is based on Malthusian theory, which states ‘the
power of population is indefinitely greater than the power in the Earth to produce subsistence
for man’ (Malthus, 1798, p.4, cited in Transportation Research Board [TRB], 1997). Malthus
suggested that temporary improvements in human living standards would trigger population
surges that would outpace technological advancement; outstrip resource availability; result in
scarcity of agricultural land and food; and cause chronic setbacks in human living conditions.
Meadows et al. (1972; 1974 cited in TRB, 1997), in their ‘Limits to Growth’ theory,
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reawakened the debate on sustainable development with the conclusion that by the turn of the
22nd century, humans would have exhausted the stock of natural resources and would
experience acute food shortages, adverse over-population and other dire consequences.
However, critics of both the Malthusian and Limit to Growth theories argue that any
disequilibrium in resources will be adjusted by self-regulating mechanisms, which will lead to
changes in consumption patterns, shifts to substitute resources and the evolution of new
technologies (TRB, 1997).
Major recent history of the concept of sustainable development includes the Single European
Act of 1986, which made environmental protection a component of the community’s policies,
and the joint establishment of the Intergovernmental Panel on Climate Change (IPCC) by the
United Nations Environmental Programme and the World Meteorological Organization in
1987, to address concerns on anthropogenic emissions and control of the consequent
depletion of the stratospheric ozone shield and climate change.
Other recent initiatives to promote sustainable development include the adoption of Agenda
21 in 1992 at the United Nations Conference on Environment and Development, which
emphasized the role of partnerships for the improvement of social, economic and
environmental quality in urban areas and suggested the integration of environmental
infrastructure, water, sanitation, drainage, transportation, solid waste management and social
infrastructure in land-use planning to avoid the interference of hazardous human activities
with the climate system, and adopted the UN Framework Convention on Climate Change
(UNFCCC). Others include the annual Conference of Parties (COP) to the UNFCCC, which
has produced key international treaties such as the Kyoto Protocol, the Montreal Action Plan
and the Green Climate Fund. Notably, the Kyoto Protocol is an international treaty agreed in
1997 that extended the commitments of the 1992 UNFCCC for state parties to reduce GHG
emissions, on the premise that global warming exists and that anthropogenic5 CO2 emissions
have caused it. The first commitment period spanned between 2008 and 2012. The Montreal
Action Plan extended the Kyoto Protocol beyond its 2012 expiration date and negotiated
deeper cuts in GHG emissions. The most recent Conference of Parties, COP 21, held in Paris
in late 2015, resulted in the adoption of the Paris Agreement, which would govern measures
aimed at climate change reduction from 2020. The agreement will enter into force and
become fully effective only if the 55 countries that produce at least 55% of the world’s GHG
emissions ratify it.
The World Bank (2012) expanded the concept of sustainable development further into ‘green
growth’, and argued that growth has not been inclusive enough and that sustained growth is

5

Originating from human activity.
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necessary to achieve the urgent development the world needs. It further argued that there is
substantial scope for ‘growing cleaner’ without ‘growing slower’, and submitted that
inclusive green growth is the pathway to sustainable development. The report suggested that
the economic and social objectives of sustainable development, on the one hand, and social
and environmental objectives, on the other hand, are highly compatible and largely
complementary; however, economic and environmental objectives have been at variance and
misaligned in many instances, as economic growth has been achieved largely at the expense
of the environment. Furthermore, the report noted that the way forward requires a blend of
economics, political science and social psychology, which will offer ‘smart solutions’ to
overcome political economy inhibitors, ingrained behaviours and social norms, as well as to
develop appropriate required financing options. The study concluded that there is no single
model for sustainable development and growth, and noted that strategies will vary across
countries, reflecting local peculiarities.

2.2

Greenhouse gas emissions and the climate change threat

According to IPCC (1996), climate change is caused by radiative forcing from carbon dioxide
(CO2) and other greenhouse gases (GHGs), such as methane (CH4), nitrous oxide (N2O),
ozone (O3), water vapour and new manmade GHGs, notably chlorofluorocarbons (CFCs),
hydroclorofluorocarbons (HCFCs) and hydrofluorocarbons (HFCs). Timilisina and Shrestha
(2009) noted that the three major sectors responsible for fossil fuel-related emissions are
power, industry and transportation.
Though climate change is a global concern, the IPCC (2011) noted that the impacts are higher
in developing countries, especially in terms of deaths and economic losses expressed as a
proportion of GDP. The report further observed that more than 95% of deaths from natural
disasters between 1970 and 2008 occurred in developing countries. While the IPCC (1996)
warned that unabated emission and continuous atmospheric build-up of GHGs could lead to
warming of the earth, resulting in marked changes in climate and related natural systems, the
IPCC (2011) confirmed that there have been observed increases in daily temperature
extremes, heat waves, the frequency, nature and size of natural disasters, and economic losses
from weather- and climate-related disasters. Despite increased awareness of climate change
and initiatives by various bodies and governments to reduce GHG emissions, global energyrelated CO2 emissions have not abated and this continues to put the world at the risk of global
warming. The Emissions Gap Report (2012) of the UN Environment Programme warned that
global GHG emissions could rise to catastrophic levels by 2020 if the world does not take
urgent action.
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Whereas Africa contributes less than 3% of total global fossil fuel-related emissions and has
low per capita emissions, energy-related emissions are a major concern in Nigeria, especially
the growth rate. The Federal Ministry of Environment (FME) (2009) observed that Nigeria is
highly susceptible to the threat of climate change due to high levels of GHG emissions, its
high vulnerability index as a low-income developing nation and the country’s fragile
geographical features.6 The FME further observed that the climate change risk compounds
existing environmental problems and poses serious threats to sustainable development, and
warned that the situation might become exacerbated unless efforts are geared at reducing
anthropogenic emissions. Moreover, the Climate Change and Environmental Risk Atlas of
Maplecroft Ltd (2014) classified Nigeria as ‘extreme risk’ in the Climate Change
Vulnerability Index7, rated the country as the world’s sixth most at-risk country, noted the
changes in the timing of rainfall in northern Nigeria and projected further increases in rainfall
variability, with estimated potential crop yield reductions of 20 to 30%.

2.3

Fugitive and energy-related emissions challenges in Nigeria

Gas flaring is a means of evacuating excess gases quickly and safely, especially in
emergencies. In addition, flaring enables the reduction of pressure in a plant, either for
maintenance or inspection during shutdown. Flaring tends to be more prevalent within the oil
value chain, including oil and gas production, refineries and petrochemical plants production,
while venting is more common in gas production facilities due to the inherent connection to
gas pipelines or processing plants. However, flaring is not limited to oil and gas facilities.
Other key areas where flares are common are coal bed methane facilities, steel production
plants and landfill sites. Nonetheless, flaring is most pronounced in the upstream oil
exploration and production sectors in Nigeria. Consequently, the disposal of AG in Nigeria
has been through flaring.
As shown in the Table 2-1, the percentage volume of gas flared between 1990 and 2010
reduced significantly, however there is a disproportionate reduction in the absolute volume
flared because of increased outputs.
Table 2-1: Higher reduction in %volume of gas flared compared to quantity flared
Year
Outputs (mcm)
Utilization (mcm)
Volume flared (mcm)
% volume flared
1990
28,163
6,343
21,820
77.48%
1991
31,587
6,999
24,588
77.84%
1992
32,465
7,059
25,406
78.26%
1993
33,445
7,536
25,908
77.46%
6

Nigeria’s geographical features are characterized by a fully populated, low-lying coastline; arid and
semi-arid areas liable to accelerated forest degradation, drought and desertification; areas prone to
erosion, flooding and ecological devastation; fragile and mountainous ecosystems; and large areas of
high-urban atmospheric pollution.
7
The Climate Change Vulnerability Index analyses country and sub-national level climate risks to
populations, business and governments over the next 30 years.
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1994
32,793
6,577
1995
32,980
6,910
1996
39,970
10,150
1997
36,755
10,207
1998
35,927
10,877
1999
37,613
17,904
2000
44,233
20,303
2001
57,530
29,639
2002
58,421
30,507
2003
53,379
30,580
2004
58,941
33,844
2005
57,369.
35,110
2006
57,754
39,388
2007
65,937
43,188
2008
66,641
48,781
2009
41,534
28,077
2010
58,006
44,490
2011
55,099
38,892
2012
73,033
56,367
2013
65,815
54,231
2014
71,451
63,256
Sources: NNPC Annual Statistical Bulletin, 2010; 2012.

26,216
26,070
26,820
26,548
25,050
19,709
23,930
27,890
27,913
22,799
25,097
22,259
18,365
22,748
17,859
13,457
13,515
16,201
16,666
11,583
8,195

79.94%
79.05%
67.10%
72.23%
69.72%
52.40%
54.10%
48.48%
47.78%
42.71%
42.58%
38.80%
31.80%
34.50%
26.80%
32.40%
23.30%
29.40%
22.82%
17.60%
11.47%

Nigeria ranks 25th out of 186 nations in terms of absolute GHG emissions (World Bank,
2014) and is one of the 34 countries with more than a 0.5% contribution to global GHG
emissions (Table 2-2). These countries together contribute more that 85% of total global
energy-related GHG emissions. In addition, World Bank (2012) data indicate that most GHG
emission indicators for Nigeria grew at a multiple of five times between 1973 and 2010
compared to the global average of a multiple of two (International Energy Agency [IEA],
2012). Moreover, fugitive emissions, principally from gas flaring, are the single largest source
of GHG emissions in Nigeria, contributing about 57% of total GHG emissions; this is 2.5
times, more than transportation, which ranks second (see Table 2-3). As a result, methane is
the most dominant GHG in the country, contributing more than 50% by volume (see Table 24); this is unlike most countries, where CO2 dominates GHG emissions. As discussed in
Section 1.1, the profile of GHGs in Nigeria presents high social, economic and environmental
risks for the country, as methane and other hydrocarbons in fugitive emissions have a
significantly higher impact on public health, climate change and potential for global warming
than CO2. Considering the strong nexus between climate change and sustainable
development, Nigeria is highly at risk in the areas of food security, poverty reduction, energy,
infrastructure and general economic development.
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Table 2-2: Nigeria ranks among countries with over 0.5% share of global total GHG emissions
Country
Total GHG emissions, excluding land-use % Share of global total
change and forestry (MtCO2e)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

China
United States
India
Russian Federation
Japan
Brazil
Germany
Indonesia
Canada
Iran
Mexico
South Korea
Australia
United Kingdom
Saudi Arabia
Italy
France
South Africa
Turkey
Ukraine
Poland
Argentina
Thailand
Spain
Nigeria
Pakistan
Kazakhstan
Malaysia
Egypt
Vietnam
Venezuela
Iraq
Uzbekistan
Angola

10,552.61
6,550.10
2,486.17
2,374.31
1,307.41
1,131.10
882.93
834.58
716.21
715.53
699.05
687.74
563.45
543.55
532.89
491.07
487.39
456.85
403.65
395.41
374.42
372.46
354.65
351.59
324.51
308.38
302.81
294.97
286.32
274.23
267.00
236.79
226.71
223.35

24.33%
15.10%
5.73%
5.47%
3.01%
2.61%
2.04%
1.92%
1.65%
1.65%
1.61%
1.59%
1.30%
1.25%
1.23%
1.13%
1.12%
1.05%
0.93%
0.91%
0.86%
0.86%
0.82%
0.81%
0.75%
0.71%
0.70%
0.68%
0.66%
0.63%
0.62%
0.55%
0.52%
0.51%

Source: WRI, Climate Analysis Indicators Tool (CAIT) 2.0. ©2014. Washington, DC: WRI.

Table 2-3: Nigeria’s energy-related GHG emissions are dominated by fugitive emissions
Sector
MtCO2
% Share
Electricity and Heat
18.5
11.36%
Manufacturing and Construction
4.4
2.70%
Transportation
26.5
16.27%
Other Fuel Combustion
20.5
12.58%
Fugitive Emissions
93
57.09%
Total
162.9
Source: WRI, Climate Analysis Indicators Tool (CAIT) 2.0. ©2014. Washington, DC: WRI.

Table 2-4: Methane dominates the GHG profile for Nigeria
Gas
MtCO2eq
Carbon dioxide (CO2)
97.7
Methane (CH4)
150.5
Nitrogen oxide (N2O)
48.1
Hydrofluorocarbon (HFC)
0.1
Sulphur hexafluoride (SF6)
0.1
Total
296.5

% Share
32.95%
50.76%
16.22%
0.03%
0.03%
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Source: WRI, Climate Analysis Indicators Tool (CAIT) 2.0. ©2014. Washington, DC: WRI.

Many social commentators such as Orubu et al. (2004), Pyagbara, (2007), Bassey (2008) and
Zabbey (2009), have noted that the activities of the petroleum industry have resulted in
substantial environmental degradation and social crisis, especially gas-flaring activities. They
have mentioned forest destruction and bio-diversity loss, loss of potable and industrial water
resources, destruction of aquatic ecosystems, high mortality of aquatic animals, poverty and
underdevelopment, migration of human beings and animals, and impairment of human health,
as well as kidnapping and other violent activities, as the key challenges. Moreover, the World
Bank (2012) shows that Nigeria is among the five countries with the highest cost of
environmental degradation as a percentage of GDP in the world,8 while an earlier report by
the Federal Office of Statistics (1997) indicated that Nigeria loses about USD 5 billion and
351,000 hectares to environmental degradation annually. In addition, the US Energy
Information Administration (EIA) (2003) reported that habitat destruction had resulted in loss
of precious biological diversity, involving about 484 plant species in 112 families. While
most of the negative externalities of oil exploration and production are restricted to the
immediate environs where industrial activities are executed, gas flaring has global
implications, particularly the risk of climate change.
Regulation is the principal instrument employed in most oil-producing countries in tackling
gas flaring and venting, and these regulations have either been embedded in primary
legislation (petroleum and hydrocarbon laws) or in secondary instruments, such as codes,
licenses and guidelines (World Bank, 2004). Resource management and environmental
considerations have shaped regulations and the general provisions have centred on the
specification of acceptable standards, financial incentives to oil companies, and the
contractual rights and structure of the downstream energy markets (ibid). Key regulations in
Nigeria have centred on environmental protection and abatement of gas flaring and include
both primary and secondary instruments. These instruments have had little effect on
environmental protection in general and gas flaring in particular, as discussed in Sections 2.2
and 2.3.

2.4

Environmental protection legislation and regulation

Nigeria has a substantial body of environmental laws founded on Section 20 of the 1999
Constitution (Table 2-5). In addition, the constituent states of the federation have the
apparatus to enact environmental laws.

8

Ghana (9%), Tajikistan (9%), China (8.7%), Central African Republic (8.2%) and Nigeria (8%).
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Regulations specific to the oil industry are detailed in the Environmental Guidelines and
Standards for the Petroleum Industry in Nigeria (EGASPIN), produced by the Department of
Petroleum Resources (DPR), but are not backed by legislation.
Despite a plethora of legislation on environmental protection and conservation, environmental
degradation has continued. Weak enforcement is seen as the fundamental cause of the
inability of legislation to promote sustainable exploitation of natural resources, and a
widespread view blames this on ineffective execution of laws; weak institutional capability,
due to a lack of appropriate mechanisms for the monitoring and evaluation of the impacts of
industrial pollution and other environmental degradation; and institutionalized inefficiency
and corruption. Adibe and Essaghah (1999) observed that the provisions of most environment
laws, standards and regulations in the country are loosely specified and vaguely defined and,
thus, create gaps for contravention and weaken enforcement.
Table 2-5: Relevant environmental legislation and regulations in Nigeria
Statutory instrument

Objective

1.

Minerals Ordinance (1914), amended
1925, 1950, 1958

Prohibits the pollution of watercourses in the process of
mining and prospecting for any mineral, including
petroleum.

2.

Oil Pipeline Act (1956), amended 1965

Provides, among others, for the prevention of pollution
of land and water resources from petroleum and
production activities.

3.

Public Health Act (1958)

Provides legal framework for the preservation and
management of public health.

4.

Criminal Code (1958)

Provides legal framework for seeking redress from
environmental diseconomies, among others.

5.

Mineral Oils (Safety) Regulations
(1963) Deemed to have been made
under section 9 of the Petroleum Act
(Cap. 350).

These Regulations prescribe rules for the safe drilling,
produce, storage and handling of mineral oils by holders
of leases or licences under the repealed Mineral Oils Act
and specify that tanks shall be constructed in a manner
that leakages into water shall be contained.
The Regulations define offences and prescribes
penalties for such offences.

6.

Hydrocarbon Oil Refineries Act (1965)

Governs the refining of hydrocarbon.

7.

Petroleum Regulations (1967),
amended in 1971, 1998

Provides framework for safe petroleum operations,
including environmental protection.

8.

Territorial Waters Act 1967, amended
1971, 1998

Makes offences committed on territorial water,
including pollution, punishable.

9.

Oil in Navigable Waters Act (1968)

Prohibits discharge of oil into navigable watercourses
and other areas.

10. Petroleum Act (1969) and Related
Regulations

Main legislation on petroleum industry to date; provides
encompassing framework for the regulation of upstream
and downstream petroleum activities, including
environmental protection.
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11. The Endangered Species (Control of
International Trade and Traffic) Act
1985 CAP E9, LFN 2004

Seeks to protect species that are at the risk of extinction.

12. Harmful and Toxic Wastes (Criminal
Provisions) Decree No. 42 (1988)

Provides legal anchor for redressing the dumping of
toxic and hazardous wastes.

13. Federal Environmental Protection
Agency (Decree No. 58, 1988) and
related legislations

Provides a quasi-legal framework for checking
environmental crimes and sets environmental standards
for different pollutants.

14. Environmental Guidelines and
Standards for the Petroleum Industry
(DPR), 1991, 1999

Most comprehensive framework for environmental
policy and management in the petroleum industry.

15. DPR Environmental Guidelines and
Standards for the Petroleum Industry in
Nigeria 1991, revised 2002

Sets out approaches for the monitoring of environmental
pollution and restoration of contaminated soil and
groundwater; penalties for breach include imprisonment
and loss of license.

16. Environmental Impact Assessment Act
(1992)

Provides statutory basis for environmental impact
assessments (EIAs), as part of project development
authorization process.

17. Water Resources Act 1993

Seeks to promote the development of water resources
and protect water bodies.

18. DPR Guidelines for the Establishment
Provides for environmental impact assessment (EIA),
of Hydrocarbon Processing Plants
environmental and safety considerations in the
(Petroleum Refinery and
construction and operation of oil- and gas-processing
Petrochemicals) 2008
plants.
Data sources: Federal Government of Nigeria, Laws of Federation of Nigeria (LFN) (1990, 2004).

2.5

Legislation aimed at abatement of gas flaring

The maximum allowable NG emission level for upstream operations in Nigeria is 5,000µgm3,
with a flaring emission limit of 5mg/m3 hydrocarbons and a maximum sterilized approach
distance of 60 m radius (see EGASPIN, 2002). However, operators grossly violate this
regulation (see Erunke, 2015). The following sections discuss legislative efforts, pre- and
post-1999, when the country returned to democratic rule.
2.5.1

Pre-1999 legislative efforts

Prior to the setting of allowable emission levels, many laws aimed at abating gas flaring have
been introduced at various times, but have failed to achieve set objectives. These have
included the Petroleum Act 1969, the Associated Gas Re-injection Act 1979, the Associated
Gas Re-Injection (Continued Flaring of Gas) Regulation 1984 and the Associated Gas Reinjection (Amendment) Decree 1985. In addition, recent legislative efforts have also been
unsuccessful, as various bills presented to the National Assembly for passage into law have
been stalemated.
The Petroleum Act 1969 is the primary legislation for petroleum exploration and production
activities in Nigeria. The act vests ownership and control of all petroleum resources in the
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Federal Government of Nigeria and provides the Minister of Petroleum Resources with
powers to issue applicable licences to operators for exploration, prospecting and mining of
petroleum (including NG). In addition, the act confers on the government the right to take gas
from licensees and lessees free of charge or at a price without payment of royalty, and the
authority to approve the price at which the gas produced is to be sold. The act has a subsidiary
legislation, the Petroleum (Drilling and Production) Regulations 1969, with amendments in
1973, 1979, 1995 and 1996, and the Petroleum (Amendment) Decree 1996. The regulations
require oil-mining license or leaseholders to submit a feasibility study and proposal for the
utilization of NG (both associated and non-associated) to the Minister of Petroleum Resources
within the first five years of operation. This legislation had two major flaws. First, the
licensee is allowed full discretion to dispose of or utilize AG produced within the first five
years, as the obligation is to submit a gas utilization programme within five years of
commencement of crude oil production and not before the license is granted or before
petroleum operations begin and, second, there is no mechanism to ensure that the eventual
plan, if any, is implemented. Evidently, the legislation did not achieve its purpose. The 1973
amendment prescribed that the government may take the gas at the flare site at no cost, but
this failed as there was no infrastructure to do so (Ayoola-Daniels, 2008b).
The Associated Gas Re-injection Act 1979 made it compulsory for oil companies to submit a
preliminary programme and implementation plans for gas reinjection and/or utilization by
1980. It also prohibited flaring of AG without the written consent of the minister after 1
January 1984, and established forfeiture of the offender’s oil mining privileges and
withholding of part or all accrued entitlements as a penalty. Evidently this act did not achieve
its objectives either, as flaring continues without the consent of the minister and the penalty,
which is the forfeiture of all concession rights, has not been invoked since enactment.
The Associated Gas Re-Injection (Continued Flaring of Gas) Regulation 1984 tightened the
conditions upon which the minister could issue flaring permits under section 3(2) of the
Associated Gas Re-injection Act 1979. However, the regulation only encouraged continued
flaring of AG, as it was cheaper to pay the fine prescribed rather than invest in either
reinjection or gas gathering (Ayoola-Daniels, 2008b).
The Associated Gas Re-injection (Amendment) Decree 1985 provided a fine of 2 kobo (USD
0.03) for every 1000 standard cubic feet of gas flared without a flaring certificate. This was
increased to 50 kobo (USD 0.07) in 1990, 10 Naira 9 (USD 0.47) in 1998 and directly
denominated in US dollar and set at USD 3.5 per 1000 standard cubic feet in 2008 (Otiotio,
2013). Paying the various fines was still more economical than utilizing or reinjecting gas,

9

100 kobo = 1 Naira.
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thus rendering the penalty inadequate to make oil producers desist from flaring gas (AyoolaDaniels, 2008b).
2.5.2

Post-1999 legislative efforts

Recent legislative efforts include the Associated Gas Re-injection (Amendment) Bill 2010,
which sought to end gas flaring and stipulated 31 December 2012 as the deadline, and the
Petroleum Industry Bill 2012, which is a bill for an act to provide for the Establishment of a
Legal and Regulatory Framework, Institutions and Regulatory Authorities for the Nigerian
Petroleum Industry; and to Establish Guidelines for the Operation of the Upstream and
Downstream Sectors.
The Associated Gas Re-injection (Amendment) Bill 2010 proposed a fine to be determined in
accordance with the prevailing international market price of the volume of flared gas. The bill
sought to grant the Minister for Petroleum Resources the power to issue temporary flaring
permits for the purposes of equipment maintenance, pre-commissioning and commissioning
operations, as well as in the event of operation upset subject to the payment of a processing
fee set at USD 1,000 and a fine of USD 5 per 1,000 standard cubic feet of gas flared beyond
the approved volume for the respective cases (Power and Energy Group, 2011). The bill
failed in the National Assembly.
The Petroleum Industry Bill (PIB) aims to merge 15 extant legislations that govern the oil and
gas sector into one (illustrated in Figure 2-1). Okafor (2013) remarked that some of these laws
are more than 50 years old, and have become outdated and irrelevant amid changes in the oil
and gas industry. The strategic thrust of the PIB is to ensure that the management and
allocation of petroleum resources and their derivatives are conducted in accordance with the
principles of good governance, transparency and sustainable development, including
improvements in air quality, community development and participation by Nigerian
professionals and companies.
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Figure 2-1: Principal constituents of the Petroleum Industry Bill (PIB)

The PIB seeks to prohibit flaring and venting of NG beyond a date to be fixed by the minister
in the regulation to be made pursuant to the act, and stipulates a fine not lower than the price
of the volume of gas flared or vented. It requires lessees or licensees to install measuring
equipment on their facilities within three months of the commencement of the bill in order to
keep records of the volume of gas flared or vented. It grants the minister power to authorize
gas flaring or venting for a period not exceeding 100 days, in the event of equipment failure,
start up, shutdown and safety flaring, or as a result of the gas customer’s inability to off-take
gas. It also provides that an application for an oil and gas production license or lease without
a comprehensive gas utilization or reinjection programme shall not be approved, and makes it
a civic responsibility for citizens to report cases of gas flaring or venting.
The PIB was first introduced in 2008, and was revised and represented in 2012. It is yet to be
passed into law. Though the government and oil and industry operators agree that growth of
the Nigerian petroleum industry is dependent on the passage of an enabling law, media
reports indicate that oil-producing companies under the aegis of the Oil Producers Trade
Section (OPTS) oppose the passage of the PIB in its current state. The OPTS claims that if the
PIB is passed into law, Nigeria will have the harshest fiscal regime in the world, due to the
proposal for increases in royalties and taxes, decreases in allowances and incentives, and the
establishment of a new Petroleum Host Communities Fund (PHCF) – which has been
proposed to provide long-term financing for the economic, social and infrastructural
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development of communities within the petroleum-producing areas (see Okafor, 2013). The
contribution to the PHCF is set at 10% of net monthly profits of upstream producing
companies. However, the bill does not provide an explicit definition of a ‘host community’
and is silent on the administrative structure of the fund.
According to industry estimates, the new provisions on taxation and royalties would increase
the taxation on joint venture (JV) operations from 86% to 91%, on production sharing
contracts (PSCs) from 30% to 77%, and on gas JVs from the current 0% to 60%, in addition
to an envisaged 5% tax increase for deep-water projects. What is more, advocacy groups and
governments of the oil-producing states have noted that the PIB confers excessive powers on
the petroleum minister (Okafor, 2013). They have argued that the PIB in its current state
would preserve and unduly strengthen the office, with the potential to give the office holder
an extraordinary plenitude of discretionary power, reducing checks and balances, and limiting
transparency, which may result in unintended adverse effects.
Overall, industry experts and commentators have expressed the view that the non-passage of
the PIB is detrimental to future development of the oil and gas industry in Nigeria, noting that
the sector has remained stagnant in terms of fresh inflow of substantial foreign investments,
as international oil companies (IOCs) are not willing to take up new ventures due to
uncertainties in the fiscal regime; meanwhile there is seemingly no end in sight to the delay in
the passage of the bill. Bowman (2012) reported that as of 2012, IOCs had withheld an
estimated US$40 billion of investment in Nigeria pending the passage of the PIB, and BalaGbogbo and Ibukun (2013) reported that Nigeria risks losing US$185 billion within ten years
if the PIB is passed in its current state. Similarly, The Economist stated:
‘Regulatory uncertainty, among other things, has helped make Nigeria’s oil industry stagnant.
Output is about the same as it was a decade ago; the government has not held a licensing
round for five years. A Petroleum Industry Bill has been in the works for 15 years, intended to
overhaul the industry, make it more transparent, improve regulatory institutions and fiscal
policies, and bring everything up to global standards. However, the law has been stuck
between government and parliament for five years, holding back many billions of dollars in
investment. Oil majors are loath to inject cash because they do not know how much tax they
will have to pay. Only three exploratory oil wells were drilled in 2011, down from more than
20 in 2005.’ (20 October 2012; online)

In general, legislation has had limited success on gas flaring in Nigeria. Table 2-6 summarizes
the legislative efforts and the impacts to date.
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Table 2-6: Summary of gas flaring abatement legislative efforts
Year

Efforts and outcomes

1969

Promulgation of The Petroleum (Drilling and Production) Regulation 1969. Licensee was
expected to submit feasibility study, programme or proposal for gas utilization not later
than five years after commencement of production. Operators consider no adequate
penalty for violation the reason for non-compliance.

1973

Petroleum (Amendment) Act. Government may take the gas at the flare at no cost.
Absence of infrastructure to develop and utilize the gas produced is considered the reason
for the low impact.

1974

Deadline reviewed and postponed to 1979 due to the inability of oil companies to meet
infrastructural requirement for gas utilization.

1979

Abatement of gas flaring was not attained; consequently, the Associated Re-injection Act
of 1979 was enacted. The act rendered routine gas flaring illegal from 1 January 1984,
except the relevant ministry approves such flaring.

1983

Associated Gas Re-injection Amendment Act. Specific penalty for contravention was
introduced for the first time; however, the penalty was not considered sufficient as a
deterrent and thus had limited impact on flaring.

1984

Abatement of gas flaring date set in 1979 was not attained.

1999

Government offered incentives, including tax concessions, approval of alternative funding
for gas projects and a new energy policy.

2000

Mutual agreement between government and the oil-producing companies to phase out gas
flaring by the end of 2004.

2004

Abatement of gas flaring was not attained; deadline extended to 2006.

2006

Abatement of gas flaring was not attained; deadline extended to 1 January 2008.

2007

Shift in deadline to 31 December 2008.

2008

Abatement of gas flaring was not attained. The Petroleum Industry Bill (PIB), sponsored
by the executive arm of government, was presented to the National Assembly. The bill
aimed to comprehensively review the oil and gas sector.

2009

The Gas Flaring (Prohibition and Punishment) Bill 2009 declared flaring of gas illegal
from 1 January 2011. The bill was passed by the Senate, but was not passed by the House
of Representatives. The bill failed.

2010

Associated Gas Re-injection (Amendment) Bill 2010 was presented to the National
Assembly. The bill failed.

2011

Deadline was not achieved and this prompted the House of Representatives to set a
December 2012 deadline.

2012
Deadline was also not achieved. PIB was revised and represented.
Data sources: Power and Energy Group, 2011; Obeche, 2012; Natural Gas, n.d.

In addition to regulation, many international initiatives have been launched to address gas
flaring and venting. Of these, the most direct and prominent is the Global Gas Flaring
Reduction Initiative (GGFR), a public-private partnership led by the World Bank. The GGFR
was established in 2002 to promote strong cooperation among the primary players, encourage
the development of a robust regulatory framework and promote investment in gas
infrastructure. The GGFR is made up of 17 countries, including Nigeria, and 18 companies,
among which six operate in Nigeria. Though the GGFR approach has recorded some level of
success in the commercial utilization of gas for power generation, it has had little success in
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the upstream sector, as it does not address the issue of low pricing of gas (World Bank, 2004).
Overall, the percentage volume of gas flared has seen little improvement, which is largely
attributed to transmission and distribution of existing associated gas infrastructure and
supplies (ibid), the near-market pricing of gas in major gas flaring nations including Russia,
Nigeria and Indonesia (World Bank, 2009) and decreasing oil output in some countries
(Elvidge et al., 2009).

2.6

Gas utilization initiatives

There are a number of initiatives that have resulted in the development of some gasprocessing, transmission and distribution infrastructure and capabilities – including the
construction of gas-processing plants and the development of terminals, particularly for the
export of LNG, promotion of gas reinjection, processing and production of NG derivatives,
use of NG and NG derivatives as feedstock in industrial processing, and the use of NG for
power generation – but these have had limited impact on the domestic market.
2.6.1

History of gas utilization in Nigeria

The use of NG domestically dates back to 1962, with the supply of piped gas to industries at
Aba and Port Harcourt, followed by the supply to the Afam and Delta power plants for
electricity generation between 1963 and 1965. Other notable early developments include the
establishment and subsequent supply of gas to the Port Harcourt refinery in 1976, and the
commencement of supply to the Delta Steel Company, Aladja (1986), the National Fertiliser
Company of Nigeria (NAFCON) in 1987, and the Ajaokuta steel plant and Egbin power plant
in 1988 and 1989, respectively.
In the early 2000s, the government initiated an accelerated gas development and utilization
programme, geared towards gathering gas from flare sites and making this available for
indigenous third party companies prepared to invest in NG commercialization. In addition, a
pilot programme involving the installation of gas flare meters on flare sites to help determine
the actual volume of gas flared and levy appropriate fines or penalties has been initiated in a
number of flare sites (Federal Ministry of Petroleum Resources [MPR], 2012).
2.6.2

Incentives for gas utilization

Other initiatives aimed at abating gas flaring include the Nigerian Liquefied Natural Gas
(NLNG) (Fiscal Incentives, Guarantees and Assurances) Act 1990, the Associated Gas
Framework Agreement 1992, the Financial (Miscellaneous Taxation Provision) Act of 1998,
the Financial (Miscellaneous Taxation Provision) Amendment Act of 1999, the National
Energy Policy 2003, the Downstream Gas Act (DGA) 2005, the Natural Gas Fiscal Reform
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(NAGFRA) Act 2005, the National Domestic Gas Supply Policy, and the National Domestic
Gas Supply and Pricing Regulation 2008.
The Nigerian Liquefied Natural Gas (NLNG) (Fiscal Incentives, Guarantees and Assurances)
Act 1990 confers pioneer status on Nigeria LNG Limited and exempts the company from
certain taxes, customs duties, other levies and the provisions of the Pre-Shipment Inspection
of Imports Act, and provides for guarantees and assurances by the Federal Government of
Nigeria to the company and its shareholders.
The Associated Gas Framework Agreement 1992 provides fiscal incentives for upstream gas
operations. The introduction of fiscal incentives launched the development of various gas
utilization projects.
The Financial (Miscellaneous Taxation Provision) Act 1998 and 1999 amended certain extant
laws, and in particular provided further incentives for gas projects through the Companies
Income Tax Act 2007 Section 39. The incentives include income tax of 30% of profit on gas
projects, against 85% for oil projects, exemption on custom duties and value-added tax
(VAT) on gas-related development equipment, and an investment capital allowance of 15%
and interest deductibility on loans. It also offers an initial tax-free period of three years,
renewable for an additional two years, an investment allowance of 35%, an accelerated
capital allowance after the tax-free period, and tax-free dividends during the tax-free period
where investments undertaken by the business are in foreign currency. It defined a gas
utilization project as the marketing and distribution of NG for commercial purposes.
2.6.3

National Energy Policy 2003

The National Energy Policy 2003 integrates all extant policies, which hitherto were separate
and specific to the energy sub-sectors of electricity, oil and gas, and solid minerals, as well as
energy-dependent sectors, such as transportation, agriculture, science, technology and the
environment, among others. The process for the approval of the policy spanned 20 years,
starting with the Draft Energy Policy Guideline produced by the Federal Ministry of Science
and Technology in 1984. This document later formed an input into the Draft National Energy
Policy, produced by the Energy Commission of Nigeria (ECN) in 1993. The latter eventually
formed the basis of the National Energy Policy 2003. The overall thrust of the energy policy
is the optimal utilization of the nation's energy resources for sustainable development. The
document covers the policies, objectives and implementation strategies for oil, NG, tar sands,
coal, nuclear, hydropower, fuel wood, solar, biomass, wind, hydrogen and other renewable
energy sources.
The document enumerated four policy directions with respect to NG. These were: integration
of NG into the national economy; exploration of non-associated gas to increase the reserve
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base; development of gas infrastructure to attract entry by both indigenous and foreign
companies; and introduction of incentives to stimulate widespread development of a gas
transmission and distribution network.
The main objectives were to eliminate the flaring of AG by 2008 and stimulate domestic
growth in the use of NG as fuel for industrial, domestic fuel and power generation purposes;
and to strengthen the local economy and the national currency through increased use of NG as
an industrial feedstock for petrochemical, pharmaceutical and fertilizer plants, as well as
encourage indigenous entrepreneurial capability in the gas industry – especially the
development of end-user devices.
The document identified 11 specific strategies to achieve the main objectives. The main
elements of these strategies were to encourage gas gathering by operators and simultaneously
impose appropriate and effective penalties to eliminate flaring by 2008; provide incentives for
domestic consumption of NG and its derivatives; provide incentives to facilitate the
participation of indigenous and foreign entrepreneurs in the gas industry; and embark on
deliberate exploration for gas deposits in all parts of the country to increase proven reserves.
Although the country has made progress with respect to NG utilization, the objective of the
National Energy Policy to end gas flaring by 2008 was not achieved and per capita
consumption of gas remained low based on self-reported figures (NNPC, 2014a).
2.6.4

National Oil and Gas Policy 2004

The National Oil and Gas Policy 2004 provided for the development of a comprehensive
National Gas Master Plan to be incorporated into the National Energy Policy 2003. It
recommended that existing projects in the oil and gas sector should be evaluated on merit,
measured by the potential benefit to the country. It further required the promulgation of
enabling laws and the development of incentives to allow third-party access to investors and
promotion of the development of a National Gas Grid.
The policy outlines a gas-pricing regime to facilitate better linkages between power and gas,
and encourages the promotion of NG and its derivatives for use as feedstock for industrial,
commercial and vehicular fuel. It mandates LPG producers to give priority to the domestic
market over the export market, and provides for the unbundling of the Nigerian Gas Company
(NGC) Limited. It proposed the establishment of a National Oil and Gas Transport Network
and Transmission Company.
Regrettably, the propositions of the policy, though laudable, are yet to be backed by law.
While some of the proposals of the document are included in the PIB 2012, the establishment
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of a National Oil and Gas Transport Network and Transmission Company was not provided
for (despite being included in the PIB 2008 draft).
2.6.5

Downstream Gas Bill 2005

The Downstream Gas Bill 2005 aimed at developing the virtually non-existent domestic gas
market. The bill was not passed into law, but most of its provisions are included in the PIB
2012. Similar to other legislation, the bill had provisions which sought to reduce greenhouse
gas emissions and achieve the gas flare-out target; however, in contrast, it sought to create a
secure framework for investment in gas-to-power projects, foster a competitive wholesale gas
market, encourage the development of a competitive retail market, and promote private sector
participation in transportation infrastructure and other gas projects.
2.6.6

National Gas Master Plan

According to official government sources, Nigeria launched the National Gas Master Plan
(NGMP) in February 2008, which comprises the National Domestic Gas Supply Policy (‘the
Policy’), the National Domestic Gas Supply and Pricing Regulation (‘the Regulation’), and a
Gas Infrastructure Blueprint. According to the NNPC website, the aim of the NGMP was to
reposition Nigeria by 2014 as a regional gas supply hub, with concurrent presence in the
domestic, regional and international export markets. The strategic thrusts are to create: a
robust, scalable and fully connected gas infrastructure that supports the three markets
simultaneously; a transformed domestic market that is fully commercialized; and an efficient
sector that stimulates competition. The National Domestic Gas Supply Policy and the
National Domestic Gas Supply and Pricing Regulation were gazetted in 2008 and are
operational. Furthermore, the Gas Aggregator Company of Nigeria (GACN) was incorporated
in 2010 to manage the domestic supply obligation volumes and to act as the first point of
contact for gas buyers to access gas for domestic market use. The primary aims of the GACN
are to: coordinate a streamlined process for wholesale gas supply from gas producers to
eligible gas purchasers within Nigeria; ensure balanced growth of all critical sectors of the
economy; conduct due diligence assessments on eligible gas buyers; allocate available gas
from the domestic supply obligation (DSO) to credible buyers (subject to successfully passing
an assessment); and facilitate the expeditious execution of the Gas Sale and Aggregation
Agreement and Gas Transportation Agreement between the buyers, sellers and transporters.
The Regulation and Policy aim at ensuring domestic gas affordability, availability and longterm supply security that ensures domestic economic growth and protects revenue generation
from gas exports simultaneously, as well as offering a fair rate of return on investments to
both the user and supplier of gas. The Policy mandates all NG producers to dedicate a
proportion of their production for domestic supply, formally groups the Nigerian domestic
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market into three categories, and sets the gas supply rates to the prescribed domestic market
categories. The Gas Infrastructure Blueprint, meanwhile, proposes the development of
domestic central processing facilities.
The Domestic Gas Reserve and Production Obligation of the Policy has four key elements:
(1) it stipulates a DSO which mandates all oil and gas operators in the country to set aside a
pre-determined amount of gas reserves and production for the domestic market; (2) it
empowers the Minister of Petroleum Resources to stipulate the requisite amount of gas to be
set aside periodically by international oil companies (IOCs) for a period of between five and
seven years; (3) it mandates oil and gas producers to comply with their obligations or face a
penalty for under-supplying gas or restrictions on the export of the gas they produce, or both;
and (4) it establishes a Department of Gas within the Ministry of Petroleum Resources to
oversee the execution of the regulation, together with the Department of Petroleum Resources
(DPR).
The three market categories are: the strategic domestic sector – effectively the power
industry; the strategic industrial sector – the users of gas as feedstock in the creation of new
products, e.g. fertilizer, methanol, petrochemical plants and LNG; and the commercial sector
– the users of gas as an industrial fuel (but not for transport), e.g. cement manufacturing. The
Policy also established a Strategic Gas Aggregator as an interface between gas producers and
suppliers to ensure domestic supply, and provides for the establishment of the Gas Regulatory
Commission, through the proposed Downstream Gas Act, to regulate the price, promote
reliable and efficient domestic use of gas, and to protect consumers.
The Regulation prescribed a different pricing regime for each of the three market categories.
However, the pricing framework does not fix prices, but sets the mechanism for determining
the floor price for each demand sector. The actual price paid is based on an indexation
formula jointly determined during negotiation between the buyer and seller.
The price for the strategic domestic sector is regulated and is based on the cost of supply. The
floor price is determined by establishing the lowest cost of supply that allows a 15% rate of
return to the supplier. This has been established as USD 0.1 per million British Thermal
Units. In addition, a specific volume of gas reserves is dedicated to the sector.
A pseudo-regulated pricing regime, based on the product netback price,10 is applied strictly to
the strategic industrial sector. The floor price is based on the netback of the product price.

10

A sum of all the costs associated with bringing one unit of oil to the marketplace, less all of the
revenues from the sale of all the products generated from that same unit. The netback is calculated by
taking all of the revenues from the oil, less all costs associated with getting the oil to a market. These
costs can include, but are not limited to, importing, transportation, production and refining costs, and
royalty fees.
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However, the policy stipulates that where the netback price translates to a gas floor price
lower than the cost of supply of gas, the policy consideration shall be for gas market
sustainability over industry affordability.
The alternative fuels basis (market-led regime) approach applies to all other sectors that use
gas as a fuel or wholesale buyers who buy gas for subsequent resale. The price of gas is
indexed to the price of alternative fuel, such as low pour fuel oil (LPFO). The floor price is
approximately USD 2 per million standard cubic feet (mmcf).
Based on the pricing framework, the supply price for the strategic domestic sector is expected
to be the cheapest, followed by the strategic industrial sector; the price for the strategic
commercial sector is expected to be the highest. However, the framework stipulates that the
pricing for each sector will transition to the next higher pricing band once a saturation level
has been attained. The expectation is that the transitional pricing mechanism will align price
and production capabilities. For example, if the strategic domestic sector attains domestic
saturation point by meeting the domestic requirement for power and begins to export excess
power, the supply price would move to that of the strategic industrial sector.
The Gas Infrastructure Blueprint proposes the development of three domestic central
processing facilities to be located in three key communities11 within the Niger Delta. The
central processing facilities are intended to be the major gas hubs where wet gas from gas
fields will be treated and processed. LPG and condensate will be extracted at these facilities
and the dry gas fed into a network of gas transmission lines. The Blueprint also outlines the
development of three major domestic gas transmission systems, comprising of the ObiafuObrikom-Oban (OB3), Calabar-Ajaokuta-Abuja (CAA) and Abuja-Kaduna-Kano (AKK). In
addition, it proposes offshore extention of the existing Escravos Lagos Pipeline System
(ELPS) to Lagos, with provisions for a spur extension to the OK LNG plant. If actualised,
CAA will be the first South-North gas transmission line and will serve the Eastern States of
Anambra, Abia, Ebonyi, Enugu and Imo while AKK will feed the proposed Trans-Sahara gas
pipeline. The Blueprint proposes a public-private partnership arrangement for the
development of the facilities and a regulated open-access system for their operation
(Ukpohor, n.d).
Major shortcomings of the Policy and the Regulation are the non-inclusion of the
transportation sector, low floor prices and non-completion of the legislative process. Though
the pricing policy recognizes the domestic commercial sector, the definition excludes the
transportation sector. Furthermore, the commercial sector has the highest floor rate, as the
price of gas is indexed to alternative fuels and not production and gas market dynamics. The
11

In the Warri/Forcados, Akwa Ibom/Calabar and Obiafu areas.
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resulting floor price of USD 0.1/mmcf for the strategic domestic sector is below the
international market rate. Thus, rising gas prices in key international markets continue to pull
production into the export market, leading to a disproportionate focus by gas suppliers on
LNG export.
Similar to the National Oil and Gas Policy 2004, the provisions of both the National Domestic
Gas Supply Policy and the National Domestic Gas Supply and Pricing Regulation 2008 are
yet to be backed by law, due to the non-passage of the PIB 2012. Hence, the Gas Regulatory
Commission, which is a critical component of the Regulation, has yet to be established and
the domestic supply obligation is not enforceable.
2.6.7

Gas reinjection

Gas reinjection is a method used to preserve gas for future use or to increase the efficiency
and yield of an oil well. The technology involves the use of gas compressors to re-pressurize
areas of low-pressure formation gas in order to enhance oil production. National records
indicate that about 10 billion cubic metres (bcm) of AG have been reinjected annually since
2002 (see NNPC, 2010; 2014a)
2.6.8

Liquefied petroleum gas (LPG)

LPG is a flammable mixture of hydrocarbons that are gaseous under conditions of normal
temperature and pressure, but are liquefied by compression or cooling to facilitate storage,
handling and transportation. As illustrated in Figure 2-2, LPG may be produced in a variety of
ways: it may be extracted from raw NG from both associated and non-associated sources, it
may be extracted from imported NG in installations of the importing country; and it may be
produced both in refineries and outside of refineries in the course of processing crude
petroleum or its derivatives. LPG comprises propane (C3H8) or butane (C4H10), or a
combination of the two. Sometimes, ethane (C2H6) is included.
LPG is colourless, odourless and heavier than air; hence, a stenching agent is added to give it
a distinctive and unpleasant smell for easy detection in the event of leakage. LPG burns
readily in air and is commonly used as a fuel in heating appliances and cooking equipment;
when used as a vehicle fuel it is often referred to as ‘autogas’. It is also increasingly been
used as an aerosol propellant and a refrigerant. LPG is easy to store and transport; however,
the process of extraction from NG involves the treatment of the entire gas stream to remove
impurities, and this may not be economical for AG that is produced in lower volumes and at
lower pressure (Buzcu-Guven et al. 2010).
As shown in Table 2-7, total installed capacity for LPG production is 2.5 million metric tons
and the main source is from NG, as indicated by the installed capacity of 86% for NG plants
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and 14% for the refineries; however, the refineries are either not producing or producing
significantly below capacity due to a high state of disrepair. The LPG specification for the
domestic market is 95:5, butane: propane ratio.
The total available domestic storage capacity for LPG is 19,500 metric tons or 39,000 m3
(Table 2-8). LPG consumption in Nigeria is low and insignificant when compared to LPG
consumption in other countries in Africa, especially Egypt and Morocco (Table 2-9). Industry
sources indicate that IOCs and Nigeria Liquefied Natural Gas (NLNG) Ltd export more than
2 million metric tons annually, nearly the entire production.

Figure 2-2: LPG production schematic
Adapted from: Famuyide (2012, p.2).
Table 2-7: Limited domestic LPG production capacity
Installed capacity (mt)
Refineries

Port Harcourt
Warri
Kaduna
Sub Total

Installed capacity (m3)

130,000
70,000
160,000
360,000

260,000
140,000
320,000
720,000

280,000
1,040,000
830,000
2,150,000
2,510,000

560,000
2,080,000
1,660,000
4,300,000
5,020,000

Gas plants
Chevron Escravos
Mobil
Nigeria LNG Ltd
Sub Total
Grand Total
Source: NNPC (2009, 2014a)
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Table 2-8: Limited domestic LPG storage facilities
Storage Capacity
Depot
Public-owned facilities
Privately-owned facilities
Facilities under construction
Available storage capacity
Source: NNPC (2009, 2014a)

mt
13,000
6,500
8,000
19,500

m3
26,000
13,000
16,000
39,000

Table 2-9: Low per capita consumption of LPG in Nigeria compared to some African countries
Country
Nigeria
Cameroon
Cote D’Ivoire
Ghana
Angola
South Africa
Senegal
Gabon
Egypt
Morocco
Data Sources: NNPC (2009)

2.6.9

mt/ year
58,000
28,000
50,000
71,000
50,000
220,000
100,000
17,000
3,370,000
1,455,000

Kg/capita
0.39
1.90
2.80
3.00
4.00
5.50
11.00
13.00
43.05
44.00

Liquefied natural gas (LNG)

LNG is a clear, colourless and odourless liquid obtained by cooling pure NG to a temperature
of -161°C. LNG represents 1/600th of its original volume in NG form, thus facilitating
transportation and/or storage. LNG is generally used as a fuel in power generation, heating
and industrial processes.
Nigeria Liquefied Natural Gas (NLNG) Limited was established in 1990 to produce liquefied
natural gas (LNG) and natural gas liquids (NGLs) for export, pursuant to the NLNG (Fiscal
Incentives, Guarantees and Assurances) Act. The Federal Government of Nigeria, represented
by the Nigerian National Petroleum Corporation (49%); Shell (25.6%); Total LNG Nigeria
Ltd (15%); and Eni (10.4%), own the company (NLNG, 2014). LNG facilities in operation
include NLNG Bonny, which has a six-train complex that consumes 100mcm/d and
converted and exported more than 104bcm of LNG between 1999 and 2012 (NLNG, 2013);
Brass River LNG, which is the first offshore LNG plant in the world (Alexander's Gas and
Oil Connections, 2003) and consists of two trains with a production capacity of 10 million
metric tonnes; and the Olokola LNG plant, a four-train LNG plant with a proposed capacity
of 22 million tonnes per annum. Nigeria ranked as the fourth leading exporter of LNG in
2012 (EIA, 2013).
2.6.10 Compressed natural gas (CNG)
Compressed natural gas is NG compressed at high pressure to a much lower volume, typically
about 1/200th of the original volume (Economides and Mokhatab, 2007). CNG is stored and
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transported in cylinders of various types: fibre reinforced plastic, metal/steel. CNG
technology is well established for ground transportation over short distances and is suitable in
fields with relative short production horizons and circumstances, where building a pipeline
and/or LNG plant may not be economical or practicable, such as offshore plants (BuzcuGuven et al., 2010).
The Nigerian government first proposed CNG as a transportation fuel in 1997 but
commenced a structured pilot programme in 2007. As earlier, mentioned in Section 1.2,
Nigeria had a fleet of 2,210 NGVs or 0.04% of the 5,686,485 registered vehicles and eight
CNG stations comprising of seven CNG-refuelling stations and one ‘mother station’. There
are also two fitment kit workshops in Benin, Edo State. According to Ejiofor (2012), Edo
State government buses have been successfully converted to hybrids running on CNG and
diesel. Other organizations with an NGV fleet include the Nigerian Gas Company, Shell
Petroleum Development Company, 7up Bottling Company and the Dangote Group, among
others. These organizations also have mini-CNG refilling stations.
2.6.11 Gas-to-liquid (GTL)
GTL technology uses a chemical process to convert NG into liquid fuels, including diesel,
kerosene, jet fuels, naphtha and other liquid hydrocarbons. Although GTL technology is
rapidly evolving, the process is challenging and capital intensive for offshore production
facilities, hence LNG technology is still currently dominant (Buzcu-Guven et al., 2010).
Escravos Gas-to-Liquids (EGTL) facility is the only GTL facility in Nigeria. The facility is a
joint venture between Chevron (75%) and NNPC (25%). It is located about 100 kilometres
(km) southeast of Lagos State and is expected to supply gas-to-liquid products to the domestic
markets, regional markets via the West African Gas Pipeline (WAGP) and international
markets. The plant began operation in mid-2014, with the capacity to convert more than
325mmcf of NG to 33,000bpd of diesel and naphtha.
2.6.12 Gas-by-wire technology (power projects)
Gas-by-wire technology is an emerging approach to AG utilization. It involves the building of
gas-fired power plants near oil and gas fields to generate electricity, which is thereafter
transmitted to consumers. IEA (2006, as cited in Buzcu-Guven et al., 2010) observed that the
technology is profitable over distances less than 2,000km because of difficulties and
limitations of installing power lines over longer distances, especially in remote areas of
developing countries.
There are a few gas-powered electricity-generating plants in operation in Nigeria, including
Afam, Ughelli, Sapele and Egbin, which have a combined daily NG requirement of about
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1,500mmcf/d. There are also 17 power plants at various stages of construction, including five
joint venture power projects, five government-owned power expansion projects and seven
Niger Delta power plants.
2.6.13 Gas-to-dimethyl and ammonia
The methane in NG and AG is convertible into methanol, which can further be used to
produce dimethyl ether (DME), such as ethylene and propylene. Furthermore, the methane in
AG can be converted to ammonia to produce nitrogen fertilizers. The major fertilizer
company in Nigeria has a long-term gas supply contract with the Nigerian Gas Company
(NGC); however, the performance of the contract has not been impressive, as the company is
often unable to produce due to an inadequate or total lack of supply.
2.6.14 Gas pipeline projects
Apart from the gas flaring-reduction technologies, the country is also developing gas pipeline
infrastructure. The West African Gas Pipeline (WAGP) and the Trans-Saharan Gas Pipeline
(TSGP) are the major gas pipeline projects. The WAGP was commissioned in 2011 and has a
capacity of 460 million cubic feet per day, covering approximately 678 kilometres. It runs
offshore along the West African coastal waters through Cotonou (Benin), Lome (Togo) and
Tema (Ghana) and terminates at Takoradi Power Plant in Ghana (WAGP Company, 2012).
TSGP is a proposed NG pipeline from Nigeria to Algeria, with an estimated length of
4,300km and projected annual capacity of 30bcm of NG. It will supply Europe by connecting
to the existing pipeline on the Algerian Mediterranean coast (Conan, 2011).
Other pipeline projects include the Oben-Geregu pipeline, which is planned to supply gas to
the Olorunshogo Power Plant; the Obiafu-Obrikom-Oben (OB3) pipeline, which is intended
to connect the western and eastern parts of the country; and the Escravos to Lagos Pipeline
System (ELPS) 2, which would increase gas supply capacity to the South Western part of the
country (MPR, 2012).

2.7

Key issues

As can be seen in the literature, Nigeria faces energy-related environmental challenges,
especially from the flaring of AG encountered in oil exploration and production processes.
Whereas the percentage volume of gas flared has reduced by more than 50%, there has been a
significantly lower reduction in the absolute volume of gas flared.
The main efforts to reduce gas flaring have centred on legislation, gas export, gas reinjection
and use of NG as a fuel for cooking, power generation and transportation, and as a feedstock
in industrial processes. Although legislation has failed to abate gas flaring, the country has
recorded progress in other areas. Nigeria is a leading exporter of LNG, supplies piped NG to
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parts of West Africa, reinjects about 12% of AG produced annually, operates eight gaspowered plants, with 17 others in various stages of construction, and has witnessed improved
utilization of LPG and a resurgence in cement and fertilizer production, among others. By
contrast, the adoption of CNG as a transportation fuel has been slow with a penetration of
0.04%. Thus, there is a need for a holistic rethink in the efforts to reduce GHG emissions and
harness the use of natural gas in Nigeria. This is particularly so as transportation is the single
largest consumer of energy in Nigeria (IEA, 2011) and the country continues to experience
incessant shortages in transportation energy as discussed in Section 1.1. There is therefore a
need for research to establish the barriers to the adoption of CNG as an automotive fuel in
Nigeria. The chapter that follows reviews existing literature on sustainable transportation with
emphasis on NGV with the aim to identify potential applications to the Nigerian situation
from the existing body of knowledge.
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3. Sustainable Transportation and NGV
As shown in Chapter 2, the Nigerian government proposed CNG as transportation fuel in the
late 1990s as part of the efforts to harness associated gas that is wasted through flaring,
reduce emissions and close the supply gap in transportation energy. This chapter presents a
conceptual background to the notion of and key approaches to sustainable transportation and
highlights how the application of natural gas as an automotive fuel promotes sustainable
transportation. In addition, the chapter presents evidence of the suitability and reliability of
natural gas as road transportation fuel when compared to conventional fuels and identified
stakeholder analysis as a gap in the Nigerian experience.
The chapter is structured into nine sections. Section 3.1 discusses the impact of transportation
on the environment, Section 3.2 presents the concept of sustainable transportation, Section 3.3
discusses viability of natural gas as an automotive fuel while Sections 3.4 to 3.7 highlight the
environmental and public health, performance, safety and economic attributes of natural gas
as an automotive fuel. Section 3.8 discusses global NGV market development while Section
3.9 presents the barriers to NGV growth and identifies the main gap as it relates to Nigeria.

3.1

Transportation and the environment

Transportation provides mobility, access and facilitates the productivity of other sectors of the
economy. It remains the driving force behind economic and socio-economic interaction and
change. Despite these characteristics, transportation is the leading concern for most cities
when viewing sustainable development (LSE Cities, 2012). It contributes to environmental,
social and economic pressures, including traffic accidents, traffic congestion, resources
depletion, waste accumulation, and disruption of nature and cities. Furthermore, the chemical
constituents of transportation emissions combine in the atmosphere to form ground-level
(tropospheric) ozone and other compounds that degrade the quality of air, water and soil,
which results in losses in biological diversity and ecosystem functions (IPCC, 1996; TRB,
1997). Most emissions of CO2 result from burning of carbon-rich fossil fuel (the predominant
fuel used in transportation) and various studies have suggested that transportation use of
petroleum accounts for about 23% of CO2 emissions (Organization for Economic Cooperation
and Development [OECD], 2010). In a global survey of city governments conducted in 2012,
when asked to list the ‘three most significant general challenges’, challenges in the transport
sector were mentioned most frequently, followed by pressures of rapid urban population
growth, employment, governance challenges and limited financial resources (LSE Cities,
2012).
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3.2

The concept of sustainable transportation

Although there is no single, commonly held definition for sustainable transportation, the
Centre for Sustainable Transportation (CST) (2005) identified the literal economist, the
environmentalist and comprehensive definitions. While economist and environmentalist
definitions approach the concept from the narrow prisms of economics and the environment
respectively, the comprehensive definition considers a wider range of impacts. The
comprehensive definition includes CST’s definition, along with the European Union (EU) and
World Bank versions. According to CST, a sustainable transportation system:
‘allows the basic access needs of individuals and societies to be met safely and in a manner
consistent with human and ecosystem health, and with equity within and between generations;
is affordable, operates efficiently, offers choice of transport mode and supports a vibrant
economy; limits emissions and waste within the planet’s ability to absorb them, minimizes
consumption of non-renewable resources, limits consumption of renewable resources to the
sustainable yield level, reuses and recycles its components, and minimizes the use of land and
the production of noise’.12

While the definition of the EU was derived from CST (1997) and is closely related (CST,
2005, p.6), the World Bank (1996b) described sustainable transportation as encompassing
economic and financial sustainability, which promotes the efficient use of resources and
proper maintenance of assets; environmental and ecological sustainability, which requires that
the external effects, particularly the influence of transportation elements on energy
consumption, emissions and the chemistry of air, water and land, be taken into account fully
when decisions are made; and social sustainability, which requires that the benefits of
improved transportation reach all sections of the community. However, the World Bank
(2012) noted that technology is making the implementation and monitoring of sustainable
development easier when compared to the early 1950s, when the basic instruments of
environmental taxation, norms and regulations were the tools. From the foregoing, it is
obvious that sustainable transportation may not be complete without technical objectives and
the role of technology all being in alignment.
The IPCC (1996), TRB (1997) and Mashayekh et al., (2011) broadly categorized
transportation externalities into those that have early and noticeable adverse effects, e.g.,
noise, traffic congestion, accidents etc. and those with few noticeable environmental effects in
the near term, e.g., emissions of GHGs, particulates and volatile organic compounds. Yet a
critical analysis of the consequences of the externalities suggested that they all have short-,
medium- and long-term concurrent – but varying degrees of – economic, environmental and
social risks. However, environmental risks, with associated long-term public health and other
12

See: www.ec.gc.ca/air/default.asp?lang=Enandn=n1036DBDC-1.
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social and economic implications, dominate, especially ecological disturbances arising from
emissions, noise, displacements, other externalities and the risk of global climate change due
to long-term build up of CO2 and other GHGs.
As noted by Banister (2011), the scale of the challenge of sustainable transportation is
enormous and must be addressed, particularly in cities that are vulnerable to rapid growth and
flooding. Literature searches identified three approaches, classified according to their main
influence on transportation; these may be used singularly or jointly. The first includes
approaches that influence travel demand, with mechanisms including the use of regulatory,
fiscal and social instruments to influence vehicle kilometres travelled (VKT), the mode of
travel (i.e., encouraging modal shift), and the price of energy or distance travelled. These
instruments may include road-use fees and parking taxes, vehicle ownership and acquisition
taxes, inducements for ridesharing and telecommuting, metropolitan land-use controls, and
plans and investments in transit and other non-motorized modes of transportation, among
others. The second set of approaches includes those that influence vehicle technology without
substantial changes in energy sources, by retaining gasoline and diesel known to have high
energy density (energy per unit of mass or volume). These include improvements in fuel
economy through a reduction in fuel consumption (litres per km) or higher emission
standards. The third approach is the use of alternative fuels that have low or no carbon.
Despite the preponderance of approaches, Banister (2011) noted that each city may follow its
own pathways based on its uniqueness, while Bristow et al. (2008) noted in their work on
pathways to low-carbon land-based passenger transport in Great Britain that the most
probable route is a combination of technological developments and behavioural change.
Moriarty and Honnery (2008) argued that slow progress in both vehicular fuel efficiency and
penetration of low-carbon fuels is an indicator of the long-term nature of the desired changes
in energy and transport technology and infrastructure, and that a new approach to transport is
needed, one that will align both social and ecological needs and recognize travel as mainly
derived demand.

3.3

Natural gas as an automotive fuel

There have been significant improvements in vehicle technologies over the years in all
segments of road transportation, particularly in CO2 emissions, fuel economy and
performance (EPA, 2012; Society of Motor Manufacturers and Traders [SMMT], 2013).
Some of these improvements include: the migration from carburettors in the 1970s to
conventional fuel injection systems in the 1980s and, more recently, gasoline direct-injection
systems (EPA, 2012); a reduction in the overall vehicle weight, with the introduction of
lighter materials such as lightweight steel, aluminium, carbon fibre and plastics (SMMT,
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2011); improvements in aerodynamic drag through improved vehicle shape, the introduction
of rolling resistance tyres and tyre-pressure monitoring systems; and advances in engine and
gearbox lubricants, among others. These improvements have contributed to the overall
reduction of CO2 generated from diesel and petrol vehicles (ibid).
The EPA (2012) summarizes key trends in CO2 emissions, fuel economy, and CO2-related
and fuel economy-related technology for gasoline-fuelled and diesel-fuelled personal vehicles
sold in the United States from model years 1975 through 2011. Despite improvements in the
petrol/diesel-powered vehicles, there is the continuous clamour for low-carbon alternatives, of
which the most prominent propositions are gas (CNG, LNG, hydrogen, LPG [propane],
biogas), electric and hybrid. NG is the focus of the research, as it is in abundance in Nigeria
as discussed in earlier chapters. Although the country is a leading producer and exporter of
LNG, the central aim of the study is to investigate the use of compressed natural gas (CNG)
for domestic transportation – considering that it offers operational advantages in situations
where there are no transmission and distribution pipelines, as with Nigeria (see Buzcu-Guven
et al., 2010).
CNG is a viable option across all road transport segments (Marbek, 2010) and becomes
competitive with gasoline at the same level of infrastructural development (Nijboer, 2010).
CNG also offers up to a 30–45% advantage in price per equivalent energy of gasoline (Pike
Research, 2012).

3.4

Environmental and public health impact of CNG and NGVs

Natural gas vehicles (NGVs) offer an advantage over gasoline and diesel with resect to NG’s
positive impact on the environment, as it is cleaner burning. According to NGV America
(2013), a NGV manufactured by an original equipment manufacturer (OEM) produces about
70% less carbon monoxide (CO) emissions, 87% less nitrogen oxide (NOx) emissions, 87%
less non-methane organic gas (NMOG) emissions and 20% less CO2 emissions when
compared to a gasoline-powered vehicle (see Engerer and Horn, 2010 and Nijboer, 2010).
NGVs eliminate evaporative emissions, which in conventional vehicles are responsible for at
least 50% of the vehicle’s entire hydrocarbon emissions. They produce little or no particulate
matter, and show an 80% reduction in ozone-forming emissions compared to gasoline
vehicles (NGV America, 2013; Marbek, 2010).
Marbek (2010) showed that GHG emissions could be reduced by 15–25% depending on the
vehicle segments, and noted that the greatest reductions are seen in the medium- and heavyduty and refuse truck segments. The study also showed that NGVs offer other environmental
advantages in several segments, particularly the reduction of criteria air contaminants.
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A comparison between ambient levels of pollutants in the year before and after the
implementation of CNG vehicles in Delhi, India, revealed substantial reductions in CO2
(10%), total suspended particles (TSPs) (14%), NOx (6%) and SO2 (22%) (Goyal and
Siddhartha, 2003). In addition, Suthawaree et al. (2012) noted that the mixing ratios of the
photochemical pollutant ozone in Dhaka, Bangladesh, which has preponderance of CNGfuelled vehicles, did not drastically exceed the levels for other Asian cities with a
preponderance of gasoline and diesel vehicles.
CNG presents an advantage over gasoline with respect to CO2 emissions, but does not
compare favourably with diesel. On the other hand, hydrocarbon and nitrous oxide emissions
from CNG are lower than those of diesel engines, but higher than those of gasoline engines
(Nijboer, 2010; Fontaras et al., 2012).
Ejaz et al. raised concerns over the health effects of CNG-fuelled vehicle exhaust – e.g., the
effects on foetal development13 (Ejaz et al., 2009a) and the process of wound healing14 (Ejaz
et al., 2009b). However, the adoption of CNG-fuelled vehicles appears to have had results
that are more positive. Gurjar et al. (2010) reported that the promotion of CNG vehicles in
Delhi, India, appears to have resulted in a lower mortalities, while Mena-Carrasco et al.
(2012) concluded that switching to a CNG public transportation system in Santiago, Chile,
would reduce urban PM2.5 emissions 15 by 229 tonne/year, with the consequent ambient
pollution reductions resulting in 36 avoided premature mortalities.

3.5

Performance of CNG-powered NGVs

The evolution of NG vehicle (NGV) technology dates back to the 1930s. However, the
technology began to experience significant improvements in the 1970s, when NG became
generally accepted as a safe automotive fuel (Nijboer, 2010). A number of studies have
reviewed alternative fuel vehicle (AFV) development and performance, particularly
technological competency in application to the road transport market, and there is evidence
that some CNG-powered NGVs can achieve comparable performance levels with
petrol/diesel equivalent vehicles in many areas (CNG Services, 2011). The horsepower,
acceleration and cruise speed of CNG-powered NGVs are comparable to vehicles running on
gasoline or diesel (DOE, 2013; NGVi, 2013; Southern California Gas Company, 2013).

13

The experiment studied the effect of CNG-powered four-stroke auto-rickshaw smoke solution by
utilizing the in vivo chicken embryo model. No comparison with smoke from other fuels was made.
14
The experiment studied the effect of CNG-powered four-stroke auto-rickshaws smoke solution
(4SARSS) on different events of wound healing on a total of 72 adult mice, but did not compare the
effect with smoke from other fuels.
15
Particulate Matter 2.5 (PM2.5) refers to tiny particles or droplets in the air that are two and one half
microns or less in width.
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The known major disadvantage of CNG-powered NGVs is the lower driving range, resulting
from the lower energy density of NG. However, providing extra storage cylinders can
increase this, albeit to the detriment of freight/cargo volume.

3.6

Safety of NGVs

NG offers safety advantages over gasoline and diesel as it is non-toxic, non-corrosive, mixes
with air easily and evenly when dispersed, and has no potential for ground or
water contamination in the event of a fuel release. It is also less combustible, has a
significantly higher kindling point – it can only ignite between 5% to 15% concentration in
air, and it has a high ignition temperature of about 640°C, compared with a range of 230–
280°C in the case of gasoline (J.E. Sinor Consultants Inc., 1994). Thus, NG requires high
compression energy for auto-ignition and is less likely to auto-ignite on hot surfaces when
compared to gasoline or diesel. NG has a much higher octane number and lower cetane
number compared to gasoline and diesel respectively. This makes it superior in respect of
engine performance for spark ignition engines. Furthermore, the lead fouling of spark plugs
and lead or benzene pollution in gasoline- and diesel-powered engines are eliminated in
NGVs, due to the absence of any lead or benzene content in CNG and because of the high
octane number; no anti-knock additives are required in NG (Gaslink, 2014).
The outcome of a survey which compared 8,331 NGVs to an equal gasoline vehicle fleet
over 178.3 million miles of travel, showed that NGVs recorded: a 37% lower injury rate, a
31% lower collision rate, and zero fatalities compared to 1.28 deaths per 100 million miles for
the gasoline fleet. The study also revealed that only one of the recorded seven fire incidents
involving the NGV fleet was attributable to fuel system failure (CVEF, 1999).
NGV cylinders are more durable than conventional vehicle gasoline and diesel tanks, as they
are put through several stipulated intense safety tests (ibid.). The cylinders are specially
manufactured for use in vehicles and are cast from a single piece of special steel alloy without
any welded joints. Furthermore, they are provided with ‘burst discs’ that rupture in case of
inadvertent high pressure or fire, leaving no excessive pressure beyond the specified level
inside the cylinder (Gaslink, 2014).

3.7

Economic life and value of a NGV

As NG is a cleaner burning fuel, the time between routine maintenance is less frequent for
NGVs when compared to conventional vehicles. Consequently, NGVs have service lives that
outlast those of comparable conventional vehicles by two to three years (DOE, 2013).
However, the cost of an NGV is typically about 10 to 15% higher than that of an equivalent
conventional vehicle. Nonetheless, the higher cost can be offset over the longer lifespan of the
NGV, as it also offers savings on lifecycle fuel and maintenance cost (Pike Research, 2012;
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NGV Global, 2005). The high cost and the limited availability of OEM NGVs has ensured
that the conversion of OEM vehicles designed to run on petrol or diesel to dual-fuel or bi-fuel
(retrofit) continues globally. The cost of retrofitting varies in different countries and is
subsidized by the government in some countries.

3.8

NGV market development

Most recent data show that 87 countries in the world have an NGV fleet and that the NGV
population experienced significant growth – from 415,855 vehicles in 1991 to 22,335,773 in
March 2015. The data further show that most of that growth was in the ten-year period
spanning 2003 to 2012, especially in the Asia Pacific region, which experienced a 35.7%
growth. North America, in the same period, declined by 0.9%, while Europe, Latin America
and Africa experienced 14.4%, 14.5% and 16.3% growth, respectively (see NGV Global,
2012; NGVA Europe and the GVR, 2013; NGV Journal 2015). As shown in Table 3-1 each
of the top ten countries with the highest NGV population had an NGV penetration in excess
of 1%; and together they accounted for more than 90% of global NGV estimates and 70% of
refuelling stations. The top 20 countries accounted for about 99% of the NGV population and
about 80% of the refuelling stations. While five countries have achieved a NGV penetration
of over 25% of the national vehicle fleet, Pakistan has the most significant penetration –
recording a near 1:1 NGV to total vehicle population ratio. Although there is a high
consistency between NGV adoption and domestic resource availability, Armenia, which is
without crude oil or NG reserves, had the 13th largest fleet (2011 data), the largest number of
NGVs per capita and a penetration above 55%. Conversely, China, the second highest NG
producer, had far fewer NGVs per capita and about 4% penetration. These figures suggest
that a country need not possess NG resources to successfully adopt CNG as a transportation
fuel.
According to Yeh (2007), market developments in many countries have been driven by policy
instruments focused on regulation, incentives and market creation. Regulation has focused on
the desired outcome, vehicle technology and fuel, while incentive-based policies have
targeted consumers and/or suppliers. Policies centred on market creation have focused on
government fleets and direct investment in infrastructure. Yeh concluded that none of the
countries studied, which included Argentina, Italy, Pakistan, India and the United States, is
likely to achieve self-sustaining NGV markets if favourable government policies are
removed.
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Table 3-1: Twenty countries account for 99% of the worldwide NGV population
Country

1. Iran
2. China
3. Pakistan
4. Argentina
5. India
6. Brazil
7. Italy
8. Colombia
9. Thailand
10. Uzbekistan
11. Ukraine
12. Bolivia
13. Armenia
14. Bangladesh
15. Egypt
16. Peru
17. USA
18. Germany
19. Russia
20. Venezuela
Total top 10
Total next 10
Rest of the world
World Total

Total vehicle
population

12,182,219
100,000,000
4,095,000
12,800,210
42,300,000
35,120,203
40,894,491
2,917,530
12,564,349
1,700,000
7,558,100
905,870
440,000
293,472
3,549,091
1,505,296
248,164,738
48,138,453
35,455,227
5,000,000
264,574,002
351,010,247
451,057,569
1,066,641,818

NGV
population*

NGV
to total
vehicle
pop.
(%)

NGV
global
share
(%)

Vehicles
per
1000
people

NGVs
per
1000
people

Number
of NGV
refuelling
stations

NGVs to
refuelling
stations

4,068,632
3,994,350
3,700,000
2,487,349
1,800,000
1,781,102
885,000
500,000
462,454
450,000
388,000
300,000
244,000
220,000
207,617
183,786
150,000
98,172
90,050
90,000
20,128,887
1,971,625
235,261
22,335,773

33.40
3.99
90.35
19.43
4.26
5.07
2.16
17.14
3.68
26.47
5.13
33.12
55.45
74.96
5.85
12.21
0.06
0.20
0.25
1.80
7.61
0.56
0.05
2.09

18.22
17.88
16.57
11.14
8.06
7.97
3.96
2.24
2.07
2.01
1.74
1.34
1.09
0.98
0.93
0.82
0.67
0.44
0.40
0.40
90.12
8.83
1.05
100

161
74
18
311
34
177
671
61
180
61
168
88
141
2
42
51
786
587
248
167

44
2
16
55
1
9
14
9
6
16
9
25
78
1
2
5
1
1
1
4

2,268
6,502
2,997
1,939
936
1,805
959
692
497
213
325
156
345
585
181
327
1,615
921
253
166
18,808
4,874
2,947
26,629

1,794
614
1,235
1,283
1,923
987
923
723
930
2,113
1,194
1,923
707
376
1,147
562
93
107
356
542
1,070
405
80
839

Share
of
global
NGV
stations
(%)
8.52
24.42
11.25
7.28
3.51
6.78
3.60
2.60
1.87
0.80
1.22
0.59
1.30
2.20
0.68
1.23
6.06
3.46
0.95
0.62
70.63
18.30
11.07
100.00

Oil
Reserves
(million
bbls)

Oil
Production
(million
bpd)

NG
Reserves
(billion
m3)

137,000
14,800
313
2,505
5,682
12,860
477
1,900
435
594
395
465
28
4,400
532
35,420
276
80,000
211,200

4,252
4,073
64,
763
954
2,301
151
800
406
87
82
44
6
662
152,700
13,973
160,000
10,853,000
2,375,000

33,600
800
754
378
1,074
366
63,
377
312
1,841
1,104
281
195
2,186
345,500
9,860
175,600
48,700,000
5,065,000

NG
Production
(billion
m3)
138
102
42
40
52
24,
8
10
30
59
20
14
19
62
31,120
681
9,000
669,700
22,900

Data sources: CIA World Factbook, 2013; NGVA Europe and the GVR, 2013; NGV Journal 2015.
* Data available for some countries is earlier than 2015
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3.9

Barriers to NGV growth

Earlier studies by Byrne and Polonsky (2001) and Ewing and Sarigollu (2000) identified
impediments to the growth of sustainable transportation, and these are still pertinent and
relevant to CNG. Additional recent studies have supported these findings, including
Achtnicht et al. (2012), Browne et al. (2012), Hu and Green (2011), Kirk et al. (2014) and
Wiedmann et al. (2011).
According to Byrne and Polonsky (2001), the marketability of sustainable transport is
dependent on the availability of resources required to bring alternative technologies to the
market and this, they argued, requires that stakeholders are willing to financially commit to
sustainable transport projects. Byrne and Polonsky further argued that the greatest
impediment to sustainable transport projects resides with consumer demand and that for
sustainable transport to work effectively, supporting infrastructures – including affordable
low-carbon alternative fuel vehicles, affordable and readily available alternative fuels,
convenient fuel delivery outlets, maintenance services and appropriate transport easements –
must be put in place. These must also be comparable with traditional automobiles, or they
may act as impediments to adoption. Furthermore, Byrne and Polonsky note that sales
infrastructure is required to educate consumers on the benefits and drawbacks; this is
especially relevant at the mass introduction phase. This, they observe, will necessitate
significant corporate expenditures on sales force education, incentives and consumer
feedback.
According to Ewing and Sarigollu (2000), cost of vehicles, performance, safety, sociocultural considerations, refuelling, maintenance and relative emissions are some of the
characteristics of a sustainable transport vehicle, and can pose a challenge to consumer
adoption. As also observed by Byrne and Polonsky (2001), performance indicators such as
speed, acceleration and driving range before refuelling are some of the major concerns for
consumers. It is believed that some of these concerns have been addressed by recent
technology improvements, while others are under various stages of development.
Whereas the ethical behaviour of corporations is central to sustainable development, Ottman
(1998) and Carrigan and Attalla (2001) argued that the adoption of environmentally-linked
business activities and expectations is difficult to predict, as most consumers pay little heed to
sustainable considerations in their purchase decision-making behaviour. They argued that
although consumers may express a desire to support ethical companies and punish unethical
companies, their actual behaviour often remains unaffected by ethical concerns. Furthermore,
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Ewing and Sarigollu (2000) note that the ‘greenness’ (provable non-polluting characteristics)
of products outweighs ethical criteria in consumer purchase behaviour.
However, Mason (2000), Forte and Lamont (1998), and Creyer and Ross (1997) differ in their
arguments; they maintained that consumers make purchases based on ethical reputation.
Boulstridge and Carrigan (2000) combined the element of the two sides, suggesting that
consumers may express willingness to make ethical purchases, but the reality is that social
responsibility is not the dominant criteria in their purchase decisions. Hence, consumer
requirements regarding these impediments must be taken into account when contemplating
mass production of sustainable transport products.
Authors including Bryson (2004), Eden and Ackennann (1998) and Freeman (1984) argued
that stakeholder analyses are key to identifying problems that can and should be solved,
especially when multiple parties are involved and none has sole responsibility. In the domain
of public policy, Friedman (2000) and Huntington (1996) observed that public policies and
institutions might fail if key stakeholders are not reasonably engaged and satisfied. With
respect to the implementation of sustainable transportation, including the adoption of AFVs,
many authors have identified the need for stakeholder engagement and cooperation. In this
regard, Yosie and Herbst (1998) observed that stakeholders’ involvement in environmental
decisions is inevitable and will continue to expand, while Chilton (2000) noted that achieving
a broad-based sustainable solution requires multiparty action and a network or systems
approach involving all interrelated stakeholders. Similarly, Clift and Wright (2000) argued
that collaborative stakeholders hold the key to most large-scale environmental enterprises and
Byrne and Polonsky (2001) submitted that simultaneously achieving economic viability,
environmental soundness and social equity in the transportation system requires difficult
trade-offs. With respect to NGVs, in particular, Nijboer (2010) identified the consideration of
stakeholders’ interests as one of the critical success factors for policy formulation.

3.10 Key issues
As can be seen in the literature, sustainable transportation is key to sustainable development,
as transportation provides the linkages to most development endeavours. As inferred from the
review of literature, the use of NG as an automotive fuel is most expedient in the Nigerian
context, considering its availability and the environmental challenges posed by its disposal
through flaring. Moreover, the review of literature indicates that there is sufficient scientific
evidence on the suitability and benefits of CNG as an automotive fuel, in addition to evidence
that widespread use will provide an opportunity to harness NG resources, and significantly
reduce energy-related GHG emissions, economic losses and risks to public health associated
with flaring of AG (see Igweonu and Mbabuike, 2011 and Nwaoha and Iyoke, 2013).
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Furthermore, tackling the country’s transportation energy challenges with approaches that
influence travel demand or those that influence vehicle technology may not be feasible, as
Nigeria lacks the infrastructure for safe alternatives to road vehicle transportation, the country
currently does not have manufacturing capability for automobiles, has low purchasing power
as a low-income developing nation, and hence might not be able to rapidly develop
infrastructure for modes of transportation or influence vehicle technology advancements.
Whereas there is ample literature on alternative fuels and alternative fuel vehicles (AFVs),
these texts are mostly focused on technical evaluations, viability and vehicle saturation, as
well as consumer behaviour, and place little or no emphasis on contextual understanding of
the implementation processes.
Whereas literature review showed that stakeholder analysis is critical to successful adoption
of natural gas as an automotive fuel, there is no known study that has gathered, analyzed and
synthesized qualitative information from stakeholders involved in the adoption of CNG as an
automotive fuel in Nigeria to determine the concerns, interests and dispositions, which should
be considered in the conceptualization, design and implementation of its CNG programme.
Thus, the gap this study shall fill is to investigate the stakeholders’ perspectives on the
adoption of CNG as an automotive fuel in Nigeria. This shaped the research objectives and
questions discussed in Chapter 4.
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4. Research Methodology
4.1

Research problem and question

As discussed in Chapters 1 and 2, the disposal of associated gas (AG) encountered in oil
exploration and production processes in Nigeria poses a serious threat to the environment and
public health. Although the chapters show that there have been significant reductions in the
percentage volumes and absolute volumes of gas flared, they also show that absolute flared
volumes are still high, because of increased output, and that flaring continues to be a major
challenge. In addition, the chapters show considerable progress with domestic utilization of
natural gas (NG), except in the transportation sector – where growth has been limited. Here
there are only eight operational compressed natural gas (CNG) refuelling stations and the
NGVs population accounts for just 0.04% of the total national vehicle fleet.
Furthermore, Chapter 3 shows that NG is a credible alternative fuel and that its use has
potential to address the economic, social and environmental challenges posed by the disposal
of AG. The chapter also shows that research on the use of NG as an automotive fuel in
Nigeria is limited. It further identifies the importance of – and need for – analysis of
stakeholders involved in the CNG implementation programme, as a tool to understanding
their perspectives.
As a result of the foregoing discussion, the principal research question is:
‘What are the barriers to the use of natural gas as an automotive fuel in Nigeria and how
can these be overcome?’

4.2

Research aim and objectives

The aim of this research is to the aim of this research is to investigate the exploration of CNG
as a transportation energy source, as a tool to reduce the emissions inventory associated with
oil exploration and simultaneously reduce transportation energy vulnerability. The principal
objectives of the study are to:
i.

Identify the critical success factors for the adoption of CNG as an automotive fuel
and evaluate the current situation in Nigeria against these factors;

ii.

Identify the barriers to use of CNG as automotive fuel and establish sources and
causes of these barriers;

iii.

Identify policy interventions towards successful adoption of CNG as an automotive
fuel in Nigeria;

iv.

Explore the degree of consensus on barriers to the adoption of CNG as an automotive
fuel in Nigeria; and
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v.

Explore the possibility of consensus among key stakeholders and make
recommendations on policy interventions that might stimulate successful adoption.

Deriving from the research question and the aim and objectives, the research aimed to answer
the following:
i.

What are the barriers to use of CNG as a road transportation fuel in Nigeria?

ii.

Who are the critical stakeholders for NG utilization as an automotive fuel?

iii.

What are the entrenched interests and concerns of the stakeholders?

iv.

How can these interests and concerns be aligned?

v.

From the experiences of other countries, what are the critical elements for NGV
market development?

vi.

How does the current situation in Nigeria compare with the critical success factors?

vii.

What lessons can Nigeria take from the elements for NGV market development?

viii.

How can stakeholders’ interests and concerns be addressed?

ix.

What implementation strategies have other countries adopted and what lessons can
Nigeria take from these?

x.

What are the perceptions of stakeholders to the relative importance and severity of
the identified barriers?

xi.

What steps should the country take to achieve widespread use of CNG as an
automotive fuel?

xii.

4.3

What is the level of support from stakeholders for identified policy interventions?

Research scope

The research scope was limited to policies and implementation approaches for NGV market
development. As mentioned in Section 3.9, Byrne and Polonsky (2001) argued that consumer
demand is the greatest impediment to sustainable transport projects and that demand is
influenced by the availability of supporting infrastructures, especially affordable low-carbon
alternative fuel vehicles, affordable and readily available alternative fuels, convenient fuel
delivery outlets, maintenance services and appropriate transport easements. Consequently, the
entrenched interests and concerns of stakeholders are at the institutional level and hence
limited to those of organizations involved in the provision of low-carbon alternative fuel
vehicles, alternative fuels, fuel delivery outlets, maintenance services and appropriate
transport easements. Consequently, the study excluded vehicle owners, users and the public.
In addition, the study scope excluded any technical evaluation of the automotive industry in
Nigeria, because the country imports most of its vehicle fleet due to the lack of domestic
automobile manufacturing capability. Moreover, most of the importation is from Europe,
which has established standards for its automotive industry.
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As discussed in Section 2.6, Nigeria is already making progress with respect to other uses of
NG, particularly the export of LNG, supply of NG to the regional market, and use of NG for
power generation and as feedstock in industrial processes. Consequently, the study exempted
technical and economic evaluations of alternative uses of natural gas.

4.4

Epistemological framework

Research – as defined by the Cambridge Dictionaries Online – is: ‘a detailed study of a
subject, especially in order to discover new information or reach a new understanding’. This
definition is closely related to that of the Merriam-Webster online dictionary, which defines it
as: ‘a studious examination, possibly involving experimentation aimed at the discovery and
interpretation of facts, revision of accepted theories or laws in the light of new facts, or
practical application of such new or revised theories or laws’.
These definitions indicate that ‘research’ has two central themes, namely the ‘process’ and
‘outcome’ of activities undertaken. In addition, they point to four principal elements. These
are that research seeks to answer a question or set of questions (research question); follows a
definite set of procedures and steps (research design); has a focused and planned procedure
with a clear structure that is limited to a specific scope for collecting and analysing data
(research method); and finds an answer or answers (research findings).
A research question arises from the research problem, which is the main organizing principle
guiding the study. The problem and the resulting research question offer the focus that
governs the study (Alvesson and Sandberg, 2013). The research design is the overall strategy
that aligns a study to effectively address the research problem. It is aligns and integrates
different components of a study in a coherent and logical way, and constitutes the blueprint
for the collection, measurement and analysis of data (De Vaus, 2001). Research methods can
be described, considered and classified at different levels, of which the most basic is research
philosophy – that is, the underlying concept or paradigm (Clarke, 1998). While Chalmers
(1982, p.90) defined paradigm as ‘made up of the general theoretical assumptions and laws,
and techniques for their application that the members of a particular scientific community
adopt’, Willis (2007) submitted that it is founded on ontology (which is concerned with the
nature of existence) and epistemology (which is concerned about what we can know about
reality).
Because of the ontological, epistemological and methodological differences, research is
categorized into either quantitative or qualitative methods (Guba, 1990). These differences
are with the question of the nature of reality; the purpose of research; the type, value and
worthiness of data; the means of deriving meaning from data; and the relationship between
research and practice (Willis, 2007).
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According to Charles, (1995 cited in Golafshani, 2003, pp.597–598):
‘Quantitative research allows the researcher to familiarize him/herself with the problem or
concept to be studied, and generate hypotheses to be tested. In this paradigm: (1) the emphasis
is on facts and causes of behaviour (Bogdan and Biklen, 1998), (2) the information is in the
form of numbers that can be quantified and summarized, (3) the mathematical process is the
norm for analysing the numeric data and (4) the final result is expressed in statistical
terminologies.’

Hence, quantitative research has materialistic or realist ontology (all that is real is in the
physical) and a positivist or empirical epistemology (knowledge is through properly executed
experiments).
The most prominent philosophy for the quantitative method is positivism, while other
paradigms in the mould include empiricism, modernism and objectivism. Wittgenstein (1973,
cited in Willis, 2007) noted that the relationship between these paradigms is best
characterized as a set of family resemblances. This family dominates quantitative social
science research and it is sometimes generally referred to as positivism, although the most
influential version today is post-positivism, as advocated by Popper (Willis, 2007).
The qualitative method is an opposing epistemological position to positivism and it is based
on the assumption that participants construct social reality (Gall et al., 1996). The most
prominent paradigms are critical theory and interpretivism.
The following sections discuss the dominant research philosophies, namely positivism,
critical theory, interpretivism and modernism, as well as other emerging paradigms, and
highlight the differences.
4.4.1

Positivism

Positivism is the epistemological doctrine that physical and social reality is independent of
the observer, and the observation of reality is unbiased and constitutes scientific reality (Gall
et al., 1996). It has the central assumption that the use of the scientific method is the primary
or only way to discover truths, and that the discovery of universals about human behaviour
can be known only through objective study in well-controlled contexts. Therefore, the
fundamental principle and premise of positivism is that social and natural objects can be
studied as facts in which the relationship between the facts can be established as scientific
laws that have the status of truth (Smith, 1998). Hence, positivism employs experimental
methods to test hypothetical generalizations (Hoepfl, 1997) and emphasizes the measurement
and analysis of causal relationships between variables (Denzin and Lincoln, 1998). It assumes
that an objective reality exists which is independent of human behaviour and it rests on a
conception of truth in which verifiable statements concur with the ascertainable facts of
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reality (Crossan, 2003); it conforms to the correspondence theory of truth, which suggests that
enough research verifies theory with the confidence that all theory reflects the true nature of
the world and that data is a mirror of reality. Positivism has undergone many phases, among
which traditional positivism, logical positivism, standard positivism and post-positivism are
most prominent.
Traditional positivism, or positive philosophy, 16 is a doctrine that all real knowledge is
derived from human observation of objective reality (Willis, 2007). It is premised on the
principle that the senses are used to accumulate data that are objective, discernible and
measurable, and that anything otherwise should be rejected as transcendental (Crossan, 2003).
It advocates the use of methods used in the realm of natural science to validate theories of
human behaviour (Willis, 2007).
Logical positivism17 asserts that there are only two sources of knowledge: logical reasoning
(analytic a priori) and experience (synthetic a posteriori). It uses mathematics and formal
logic to provide analytical statements about the observed world, and differs from traditional
positivism as it emphasizes the importance of induction and verification, and the
establishment of laws (Crossan, 2003).
Standard positivism

18

uses deductive reasoning (the process of developing specific

predictions from general principles) to move theoretical ideas to a logical conclusion and
establish whether the predictions are valid.
Post-positivism, sometimes used in the literature to mean an idea of socially constructed
reality, is founded on the work of Karl Popper rather than being a distinctly different
philosophy (Willis, 2007). Popper (1937) queried the correspondence theory of truth to which
positivism conforms and asserted that research cannot be used to prove a phenomenon, as
confirming studies do not ‘prove’ but simply add to the evidence that supports the theory. He
argued that subsequent research might disprove a theory and that one study providing data
that contradicts theory is sufficient ground to falsify the theory. Hence, post-positivism is
founded on the falsificationist approach. Invariably, positivism and post-positivism share all
attributes except for the meaning of data: whereas data is a mirror of reality and is used to
develop theory in positivism, it is used to test theory with the aim of falsification in postpositivism.

16

Generally credited to Auguste Comte (1798–1857)
Associated with the philosophers of the early 20th century collectively known as the Vienna Circle
(Ayer, 1936; Carnap, 1932) and also as logical empiricists, logical neopositivists and neopositivists
(Willis, 2007).
18
Developed in the post-war period and commonly associated with Hempel (1965).
17
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Crossan (2003) identified attributes of positivism to be: (1) quantitative basis for valid
generalizations and laws; (2) value-freedom; the choice of what to study, and how to study it,
is determined by objective criteria without any influences of human beliefs and interests; (3)
causality; the aim of research is restricted to the identification of causal explanations and
fundamental laws that explain human behaviour; (4) operationalization; all concepts are
operationalized in a way that enables facts to be measured quantitatively; (5) independence;
the role of the researcher is independent of the subject under examination; and (6)
reductionism; problems are reduced to the simplest possible elements.
The critics of positivism, such as Ayer (1969, cited in Crossan, 2003), Bond (1993), Moccia
(1988) and Payle (1995) argue that positivism does not provide the means to examine human
beings and social behaviours in an in-depth way. According to Crossan (2003), humans are
not ‘objects’, and are subject to many influences on behaviour, feelings, perceptions and
attitudes that positivists would reject as irrelevant and belonging to the realm of metaphysics.
4.4.2

Modernism and post-modernism

Gergen (1991) identified the primary characteristics of modernism to be: the belief in a
knowable world (a basic subject matter); the presumption that there are principles, possibly
laws, that may be discovered about the properties of the subject matter (universal properties);
the commitment to obdurate truth in an impersonal way through methods (empirical method);
and the notion that there is increased knowledge on the subject matter as empirical methods
are employed successively on the subject (research as progressive). Conversely, postmodernism questions the benefits of progress and challenges the idea that the scientific
method is the sole source of knowledge (Willis, 2007); it has influenced both critical theory
and interpretivism materially, and differs from modernism in seven major ways (see Kvale,
1992, pp.12–14).
4.4.3

Critical theory

Critical theory, also known as ideological oriented inquiry, is based on the Marxian injunction
that the ‘idea’ is not merely to interpret and understand the world, but to change it (Willis,
2007). Therefore, critical theory approaches research from an emancipation point of view,
with a focus that seeks situations that involve iniquities, imbalances and injustices with a
view to help the studied group overcome the situation through knowledge and deliberate
action. In the words of Smith (1993, p.92), ‘the regulative ideal of critical and educational
inquiry is to integrate theory and practice in a way that not only makes transparent to people
the contradictions and distortions of their social and educational lives, but also inspire them to
empower and emancipate themselves’.

69

Critical theory, as with positivism, rests on foundationalism19 and views reality as material
and external to the human mind. Nonetheless, the proponents of critical theory argue that
positivism (post-positivism) is not objective, but controlled and directed by the researcher and
other interested parties. They further argue that post-positivist study status quo - that is,
existing situation, which ought to be discarded- simply because they can be quantified. On
their part, post-positivists criticise critical theorist of confusing ideological issues with
scientific enquiry and for undertaking research with a bias of what is to be learned (Willis,
2007).
Another paradigm that is closely related to critical theory is feminism.
4.4.4

Interpretivism

The proponents of interpretivism argue that scientific methods are inappropriate for the study
of society. They argue that humans think and reflect, unlike objects in nature, and can
therefore change their behaviour when under observation. Consequently, they submit that the
quest for the understanding of social action requires knowledge and understanding of what
the action portends. This, they argue requires that the data received is flexible, appreciative of
the social context within which it is generated, rich, spontaneous and thoroughly detailed (see
Berger and Luckmann, 1967; Heshusius and Ballard, 1996; Smith, 1993; Smith 1998). Thus,
the interpretivist approach to knowledge is more oriented towards representativeness. It
considers that knowledge is subjective and contextual, and mainly dependent on the
interaction and experience of the subject with other social factors, which ultimately influence
social experience and engagement with the world and how the social world is interpreted,
experienced and reproduced and consequently provide deep insight into the complex world of
lived experience from the point of view of those who live it (Schwandt, 1994). Furthermore,
Hughes (1994) averred that reality does not exist within a vacuum, its composition is
influenced by its context and many constructions of reality are possible. In agreement,
Crossan (2003) suggested that interpretivist approaches assume that reality is multiple,
subjective and mentally constructed by individuals and thus recognize the delicate
relationship between individual behaviour, attitudes, external structures and socio-cultural
issues. Hence, interpretivism combines the threads of rationalism, the idea that reality can be
known by thinking about it, and relativism, the idea that the reality that one perceives is
always conditioned by ones experiences and culture (Willis, 2007).
Proctor (1998) identified the major influences on reality construction as culture, gender and
cultural beliefs, and concluded that the study of society will require the use of flexible and

19

A concept that takes as ‘given’ the basis on which knowledge is built, with the thesis that knowledge
can be constructed with absolute certainty starting from nothing (Willis, 2007).
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multiple methods that can establish warranted assertibility as opposed to absolute truth. It is
thus expected that the researcher will interact with the subject(s) to gain the meaning and
understanding of the situation or phenomenon under examination.
Fundamentally, positivism promotes the establishment of general laws to lay claim to
absolute truth, while interpretivism seeks evidence that is valid for the existence of
phenomena. Interpretivists are anti-foundationalist, as they, according to Smith (1993, p.120),
believe ‘there is no right or correct path to knowledge, no special method that automatically
leads to intellectual progress’. This is in contrast to positivism, which seeks to establish
universal truth.
The critics of interpretivism identify its essence as its main weakness. Mays and Pope (1995)
argued that qualitative research is merely an assembly of anecdote and personal impressions,
which is strongly subject to researcher bias. They further argue that the methodology lacks
‘reproducibility’ and ‘generalisability’, as it does not guarantee that a different researcher
using the same method would come to the same conclusion and the outcome does not show
what is typical. Other differences are with the nature of reality, purpose of research, meaning
of data and relationship of research to practice (see Willis, 2007, p.95).
Interpretive

methodologies

of

prominent

use

include

philosophical

hermeneutics,

existentialism, phenomenology and Gestalt psychology.
4.4.5

Other paradigms

Although the distinction between positivism and interpretivism is generally recognized, some
scholars such as Yin (2009), Creswell and Plano Clarke (2007) and Webb (1989) have argued
that the distinction is overstated. More recently, other schools of thought such as ‘realism’
and ‘critical multiplism’ argue that the researcher can be pragmatic and use whatever methods
are appropriate for particular circumstances and avoid the polarized positions that have
emerged. For instance, Cook (1985) suggested that multiple perspectives can be used to
define research goals, to choose research questions, methods and analyses, and to interpret
results, while Polit et al. (2001) contended that triangulation of methods in current day
research is common. Guba and Lincoln (1998) described critical multiplism and suggested
that research is not confined to what can be physically observed and can generally be
approached from several perspectives, with the elements of rigour, precision, logical
reasoning and attention to evidence as required in positivism.

4.5

Epistemological standpoint

Willis (2007) identified the five most prominent reasons for research to be: (1) the discovery
of a general theory (to find truths that can be generalized); (2) the formulation of a local
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theory (the search for truth of local context, with a bias that a study cannot produce general
truth); (3) objective description (accurate description of the situation under study, with a bias
that a study cannot produce generalizable truths); (4) hermeneutic understanding, which
involves gaining conceptual understanding of the situation with the preconception that truth
exist separately from the object of study and the researcher; and (5) storytelling and narrative,
which involve detailed representation of the perspectives of participants, where the research
does not uncover pre-existing truths. These purposes can be further categorized into
nomothetic study, which looks at particulars in order to build general rules or laws about
human behaviour, and idiographic studies, which observe specific or unique entities (Fielding
and Fielding, 1986).
The aim of this study is to identify the concerns, interests and dispositions of stakeholders
involved in the use of compressed natural gas (CNG) as an automotive fuel in Nigeria,
establish potential barriers to the adoption of CNG as an automotive fuel, and seek insights
that might enable consensus building on potential policy interventions that should be
considered in the conceptualization, design and implementation of a programme to improve
the level of domestic use of CNG as an automotive fuel in Nigeria. Hence, the purpose is to
seek a situated (contextual) understanding and not to chart trend patterns or to derive a
universal truth.
The purpose thus fits the hermeneutic understanding category of research purpose and lends
itself to the use of a qualitative enquiry approach, with an interpretivist standpoint.
Consequently, the study adopted qualitative enquiry with an interpretivist standpoint.

4.6

Conceptual framework

The conceptual framework, also known as the theoretical framework, is the initial guide and
theories that support and inform a research (Miles and Huberman, 1994) based on the
research purpose (Shields, 1989). Shields and Hassan (2006) identified the four major forms
as: (1) the working hypothesis – used when the study is an exploration or exploratory
research; (2) the descriptive category – employed for descriptive research; practical idea type
– used when the purpose of the research is gauging; (3) models of operations research –
applied when the objective of the research is for decision-making; and (4) the formal
hypothesis – used when the purpose of the research is to offer an explanation of a
phenomenon or make a prediction. Considering that the purpose of this research is to gain
contextual understanding, the descriptive category was deemed most appropriate and was
employed, as illustrated in Figure 4-1).
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Figure 4-1: Conceptual framework

4.7

Research design

In general, research design for qualitative study is fluid. Merriam (1998) argued that working
on data as it is being collected offers an opportunity to develop emerging insights, hunches
and a tentative theory, which thereafter direct the subsequent phases of data collection and
lead to refinement and reformulation of questions. Willis (2007, p.197) corroborated this
when he said that:
‘In all likelihood the point at which you are the most ignorant about your research setting is
before you start the study. Therefore, that is a very bad time to set methods, topics and
hypothesis in stone.’

Similarly, Bogdan and Biklen (1992, p.59) stated that:
‘A full account of procedures is best described in retrospect, a narrative of what actually
happened, written after the study is completed. Investigators may enter the research with some
idea about what they will do, but a detailed set of procedures is not formed prior to data
collection’.

Initial investigations showed that there was sufficient authentic, credible and reliable data on
NGV implementation and outcomes in a number of countries. Consequently, this study used
secondary data to examine the development of CNG as an automotive fuel in selected
countries and identify stakeholders involved in the use of CNG as an automotive fuel in
Nigeria, while primary data was used to undertake stakeholder analysis and exploration of
consensus.
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Various methods for qualitative research available in the literature were evaluated in order to
select appropriate method for data collectionand analysis.
Following the suggestion of Denzin (1970), multiple approaches were considered expedient
for data collection. Consequently, data collection involved variety of secondary sources,
semi-structured interviews and Delphi Survey as illustrated in Figure 4-2 and described in
retrospect in Sections 4.7.1 to 4.7.4

Figure 4-2: Research methodology

Among the analytical techniques for qualitative research, philosophical hermeneutics was
preferred to connoisseurship, grounded theory and analytic induction, based on the
epistemological standpoint of the research and was therefore employed.
Eisner (1997, p.68) defined connoisseurship to be: ‘the means through which we come to
know the complexities, nuisances, and subtleties of aspects of the world in which we have a
special interest’. Although Eisner’s work is particularly concerned with qualitative research in
education, his ideas have universal application for data analysis in qualitative research. This
study will not employ connoisseurship because – although it is deeply rooted in the
interpretivist approach – it also combines a critical theory paradigm.

74

The grounded theory method (GT) is a research methodology that involves the discovery of
theory through the analysis of data (Martin and Turner, 1986). Data collection is undertaken
through a variety of methods and the key points are extracted and marked with a series of
codes. The codes are grouped based on the similarity of the content into concepts and the
concepts are used to form categories, which are the basis for the creation of a theory.
According to Glaser and Strauss (1967), the GT method does not aim for the ‘truth’, but to
conceptualize the occurrence or incident by using empirical research in which the unit of
analysis is the incident and not the participant. GT gives the researcher freedom to generate
new concepts explaining human behaviour and requires the researcher to refrain from taping
interviews, conducting a pre-research literature review and talking about the research before it
is written up (Glaser, 2004). GT was not employed for this research for the following reasons:
(1) GT is employed when the purpose of the research is to derive a general theory, which was
not the purpose of this study; (2) an extensive pre-research literature review was undertaken
(by contrast, a literature review is undertaken at the sorting stage and treated as more data to
code and compare with what has already been coded and generated in GT); (3) and a
conceptual framework for the research was formulated, which contradicts GT method
wherein theories emerge from data.
Analytic induction employs inductive reasoning with the goal of most accurately representing
reality, allowing for the modification of concepts throughout the research process (Ratcliff,
2001). Cressey (cited by Robinson, 1951) summarized the process in the form of six steps: 1)
a phenomenon is defined in a tentative manner; 2) a hypothesis is developed about it; 3) a
single instance is considered to determine if the hypothesis is confirmed; 4) if the hypothesis
fails to be confirmed, either the phenomenon is redefined or the hypothesis is revised so as to
include the instance examined; 5) additional cases are examined and, if the new hypothesis is
repeatedly confirmed, some degree of certainty about the hypothesis results; and 6) each
negative case requires that the hypothesis be reformulated until there are no exceptions.
Analytic induction is most suitable for qualitative research undertaken under the positivism
paradigm, as the use of the method is based on the fundamental belief that the goal of
research is uncovering the truth and making generalizable, universal laws. Most proponents of
analytic induction have repudiated the notion that certain and absolute laws of human
behaviour can be attained (Robinson, 1951). Analytic induction was not used for this study,
as the study did not intend to discover a universal truth.
Philosophical hermeneutics refers primarily to the art and science of text interpretation that is
based on the interpretivist paradigm. The process centres on the development of an organizing
system, the purpose of which is to identify the predominant themes through which narratives
can be meaningfully organized, interpreted and presented (Tesch, 1990). A successful final
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organizing system promotes a more holistic understanding of the phenomenon by showing the
inter-relationships among themes and retains a rich characteristic of individual themes
(Patterson and Williams, 2002). Hermeneutics analysis uses the holistic view of data and is
different from content analysis, which starts with predetermined categories into which data
are coded. Patterson and Williams (2002, pp.45–49) identified eight steps, which are
illustrated in Figure 4-3.
Understand each subject
regardless of whether or not
similar themes/organizing
system can be found for others

1

Transcribe with special attention to
non verbal communication such as
pauses, voice inflection, etc

8
idiographic
interpretation

Transcribe

Discussion of the
interpretation
7

6

2
Write a
discussion

Develop
indexing
system

Develop
visual aids

Re-read
the
transcript

Develop visual aids
such as figures and
tables to interpret data

Identify, understand and
explain inter-relationship
among themes

Develop
thematic
labels

Identify
and mark
meaning

5

Develop index as a
reference system

3
Re-read the transcript and
develop initial
understanding required for
coding.

4

Identify and mark meaning
segments that are comprehensible
within the transcripts

Figure 4-3: Philosophical hermeneutics analysis steps
Adapted from Patterson and Williams (2002, pp.45–49)
4.7.1

Case study

The case study used secondary data from academic literature, published reports and grey
literature to examine approaches that have been adopted by selected countries in the
automotive use of NG. The published reports were by a variety of international agencies
including the International Energy Agency (IEA), the World Bank, the United States
Environmental Protection Agency (EPA) and NGV Global, while the grey literature
comprised government publications, reports, statistical publications, newsletters, fact sheets,
working papers, technical reports, conference proceedings and policy documents, and other
sources including online news reports and institutional websites. The countries studied were
selected based on three criteria: the presence of NG reserves; experience with NGV; and the
stage of the market in the lifecycle. Historical data and NGV growth rates were used
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alongside infrastructural development indicators to categorize the countries into lifecycle
stages.
The forestructure of understanding applied was gained through literature review and was in
three parts: (1) simultaneously achieving economic viability, environmental soundness and
social equity in the transportation system requires difficult trade-offs (Byrne and Polonsky,
2001); (2) sustainable transportation requires the cooperation of all stakeholder groups
(Chilton, 2000; Clift and Wright, 2000; Yosie and Herbst, 1998); and (3) the initial
acquisition cost, availability and reliability of vehicle technology and components, and retail
NG prices of 40–50% of that of equivalent gasoline are critical elements for consumers (Yeh,
2007). Data analysis employed philosophical hermeneutics principles.
The case study is presented in Chapter 5.
4.7.2

Document analysis

It is widely acknowledged that the first step in the development of a stakeholder map is a
categorized list of the members of the stakeholder community. There is a wide range of
classification approaches available in the wider literature; these include categorization based
on: the power to influence, the legitimacy of the stakeholder’s relationship and the urgency of
the stakeholder’s claim (Mitchell et al., 1997); value hierarchies and key performance areas
(KPAs) (Fletcher et al., 2003); needs and the relative importance of stakeholders to others in
the network (Cameron et al., 2010); and real and perceived threats and the potential for
cooperation (Savage et al., 1991).
The taxonomies provided by Byrne and Polonsky (2001), based on value hierarchies, and
KPA and the Project Management Institute (PMI, 2008), based on the needs and the relative
importance of stakeholders to others, were evaluated.
Byrne and Polonsky (2001) grouped the stakeholders involved in sustainable transportation
into six broad categories, namely government, corporate, collaborators, competition, activist
groups and consumers. They submit that government involvement essentially is to provide an
enabling environment and that its specific role may include regulations, policies, contracts,
taxes, subsidies and public procurement. They define corporate stakeholders as the current
and potential producers of sustainable transport systems and collaborators as those in the
value chain, which may include fuel suppliers, infrastructure providers and suppliers of
materials, alternate fuel suppliers, and labour, the producers and suppliers of necessary
materials and parts, and market distributors. While they suggest that ‘competition’ could
include a diverse range of entities, they define ‘consumers’ as the end users of sustainable
transportation and suggest that sustainable transport producers are themselves consumers, as
they are confronted with purchase decisions, including sourcing of sustainable raw materials,
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implementation of non-polluting processes and allocation of resources for optimal efficiency.
Therefore, it is critical that efforts at sustainable transportation consider both upstream and
downstream consumers.
The PMI (2008) identified stakeholders involved in a project as those involved, those affected
and those exerting influence. The PMI categorization was considered too broad and further
examination of the taxonomy identified by Byrne and Polonsky (2001) indicated a mixture of
functional and descriptive categories.
Thus, the stakeholders are classified using a three-stage process involving stakeholder
identification, grouping by function and finally labelling of groups, to ensure a strict
functional aggregation and avoid overlaps. First, all the stakeholders involved in the CNG
programme were identified using Byrne and Polonsky (2001) as a guide, then the function
performed by the stakeholder in the value chain was identified and the stakeholder labelled
accordingly. All stakeholders with the same label were then grouped together as a stakeholder
category. The result of the classification is discussed in Section 6.1.
4.7.3

Semi-structured interview

The interview method was considered most suitable to identify barriers to market
development, as preliminary investigation showed a paucity of data and national records on
the CNG implementation programme. Apart from this, the interview method offers
confidentiality, which was considered crucial as it was anticipated that data might include
information on potentially sensitive business strategies.
Kajornboon (2005) identified structured interviews, semi-structured interviews, unstructured
interviews and non-directive interview as the four principal types of interview. Among these,
the person-to-person semi-structured form was chosen, as it is flexible and allows for probing
for deeper meaning and understanding of relevant information that may not have been
previously anticipated.
A non-probability (purposive) sampling method was employed for participant selection,
because population sampling for qualitative research designs is characterized and represented
by concepts of gaining deeper knowledge and understanding of the study groups’ perceptions
of the subject of research (Maylor and Blackmon, 2005).
Among the wide range of purposive sampling techniques identified in the literature, which
include maximum variation, homogeneous sampling, typical case, extreme (deviant) case,
critical case, total population and expert sampling methods (see, for example, Kuzel, 1999;
Morse, 1991; Patton, 1990, 2002; Sandelowski, 1995, the homogeneous sampling method
was considered most appropriate. This is because it aims to achieve a sample whose units
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share the same or close characteristics or traits – in this instance, organizations that are
stakeholders in the transportation and transportation energy sectors. According to Cohen and
Crabtree (2006), homogeneous sampling is often employed when the research question is
specific to the characteristics of the particular group of interest, as it was with this study. The
sampling process and outcome are discussed in detail in Section 6.2.
The outcome of the semi-structured interviews, including data collection, analysis that
employed philosophical hermeneutics principles and policy implications, is discussed in
Chapter 6.
4.7.4

Delphi survey

To select an appropriate data collection method to build group consensus on the pathways for
successful implementation of the CNG programme, focus group discussion and the Delphi
method, two major methods for eliciting group opinion and judgment were evaluated.
A focus group can generally be defined as an interactive discussion session in which a group
of people are asked questions on a specific subject, with the expectation that group interaction
will stimulate participants to generate ideas that might not have occurred to any one
individual alone (see Henderson, 2009; Walker, 1985). While the Delphi method can
generally be described as a survey conducted in multiple rounds anonymously among a group
of people considered as subject experts, in order to gain consensus where the views of the
participants are shared in between rounds, enabling the participants the opportunity to alter
their original assessment in the second and any subsequent rounds (see Dalkey, 1969;
Linstone and Turoff, 1975. The Delphi method has been applied successfully as a research
method to examine major issues, seek group consensus in solving problems, and forecast
future events (Putnam et al., 1995).
Notable disadvantages of the focus group include the danger that consensus could be unduly
assumed (Harding, 2013), the possibility of ‘groupthink’ or social desirability bias – in which
the desire for harmony or conformity by any participant might result in an incorrect or deviant
decision-making outcome, and problems of external validity (Campbell and Stanley, 1973).
Disadvantages of the Delphi method include the requirement for extensive time, due to the
iterative and sequential nature of the method (Jairath and Weinstein, 1994; Williams and
Webb, 1994), the possibility of dilution of the best opinion due to the consensus approach
(Sackman, 1975) and the vulnerability to expert halo effect (Sackman, 1974).
The Delphi survey was considered to be the most appropriate for this study, and was selected
and employed because it eliminates geographical limitations as the participants need not be in
close proximity, it offers potential for lower financial cost of study, provides the opportunity
for pre-defined criteria for group agreement, and enables statistical group response, allowing
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both qualitative and quantitative evaluation with explorative, predictive and normative
elements. In addition, the Delphi survey has potential to eliminate the possibility of
groupthink, social desirability bias and the possibility of any dominant participant due to its
anonymous nature (see Dalkey, 1969; Linstone and Turoff, 1975; Delbecq et al., 1986;
Reynolds, 1994).
4.7.4.1 Delphi survey design
The survey design was conducted in three sequential stages comprising conceptualization,
testing and revision.
The conceptualization was iterative and it focused on clarity and consistency of language,
completeness of lines of enquires, and matching questions to analytical methods. The
concepts and questions covered were generated from an analysis of the semi-structured
interviews reported in Chapter 6.
Testing included independent reviews of the questionnaires by two colleagues; pilot
completion of the questionnaire by three informed volunteers; simulation of data collation
procedure; an assessment of the feedback received from the pilot sample; and mock analysis.
The revision stage involved modification of the questionnaire based on the feedback received
from the pilot sample on both the form and content of the questionnaire.
Whereas there is no prescription for the number of rounds for a Delphi survey, three iterations
are often sufficient to establish consensus (Hsu and Sandford, 2007). Hence, this study was
designed with the anticipation that opinions would converge and meet within three rounds.
The objectives of the three rounds were, in chronological order, to: validate and prioritize the
identified barriers and proposed policy interventions identified by the interview participants;
explore the possibility of building consensus among the Delphi participants; and identify the
reasons for any divergence where consensus was not achieved. Accordingly, Rounds 1 and 2
asked ‘What?’ and ‘When?’ questions that focused on establishing hindrances, potential
solutions, relative importance and rank order for the implementation of the policy
interventions, while Round 3 focused on ‘Why?’ in instances where consensus was not
achieved in Round 2.
The three rounds of questionnaires had ten, six and four questions in sequential order. Each
question had an underlying goal that determined the composition, type and choice of
measurement scale.
The study applied four question types comprising categorical, open-ended, ranking and rating
questions. The categorical questions enabled the identification and classification of the
respondents into predefined stakeholder groups; the open-ended questions provided
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participants the opportunity to contribute new insights and ideas that might not have been
previously identified; the ranking questions enabled participants to compare variables one to
the other; and the rating questions allowed participants to compare the variables using a
common scale.
Considering that there is no standard for measuring the magnitude of opinion, the study
employed nominal and ordinal scales. The nominal scales enabled qualitative classification of
variables, but did not quantify the variables, while the ordinal scales measured and ordered
the relative qualities represented by the variables, but did not necessarily represent equal
intervals. Nominal scales were applied to the categorical questions and ordinal scales to the
ranking and rating questions. There were no scales for the open-ended questions. Two types
of nominal scales comprising a mutually exclusive and collectively exhaustive list of the
sectors from which the participants were drawn and a ‘Yes’ or ‘No’ scale were employed.
Similarly, two types of ordinal scales were employed for the rating questions. These
comprised a unipolar scale (measuring in one direction) and a bipolar scale (measuring in two
opposite directions). Each of the scales had five points, such that the unipolar scale had an
odd number of points and the bipolar scale was balanced with an equal number of positive
and negative categories and a neutral middle point, enabling conformity to the common
practice of five or fewer points and seven or fewer points for the unipolar and bipolar scales
respectively (see Salant and Dillman, 1994). The ordinal scale for the ranking questions
comprised ipsative measures that asked the respondents to order the ideas presented
exclusively. The goals, questions and scales for each round are discussed in Sections 7.2.1,
7.3.1 and 7.4.1.
4.7.4.2 Panellist selection
Although there are no set criteria in the literature with respect to the selection criteria for
Delphi survey panellists or a precise definition for ‘expert’, there is a wide range of
suggestions which include subject matter knowledge, willingness to follow the Delphi process
and employment status as professional cadre staff and/or top management decision-makers
who might use the outcome of a study (see Delbecq et al, 1975 and Hsu and Sandford, 2007).
Similarly, there is no general prescription in the literature for the number of experts. The
decision involves consideration of the availability of key resources; especially the size of the
pool of experts, funding and time, as well as critical study parameters, such as the scope of
the study and diversity of those involved in the subject matter. However, Ludwig (1997)
observed that a ‘majority of Delphi studies have used between 15 and 20 respondents’ (p.2)
and some authors have offered suggestions on the optimal number of experts required. These
include Delbecq et al. (1975), who suggested the use of a minimally sufficient number of
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experts, without specifying the number, and those who specified a minimum number of
between seven and ten (see Paliwoda, 1983; Hallowell and Gambatese, 2010;) and a
maximum number that ranges between 15 and 50, depending on the degree of homogeneity or
diversity of the reference group (see Delbecq et al., 1975; Witkin and Altschuld, 1995;
Ludwig, 1997).
Turoff (1970, cited in Heiko, 2012, p.1528) suggested the use of a heterogeneous group of
experts as panellists for a Delphi study aimed at policy formulation or policy review, to
ensure a broad spectrum representation that will best stimulate a systematic exploration of the
merits and demerits of specific policy resolutions and in addition benefit from supplemental
measures of polarization among individuals and groups (Dunn, 2004, cited in Heiko, 2012).
The non-probability (purposive) sampling method was employed for participant selection,
because Delphi survey participants are people considered as subject experts.
Section 7.1 presents and discusses the selection process and profiles of the study participants.
4.7.4.3 Consensus criteria
The consensus criteria can generally be defined as the pre-defined condition for agreement.
Dajani et al., (1979 cited in Heiko 2012,) argued that for a Delphi study to be valuable, it
must meet the requirements for both consensus and stability (consistency of responses
between successive rounds of a study) and proposed that hierarchical stopping criteria be
defined. These suggest measuring the level of agreement only if a stable answer is reached
(Figure 4-4), as well as a prescribed 50% of respondents as majority and plurality as a large
portion of the respondents that is less than 50%.

Figure 4-4: Hierarchical stopping criteria for Delphi studies
Dajani et al. (1979, cited in Heiko, 2012, p.1527)

For this study, the consensus criteria are strictly for gaining contextual understanding rather
than to test any hypothesis. Applicable consensus criteria were used for the rating and ranking
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questions, as discussed below. No consensus criteria were set for the open-ended and
categorical questions, because the open-ended questions were designed to provide an
additional data gathering opportunity only and the categorical questions were either for
classification or specific to the respondent, and thus required no convergence of opinion.
Consensus for rating questions
The consensus for the rating questions did not lend itself to the use of inferential statistics,
which enables generalizations about the population from the samples, as well as judgments of
the probability that an observed difference between groups is either dependable or accidental.
This is because the Delphi participants were drawn in a purposive manner and the variables
measured were nominal and ordinal variables. In addition, the sample sizes did not support
the use of parametric analysis (See Sections 7.1, 7.2 and 7.3).
Heiko (2012), who described 15 different types of consensus measurement technique, noted
that inferential statistical methods – such as the Chi square test for independence, the
McNemar change test, Wilcoxon matched-pairs signed-ranks test, the Intra-class correlation
coefficient, kappa statistics, Spearman’s rank-order correlation coefficient, Kendall's W
coefficient of concordance, t-statistics and F-tests – are not applicable to ordinal-scaled
variables. It is also generally accepted that parametric statistics are applicable to interval and
ratio data that conform to a normal distribution (see Riley et al., 2000). Hence, consensus
measurement for rating questions fits to the use of qualitative analysis and descriptive
statistics.
The most common qualitative analysis and descriptive statistics are the stipulated number of
rounds; the set of percentages; the average per cent of majority opinions (APMO); measures
of central tendency; the interquartile range (IQR); and the coefficient of variation.
In the use of a stipulated number of rounds, the exact round at which consensus would be
declared is set prior to survey administration. The views of the panellists at the end of that
round constitute consensus. Nonetheless, there is no prescription for the exact number of
rounds required for consensus, but many studies have argued that three iterations are typically
sufficient to identify points of consensus. For example, Hsu and Sandford (2007, p.2) noted
that: ‘three iterations are often sufficient to collect the needed information and to reach a
consensus in most cases’.
A certain percentage of participants agreeing on an issue is frequently used as a consensus
criterion. This certain level of agreement most often is set by the researcher, and various
studies have applied percentages ranging from 51% to 95%. Dajani et al (1979, cited in
Heiko, 2012) argued that the level should be pre-determined and set before analysis. The use
of a certain percentage is the most prominent among the techniques of consensus
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measurement and has been applied by many studies, including Loughlin and Moore (1979),
Ulschak (1983), Lunford and Fussel (1993), Putnam et al. (1995), Alexandrov et al. (1996),
Pasukeviciute and Roe (2000), and Seagle and Iverson (2002). However, Scheibe et al. (1975,
cited in Hsu and Sandford, 2007) argued that the use of percentage measures is inadequate
and suggested using of the degree of stability of responses in successive iterations.
The average per cent of majority opinions, referred to as the APMO Cut-off Rate, is the sum
of the total number of respondents who agreed and the total number of respondents who
disagreed, divided by the total number of participants. It is expressed as a percentage. Studies
that have applied this include Stewart et al. (1999) and Cottam et al. (2004).
A number of studies, such as Hill and Fowles (1975) and Hasson et al. (2000) have applied
measures of central tendency, including mean, median and mode. Whereas the mode and
median are applicable to nominal and ordinal variables, the mean is only applicable to
interval and ratio variables, which are not employed for this study and are rarely used for
Delphi studies (see Heiko, 2012).
The interquartile range (IQR) is a measure of variability of a rank-ordered data set. First, the
data set is divided into four equal parts, where the values that divide each part are called the
first, second and third quartiles; and they are denoted by Q1, Q2 and Q3, respectively. Q1 is
the ‘middle’ value in the first half of the rank-ordered data set. Q2 is the median value in the
set. Q3 is the ‘middle’ value in the second half of the rank-ordered data set. The interquartile
range is equal to Q3 minus Q1. Alternatively, IQR is defined as the difference between the
largest and smallest values in the middle 50% of a set of data. Studies that have used IQR
include Spinelli (1983), Raskin (1994), Hahn and Rayens (1999) and Rayens and Hahn
(2000).
The coefficient of variation (CV), also known as relative standard deviation (RSD), is a
standardized measure of dispersion of a probability distribution or frequency distribution. It is
the absolute value of the ratio of the standard deviation to the mean and is only applicable to
data measured on a ratio scale. Though the coefficient of variation may not have any meaning
for interval, ordinal and nominal scales, a number of Delphi studies – such as Buck et al.
(1993) and Zinn et al. (2001)– have applied this method. English and Keran (1976) proposed
rules for the interpretation of the coefficient of variation for the measurement of consensus,
while Dajani et al. (1979, cited in Heiko 2012) proposed its use to measure stability and
changes between two successive rounds. The application of these rules is, however,
questionable considering that Delphi typically measures opinion, which limits the variables to
nominal and ordinal scales that do not have statistical mean.
The use of post-group consensus examination, after the Delphi process has been completed,
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to measure the acceptability and convergence of the outcome to the final round responses of
individual panellist has gained acceptance in Delphi studies (see Rowe and Wright, 1999).
This method might be useful for validation of study outcomes.
Based on the foregoing, the study predefined the consensus criteria for the rating questions
and applied the hierarchical stopping criteria suggested by Dajani et al. (1979, cited in Heiko
2012). It employed a combination of the stipulated number of rounds, set of percentages and
measures of central tendency, which were limited to mode. For the set of percentages, the
study adapted the mechanism for declaring a winner in the presidential and gubernatorial
elections in Nigeria, where the winning candidate – apart from having the simple majority –
must obtain a minimum of 25% in at least two-thirds of the constituencies.
The consensus criteria for the variables measured in each round are discussed in Sections
7.1.4, 7.2.4 and 7.3.4.
Consensus for ranking questions
The most typical statistical analyses for ranking questions are measures of central tendency,
rank order correlation, frequency distributions and non-parametric analysis of variance (see
Hill and Fowles, 1975; and Hasson et. al., 2000). There are three significance tests for cases
involving more than two dependent samples. These are the Friedman Test, Kendall’s
coefficient of concordance (W) test and Cochran's Q test. The Friedman test, also known as
the Friedman two-way analysis of variance, is the significance test for more than two
dependent samples. It is used to test that there is no significant difference between the size of
a dependent sample and the population from which it was drawn. Cochran’s Q test is used to
test whether or not the part of a given variable is the same across multiple dependent samples,
while Kendall’s coefficient of concordance (W) is a measure of the agreement among several
judges who are assessing a given set of objects. Among the three, Kendall’s W was found to
be most suitable, as it is specific to the measurement of agreement. Schmidt (1997) noted that
it is the most popular method for measurement of concordance, mainly due to its simplicity of
application.
The study predefined the consensus criteria for the ranking questions and applied the
hierarchical stopping criteria suggested by Dajani et al. (1979, cited in Heiko 2012). It
employed a combination of stipulated number of rounds, set of percentages and statistical
measures of agreement, where applicable. It adapted the mechanism for declaring a winner in
the presidential and gubernatorial elections in Nigeria for the set of percentages and Kendall’s
coefficient of concordance (W) for statistical significance.
The consensus criteria for the ranking questions are discussed in Sections 7.1.4 and 7.2.4.
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4.7.4.4 Delphi administration
In line with general opinion and common practice, this study was designed with the
anticipation that opinions would converge and meet within three rounds.
While the Delphi technique originated as a paper-based application, applications that are
more recent concentrate on the web-based implementation of the procedure, although still
following the technique’s fundamental rationale. For convenience, and in order to ensure ease
of participation, this survey was conducted using three methods, comprising: electronic mail
(with the blind copy functionality); surface mail; and the web. Participants were free to
choose whichever of these media was most convenient for them.
Securing participation (usually referred to as ‘gaining access’, e.g., Singleton and Straits,
1999) for both the semi-structured interviews and the Delphi survey was undertaken formally.
Letters of invitation were sent to the chief executive officers of the identified organizations,
who then nominated participants (see Appendix 4i).
The survey administration processes are presented in Sections 7.1.3, 7.2.3 and 7.3.3.

4.8

Research reliability and validity

Generally, the proponents of positivism and other quantitative methods of research use the
concepts of reliability and validity to ascertain that a generalization from research work is a
universal truth.
Joppe (2000) defined reliability as ‘the extent to which results are consistent over time and an
accurate representation of the total population under study’ (p.1). In essence, the research
instrument of a study is considered reliable if the results of the study can be reproduced under
a similar methodology. Kirk and Miller (1985) identified three types of reliability in
quantitative research as they relate to: (1) the consistency of measurement, that is, the degree
to which a measurement, given repeatedly, remains the same; (2) the stability of a
measurement over time; and (3) the similarity of measurements within a given time period
(pp.41–42, cited in Golafshani, 2003).
Validity in quantitative research, according to Joppe (2000, p.1) ‘determines whether the
research truly measures that which it was intended to measure or how truthful the research
results are. In other words, does the research instrument allow you to hit “the bull’s eye” of
your research object?’.
For a study to meet the requirements of reliability and validity in the positivism and other
quantitative traditions the study must be replicable and the means of measurement must be
accurate. In addition, the study must measure what was intended. These concepts are viewed
differently in interpretivism and similar paradigms of qualitative research where the question
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of replicability in the results is not a concern (Glesne and Peshkin, 1992). According to
Golafshani (2003), reliability and validity are conceptualized as trustworthiness, rigour and
quality in the qualitative paradigm.
A number of studies have proposed methods to determine the usefulness of qualitative
research with the interpretivist and similar paradigms. Winter (2000) proposed precision;
Hoepf (1997) credibility and transferability; Eisner (1997) suggested: (1) coherence –
meaning that the study must come together well as a whole and the conclusions be supported
by multiple sources; (2) consensus – where in the researcher and the consumer of the research
work agree that the findings and/or interpretations reported are consistent with their own
experience or with the evidence presented; and (3) instrumental utility – the usefulness of the
research findings in practice; while Willis (2007) added insightfulness – providing fresh
ideas. These criteria, however, are not proposed as absolutes that must be achieved in all
circumstances (Willis, 2007). There are other propositions, which include: (1) triangulation
(finding multiple sources of confirmation, especially when the purpose is to generalize); (2)
number checks (checking emerging conclusions with study participants); (3) participatory
research (where participants are involved in the formulation of the conclusions); (4) peer
review (involving peers to review and render opinion on the emerging conclusions); and (5)
journaling and audit trails (keeping a reflective journal by the researcher) (Stake, 1995).
Deriving from the methodological standpoint, this research did not attempt to provide an
objective truth that was universal with regard to the research questions; instead, the research
sought to find and represent various perspectives for understanding the subject matter.
However, the goal of reporting plausible and credible outcome explanations was central. To
improve the analysis and understanding of construction, the study employed a combination of
triangulation of methods, number checks and journaling.

4.9

Ethical considerations

The study obtained necessary approvals from the Loughborough University Ethical Advisory
Committee and adhered to the conditions of the approval. The HPSC Research Proposal R13P131 is available with the Secretary, Ethics Approvals (Human Participants) Sub-Committee
at the Research Office of the university. The ethical approval is provided as Appendix 4ii.
The researcher acted in accordance with the demands and responsibilities contained in the
approval. In practical terms, the researcher disclosed openly and honestly to all participants
the nature, aim, and objectives of the research, the main investigator and supervisors and
obtained informed consents from participants through out the study. In addition, the reseach
ensured confidentiality of research data generated and protected the anonymity of
participating individuals and the organizations.
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Whereas, the study employed corporate participation, with the expectation that a participant
will express the views the organization, this may not necessarily be so in reality. Mishler
(1986) observed that all narratives are essentially a form of self-presentation reflecting the
particular self-identity claimed by the respondent. Hence, the researcher was mindful of this
dilemma and deliberately sought to establish personal and corporate views during the data
collection process.

4.10 Presentation of Findings
This study employed a combination of case study of selected countries, semi-structured
interviews and a Delphi survey among participants involved in the use of CNG as an
automotive fuel in Nigeria to identify hindrances to the adoption and proffer possible policy
interventions. Data collection, analysis and results, are presented in chapters that follow. The
case study is presented in Chapter 5; document analysis and semi-structured interviews in
Chapter 6; the Delphi survey in Chapter 7; discussion of findings in Chapter 8 and the
conclusion and policy recommendations in Chapter 9.
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5. Case Study of NGV Implementation Approaches
This chapter examines natural gas vehicle (NGV) implementation approaches and outcomes
in seven countries with diverse experiences, with a view to gain understanding of the barriers
to NGV market development, identify the critical elements for adoption of compressed
natural gas (CNG) as an automotive fuel and draw lessons for Nigeria.
The cases study sought to answer the following secondary questions among the 12 listed in
Section 4.2:
i.

From the experiences of other countries, what are the critical elements for NGV
market development?

ii.

How does the current situation in Nigeria compare with the critical success factors?

iii.

What lessons can Nigeria take from the elements for NGV market development?

iv.

What lessons can Nigeria learn from the implementation approaches of other
countries?

The scope included NG policies, implementation approaches and market outcomes in the
transportation sector of the selected countries and Nigeria. It excluded an evaluation of
alternative uses of NG, as there is progress in this respect, and an automotive industry
assessment, because Nigeria is import dependent.20
As discussed in Section 4.7, analysis employed philosophical hermeneutic principles to
secondary data derived from academic literature, published reports from a variety of national
and international agencies, grey literature and text from online sources.
Examination of the approaches and outcomes in the countries studied were conducted
between December 2012 and August 2013. Key facts and data were subsequently updated
between December 2015 and March 2016. This analysis has produced three publications
comprising a conference paper, a journal paper and a special report (Ogunlowo et al 2013;
2015; 2016).
The rest of the chapter is structured into five sections. Section 5.1 elaborates the country
selection criteria, Section 5.1 highlights the organising themes and presents vignettes of the
idiographic analysis of the countries studied, Section 5.3 evaluates Nigeria against the
organising themes by comparing the current situation in Nigeria with the experiences of the
countries studied. Section 5.4 identifies and discusses the policy implications and lessons for
Nigeria while Section 5.5 distils the case study conclusion.

20

More than 85% of the vehicles imported are previously used (National Automotive Council [NAC],
2013).
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5.1

Country selection criteria

The countries studied were selected based on three criteria: presence of NG reserves,
experience with NGV and stage of the market in the lifecycle. Eighty-six countries with an
NGV presence were identified from the databases of NGVA Europe and the GVR (2013).
Historical and recent data, including NGV fleet, NGV population growth rates, vehicle-torefuelling infrastructure ratio (VRI), available gas pipelines and other infrastructural
development indicators were used to categorize the countries into lifecycle stages. Leading
countries in each category were selected for a comparative analysis, giving seven countries
categorized into five market lifecycle groups. These groups were early development, India;
sustained growth, Argentina and Brazil; rapid growth, Pakistan and Iran; low penetration, the
US; and collapsed market, New Zealand. Figure 5-1 illustrates the lifecycle stages of the
various markets as at August 2013, while Tables 5-1 and 5-2 present selected NGV data for
the countries studied.
Although there were changes in NGV data, as at the time of reporting the study (as shown in
Table 5-1) these changes did not affect the categorization of the countries selected. Notable
changes included the upward and downward movements in the NGV population ranks of
Nigeria and the US respectively, lulls in the NGV growth rate in Argentina and Brazil, which
resulted in downward movements in their NGV population rankings, and the continuous slide
of the ranking of New Zealand. The most significant change was the emergence of China as
the country with the second largest NGV fleet, as its NGV population moved from 1,577,000
at the commencement of the study to 3,994,350 as at the time of reporting (see NGV Journal,
2015).
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Figure 5-1: Lifecycle of NGV market in case countries
Data sources: Gumber (2009); NGV Communications Group (2010–11); ICNGA (2011); NGV Global
(2012).
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Table 5-1: NGV data from the countries studied, showing changes between August 2013 and January 2015
Country
NGV population
Global share (%)
Global rank
% NGVs to registered
vehicles*
Aug. 2013
Jan. 2015
Aug. 2013
Jan. 2015
Aug. 2013
Jan. 2015
Aug. 2013
India
1,500,000
1,800,000
8.467
8.034
6
5
3.55
Iran
3,300,000
4,068,632
18.612
18.160
1
1
27.09
Pakistan
2,790,000
3,700,000
15.736
16.515
2
3
85.16
Argentina
2,244,346
2,487,349
12.658
11.102
3
4
17.53
Brazil
1,743,992
1,781,102
9.836
7.950
4
6
4.97
US
250,000
150,000
1.410
0.670
13
17
0.13
New Zealand
201
201
0.001
0.001
64
69
0.01
Nigeria
2,210
3,798
0.012
0.017
50
28
0.04
Data sources: NGVA Europe and the GVR (2013); and NGV Journal (2015).
* Two wheelers not included
Table 5-2: CNG station data from the countries studied, showing changes between August 2013 and January 2015
CNG stations
Global share of CNG
Global rank in CNG
NGV per CNG station
Stations
stations
(VRI)
Aug. 2013
Jan. 2015
Aug. 2013
Jan. 2015
Aug. 2013
Jan. 2015
Aug. 2013
Jan. 2015
India
724
936
3.27 %
3.51%
7
8
2,072
1,923
Iran
1,992
2,268
8.99 %
8.50 %
3
3
1,657
1,794
Pakistan
2,997
2,997
13.52 %
11.23 %
2
2
931
1,235
Argentina
1,916
1,939
8.65 %
7.27 %
4
4
1,171
1,283
Brazil
1,793
1,805
8.09 %
6.77 %
5
5
973
987
US
1,438
1,615
6.49 %
6.05 %
6
6
174
93
New Zealand
14
14
0.06 %
0.05 %
47
49
14
14
Nigeria
6
8
0.03 %
0.03 %
55
55
368
475

Vehicle/ 1000
persons
Aug. 2013
34
161
18
311
177
786
695
34

Transmission Pipeline
(Km)
Aug. 2013
10,800
28,000
10,985
11,000
9,219
513,484
3,400
1,250

NGVs/1000
persons
1
44
16
55
9
1
0.05
0.01

Distribution
Pipeline (Km)
Aug. 2013
15,477
150,000
122,183
93,000
18,000
3,441,103
11,600

Data sources: Omidvar (2009); Nigerian Gas Company Limited (2010)]; Collantes and Melaina (2011); Infraline (2011); NGVA Europe and the GVR (2013); PHMSA
(2013a; 2013b); and NGV Journal (2015).
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5.2

Country analysis

Initial investigation showed the sufficiency of authentic, credible and reliable data and
information on NGV implementation and outcomes generally. Hence, the use of secondary
data from academic literature, published reports by a variety of international agencies, online
sources and grey literature (see Section 4.7.1). Data analysis applied philosophical
hermeneutics principles, which as discussed in Section 4.7 referes primarily to interpretation
of text based on the interpretivist paradigm. The method was preferred to content analysis
because it promotes a more holistic understanding of a phenomenon by showing the interrelationships amongst themes while retaining a rich characteristic of individual themes and
allows themes to emerge from the data unlike content analysis which starts with
predetermined categories into which data are coded (see Patterson and Williams, 2002).
The process involved the identification of predominant themes through which narratives can
be meaningfully organised, interpreted and presented and followed the steps identified by
Patterson and Williams (2002, pp. 47-49) at both individual country level (idiographic) and
across countries (nomothetic). Analysis of data on refuelling stations employed a vehicle-torefuelling infrastructure ratio (VRI) benchmark range of 600–1000, suggested by the
International Gas Union (IGU, 2009) as the commercially sustainable ratio for refilling
stations.
Although the fundamental structure for the analysis was preconceived, based on the forestructure of understanding, the eventual organizing system evolved from the analysis and led
to the identification of eight critical success factors for the adoption of CNG as an automotive
fuel, either as expressly stated or inferred from literature. These are:
i.

Clarity of the strategic intent or main drivers for the use of CNG as an automotive
fuel;

ii.

Provision of legal backing, including legislation, regulation, policies and operational
guidelines to guide and drive the CNG programme;

iii.

Learning and adaptation, which are reflected in the processes adopted by the country
in conceptualization and execution of its NG programme;

iv.

Assignment of responsibilities to specific entities for various elements of the NGV
market development;

v.

Application of financial incentives to promote NGV market development;

vi.

Sufficiency of price gap between NG and conventional fuels;

vii.

The building of consumer and market confidence deliberately; and

viii.

Development of domestic NG pipelines and other NG refuelling infrastructure.

The idiographic analyses are presented and discussed in the sections that follow.
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5.2.1

India

Strategic intent: India experienced rapid urbanization and significant economic growth
following independence, and this led to a significant increase in transportation demand and
vehicle population, which grew from 2.35 million in 1975 to 21 million in 1991, and then to
41.4 million by 1998 (De, 2004; Gumber, 2009). This rapid growth led to a substantial
increase in ambient air pollution, particularly in cities. The Central Pollution Control Board
reported that the transport sector was responsible for between 65 and 70% of total air
pollution in Delhi in 1998 (De, 2004). In a bid to curb air pollution and safeguard public
health, the Supreme Court mandated the government in 1985 to take steps towards the use of
CNG as a transport fuel in Delhi and subsequently in other cities. This resulted in the launch
of CNG pilot programmes in Delhi, Mumbai, Baroda and Surat (De, 2004: Gumber, 2009). In
addition, the use of CNG as a transport fuel provided the dual opportunity of alleviating
petroleum import dependency and reducing economic pressure, especially from foreign
exchange and subsidy expenditure, as India depended largely on petroleum imports to satisfy
domestic demand, despite vast crude oil resources. According to IMF (2011), the petroleum
import bill increased by approximately 45% between 1985 and 1992 and the estimated cost
within the same period amounted to USD 4.1 billion. The situation was compounded by the
institutionalized subsidy on pump prices.
Legal backing: India took various legislative measures towards the adoption of CNG, of
which the first step was the Supreme Court ruling of 1985, which ordered the government to
take active measures to promote the use of CNG. This mandate kick-started the CNG
programme and subsequent mandates ensured extensive growth of the CNG programme.
Subsequent rulings include: the 1995 order that established the Environmental Pollution
(Prevention and Control) Authority; the 1998 ruling that ordered the conversion of all city bus
fleets, taxis and auto rickshaws in Delhi and the establishment of 71 refuelling stations; and
the 2001 upholding of the report submitted by the Environmental Pollution (Prevention and
Control) Authority. Others include the 2003 directive for the formulation of strategies for the
introduction of CNG in 11 cities (De, 2004; Marbek, 2010; Nijboer, 2010). In 2006, the
government enacted the Petroleum and Natural Gas Regulatory Board (PNGRB) Act, which
provided for the creation of the PNGRB. In addition, India adopted the Euro I, II, III and IV
emissions standards between years 2000 and 2010 (Gumber, 2009).
Learning and adaptation: At the time the Supreme Court issued the mandate to use CNG in
the city bus fleets, local knowledge of NGV technology and its implementation was limited
and this prompted research into NGV standards in other countries, particularly New Zealand
and Italy. The New Zealand design and safety standards were used for the pilot projects in
Delhi, Mumbai and Baroda in 1992 to determine feasibility, understand the technology and
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provide the framework for an effective programme (De, 2004; Purwaha, 2006; Gumber,
2009).
Assignment of responsibilities: GAIL (India) Limited was charged with the implementation of
the CNG programme. Following successful implementation of the pilot programme, various
joint ventures were established for the rollout. The prominent ones were: Mahanagar Gas
Limited (MGL) – a joint venture between GAIL (India) Limited, British Gas and the
Government of Maharashtra, established in 1996; and Indraprastha Gas Limited (IGL) – a
joint venture between GAIL (India) Limited, Bharat Petroleum Corporation and the Delhi
government, established in 1998. MGL and IGL were responsible for developing the Mumbai
and Delhi markets, respectively.
Financial Incentives: The government provided incentives, including a sales tax exemption
on the purchase of CNG and CNG conversion kits, subsidized VAT when replacing old diesel
vehicles with NGVs, reduced interest rates on loans for acquiring taxis and three-wheelers,
and reduced customs duty on CNG conversion kits.
Price gap between NG and conventional fuels: The government gradually phased out the
subsidy on the pump price of petroleum products and completely withdrew it in 2010. Diesel
continues to be regulated; however, definite price increments have been set as the first step
towards complete deregulation. The new regime allows the oil companies, under supervision
of a regulator, to set retail product prices based on an import parity pricing formula. In 2010,
the CNG energy equivalent price in Delhi and Mumbai was 53% and 69% of the gasoline and
diesel prices, respectively (Nijboer, 2010).
NG infrastructure development: India has about 26,277km of NG pipelines, which
predominantly service the northern and western regions (De, 2004; Gumber 2009). According
to Khanna (2011), the country’s CNG-refuelling stations are concentrated in three states:
Gujarat (35.64%), New Delhi (33%) and Maharashtra (22.65%). This may be associated with
the economic position of New Delhi and Maharashtra’s access to NG transmission pipelines.
Only 56% of the refuelling stations are open to the public (NGVA Europe and the GVR,
2013). The high VRI (Table 5-2) suggests the need for more stations.
5.2.2

Argentina

Strategic intent: Following the discovery of the Loma de Lata NG reservoir in Argentina in
the early 1980s, the Argentine government turned attention to the use of NG as a transport
fuel as it served as an avenue for the government to balance its trade by replacing diesel with
NG in the public transport fleet. This resulted in the establishment of the Plan de Sustitución
de Combustible Líquidos (Liquid Fuel Substitution Program) in 1984 (Honoré, 2004;
Collantes and Melaina, 2011). Regardless of Argentina’s success in the adoption of CNG as
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an alternative fuel in the light-duty vehicle segment, CNG has had limited success in the
heavy-duty vehicle (HDV) segment. Collantes and Melaina (2011) identified strong political
lobbying in the diesel industry, adoption of fuel pricing policies that provide diesel with
competitive advantage, and the high costs that would be incurred by urban transportation
companies in altering the technology of their bus fleets as factors responsible for the failure.
The country’s HDV segment is therefore an area for further development. According to IGU
(2012), the Argentine government is looking to initiate an incentive programme, ‘Ecobuses’,
to retrofit the heavy-duty public transport fleet to run on NG or biomethane.
Legal backing: Resolution 150/83 provided for the establishment of a committee to develop
and implement essential codes and standards to govern the country’s Liquid Fuel Substitution
Program. Resolution 273/84 provided for the adoption of the established codes and standards,
Decree 1752/87 declared CNG a matter of national interest, while the 1992 Gas Law provided
for the privatization of the NG industry (ibid.).
Learning and adaptation: In implementing the Plan de Sustitución de Combustible Líquidos
(Liquid Fuel Substitution Program), the Secretaría de Energía (Secretary of Energy) – by
virtue of Resolution 150/83 – authorized the establishment of a committee to initiate the
program. The committee was charged with responsibility for developing and implementing
the essential guidelines, codes and standards for importation of CNG equipment, conversion
kits, CNG vehicle conversions/retrofitting procedures, construction of CNG stations etc.
(Collantes and Melaina, 2011). Goldin (n.d.) noted that in creating the Argentine NGV
structure, Italian, Canadian and New Zealand standards were analysed, and the final
Argentine guidelines, codes and standards are a product of the amalgamation of those codes
and application of local expertise in the gas and automobile fields. Goldin further noted that
special importance was attached to the development of an impeccable safety standard to
govern the whole programme. The safety standard covers establishment, maintenance and
operating refuelling stations, vehicle conversion and testing of CNG equipment and
conversion kits etc.
Assignment of responsibilities: Yacimientos Petrolífero Fiscales (YPF), a state-owned
petroleum and NG exploration and production company, was charged with implementation,
while Gas del Estado, a state-owned NG transmission and distribution company, was assigned
the supervisory function (Collantes and Melaina, 2011). Following the privatization of the
NG industry in 1992, exploration and production of NG was opened up to other companies;
YPF was acquired by Repsol, forming Repsol-YPF; Gas del Estado was broken up and NG
distribution was assigned to nine distributors; and ENARGAS was created by virtue of the
Gas Industry Privatization Law, becoming the agency responsible for regulation of the sector
(Goldin, n.d.; Honoré, 2004; Collantes and Melaina, 2011).
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Financial incentives: The Argentine g/overnment offered credit lines to cover the incremental
cost of acquiring an NGV or the conversion of a conventional vehicle (ibid.).
Price gap between NG and conventional fuels: The country operated a regulated pricing
regime through Resolution 30/85, which pegged the price of CNG at 45% of premium
gasoline price by energy equivalence. Collantes and Melaina (2011) observed that despite a
nearly 200% increases in prices of gasoline and diesel in 2002, because of the devaluation of
the Argentine peso, the trend for NG remained the same due to government regulations and
the fact that NG was mostly produced domestically.
Building consumer and market confidence: The government pioneered the development of
CNG-refuelling stations in strategic locations, and created demand through the conversion of
the government fleet (Goldin, n.d.; Collantes and Melaina, 2011). The first three publicly
financed refuelling stations were opened between December 1984 and April 1985, and were
strategically located; one was located a few blocks from the federal government house, so as
to showcase CNG as a viable and safe alternative fuel. In addition, the national government
converted about 300 of its vehicle fleet and assisted in the conversion of about 350 taxis
through credit lines, which were to be repaid from accrued savings from the use of CNG
instead of gasoline. The government also amended the regulation that prevented the
establishment of refuelling stations within 2km of each other, on the basis that new refuelling
stations must also supply CNG, thus encouraging private investment in refuelling stations
(Kojima, 2001; Collantes and Melaina, 2011).
NGV infrastructure development: Argentina has good NG transportation and distribution
systems, which cover 11,000km and 93,000km, respectively, and the fourth largest network
of stations in the world, with a VRI that is marginally over the benchmark (Table 5-2). One of
the major factors that facilitated the successful adoption of CNG as an alternative transport
fuel in Argentina is that before its adoption, an adequately developed NG transportation and
distribution system was already in existence in the country. Hence, necessary work required
for the implementation of the Liquid Fuel Substitution Program was limited to construction of
a network of refuelling stations and transmission grids to link Loma de la Lata to gas markets.
5.2.3

Brazil

Strategic intent: Economic considerations and environmental concerns are the main drivers
for the CNG programme in Brazil (Nijboer, 2010). Though the use of alternative transport
fuel began on a small scale in the 1920s, air pollution, resulting from rapid population growth
and the international oil crisis in the 1970s, prompted an intensive search for alternative
transport fuels. This led to the large-scale production of transport fuel from biomass, mostly
sugar cane ethanol, and culminated in the launch of a CNG programme for urban bus fleets in
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1991/92 and, subsequently, all vehicle types in 1996 (NGV Global, 2009; Nijboer, 2010).
Brazil has a strong automobile manufacturing industry and is one of the leading countries in
the production of alternative fuel vehicles (AFVs).
Learning and adaptation: Brazil has employed domestic research to develop sound
regulations, codes and standards (Marbek, 2010).
Assignment of responsibilities: Inmetro was charged with responsibility for establishing
quality and safety regulations, Ibama was responsible for providing environmental-related
regulations, and Petrobras was responsible for the production and transportation of NG (NGV
Global, 2009).
Financial incentives: There is a reduced sales tax on NGVs in Brazil compared to
conventional vehicles. The government also provided loans for conversion kits for taxis and
rebates of up to 75% of annual vehicle registration fees. In 2009, the CNG: Green Sign for the
Economy programme was launched offering new users 400m3 of CNG free of charge and a
10% discount on vehicle conversion (Marbek, 2010; Nijboer, 2010).
Price gap between NG and conventional fuels: NG was priced at about 50% of the price of
gasoline (Marbek, 2010; Nijboer, 2010). The average cost for NG was 1.213 Brazilian Real
(R$) compared to R$2.538 for the gasoline equivalent. Low ethanol prices led to a reduction
in NGV growth between 2005 and 2009 (Nijboer, 2010). However, the market is recovering
with the rising price of ethanol.
NG infrastructure development: As shown in Table 5-2, the country has the fifth largest
CNG-refuelling station network in the world, with a VRI that falls within the benchmark and
transmission and distribution pipelines covering 9,219km and 18,000km, respectively;
45.71% are located in Sao Paolo and 27.49% in Rio de Janeiro (Nijboer, 2010). The Blue
Corridor initiative, a proposed regional pipeline to link Argentina, Brazil, Chile and Uruguay
may boost NGV market growth (NGV Global 2009). Furthermore, Brazil has manufacturing
capabilities and produces OEM NGV, in addition to widespread conversion workshops.
Brazil has also developed tri-fuel cars, which can run on ethanol, petrol and NG. NGVs
represent about 5% of total vehicle stock, 4% of total road fuel consumption and 10% of NG
demand (Nijboer, 2010).
5.2.4

Iran

Strategic intent: Economic considerations and energy security have prompted the use of CNG
as a transport fuel in Iran (Korin and Luft, 2006; Nijboer, 2010), as energy consumption rose
from 1.6 to 4.5 quadrillion British Thermal Units between 1980 and 1998, with gasoline
representing the largest share (EIA, 2000). About 50% was imported, as domestic demand
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exceeded local refining capacity (Nijboer, 2010), thus making Iran the second largest
importer of gasoline in the world (Oil and Gas Directory Middle East, 2011). The high cost of
government subsidy on petroleum products (e.g., about $3.1 billion in 2004) compounded the
situation (NGV Global 2004). The country’s nuclear programme makes Iran susceptible to
international sanctions and there were fears that an embargo could have adverse effects on the
economy. Substituting gasoline with CNG therefore provided a potential solution to a number
of challenges (Korin and Luft, 2006; Nijboer, 2010). Iran aims to account for 8–10% of the
total global gas trade by 2025 and various NG infrastructure investment plans have been
developed (Omidvar, n.d.).
Legal backing: The Iranian government placed a mandate on OEMs to make 40% of their
annual production NGV (Nijboer, 2010).
Learning and adaptation: Iran started its automotive use of NG with LNG and initiated pilot
projects in 1977, but could not continue due to the difficulty supplying LNG and thus
switched to CNG (ICNGA, 2011). Following the success achieved with CNG, the Iranian
Fuel Conservation Organization (IFCO) developed the Iranian NGV Master Plan in 2002
using Italian, Argentine and New Zealand standards (NGV Global, 2004; 2008). IFCO
supports a variety of research and development on CNG technology and conservation (NGV
Global, 2008).
Assignment of responsibilities: The IFCO was established in 2000 to oversee fuel
consumption, undertake national conservation activities, and manage and promote the
utilization of CNG as a transport fuel (NGV Global, 2004, 2008; IFCO, 2013).
Financial incentives: The government provides incentives for the purchase of OEM NGV and
subsidizes the cost of retrofitting gas stations to supply CNG (NGV Global, 2004; 2008).
Price gap between NG and conventional fuels: The price of CNG is regulated by government
and is set at 25% of the gasoline equivalent price.
Building consumer and market confidence: National and international fairs and multimedia
campaigns were undertaken to promote CNG in Iran and provide safety information (NGV
Global, 2004; 2008; Korin and Luft, 2006).
NG infrastructure development: Iran’s transmission and distribution pipelines, as at 2007,
covered 28,000km and 150,000km, respectively (Table 5-2). The country has the third largest
CNG-refuelling station network; nevertheless, the VRI exceeds the benchmark (Table 5-2),
suggesting the need for more refuelling stations, with an additional 508 planned (NGV
Global, 2012).
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5.2.5

Pakistan

Strategic intent: Environmental considerations, economic concerns and energy security are
the main drivers for CNG use as an automotive fuel in Pakistan (Raza and Farah, 2008).
Rapid growth in the number of vehicles between 1980 and 1998, from 680,000 to 3.8m, led to
a significant increase in air pollution, particularly in urban areas due to high vehicle
concentrations (Society for Human Rights and Environmental Pollution, n.d.). About 82% of
the country’s petroleum products are imported and the road transport sector is responsible for
47.2% of total consumption (Khwaja and Khan, 2005). Increasing international crude oil
prices and the resulting pressure on the country’s foreign reserve made the need for
alternative fuels inevitable. Consequently, CNG was adopted to boost the balance of trade by
reducing import expenditure, reducing dependency on petroleum imports and improving
ambient air quality.
Legal backing: The government promulgated the CNG (Production and Marketing) Rules in
1992 and formulated the Petroleum Policies of 1994 and 1997 (Raza and Farah, 2008). In
1998, a mandate was set to attain 150 CNG-refuelling stations and 100,000 NGVs by 2000.
Learning and adaptation: The Hydrocarbon Development Institute of Pakistan (HDIP)
pioneered CNG adoption in 1982 with the development of the country’s first CNG-refuelling
station (ibid).
Assignment of responsibilities: The Ministry of Petroleum and Natural Resources provided
policy initiatives, the Oil and Gas Regulatory Authority (OGRA) was responsible for the
regulation and HDIP provided research and development (ibid).
Price gap between NG and conventional fuels: A free market pricing system was employed;
nevertheless, the CNG price did not exceed 50% of the gasoline price (Sarwar, 2001).
Financial incentives: The Pakistan government provided incentives, such as a subsidy for
cylinder testing (Nijboer, 2010), granting CNG companies a five-year exemption from duties
and sales tax (Raza and Farah, 2008), and import duty and sales tax exemption for vehicle
conversion kits and refuelling station equipment (Sarwar, 2001).
NG infrastructure development: CNG adoption benefitted immensely from the NG
infrastructure already in place before the commencement of the CNG programme. Pakistan
possesses one of the most developed NG transmission and distribution networks in South
Asia (Kalim, 2003). There are NGV OEMs, as well as CNG conversion kit and mass flow
digital dispenser manufacturers in the country (Raza and Farah, 2008; Nijboer, 2010).
Pakistan has the second largest number of CNG-refuelling stations in the world (Table 5-2).
The VRI is within the benchmark. To ensure market penetration, the government instituted a
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liberal system for CNG retail licensing and prioritized the provision of NG distribution
infrastructure to CNG stations (Raza, n.d.).
5.2.6

United States of America

Strategic intent: The US, though the world’s third largest producer of crude oil, is also the
largest net importer (IEA, 2013). To reduce this import dependency, the government initiated
steps towards energy independence, including the automotive use of CNG. The key drivers
for NGV adoption are energy security, reduction of GHG emissions, improving local air
quality and economic growth (Marbek, 2010).
Legal backing: The Natural Gas Act 1938, which empowered the erstwhile Federal Power
Commission (FPC) to regulate the rates charged by NG transmission companies, was the first
occurrence of regulation. The FPC was dissolved in 1977 and renamed the Federal Energy
Regulatory Commission within the Department of Energy. The principal legal instrument for
NG activities is the United States Code Title 15, Chapter 15b. Review of the major legislation
indicates the use of incentives rather than mandates for the adoption of NG as an automotive
fuel.
Learning and adaptation: The US government provides funds for research and development
of AFVs. One such initiative is Clean Cities, a government–industry partnership, sponsored
by the US Department of Energy’s Vehicle Technologies Programme (VET). Clean Cities
advances the use of alternative fuels and vehicles by promoting advanced technologies to the
public through demonstrative use in school buses, transit buses, airport vehicles, taxis and
delivery fleets.
Financial incentives: There are a number of initiatives at both the federal and state levels
geared at fostering a sustainable NGV market. Key initiatives at the federal level include the
Energy Policy Act 2005, which allows an income tax credit of 30% of the cost of NG
refuelling equipment, up to $30,000 for large stations and $1,000 for vehicle refuelling
appliances (VRAs), effective on purchases placed in service between 31 December 2005 and
31 December 2010. The Emergency Economic Stabilization Act/ Energy Improvement and
Extension Act 2008 extended the dates on many existing energy-efficiency tax incentives,
including those of The Energy Policy Act 2005. The Safe, Accountable, Flexible and
Efficient Transportation Equity Act: A Legacy for Users (SAFETEA LU) governs federal
surface transportation spending and offers an excise tax credit of $0.50 per gallon of gasoline
equivalent (GGE) for both CNG and LNG, provided the gas is used as automotive fuel. The
American Recovery and Reinvestment Act 2009 (ARRA) was intended to stimulate the
economy following the recession of 2008. It enhanced incentives under the Energy Policy Act
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2005, by increasing the tax credit for the purchase of equipment brought into service during
2009 and 2010 to 50% of cost – up to $50,000 for refuelling stations and $2,000 for VRAs.
Price gap between NG and conventional fuels: CNG is priced lower than other fuels, partly
because of lower taxes. The average price of CNG is USD 2.33/GGE, about 67% of the
average price of gasoline (USD 3.46/gallon) and 61% of that of diesel (USD 3.81/gallon).
The price differential of 33% with CNG is not as strong as in some more successful markets
and may not be perceived as adequate given that the OEM NGV is about 15% more
expensive than a gasoline equivalent.
NG Infrastructure development: The US has experienced limited penetration of NGVs, at
0.13% (Table 5-2). With 1,438 CNG-refuelling stations, 46 LNG stations and 4,747 vehiclerefuelling appliances (VRAs), the VRI of 174 falls far below the range for economically
sustainable growth.
5.2.7

New Zealand

Strategic intent: Recession, unemployment, the oil crisis in the 1970s (a time when the
country depended mainly on imported oil), and an existing NG supply surplus under the takeor-pay 21 agreement prompted the government to explore CNG as a transportation fuel
(Gwilliam 2000; Kojima, 2001). CNG offered the opportunity to improve the balance of trade
and reduce the level of unemployment (Kojima, 2001).
Legal backing: Upon the commencement of the CNG programme in 1979, the New Zealand
(NZ) government established a mandate of 150,000 NGVs by 1985; this was subsequently
revised to 200,000 NGV by 1990 (Gwilliam, 2000; Kojima, 2001).
Learning and adaptation: The government established a research and development
programme and funded various studies. This led to the development of the CNG standards
and implementation plan (ibid).
Assigning of responsibilities: The government instituted the CNG Coordination Committee
(CCC) to coordinate the implementation of the CNG programme (ibid).
Financial incentives: NZ government provided incentives, including loans for refuelling
station development, 25% grants for mechanical equipment at refuelling stations, a 200 NZ
dollar (NZ$) grant for conversion kits, accelerated depreciation for vehicle conversion, a
NZ$300 CNG-refuelling voucher upon vehicle conversion, and 100% loans for vehicle
conversion kits (ibid).

21

An agreement that required the buyer to pay for a contractually determined minimum volume, even
if delivery was not taken.
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Price gap between NG and conventional fuels: The government regulated CNG pricing and
pegged it at 50% of the premium gasoline price on an energy equivalent basis (ibid).
Building consumer and market confidence: The government launched various awareness
campaigns to enlighten the public (Kojima, 2001).
NG infrastructure development: The CNG industry attained a peak of 110,000 NGVs and 450
CNG-refuelling stations in 1984. The market then collapsed in 1985 following the sudden
withdrawal of financial incentives and this was compounded by a departure from established
conversion standards, which caused technical problems and resulted in negative publicity
(Gwilliam, 2000; Kojima, 2001). The population of NGVs and CNG stations had declined to
201 and 14, respectively (see Table 5-2).

5.3

Comparative analysis

An evaluation of Nigeria against the identified themes indicates significant gaps in the current
situation in Nigeria, except for the strategic intent, which appears to be clear. Table 5-3
summarizes the analysis and shows the diversity in experience of the countries examined.
Table 5-3: Country comparative analysis
India
Clarity of strategic intent
Energy security
Environmental concerns
Economic considerations
Legal backing
Standards and codes
National interest
Pricing
Judicial ruling
NGV production
Learning and adaptation
Study of other countries
Pilot programme
Development of standards
Assignment of responsibilities
Promotion
Regulation
Production and distribution
Research and development
Financial incentives
Sales tax exemption
Tax on conventional fuel
Low interest loans/credits
Custom duty waiver on kits
Subsidy on NGVs and kits
Subsidy on retrofitting gas stations
Tax credit
NG pricing
Regulated in favour of NG
Market
Building market confidence
Public fleet conversion
Safety

√

Pakistan

Iran

Brazil

Argentina

√
√
√

√

√

√

√

√

√
√

√
√
√

NZ

USA

√

√
√

Nigeria
√
√
√

√

√
√
√
√

√

√

√
√

√
√

√
√

√
√
√
√

√
√
√

√
√

√
√

√

√
√
√

√
√

√
√

√

√

√

√
√
√

√

√

√

√
√

√
√
√

√
√
√
√

√
√

√

√
√

√

√

√
√

√
√

√
√

√
√
√

√

√

√

√
√

√
√
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Public campaign
Infrastructural development
Private CNG stations
Public CNG stations
Private sector-owned pipelines
Government-owned pipelines

√

√

√
√

√
√

√

√

√

√

√

√

√

√
√
√

√

√
√
√
√
√

√
√
√
√

Strategic intent: CNG has been adopted as transportation fuel in various countries for various
reasons of which economic benefits/considerations, environmental concern/benefits, energy
security, and availability of natural gas resources are the major drivers. For example, the
Supreme Court of India in an effort to control vehicular emissions ordered the conversion of
the city bus fleet to CNG while fuel price regulation was a significant determinant for the
adoption of CNG in Argentina. The USA is pursuing alternative energy for energy
independence and security. While Iran’s crude oil reserve is the second largest globally and
the country is the fourth largest producer of crude oil, over reliance on importation of petrol
in satisfying domestic demand lead to the adoption of CNG as transport fuel. In Nigeria, the
need to reduce gas flaring, spiralling fuel prices and increasing environmental concerns are
the driving forces for domestic utilization of NG in general. However, these strategic intents
have not manifested.
Legal backing: Legal backing: Establishment and enforcement of sound guidelines, codes and
standards, as well as the use of legislative, regulatory and/or judicial mandates, help deepen
penetration. Divergence from established conversion standards in New Zealand caused
technical problems, which resulted in unfavourable publicity and fluctuations in vehicle
conversion rates, while adherence to standards in Argentina spurred growth. In India, the
various mandates issued by the Supreme Court were pivotal to CNG adoption. In Pakistan,
Iran and New Zealand, mandates were used to foster vehicle conversion, obtain OEM
participation and achieve CNG infrastructure development. The situation is different in
Nigeria where there are no legal provisions to promote the automotive use of CNG. While
successive governments have promulgated laws aimed at abating gas flaring, these have
failed to achieve the desired results as discussed in Section 2.2.
Learning and adaptation: The current implementation approach lacks coordination and is
without focus. The government-owned Nigerian Gas Company Limited (NGC), which is
wholly responsible for gas transmission and sales, and a local company entered into a joint
venture agreement in 2007 to establish a chain of CNG refilling stations. The pilot scheme is
in Benin City, within the Niger Delta region, where gas is produced. Targets included the
conversion of 50,000 vehicles in the first four years and the construction of between eight and
ten CNG stations, 50km of steel pipeline and two conversion workshops in the first two years.
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As at the end of 2015, nine years after the commencement of the pilot programme, only the
target for conversion workshops had been met.
Assignment of responsibilities: Each country studied had a focus for implementation and
assigned responsibilities for the critical elements of market development. In India, GAIL
(India) Limited was charged with the implementation of the CNG programme, Mahanagar
Gas Limited (MGL) and Indraprastha Gas Limited (IGL) were responsible for developing the
Mumbai and Delhi markets respectively while in Argentina, Yacimientos Petrolífero Fiscales
(YPF) was charged with implementation while Gas del Estado was assigned the supervisory
function. In Brazil, Inmetro was charged with the responsibility of establishing quality and
safety regulations, Ibama was responsible for providing environmental related regulations,
and Petrobras was responsible for the production and transportation of NG. Conversely, there
is no specific agency set-up to promote the automotive use of CNG in Nigeria. The Nigeria
Gas Company, established in 1988, has the mandate to efficiently gather, treat, transmit and
market the country’s NG and its by-products to the domestic and regional markets.
Financial incentives: CNG programmes must offer incentives to all stakeholders for
successful adoption. For example, Argentina offered credit lines to vehicle owners and
removed restrictions relating to proximity of refuelling stations to encourage investment and
competition, as companies could site their stations in locations considered feasible without
any restrictions Pakistan offered custom duty and tax exemptions as major incentives to
refuelling station operators. In contrast, there is no known form of government support for the
promotion of CNG as transportation fuel in Nigeria, It important to note that CNG
programmes must not rely on excessive government subsidies as can be seen from New
Zealand where the programme was over-reliant on government incentives and, as such, their
removal resulted in the collapse of the market.
Price gap between NG and conventional fuels: As seen in the countries examined, the price
differential is a key success factor and ranged between 33% (USA) and 75% (Iran). The
fastest growth is in Iran, where the price differential is the greatest, while Pakistan, having the
highest saturation, has CNG priced at 50% of equivalent gasoline. NGV penetration in India
is less than 5% and this could be due to the long period of subsidy for gasoline and diesel,
which depressed the potential price differential. Similarly, in Nigeria, the price gap between
gasoline and NG does not appear to be compelling, as the subsidy on gasoline erodes the
long-term economic benefit of CNG. Catalysts for the adoption of CNG in Nigeria are a
market operator-set price per energy equivalent of a litre of gasoline, in a deliberate manner to
encourage conversion, along with a dual pricing structure similar to Argentina, where credit
lines cover conversion costs, to be repaid with savings from the use of CNG. The operator
offers vehicle conversion as a service through wholly owned and operated workshops and

105

offers a soft loan scheme to encourage conversion. The minimum cost of conversion is
200,000 naira (N) (USD 1,000) and private vehicle owners are required to make a down
payment of a minimum of N40, 000 (USD 200) or 20% of cost, while owners of vehicles
used for commercial purposes, such as taxis, are required to make a down payment of a
minimum of N80, 000 (USD 400) or 40%. The loan repayment is through a price adjustment
mechanism during refilling. Vehicle owners who pay fully for conversion buy at N55 per
energy equivalent of a litre of gasoline, while those who take the financing option pay N80.
These prices translate to price gaps of 37% and 6%, respectively, when compared to gasoline.
Whereas the price gap of 37% might seem attractive, paying outright for conversion is not
easily affordable for a majority of the population. On the other hand, the price gap of 6% for
vehicle owners who take the financing option for vehicle conversion is marginal and
insufficient to stimulate the market. The subsidy on gasoline erodes the long-term economic
benefit of CNG. The results, since the commencement of the CNG pilot in 2008, support this
argument. However, the present study notes that the Nigerian government attempted to
withdraw the subsidy on gasoline in 2012 by increasing the pump price per litre from N65 to
N140, but this was resisted by the public and led to a widespread national crisis. This then
resulted in partial reinstatement of the subsidy, with a price of N97. At the time of reporting,
the effect of the subsidy had been wiped out due to the fall in the price of oil globally (Table
5-4). Nonetheless, the government has not abolished the subsidy policy and increases in
global prices might restore the subsidy at any time.
Table 5-4: Official premium motor spirit (gasoline) pricing
Description

Naira/litre
23/09/14
143.06
127.57
97.00
44.94
31.41%

Naira/litre
19/1/15
118.39
102.90
87.00
31.39
26.51%

Naira/litre
19/12/15
93.45
77.96
87.00
6.45
6.90%

Naira/litre
22/1/16
Expected open market price (EOMP)
79.31
Landing cost
65.01
Regulated price (RP)
86.50
Subsidy (EOMP – RP)
-7.19
% of pump subsidy
Over
recovery
Data source: Petroleum Products Pricing Regulatory Agency (PPPRA), website: www.pppra.gov.ng/
on dates stated.

NG infrastructure development: making national interest, a priority ahead of regional
infrastructure is a critical success factor, as seen in Argentina, Pakistan and Brazil. The
Argentine and Pakistani successes are in part due to their well-developed NG transmission
and distribution networks. In Brazil, meanwhile, national pipelines were developed ahead of
the Blue Corridor initiative. The situation is different in Nigeria as the country embarked on
the development of the regional and international export markets ahead of domestic use, as
demonstrated by the 687 Km West Africa Gas Pipeline that runs from Nigeria to Ghana and
Nigeria Liquefied Natural Gas Limited (NLNG) that has exported over 5 tcf of liquefied
natural gas (LNG) since 1999. These facilities were developed ahead of the domestic
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distribution network and indicate that Nigeria prioritized the export market ahead of domestic
supply. More so, Nigeria has a paltry 1250km gas transmission pipeline for its 923,768-km²
landmass. However, a number of private companies are developing transmission and
distribution pipelines to complement this. An example is the 128km South-South Gas
Pipeline System, which links the Calabar Cluster of Industries to the existing grid. With
respect to refuelling stations, Nigeria has six public CNG-refuelling stations in Benin City,
within the Niger Delta region, where oil and gas are produced. In addition, there is a ‘mother
station’ 22 with an attached refilling station, in Lagos. There are indications that some
companies have private refuelling infrastructure. The low vehicle-to- refuelling infrastructure
ratio (VRI) suggests that further growth can be accommodated in the NGV population within
the geographical location of the stations. The NGV fleet of 2,210 is largely retrofitted and
mainly light-duty vehicles.

5.4

Policy implications and lessons for Nigeria

Based on the outcomes of the case study, potential policy interventions that might encourage
market development emerged as follows:
Pricing reform: There is an urgent need to address both retail and wholesale prices.
Wholesale prices are set below world prices and need adjustment to encourage supply into the
domestic market. With respect to the retail market, a holistic approach to the pricing of
petroleum products is required to develop a framework that will accommodate the dynamics
that exist for gasoline and create headroom for NG to thrive concurrently. There may be
lessons from India here, in terms of the gradual removal of subsidy on the pump price of
gasoline.
Government support for the establishment of refuelling infrastructure: Although the current
VRI is low, stations are limited in number and concentrated in Benin City. To stimulate
private sector involvement, NNPC could establish CNG stations in strategic locations,
following the example of Argentina. As seen in the analysis, refuelling infrastructure is
critical to market development, as the most successful markets have a VRI that is within the
recommended benchmark or even higher.
Establishment of standards for both vehicles and refuelling stations: Establishment and
enforcement of adequate guidelines, codes and standards – including proper measures for the
safety of vehicles and refuelling infrastructure – aid adoption and instil confidence in the
market.

22

A mother station’ is used to fill large volumes of CNG into mobile storage trailers.
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Promotion of bi-fuel NGVs: Emphasis on bi-fuel NGV technology, rather than dedicated
CNG vehicles, could help in accommodating the shortcomings of both NGVs (e.g. limited
vehicle range, leading to more frequent refuelling) and infrastructural development (e.g.
inadequate refuelling stations), as bi-fuel vehicle can run on either NG or gasoline/diesel.
Alignment of stakeholders’ interests: The importance of alignment of stakeholders’ interests
came to the fore in the analysis. Analyses indicate that Nigeria will benefit from alignment
and cooperation of stakeholders.
Promotion of NGVs: as seen in the countries studied, creating awareness helps in creating gas
demand, which in turn stimulates development of NG infrastructure. Hence, Nigeria may
benefit from increased public awareness of the social, environmental and economic benefits
of NG as a transportation fuel.
Introduction of financial incentives: all the countries studied had financial incentives, either
from government or industry, for vehicle owners and/or CNG-refuelling station owners.
Although the operator in Benin offers some incentives, the conditions do not appear to be
particularly compelling. The experience of Pakistan suggests that incentives to corporations to
invest in the CNG programme may have a greater impact.

5.5

Case study conclusion

Though the motives, applications, political will, regulatory environment, institutional
capacity, level of infrastructure and energy market dynamics of the countries examined are
diverse, concerns for ambient air pollution, energy security and economic considerations are
also issues that resonate with Nigeria.
Analyses indicate that lack of coordination in implementation is a principal impediment to the
market development of NGV in Nigeria. The absence of legal backing, the lack of
government support, insufficient price advantage, misplaced priority and non-alignment of
stakeholder interests evidence this. Furthermore, comparison of the role of the Nigerian
government in the implementation approach with those of the countries studied indicates a
wide gap. Hence, there might be a need for the Nigerian government to play a more central
role – to set strategic goals, formulate policies, establish the necessary legal and regulatory
frameworks and assign responsibilities to relevant agencies – in order to develop the market
and encourage entry of both local and global players.
The key lessons for Nigeria are in the areas of government involvement, implementation
coordination and attractive NG retail pricing and strategic refuelling infrastructure
development. The experience of Pakistan, which has the highest NGV penetration rate in the
world, suggests that incentives to corporations to invest in the CNG programme may have
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higher impact than consumer incentives. While the conclusions reached may be useful for
other countries with similar situation, they may not be transferable to countries with different
dynamics in the energy markets.
These findings informed the conceptual design of the semi-structured interviews discussed in
Chapter 6.
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6. Stakeholder Analysis through Semi-Structured Interviews
The work reported here is an exploratory study that built on the outcomes of the case study
discussed in Chapter 5. It establishes the views of key stakeholders at a senior level and
provides novel insights that might enable consensus building on potential policy
interventions. Analyses focus on the likely barriers to the use of compressed natural gas
(CNG) as an automotive fuel in Nigeria and possible resolutions, using semi-structured
interviews that have enabled the application of hermeneutics principles. The interviews
sought to answer six secondary questions among those listed in Section 4.2. These were:
i.

What are the barriers to use of CNG as a road transportation fuel in Nigeria?

ii.

Who are the critical stakeholders for NG utilization as an automotive fuel?

iii.

What are the entrenched interests and concerns of stakeholders?

iv.

How can the stakeholders’ interests and concerns be addressed?

v.

What are the perceptions of stakeholders on the relative importance and severity of
the identified barriers?

vi.

What steps should the country take to achieve widespread use of CNG as an
automotive fuel?

The rest of the chapter is structured into nine sections. Section 6.1 discusses the stakeholder
identification process; Section 6.2 outlines the study sampling method; Section 6.3 describes
the method employed in gaining access to the study participants, while Section 6.4 presents
data collection and analysis techniques. The idiographic and nomothetic analyses of the semistructured interviews are presented in Sections 6.5 through 6.7, with policy implications in
Section 6.8.

6.1

Stakeholder identification

There are many definitions for stakeholder analysis, especially as the term has found
application in many disciplines and, as observed by Gladwell (2000), has passed the ‘tipping
point’ into common use. Nonetheless, the definitions are fundamentally the same, but differ
mainly on how inclusive they are. Essentially, stakeholder analysis is the process of
identifying and understanding the perspectives of the entities that are likely to affect or be
affected by a project, programme, policy or any proposition. It is a systematic process of
gathering, analysing and synthesizing qualitative information to determine the concerns,
interests and dispositions, which should be considered in the conceptualization, design and
implementation of an idea, policy or programme. Stakeholder analysis involves the
consideration and balancing of all the competing demands of each of the entities, especially
the critical constituencies. It offers an avenue to identify the possibilities and mechanisms to
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influence other stakeholders, as well as the potential risks inherent in a proposition, but does
not guarantee that the interests of a particular stakeholder will override those of others
(Fletcher et al., 2003).
Following the method described in Section 4.7.2, seventy-two organizations listed in
Appendix 4i were identified as potential institutional stakeholders involved in the use of CNG
as an automotive fuel in Nigeria. After functional aggregation and labelling, four stakeholder
groups, namely the supply, demand, regulatory and advocacy groups, were identified (Figure
6-1).

Figure 6-1: Stakeholder map

The supply group refers to all the stakeholders involved in the value chain for the supply of
petroleum products in general and NG in particular. The demand group comprises all the
stakeholders who utilize petroleum products as fuels in general and those that may use NG in
particular, with the exception of the power sector, which is excluded due to the focus of the
study. The regulatory group are all the stakeholders with statutory mandates to set, implement
and enforce rules or laws designed to control or govern the conduct and activities of the
stakeholders in the demand and supply categories. The advocacy category refers to those
outside of the other three groups who speak or write in favour of, support or urge by argument
or recommend publicly transportation and/or energy policies in Nigeria.
6.1.1

Supply group

The supply group consists of stakeholders in the oil and gas industry, which is commonly
categorized into the upstream (prospecting, drilling and production), midstream (shipping and
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storing) and downstream (refining and distribution of petroleum products to consumers)
sectors.
The Nigerian constitution23 and the Petroleum Act 1969 vest the ownership and control of
Nigeria’s oil and gas resources in the federal government, and provide for the issuance of
grants to Nigerian citizens or companies incorporated in Nigeria. These are the Oil
Exploration License (OEL), Oil Prospecting License (OPL) and Oil Mining Lease (OML).
The OEL confers a non-exclusive right to explore and investigate for oil within a designated
area for a one-year renewable term. The OPL confers exclusive rights to petroleum
exploration for a period of three years, renewable for between two and ten years and
convertible to the OML, which confers the exclusive rights to explore, win, produce and
transport petroleum for the delineated area for a 20-year renewable term.
Since 1971, when Nigeria acquired controlling interests in the international oil companies
(IOCs) operating in the country, petroleum operations have taken place with the country’s
participation as the majority shareholder. The Nigerian National Petroleum Corporation
(NNPC), a state-owned company, holds the equity under three types of contracts: the joint
ventures (JV), production sharing contracts (PSCs) and service contracts (SCs). In the JV,
parties share the costs and benefits according to a proportionate equity interest, while under
the PSC and SC, NNPC holds the title to the acreage and engages other parties as contractors
Nigeria Investment Promotion Council [NIPC] (2014). The PSC and the SC transfer all
exploration risks to the other parties, but have more attractive terms than those in a JV to
encourage deep-water projects (EIA, 2013). The main differences between the PSC and SC
are with respect to oil rights, number of licenses covered and the contract period. The PSC
allocates the right to crude oil to the contractor for cost, equity and tax and shares any balance
thereof as profit, while the SC assigns no title to crude oil to the contractor. The SC covers
one prospecting license with a fixed period of five years, whereas the PSC may span multiple
licenses and is renewable. The major incentive under the SC is the first option to purchase
fixed quantities of crude oil produced under the contract (NIPC, 2014) . There are seven JVs,
comprising six with IOCs and one with the government-owned company, the Nigeria
Petroleum Development Company (NPDC), a subsidiary of NNPC which operates selected
fields on behalf of Chevron Nigeria Ltd (CNL) and Shell Petroleum Development Company
of Nigeria (SPDC), 17 PSCs and one SC (NNPC, 2014b). The six JVs dominate the upstream
sector, accounting for about 2.3mbpd or 97% of total crude oil production (Table 6-1).
Table 6-1: Joint venture agreements account for most of Nigeria’s crude oil production
23

Sec.44 (3) of the Nigerian 1999 Constitution states that: ‘the entire property in and control of all
minerals, mineral oils and natural gas in, under or upon any land in Nigeria or in, under or upon the
territorial waters and the Exclusive Economic Zone of Nigeria shall vest in the Government of the
Federation’.

112

Joint venture operator

Equity stakes

Production

Shell Petroleum Development Company of
Nigeria (SPDC)

NNPC (55%), Shell (30%), Elf
(10%), Agip (5%)

900,000 bpd

Mobil Producing Nigeria Unlimited (MPNU)

NNPC (60%), Mobil (40%)

600,000 bpd

Chevron Nigeria Limited (CNL)

NNPC (60%), Chevron (40%)

400,000 bpd

The Nigeria Agip Oil Company Limited
(NAOC)

NNPC (60%), Agip (20%),
Phillips Petroleum (20%)

150,000 bpd

Elf Petroleum Nigeria Limited (EPNL)

NNPC (60%) and Elf (40%)

125,000 bpd

Texaco Overseas Petroleum Company of
Nigeria Unlimited (TPOCON)

NNPC (60%), Texaco (20%),
Chevron (20%)

60,000 bpd

The oil midstream sector involves many operators, but the Nigerian Gas Company (NGC), a
subsidiary of NNPC, operates that of gas wholly. The NGC has a 1,250-km gas pipeline
comprising the Western (the Escravos-Lagos Pipeline System) and Eastern network systems.
The downstream sector has five major and several small-to-midsized companies. The major
companies include Total, Oando, Forte Oil, Conoil and MRS.
Oando is an offshoot of Esso Africa, a subsidiary of the Exxon Corporation of the USA. The
Nigeria military government acquired a controlling stake in 1976 and rebranded the company
Unipetrol Nigeria. The government later sold its equity to the public. The company was
renamed Oando in 2003, following its acquisition by private investors and a subsequent
merger with Agip Nigeria plc., which is owned by Agip Petroli BV of Italy. Oando is an
active player in the NG market through its subsidiary Gaslink Nigeria Limited, which holds
an exclusive gas sale and purchase agreement with the Nigerian Gas Company. Gaslink has
developed 250km of gas pipeline infrastructure; it has a CNG ‘mother station’, with an
attached refuelling station situated in Lagos.
Forte Oil PLC, formerly African Petroleum owned by British Petroleum, commenced
operations in 1964. In compliance with the provisions of the Nigerian Enterprises Promotion
Decree of 1977, 40% of the company’s shares were sold to Nigerians. In 1978, British
Petroleum exited following the acquisition of the remaining 60% shares of the company by
the Federal Government of Nigeria in favour of NNPC. The company went through a series
of ownership changes following the privatization programme of the federal government, and
evolved into Forte Oil plc. The company purchased a controlling stake in the 414MW power
plant [AQ: name of power plant?] under a government-led privatization programme in the
power industry in 2013.
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Conoil plc. is an offshoot of Shell Company of Nigeria (SCN), which began operations in
1927. The Nigerian military government acquired a 60% share in the company in 1976 and
the company became known as the National Oil and Chemical Marketing Company
(NOLCHEM). The company was fully indigenized in 2000, when the Federal Government of
Nigeria acquired the remaining 40% of issued ordinary shares.
MRS, which started marketing of petroleum products in Nigeria in 1913, is an offshoot of
Texaco. Following the promulgation of the Nigeria Indigenisation Decree in 1978, 40% of
Texaco Nigeria Limited was sold to the Nigerian public. The company went through various
stages of metamorphosis, including a merger with Chevron, divestment and eventual
acquisition by MRS Oil Nigeria plc.
Nipco Plc., a midsized company that operates the Benin CNG franchise, is the most visible
operator in the CNG market. All the major companies are involved in LPG and the industrial
supply of NG, except Mobil, which exited in year 2000 citing safety concerns.
6.1.2

Demand group

The demand group is a fragmented group comprising fleet and individual vehicle owners,
public transportation providers, industrial users, OEM dealerships and auto-assembly plants.
There is no dominant mass-transit or haulage company with significant national coverage or a
dominant vehicle reseller.
NBS (2014b) describe the country’s road transport sector as a ‘disorganised, unregulated
private sector-owned road transport system providing freight and passenger services’. Vehicle
supply is import-dependent due to the low (10%) capacity utilization of assembly plants,
which have a combined annual installed capacity for 164,000 vehicles, and 10,000 tractors.
More than 85% of the nearly 150,000 vehicles imported annually are previously used (NAC,
2013). There were 5,686,485 registered vehicles in Nigeria as at 2013 (NGVA Europe and the
GVR, 2013).
6.1.3

Regulatory and enforcement group

The two regulatory constituencies operate with respect to vehicles (demand) and fuel
(supply). Based on existing institutional frameworks, there are three key demand side and five
supply side regulatory agencies. The relevant agencies for the demand side are the Federal
Ministry of Transportation (FMT), which among other functions is responsible for transport
monitoring, evaluation and research; the Standards Organisation of Nigeria (SON), which
establishes and monitors industrial quality standards; and the National Automotive Council
(NAC), which facilitates the production of components and vehicles in Nigeria. Enforcement
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agencies include the Nigeria Customs Service, Nigeria Police Force and the Vehicle
Inspectorate Office.
The relevant regulatory agencies for the supply side are the Federal Ministry of Petroleum
Resources (MPR), which initiates oil and gas policies and grants licenses, lease, and permits
that are enforced through the Department of Petroleum Resources (DPR); the Petroleum
Inspectorate, a department within the Nigerian National Petroleum Corporation (NNPC),
responsible for the issuance of petroleum exploration and exploitation permits and licences;
the Nigerian Content Monitoring Board (NCMB), responsible for supervising, coordinating,
monitoring and managing the development of Nigerian content in the sector in accordance
with the Nigeria Content Act 2010; the Energy Commission of Nigeria (ECN), which
coordinates energy policy on consumption and production; and the Joint Authority, which
supervises the joint development of petroleum and other resources in accordance with the
treaty between Nigeria and Sao Tome and Principe on the exclusive economic zones of both
countries.
In addition, there are agencies at the federal and state levels with responsibility for the
regulation of health, safety and the environment in the oil and gas industry. These include the
DPR, which has primary responsibility for the enforcement of safety and environmental
standards, the Federal Ministry of Environment (FME), which administers environmental
impact assessments (EIAs) of all projects, initiates environmental policies and implements
policies and applicable international standards through the National Environmental Standards
and Regulation Enforcement Agency (NESREA); the National Oil Spill Detection and
Response Agency (NOSDRA), responsible for detection and response to oil spillages; and the
environmental protection agencies of the constituent states of the federation.
6.1.4

Advocacy group

The advocacy group comprises those who promote sustainable transportation and energy
policies in Nigeria. The category includes academia, professional associations, trade groups
and NGOs.

6.2

Sampling

Table 6-2 lists the specific homogeneous criteria applied. Based on the evaluation criteria
discussed below, 32 organizations were invited to participate in the study: 11 from the supply
group, nine from the regulatory group, and six each from the demand and advocacy groups.
All the invited organizations accepted and participated in the study except six government
agencies: two declined to participate, stating that the subject matter was out of the scope of
the mandate of their respective organizations, and four did not respond to the invitation.
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Consequently, 26 organizations participated in the study (Table 6-3). Eleven participants from
the supply group were interviewed comprising two, eight and one from the upstream,
downstream and midstream sectors respectively. The combined market share of the
participating organization in each sector was greater than 70%. Six interviews were
conducted with the demand group, comprising two participants each from among the fleet
management organizations, vehicle retailers and mass-transit companies.
The interviewees from the fleet management and mass-transit companies worked for the
companies with the largest fleet, while the participating vehicle retailers were the leading
brand, with significant market share in the new vehicle market.
Three interviews with participants from the regulatory group were conducted, because other
agencies declined participation (see above). Nonetheless, the participating organizations were
the main regulatory agencies for the petroleum industry and energy sector.
Six interviews were conducted with participants from the advocacy group, comprising two
interviewees each from the trade and academia and one each from a professional association
and NGO. The participants were from trade and professional associations that had a major
influence on energy and/or land transportation, a credible NGO with a focus on the
environment, and universities with core degrees or significant postgraduate studies relating to
the energy, automotive and road transport sectors.
Table 6-2: Participant evaluation criteria, as applicable to each shareholder category
Stakeholder

Sector

Evaluation criteria

Upstream

Market share

Downstream

Market share

Gas transmission

None (sole provider)

Gas distribution

Market share

Regulation and

Government ministries,

Relevance of mandate to the subject

enforcement

Departments and agencies

Demand

Road transport companies

Size of fleet and national coverage

Fleet managers

Size of fleet and national coverage

Vehicle retailers

Market share

Non Governmental

Clear governance structure, focus on the

Organizations (NGOs)

environment, transportation or energy

Trade unions

Relevance and influence on energy and/or land

group
Supply

Advocacy

transportation
Professional bodies

Relevance and influence on energy and/or land
transportation
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Academia

Universities offering core degrees or postgraduate
studies relating to energy, automotive and road
transport sectors

Table 6-3: Distribution of participating organizations by sector and shareholder
Stakeholder group
Supply

Demand

Regulation
Advocacy

6.3

Sector
Upstream
Downstream
Gas distribution
Gas transmission
Sub total
Fleet managers
Vehicle retailers
Road transport
Sub total
Government agency
Sub total
Trade
Professional bodies
Academia
NGO
Sub Total
Total

Identified
7
8
2
1
18
6
5
5
16
21
21
5
4
6
2
17
72

Invited
2
6
2
1
11
2
2
2
6
9
9
2
1
2
1
6
32

Participated
2
6
2
1
11
2
2
2
6
3
3
2
1
2
1
6
26

Gaining access

Gaining access was a formal process but, in some instances, it was facilitated by personal
contact. In line with the findings of Chang and Chen (2009) that policy beliefs are positively
related to officials’ seniority, the letter of invitation requested that the organizations nominate
senior management staff who were familiar with the developments with respect to the
adoption of CNG as an automotive fuel in Nigeria (See Appendix 4ia). Consequently, all the
participants were senior executives who were knowledgeable about the industry and had
access to information. The demographic analysis of the participants was not conducted,
because a non-probability sampling method was used with the units and foci of analyses
being the stakeholder and stakeholder groups. However, all the participants were male, with
at least 20 years working experience in the sector (See Appendix 4ib)

6.4

Data collection and analysis

Twenty-six interviews were conducted between August 2013 and August 2014 in the offices
of the participants and each lasted an average of 50 minutes. The principal research question
was: ‘What are the barriers to the use of NG as an automotive fuel in Nigeria and how can
these be overcome?’ Secondary questions were selected from the list provided in Sections 4.2
and represented in the chapter introduction above.
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These questions were not asked sequentially, but as required. Following the suggestion of
Merriam (1998), each interview was analysed before the subsequent interview. This enabled
the application of emerging insights in subsequent interviews using the principles of
consistency (cross-checking each participant’s testimony with other participants) and
verifiability (cross-checking each participant’s testimony with available public documents), as
discussed in Section 4.7.3. Clarification and follow-up interviews were conducted via
telephone and/or by email where necessary.
Data analysis followed the steps suggested by Patterson and Williams (2002, pp.47–49) and
was conducted at the individual level (idiographic) and across individuals (nomothetic). In the
first stage, the units of analysis were the participants (idiographic) and the stakeholder groups
(nomothetic). In the second stage, each stakeholder group represented the idiographic
analysis, while the nomothetic analysis was across groups.
The original transcripts were transcribed verbatim, including not only the exact words, but
also all the filler words such as ‘like’, ‘you know’ etc. and the non-word verbal
communications, such as ‘coughs’, ‘clears throat’ etc. However, these were removed in the
sample transcript (Appendix 6i), provided as empirical evidence for ease of comprehension.
Nonetheless, the transcripts retained entirely the exact words and phrases used by the
respondents and the other meaningful word and non-word oral communications, such as
‘pauses’ and ‘Hmm’. All quotations provided retain the exact words and phrases used by the
participants. Unique alphanumeric codes were used to identify participants to preserve
anonymity and confidentiality
The idiographic analysis of the potential barriers and proposed policy interventions are
presented and discussed in Sections 6.5 and 6.6, respectively.

6.5
6.5.1

Potential barriers
Barriers identified by the supply group

Seven potential barriers to the domestic use of NG as fuel in general and as automotive fuel in
particular, were identified by the supply group, either as expressly stated by participants or
inferred from their narratives. These are illustrated in Figure 6-2 and discussed in Sections
6.5.1.1 to 6.5.1.7.
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Figure 6-2: Barriers identified by the supply group

6.5.1.1 Policy focus on gas flaring abatement
The participants expressed the view that until 2008, when the National Domestic Gas Supply
Policy and the National Domestic Gas Supply and Pricing Regulation were introduced, the
focus of government was the abatement of gas flaring, rather than the promotion of gas
utilization.
As discussed in Section 2.3, the Petroleum (Drilling and Production) Regulation 1969
requires IOCs to submit a gas utilization plan; the Associated Gas Re-injection Act 1979
prohibited unapproved gas flaring, effective January 1984; the Associated Gas Re-Injection
(Continued Flaring of Gas) Regulation 1984 stipulated tougher conditions for the issue of
flaring permits; and the Associated Gas Re-injection (Amendment) Decree 1985 provided
steeper penalties. Incentives were only provided through the Nigerian Liquefied Natural Gas
(NLNG) (Fiscal Incentives, Guarantees and Assurances) Act 1990, the Associated Gas
Framework Agreement of 1992 and later through Section 39 of the Companies Income Tax
Act 2007.
The participants expressed the view that because of the legislative focus on abatement, the
IOCs focused investment and technology on gas reinjection rather than gas gathering and
utilization. This, they claimed, has resulted in a significant increase in the volume and
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percentage of AG reinjected and the slow adoption of gas as a fuel domestically. NNPC
(2012) indicates that more than 0.5 trillion standard cubic feet (tcf) of AG has been reinjected
annually since 2002.
The participants felt that the National Domestic Gas Supply Policy and the National Domestic
Gas Supply and Pricing Regulation had redirected the focus towards domestic gas utilization.
However, as discussed in Section 2.4, there is no reference, policy position or regulation with
respect to the automotive use of NG in either instrument.
While official government sources suggest that a National Gas Master Plan exists,
participants stated that they were not aware of its existence beyond media reports. They
contended that if the plan exists, it does not guide investment decisions in the industry. In the
words of a participant, ‘I know they’ve come up with some documents, they are supposed to
have a Master Plan – but I haven’t seen the final document’ (SSG05). Another participant
stated that, ‘We don’t have ...you know our ministers and politicians sometimes speak what
they want, what they dream, and say what they would like to see but the blueprint for
actualizing those things has not yet really been thought through. So when you say we are
going to go to gas for transportation, the first question I would ask is okay, where and how?’
(SSG01).
6.5.1.2 Unconducive energy market structure
Regulatory uncertainty, lack of transparency and limited access to information due to
corruption and institutional inefficiency were some of the factors identified by participants as
impediments to the CNG programme. They argued that the market structure was unsupportive
to long-term investment in NG, citing the absence of market coordination, lack of policy with
respect to transportation use, obsolete standards and operational guidelines in the downstream
sector generally, and arbitrariness in policy enforcement. They noted that existing legislation
is not sufficient to stimulate growth in the domestic market, as current incentives are exportoriented. All participants expressed concern over the stalled Petroleum Industry Bill (PIB).
Most of those working with indigenous downstream companies expressed the view that the
provisions of the PIB are laudable and would promote transparency, accountability and a
more conducive and enabling atmosphere. They claimed that the lack of progress with PIB
was due to IOC opposition to the proposed fiscal regime, which has a higher tax rate, a more
transparent license allocation process and compulsory financial provision for remediation of
environmental damage. They expressed fear as to whether government would have the
political will to pass the bill into law and, if so, the courage to enforce. Conversely,
participants from the IOCs argued that the PIB would be detrimental to the operators and
contended that it does not address the major issues plaguing the industry. They argued that the
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provisions to increase the tax rate on gas would render all deep water and dry gas projects
non-viable.
Participants argued that the current petroleum products pricing framework is inconsistent and
offers significant advantage to gasoline over other products. A review of the framework
indicates that the prices of gasoline and kerosene are regulated and subsidized, with a fixed
margin and uniform pricing prescribed by the Petroleum Products Pricing and Regulatory
Agency (PPPRA), while the price of diesel is deregulated. The price of NG is benchmarked to
an absolute figure, which is denominated in US dollars and has historically been below
market price. In the words of a respondent: ‘Companies are actually encouraged to want to
export their gas rather than put it in the domestic market because of the pricing mechanism,
which encourages more of export. They get more when they put it in the pipeline for export
than if it is in the domestic route’ (SSG02). As discussed in Section 5.3, the government
recognized the anomaly of the subsidy on the pump prices of gasoline and kerosene and
attempted to remove it in 2012, but abandoned this policy in the light of public resistance.
Participants considered the low technological and industrial base for energy consumption in
the country to be a limiting factor to the development of the gas market. In the words of a
respondent: ‘Investment decisions are easier to make when there are bulk buyers and retail
becomes ancillary’ (SSG21), arguing that the cost of ‘last-mile’ pipelines is high because of
the absence of main bulk buyers with transmission lines from which the distribution lines
could be connected.
The total or near collapse of the few government-owned corporations with dedicated supply
pipelines, particularly the steel, aluminium and fertilizer companies, and the poor credibility
of the erstwhile major bulk buyer, the government-owned Power Holding Corporation of
Nigeria (PHCN) were identified as contributory factors to the lack of development of
distribution pipelines. Participants argued that PHCN, despite buying NG at below market
rate, consistently defaulted on its payment obligations and this resulted in cash-flow
difficulties that hampered further investment in gas distribution. Participants expressed
optimism that the privatization of PHCN (concluded in October 2013) could improve the
performance and cash flow of the successor companies, and this may in turn provide impetus
for further investments in downstream gas distribution to the benefit of the transport sector.
6.5.1.3 Limited access to funding
Participants expressed the view that Nigerian banks do not have the capacity to support major
infrastructure development projects and that, although offshore borrowing offers lower
interest rates and longer loan periods, the risk is high because of the volatility of the naira.
They argued that under prevailing circumstances, indigenous operators resort to expensive
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short-term borrowing, which does not allow for long-term investment: a situation they noted
is a mismatch to the requirements of the industry, which is capital intensive with long
payback periods.
According to participants, the cost of CNG-refuelling infrastructure is many times more than
for gasoline and diesel: the average cost of construction of a refuelling station for gasoline
and diesel, excluding the cost of land, is USD 300,000, while that of an equivalent CNGrefuelling station is USD 1.5 million. Financing challenges make it difficult for indigenous
companies to take a long-term view in their planning and investment decisions, and the
consequence is the inability of indigenous companies to invest in distribution infrastructure.
In the words of one of the participants, ‘Access to capital is still a big factor; not too many
companies can afford it and not too many companies are willing to engage in such a longterm contract’ (SSG01).
6.5.1.4 Inadequate infrastructure
All agreed that the current state of gas transmission infrastructure is poor and inadequate. In
the words of one participant: ‘The major challenges with gas flaring are the stranded nature of
the AG and the weak midstream segment, particularly in respect of transmission and
distribution pipelines’ (SSG19). They observed that the government has not shown enough
seriousness in the move towards the use of NG, noting that senior government officials have
not been associated with the shift – in contrast to the promotion of the use of ethanol, when
the then-president was at the forefront. One respondent described the situation as ‘Mere talks
by middle-level officials’ (SSG02). However, the participants unanimously agreed that the
absence of adequate transmission and distribution pipelines is not a barrier to the automotive
use of gas, as refuelling stations can be serviced by trucks – similar to the way diesel and
gasoline are transported nationwide. Although they acknowledged that trucking is less
efficient when compared to pipeline transmission, they argued that CNG would remain
competitive when trucked, as all the alternatives are equally trucked.
6.5.1.5 Safety concerns
Two key issues emerged relating to safety: first, the general inexperience of the population
with gas handling, particularly as domestic use of gas is not widespread; and second, the
safety of the converted vehicles, as most vehicles on Nigerian roads are previously used and
usually more than ten years old. One participant summed this up, saying ‘People are more
comfortable driving around with a tank of petrol in the boot. They even buy petrol in jerry
cans, so over time it has been tested and people feel more comfortable with it, they know
what the limits are. So gas being a new product, in terms of using it to actually power
vehicles, I think the safety bit would be the biggest concern to me… But you’d also have to
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consider the safety aspect, the technology side, in terms of converting vehicles’ (SSG02). The
participants advocated a public awareness campaign, noting ‘There is a general apathy
towards gas, as biomass is the main source of domestic energy and majority of the people are
not familiar with gas’ (DSM02).
6.5.1.6 Insecurity of assets and personnel
According to the respondents, security of personnel and NG assets are major concerns and
constitute a significant barrier to participation in the NG market. They cited militancy,
vandalism and oil theft as the major security challenges, noting that militancy results in
business disruption, wilful business sabotage, hostage taking and kidnapping, with associated
demands for outrageous ransoms from employers and relatives of the victims, and sometimes
death of personnel, restiveness, stealing of oil, wilful destruction and outright terrorism.
Participants observed that militancy has become an ineluctable attribute of the region, and
that ‘This situation makes it difficult to invest in new ventures, especially those associated
with major construction that transverses many communities, as would be required in the
development of gas distribution pipeline’ (GE01).
Pipeline vandalism results in pipeline breaks that interrupt the flow of petroleum products and
result in severe environmental and ecological damage: ‘There were over 15,000 pipeline
breaks between 2002 and 2012, leading to a colossal cost of about N180 billion in product
losses and repairs of products pipelines’ (DSM02). Accordingly, ‘Many international
companies have reacted to the security challenges by designating Niger Delta as dangerous
and insecure place. With this perception, it will be difficult to attract global players to invest
in new opportunities’ (SSG19). Widespread media reports confirm that, due to crude oil theft
and a weak refining margin, Shell Petroleum Development Company of Nigeria divested its
interest from eight oil mining leases between 2010 and 2014 and plans further divestment
(Ejiofor, 2013; Onyebuchi, 2014).
6.5.1.7 Difficult physical terrain of the Niger Delta and low gas-oil-ratio
Participants from the upstream sector stated that Nigeria has been compelled to flare gas due
to the difficult terrain of the Niger Delta and the limited number of appropriate reservoirs
conducive for gas reinjection/storage. In the words of a respondent, ‘The volume of solution
gas is between 6% and 8% of the total hydrocarbon reserves in energy terms and considering
the mix and volume of AG and the difficult physical terrain of the Niger Delta, the cost of gas
gathering becomes astronomical when compared to the economic benefit’ (SSG19). The
Niger Delta is situated in the southern part of the country and is bordered to the south by the
Atlantic Ocean and to the east by Cameroon. It is panoply of nine states occupying a surface
area of about 112,110km2, about 12% of Nigeria’s total surface area. It is considered the
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largest wetlands in Africa, with about 36,000km2 of marshland, creeks, tributaries and
lagoons (Omotola, 2006).
6.5.2

Barriers identified by the demand group

The major barriers identified by the demand group, shown in Figure 6-3 and discussed below,
mostly reflect weaknesses in the transport system. These concerns mirror Nigeria Bureau of
Statistics (2014b), which observed that the Nigerian transportation sector experiences abject
problems, such as: bad roads; inadequate fleets; irregular, inadequate and overcrowded trains
and airplanes; congested ports; a dearth of suitably-trained transport managers and planners;
capital restructuring bottlenecks; weak institutions; and ineffective traffic regulations.

Figure 6-3: Perspectives of the demand group on potential barriers

6.5.2.1 High cost of vehicles
Participants argued that the retail price of vehicles is higher in Nigeria compared to
neighbouring countries, due to higher import duties and inefficiencies and corruption in the
clearing process. They further argued that recent increases in import duties, which are geared
at increasing domestic production, are counterproductive and detrimental to the industry, and
that volatility in exchange rate contributes to high prices. They observed that the higher cost
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of NGVs relative to conventional vehicles puts NGVs at a disadvantage, as the purchase
decision is largely based on cost.
6.5.2.2 Lack of comprehensive transport policy
Participants opined that the policy environment on transportation is uncertain and that there is
no inter-modal integration. They cited the failure of the National Transport Commission Bill
2009 and the obsolescence of the National Transport Policy 1993 as evidence of the uncertain
policy environment. With respect to NGVs, participants expressed the view that large fleet
owners have to take the lead, because they have capacity to invest in re-fuelling
infrastructure; however, it will be difficult for organizations to invest in NGVs without a clear
policy framework. These views are supported by reputable sources. The World Bank (1996a)
remarked that the National Transport Policy 1993 had few measurable policy goals or
deadlines, and that it has had little influence on the government’s actions, while Sumaila
(2013) observes that all other attempts at a national transport policy have remained as draft
documents and have not been adopted by government due to lack of political will.
6.5.2.3 Lack of standards
Participants noted that Nigeria has no standards for vehicle emissions, and regulations on the
import of vehicles focus on the fiscal regime and age of vehicle. They further noted that there
are no documented standards for vehicle retrofitting to a NGV or procedures to check the
condition of imported, previously used NGVs.
6.5.2.4 Poor transport infrastructure and safety considerations
Participants expressed the view that the state of Nigerian roads would be a risk factor for gas
cylinders, as the roads are poorly maintained, provides limited access and have poor
complementary services. They further observed that the vehicle fleet is old and dilapidated
and may not be suitable for conversion. Indeed, the National Automotive Council (2013)
reports that more than 85% of vehicles imported annually are previously used.
The participants noted that the number of gas re-fuelling stations is insufficient to encourage
fleet owners or mass-transit companies, who typically travel interstate.
6.5.2.5 Weak institutions for vehicle standard enforcement
NGV use will require strict adherence to safety standards and the participants expressed
major doubts as to the capabilities of existing enforcement agencies to undertake this. They
stated that the vehicle inspection office (VIO), police force and customs service lack the
ability to enforce standards, as officials can be easily compromised. When asked ‘What do
you consider the major challenge in the adoption of CNG as automotive fuel in Nigeria?’, the
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participants unanimously mentioned lack of standards and the weakness of existing
institutions to enforce standards.
6.5.2.6 Low level of public education and awareness
Participants observed that there has been no public awareness programme to promote the
automotive use of gas, and opined that a communication strategy designed to espouse the
benefits of CNG and highlight the current environmental challenges might be necessary. An
example cited was the successful recent promotion of LPG for domestic cooking by the
industry.
6.5.3

Barriers identified by the regulatory group

The hindrances identified by the regulatory group are illustrated in Figure 6-4 and discussed
below.

Figure 6-4: Barriers identified by the regulatory group

6.5.3.1 Regulatory enforcement
Participants identified the delay in the passage of the PIB as a major challenge for the oil and
gas industry, as fresh investment has been withheld due to the uncertainty. They, however,
agreed that Nigeria is not short of laws and regulations to reduce gas flaring, but noted that
the main challenge is enforcement, which they claim is due to circumstances beyond the
control of the enforcement agencies.
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6.5.3.2 Lack of distribution infrastructure
The lack of transmission and distribution infrastructure was identified as a limiting factor to
the development of the NG market. The participants observed that the situation makes supply
of NG to industries difficult, particularly to those in free trade zones. In the words of a
participant, ‘the lack of pipelines has stalled a two billion naira project in the Lekki FTZ since
2001’ (RSG01). However, participants noted that given the limited distribution pipelines in
the Lagos-Ogun industrial axis, a number of private companies are developing transmission
and distribution pipelines – such as the 128km South-South Gas Pipeline System, which links
the Calabar Cluster of Industries to the Nigerian Gas Company (NGC) grid. They expressed
the view that these pipelines will accelerate growth of the gas market and encourage
development of CNG stations along the pipeline route.
Similarly, there are delivery challenges for LPG. LPG is loaded mainly from Bonny24 and
delivered to either the Apapa 25 or Calabar 26 jetties for onward delivery by road to the
hinterland. According to the participants, the incompatibility of loading and delivery facilities
is a major limitation, as the maximum capacity of vessels that can berth in Apapa is 7,000
tons, whereas ‘The producers load vessels of 15–20,000 tons or more’ (RSG01).
Consequently, larger vessels are hired for storage, while the product is transferred to smaller
vessels for shipment.
Further limitations mentioned by the participants were as follows:
(1) There is a delay in berthing of vessels, caused by there being only two jetties for gas
delivery and the availability of only one discharge berth arm in Apapa.
(2) The need for refrigerated vessels arises from the fact that existing facilities produce and
store LPG in a fully refrigerated form, thus limiting the choice of vessels to fully refrigerated
types, which are the most expensive.27
(3) There are limitations with product specification, due to the high propane-to-butane ratio.
The product of one of the largest producers is 60:40, propane: butane mixture, which is
outside the mixture range allowable in the domestic market, which has a 95:5 ratio LPG
specification.
(4) Locally manufactured cylinders are high cost, caused by old and dilapidated plants. This
makes locally produced cylinders non-competitive.
24

An island located in the South-South region.
Located in Lagos, the commercial nerve-centre of the country.
26
Located in the South-South region.
27
The options for LPG transportation by sea are pressurized, semi-refrigerated or fully refrigerated
vessels. Pressurized vessels are the least expensive and fully refrigerated vessels are the most
expensive.
25
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(5) The decay of government-owned refineries, which – although they have capacity to
produce 360,000 tons of LPG, ‘They are in various states of disrepair and are near comatose
and the marine and truck loading arms have been out of use for years’ (RSG03).
The participants noted that these limitations result in higher prices for LPG in Nigeria when
compared to other developing countries. Retail price comparisons in selected developing
countries, with no direct subsidy on LPG similar to Nigeria, reinforce this point (Figure 6-5).
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Figure 6-5: LPG price comparison
Data sources: Dunya News (2014), Finance News (2014), Litro gas (2014), The Hindu (2014).

Although Nigeria was not among the countries reviewed by the World Bank (2013) and its
focus was LPG, the following quote from the foreword to the report aptly sums up the current
situation of CNG in Nigeria:
‘There is a significant untapped LPG resource base in West Africa which could be made
available to meet local market demand. Most market development capacity however lays
dormant, mostly because of a lack of enabling environment. This is especially true in the
institutional and regulatory field and potential for development needs to be stimulated with
appropriate reforms and incentives, in order to be realized.’

6.5.3.3 Non-inclusion in the Gas Master Plan
The participants observed that CNG is not incorporated into the National Gas Master Plan.
They claimed that the Master Plan is not a single document, but a collection of documents
that includes the National Domestic Gas Supply Policy, the National Domestic Gas Supply
and Pricing Regulation and the Gas Infrastructure Blueprint.
6.5.3.4 Lack of commitment by operators
According to participants, the government has made efforts to kick-start the CNG market, but
lack of progress is due to the low level of commitment by operators. In the words of a
respondent: ‘CNG franchises have been granted to different companies since 2008 for Lagos,
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Benin and Abuja, but only the Benin franchisee has commenced operation. Despite numerous
assurances by the Lagos franchisee, there has been no progress made in the market. The case
of Abuja is worse as every effort to locate the franchisee has proved abortive, indicating that
the company has abandoned the franchise’ (RSG02).
6.5.3.5 Lack of awareness
The participants unanimously agreed that not enough has been done with respect to raising
public awareness.
6.5.4

Barriers identified by the advocacy group

The major concerns of the advocacy group were the non-separation of regulatory and
operating functions of NNPC; lack of transparency and accountability in oil asset
administration and management; and safety.
6.5.4.1 Non-separation of regulatory and operating functions of NNPC
According to the participants, separation of regulation and operation is necessary and
fundamental. This is not the case with NNPC and according to the participants; this may be
responsible for inefficiencies in the sector, as NNPC is the majority shareholder in petroleum
operations. The respondents argued that the slow response of NNPC to cash calls by JV
operators affected the growth and development of the sector including, gas-gathering
initiatives. In the words of a respondent: ‘Who do you hold accountable for flaring: the 60%
single stakeholder or the minority holder?’ (SAG01).
6.5.4.2 Lack of transparency and accountability
Participants claimed that the current administrative regime is fraught with abuse. They cited
as examples the fuel subsidy scam; the revelation that NNPC did not have records of NG
produced or sold by the NLNG for nearly ten years; and the accusation by the then-Central
Bank Governor that NNPC did not remit about USD 49.8 billion to the Federation Account.
In the words of a respondent, ‘The reason why the business as usual mantra subsists is
because it’s rent seeking, why invest in CNG when you can get free money?’ (SAG03). The
selection process for the CNG franchises was also called into question. The participants
suggested that the abandonment of the programme by two franchisees was because they were
handpicked and lacked the technical and financial capacity to undertake the exercise.
Available public records confirmed that NNPC did not have records of NG sold by the
NLNG, a company in which it is the majority shareholder. NNPC officials stated this during a
public hearing organized by the National Assembly in June 2008. However, the probe panel
set up by the National Assembly concluded that the allegation of the Central Bank Governor
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was baseless, but instructed NNPC to refund the sum of USD 218m to the Federation
Account – this being the cost of unaccounted oil in the period.
6.5.4.3 Safety concerns
The participants noted that the majority of auto mechanics in the country are not schooled,
uncertified and typically ‘cut corners’: a combination that portends a significant safety risk
for retrofitting. In the words of a participant: ‘Despite the safety advantage of gas generally, I
am concerned about mass adoption in Nigeria… Our mechanics are largely illiterates who
learnt by apprenticeship; most of them do not understand the science behind what they do. I
just think it’s not that straight forward’ (SAG03).
Other safety concerns raised by the group were with respect to the absence of any regulation
or guidelines on retrofitting standards, an old and dilapidated vehicle fleet, the limited number
of OEM-authorized and certified mechanics, and weak enforcement of standards. The
participants expressed concern about the institutional capacity for standard enforcement,
noting that the Ministry of Transport (MOT) tests in many states of the federation are
ineffective or non-existent. They further argued that the VIO is equally ineffective, and only
operates as an avenue to extort money from motorists. In the words of a participant: ‘The
MOT was just copied from the UK, without consideration for the implementation
requirements. How can ill-equipped workshops undertake such an important assignment? It
was ill conceived and designed to fail. I think it died on arrival’ (SAG01).

6.6
6.6.1

Proposed policy interventions
Policy interventions identified by the supply group

Participants from the supply group expressed interest in the restructuring of the energy
market, including complete deregulation of the downstream sector through the removal of
pump price subsidies on gasoline and kerosene. In addition, they canvassed for easy access to
developmental finance, development of gas transmission pipelines, fiscal incentives for CNGrefuelling equipment and components, leadership involvement in direction setting, creation of
public awareness and a government intervention fund for gas infrastructure development,
similar to the N300 billion Power and Aviation Intervention Fund (PAIF) of the Central Bank
of Nigeria (CBN, 2012).
The participants considered the government, industry and power plants to be the most
influential stakeholders (Figure 6-6). The government was considered the most critical
stakeholder to market development, particularly in formulating policy and stimulating
infrastructure development. The specific expectations were for government to develop a
comprehensive gas policy that would include incentives for all market participants and to take
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an active lead role in gas infrastructure development. Industry and power plants were
regarded as influential, as they have the capacity for bulk buying which may provide cashflow for the further development of the sector, particularly ‘last mile’ infrastructure. They
were expected to experience captive markets, allowing for long-term financial projections.
Overall, participants expressed interest in the removal of the subsidy on the pump price of
gasoline and appropriate pricing of gas – with the expectation that these measures would
improve market efficiency and make gas more competitive.

Figure 6-6: Stakeholder influence map

6.6.2

Policy interventions identified by the demand group

The main interests expressed by participants from the demand group were the formulation of
a comprehensive transportation policy, fiscal incentives for NGVs and a public awareness
campaign. The participants suggested a clear-cut policy on transportation, which distinguishes
between road development and a sustainable transport system, a statutory obligation for
government fleets to include 10–20% NGVs, waiver of duty for both NGVs and conversion
kits for a specified period to encourage market penetration, as well as a nationwide
multimedia awareness campaign.
Study participants considered the government to be the most influential stakeholder, noting
that it has responsibility for both the demand and supply sides. As the government is the
major shareholder in oil and gas exploration, it should be held accountable for the effective
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use of NG resources. The government has to create an enabling environment to encourage
private sector involvement in CNG.
6.6.3

Policy interventions identified by the regulatory group

Participants from the regulatory group suggested that it might be expedient for government to
‘cherry pick’ (RSG01) the provisions of the PIB that are non-contentious and of significant
impact, such as the separation of the dual role of NNPC as both operator and regulator,
among others, for passage. They advocated the promotion of LPG as an alternative fuel
alongside CNG, citing the experience of Ghana. In addition, they argued that LPG offers cost
advantages in respect of construction and operation of refuelling stations, vehicle conversion
and adaptation of gas cylinders, and is thus an easier proposition. The Propane Education and
Research Council (2014) and Raslavicius et al. (2014) provide supporting evidence. However,
CNG has safety advantages over LPG, because LPG is stored in liquid form and is heavier
than air – and thus collects in low points and disperses more slowly than NG. This makes it to
be more susceptible to ignite or explode in the event of a leak (Energy Safety, 2012). BuzcuGuven et al. (2010) also observed that the extraction process might not be economical for
AG, which is produced in lower volumes and at lower pressure.
Furthermore, the participants expressed interest in the remodelling and upgrading of the
Apapa port to accommodate larger vessels28 to facilitate product availability, the promotion of
dual-fuelled vehicles, as well as a mandate for government at all levels to convert 10–25% of
their fleets to dual fuel, the offer of duty-free import on CNG refuelling station components
and conversion kits, and 50–75% subsidy on LPG conversion kits29 to spur market confidence
and encourage the uptake of NGVs. They further recommended reduction of applicable rates
for the statutory cost of transfer of title for land, where the land is used for a CNG station.
The participants considered the subsidy on petroleum products a sensitive matter and argued
that until it is removed, the government should apply the same support to CNG to correct the
price-gap distortion. They further argued that given that CNG is produced locally and refined
petroleum is imported, such a CNG subsidy would reduce the overall burden on the
government and strengthen the naira, as it would reduce the foreign currency requirement for
petroleum importation.
6.6.4

Policy interventions identified by the advocacy group

The advocacy group expressed interest in having an independent regulator for the industry
and the formulation of a comprehensive safety assurance plan. They proposed inclusion of a
retrofitting programme in the curriculum of federal technical colleges, and the establishment
28

The maximum capacity of vessels that can berth in Apapa is 7,000 tons.
LPG conversion kits are significantly cheaper than CNG conversion kits. The average market value
for LPG conversion kits is USD 600, while that of CNG varies, starting from about USD 3,000.

29
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of model retrofitting workshops to be sponsored by the government and the gas and auto
industries.
The group considered the government to be the most influential stakeholder, but expressed
the view that petroleum industry operators are exploiting inefficiencies in the system – and
thus considered the cooperation of oil and gas operators, particularly the IOCs, to be critical
to the successful implementation of any strategic decision.

6.7

Nomothetic analysis

This section draws out common themes and perspectives across the stakeholder groups.
Thirty-one likely barriers were identified as having been stated expressly or inferred from the
narratives of the interviewees and these were categorized into eight predominant themes
through which the views could be meaningfully organized, interpreted and presented, as
shown in Table 6-4.
Table 6-4: Comparative analysis of identified barriers across stakeholder groups
A. Insufficient focus and misplaced priority of policy on NG
1. Focus of government policy and legislation on gas flaring abatement
2. Absence of clear policy and regulation on automotive use of CNG
3. Focus on the development of gas export markets
4. Absence of specific regulation and standards for
B. Unconducive energy market structure
1. Inconsistent pricing framework that favours gasoline over other products
2. Regulatory uncertainty caused by non-passage of PIB
3. Absence of market coordination with respect to automotive use of NG
4. Poor gas transmission and distribution infrastructure
5. Obsolete standards and operational guidelines in the downstream sector
6. Arbitrariness in policy enforcement
7. Low technological and industrial base for energy consumption
8. Non-separation of regulatory and operating functions of NNPC
9. The poor credibility of the erstwhile major NG bulk buyer
10. Lack of commitment by operators
C. Limited access to funding
1. Poor access to long-term funding
2. The slow response of NNPC to cash calls
D. Safety concerns
1. General inexperience of the population with gas handling
2. Safety of converted vehicles
E. Insecurity of assets and personnel
1. Militancy
2. Pipeline vandalism
3. Outright stealing of petroleum products from pipelines
F. Technical and physical limitations
1. Difficult physical terrain of the Niger Delta
2. Inability of facilities at sea ports to handle large vessels
G. Weak transportation market structure
1. Higher cost of vehicles
2. Lack of comprehensive transport policy
3. Absence of organized mass-transit companies and large fleet owners
4. Absence of vehicle emissions standards
5. Absence of any regulation or guidelines on retrofitting standards

S D
✔
✔
✔
✔ ✔

R

A

✔

✔

✔
✔
✔
✔ ✔
✔
✔
✔

✔
✔
✔

✔

✔
✔
✔

✔

✔
✔
✔ ✔
✔ ✔

✔
✔

✔
✔

✔
✔
✔

✔
✔
✔

✔
✔
✔

✔

✔
✔
✔
✔
✔
✔
✔

✔
✔
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6. Weak institutions for vehicle standards enforcement
7. Limited number of OEM-authorized and certified mechanics
H. Low level of public education and awareness
1. Absence of public awareness programme to promote automotive use of NG
S= Supply group; D= Demand group; R= Regulatory group; A= Advocacy group

✔
✔

✔
✔ ✔

✔

✔

Complete agreement across all four groups was rare, but as might be expected, was found
largely around relatively uncontentious issues including absence of specific regulations and
standards for NGVs, poor gas transmission and distribution infrastructure, the general
inexperience of the population with gas handling, safety concerns due to the age and state of
dilapidation of the existing vehicle fleet, and the absence of a public awareness programme to
promote the automotive use of NG. The participants generally agreed that the pump price
subsidy on petrol distorts energy market dynamics, reduces the attractiveness of CNG due to
insufficient headroom for a compelling economic case and is damaging to the economy. The
2015–2017 Medium Term Expenditure Framework (MTEF) and the Fiscal Strategy Policy
(FSP) of the Federal Government of Nigeria estimate that the subsidy on pump prices for
petroleum products will cost N1.3 trillion (USD 7.7 billion) between 2015 and 2017,
representing about 25% of the nation’s annual budget (see Ogunmade and Ejiofor, 2014).
Divergent views existed with respect to the impact of the lack of distribution infrastructure
and the existence of a National Gas Master Plan. Although all the groups agreed that the gas
pipeline network is inadequate, participants from the supply group argued that the lack of
distribution infrastructure is not a major limiting factor, because trucks could supply
refuelling stations competitively in much the same way that conventional fuels are currently
transported nationwide. However, participants from the regulatory group argued otherwise
and contended that the absence of pipelines has resulted in financial losses for industrial gas
users.
Similarly, participants from the supply group questioned the existence of the National Gas
Master Plan and suggested that, if it exists, it has not had any impact on the industry. The
regulatory group argued that the Master Plan is actually a collection of existing documents.
There was clear dichotomy in the views of the participants from the supply group along the
downstream-upstream, IOC-indigenous company divide, particularly as they related to the
PIB and access to funding. While participants from indigenous companies favoured the
passage of the PIB, those from the IOCs considered it inimical to further investments in the
oil and gas industry. The most controversial provisions of the PIB are the envisaged
discretionary powers for the Minister of Petroleum Resources, the establishment of a new
Petroleum Host Communities Fund (PHCF) and the increase in taxation. With respect to
access to funding, participants from the indigenous companies identified lack of capacity of
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local financial institutions and the foreign exchange risk associated with offshore borrowing
as key barriers.
The proposed policy interventions were diverse and varied between groups, but they can be
categorized into four principal themes, namely: oil and gas market reform, development of a
comprehensive transport policy, fiscal incentives, and promotion of NG and its derivatives as
automotive fuels (Table 6-5). The participants expressed the view that a price differential in
favour of NG has been a major contributory factor internationally to NGV adoption, a view
that is supported by Yeh (2007) and Collantes and Melaina (2011). They noted that the price
differential in Nigeria is insufficient because of the distorting effect of the pump price subsidy
on gasoline. Consequently, all the stakeholder groups supported removal of the subsidy.
Table 6-5: Comparative analysis of proposed policy interventions across stakeholder groups
Proposed policy interventions
S
D R
Energy market reforms
1. Remove pump price subsidy on petrol
✔ ✔ ✔
2. Adopt market-based pricing for domestic supply of NG
✔
✔
3. Extend existing fuel subsidy to NG until it is removed on gasoline
✔
4. Pass PIB into law ‘as-is’
✔
5. Pass less controversial provisions of PIB in the first instance
✔
6. Establish a government gas infrastructure development intervention fund
✔
7. Establish a coordinating agency to drive CNG use
8. Separate regulatory and operational functions of NNPC
9. Expand alternative fuel options to include LPG
✔
10. Remodel and upgrade delivery facilities at the sea ports
11. Extend gas transmission lines nationwide
✔
Transportation sector reform
12. Develop a comprehensive transportation policy
✔
13. Develop vehicle emissions standards
✔ ✔
14. Develop a NGV safety assurance plan
✔ ✔
15. Government and industry to establish retrofitting workshops
16. Offer incentives for auto mechanics on retrofitting training
17. Introduce retrofitting courses in federal technical colleges
Fiscal and operational incentives
18. Offer tax rebate on land used for CNG stations
✔
19. Import duty concession for retrofitting kits, CNG equipment and components
✔
20. Offer incentives to vehicle owners to convert to NGV
21. Offer 50-75% subsidy on LPG conversion kits
✔
22. Offer incentive to mass-transit companies to use NGV
✔
Public awareness
23. Undertake public awareness campaign
✔
24. Mandate government at all levels to include NGV in their fleet
✔
✔
25. NNPC to site CNG stations in strategic locations
✔
26. Involve senior government officials in the promotion of NG
✔

A
✔

✔

✔
✔
✔
✔
✔

✔
✔

Although not a widespread view, two participants from the regulatory group proposed the
expansion of the subsidy to CNG, as an equalization mechanism in the event that the
government is unable to withdraw the subsidy on gasoline. In the words of a participant: ‘The
market is distorted by petroleum subsidy; if it cannot be removed, then it should be applied in
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equal proportion for corrective measures. The benefit of CNG is hidden by the subsidy and it
has to be unlocked’ (RSG02). They argued that while refined petroleum product is imported,
CNG is locally available and thus has the potential to conserve the country’s foreign reserves,
even if subsidized. Other arguments canvassed by the participants were with respect to
foreign exchange dynamics and impact on the value of the national currency. It was argued
that while refined petroleum products are imported in US dollars, CNG is locally available
and denominated in naira, thus having the potential to conserve the country’s foreign reserve
even if subsidized. Three groups concurred on the need for safety and emissions standards,
while the supply group might simply not have considered these issues to be of relevance.
A wide range of incentives was proposed for CNG-refuelling infrastructure development,
retrofitting kits and NG vehicle acquisition. There was some convergence of opinion on the
need for the government to lead by example and mandate a proportion of its fleet to be NGVs.
Meanwhile, interviewees from the regulatory group proposed the use of LPG as automotive
fuel, arguing that it might be a better proposition to CNG, essentially because of the cost
advantage. The key resolution proposed by the advocacy group with respect to reform of the
energy market was separation of the dual role of NNPC as an operator and regulator.

6.8

Policy implications

Analysis of the semi-structured interviews conducted with 26 stakeholders in the
transportation and energy sectors of Nigeria revealed 31 likely barriers to the adoption of
CNG as an automotive fuel in Nigeria, and 26 possible resolutions that may improve the level
of adoption. These were categorized into eight and four themes respectively, based on the
predominant themes through which the views expressed by the participants could be
meaningfully organized, interpreted and presented. While some of the barriers identified were
similar to the experiences of other countries, a number of hindrances peculiar to Nigeria were
identified. Among these were the selection of ‘ghost’ refuelling station operators, attributable
to the lack of transparency and accountability in the implementation process; artificial
distortion of the economic benefits of CNG, caused by the subsidies on gasoline and
kerosene; inexperience of the population with gas usage, due to the predominant use of
biomass as a cooking fuel; and the dilapidated vehicle fleet, associated with the importation
of old previously used vehicles. Others included the limited pool of competent mechanics for
vehicle conversion, weak institutional capacity for standards enforcement, the conflicting
roles of the state-owned oil company as regulator and operator, inadequate local financing
capabilities and low public awareness. There was consensus among participants on the
possible contribution of a number of these factors to the low adoption of CNG as an
automotive fuel in the country.
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Key resolutions proposed by the participants regarded reform of both the energy and
transportation sectors and creation of public awareness. From the consistent submissions of
participants, the following might gain acceptance among stakeholders:
1. Gradual and well-signposted removal of subsidies on the pump price of gasoline and
kerosene;
2. Formulation and implementation of appropriate standards for both vehicles and
refuelling infrastructure;
3. Conversion of a percentage of the government fleet to NGVs;
4. Public information on the benefits of CNG as an automotive fuel, with a view to
generating demand – especially in Benin, where there are refuelling stations; and
5. Establishment of an agency to coordinate implementation, build consensus on
appropriate incentives, facilitate retrofitting workshops and collaborate with
regulatory agencies.
The use of LPG as automotive fuel – though not a widespread view – is worth considering, as
LPG is cheaper and faster to deploy than CNG and the existing technical limitations to
domestic supply of LPG may benefit from increased consumption. Given existing LNG
capabilities, the country may also exploit LNG for the heavy-duty vehicle segment.
Separation of the dual role of NNPC is a possible high-impact, low-contentious provision of
the PIB; cherry picking similar provisions for passage while dialogue continues with
concerned stakeholders on other provisions may provide impetus for investment and growth.
The need for a holistic transportation policy became apparent, and the formulation of one
with input from all relevant stakeholders may benefit the adoption of alternative fuels in the
transport sector in general. These findings informed the concepts and questions covered in the
Delphi survey discussed in Chapter 7.
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7. Delphi Survey of consensus among stakeholders
The analysis of the semi-structured interviews discussed in Chapter 6, revealed 31 barriers to
the adoption of CNG as an automotive fuel in the country and 26 policy resolutions that may
improve the level of adoption. In line with the research methodology discussed in Section 4.7,
this chapter uses the Delphi survey technique to explore the potential for consensus among
stakeholders on both the barriers and the policy interventions and answered the following
secondary questions:
i.

What are the barriers to use of CNG as an automotive fuel in Nigeria?

ii.

What are the entrenched interests and concerns of stakeholders?

iii.

How can these interests and concerns be aligned?

iv.

How can stakeholders’ interests and concerns be addressed?

v.

What are the perceptions of stakeholders to the relative importance and severity of
the identified barriers?

vi.

What steps should the country take to achieve widespread use of CNG as an
automotive fuel?

vii.

What is the level of support of stakeholders for identified policy interventions?

The chapter is structured into five sections. Section 7.1 discusses the Delphi survey design,
Sections 7.2 to 7.4 present the analysis and results of the survey rounds, while Section 7.5
presents the policy implications.

7.1

Delphi survey design

The Delphi survey design involved a preliminary plan for the number of rounds, survey
administration procedure and participant selection process. The number of rounds for a
Delphi survey depends on how quickly the opinions of the respondents converge. However,
as discussed in Section 4.7.4.1, most Delphi surveys involve three rounds of iteration. Hence,
this study was designed with the anticipation that opinions would converge and meet the
consensus criteria within three rounds as shown in Table 7-1.
Table 7-1: Objectives of Delphi rounds
Round
1
2
3

Objective
Validate and prioritize the views of interview participants
Explore the possibility of building consensus among participants
Explore the reasons for any divergence, where consensus is not achieved

The objective of Round 1 was to validate and prioritize the results from the interviews on the
barriers to the use of CNG as an automotive fuel and the potential policy interventions. .
Hence, Round 1 aimed to establish support for the findings that emerged from analysis of the
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semi-structured interviews, and sought to determine the order for both the resolution of the
barriers and implementation of the policy interventions according to their relative importance
from the perspective of the Delphi participants. The round did not aim to establish
justification for these views, as the interview participants had already justified them (see
Chapter 6). The objective of Round 2 was to explore the possibility of building consensus
among the participants on issues where the participants’ views do not incline towards each
other in Round 1. Round 3 sought the reasons for divergence, where the responses still did not
meet the set criteria for consensus in the earlier rounds. As discussed in Section 4.7.4.1
Rounds 1 and 2 asked ‘What?’ and ‘When?’ questions that focused on establishing the
hindrances to the adoption of CNG as an automotive fuel in Nigeria, the potential solutions,
the relative importance of each policy intervention and the order for the implementation of the
policy interventions. The questions in Round 3 focused on ‘Why?’ where consensus is not
achieved in Round 2. The specific questions asked in each round are discussed in Sections
7.2.2, 7.3.2 and 7.4.2.
The Delphi method requires sufficient time between rounds, because the iterative and
sequential nature makes the survey design, questionnaire administration, and data collection
and analysis interdependent. Consequently, this study was designed to span nine months, as
shown in Table 7-2.
Table 7-2: Delphi survey was designed to span 9 months
Activity
Conceptualization, Round 1 questionnaire design
Gaining access and Round 1 survey administration
Analysis and Round 2 survey design
Round 2 survey administration
Analysis and Round 3 survey design
Round 3 survey administration
Analysis and writing up
Total

Months
3
1
1
1
1
1
1
9

As discussed in Section 4.7.4.2, there are no set selection criteria for panellists or precise
definition for ‘expert’ nor there is general prescription for the number of expert panellists
required. The decision on the number of panellists involves consideration for the size of the
pool of experts, available funding and time, the nature of critical study parameters, the scope
of the study, and the diversity of those involved in the subject matter. As discussed in Section
6.1, the reference group for this study has four stakeholder categories,-thus exhibits diversitythe study lends itself to the use of 15 to 50 experts (see Section 4.7.4.2). Accordingly, the
study targeted the 72 stakeholder organizations identified in Section 6.1 for the Delphi
survey, to mitigate the risks of a low response rate and possible attrition in later rounds
employing corporate, rather than personal participation, due to the inherent difficulty
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associated with the independent identification and solicitation of individuals who are subject
matter experts. Gaining access involved the use of formal invitation letters that requested the
nomination of a top management staff that is knowledgeable and informed about the use of
CNG as an automotive fuel in Nigeria from each of the identified stakeholder organisations to
participate in the Delphi survey. Three rounds of surveys were conducted between 15
February and 25 April, 29 July and 31 August, and 20 October and 18 November 2015. The
questionnaires were available in three formats comprising of electronic mail, surface mail
with prepaid postage return envelope and the Web. Participants had the option to choose
whichever format was most convenient. Each format maintained the confidentiality of the
participants’ identity. The findings from every round was collated and summarised once all
the entries were received and used as feedback in between rounds in the sequential order of
the questions.

7.2
7.2.1

Round 1: Administration, analysis and results
Round 1: Questionnaire design

The principal objective of the round was to validate and prioritize the views of the interview
participants. Hence, the concepts and questions covered were generated from the results of the
analyses of the interviews with stakeholders. The questionnaire design was conducted in three
sequential stages, which involved conceptual design, testing and revision between November
2014 and February 2015.
The conceptual design focused on clarity of objective, completeness of lines of enquiry,
consistency of the design and matching of survey questions to appropriate analytical methods.
The process involved multiple iterations and reviews. The testing stage included independent
reviews by two colleagues, pilot completion of the questionnaire by three volunteers,
simulation of the data collation procedure for the three applicable methods (e-mail, surface
mail and web), assessment of the feedback received from the pilot sample, and mock analysis.
The test was guided by six questions adapted from Salant and Dillman (1994), which are:
1. Does each question measure what it is intended to measure?
2. Would respondents understand the questions?
3. Would respondents interpret questions similarly?
4. Does each close-ended question have an answer that applies to each respondent?
5. Does the questionnaire create a positive impression that could motivate people to answer?
6. Are the options available to the respondents exhaustive and correct?
The revision stage involved modification of the questionnaire based on feedback received
from the pilot sample on both the form and content of the questionnaire. The process involved
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person-to-person interview with the reviewers and volunteers to identify terms or concepts
that respondents did not understand, interpret consistently or interpret as intended as well as
obtain suggestions for revising questions.
7.2.2

Round 1: Questions and applicable response scales

The questionnaire, presented in Appendix 7i, consists of ten questions, each of which had an
underlying goal that determined composition of question, type of question, and choice of
measurement scale. The scales to measure respondents’ opinions comprised a combination of
nominal scales for the categorical questions, and ordinal scales for the ranking and rating
questions. The ordinal scales for the rating questions comprised unipolar and bipolar scales,
with five points each, such that the unipolar scale is an odd number of points and the bipolar
scale is balanced, with an equal number of positive and negative categories and a neutral
middle point. These scales conform to the common practice of five or fewer points and seven
or fewer points for unipolar and bipolar scales, respectively, and both meet the general
requirement for a balanced scale. The ordinal scale for the ranking questions comprised three
ipsative measures that asked respondents to rank choices in an exclusive order. There were no
scales for the open-ended questions. Word labels were used for all the scales for ease of
interpretation, as the study had a diverse group of participants and therefore did not assume
that participants were equivalent in knowledge and experience.
Question 1 was a categorical question that sought to identify the stakeholder group to which
respondents belonged. Consequently, a nominal scale, which was a mutually exclusive and
collectively exhaustive list of the sectors from which the participants were drawn, was used.
Question 2 sought to corroborate the views of the interview participants with respect to the
identified barriers to the use of CNG as an automotive fuel in Nigeria. It required participants
to compare the barriers using a unipolar scale that measured along one dimension of severity
of hindrance ranging from ‘not at all’ to ‘severely’.
Question 3 was an open-ended question that provided participants the opportunity to
contribute new insights and ideas on barriers that might not have been previously identified
by the interview participants.
Question 4 asked respondents to compare the barriers one to the other and rank from one to
three those that they perceived might have hindered the adoption of CNG as an automotive
fuel the most. No two items could have the same rank. This question enabled the
prioritization of the barriers identified by the interview participants and any identified by the
Delphi participants. Hence, the rankings though exclusive were not collectively exhaustive.
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Questions 5 and 6 were categorical questions that aimed to validate the identified probable
barriers by establishing the impact in practice. Question 5 employed a ‘Yes’ or ‘No’ nominal
scale to the question that asked participants to indicate if any of the barriers had influenced
decision-making in the organization where they worked. Question 6 asked the participants to
indicate which of the barriers had influenced decision-making in the organization where they
worked. It employed a nominal scale, which was an exclusive and exhaustive list of the
barriers.
Question 7 aimed to validate the policy recommendations proposed by the interview
participants. It asked participants to indicate their level of support using a bipolar ordinal
scale that measured from ‘strongly disagree’ to ‘strongly agree’.
Question 8 was an open-ended question that provided participants the opportunity to
contribute additional policy interventions that might not have been previously identified by
the interview participants.
Question 9 sought to prioritize the policy interventions identified by the interview
participants and any identified by the Delphi participants in Question 8. The question required
respondents to compare the policy recommendations one to the other using an ipsative scale
that had a chronological and exclusive rank orders of ‘1st most important’ to ‘5th most
important’, in which no two items could have the same rank.
Question 10 sought to prioritize the policy interventions based on relative urgency for
implementation. The question required participants to select and rank three interventions they
considered most urgent using an ipsative scale, which had chronological and exclusive rank
orders from ‘1st most urgent’ to ‘3rd most urgent’. No two items could have the same rank.
Table 7-3 summarizes the key parameters comprising of the question compositions,
objectives, types of questions and the measurement scales.
Table 7-3: Round 1 questions
Question composition
1. To which sector does your organization
belong?
2. Please rate each of the barriers based on
your perception of how each has hindered
the adoption of CNG as an automotive fuel
in Nigeria.
3. Please list in the space below any barrier
that is missing from the list provided.
4. Which three of the barriers (including your
suggestions in Q3) have hindered the
adoption of CNG as an automotive fuel the
most?

Objective
Identification

Type
Categorical

Measurement scale
Nominal
(List)
Unipolar
(Not at all to
Severely)

Validation

Rating

Data
gathering
Prioritization

Open-ended

None

Ranking

Ipsative
(1st to 3rd)
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5. Have any of the barriers influenced
decision-making in your organization about
CNG?
6. If you answered yes in Question 5, which
ones?
7. Kindly indicate your level of support for
the potential interventions identified by
interview participants.
8. Is there anything missing from the list of
interventions? (Please type your response
in the space provided below).
9. Which five out of the interventions listed
and your suggestions (if any) in Q8 do you
consider most important?
10. Which three out of the interventions you
listed in Question 9 do you consider most
urgent?

7.2.3

Validation

Categorical

Nominal
(Yes or No)

Validation

Categorical

Validation

Rating

Data
gathering

Open-ended

Nominal
(List)
Bipolar
(Strongly disagree to
Strongly agree)
None

Prioritization

Ranking

Ipsative
(1st to 5th)

Prioritization

Ranking

Ipsative
(1st to 3rd)

Round 1: Survey administration

Fifty-six of the 72 stakeholder organizations identified were invited to participate (Table 7-4)
including the 26 key stakehodlers that participated at the interview stage. The only
organisations omitted were the government organizations that declined to participate in the
interview stage, because the subject matter was out of scope of the mandate of their respective
organizations. Gaining access involved the use of formal invitation letters requesting the
nomination of senior management staff that is knowledgeable and informed about the subject.
Participants received an information sheet, which detailed the study purpose and other
relevant information.
Table 7-4: Distribution of organizations invited to participate in the Delphi survey
Stakeholder group and sector
Upstream
Downstream petroleum
Downstream gas
Midstream gas
Total for supply group
Fleet managers
Vehicle retailers
Road transport companies
Total for demand group
Government agency
Total for regulation group
Trade
Professional association
Academia
NGO
Total for advocacy group
Grand total

Number of organizations
identified
7
8
2
1
18
6
5
5
16
21
21
5
4
6
2
17
72

Number of organizations
invited for Delphi
7
8
2
1
18
6
5
5
16
5
5
5
4
6
2
17
56
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The elapsed time for the survey administration exceeded the planned time due to a number of
factors, including the rate of response, timeliness of the return of completed questionnaires,
actual time taken to analyse the responses and the time taken for the development of
questionnaires for the subsequent rounds. Contrary to the expectation that the responses
would be received within four weeks, they were received after ten weeks. This protraction
may be explained by the fact that the scheduled period coincided with the general elections in
Nigeria and, as was reported in the media, many travelled out of the country due to safety
concerns (see Orukpe, 2015). Consequently, the return deadline for completed questionnaires
was postponed by four weeks, from the original scheduled date of 25 March 2015 to 25 April
2015 to give a space of two weeks after the elections. Follow-up emails and telephone calls
were made to participants to facilitate the completion and return of the questionnaires.
Eventually 37 responses were received but one was voided because the respondent’s sector
was not indicated. Consequently, 36 responses were analysed, representing an overall
response rate of 64%.
7.2.4

Round 1: Data analysis and results

As discussed in Section 4.7.4.3, the data lends itself to the application of descriptive statistics
and qualitative analysis only, as the differences between adjacent values on the measurement
scales do not necessarily represent equal intervals. Hence, data analysis is limited to number
count, percentages, mode and measures of the degree of polarization as set in the consensus
criteria. The consensus criteria are elaborated in Table 7-5.
Table 7-5: Consensus criteria
Question

Primary Condition

Secondary Condition

Rating

At least 70% of the respondents’ opinions
fall within two adjacent points on the fivepoint scale

25% of the responses of a minimum of three
out of the four stakeholder groups fall in these
adjacent points

Ranking

At least 50% of the respondents choose
the same rank

25% of the responses of a minimum of three
out of the four stakeholder groups fall on the
same rank

A lower percentage point is set for ranking questions, because consensus is based on a single
point as against two adjacent points used for the rating questions. This is because the
questions required participants to rank in exclusive order. The consensus benchmarks are
considered appropriate, as the 70% mark for rating questions and the 50% mark for ranking
questions were higher than and equal to the 50% threshold defined as majority by Dajani et
al., respectively, while the 25% benchmark for secondary condition matches the plurality
range (see Section 4.7.4.3).
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For ease of analysis and presentation of results, alphanumeric codes comprising the alphabet
B (for barrier), P (for policy) and a serial number, which did not represent any form of
ranking or rating order were assigned, that is B1 to B31 and P1 to P26 respectively. The
alphanumeric code for panellists combined the stakeholder group with a serial number e.g
Supply_1 represents a respondent from the supply group and Supply_2 another respondent
from the supply group and so on. The results are discussed below in sequential order of the
questions.
Question 1: To which sector, from the list below, does your organization (employer) belong?
Thirty-six valid responses were received, among which the supply group had the highest
response rate at 94%, while the advocacy group had the lowest at 47% (Table 7-6); this
pattern was also observed at the interview stage. Nonetheless, the distribution of respondents
satisfied the goal of the study, as Delphi does not call for expert panels to be representative
samples for statistical purposes (See Powell, 2003). The consensus requirement based on the
number of respondents and the predefined consensus criteria were rounded to the nearest
whole numbers, as shown Table 7-6.
Table 7-6: Distribution of Round 1 respondents
Stakeholder
group

Supply
Demand
Regulatory
Advocacy
Total

Number
invited

18
16
5
17
56

Number of
respondents

17
8
3
8
36

Response
rate

94%
50%
60%
47%
64%

% of total
respondents

47%
22%
8%
22%
100%

Number
required for
convergence
on rating
questions

Number
required for
convergence
on ranking
questions

25

18

Secondary
condition
for
consensus
4
2
1
2

Question 2: Please rate the barriers classified under each heading based on your perception
of how the barrier has hindered the adoption of CNG as an automotive fuel in Nigeria.
Consensus was achieved on 22 of the 31 barriers investigated as the respondents’ views
inclined towards each other with 70% or more responses on two adjacent points (Table 7-7)
and 25% or more of the responses of 3 or all stakeholder groups fall in these adjacent points. There
was unanimity among all groups on the level of the hindrance constituted by the absence of a
public awareness programme, as all respondents returned ‘Severely’. In addition, a high level
of convergence in the response of the participants was observed on the impact of the
inconsistent petroleum products pricing framework, absence of market coordination for
automotive use of NG, poor gas distribution infrastructure, lack of commitment by operators,
poor access to long-term funding and safety of the converted vehicles. As highlighted in bold
font style in Table 7-7, there was no convergence of opinion on nine barriers.
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Table 7-7: Respondents’ perspectives on identified barriers
Code
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
B31

Description
Focus of government policy and legislation on abatement initiatives
Absence of clear policy and regulation on automotive use of NG
Focus on the development of international and regional gas export markets
Absence of specific regulation and standards for NGV
Inconsistent petroleum products pricing framework that favours gasoline
Regulatory uncertainty caused by the non-passage of the PIB
Absence of market coordination with respect to automotive use of NG
Poor gas transmission and distribution infrastructure
Obsolete standards and operational guidelines
Arbitrariness in policy enforcement
Low technological and industrial base for energy consumption
Non-separation of regulatory and operating functions of NNPC
The poor credibility of the erstwhile major bulk buyer (PHCN)
Lack of commitment by operators
Poor access to long-term funding
The slow response of NNPC to cash calls
General inexperience of the population with gas handling
Safety of converted vehicles
Militancy
Pipeline vandalism
Outright stealing of petroleum products from the pipeline
The difficult physical terrain of the Niger Delta
Incompatibility of loading and delivery facilities at the sea ports
Higher cost of vehicles
Lack of a comprehensive transport policy
Absence of organized mass-transit companies and large fleet owners
Absence of vehicle emissions standards
Absence of any regulation or guidelines on retrofitting standards
Weak institutions for vehicle standard enforcement
Limited number of OEM-authorized and certified mechanics
Lack of public awareness programme

Not at All
3
10
2
4
8
8
12
25
8
11
8
-

Mildly
8
1
9
8
7
15
1
1
7
1
1
7
1
-

Moderately
1
1
5
7
11
5
3
8
15
11
2
2
3
8
5
7
10
6
19
9
8
5
-

Very
7
6
13
8
13
16
13
7
18
19
10
6
2
1
11
6
2
2
5
5
3
12
5
6
8
8
3
3
2
-

Severely
28
30
18
22
23
1
23
29
7
12
23
4
10
35
25
34
34
19
19
10
16
5
24
20
22
9
15
7
20
36

Consensus
Severely
Severely
Very to Severely
Very to Severely
Very to Severely
No consensus
Very to Severely
Severely
Moderately to Very
Very to Severely
Very to Severely
No consensus
No consensus
Severely
Very to Severely
Mildly to Moderately
Severely
Severely
No consensus
No consensus
No consensus
Very to Severely
Not at all
Very to Severely
Very to Severely
Very to Severely
Moderately to Very
No consensus
No consensus
No consensus
Severely
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Figure 7-1: Idiographic analysis of responses

Surprisingly, 25 respondents reported ‘Not at all’ on the impact of the incompatibility of the
loading and delivery facilities at the seaports to handle large vessels on the adoption of CNG
as an automotive fuel. Hence, the study concluded that while the difficult terrain of the Niger
Delta has hindered the adoption of CNG as an automotive fuel very much or severely,
incompatibility of loading and delivery facilities at the seaports to handle large vessels has
not. Contrary to expectation, there was no convergence of opinion on the effect of militancy,
pipeline vandalism and stealing of petroleum products from the pipelines on the adoption of
CNG as an automotive fuel. There was noticeable polarization between the regulatory and
advocacy groups, as shown in Figure 7-1. Enquiries on the nine barriers where the opinion of
the participants did not converge were carried over to Round 2.

147

Question 3: Please list in the space below any barrier that is missing from the list provided
No additional potential barriers to the adoption of CNG were identified, as all participants
returned Question 3 blank. This may be explained by the fact that the barriers listed in the
survey were identified by the stakeholders during the interview stage and had therefore
covered the main issues. Considering that no participant identified a new potential barrier, it
is concluded that the list of barriers provided was collectively exhaustive for the study
participants. Consequently, this question was terminated.
Question 4: Which three of the barriers (including your suggestions in Q3) have hindered the
adoption of CNG as an automotive fuel the most?
Nine barriers, all market-related, were most frequently ranked in the top three by participants.
Table 7-8 presents the ranking of the variables by each panellist. The table is arranged in the
rank order assigned by the respondents and not by the serial number of the codes assigned to
the panellist, for ease of interpretation. Hence, the table was sorted in ascending order of the
panellist’s ranking of the barriers; that is, ascending order of the panellist’s ranking of B1,
followed by ascending order of the panellist’s ranking of B5 and so on. This presentation has
no effect on either the statistics or data.
As seen in Table 7-9, the general inexperience of the population with gas handling was
ranked 2nd by 24 respondents and meets the requirement for consensus. However, none of the
barriers ranked in the 1st and 3rd positions met the requirement for consensus, with lack of
public awareness marginally missing the mark. Hence, the question was revised and repeated
in Round 2 to focus on the nine barriers that emerged in Round 1.
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Table 7-8: Nine barriers featured in the individual panellists’ ranking of the top-three barriers
Panellist
Supply_1
Supply_16
Supply_3
Demand_2
Supply_5
Supply_8
Regulatory_3
Advocacy_3
Advocacy_5
Demand_6
Demand_5
Supply_14
Supply_10
Supply_12
Advocacy_1
Advocacy_8
Demand_8
Supply_6
Regulatory_1
Advocacy_4
Demand_1
Demand_4
Demand_7
Supply_11
Supply_13
Supply_15
Supply_4
Supply_7
Supply_9
Advocacy_2
Supply_17
Demand_3
Supply_2
Advocacy_7
Regulatory_2
Advocacy_6
Total mentions

B1
3
3

B5
1
1
1
1
1
1
1
1
2
2
2
2
3
3
3
3
3

B7
1
2
2
2
3

B8

B11

B17
2

3
2
2

3
2
2
2
2

3

1

3
3
3

3
1
1

3
3
1

3
1
1
1
2

2
2
2
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3

1

2
3

22

B31

1

1
1

17

B27

3

1
1
1
1
1
1
1
1
1
1
3
3

2

B24

6

6

2
2
3
27

1
1
4

2
2

3
3
3
3
3
3
3
3
3
1
1
3
3
1
3
22

Table 7-9: Nine barriers were ranked in the top three
Identified barriers

1st

2nd

3rd

B1. Focus on abatement initiatives
B5. Inconsistent petroleum products pricing
B7. Absence of market coordination
B8. Poor gas distribution infrastructure
B11. Low industrial base for energy consumption
B17. General inexperience of the population with gas
handling
B24. Higher cost of NGV
B27. Absence of vehicle emissions standards
B31. Lack of public awareness programme
Total count

8
14
4
-

4
4
2
24

2
5
3

4
6
36

2
36

6
3

Total
mentions
2
17
21
6
6
27

Consensus
None
None
None
None
None
2nd

17
36

4
2
23
108

None
None
None
None
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Question 5: Have any of the identified barriers influenced decision-making in your
organization concerning the automotive use of NG?
Twenty-three of the 36 respondents answered ‘yes’ to Question 5. This implied that at least
one of the identified barriers had influenced decision-making in their organization.
Question 6: If you answered yes in Question 5, please identify which ones by marking X in
the space provided
Twenty-five of the 31 barriers had influenced decision-making in the participants’
organizations, as shown in Table 7-10 The most frequently mentioned was general
inexperience of the population with gas handling, with 18 responses. Other barriers
mentioned by at least 70% of the respondents were absence of market coordination with
respect to automotive use of NG, safety of the converted vehicles, the lack of a public
awareness programme, and the inconsistent petroleum products pricing framework that
favours gasoline over other products.
Table 7-10: Barriers that have influenced decision-making in participants’ organizations
S/N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Code
B17
B7
B18
B31
B5
B8
B24
B30
B6
B9
B4
B10
B11
B15
B3
B25
B28
B14
B26
B2
B19
B20
B27
B1
B29
B12
B13
B16
B21
B22
B23

Description of barrier
Inexperience of the population with gas handling
Absence of market coordination with respect to automotive use of NG
Old age/dilapidation of national fleet
Lack of public awareness programme
Inconsistent petroleum products pricing
Poor gas transmission and distribution infrastructure
Higher cost of vehicles
Limited number of OEM-authorized and certified mechanics
Regulatory uncertainty caused by non-passage of the PIB
Obsolete standards and operational guidelines
Absence of specific regulations and standards for NGVs
Arbitrariness in policy enforcement
Low technological and industrial base for energy consumption
Poor access to long-term funding
Focus on the development of international and regional gas export markets
Lack of a comprehensive transport policy
Absence of any regulation or guidelines on retrofitting standards
Lack of commitment by operators
Absence of organized mass-transit companies and large fleet owners
Absence of clear policy and regulation on automotive use of NG
Militancy
Pipeline vandalism
Absence of vehicle emissions standards
Focus of government policy and legislation on abatement initiatives
Weak institutions for vehicle standards enforcement
Non-separation of regulatory and operating functions of NNPC
The poor credibility of the erstwhile major bulk buyer (PHCN)
The slow response of NNPC to cash calls
Outright stealing of petroleum products from the pipeline
The difficult physical terrain of the Niger Delta
Incompatibility of loading and delivery facilities at the sea ports

Frequency
18
17
16
16
15
14
14
14
12
11
10
10
10
10
8
6
6
4
4
3
3
3
3
2
2
0
0
0
0
0
0
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This result is consistent with the responses to Question 4, as the three most prominent barriers
in Question 4 feature among the four barriers that were affirmed by at least 70% of the
respondents. However, consensus was not required in this instance, as the question was
specific to the respondents’ organization. Nonetheless, the result provides useful insight into
the impact of the identified barriers in practice. The hindrances most frequently mentioned
were mainly with respect to energy market structure and safety concerns. The result of the
analysis of this question meets the predefined objective. Hence, the question was terminated.
Question 7: Kindly indicate your level of support for the potential interventions identified by
interview participants
There were many areas of agreement with respect to the policy proposals. As shown in Table
7-11, consensus was achieved on 24 policy recommendations. The applicable adjacent points
on the response scale in each of the 24 instances had more than 25% responses from at least
three stakeholder groups. The participants disagreed with the PIB in its current form and
extension of the existing fuel subsidy to NG. There was lack of consensus on the proposals to
pass less controversial provisions of PIB into law, and separate the operational and regulatory
functions of NNPC.
The participants supported the implementation of the 22 policy recommendations that
returned ‘Agree’ or ‘Strongly agree’, and they did not support the implementation of the two
recommendations that returned ‘Disagree’ or ‘Strongly disagree’.
This question was revised and repeated in Round 2 to focus on the two areas where consensus
was not achieved.
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Table 7-11: High level of support for policy interventions
Code

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26

Description

Duty-free import on CNG-refuelling station components and
conversion kits
50–75% subsidy on LPG conversion kits
Rebate taxes on land used for CNG stations
Expansion of alternative fuels to include LPG
Develop comprehensive transport policy
Removal of subsidy on petroleum products
Market-based pricing for domestic supply of NG
Extension of existing fuel subsidy to NG
Pass less controversial provisions of PIB to law
Passage of PIB ‘as-is’
Establish a coordinating agency for CNG initiative
Extension of gas transmission lines nationwide
Separation of the operational and regulatory role of NNPC
Establishment of government intervention fund for the development of
pipelines
Comprehensive safety assurance
Incentive programmes for auto mechanics on retrofitting training
Inclusion of retrofitting in the curriculum of federal technical colleges
Remodelling and upgrading facilities at the sea ports
Develop a holistic transportation policy
Incentives for CNG-refuelling station equipment, retrofitting kits and
NGV
Incentive for organized mass-transit companies
Develop vehicle emissions standards
Coordinated public information campaign
Compulsory inclusion of NGVs into government fleet
Strategic siting of model CNG-refuelling stations by NNPC
Involvement of senior government officials in the promotion of NG

Strongly
disagree

Disagree

Indifferent

Agree

Strongly
agree

Consensus

-

-

-

8

28

Agree to Strongly Agree

16
9
33
-

10
14
1
-

4
8
8
5
5
1
11
-

15
19
11
19
6
6
5
8
1
4
8
-

17
9
17
13
30
30
32
36
17
36

Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Strongly Disagree to Disagree
No consensus
Strongly Disagree
Agree to Strongly Agree
Strongly Agree
No consensus
Strongly Agree

-

-

7
7
2
-

6
10
12
19
13
2

30
19
17
15
23
34

Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree

-

-

5
-

2
13
13
14

34
36
36
18
23
22

Agree to Strongly Agree
Strongly Agree
Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
Agree to Strongly Agree
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Question 8: Is there anything missing from the list of interventions? (Please type your
response in the space provided below)
None of the respondents suggested any additional policy recommendations. It was concluded
that the list of policy interventions provided was exhaustive for the study participants.
Consequently, this question was terminated.
Question 9: Which five of the interventions listed and your suggestions (if any) in Q8 do you
consider most important?
Eleven of the 26 policy recommendations featured in the Individual panellists’ ranking of the
five most important policy proposals. Tables 7-12 and 7-13 present the ranking of the
variables by each panellist and the frequency distribution of the rankings respectively. Table
7-12 is arranged in the rank order assigned by the respondents as before. As shown in Table
7-13, respondents mentioned market-related policies the most but only the establishment of a
coordinating agency for CNG initiative, ranked 2nd by 19 respondents, met criteria for
convergence. Hence, the question was revised and repeated in Round 2., The establishment of
an agency to coordinate the adoption of CNG as an automotive fuel emerged as the only
policy proposal mentioned by every respondent.
Table 7-12: Eleven proposals featured in the ranking of the 5 most important policy proposals
Supply_13
Demand_1
Demand_3
Regolatory_1
Demand_5
Supply_9
Advocacy_6
Advocacy_1
Supply_11
Supply_1
Supply_5
Demand_8
Supply_12
Supply_3
Supply_17
Regulatory_3
Supply_15
Supply_16
Supply_8
Supply_4
Supply_6
Advocacy_5
Demand_6
Regulatory_2
Advocacy_3
Advocacy_4
Supply_14
Supply_7
Advocacy_7
Supply_2

P6
1
1
1
1
1
1
1
1
1
1
1
1
2
3
3
3
3
4
4
4
5
5
5
5

P11
2
2
2
2
2
2
4
4
5
5
5
5
4
2
4
4
5
2
3
5
2
2
2
2
1
2
2
2
2
2

P12
3
5

P13

P14

P16

3
3

4
4
4

P18

P20

5
5
2
2

5

3

4
4
4

3

5
5

P23
5
5
3
3
3
3
3
2
2
3
2
1

P24

5
4
4
5

4

4

5

5

1
2
2
3
2
3

4

2
5
4
5

3
4
4
2
3
3

1
4
5

4
4

5
4

5
5
5

4
4

3
1
1
3
1
1
3
3
3

P25
4

2
3
3
1
1
1
1
1
1
1

3
3
5
4
1
1
1
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Advocacy_8
Supply_10
Demand_4
Demand_7
Advocacy_2
Demand_2
Total mentions

2
2
3
4
5
5
36

24

1
4
4
3
2
2
18

2
5
3
5

1

11

1
4
10

6

3
3
1
1
4
1
33

5
5
5

4
1
2
3
21

14

Table 7-13: Limited consensus on the ranking of top five important policy proposals
Code

Description

1st

2nd

3rd

4th

5th

P6

Removal subsidy on petroleum products
Establish a coordinating agency for
CNG initiative
Extension of gas transmission lines
nationwide
Separation of the operational and
regulatory role of NNPC
Establishment of government
intervention fund for the development
of pipelines
Incentive programmes for auto
mechanics on retrofitting training
Remodelling and upgrading facilities at
the sea ports
Incentives for CNG-refuelling station
equipment, retrofitting kits and NGV
Coordinated public information
campaign
Compulsory inclusion of NGV
government fleet
Strategic siting of model CNGrefuelling stations by NNPC

12
1

1
19

4
1

3
6

-

-

2

-

-

-

P11
P12
P13
P14
P16
P18
P20
P23
P24
P25
Total

4
9

Total
mentions
24
36

Consensus
Rank
None
2nd

1

2

5

None

1

-

-

1

None

4

5

-

2

11

None

-

-

1

9

-

10

None

-

-

-

-

6

6

None

2

2

1

9

4

18

None

9

6

15

1

2

33

None

-

1

2

3

8

14

None

11

2

4

4

-

21

None

36

36

36

36

36
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Question 10: Which three, out of the interventions you listed in Question 9, do you consider
most urgent?
Nine among the 11 policy proposals identified as most important were ranked in the top three,
based on respondents’ perceptions of urgency. However, as shown in Table 7.15, only P11
achieved consensus. Thus, the question was revised and repeated in Round 2 to focus on the
11 policy recommendations mentioned in Round 1. Table 7-14 presents the ranking of the
variables by each panellist.
Table 7-14: Nine proposals featured in the ranking of the 3 most urgent policy proposals
Regulatory_2
Demand_8
Demand_6
Advocacy_7
Regulatory_3
Supply_2
Advocacy_5
Supply_1
Advocacy_1
Advocacy_2
Supply_12
Advocacy_6

P6
1
1
1
1
1
1
1
1
1
1
1
2

P11
2
2
2
2
2
3

P13
3

P14

P18

P20

P23

P24

P25

3
3
3
3
2
3

2
2

3
3
3

2
2

1

2
3
3
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Demand_2
Supply_9
Supply_5
Supply_15
Supply_6
Supply_8
Supply_17
Demand_3
Advocacy_8
Supply_7
Demand_5
Supply_3
Supply_13
Supply_11
Supply_10
Regolatory_1
Demand_4
Demand_1
Supply_14
Demand_7
Supply_4
Supply_16
Advocacy_4
Advocacy_3
Total count

2
3
3
3

2
2
2
1
1
2
2
2
2
2
2
2
2
2
2
2
2
3

3
1
1

1
2
3
3
1

2

8

3
3
1
1
1
1
1
1
1
1
3

1
3

24

3
2
1
1
3
1
1
3
3
3
3
3
3
3
2

3

2
2

16

1

2

4

1
2
3
3
27

3
1
1
1
19

2
2
6

Table 7-15: Limited consensus on the ranking of top 3 urgent policy proposals
Code
P6
P11
P13
P14
P18
P20
P23
P24
P25

Consensus

Description

1st

2nd

3rd

Total
mention

Removal of subsidy on petroleum products

11

2

3

16

None

2

20

2

24

2nd

-

-

2

2

None

-

4

4

8

None

-

-

2

2

None

2

2

-

4

None

8

3

16

27

None

-

5

2

7

None

13

1

5

19

None

36

36

36

108

Establish a coordinating agency for the CNG
initiative
Separation of the operational and regulatory role of
NNPC
Establishment of a government intervention fund for
the development of pipelines
Remodelling and upgrading facilities at the sea ports
Incentives for CNG-refuelling station equipment,
retrofitting kits and NGVs
Coordinated public information campaign
Compulsory inclusion of NGVs in government fleet
Strategic siting of model CNG-refuelling stations by
NNPC
Total count

Rank

At the end of Round 1, consensus was achieved on 22 of the 31 barriers investigated amongs
which 9 were most frequently ranked in the top three by participants. However, only the
general inexperience of the population with gas handling- ranked 2nd by 24 respondents- met
the requirement for consensus. Similarly, consensus was achieved on 24 of the 26 policy
proposals amongs which 22 gained support and 11 featured in the ranking of the five most
important policy proposals. Although respondents mentioned market-related policies the
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most, only the establishment of a coordinating agency for CNG initiative- ranked 2nd by 19
respondents- met criteria for convergence and emerged as the only policy proposal mentioned
by every respondent. None of the respondents suggested any additional barrier or policy
recommendation,

7.3
7.3.1

Round 2: Administration, analysis and results
Round 2 questionnaire design

The objective of Round 2 of the Delphi survey was to explore the possibility of building
consensus among the participants on their views on both the barriers to the adoption of CNG
as an automotive fuel and policy interventions that may promote adoption. Apart from
validation and prioritization of the views of interview participants in Round 1, consensus was
also established on most issues, as there was a high level of convergence in the views of the
respondents – and thus the number and composition of questions, as well as the form of the
questionnaire, were revised. This also influenced the nature and extent of feedback provided
to the participants towards the completion of the Round 2 (see Appendix 7ii). The
questionnaire was designed in three linear stages, as with Round 1. The transitions of the
questions between the rounds are presented in Tables 7-16.
Table 7-16: Six questions emerged in the transition of Round 1 questions to Round 2
Question
Round 2
1. To which sector does your organization belong?
Retained
2. Please rate each of the barriers based on your perception of how each has
Revised
hindered the adoption of CNG as an automotive fuel in Nigeria.
3. Please list in the space below any barrier that is missing from the list provided.
Terminated
4. Which three barriers (including your suggestions in Q3) have hindered the
Revised
adoption of CNG as an automotive fuel the most?
5. Have any barriers influenced decision-making in your organization about CNG? Terminated
6. If you answered ‘yes’ in Question 5, which ones?
Terminated
7. Kindly indicate your level of support for the potential interventions identified by Revised
interview participants.
8. Is there anything missing from the list of interventions?
Terminated
9. Which five out of the interventions listed and your suggestions (if any) in Q8 do Revised
you consider most important?
10. Which three out of the interventions you listed in Question 9 do you consider
Revised
most urgent?

7.3.2

Round 2: Questions and applicable response scales

Six questions evolved comprising one categorical, two rating and three ranking questions
(Table 7-17). The questions were modified to reflect the consensus achieved in Round 1.
Hence, the list of variables was pared based on the responses in Round 1, so that they could
be meaningfully measured. The questionnaire for Round 2 is presented in Appendix 7ii.
Unlike Round 1, where participants were asked to indicate the top three barriers, the five
interventions considered most important, and the three policy interventions considered most
urgent, the ranking questions asked respondents to rank all the items provided to generate a
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mutually exclusive and collectively exhaustive order, which enabled the use of Kendall’s W
to test for statistical significance. The nominal and ordinal scales were maintained for
consistency, but the ipsative measures were modified to chronological, exclusive and
exhaustive orders, to reflect the revision in the composition of the ranking questions.
Table 7-17: Summary of Round 2 questionnaire
Question composition
Underlining
goal
1. To which sector does your organization
Identification
belong?
2. Please rate the barriers listed below based on
Validation
your perception of how the barrier has
hindered the adoption of CNG as an
automotive fuel in Nigeria.
3. Nine barriers emerged from Round 1 as the
Prioritization
ones that might have hindered the adoption of
CNG as an automotive fuel the most. Based on
your perception, please rank these barriers in
order of severity. No two items can have the
same ranking.
4. Kindly indicate your level of support for the
Validation
potential interventions listed.

Type of
question
Categorical
Rating

Ranking

Ordinal: Ipsative
(1= most severe
and 9 = least
severe.

Rating

Ordinal: Bipolar
(Strongly disagree
to Strongly agree)
Ordinal: Ipsative
(1= most
important and
11= least
important
Ordinal: Ipsative
(1= most urgent
and 9= least
urgent.

5. Please rank all the policies listed below based
on your perception of how they might
stimulate the adoption of CNG as an
automotive fuel in Nigeria.

Prioritisation

Ranking

6. Please rank all the policies listed below based
on your perception of how urgently each is
required to stimulate the adoption of CNG as
an automotive fuel in Nigeria.

Prioritization

Ranking

7.3.3

Measurement
Scale
Nominal
(List)
Ordinal: Unipolar
(Not at all to
Severely)

Round 2: Administration respondents

Due to the anticipated attrition, the questionnaire was distributed to all the recipients of
Round 1 – including those who did not return the questionnaire. It was considered that this
would benefit the study, especially as the research objective was to gain contextual
understanding. Thus, the Round 2 questionnaire was distributed to same 56 organizations as
with Round 1. The survey was conducted between 29 July and 31 August 2015, as planned
and recorded 33 representing a response rate of 59%.
7.3.4

Analysis and results

Analysis for the rating questions was limited to number count, percentages, mode and
measure of the degree of polarization between groups, while analysis for the ranking
questions employed set of percentages to establish consensus and Kendall’s W for statistical
measure of agreement. Kendall’s W is expressed as:
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where R is the sum of the squared deviation of the ranking for each variable expressed as:

m is the number of panellists; and k is the number of variables ranked.
It is always the case that 0 ≤ W ≤ 1. Table 7-18presents the interpretation of W.
Table 7-18: Interpretation of Kendall's W
W Interpretation
0.1 Very weak agreement
0.3 Weak agreement
0.5 Moderate agreement
0.7 Strong agreement
0.9 Unusually strong agreement
Source: Schmidt (1997, p.757).

Confidence in ranks
None
Low
Fair
High
Very high

Other relevant statistics for the interpretation of the significance test include:


Degree of freedom (df), which is the number of variables that may vary independently. It
is expressed as: df = k – 1.



Chi-squared (X2), which is the product of the number of panellists, the degree of freedom
and Kendall's W, and is expressed as: X2 = m x df x W.



p-value, a function of the observed sample results that tests the level of marginal
significance within a statistical hypothesis test and represents the probability of the
occurrence. It is defined as the probability of obtaining a result equal to or ‘more
extreme’ than what was actually observed, if the null hypothesis is true (Hubbard, 2004).



Significance level (α) is the threshold value for a test. Hence, α for a given hypothesis test
is a value for which a p-value less than or equal to α is considered statistically significant.
If the p-value is less than or equal to the chosen α, the test suggests that the observed data
are inconsistent with the null hypothesis, so the null hypothesis must be rejected.
However, this does not prove that the tested hypothesis is true.



Typical values for α are 5% (0.05), 1% (0.01) and 0.1% (0.001). These imply the
following levels of confidence:
95% level = p<0.05
99% level = p<0.01
99.9% level = p<0.001

α value for the study was set at 0.001 in line with common practice for ranking questions in
Delphi studies (See Schmidt, 1997).
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Microsoft Excel functionalities were used for the computation of the statistics. The results are
presented in sequential order of the questions.
Question 1: To which sector, from the list below, does your organization (employer) belong?
Thirty-three valid responses were received, among which the supply group had the highest
response rate, while the regulatory group had the lowest (Table 7-19). Nonetheless, the
distribution meets the conditions for homogeneity and the diversity broadly represents the
sectors involved in the use of CNG as automotive fuel. The number of participants required
for consensus, based on the total number of respondents and predefined consensus criteria,
were rounded up to whole numbers, as shown in Table 7-19.
Table 7-19: Round 2 respondents broadly represent all sectors
Stakeholder
group

Number
invited

Number of
respondents

Response
rate

% of total
respondents

Supply
Demand
Regulatory
Advocacy
Total

18
16
5
17
56

15
8
2
8
33

83%
50%
40%
47%
59%

45%
24%
6%
24%
100%

Number
required for
convergence
on rating
questions

Number
required for
convergence
on ranking
questions

23

17

Number
required
for
Secondary
condition
4
2
1
2

Question 2: Please rate the barriers classified under each heading based on your perception
of how the barrier has hindered the adoption of CNG as an automotive fuel in Nigeria.
The views of the respondents on seven out of the nine barriers met the criteria for consensus.
These views recorded more than 25% in the applicable adjacent points from at least three
stakeholder groups. However, the opinions of the respondents did not converge on the effect
of militancy and pipeline vandalism (Table 7-20). Consequently, the question was revised and
repeated in Round 3 to explore the reason for the divergence on the areas that did not meet the
criteria for consensus.
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Table 7-20: Respondents’ perspectives on barriers in Round 2
Code
B6
B12
B13
B19
B20
B21
B28
B29
B30

Description
Non-passage of the PIB
Non-separation of regulatory and operating functions of NNPC
Poor credibility of major bulk buyer
Militancy
Pipeline vandalism
Stealing of petroleum products from the pipeline
Absence of any regulation or guidelines on retrofitting standards
Lack of vehicle standards enforcement
Limited pool of competent mechanics

Not at All

Mildly

Moderately

Very

Severely

1
11
6
5
12
4
12
3

2
14
4
3
12
3
11
2

13
8
3
3
5
3
2
3
1

17
16
9
10
3
8
4
4

14
11
10
3
16
3
23

Consensus
Moderately to Very
Not at All to Mildly
Very to Severely
No consensus
No consensus
Not at All to Mildly
Very to Severely
Not at All to Mildly
Severely
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Question 3: Nine barriers emerged from Round 1 as the ones that might have hindered the
adoption of CNG as an automotive fuel the most. Based on your perception, please rank these
barriers in order of severity from 1 to 9, where 1= most severe and 9 = least severe.
Analysis indicates that market-related factors were considered to have constituted the most
hindrances by the participants. Absence of market coordination (B7), general inexperience of
the population with gas handling (B17), and lack of public awareness (B31) emerged as the
most frequently mentioned in the first three ranks. Each of these ranks satisfied the consensus
criteria. In addition, the mean ranks derived from the computation of Kendall’s W compared
favourably with the ranking outcome. It is, however, noted that the ‘mean rank’ has no
statistical meaning, as the measurement scale is an ordinal scale.
Tables 7-21 and 7-22 show rankings of the variables by each panellist and the frequency
distribution of the rankings respectively. Table 7-21 is sorted in ascending order of the
panellist’s ranking of the barriers in sequential order of the assigned codes; that is, ascending
order of the panellist’s ranking of B1, followed by ascending order of the panellist’s ranking
of B5 and so on. Kendall’s W for the ranking is 0.45 as shown in Table 7-22. This indicates a
moderate level of agreement between the panellists. In addition, the p-value = 8.6E-22 < .001
= α, thereby allowing the study to reject the null hypothesis that there is no agreement among
the respondents.
Based on the views of the Delphi survey panellists, it was concluded that the absence of
market coordination, general inexperience of the population with gas handling and lack of
public awareness have hindered the adoption of CNG as an automotive fuel the most.
Furthermore, it is observed that the costs of both the fuel and vehicles are significant
hindrances, as the inconsistent petroleum products pricing framework that favours gasoline
and the higher cost of NGVs were ranked 4th and 6th respectively. Poor gas transmission and
distribution infrastructure emerged as the 9th and the least significant among the factors
investigated in Round 2. This is consistent with the unanimous view of the supply group that
the absence of adequate transmission and distribution pipelines is not a barrier to the
automotive use of gas, as refuelling stations can be serviced by trucks – similar to the way
diesel and gasoline are transported nationwide, as discussed in Section 6.5.1.
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Table 7-21: Ranking of hindrances to use of CNG as an automotive fuel by participants
Panellist
Demand_8
Supply_ 6
Advocacy_3
Demand_5
Regulatory_ 2
Supply_ 5
Supply_ 10
Supply_ 14
Advocacy_2
Advocacy_6
Advocacy_7
Demand_3
Regulatory_ 1
Supply_ 1
Supply_2
Supply_ 8
Supply_ 9
Supply_ 11
Advocacy_5
Demand_4
Supply_ 3
Supply_ 12
Advocacy_1
Advocacy_8
Demand_6
Demand_7
Supply_ 7
Supply_ 13
Supply_ 15
Advocacy_4
Demand_1
Demand_2
Supply_ 4
Sum of ranking (Ri)
Mean Rank

B1
3
3
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
7
7
7
7
7
7
7
8
8
8
8
185
5.61

m = 33 k =9 df= 8 W= 0.45

B5
2
1
2
5
3
7
5
5
4
6
4
4
4
6
7
3
4
3
5
4
4
4
4
4
2
4
3
4
3
1
7
1
2
127
3.85

B7
4
4
6
3
2
1
1
2
1
3
1
1
1
1
1
1
1
1
2
1
1
1
1
1
5
1
6
2
2
5
1
5
3
72
2.18

Ranking by individual panellist
B8
B11
B17
B24
1
9
5
6
2
9
5
8
9
3
5
1
1
7
2
9
5
9
1
6
5
9
2
6
6
9
2
8
7
9
3
8
9
6
2
8
7
9
2
1
7
6
2
9
9
8
2
6
9
7
2
8
9
4
2
8
9
8
2
4
9
7
2
4
6
9
2
8
6
9
2
8
1
3
4
8
7
5
2
9
5
9
2
8
5
9
2
8
9
5
2
6
9
5
2
6
6
3
4
1
5
9
2
6
1
8
4
9
6
5
1
9
9
6
1
4
9
3
4
6
6
4
2
5
2
3
4
9
6
5
4
9
202
219
85
219
6.12
6.64
2.58
6.64

B27
8
7
7
8
7
8
7
6
7
8
8
7
6
7
6
8
7
7
7
8
7
7
8
8
9
8
2
8
8
2
9
6
7
233
7.06

B31
7
6
8
6
8
3
3
1
3
4
3
3
3
3
3
6
3
4
9
3
3
3
3
3
8
3
5
3
5
7
3
7
1
143
4.33

R= 29202 X2= 117.99 p-value= 8.6E-22

Table 7-22: Frequency of ranking of barriers based on perceptions of severity
Barriers
1st
B1
B5
3
B7
18
B8
4
B11
B17
3
B24
3
B27
B31
2
Assigned codes

2nd
4
5
2
20
2
-

3rd
2
5
3
5
1
17

Frequency of ranking
4th
5th
6th
6
10
4
12
4
2
2
3
2
5
7
2
5
3
6
3
3
1
8
4
2
2
3

B1 = Focus on abatement initiatives
B5 = Inconsistent petroleum products pricing
B7 = Absence of market coordination
B8 = Poor gas distribution infrastructure

7th
7
3
4
3
13
3

8th
4
3
11
12
3

9th
11
12
7
2
1

Mean rank

Rank

5.61
3.85
2.18
6.12
6.64
2.58
6.64
7.06
4.33

5th
4th
1st
9th
8th
2nd
6th
7th
3rd

B11 = Low industrial base for energy consumption
B17 = General inexperience of the population with gas handling
B24 = Higher cost of NGV
B27 = Absence of vehicle emissions standards
B31 = Lack of public awareness programme
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Question 4: Kindly indicate your level of support for the potential interventions listed below.
As shown in Table 7-23, respondents supported the separation of the operational and
regulatory roles of NNPC (P13). However, there was no convergence on the proposal to
identify the high impact, less controversial provisions of PIB for passage into law (P9).
Hence, the question was revised and repeated in Round 3 to explore the reason for the
divergence on this.
Table 7-23: Split opinion on the recommended policy interventions
Code

Disagree

Indifferent

Agree

P9

Strongly
Disagree
4

6

3

8

Strongly
Agree
12

P13

-

-

3

9

21

Consensus
No consensus
Agree to Strongly Agree

Question 5: Eleven policy recommendations emerged from Round 1 as the most important to
stimulate the adoption of CNG as an automotive fuel in Nigeria. Based on your perception,
please rank these policy interventions in order of importance from 1 to 11, where 1= most
important and 11 = least important
This question required the participants to rank the 11 policy recommendations that emerged
from Round 1 exclusively in order of importance such that no two items could have the same
ranking. Table 7-24 presents the ranking of the variables by each panellist and the statistics
for Kendall’s W. Kendall’s W for the ranking is 0.67, which indicates a high level of
agreement between the panellists. In addition, the p-value = 4.2E-42 < .001 = α, thereby
allowing the study to reject the null hypothesis that there is no agreement among the
respondents. Table 7-25 shows that the five most important policy interventions from the
perspectives of the participants are essentially market-related and support the ranking of the
barriers in Question 3.
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Table 7-24: Ranking of policy proposals by panellists based on perception of importance
P6
1
1
1
2
2
2
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
115

P23
11
11
2
11
1
6
2
1
2
9
2
2
6
2
3
2
2
2
2
2
2
2
2
2
2
2
1
1
1
2
2
2
1
103

P24
4
4
4
4
9
4
5
5
8
7
6
8
3
5
2
11
5
6
5
5
5
5
5
5
6
5
5
6
3
5
6
1
6
173

P25
6
8
5
5
8
1
4
4
1
6
3
3
2
3
5
3
3
5
3
3
3
3
3
3
3
3
3
3
5
1
1
5
3
120

Mean Rank

3.48
1.73
9.03
9.33
7.73
8.24
8.58
5.88
3.12
k= 11 df= 10 W= 0.67 R= 80570 X2= 221.96 p-value = 4.2E-42

5.24

3.64

m= 33

P11
2
2
3
1
3
3
1
2
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
3
3
3
4
57

P12
3
9
10
9
5
11
10
10
5
3
8
9
9
9
9
10
10
10
10
10
10
10
11
11
11
11
7
10
11
8
9
10
10
298

Policy proposal
P14
P16
P18
5
8
9
5
7
10
9
11
8
6
3
10
6
4
11
9
7
10
7
8
9
9
7
11
7
9
10
2
10
8
7
10
9
7
11
10
7
8
10
10
7
8
10
7
8
6
8
9
8
11
9
7
9
8
8
7
9
8
7
9
8
9
6
8
9
6
9
8
10
10
8
9
9
10
7
8
9
6
9
11
10
7
9
8
7
10
9
10
7
9
10
8
7
8
7
9
9
8
2
255
272
283

Panellist
Supply _13
Supply _12
Demand _1
Supply _14
Supply _1
Supply _5
Supply _4
Supply _9
Supply _7
Supply _11
Supply _8
Supply _2
Advocacy _7
Demand _7
Regulatory _2
Supply _15
Advocacy _8
Supply _6
Advocacy _2
Demand _4
Advocacy _4
Advocacy _6
Demand _5
Advocacy _3
Supply _10
Advocacy _5
Supply _3
Demand _2
Regulatory _1
Demand _3
Demand _8
Demand _6
Advocacy _1
Sum of Ranking (Ri)

P13
10
3
7
8
10
8
11
8
11
11
11
6
11
11
11
7
7
11
11
11
11
11
6
7
8
10
8
11
8
11
11
11
11
308

P20
7
6
6
7
7
5
6
6
6
5
5
5
5
6
6
5
6
3
6
6
7
7
7
6
5
7
6
5
6
6
5
6
7
194

Table 7-25: Ranking of policy proposals in order of perception of importance
Code
P6
P11
P12
P13
P14
P16
P18
P20
P23
P24
P25

1st
3
19
6
1
4

2nd
3
6
1
1
20
1
1

3rd
3
6
2
1
1
1
1
2
16

4th
23
2
1
5
2

Frequency of ranking
5th 6th 7th 8th
1
2
1
2
2
4
6
2
3
8
7
9
8
3
2
6
9
15
8
2
13
6
1
2
6
2
2

9th
7
7
6
11
1
1
-

10th
13
3
5
4
8
-

11th
6
17
4
2
3
1
-

Mean rank

Consensus rank

3.48
1.73
9.03
9.33
7.73
8.24
8.58
5.88
3.12
5.24
3.64

4th
1st
10th
11th
8th
7th
9th
6th
2nd
5th
3rd

P6 = Removal subsidy on petroleum products; P11 = Establish a coordinating agency for CNG initiative; P12=
Extend gas transmission lines nationwide; P13 = Separate operational and regulatory roles of NNPC; P14 =
Establish a government intervention fund for development of pipelines; P16 = Incentive programmes for auto
mechanics on retrofitting training; P18 = Remodel and upgrade facilities at the sea ports; P20 = Incentives for
CNG-refuelling station equipment, retrofitting kits and NGVs; P23 = Coordinated public information campaign;
P24 = Compulsory inclusion of NGV in government fleet; P25 = Strategic siting of model CNG-refuelling stations
by NNPC.
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Question 6: Nine policy recommendations emerged from Round 1 as the most urgent to
stimulate the adoption of CNG as an automotive fuel in Nigeria. Based on your perception,
please rank these policy interventions in order of urgency from 1 to 9, where 1= most urgent
and 9 = least urgent.
Question 6 required the participants to rank the nine policy recommendations that emerged
from the Round 1 exclusively in order of urgency, such that no two items could have the same
ranking. Table 7-26 presents the ranking of the variables by each panellist and the statistics
for Kendall’s W. Kendall’s W for the ranking is 0.68, which indicates a high level of
agreement between the panellists. In addition, the p-value = 1.8E-33 < .001 = α, thereby
allowing the study to reject the null hypothesis that there is no agreement among the
respondents. As shown in Table 7-27, there was convergence on the ranking of the
respondents for the first three ranks. The responses therefore satisfied the purpose of the
question; hence, the question was terminated.
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Table 7-26: Ranking of policy recommendations in order of urgency of implementation
Panellist
Supply _12
Demand _1
Demand _6
Supply _14
Supply _1
Supply _4
Supply _5
Supply _9
Supply _2
Supply _11
Supply _8
Advocacy _7
Demand _7
Regulatory _2
Advocacy _6
Advocacy _5
Supply _15
Regulatory _1
Advocacy _8
Demand _5
Supply _10
Advocacy _3
Supply _3
Supply _6
Advocacy _2
Demand _4
Advocacy _4
Demand _8
Advocacy _1
Supply _7
Demand _3
Demand _2
Supply _13
Sum of Ranking (Ri)
Mean Rank

P6

P11

P13

1
1
1
1
2
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
6
119
3.61

2
3
5
6
3
1
2
2
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
5
5
6
2
2
2
78
2.36

3
8
6
8
9
9
8
8
6
8
8
9
9
9
8
5
8
8
8
8
8
8
8
9
9
9
9
6
7
9
6
7
5
253
7.67

P14

P18

P20

P23

P24

P25

5
8
9
4
7
5
7
9
2
6
7
9
2
3
8
4
9
7
5
2
4
8
7
1
6
5
7
6
4
8
5
9
6
4
7
7
5
9
1
6
5
8
9
2
7
9
5
7
2
6
5
9
6
2
7
5
8
7
2
6
6
8
7
5
2
6
8
7
5
2
7
3
9
1
6
7
6
9
1
8
5
9
6
1
7
5
9
7
1
6
6
5
9
1
7
6
9
7
1
5
7
9
5
1
6
7
9
6
1
5
7
9
6
1
5
5
8
7
1
6
6
8
7
1
5
6
8
7
1
5
7
6
8
1
5
8
9
7
2
1
9
3
8
1
6
5
8
1
3
7
8
9
7
1
4
6
9
8
1
4
4
8
9
3
7
199
252
231
66
185
6.03
7.64
7.00
2.00
5.61
m=33 k= 9 df= 8
W= 0.68 R= 44680 X2= 180.5252525 p-value= 1.8E-33

6
4
4
3
5
2
1
4
3
3
3
3
3
3
5
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
3
3
1
102
3.09

Table 7-27: Frequency distribution of ranks of policy proposals based on perception of urgency
Code
P6
P11
P13
P14
P18
P20
P23
P24
P25
Total

1st
4
7

2nd
1
19

1
18
1
2
33

1
6
3
3
33

3rd
3
2
1
2
3
22
33

Frequency
4th
5th
22
2
3
2
3
11
3
1
3
3
2
6
3
2
33
33

6th
1
2
4
7
2
6
10
1
33

7th
2
8
2
13
8
33

8th
14
2
11
3
3
33

9th
10
2
13
8
33

Mean rank
3.61
2.36
7.67
6.03
7.64
7.00
2.00
5.61
3.09

Consensus rank
Rank
4th
2nd
8th
5th
9t
7th
1st
6th
3rd

P6 = Removal subsidy on petroleum products; P11 = Establish a coordinating agency for CNG initiative; P13 =
Separate operational and regulatory roles of NNPC; P14 = Establish a government intervention fund for
development of pipelines; P18 = Remodel and upgrade facilities at the sea ports; P20 = Incentives for CNGrefuelling station equipment, retrofitting kits and NGVs; P23 = Coordinated public information campaign; P24 =
Compulsory inclusion of NGVs in government fleet; P25 = Strategic siting of model CNG-refuelling stations by
NNPC
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At the end of Round 2, participants’ views met the requirement for consensus on 29 of the
barriers investigated while twenty-five of the barriers have influenced decision making on
CNG in the respondents’ organisations. These results are consistent and provide useful insight
into the impact of the barriers in practice. Furthermore, the most frequently mentioned
barriers also emerged amongst the nine ranked by any respondent as most severe.

7.4

Round 3: Administration, analysis and results

7.4.1

Round 3: Questionnaire design

Round 3 aimed to explore the reasons for divergence in areas where the responses in Round 2
did not meet the consensus criteria. As with the earlier round, there was a high level of
convergence in the views of the respondents, and thus the number and composition of
questions, as well as the form of the questionnaire, were revised. This also influenced the
nature and extent of feedback provided to the participants towards the completion of Round 3.
The feedback was presented in the sequential order of the questions, as shown in Appendix
7ii. The transitions of the questions between the rounds are presented in Tables 7-28.
Table 7-28: Three questions emerged during the transition of Round 2 questions to Round 3
Question

Round 3

1.

To which sector, from the list below, does your organization (employer)
belong?

Retained

2.

Please rate the barriers listed below based on your perception of how the
barrier has hindered the adoption of CNG as an automotive fuel in Nigeria.

Revised

3.

Nine barriers emerged from Round 1 as the ones that might have hindered the
adoption of CNG as an automotive fuel the most. Based on your perception,
please rank these barriers in order of severity from 1 to 9, where 1= most
severe and 9 = least severe.

Terminated

4.

Kindly indicate your level of support for the potential interventions listed
below.

Revised

5.

Please rank all the policies listed below based on your perception of how they
might stimulate the adoption of CNG as an automotive fuel in Nigeria.

Terminated

6.

Please rank all the policies listed below based on your perception of how
urgently each is required to stimulate the adoption of CNG as an automotive
fuel in Nigeria.

Terminated

7.4.2

Round 3: Questions and applicable response scales

The questionnaire for Round 3 is presented in Appendix 7ii. As shown in Table 7-29, three
questions evolved comprising one categorical (Question 1) and two open-ended questions.
The same nominal scale used in earlier rounds was maintained for Question 1, while the
open-ended questions did not have any scale.
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The questions were modified to reflect the consensus achieved in Round 2. Here the
participants were asked to give reasons for their responses on the areas where responses in
earlier rounds did not meet the set consensus criteria.
Table 7-29: Summary of Round 3 questionnaire
Question composition
1.

To which sector does your organization belong?

2. Do you believe that militancy has hindered the
adoption of CNG as an automotive fuel in
Nigeria? Please tick as appropriate and give
reasons.
3. Do you believe that pipeline vandalism has
hindered the adoption of CNG as an automotive
fuel in Nigeria? Please tick as appropriate and
give reasons.
4. Do you support the proposal that the National
Assembly identify and pass into law the highimpact, low contentious provisions of the PIB?
Please tick as appropriate and give reasons.

7.4.3

Underlining
goal
Identification

Type of
question
Categorical

Data
gathering

Open-ended

Measurement
scale
Nominal
(List)
None

Data
gathering

Open-ended

None

Data
gathering

Open-ended

None

Round 3: Survey administration

The questionnaire was distributed to the 56 previously identified organizations, as it was not
possible to determine which organizations responded. The survey was conducted between 20
October and 15 November 2015. Nineteen responses were received and analysed,
representing an overall response rate of 34%.
7.4.4

Round 3: Analysis and results

The analysis was limited to number count and percentage in each group for Question 1 and
hermeneutics analysis for Questions 2 to 4. The responses were not subjected to consensus
criteria, because the aim of the round was to gain understanding into the reasons for the
divergence in the opinions of respondents on the impact of militancy and vandalism on the
adoption of CNG as an automotive fuel and support for the proposal for the passage of less
controversial provisions of the PIB into law.
Analysis of respondents’ views indicates clear dichotomy in the opinions of the demand and
supply groups on both issues investigated.
The participants working in the oil and gas industry overwhelmingly believe that militancy
and vandalism have hindered the adoption of CNG as an automotive fuel in Nigeria, and cited
business disruptions, hostage taking and kidnapping, and sometimes death of personnel, as
key reasons. They further argued that these factors are not conducive for business. In the
words of some of the respondents:
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‘It is impossible to invest in new ventures when the safety of key assets is not guaranteed.’ (oil
exploration and production, supply group)
‘A number of companies are divesting their assets because of safety concerns. It is clear that
the environment is not conducive for new investments.’ (oil exploration and production,
supply group)

Conversely, participants from the demand group disagreed and suggested that slow progress
was due to a lack of commitment by the operators, among other issues. Moreover, they
argued that militancy and vandalism were not limited to the NG market and therefore could
not be blamed for the slow development of the sector. The views of the demand group were
equally shared by the advocacy group, who blamed slow progress on lack of commitment by
oil exploration companies for economic gains to the detriment of the environment. Below are
some of the views expressed:
‘Militancy and vandalism cannot be blamed for the lack of progress as long as the oil
companies are still pumping crude oil.’ (fleet manager, demand group)
‘Militancy and vandalism are not exclusive to natural gas. Hence they cannot be acceptable as
reason for lack of progress.’ (road transportation company, demand group)
‘Militancy did not start in the 60s. It cannot be responsible for gross violation of the
environment through flaring.’ (non-governmental organization, advocacy group)
‘Militancy and vandalism are outcomes of economic and social neglect. Proper harnessing of
natural gas might have prevented them in the first instance.’ (professional bodies, advocacy)

Similarly, there was a noticeable division in the views of respondents on the proposal that the
National Assembly could identify and pass into law the less controversial provisions of the
PIB. Many of the respondents from the advocacy and demand groups did not support the
proposal, and argued that the bill in its current state should be passed into law – citing
national interest over the commercial interests of the oil exploration and production
companies. In the words of some of the respondents:
‘What is the essence of passing what favours the oil companies at the detriment of the
country?’ (trade unions, advocacy group)
‘This proposal defeats the purpose of the PIB.’ (professional bodies, advocacy group)
‘The controversial provisions are the main elements of the PIB. Passage of other provisions
without the grit would be meaningless.’ (road transportation company, demand group)
‘The entire bill should be passed in the interest of the country’ (fleet manager, demand group)
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Conversely, the respondents from the supply group argued that the bill is not in the interest of
the country and suggested a total review of the bill. The explanations offered by some of the
respondents are presented below:
‘The entire bill needs to be reviewed. There was no stakeholder involvement in the draft and
this is the result.’ (downstream petroleum marketing, supply group)
‘The bill is antithetical to progress and development. The entire bill should be discarded.’ (oil
exploration and production, supply group)

Media reports support the outcome of the Delphi survey, as they indicate polarization on
these issues. Although there was no consensus with respect to the impact of militancy and
vandalism on the adoption of CNG as an automotive fuel, these acts have a negative impact
on the oil and gas industry generally and the Nigerian economy as a whole. Hence, addressing
the root causes of these acts will be expedient.
The lack of consensus on the PIB mirrors reality, as the bill has been in the National
Assembly since 2008. It is worthy of note that the laws that make up the PIB are still in
effect, hence there is no absence of legislation as the status quo is maintained in all respects.
The key issue is the uncertainty created by the non-passage of the PIB. While proponents of
the PIB argue that some of the extant laws are more than 50 years old and have become
outdated and irrelevant amid changes in the oil and gas industry, opponents criticize that the
PIB, if passed to law, would give Nigeria the harshest fiscal regime in the world – because of
the proposal for increases in royalties and taxes, decreases in allowances and incentives, and
the establishment of a new Petroleum Host Communities Fund (PHCF). Finding an amicable
resolution is critical to future developments in the oil and gas industry.

7.5

Policy implications

The outcome of the Delphi survey indicated clear consensus among participants and revealed
that insufficient focus and the misplaced priority of previous policies on NG, the unconducive
energy market structure, limited access to funding, public safety concerns, technical and
physical limitations, the weak transportation market structure, and a low level of public
awareness have all hindered the adoption of CNG as a road transportation fuel in Nigeria. In
addition, the results indicated that a coordinated public information campaign, the
establishment of an agency to coordinate and promote the adoption of CNG as an automotive
fuel, and strategic siting of model CNG-refuelling stations by NNPC under the Mega Station
initiative were the three most urgent interventions required to stimulate the adoption of CNG
as an automotive fuel in Nigeria.
There was consensus among the Delphi survey participants on 29 of the 31 barriers identified
through the semi-structured interviews. The participants agreed that 25 of the barriers have
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impacted the adoption of CNG to various degrees of severity, and that incompatibility of the
loading and delivery facilities at the sea ports (B23) has not affected the adoption of CNG as
an automotive fuel in any way. In addition, the participants agreed that non-separation of
regulatory and operating functions of NNPC (B12), outright stealing of petroleum products
from the pipeline (B21), and weak institutions for vehicle standards enforcement (B29) have
either not affected the adoption of CNG or have only mildly affected it.
Contrary to expectation, there was no consensus on the impact of insecurity of assets and
personnel on the development of the domestic market for CNG as an automotive fuel, as there
was no convergence on the impact of either militancy or vandalism. Few respondents
attributed either militancy or vandalism to the impact of the environmental pollution caused
by gas flaring, and argued that proper harnessing of NG might have prevented these in the
first instance.
There was consensus on all proposed policy interventions investigated, except the proposal to
pass less controversial provisions of PIB into law (P8). The participants expressed various
levels of support for 23 of the policy recommendations, while they rejected the proposal for
an extension of the existing fuel subsidy to NG until it is removed on gasoline (P8) and the
passage of PIB ‘as-is’ (P10).
The outcomes indicated that establishment of a government intervention fund for the
development of pipelines (P14), development of vehicle emissions standards (P22) and a
coordinated public information campaign (P23) are all resolutions that would receive the
support of all stakeholders. All the respondents strongly agreed to these proposals, which
were the only policy recommendations that received unanimous responses.
Participants also expressed support for the introduction of fiscal and operational incentives, as
they returned either ‘Agree’ or ‘Strongly Agree’ to the following policy recommendations:
duty-free import on CNG-refuelling station components and conversion kits (P1), a 50–75%
subsidy on LPG conversion kits (P2), rebates on land used for CNG stations (P3), incentives
for CNG-refuelling station equipment, retrofitting kits and NGVs (P20), and incentives for
organized mass-transit companies (P21).
Since there was overwhelming support for the removal of subsidies on gasoline and kerosene
(P6), part of the gains from the removal could be channelled to support fiscal and operational
incentives to promote the adoption of CNG as an automotive fuel, including duty-free import
on CNG-refuelling station components (P1), a subsidy on conversion kits (P2), rebates on
applicable taxes on land used for CNG stations (P3), incentive programmes for auto
mechanics on retrofitting training (P16), and incentives for mass-transit companies to deploy
NGVs (P21).
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In addition to the creation of public awareness through coordinated public information
campaigns, compulsory inclusion of NGVs in the government fleet (P24), strategic siting of
model CNG-refuelling stations by NNPC under its Mega Station (P25), and involvement of
senior government officials in the promotion of NG (P26) might also stimulate growth of the
NGV market.
It is apparent from the submissions of participants that the domestic NG market would benefit
from transportation sector reform, including development of a comprehensive transport policy
(P5); development of NGV standards and regulations comprising a comprehensive safety
assurance plan (P15), vehicle emissions standards and procedures for inspecting imported
NGV; and inclusion of retrofitting in the curriculum of federal technical colleges, the only
available tertiary institutions for training technicians (P17).
The findings of the Delphi survey, the case study and the semi-structured interviews are
discussed in Chapter 8.
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8. Discussion of findings from Case Study, Semi-structured
Interviews and Delphi Survey
The research context, elaborated in Chapter 1, shows that the Nigerian oil and gas industry is
critical to the sustenance of the country’s economy, but the externalities of exploration and
production of crude oil – especially the disposal of associated gas through flaring – exposes
the country to social, economic and environmental risks, which result in public health
hazards, financial losses and higher risk of climate change, among others. As highlighted in
Chapter 2, deliberate efforts by successive governments have led to a reduction in both the
volume and percentage of gas flared, but fugitive emissions continue to dominate energyrelated GHG emissions in the country. In addition, Nigeria experiences energy vulnerability
in the power and transportation sectors due to infrastructural decay, among other factors.
Chapter 2 further showed that Nigeria had recorded appreciable progress in the development
of an export market for its natural gas, with reinjection in the exploration and production
processes, as well as with domestic use for power generation. These achievements are in
contrast to the transportation sector, where NGVs constitute less than 0.04% of the national
fleet. As seen in Chapter 3, the use of NG as an automotive fuel is expedient to tackle both
the risks associated with gas flaring and the perennial shortage of transportation energy in
Nigeria. Hence, as discussed in Chapter 4, the purpose of this study was to produce a rounded
understanding of the barriers to the use of CNG as an automotive fuel and to identify policy
interventions that might stimulate growth and develop the market in Nigeria.
The purpose of this chapter is to show the inter-relatedness or disparities in the findings of the
case study, semi-structured interviews and Delphi survey, discussed in Chapters 5, 6 and 7
respectively, in light of the research question.
The rest of the chapter is structured into five sections, which are aligned to the research
objectives. Section 8.1 discusses the critical success factors for the adoption of CNG as an
automotive fuel and the findings from the evaluation of Nigeria against these factors. Section
8.2 presents barriers to the use of CNG as automotive fuel and their sources and causes, while
Section 8.3 highlights policy proposals towards successful adoption of CNG as an automotive
fuel in Nigeria. Section 8.4 discusses the degree of consensus on barriers to the adoption of
CNG as an automotive fuel in Nigeria among the study participants, and finally, Section 8.5
discusses exploration of the possibility of consensus among key stakeholders on policy
interventions that might stimulate successful adoption.
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8.1

Critical success factors for the adoption of CNG as an automotive fuel

The case study, presented in Chapter 5, shows diversity in the experiences of the countries
examined and offered key lessons for Nigeria. Eight critical success factors were identified
for the adoption of CNG as an automotive fuel and assessment of Nigeria against these
factors, presented in Table 8-1 and elaborated below, indicates a wide gap – except for the
strategic intent, where the country compared favourably. These findings were further
validated by the Delphi survey.
Table 8-1: Nigeria CNG initiative compares poorly with critical success factors
Critical success factor (CSF)

Assessment of Nigeria against CSF

Clarity of strategic intent

Yes

Legal backing in place to guide adoption process

None

Learning and adaptation

Weak

Assignment of responsibilities for market development

None

Financial incentives

Weak end-user incentive

Sufficient price gap between NG and conventional fuels

Insufficient

Initiatives to boost consumer and market confidence

None

Focus, nature and sequence of NG infrastructure

Limited infrastructure

As shown in Chapter 5, the strategic intent for the adoption of CNG as an automotive fuel in
Nigeria comes from the need to reduce gas flaring and harness NG resources. These are
consistent with Pike Research (2012) and (2007), discussed in Chapter 3, which identified
economic considerations, environmental benefits, energy security and availability of natural
gas resources as major drivers for the adoption of NG as an automotive fuel. In addition,
though strategic intent is expected to be contextual as noted by Banister (2011) that each city
may follow its own path based on its uniqueness, the strategic intent for Nigeria compares
favourably with the intent to control vehicular emissions in India, fuel price regulation and
the need for balance of trade in Argentina, economic considerations and environmental
concerns in Brazil, economic consideration in Iran, environmental considerations, and
economic and energy security concerns in Pakistan, creation of employment and economic
considerations in New Zealand, and the pursuit of energy independence and security in the
USA.
However, despite, the clarity of strategic intent, the level of adoption of CNG is still low
compared to its potential and the poor standing on the other critical success factors offers a
possible explanation.
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Analysis showed that there are no legal provisions in the country to promote the automotive
use of CNG, despite a plethora of legislation for the oil and gas industry. Specifically, the
semi-structured interviews found an absence of clear policy and regulation on automotive use
of CNG, absence of specific regulations and standards for NGVs, regulatory uncertainty
caused by the non-passage of the PIB, obsolete standards and operational guidelines in the
downstream sector, absence of vehicle emissions standards, absence of any regulations or
guidelines on retrofitting, as well as weak institutions for vehicle standards enforcement.
More so, the implementation approach in Nigeria lacks coordination and is without focus, and
that there is no specific agency set up to promote the automotive use of CNG – in contrast to
the countries studied. The non-alignment of stakeholder interests, meanwhile, is evident in
every area of the implementation programme, as the case study established that there is no
assignment of responsibilities; no legal backing; no holistic energy market pricing
framework; and no government support or incentives either for refuelling infrastructure or for
NGV ownership or conversion. The only incentive available is the conversion loan offered to
individual vehicle owners by the CNG-refuelling stations operator, and this is considered
inadequate and largely out of reach of many Nigerians. The differential price range of 6% 37% caused principally by the subsidy on gasoline is far below the average gap of 50% seen
in other countries and reported by Yeh (2007). At the time of reporting (February 2016), the
effect of the subsidy on petroleum products had been eliminated due to the fall in oil prices
globally. Nonetheless, the subsidy regime is still in place and will operate should oil prices
increase.
Also, there is no retail pricing mechanism in place, as regulation only prescribes a framework
for wholesale pricing. However, the market operator has set a price per energy equivalent of a
litre of gasoline to encourage conversion similar to the dual pricing structure in Argentina;
where credit lines repaid with savings from the use of CNG covered conversion costs and
served as a catalyst for adoption. The case study further revealed that the wholesale prices of
NG in Nigeria are usually below international market rates and encourages a disproportionate
focus by gas suppliers on LNG export.
The case study found boosting consumer and market confidence, a critical success factor for
the adoption of CNG as an automotive. The experiences of Argentina and Iran reported by
Collantes and Melaina (2011), and Korin and Luft (2000) respectively, are noteworthy.
Findings from both the semi-structured interviews and the Delphi survey support this view.
However, as discussed in Chapters 5, 6 and 7, there are no initiatives to boost consumer and
market confidence in any form in Nigeria, either by the government or the industry. Evidence
of misplaced priorities is seen in the development of the LNG export terminal and the West
African Gas Pipeline (WAGP). These infrastructures indicate that Nigeria has prioritized the
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export market ahead of domestic supply, which is in contrast to the experiences of Argentina,
Pakistan and Brazil. Partly as a result, the country’s pipeline infrastructure is limited. In
addition, only 0.04% of the national fleet are NGVs. The NGV population of 2,210 and eight
operational CNG-refuelling stations result in a vehicle-to-refuelling infrastructure ratio (VRI)
that is far below the commercially viable level recommended by (IGU, 2009). Further growth
in NGV population in the geographical location of the stations is necessary for their
commercial sustainability.

8.2

Barriers to the automotive use of CNG in Nigeria

Current situation assessment of Nigeria against the critical success factors showed gaps as
discussed above and these formed the basis for the preliminary design of the semi-structured
interviews and aided questioning of participants in many respects. Subsequently, 31 barriers
were identified through the semi-structured interviews. Although many of these obstacles fit
broadly into the financial, regulatory, legal and physical barriers reported by Browne et al.
(2012), the study did not adopt these. Rather, the study used eight themes to meaningfully
organise, interpret and present the narratives as expressly stated or inferred by the study
participants as follows:
i.

Insufficient focus and misplaced priority of policy on natural gas

ii. Unconducive energy market structure
iii. Limited access to funding
iv. Safety concerns
v. Insecurity of assets and personnel
vi. Technical and physical limitations
vii. Weak transportation market structure and
viii. Low level of public education and awareness.
Participants agreed that the pump price subsidy on petrol distorts the energy market and
reduces the attractiveness of CNG, as there is insufficient ‘headroom’ for a compelling
economic case and observed that the impact is damaging to the national economy. This
situation is similar to the experience of India and consistent with IMF (2011) which showed
that institutionalised subsidy on pump prices of petroleum products hurt the Indian economy.
Divergent views existed on the impact of the lack of distribution infrastructure and the
existence of a National Gas Master Plan. Although all groups agreed that the gas pipeline
network is inadequate, participants from the supply group argued that lack of distribution
infrastructure is not a major limiting factor. Rather, they argued, trucks could supply
refuelling stations competitively; similar to the way conventional fuels are currently
transported nationwide. This argument is supported by (Buzcu-Guven et al., 2010) which
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observed that CNG offers operational advantages in situations where there are no
transmission and distribution pipelines. However, the regulatory group argued otherwise and
contended that absence of pipelines has resulted in financial losses for industrial gas users.
The supply group questioned the existence of the National Gas Master Plan and suggested
that, if it exists, it has not had any impact on the industry. The regulatory group argued that
the Master Plan is, in fact, a collection of existing documents. There was an apparent
dichotomy in the views of the participants from the supply group along the downstreamupstream sectors on the PIB. While participants from indigenous companies favoured passage
of the PIB, those from the IOCs considered it inimical to further investments in the oil and
gas industry. Consequently, the impasse on legal backing was not resolved, and the Delphi
survey confirmed this as an intractable barrier where consensus was not reached.
Whereas Adibe and Essaghah (1999) observed that the provisions of most environment laws
in Nigeria are loosely specified and vaguely defined - leaving gaps for contravention and
weakening enforcement - the Delphi survey showed that lack of enforcement had limited
impact on the adoption of CNG as an automotive fuel in Nigeria.
Table 8-2 maps the barriers across the three methods of data collection and analysis.
Table 8-2: Mapping of barriers across data collection methods
Barriers identified
through case study

Barriers identified through semi-structured interviews
B1.

Misplaced priority

B2.
B3.

No legal and
regulatory framework
Insufficient price
advantage
No legal and
regulatory framework

B4.
B5.
B6.
B7.
B8.
B9.
B10.
B11.

Non-alignment of
stakeholders’
interests
Non-alignment of
stakeholders’
interests
Non-alignment of
stakeholders’
interests
Non-alignment of

B12.

Focus of government policy and legislation on abatement
initiatives
Absence of clear policy and regulation on automotive use of
NG
Focus on the development of international and regional gas
export markets
Absence of specific regulation and standards for NGV
Inconsistent petroleum products pricing framework that
favours gasoline
Regulatory uncertainty caused by the non-passage of the PIB
Absence of market coordination with respect to automotive
use of NG
Poor gas transmission and distribution infrastructure
Obsolete standards and operational guidelines
Arbitrariness in policy enforcement
Low technological and industrial base for energy
consumption
Non-separation of regulatory and operating functions of
NNPC

Delphi
Consensus
Severely
Severely
Very to
Severely
Very to
Severely
Very to
Severely
Moderately to
Very
Very to
Severely
Severely
Moderately to
Very
Very to Severely
Very to Severely
Not at All to
Mildly

B13.

The poor credibility of the erstwhile major bulk buyer
(PHCN)

Very to Severely

B14.

Lack of commitment by operators

Severely

B15.
B16.

Poor access to long-term funding
The slow response of NNPC to cash calls

Very to Severely
Mildly to
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stakeholders’
interests

No government
support
No government
support

Moderately
B17.
B18.
B19.
B20.
B21.

General inexperience of the population with gas handling
Safety of converted vehicles
Militancy
Pipeline vandalism
Outright stealing of petroleum products from the pipeline

B22.
B23.

The difficult physical terrain of the Niger Delta
Incompatibility of loading and delivery facilities at the sea
ports
Higher cost of vehicles
Lack of a comprehensive transport policy

B24.
B25.
B26.
B27.

No government
support
No government
support

8.3

B28.

Absence of organized mass-transit companies and large fleet
owners
Absence of vehicle emissions standards

B29.

Absence of any regulation or guidelines on retrofitting
standards
Weak institutions for the enforcement of vehicle standard

B30.
B31.

Limited number of OEM-authorized and certified mechanics
Lack of public awareness programme

Severely
Severely
No consensus
No consensus
Not at All to
Mildly
Very to Severely
Not at all
Very to Severely
Very to Severely
Very to Severely
Moderately to
Very
Very to Severely
Not at All to
Mildly
Severely
Severely

Policy proposals for automotive use of CNG in Nigeria

The case study identified seven policy areas, comprising pricing reform of the energy
markets, government support for the establishment of refuelling infrastructure, the
establishment of standards for vehicles and refuelling stations, promotion of bi-fuel NGVs,
alignment of stakeholders’ interests, the creation of public awareness, and the introduction of
financial incentives. These were covered in the 26 policy interventions identified by the
interview participants and validated through the Delphi survey. These proposals align with
the objectives of the National Energy Policy and the National Oil and Gas Policy (See
Sections 2.6.3 and 2.6.4) and as discussed later in Section 8.5 the critical success factors for
adoption of CNG as an automotive fuel. Table 8-2 maps the policy recommendations across
the three methods of data collection and analysis.
Table 8-3: Mapping of policy recommendation across data collection methods
Policy identified through
case study

Policy identified through semi-structured interviews

Incentives for CNG station
operation and vehicle
ownership

P1. Duty-free import of CNG-refuelling station
components and conversion kits
P2. 50–75% subsidy on LPG conversion kits
P3. Rebate taxes on land used for CNG stations
P4. Expansion of alternative fuels to include LPG
P5. Develop comprehensive transport policy
P6. Removal of subsidy on petroleum products

Removal of subsidy on
gasoline
Retail and wholesale pricing
reform

Delphi
survey
consensus
A-SA
A-SA
A-SA
A-SA
A-SA
A-SA

P7. Market-based pricing for domestic supply of NG

A-SA

P8. Extension of existing fuel subsidy to NG

D- SD
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Establish a coordinating
agency for CNG initiative

Incentives for CNG station
operation and vehicle
ownership
Develop vehicle emissions
standards
Awareness campaign
Strategic siting of CNG
stations by NNPC

P9. Pass less controversial provisions of PIB to law
P10. Passage of PIB ‘as-is’
P11. Establish a coordinating agency for CNG
initiative
P12. Extension of gas transmission lines nationwide
P13. Separation of the operational and regulatory role
of NNPC
P14. Establishment of government intervention fund
for the development of pipelines
P15. Comprehensive safety assurance
P16. Incentive programmes for auto mechanics on
retrofitting training
P17. Inclusion of retrofitting in the curriculum of
federal technical colleges
P18. Remodelling and upgrading facilities at the sea
ports
P19. Develop a holistic transportation policy
P20. Incentives for CNG-refuelling station equipment,
retrofitting kits and NGV

None
SD
A-SA

P21. Incentive for organized mass-transit companies
P22. Develop vehicle emissions standards

A-SA
A-SA

P23. Coordinated public information campaign
P24. Compulsory inclusion of NGVs into government
fleet
P25. Strategic siting of model CNG-refuelling stations
by NNPC
P26. Involvement of senior government officials in the
promotion of NG

SA
A-SA

SA
A-SA
SA
A-SA
A-SA
A-SA
A-SA
A-SA
A-SA

A-SA
A-SA

As seen in Chapter 6, the policy proposals expressed by the interview participants were
diverse and varied between groups. Major elements of the oil and gas market reforms are with
the creation of a coordinating agency for the promotion of CNG as an automotive fuel, the
setting of appropriate mechanisms for both the retail and wholesale prices of NG, and
involvement of NNPC in the development of CNG-refuelling stations. Others include the
proposal to extend a subsidy to CNG as an equalization mechanism pending the subsidy being
withdrawn from gasoline, the passage of PIB in its current form or through ‘cherry picking’,
creation of a government intervention fund for pipeline development, and development of a
NG pipeline network nationwide. All stakeholder groups, except the supply group, which
might not have considered it relevant, canvassed the need for safety and emissions standards.
Various financial and operational incentives for both the supply and demand sides were
proposed, including import-duty waivers on CNG-refuelling station equipment, retrofitting
kits and NGVs, as well as a tax rebate on land used for development of CNG-refuelling
stations. Other policy proposals included a government mandate for a proportionate NGV
fleet, the inclusion of LPG in the alternative fuels campaign, and the separation of the dual
role of NNPC as an operator and regulator.
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8.4

Exploration of consensus on the barriers to the use of CNG as an
automotive fuel in Nigeria

Complete agreement on the barriers identified by the interview participants across the four
stakeholder groups was rare. Nonetheless, as might be expected, a reasonable level of
agreement was found largely around relatively non-contentious issues. However, the Delphi
survey validated, prioritized and built consensus on 29 of the potential barriers and identified
the reasons for divergence where consensus was not achieved. The outcome of the Delphi
survey showed a moderate level of agreement between the panellists. It was observed that the
three barriers ranked as the most severe and the policy recommendations ranked as most
urgent were all market-related factors.
Whereas documentary evidence suggests clarity of strategic intent for the use of NG as an
automotive fuel, and indicates that the purpose is to harness NG resources and reduce
environmental degradation associated with flaring of AG produced in the exploration and
production processes of crude oil, the semi-structured interviews and Delphi survey suggest
that there was misplaced priority on the implementation approach. The findings show that
government policy and legislation have focused on abatement initiatives, rather than gas
gathering and utilization, as well as the development of an international gas export market for
LNG and a regional gas market for piped NG to the detriment of the domestic market.
Furthermore, the implementation approach has not been coordinated, as seen in other
countries where responsibilities have been assigned to specific agencies to drive the adoption
of NG as an automotive fuel.
Unlike the countries studied, where clear legal and regulatory frameworks were instituted,
Nigeria has no regulatory framework on the use of CNG as a transportation fuel. The key
instruments for the domestic gas market, the National Domestic Gas Supply Policy and the
National Domestic Gas Supply and Pricing Regulation 2008, do not refer to the transportation
sector. The findings of both the semi-structured interviews and the Delphi survey support the
findings of the case study – that absence of a clear policy and regulations, as well as the
absence of standards for NGVs, have severely hindered the automotive use of CNG in
Nigeria. In addition, obsolete standards and operational guidelines in the downstream sector
and arbitrariness in policy enforcement were identified as barriers to CNG market
development.
Findings from each of the data collection and analysis methods used for the study also
showed non-alignment of stakeholders’ interest to be a major impediment to the growth of the
NGV market. While the case study revealed that the countries with high NGV penetration had
deliberate implementation approaches, which enabled alignment of stakeholders’ interests, it
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also showed that the current approach in Nigeria is uncoordinated and that there is no
evidence of a holistic plan that takes into consideration the interests and concerns of
stakeholders. Similarly, the semi-structured interviews and Delphi survey showed that key
stakeholders have diverse and opposing views on the provisions of the PIB, which is a major
legislative instrument aimed at a comprehensive restructuring of the oil and gas industry.
Although the Delphi survey did not establish consensus on the PIB, it revealed that regulatory
uncertainty caused by the non-passage is detrimental to the oil and gas industry.
The case study showed that while government support is vital to market sustenance, overreliance on government subsidies is detrimental to a healthy NGV market as seen in
Newzealand where Gwilliam (2000) and Kojima (2001) reported the collapse of the NGV
following the sudden withdrawal of financial incentives. However, the study could not
establish evidence of any form of government support for the CNG initiative in Nigeria.
Insufficient price advantage was found to be a major hindrance to the growth of the
automotive use of CNG in Nigeria. The case study, semi-structured interviews and the Delphi
Survey supported this and revealed that the subsidy on gasoline and kerosene – two key
alternative products to NG as automotive and cooking fuel – have distorted the economic
benefit of NG and especially that of CNG. The situation is compounded by the unattractive
pricing regimes stipulated by the National Domestic Gas Supply Policy. These prices are
below international market rates; thus, rising gas prices in key international markets continue
to pull production into the export market, despite the domestic supply obligation. Although
the case study identified distribution and refuelling infrastructure as critical success factors
for the development of the CNG market, interviewees from the energy sector argued that lack
of NG pipelines is not a major barrier, as trucks could supply refuelling stations competitively
(especially as gasoline is equally trucked nationwide). However, the study concluded that
refuelling infrastructure is critical to market development. As seen in the case study, the most
successful markets have a vehicle-to-refuelling infrastructure ratio (VRI) that is within the
recommended benchmark or even higher.
The outcomes of both the semi-structured interviews and the Delphi survey suggest that poor
credibility of the erstwhile major bulk buyer, the government-owned power-generating
company, as well as the low technological and industrial base for energy consumption in the
country, have contributed to slow progress in the development of the NG market. There was
the consensus that limited access to long-term funding – due to inadequate local financing
capabilities and sovereign and exchange risks associated with offshore borrowing – have
hindered the adoption of CNG as an automotive fuel in Nigeria in general. Despite historical
delays by NNPC in providing counterpart funding under its various joint venture agreements,
the Delphi survey showed that this slow response to cash calls has had a lower impact on the
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widespread use of CNG as an automotive fuel and has only hindered adoption mildly to
moderately. Furthermore, the physical constraints of the Niger Delta terrain, the low gas-oil
ratio and the limited number of appropriate reservoirs conducive for gas reinjection and
storage have contributed to problems in the development of gas-gathering infrastructure and
subsequent slow progress in the development of the domestic NG market. In addition, weak
transportation market structure – characterized by the lack of a comprehensive transport
policy, absence of organized mass-transit companies, absence of retrofitting standards, and
the limited number of OEM-authorized and certified mechanics – has hindered the use of
CNG as an automotive fuel, either very much or severely, while absence of vehicle emissions
standards has hindered it moderately. The absence of public awareness was prominent in the
findings of each of the research methods used. All the study participants expressed the view
that this has severely hindered the adoption of CNG as an automotive fuel in Nigeria.
Although the semi-structured interviews identified non-separation of the functions of NNPC
as a regulator and operator, and weak institutional capacity for vehicle standards enforcement
to be possible barriers, the outcome of the Delphi survey suggested otherwise. Contrary to
expectation, fuelled by widespread reports of the menace of pipeline vandalism and militancy
in the Niger Delta, there was no consensus on the impact of these factors on the CNG market.
This becomes understandable as oil companies continue to produce despite the factors.
There was total agreement among the respondents on the removal of the pump price subsidy
on gasoline and kerosene and the introduction of market-based pricing for the domestic
supply of NG. Conversely, there was overwhelming rejection of the proposal to extend the
subsidy to NG until it is removed from gasoline. Despite the long delay in the passage of the
PIB, which was first presented to the National Assembly in 2008, there was no consensus on
the passage of the bill in its current state or on the proposal to identify the less controversial
provisions for passage, notwithstanding the widely reported impact of non-passage on
investments in the oil and gas industry. We note that the constituent laws of the bill are still in
effect. The absence of market coordination, the general inexperience of the population with
gas handling, and lack of public awareness emerged as the barriers that might have hindered
the adoption of CNG as an automotive fuel the most in that sequential order.

8.5

Exploration of consensus among key stakeholders on policy
recommendations

A high level of agreement was observed on the policy recommendations recording favourable
and complete agreement on 23 of the policy recommendations. However, the participants
rejected the proposal for an extension of the existing fuel subsidy to NG until it is removed
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from gasoline and the passage of the PIB ‘as-is’. There was no consensus on the proposal to
pass the less controversial provisions of the PIB into law.
The establishment of an agency to coordinate and promote the adoption of CNG as an
automotive fuel, a coordinated public information campaign, strategic siting of model CNGrefuelling stations by NNPC under the Mega Station initiative, removal of the pump price
subsidy on petrol and kerosene, and compulsory inclusion of NGVs in the government fleet
emerged as the five most important policy interventions from the perspective of the Delphi
participants while coordinated public information campaign, establishment of an agency to
coordinate and promote the adoption of CNG as an automotive fuel and strategic siting of
model CNG-refuelling stations by NNPC under the Mega Station initiative emerged as the
three most urgent policy interventions. The three proposals considered most urgent also
feature as the first three among the five considered most important. The proposal for
coordinated public awareness is in line with the observation by Byrne and Polonsky (2001)
that sales infrastructure is required to educate consumers while the establishment of a
coordinating agency is supported by the findings of Collantes and Melaina (2011), Honoré,
2004 and prevalent in the other countries studied as reported in Section 5.2
Table 8-2 which compares the policy recommendations with the critical success factors shows
that, overall, policy recommendations that gained favourable consensus among the Delphi
participants align to the critical success factors and suggest that the country will witness
improvements in the use of CNG as an automotive fuel, if these are implemented.
Table 8-4: Policy recommendations align to critical success factors
Critical success factor (CSF)

Policy recommendation agreed to by Delphi participants

1.

Clarity of strategic intent

1.

No specific policy recommendation relating to clarity of
strategic intent. However, the study revealed clarity of
strategic intent and show that the need to reduce gas flaring
and harness natural gas resources is the key driver the
adoption of CNG as an automotive fuel in Nigeria

2.

Legal backing in place to
guide adoption process

1.
2.

Develop comprehensive transport policy
Develop vehicle emissions standards and procedure for
inspecting imported natural gas vehicles

3.

Learning and adaptation

1.

Inclusion of retrofitting in the curriculum of federal
technical colleges
Expansion of alternative fuels to include LPG

2.
4.

Assignment of responsibilities
for market development

1.
2.

5.

Financial incentives

1.
2.

Establish agency to coordinate and promote the adoption of
CNG as an automotive fuel
Separation of the operational and regulatory role of NNPC
Duty-free import of CNG-refuelling station components and
conversion kits
50–75% subsidy on LPG conversion kits
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3.
4.
5.
6.

Rebates on land-use charge and tenement rate on land used
for CNG stations
Incentive programmes for auto mechanics on retrofitting
training
Incentives for CNG-refuelling station equipment,
retrofitting kits and NGVs
Incentives for organized mass-transit companies to deploy
NGVs

6.

The price gap between NG and
conventional fuels

1.
2.

Removal of the pump price subsidy on petrol
Market-based pricing for domestic supply of NG

7.

Initiatives to boost consumer
and market confidence

1.
2.

Coordinated public information campaign
Strategic siting of model CNG-refuelling stations by NNPC
under the Mega Station initiative
Compulsory inclusion of NGVs in government fleet
Involvement of senior government officials in the
promotion of natural gas
Comprehensive safety assurance plan, including vehicle
safety standards

3.
4.
5.
8.

Focus, nature and sequence of
NG infrastructure

1.
2.

Extension of gas transmission lines to nationwide
Establishment of government intervention fund for the
development of pipelines and refuelling infrastructure
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9. Conclusion and Policy Implications
The aim of this research was to investigate the exploration of CNG as a transportation energy
source, as a tool to reduce the emissions inventory associated with oil exploration and
simultaneously reduce transportation energy vulnerability. The study, guided by five
objectives, applied a qualitative enquiry approach that combined the examination of the
implementation approaches and outcomes in selected countries to identify critical factors for
the successful adoption of CNG as an automotive fuel, semi-structured interviews and a
Delphi survey among participants who were involved in the transportation and energy sectors
in Nigeria to identify and build consensus on the barriers to the adoption of CNG as
automotive fuel in Nigeria and policy recommendations towards improved adoption
respectively.
The case study involved the examination of NG policies, implementation approaches and
outcomes in seven countries that are in various stages in the lifecycle of their market. The
participants for the semi-structured interviews and Delphi survey were drawn in a purposive
manner from key organizations in the transportation and energy sectors in Nigeria, which
were the critical stakeholders involved in the use of CNG as a road transportation fuel. In
addition, the study drew lessons from the case study that may promote improved usage.
The case study and semi-structured interviews enabled the identification of barriers to the use
of CNG as automotive fuel, as well as policy interventions towards successful adoption. The
interviews were successful as the participants were engaged, open and generally willing to
share information; the narratives were rich and consistent across participants; and the
perspectives of all stakeholder groups were represented. Consensus among key stakeholders
was explored and achieved with the Delphi survey, which validated, prioritized and built
consensus on barriers and proposed policy interventions and, in addition, identified reasons
for divergence where consensus was not achieved.
Overall, the study answers the research question and achieves its aim and objectives, as
demonstrated in Chapter 8. The rest of this chapter presents the conclusion and policy
implications, contribution to knowledge, research limitations and recommendations for
further research.

9.1

Conclusion

Based on the insights from the case study, consistent submissions of the participants of the
semi-structured interviews and the outcome of the Delphi survey, the study concludes that
seven main factors have hindered the adoption of CNG as a road transportation fuel in
Nigeria. These are:
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Insufficient focus and misplaced priority of previous policy on NG: This is characterized by
the focus of government policy and legislation on abatement initiatives, rather than gas
gathering and utilization, over a long period of time spanning 1969 to 2008; the absence of a
clear policy and regulations on automotive use of natural gas in both the National Domestic
Gas Supply Policy and the National Domestic Gas Supply and Pricing Regulation; focus on
the development of an international gas export market for liquefied natural gas (LNG) and a
regional gas market for piped natural gas (PNG); and absence of specific regulations and
standards for natural gas vehicles.
Unconducive energy market structure: This is seen in the inconsistent petroleum products
pricing framework, which favours gasoline over other products and which is further
compounded by the subsidy on gasoline; regulatory uncertainty caused by the non-passage of
the PIB; absence of market coordination with respect to automotive use of natural gas; poor
and limited gas transmission and distribution infrastructure; obsolete standards and
operational guidelines in the downstream sector; arbitrariness in policy enforcement; a low
technological and industrial base for energy consumption in the country, compounded by the
total or near collapse of the few government-owned corporations with dedicated supply
pipelines; the non-separation of regulatory and operating functions of NNPC; poor credibility
of the erstwhile major bulk buyer, the government-owned Power Holding Corporation of
Nigeria (PHCN); and lack of commitment by operators.
Limited access to funding: This is exemplified by poor access to long-term funding, due to
inadequate local financing capabilities and sovereign and exchange risks with associated
offshore borrowing, as well as the slow response of NNPC to cash calls with respect to joint
venture operations with the international oil companies.
Public safety concerns: This is mainly due to the general inexperience of the population with
gas handling, the age and dilapidated state of the existing vehicle fleet, and dependence on
imported, previously used vehicles.
Technical and physical limitations: This is especially the case for the difficult physical terrain
of the Niger Delta and given the limited number of appropriate reservoirs conducive for gas
storage, due to the low gas-oil ratio.
Weak transportation market structure: This is due to the higher cost of vehicles as a result
higher import duties and inefficiencies and corruption in the ports, compounded by the higher
cost of NGVs relative to conventional vehicles; lack of a comprehensive transport policy,
leading to uncertainty in the policy environment on transportation; the absence of organized
mass-transit companies and large fleet owners and managers with capacity to invest in central
and private refuelling infrastructure; the absence of vehicle emissions standards and the focus
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of vehicle importation policy on the fiscal regime and age of vehicle; absence of any
regulations or guidelines on retrofitting standards; weak institutions for vehicle standards
enforcement: the vehicle inspection office (VIO), police and customs lack mechanisms to
enforce the strict standards required for natural gas vehicles; and the limited number of OEMauthorized and certified mechanics, and the preponderance of unschooled and uncertified
mechanics that typically ‘cut corners’.
Low level of public awareness: This is caused by the absence of any campaign to promote the
automotive use of natural gas.
Contrary to expectation, the study was unable to conclude on the impact of insecurity of
assets and personnel on the development of the domestic market for CNG as an automotive
fuel, as there was no consensus on the effect of militancy and vandalism on this among the
study participants, as the context applies equally to oil extraction.

9.2

Policy implications

Based on the consistent findings from the case study, semi-structured interviews and the
Delphi survey, the study concludes that the following considerations will find acceptance
with key stakeholders and stimulate NGV and CNG market development,
Withdrawal of PIB and amendment of extant laws that make up the PIB: Given the stalemate
on the passage of the PIB into law and the apparent dichotomy along sectoral lines, a logical
step may be to review of the 15 extant laws, which make up the bill, as an alternative to a
single all-encompassing legislation. This has the potential to remove the uncertainty
associated with the stalemate on the PIB and make the legislative process less complex.
Reform of wholesale pricing for petroleum products: Wholesale prices are set below world
prices and need adjustment to encourage supply into the domestic market.
Development of a holistic framework for retail pricing for petroleum products: With respect
to the retail market, a holistic approach to the pricing of petroleum products is required to
develop a framework, which will accommodate the dynamics that exist for gasoline and
create ‘headroom’ for NG to thrive concurrently. In addition, there is overwhelming support
for the removal of the subsidy on gasoline and kerosene. Thus, a logical approach may be for
government to take advantage of the fall in oil prices to completely abolish the subsidy
regime. As noted in Section 5.3, the effect of the subsidy had been wiped out due to the fall in
the price of oil globally; yet, as at February 2016, the subsidy policy was still in place, as the
regulatory agency responsible for setting retail prices had not changed the pricing template.
Invariably, any future increases in global prices might restore the subsidy at any time.
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Involvement of NNPC in CNG stations development: As seen in the case study, availability of
infrastructure preceded NGV market development. In line with the suggestion of the study
participants – and also as seen with Argentina in the case study – it is recommended that
NNPC establish CNG stations in strategic locations through its Mega Station scheme, in order
stimulate private sector involvement and market confidence.
Establishment of an independent agency to coordinate the CNG implementation programme:
Based on the views expressed by the interview participants and consensus established with
the Delphi survey, it is expedient for government to create an independent agency to
coordinate the CNG implementation programme and back it up with legislation. The scope of
work should include the creation of public awareness, recommendation and implementation
of appropriate incentives for the supply and demand sides, facilitating and coordinating
retrofitting workshops, collaborating with the regulatory agencies on both the demand and
supply sides to formulate appropriate standards for both vehicles and refuelling infrastructure
among others.
Development of a comprehensive safety plan: Although there is sufficient scientific evidence
on the safety credentials of NG and NGVs, the fact that over 85% of the country’s vehicle
fleet is previously used and old makes safety a serious issue. The government and industry
need to put in place a comprehensive plan for safety assurance, as suggested by study
participants. Such a plan should encourage the establishment of retrofitting workshops,
incentives for mechanics, and appropriate training programmes for driving and maintenance
of NGVs.
Introduction of retrofitting into the curriculum of federal technical colleges: Federal technical
colleges are the only available tertiary institutions for the training of technicians in the
country. Inclusion of retrofitting course in the curriculum, as identified by the study, would
aid the development of trained mechanics and might address the lack of certification in the
auto-mechanic trade. Offers of scholarships to a sizeable number of Nigerians to kick-start the
programme is recommended.
Extended alternative fuel options: The use of LPG as automotive fuel – though not a
widespread view – is worth considering, as LPG is cheaper and faster to deploy than CNG
and existing technical limitations to the domestic supply of LPG may benefit from increased
consumption. Given existing LNG capabilities, the country may also exploit LNG for the
heavy-duty vehicle segment.
Mandatory policy for a percentage of the government fleet to run on CNG: To demonstrate
conviction, it is suggested that government take practical steps towards the conversion of its
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own fleet and, in line with the participants’ suggestion, mandate a certain percentage of its
fleet at all levels.
Development of a holistic transportation policy: The domestic NG market would benefit from
transportation sector reform, including the development of a comprehensive transport policy;
and development of NGV standards and regulations comprising a comprehensive safety
assurance plan, vehicle emissions standards and procedures for inspecting imported NGVs.
Introduction of structured operational and fiscal incentives: Incentives to promote the
adoption of CNG as an automotive fuel including duty-free import on CNG-refuelling station
components; a subsidy on conversion kits; rebates on applicable taxes on land used for CNG
stations; incentive programmes for auto mechanics to undertake retrofitting training; and
incentives for mass-transit companies to deploy NGV are recommended. Borrowing from the
experience of Pakistan in this regard would be beneficial.
As seen in Section 8.5, these policy recommendations align with the critical success factors
identified in Chapter 5 and suggest that the country would witness an improvement in the use
of CNG as an automotive fuel if implemented.

9.3

Contribution to knowledge

This study has identified eight critical factors for the successful adoption of CNG as an
automotive fuel that may be of general application for countries seeking to employ alternative
fuel vehicles in conducting preliminary assessment. In addition, the study has provided an
analysis of stakeholders’ perspectives, which enabled the identification of, the barriers to the
use of CNG as automotive fuel in Nigeria as well as policy recommendations to remove the
barriers and enhance adoption. While some of the barriers identified are similar to the
experiences of other countries, a number of hindrances peculiar to Nigeria were also
identified, among which were the selection of ‘ghost’ refuelling station operators (nonexistent companies) attributable to lack of transparency and accountability in the
implementation process; artificial distortion of the economic benefits of CNG, caused by the
subsidy on gasoline and kerosene; the inexperience of the population with gas usage, due to
the predominant use of biomass as a cooking fuel; and the dilapidated vehicle fleet, associated
with the importation of old, previously used vehicles. Others include the limited pool of
competent mechanics for vehicle conversion, weak institutional capacity for standards
enforcement, the conflicting roles of the state-owned oil company as regulator and operator,
inadequate local financing capabilities and low public awareness.
Whereas barriers to the development of markets for alternative vehicles are normally
categorized as financial, regulatory and legal, and physical (Browne et al., 2012), this study
has expanded the frontiers to include lack of commitment by operators, inexperience of the
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population with gas usage, a limited pool of qualified auto mechanics, and lack of public
awareness on the benefits of alternative fuel, as witnessed in Nigeria.
The dichotomy among stakeholder groups was apparent, especially on hindrances to the
adoption of CNG as an automotive fuel and approaches to the passage of the PIB. This
knowledge could be useful in future studies, and any planning requiring stakeholder
cooperation in the transport and energy sectors. While arguments on strengthening legislation
have focused on the PIB, this study raises the potential benefit of a review of the constituent
laws that make up the PIB as an alternative to a single all-encompassing legislation.
Overall, the outcome of this work contributes to the discussion on governmental policy in
support of alternative energy application, in contrast to the emphasis on petroleum and diesel
usages. It identifies interventions that might kick-start the market at relatively low cost and
also provides lessons that could be useful in oil-rich developing countries and countries with
rapid urbanization, but lacking capability to manufacture automobiles in their efforts to
deploy alternative fuel vehicles (AFVs). While the conclusions reached may be useful for
other countries in a similar situation, they may not be transferable to countries with different
dynamics in the energy markets.

9.4

Research limitations

Whereas the quality of responses – rather than the number of participants – is the true
measure of the outcome of a qualitative research, the decision by some government
ministries, departments and agencies not to participate, because they considered the subject to
be out of the scope of their mandates, was a limitation. This was especially the case as
insights from the study indicate otherwise. Whereas current mandates of these agencies
appear not to be within the existing scope of the CNG initiative, implementing the proposed
policies fit and would require their involvement.
While study participants were selected in a purposive, non-probabilistic manner, it was
possible that certain factors such as personal biases that could not be controlled for by the
researcher, influenced some of the views expressed. In addition, unlike experimental studies
or studies conducted with control groups in a laboratory, all the subjects who participated in
this research were susceptible to external stimuli from diverse sources outside the control of
the researcher.
Furthermore, in line with the research objectives, the study focused solely on institutional
stakeholders. Thus, the study did not benefit from the perspectives of vehicle owners and
users, a critical constituency in the demand group.
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The study was susceptible to the known limitations of qualitative studies, especially because
the researcher was the main tool for both data collection and processing. Whereas the
researcher endeavoured to remain objective, it is possible that biases permeated.

9.5

Recommendation for further research

The high level of consensus among the study participants and the alignment of policy
proposals to critical success factors indicate high possibility of success in the quest for the use
of natural gas as automotive fuel. Hence, a study to evaluate the political will is expedient.
In addition, as observed by Broto, Boyd and Ensor (2015), local people can engage
meaningfully to co-produce technical knowledge, hence validation research to gain broader
understanding of the factors that have hindered the adoption of CNG by vehicle owners,
especially in Benin City which has a network of eight refuelling stations, with a view to
providing insights that could be applied in expanding the network of refuelling stations to
other cities is recommended.
Further research with respect to the mode of implementation of the fiscal and operational
incentives, the removal of the pump price subsidy on gasoline and kerosene, a comprehensive
safety assurance plan and a transportation sector policy are both desirable and recommended.
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Appendix 4ia: Template of the invitation to participate in the study

Date

The Managing Director/Chief Executive Officer
Organization Name
Address 1
Address 2
Address 3
Dear Sir,
INVITATION TO PARTICIPATE IN A STUDY ON THE EXPLORATION OF CNG
AS TRANSPORTATION ENERGY SOURCE IN NIGERIA
Your organization has been identified as a key stakeholder in the transportation and
transportation energy sectors and we wish to invite you to participate in a study which aims to
identify the barriers to the use of CNG as automotive fuel; Identify probable policy
interventions towards successful adoption of CNG for transportation; and explore the
possibility of consensus among key stakeholders on potential policy interventions that may
stimulate successful adoption of CNG as automotive fuel. This study is a part of a doctoral
research project at Loughborough University.
Please find attached the participant information sheet for more detailed information on the
study.
Our Request
We would appreciate if you could nominate any top management member of staff that is
knowledgeable and informed about the issues concerning the use of compressed natural gas
(CNG) as an automotive fuel in Nigeria to participate in the study. Should you accept our
invitation, kindly contact the main investigator by email at o.ogunlowo@lboro.ac.uk or by
telephone on 0809 223 4400.

Thank You.

Olufemi Ogunlowo
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Exploration of CNG as transportation energy source in Nigeria
Participant Information Sheet
What is the purpose of the study?
The purpose of this research is to seek a contextual understanding of how Nigeria can adopt CNG as
transportation energy source. The outcome may influence governmental policy in support of
alternative energy application in contrast to the emphasis on petroleum and diesel usages. Also, the
outcome will provide lessons that could be useful in oil rich developing countries and countries with
rapid urbanization but lacking capability to manufacture automobiles in their efforts to deploy
alternative fuel vehicles.
Who is doing this research and why?
This study is a part of a Student research project funded by Loughborough University. The main
investigator is Olufemi Ogunlowo and the supervisors are Prof. M Sohail (Khan) and Prof. Abigail
Bristow.
Olufemi holds a BSc (First Class Honours) degree, Civil Engineering (1991/92) from the University of
Ibadan, Ibadan, Nigeria, and MSc (Distinction) in Water and Waste Engineering, (1997/98) from
Loughborough University, Loughborough, Leicestershire, UK. He is the owner and Group Managing
Director of Strategic Outsourcing Limited and BMC Consultants Limited; offering business strategy
advisory and business process outsourcing. He is passionate about development in Africa in general
and Nigeria in particular. He is currently undertaking, at Loughborough University, a doctoral research
programme which aims to investigate the adoption of CNG as transportation energy source towards
sustainable development in Nigeria.
t: +234 809 223 4400

e: o.ogunlowo@lboro.ac.uk

M Sohail (Khan) BEng, MSc, PhD (UK), Fellow ASCE (USA) is a Professor of Sustainable
Infrastructure. Sohail is the Director of Research and Enterprise at Water Engineering and
Development Centre, he has published more than 110 journal papers, books and conference papers and
has international experience of more than 30 countries. He is also a Fellow of the American Society of
Civil Engineers, a member of the editorial panel of an Institution of Civil Engineers journal, has served
on several scientific committees, and refereed several journals and research submissions for esteemed
journals.
t: +44 (0)1509 22 2890

e: M.Sohail@lboro.ac.uk

Abigail L. Bristow BSc (Econ), MA, PhD, FRSA, FIOA is a Professor of Transport Studies of the
School of Civil and Building Engineering. Abigail’s main research interests are the externalities
generated by transport systems particularly noise and carbon emissions. Research on carbon emission
reduction includes: studies exploring ways of achieving significant reductions in passenger transport
emissions by 2050 and freight transport emissions in London by 2050; transport in the hydrogen
economy; cost effective carbon mitigation and the potential role of personal carbon trading in
delivering emissions reductions.
t: +44 (0)1509 223781

e: a.l.bristow@lboro.ac.uk

What will I be required to do?
You will be required to participate in a one-on-one interview session or a focus group discussion.
Where will the interview session hold and when?
The interview session will hold at a venue of your choice at your convenience.
Where and when will focus group discussions hold?
Focus group discussions will hold at a convenient meeting room in Victoria Island or Lekki preferably
on a Saturday or Sunday subject to the availability of most participants.
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How long will it take?
Interview sessions will last between 1 and 1.5 hours while focus group discussions will last between
1.5 and 2 hours. You will be required to participate once in either of the two.
Is there anything I need to do before the sessions?
You are not required to do anything before the sessions.
What personal information will be required from me?
No personal information is required.
Are their any risks in participating?
Participation does not expose you to any personal risk.
Will my taking part in this study be kept confidential?
The sessions may be tape recorded to aid analysis but the analyses and subsequent report will be
anonymous. Any sensitive material shall be handed over to the appropriate department in the
University upon submission and acceptance of thesis. These will be stored in accordance with the Data
Protection act 1998 of the United Kingdom and disposed off in line with University regulations.
What will happen to the results of the study?
The data will be synthesized, analysed and presented in the form of a thesis and the copy right to the
data and the author will own thesis produced thereafter. The data and its interpretation may be used for
academic publications and presentations during and after the study.
What do I get for participating?
There shall be no personal gain for participating in this study. However, in line with our culture, light
refreshments will be provided after focus group discussions.
I have some more questions who should I contact?
Please see contact details of the primary researcher and the supervisors above.
What if I am not happy with how the research was conducted?
If for any reason you are dissatisfied with the conduct of the investigator or any part of the process,
please contact the supervisor or visit
http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm to register your displeasure.
Once I take part, can I change my mind?
Yes! After you have read this information and asked any questions you may have we will ask you to
complete an Informed Consent Form, however if at any time, before, during or after the sessions you
wish to withdraw from the study please just contact the main investigator. You can withdraw at any
time, for any reason and you will not be asked to explain your reasons for withdrawing.
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Exploration of CNG as transportation energy source in Nigeria
INFORMED CONSENT FORM
(to be completed after Participant Information Sheet has been read)

The purpose and details of this study have been explained to me. I understand that this study
is designed to further scientific knowledge and that the Loughborough University Ethical
Advisory Committee has approved all procedures.
I have read and understood the information sheet and this consent form.
I have had an opportunity to ask questions about my participation.
I understand that I am under no obligation to take part in the study.
I understand that I have the right to withdraw from this study at any stage for any reason, and
that I will not be required to explain my reasons for withdrawing.
I understand that all the information I provide will be treated in strict confidence and will be
kept anonymous and confidential to the researchers unless (under the statutory obligations of
the agencies which the researchers are working with), it is judged that confidentiality will
have to be breached for the safety of the participant or others.
I agree to participate in this study.
Your name___________________________________________________
Your signature________________________________________________
Signature of investigator_________________________________________
Date________________________________________________________
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Appendix 4ib: Descriptive profile of the twenty-six interview participants
Participants status
1. Senior Subsea Engineer in an oil and gas exploration and production company
2. Senior engineer in an oil and gas exploration and production company
3. Senior executive in marketing department in an oil marketing company
4. Senior executive in a strategy and business development function in an oil marketing company
5. Senior management staff in gas marketing and sales department in an oil marketing company
6. Senior executive in LPG exports section in an oil marketing company
7. Senior marketing executive in an oil marketing company
8. Senior executive in the marketing department of an oil marketing company
9. Business development manager of a gas distribution company
10. Chief executive officer of a company involved in CNG refuelling infrastructure development
11. A top management technical staff of a gas company
12. Head of logistics department in a manufacturing company
13. Production manager of a manufacturing company
14. Chief executive officer of a company involved in the sales of vehicles
15. Head of sales department of a notable company involved in the sales of vehicles
16. A professor of civil engineering in a national university
17. A distinguished oil and gas lawyer
18. Director of professional development of a major professional body
19. Council members of two different trade unions (2)
20. Executive officer of an allied NGO
21. Principal officers in three different government ministries/departments/agencies (3)
22. Executives of two different road transport companies (2)

Appendix 4ii: Ethics Approvals (Human Participants)

Appendix 6i: Sample interview transcript
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(Complete Interview scripts are available with the author)
Interviewer:

I

Interviewee:

OEP01

Date of Interview:

9th September 2013.

Duration:

56minutes 24seconds

File Name:

Voice 002.3ga

I:

OEP01:

I:
OEP01:
I:
OEP01:

I:
OEP01:
I:
OEP01:
I:

Thanks for accepting to participate in the survey. As I said earlier, it is for my doctoral
research at Loughborough University. The topic of my research is exploration of CNG, as you
would have seen in the request that was sent to you. And also in some of the background work
that I have done, I realized that the country has made some effort historically to: (1) reduce
gas flaring; (2) increase gas utilization projects using pipeline projects; and also (3) utilization
of gas in transportation which is the focus of my research.
Based on available statistics the number of compressed in Nigeria is 145 despite 20 years of
attempts at getting Nigeria to utilize gas. The objective of the research is to find out how
Nigeria can achieve this objective. The first question I would like to ask you is: what are your
thoughts on how Nigeria can move forward to achieve success in implementation of CNG for
road transportation?
I think before we talk about CNG for road transportation, like you already mentioned, Nigeria
as a country we have been trying to push natural gas usage. They tried to stop gas flaring and
increase utilization. In increasing utilization, there is a very big gap when it comes to funding
for CAPEX projects of this nature. A natural gas pipeline is not something you fund and
within 2 years, you think you would get your money back. Most times when you even finance
a natural gas pipeline you are talking 7, 10 maybe even more years. Therefore, there is that
issue already of funding for pipelines and the only way to get natural gas across a greater
geographical region is by building transmission lines and distribution lines in the country. We
do not have that today. What we have today is just maybe 2 or so major pipelines. The key
one being the Escravos – Lagos Pipeline which is the only natural gas pipeline that brings gas
from the region where it is produced to the region where it is really utilized.
Do you mean industrial utilization?
Yes, not taking into consideration power plants…
Okay.
the big power plants and all but looking at where it is really utilized by industries for
processes and many times for power generation because we have an epileptic power system.
Therefore, you have just one power pipeline bringing it in. NNPC right now is working on
doubling that line. It is a 1bcf per day line. They are looking at doubling it and making it at
least 2bcf per day, but it’s just 1bcf per day coming to the entire southwest. What comes to the
southwest again, you have a tee-off line that goes to the West African Gas Pipeline. And, the
reason am giving this background is because when we talk about natural gas for
transportation, the first thing you have to think of is comparing natural gas to the existing
fuels, we are talking about petrol and diesel. If I drive out of here now, before I get to my
house, which is all the way on the mainland, you are going to hit at least maybe 4 petrol
stations because there is petrol everywhere. However, if you do not have a natural gas station
the most efficient way of doing it is to have your distribution pipelines that you now build
your stations around the distribution pipelines. We do not have those pipelines. We have it in
Lagos in a company called Gaslink we have over 100kms of pipelines in let me just say Lagos
Mainland and they connect about 130 industrial customers. A lot of them are on natural gas
right now. You just gave the number now as about 145…
Vehicles.
vehicles that are using it today.
Yes, please.
And all those vehicles are in Benin?
Yes.
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OEP01: In Benin, you do not have as much activity. The economy of Benin is nothing like the
economics of Lagos. Talking in terms of population, in terms of affluence and everything you
cannot compare Benin and Lagos. So if you have a program that is running in Benin, chances
are you are still just scratching on the surface. If you had a pilot program running in Lagos,
you probably get…
I:
But a pilot program ran in Lagos in 1997
OEP01: In 1997?
I:
Yes.
OEP01: By who?
I:
Government with 25 vehicles and I have not seen the report of that…
OEP01: But where was the station?
I:
Unfortunately I have not seen any report of that pilot.
OEP01: Okay, I would tell you, they may have converted vehicles but there is no CNG refuelling
station now in Lagos. The numbers have increased from the 145 because now we have trucks.
For example, 7up have tried to retrofit many of their trucks to actually take CNG
now and Dangote is doing the same thing. They’re retrofitting their own trucks although
Dangote is more in the, I think, Kogi axis.
I:
ok
OEP01: But in Lagos, they are all looking at moving to CNG. 7up is supplied natural gas by Gaslink.
Therefore, they have it for their processes and for power and all they have done now is just to
build a small CNG, not even a station, they just have a CNG dispenser for their trucks and
their forklifts and all. So now they have moved to CNG for that. Therefore, the number would
probably start to increase. More people are seeing the benefit of it. However, as it stands today
there is no public CNG-refuelling station in Lagos State. The first one is actually going to be
started, I think, by next week by Oando and would actually…
I:
Is that the mother station?
OEP01: the mother station actually has a refuelling station in the front.
I:
Okay.
OEP01: So that is going to be the first public refuelling station, but the focus of that mother station are
actually the trucks, to fill the trucks to export the natural gas as opposed to refuelling. We
have a much larger plan that we are working on to also do the refuelling across Lagos State.
Like I said any serious pilot that you want to have an impact has to be run in Lagos. Because
this is where you have God knows how many people, and God knows how many cars and the
affluence is there, the money is there, the people are there that can actually do this conversion
and all. Another reason why we have not really hit hard is also the price of petrol. Everywhere
else in the world, petrol is a lot more expensive than natural gas and so it makes it attractive to
have a natural gas vehicle. But in Nigeria up until, when was it? a year or 2 years ago that they
just moved the price to N97 per…
I:
litre.
OEP01: Before that, it was sixty something naira which was about almost what you would sell natural
gas for…
I:
Yes.
OEP01: at the retail level. Therefore, that economics did not play in at all. Now its N97 it plays in a bit
more, but now you have to worry about things like oh! I have to convert my vehicle, blahblah- blah. There’re a lot of things that people would still think about, but I guarantee you that
if they totally deregulate petrol the price is going to shoot up above N120. Now you are
looking at CNG price that is going to be at least 50 per cent of your petrol prices. People
start… In the moment the price even moved to N97 there were some fleet operators that
started looking for an alternative. Say hey! What can we do to maintain our low price that we
charge people? What can we do to actually reduce our expenses? And the first thing they all
came to was ah! this petrol…
I:
Alternatives.
OEP01: What are the alternatives and CNG was the first alternative. But the availability of CNG
would still create a problem because if I have a fleet operator on the Island, there is no
pipeline on the Island, so there can be no online station on the Island
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I:
Island.
OEP01: But there can be a station that is serviced by truck. Why? Truck might gas in, store it here, and
then start to sell, but that just increases the price again of the natural gas. So, it starts to
become, not unattractive, but not as attractive as you would want it to be if you want to enter a
market fresh.
I:
So what would you say are the critical success factors for penetration?
OEP01: 1) is the price of petrol or let me just say the price of the alternatives. The more expensive the
alternatives become and natural gas maintaining its economical status of being cheaper, that
makes it more attractive.
2) is increasing investment in natural gas pipelines. Proliferation today of natural gas pipeline
is not at all it. Like I said on the island there is no pipeline at all. On the mainland, you have
many places where there are pipelines but those are the industrialized areas for the most part.
Then, places like Ikorodu and Otta also have pipelines for the industries that are there as well,
but on the Island, there is none. Therefore, if you are looking at now building a CNG station –
the person building it is now going to be worried about…
I:
How they fill.
OEP01: who is going to come and fill? Then you have one CNG station like RIO has now in Isolo,
how many people do I expect to go all the way to Isolo to go and fill? The only people that I
can maybe attract would be people that live in Isolo or maybe people that live further down
the line in Amuwo or Festac and work on the Island. Hoping that, okay, on their way home
everyday maybe they would stop by to refuel or something in that nature. But would they be
ready to do it knowing that they may not always come to the Island?
I:
A number of countries have developed their gas pipelines as public sector led, private sector
led, or private sector participation in public sector initiative…
OEP01: Uh-huh.
I:
So what kind of system do we have ongoing in Nigeria for infrastructural development? Is it
led by government, and, or is it led by private sector? I know that West African Gas Pipeline,
the Trans-Saharan Pipeline…all those are like private sector initiatives of government.
OEP01: Yes.
I:
but in terms of distribution network within, what do we have and what do we see?
OEP01: Right now in Nigeria, most of the pipelines are owned by the Nigerian Gas Company which is
an NNPC subsidiary which ultimately is government. It’s private sector led in the sense that
there is a PPP. For example, the people that have franchises for the Natural Gas Company to
build pipelines in certain areas. You would actually invest the money, build the pipeline and
then have a recovery mechanism for making your money back over the years but ownership of
that pipeline reverts back to the NGC at the end of the day. So, that’s what we have today.
And I wouldn’t say the system is not working, it’s working but because of the… Right now in
Nigeria we use the postage stamp method for pricing of gas. So if I’m going to build a 100km
pipeline or I’m going to build a 2km pipeline, it’s the same kind of recovery mechanism that
I’m still going to have as a percentage of this fixed amount. So, it starts to look unattractive
and that’s why, for example, the pipelines that they are trying to double would now be
government led.
I:
Okay.
OEP01: Because that is a transmission line and that’s a whole lot of spend for very little customers in
the initial stage
I:
Yes.
OEP01: No private sector person is going to take on that kind of responsibility for small returns…
I:
Returns.
OEP01: initially hoping that in the future they would catch up. How do you pay your bank back for the
loan you are going to take?
I:
Do you think that there are systemic issues that are forestalling the penetration?
OEP01: Yes. If you look at countries where it has worked, where CNG has actually worked and it’s
actually the fuel of choice for at least public transportation, a lot of times you’ll find that
government policy has also driven it. Government policy in the sense that… for example, I
think in the US you get some kind of tax rebate for going green. You know, for using a
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I:
OEP01:
I:
OEP01:
I:
OEP01:
I:
OEP01:
I:
OEP01:
I:
OEP01:

I:
OEP01:
I:
OEP01:
I:
OEP01:
I:
OEP01:

I:
OEP01:

I:

cleaner fuel, you get some tax incentives for that. And so if you are buying a CNG vehicle for
example, there is something that government would give you for that. And at the same time,
government also wants to promote the manufacturers of these vehicles too, and so they also
get their own tax incentives for actually making green cars.
So, what government incentives do we have for moving towards gas in Nigeria?
In Nigeria today I’m not aware of any incentives apart from the fact that the price of natural
gas is regulated, and so it is always going to…
It’s regulated in favour of conventional fuel?
Yes. Always going to be cheaper that the other fuels out there…
But the price of petrol is also regulated in Nigeria, so what’s the benchmark?
Yes. So, the fact that they can control the two and they’ve said one would always be cheaper,
so that’s the only advantage that government…
So, is this documented?
Is what documented?
The policy on the regulation of gas. Because in most of the countries there were resolutions of
the parliament, to set these mechanisms in place.
Okay, I’ll have to check up on that. So I can’t really speak on whether or not it is documented
but the level of documentation that I’m aware of…
Or should I say codified
Yes. The level of documentation that I’m aware of was when the Minister, Ministry of
Petroleum first of all said that natural gas would sell at a percentage of LPFO and so it was
capped at a particular percentage to LPFO. But what happened was at a point in time the price
of LPFO started to increase, so natural gas was now increasing and that became a problem.
So, we went back again, more like the Manufacturers Association of Nigeria. They are the
ones that would take the plane, drive it. They would go back and complain about the price and
eventually, what now happened was they now set a benchmark for the price and said, okay,
for the year 2011 natural gas would sell at $5.66 for the year 2012 it would sell for this, for
year 2013 it would sell for this.
Okay, these are absolute figures?
Absolute figures are what we now had.
Irrespective of what happens in the markets.
And it was set in dollars.
Okay
So at the end of the day we can get to a stage where if the dollar goes to 300 too we are going
to go back to the drawing board again
So there is also the exchange risk inherent in that pricing?
Yes. So I have to go back to the drawing board again, not us, we are just agents of Nigerian
Gas Company. So, at the end of the day it’s the manufacturers who are affected by this price
changes that always go back and lobby and say, look, we have to find another means of
determining the price of natural gas soon. So government is not really doing that much in
terms of pushing natural gas
So are there incentives for consumers or commuters or fleet owners or managers who actually
change towards CNG?
Okay, everything I’ve said so far on CNG has been just general CNG which is more of
industrial. In terms of transportation, nothing at all is being done or said. You see, it now
comes back to us, the practitioners, in our corners to now start to push from one angle, and
then also the potential users who will probably be the fleet owners and all also trying to push
from one angle and we must now start to meet with the government at a point in time to
discuss.
Yes, but the Minister sometime about 2 or about a month and a half ago making a keynote
address in I think Warri or Benin where they were commissioning some infrastructure alluded
to the fact that Nigeria was going to go fully on gas for transportation. And being a
practitioner I want to believe you would be privy to some of the initiatives that probably
government is putting in place.
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OEP01: You know our Ministers and politicians sometimes speak what they want, what they dream
and what they would like to see but the blueprint for actually actualizing those things has not
yet really been thought through. So when you say we are going to go to gas for transportation,
the first question I would ask is: okay, where and how? You know, there’s still no pipelines
around the place. If you say the client, our country… There is nothing at all in the North.
Even in the South in Lagos, you can only put stations in certain areas.
I:
Is it possible to get the pipeline network for Nigeria? Is there a place where I could get that
map?
OEP01: The NGC has it. We have it in pockets.
I:
Okay.
OEP01: I don’t have one map of Nigeria that shows all the pipelines. But for example I have a map for
Lagos, that show me what’s in Lagos. I have a map that shows me the lines that comes in and
some of the lines that tee-off and go to the East. So we have pockets of…
I:
Because if you are looking at this and government is saying it’s a strategic move, and it’s been
a move since 1997. I would assume that there would be holistic plan as to, okay, this is how
we would build the pipelines.
OEP01: Okay. Let me put it in a different way, there is a Nigerian Gas Master Plan which speaks to
gas going to everywhere including the Trans-Saharan you talked about. Trans-Saharan is
meant to be teeing-off from the North and then going up, but there’s even no pipeline today
that goes to the North. But the government is now trying to tender for this pipelines to start to
get private concerns and to get a lot of PPP work going on to push these pipelines. The
pipeline that goes to the North which the Trans-Saharan would eventually have to tee-off from
is the line that would start from the Calabar area. Calabar through Ajaokuta is called the CAP
which is Calabar Ajaokuta Pipeline, and then there’s the AKK which is the Ajaokuta Kaduna
Kano Pipeline. So that entire stretch, you are talking about, it’s almost 500kms, about 460kms
for that entire pipeline…
I:
Is non-existent now?
OEP01: Is non-existent, but it’s a plan. There’s also another pipeline that’s going to go from Ogun
State, Shagamu area, going through Ibadan all the way and terminating in Jebba.
I:
Are there time frame to these plans within the Master Plan? Because with the time frame then
we can say this is the direction we are going.
OEP01: The first I heard about the Gas Master Plan was when Yar’Adua came into office. And this so
called Gas Master Plan, at least I’m not aware of it ever being documented or codified as you
put it. It was just a presentation that was made by the minister at the time saying look this is
what we want to do, this is what we’ve dreamed-up for Nigeria in terms of gas usage. And
that presentation, over the years, keeps on getting modified and you know redone and
represented in different ways but no real document.
I:
The Senate said there’s no such thing
OEP01: As a ni…?
I:
Yes.
OEP01: The Gas Master Plan?
I:
Gas Master Plan
OEP01: Yes. That’s the point I just made that it’s a presentation that was made that they called a Gas
Master Plan, but I’m not aware of it being more than a presentation deck that was made by the
minister, and then everybody else wants to talk about the Gas Master Plan, NNPC wants to
talk about it, they take the same…
I:
Template
OEP01: presentation and then they modify things again. So the Gas Master Plan has been a very fluid
document that has things like the CAP, AKK line, I talked about. It has the Escravos to Jebba
line that I talked about, it also mentions maybe the Trans-Saharan line and some other
strategic lines are in there. But in terms of saying okay this is this plan, this is when we want
to do it, this is the time, none of that. It’s just this is this, and we want to have one here, I want
to have one here and it’s left for private individual or investors to actually come up with the
plan.
I:
I read excerpts of the plan because I’ve not been able to lay my hands on any plan
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OEP01:
I:
OEP01:
I:

OEP01:

I:
OEP01:

I:

Yes
So I’ve been reading…
presentations
presentations and all of that, and one of the things I realized is that the plan in quote addresses
a lot of issues on potential uses for industry, particularly fertilizers and all of that. To my
mind, I wasn’t sure if it captured any use for transportation.
No. The reason is also because when you are building a major pipeline like that, you want to
make sure that there’s an off taker that at least you can recover your money for building that
pipeline. You wouldn’t get that from transportation, at least not yet. You would get it from
your cement companies, from your fertilizer companies, from your power plants because
those are the real heavy consumers of gas. Oando built a 128km pipeline and the foundation
customer was the cement company on the other side. We are looking for more customers but
the foundation customer was the cement company on the other side. If that cement company
didn’t exist we wouldn’t have built a 128km pipeline. That’s the truth. In fact, the 128km
pipeline was already dreamt-up and they couldn’t build it and then Oando stepped in to
actually construct it for them. So it’s a commercial arrangement.
So are you suggesting that low hanging fruits for this would be industry first and then
dispersal into…
Bulk users first. That is the only reason anybody would build a pipeline to a distant place. It’s
because there is a user at the other end or there are several users along the line. It is only on
the back of the industrial usage that we can now talk about setting up for transportation.
modes for transportation [uttered simultaneously with OEP01’s last 2 words].So that brings
up the question of is it therefore a question of capacity? Because if we don’t have industrial
capacity for off-taking the gas then that might be what has been limiting the process…
For transportation?
I mean you have said that transportation is like a by-product in the real sense…
Yes, okay because of that.

OEP01:
I:
OEP01:
I:
I:
We have seen countries like Iran where… Like in Brazil that they actually… Like in Pakistan,
they actually set out to say we have these issues with transportation and we are going to use
gas to resolve it, and they built their infrastructures. Yes, in some of those countries also the
infrastructures were in place.
OEP01: Exactly, that is it.
I:
So, the question I’m asking is if we are looking for a pathway for CNG adoption, you said you
stage it industry first. Of course maybe power and industry. Which order would you put those
2 first? And then secondly, the question is do we have sufficient industrial capacity to utilize
the gas or it’s just better we just think of export if we really don’t have depth in the local
market?
OEP01: It comes down to things such as… You talk about power plant, when I say industries I also
refer to power plant. Today you wouldn’t have any thermal power plant up North and that’s
because there’s no gas up North. But with what’s going on now if you take the electricity
market for example, with what they are doing with discos… If a disco all the way in Kano
wants to have its own power plant it can’t aff-… well unless it wants to rely on the
transmission grid to supply its own power or it wants to wait on the hydro dam or the hydro
plants to actually supply power. It may elect to have its own thermal plant and when you are
talking about a state like Kano or their disco saying I want to build a 500megawatts plant for
own consumption within the state or within the neighbourhood where it’s required. Then
easily anyone would be ready to build this AKK line to Kano for that power plant. But on the
back of that, that pipeline is going to pass through so many places and then we can have
places where we now build CNG…
I:
refuelling stations
OEP01: refuelling stations along the way. Because the CNG refuelling stations do not consume…A
station won’t consume that much. It’s like comparing a terminal or a depot to a fuel station.
I:
Yes.
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OEP01: And the fuel stations in Lagos are even doing very well. If you go to some other places you’ll
see fuel stations that it’s only every 30 minutes a car comes in to buy and that would be what
we would be facing when we talk about CNG
I:
Alright. Do we have any kind of work that shows us the potential volumes of gas that at least
maybe used over time, which could also help?
OEP01: Okay, we have done some studies before where we actually try to come up with some of those
kinds of numbers and what we just did was to take the petrol market for example…
I:
No, I am not even talking for transportation now
OEP01: Oh! For what?
I:
For industry. Because what you are saying is if the critical requirement is to satisfy, industry
and then we can make…
OEP01: Okay. I would take that in two different ways. 1) Is because many industries they use it for 2
main things: one is process one is power. If you have a functioning power system in the
country, a lot of the usage of natural gas for power generation within the industries would go
away. It would be strictly now, the IPPs or the big power plants that are actually generating
the power. OEP01:
So gas usage would still would still be almost equal.
I:
Yes.
OEP01: Efficiencies and all would come into play but would be almost equal. The other part now is
for processes. You have the industries that actually use it for what I would call the strategic
input or a raw material. Like the fertilizers, they use it as a raw material. They would consume
a lot of natural gas. On the other hand, like I said you have the cement companies and then
you have the ones that you can have your boilers in place. For example, breweries and all,
they all have boilers. Some of these boilers are fired by natural gas. However, you can
actually have a boiler that is electric whereby you are actually using power to fire your boiler.
Therefore, it is one of those things where it is hard for you to put a number to it.
I:
No, the reason why I am saying that is just… I want to be settled in my mind that the plan of
government for gas has been holistic and has captured potential uses into the future. Because
that is the only way, we can start talking seriously about how then do we implement it over
time.
OEP01: Okay. In talking about it being holistic there is always a question. This, I hate to bring you
back, but this chicken and egg situation. It is who follows whom? Does the gas follow the
industry or does the industry follow the gas? I have had companies that have called me before
………………(30:06) call you and say hey! I want to set up a fertilizer company, where is the
gas available for me to set up the company. While I have had people call me as well to say, I
am going to set up a fertilizer company in this place I want you to bring the gas there.
Therefore, government saying, oh, we are going to build this and build that is good for the
country because it spreads industrial clusters I would call it, and right now, many clusters are
in Lagos. Now spread it as far as to Jebba, as far as to Kaduna, to Kano where they already
have some industries but a lot of them are rundown. In addition, I do not know in Jos I think
there is NASCO.
I:
Biscuit.
OEP01: Because I was there a long time ago and when I saw the long stretch of road and everything
on this side was NASCO industry I was like God. You know but obviously, they are running
on maybe LPFO or diesel but this is a prime candidate for natural gas. But the truth is I do not
think NASCO is enough to actually bring a pipeline from the South-South, which would
probably, I don’t know, just guessing here, maybe 250-300kms just to service a NASCO.
NASCO is not a… I am sure they are not a heavy user because they probably just use if for
power generation not for processing. Maybe some power, some boilers and all but nothing
major like a cement company that uses it to fire its kiln and all those kinds of things or
fertilizer company that actually uses it as a raw material. So you see those kind of things and
you are thinking, okay, if government wants to take gas all the way up there, this may be an
opportunity for NASCO to come back because a lot of them go under because they can’t keep
up with the operational cost. The cost of diesel by the time you finish manufacturing your
NASCO cornflakes are more expensive than Kellogg’s that you are importing. Nobody is
going to buy your NASCO. You now start cutting corners more on your NASCO to try and
make it cheaper and the whole thing just becomes a vicious cycle. So, that is why I said for
me I cannot really say, oh, government has covered the entire basis. If you want to look at it
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again, as far as Sokoto, there’s the Cement Company of Northern Nigeria in Sokoto. Prime
candidate for natural gas as well but the distance from Sokoto to the South-South where the
gas exists is just ridiculous. So, nobody is going to take it there. But if you now take gas to
Kano, one day we take it to Jebba and Kano the next step one day would be, hey! Let us go to
Sokoto. But from where you are today, Kano is as far as the…
We have industrial hubs or clusters in the in the country which one would suppose were
planned out when they were laid out at that time. Are you suggesting that probably the
configurations of those clusters are not aligning to what we would call efficient use of natural
resources now?
Okay, let me see if I get your question.
What I am saying is this, if our industrial plans had said, for instance, we have Ikeja industrial,
Ogba industrial and all of that.
Yes.
And all of these things have looked at eventual utility which is logistic and transportation and
all of those things and they have been aligned for efficiency, then gas could just have follow
that route today.
Uh-huh.
So it seems it dates back to way before now in terms of…
In a sense the power situation was better then so the industrial hub of just industrial so it
wasn’t really about gas(33:47)
I know, but what I am trying to say is this, whether it is vertical or horizontal there is always
integration along industrial processes.
Yes.
And if those industrial hubs had been put in a way that we could say cocoa is from here this is
what they are doing and cocoa could be by-product or could be …

fed into this and we can move it further. How do you think that could have affected growth?
OEP01: It would have affected it in the sense that you would have more concentration of where to take
your pipeline to and things like that. It may have affected it. The advantage places like the US
and the UK all have are that natural gas is piped to all the homes.
I:
Yes.
OEP01: Because it is not just about industries, power, or anything, for them it is about heating. So they
have to take it to every home so the pipeline network over there is excellent. Over here, we
don’t use it for more than just what? Power generation, and in those days when we had
efficient electricity generation and all… I am sure the pipeline that even came to Escravos,
and don’t quote me on this, but the Elf pipeline that comes to Lagos, maybe it was just mainly
for Egbin…
I:
thermal station.
OEP01: Yes, maybe one or two other big stations then. But the advent of industries actually using it in
Lagos started with Gaslink and that was in 19- I think 1996 or so is when Gaslink got its first
customer and started… Yes was it ‘96 or ’98 or there about…
I:
1999
OEP01: Yes. So that was when we started business then, but since then we have built the network very
well within the greater Lagos area where we are. But until today, we cannot pipe it to the
home. And who are the users in the home? What do you want to use it for in the home? There
is LPG for your cooking so what else can you possibly need it for in the home? Therefore, that
is why it is not even needed. Therefore, it is only industrials that we pipe it to for the most
times and then power plants, we pipe gas to.
I:
Wow. Interesting. Now, without doubt, the role of stakeholders in any initiative is critical. To
your mind which are the most important stakeholder groups to take this forward for us?
OEP01: Unfortunately, it is government. Government… Well I say that it is government, because
really at the end of the day it is the government that can make it happen. The government
today controls the gas for the most part so they are the ones that can make it really happen.
There’re private companies that actually own gas fields, but if I have a gas field in Delta
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State… I keep saying the market is still in Lagos. So if am going to carry my gas from Delta
to Lagos, then my best bet is to tie into the Escravos-Lagos pipeline and send the gas there so
that’s government control. And then the pricing again. By the time I have my own gas field
and I am producing my gas, the question is do I want to sell it within, domestic? Which has a
fixed price or do I want to export it? LNG gives me better returns and I am selling better
volumes. I build just one pipeline to the LNG, train or whatever you want to call it and that is
it. I am selling bulk every time and for more. I get more margins on it as opposed to building
local pipelines that you now start looking for customers and start chasing people for money
and all that.
So do you think… private, gas field owners are actually discouraged from putting it into
domestic use?
Well the government also has the DSO, which is the Domestic Supply Obligation that
mandates at least all the majors that a percentage, at least 10 per cent, of their gas must be
used for domestic consumption and all. So that already tells you that it is better to export than
to keep it. However, to export again too is not like it is that easy, it is not like you just have
your gas field and say I am only exporting. No, you have to go through the whole government
………(38:32) and everything. Then to be able to export LNG is not that simple. You know
you have to find a customer usually on a very long-term basis not just one customer today,
you do not have one for a month. No, you find a customer on the long-term basis so that also
may affect a private owner of a field that wants to do LNG. Therefore, he may find it easier to
actually just put it for domestic use. Moreover, he would still make his money, but it is just
you can make more from exporting.
Do we have sufficient players in the market place?
Sufficient players? Credible players? No. Access to capital is still a big factor. And sitting
here in Oando I can see it that a lot of times when you are talking about, building pipelines
and all and funding it, not too many companies can afford it and not too many companies are
willing to engage in such a long term contract. Therefore, you will find that many people are
willing but by the time they see the economics and realize that ah! Where do I find 10-year
money? Or who is going to trust me for 8 years to be paying back? It starts to become a
problem. And if government was to… like what they are trying to do with the power
intervention start doing that again for gas as well. That can also help, where they start to
actually make cheaper funds available for people to build pipelines and all. That would help.
For power today, they have the intervention fund, which is I think its 7 per cent interest they
get. But if you want to build a gas pipeline today, you are still talking to the banks.
It is still commercial.
Talking in Naira dom. you are talking 21 per cent, say 18 per cent if you are lucky. Unless you
want to fund it in dollars which you want to carry the foreign exchange risk on yourself. You
just have to decide which one works for you. However, there are not enough companies in
Nigeria that can actually carry out such a high CAPEX or heavy CAPEX.
So, now we are talking in terms of distribution…
Even transmission
Okay, and transmission. However, the value chain for transportation is a whole lot more,
retrofitting, filling stations and all of that. Do we have people who is moving into some of
these markets?
Oh! Yes. Okay the value chain if you look at it, retrofitting is a small part of the business. A
small part in the sense that the capital is not really much. For me to setup a retrofitting shop is
not much and every time you come and retrofit your car, you will pay me cash and you walk
away so that is easy. But in terms of setting out the stations, a CNG station is likely to cost
more than a petrol station. You will not find… for the most part you will not find cheap CNG
stations like you would for petrol stations. Simply because if you are talking about a cheap
petrol stations that cost N50 million, it’s usually in the hinterland and there is maybe no
pipeline there anyway. So, by the time you want to start looking for people that would actually
invest in a filling station for CNG knowing fully well that the market is not readily available
as well, you are looking for maybe fleet owners to come and patronize you. You must have a
core…
Active market
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OEP01: Yes, that you have focused on, that you know you can almost make your economics from just
this group if they patronize. That is why I said for refuelling stations you have to start with the
fleet owners. You are not going to just wake up tomorrow and build a refuelling station…
I:
So the one that is attached to the mother station in Isolo, for instance, what target market are
you looking at?
OEP01: For that one it was meant to be a pilot and it was almost what I would call a by-product. It cost
us how much more to build it. We are already building a mother station that is going to pay
for itself. Incremental cost was just to put dispenser’s and maybe a cascade for buffer storage.
That is all and then the little canopy you put up that is all. But the real business there is like
having a petrol depot and just putting up the…
I:
filling station
OEP01: dispenser for you to fill your car.
I:
Yes.
OEP01: That is all it does.
I:
Okay. In your own opinion do you see Nigeria using gas for transportation?
OEP01: Yes. I think we started hearing a lot more about it when the deregulation of diesel happened
and that’s why you find that today a lot of companies have switched from, [indistinct
utterances] a lot of companies are looking to switch from diesel to natural gas for their
generators. And like I mentioned earlier, if the same thing can happen to petrol and petrol
goes to N120, especially your taxes, they would be the first to jump on a cheaper alternative.
LPG is already an alternative that is being explored today. There are already cars that are
using LPG. In Ghana, I think almost all the taxes are on LPG more or less.
I:
More or less, Yes.
OEP01: So, in Nigeria, it would be the same thing but the price, the economics of it has to just make
sense.
I:
Yes, but Ghana at that time dint have petrol so there were no issues of subsidy and all of that,
so it was full commercial rate.
OEP01: Exactly
I:
So it was easy for them to come in at a lower rate with alternative.
OEP01: Exactly. So take out the subsidy on petrol and you would have people start looking for
alternatives. Right now the numbers are not glaring, they are not starring in the face that wow!
Look at how much I can save. You tell someone, oh, you can save N70, 000 a year if you
move to CNG, the guy is like what’s that? N5, 000 plus a month what are you talking about
[hisses]. I would continue with my petrol. But the moment you start telling somebody that you
can save N20, 000 a year or if you tell a taxi driver you can save N10, 000 a week if you are
using CNG, he would start to consider it. So that is why I keep saying the pricing of petrol just
has to be deregulated. I wouldn’t say go up but just has to be deregulated and market driven
which I know would mean an increase, because if we are still subsidizing at 97 then that
means we would definitely maybe hit 120-130. And there’s a school of taught that says well
diesel is even supposed to be cheaper than petrol so if diesel is selling at 160 maybe petrol
would have to come out at 170. Have not really looked too much into that market.
I:
Hmmm. Ok so just a few more questions. There has always been government asking oil
majors especially exploration and production companies to abate gas flaring, and we’ve seen
over the years there have been significant reduction. Where has these been going into?
Because if you say there are no pipelines, which I guess could have taken off those gas where
is it going into?
OEP01: Okay, not that there are no pipelines, I am just saying that the pipelines are concentrated.
Everything is in the south and then like I said you have just one pipeline going from Escravos,
the Delta area, coming to Lagos and then you have pipelines going to like Uyo, the like
Aluminium Smelting Company, going to Calabar, going to Aba. Shell has pipelines going to
Aba. So, there are a few pipelines around but I’m just saying it’s something that on a map I
can count the pipelines and tell you oh these 1, 2, 3, 4 are the pipelines that we have, at least
the main transmissions pipeline. And they are all concentrated in one little pocket like here
and then they just shoot one here or maybe one or 2 would shoot like this and that is it. But
nothing going up and all over the place. You should have a proper network. I should see
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pipelines all over the place. So the gas flaring and all… Yes, they have reduced gas flaring but
consumption of natural gas has also increased…
Okay
over the years. Because if you think of the number of companies… like I said Unisem have
come on stream, they are using quite a chunk, you have Dangote who has probably done about
2 pipelines to his own cement factories – Obajana and Ibeshe He built his own pipelines to
those places. That is more gas being utilized. Gas producers complain that NEPA or PHCN
does not pay for the gas it uses and that is one of the reasons why they never like supplying
gas to the thermal plants and all. If it’s all in private hands, I expect the consumption to
increase again as well.
So, do you see the privatization of PHCN having impact on gas consumption and utilization?
Oh Yes. Because a lot of the thermal plants that we have are not running anywhere close to
capacity, and they are not running close to capacity for 2 main reasons:
1) The equipment is dilapidated. It’s bad so it’s not even efficient and then
2) Is that, I think, the gas producers actually ration what they give to these power plants
because they said they do not pay.
is in private hands, private people are more likely to increase the capacity of the power plant
and they would pay for the natural gas they consume, so you would expect more. So, from
what I understand there’s even going to be a short fund of natural gas at that stage when that
happens, and so maybe the IOC’s and all would have to pump in a lot more gas and that starts
to question the entire LNG business where, I mean, you are selling LNG to places like the US
and the US have now found shale gas. Saying, are they still going to really require all this
LNG? In fact a lot of the LNG receiving terminals that they have in the US have started to
convert to storage facilities because they believe they are going to start producing more gas
and probably start exporting the gas as opposed to receiving LNG.
Interesting. Yes, are there any competitive or comparative advantages that we have as a nation
that the use of CNG may impact negatively on?
Impact negatively? Wow! I do not see any negative impact. If you talk in terms of
environment, it is cleaner.
Yes
If you talk in terms of natural resources we have oil, we have gas…
But if you look at our economy it is largely dependent on fossil fuel of which gas is part of it
but if natural gas is promoted globally and more acceptable as transportation energy source do
we see any threat to petroleum income?
I think natural gas gives you more opportunity to export more petrol, more of the crude and
everything. Really at the end of the day I don’t see…
Why do you think so?
Because the less we consume things like petrol and diesel because we are using natural gas,
the more… Right now, we export crude and then import refined product or we do a crude
swap most times. There would be no need for so much and then having a net position as small.
Your net position grows because you are not consuming as much petrol or you are not
consuming as much diesel…
Yes, but if we reduce our own consumption the other countries may also experience the same
if they also tend to go with natural gas so that swap again might not be required.
Yes, but then again today we are exporting gas, we are exporting petroleum products. These
people that are importing or receiving it, they would always want the cheaper alternative as
well. So the day they find it whether or not it is from Nigeria, if it were from the US – the
shale gas they start to take – they would switch.
Okay. So invariably, it is in our own best interest…
Yes, to develop your own country and became industrialized. And the reason why we are not
industrialized today I believe is because of power. So, I think at the point when you start to
treat your own properly and build better power plants and our industries would come back. I
mean if you think about back in those days we used to make everything here and the quality
was also decent. I know growing up in school, I used to wear bata and I would buy bata and I
would not feel anyhow. As in, I would actually go to this bata store to buy my school sandals
there. But now you cannot find anywhere where any child is excited to go and buy Nigerian
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made shoe. It is not possible. And all these things are because of what? It was power that
killed it. The textile industry today is dead. What killed it? Power, was one of the main things
that killed the textile industry. And like I said, at the point where you are using diesel to
produce eventually you are going to be more expensive than those that are importing.
I:
Uh-huh
OEP01: And you cannot compare in terms of quality so that’s going to be your own undoing. And
many companies have folded up for that one reason.
I:
Interesting. Well I must thank you so much but just in case I have not captured some of your
thoughts, are there things you would like to share with me that could help in finding the
answer to the question. Because the question I am trying to ask is, can Nigeria adopt CNG for
transportation? And if so, how can we go about it? And what reasonable timeline do we have?
OEP01: On that one there is not a whole lot I can add other than what I have already said, but I think
the main driver is still going to be government policy. Because everywhere in the world where
CNG has proved to be a viable alternative has been through some direct or indirect
government participation. Indirect is preferred because it’s longer lasting if it is indirect as
opposed to direct where they come in and say, okay, this is the price, this is how you must do
it. Just allow the market to run but regulate it and give some incentives for people that want to
switch. I think that is probably the best way that the transportation market can grow. But that
aside many companies are still going to go ahead without it. Like I told you companies like
7up are already doing it in their own small way. Dangote is already doing it without
government policy because he sees the value so he is going ahead to do it. And I think a lot of
people would follow suite and start to go ahead to do it without government policy but
government policy is what would really help it to be wider spread and, to gain better traction.
Because the same way Dangote is doing it and everybody is doing it, if tomorrow government
comes back and says they want to start regulating diesel again and they drop the price again,
Dangote would start to now think, okay, what is the point? Let me just go back to diesel. So,
government has to make a conscious decision or a conscious effort to promoting natural gas,
which everybody says is greener, cleaner. Why not?
I:
All right, thanks so much for your time. I am grateful.
OEP01: No problem, Sir.
I:
Yes.

Appendix 7i
Template of invitation letter to participate in the Delphi survey

226

Date
The Managing Director/Chief Executive Officer
Organization Name
Address 1
Address 2
Dear Sir,
INVITATION TO PARTICIPATE IN A DELPHI SURVEY ON THE EXPLORATION OF
CNG AS TRANSPORTATION ENERGY SOURCE IN NIGERIA
Your organization has been identified as a key stakeholder in the transportation and transportation
energy sectors and we wish to invite you to participate in a Delphi Survey, which is a follow-up to a
field study that involved the use of semi-structured interviews. This study is a part of a doctoral student
research project at Loughborough University.
Purpose of the study
The purpose of this survey is to validate and prioritize the views of the interview participants, explore
the possibility of consensus building on both the barriers and possible resolutions and forecast the
impact of potential policy interventions and the future of natural gas as an automotive fuel in Nigeria
respectively.
About the Delphi Survey
A Delphi Survey is an iterative survey involving a group of respondents who are knowledgeable and
informed about the area of study. The survey is conducted anonymously in a number of rounds,
typically three to four, and feedback of the first and following rounds is presented to all respondents to
aid their assessments in subsequent rounds. The survey is concluded when there is convergence of
opinion based on pre-defined criteria.
Our Request
Kindly nominate a member of your senior management who is knowledgeable and informed about the
issues concerning the use of compressed natural gas (CNG) as an automotive fuel to:
a. Complete the attached questionnaire and return to the address stated in the enclosed envelope
or
b. Send a request for electronic copy of the questionnaire to o.ogunlowo@lboro.ac.uk or
c. Complete online at https://www.surveymonkey.com/s/98NY76N by March 25, 2015.
For more detailed information on the survey, please find attached the Participant Information.
We will be grateful if your organization accepts our invitation.
Thank You.
Olufemi Ogunlowo
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Exploration of Compressed Natural Gas as transportation energy source in Nigeria
Delphi Survey
Round 1
Thank you for agreeing to participate in this Delphi survey.
Kindly answer all questions irrespective of whether or not you consider yourself to have expertise in certain areas.
You will have the opportunity to revise your answers in subsequent rounds of the survey.
The findings from round one will be collated and summarized once all the entries are received. The responses will
be used to formulate a second round of questions.
Kindly return completed questionnaire before March 15, 2015 to:
Olufemi Ogunlowo
Strategic Outsourcing Limited
P.O. Box 74708
Victoria Island
Lagos
Part 1: Summary of findings from Interviews
Following the analysis of the interviews conducted among selected stakeholders in the transportation and energy
sectors, a number of potential barriers to the adoption of CNG and possible resolutions were identified either as
directly expressed by the participants or inferred from their views. The categorization of the identified barriers and
proposed policy interventions presented is that of the researcher and it is based on the predominant themes through
which the views expressed by the participants can be meaningfully organized, interpreted and presented.
Identified barriers
A. Insufficient focus and misplaced priority of the policy on natural gas

Focus of government policy and legislation on abatement initiatives rather than gas gathering and
utilization over a long period of time spanning 1969 to 2008

Absence of clear policy and regulation on automotive use of natural gas in both the National Domestic
Gas Supply Policy and the National Domestic Gas Supply and Pricing Regulation

Focus on the development of international gas export market for Liquefied Natural Gas (LNG) and
regional gas market for Piped Natural Gas (PNG)

Absence of specific regulation and standards for NGV
B. Unconducive energy market structure

Inconsistent petroleum products pricing framework that favours gasoline over other products (pump
price of gasoline is regulated and subsidized; the price of diesel is deregulated; and the price of NG is
benchmarked to an absolute figure which is denominated in US dollars.)

Regulatory uncertainty caused by the non-passage of the Petroleum Industry Bill (PIB)

Absence of market coordination with respect to automotive use of natural gas

Poor and limited gas transmission and distribution infrastructure

Obsolete standards and operational guidelines in the downstream sector

Arbitrariness in policy enforcement.

Low technological and industrial base for energy consumption in the country compounded by the total or
near collapse of the few government-owned corporations with dedicated supply pipelines

Non-separation of regulatory and operating functions of NNPC

The poor credibility of the erstwhile major bulk buyer, the government-owned Power Holding
Corporation of Nigeria (PHCN)

Lack of commitment by operators
C. Limited Access to funding

Poor access to long term funding due to inadequate local financing capabilities and sovereign and
exchange risks with associated with offshore borrowing

The slow response of NNPC to cash calls with respect to joint venture operations with the international
oil companies
D. Safety concerns

General inexperience of the population with gas handling

The safety of the converted vehicles due to the age and dilapidated state of existing vehicle fleet and the
dependence on imported previously used vehicles
E. Insecurity of assets and personnel

Militancy, which results in business disruption, wilful business sabotage, hostage taking and kidnapping,
and sometimes death of personnel

Pipeline vandalism, which results in pipeline breaks that interrupt the flow of petroleum products and
result in severe environmental and ecological damage.

Outright stealing of petroleum products from the pipeline
F. Technical and physical limitations

The difficult physical terrain of the Niger Delta and the limited number of appropriate reservoirs
conducive for gas storage due to low v gas-oil-ratio

The incompatibility of the loading and delivery facilities at the sea ports to handle large vessels
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G. Weak transportation market structure

Higher cost of vehicle due to higher import duties and inefficiencies and corruption in the ports
compounded by the higher cost of NGV relative to conventional vehicles.

Lack of comprehensive transport policy leading to uncertainty in the policy environment on
transportation

Absence of organized mass-transit companies and large fleet owners and managers with capacity to
invest in central and private re-fuelling infrastructure

Absence of vehicle emissions standards and the focus of vehicle importation policy on the fiscal regime
and age of vehicle.

Absence of any regulation or guidelines on retrofitting standards

Weak institutions for vehicle standard enforcement: VIO, Police and Customs lack the mechanism to
enforce the strict standards required for .

Limited number of OEM authorized and certified mechanics and the preponderance of unschooled and
uncertified mechanics that typically cut corners
H. Low level of public education and awareness

Absence of public awareness programme to promote the automotive use of natural gas.
Identified potential resolutions and possible policy interventions
A. Energy market reform

Comprehensive pricing reform for fuels

Establishment of an independent agency to promote and coordinate the initiatives on the adoption of
CNG as automotive fuel

Passage of the PIB

Expansion of alternative fuels spectrum

Separation of the operational and regulatory role of NNPC
B. Development of a comprehensive transportation policy

Vehicle emissions standards

Comprehensive safety assurance plan including vehicle safety standards

Incentives for CNG-refuelling station equipment, retrofitting kits and NGV

Incentive for organized mass-transit companies
C. Public awareness creation

Promotion of CNG as an automotive fuel through coordinated public information campaign

Compulsory inclusion of alternative fuel vehicles in government fleet

Strategic siting of model CNG-refuelling stations by NNPC under the Mega Station initiative

Involvement of senior government officials in the promotion of natural gas
Part 2: Participants views
In the questions that follow, you will be asked to rate barriers to the adoption of CNG as automotive fuel based on
your perception on how severely you believe they have limited the progress of the development of the NGV
market in Nigeria and to rank the barriers and the proposed policy interventions by identifying the top three in
each category.
Question 1: To which sector, from the list below does your organization (employer) belong?
Please tick
Oil Exploration and Production
Downstream Petroleum Marketing
Gas Transmission and distribution
Government Ministries, Departments and Agencies
Road Transportation Service Providers
Fleet Managers
Vehicle Retailers
Non Governmental Organizations (NGOs)
Trade Unions
Professional bodies
Academia
Question 2: Please rate the barriers classified under each headings based on your perception of how the barrier has
hindered the adoption of CNG as an automotive fuel in Nigeria.
Not at all
Mildly
Moderately
Very
Severely
Insufficient focus and misplaced priority of
policy on natural gas
1. Focus of government policy and
legislation on abatement initiatives
2. Absence of clear policy and regulation on
automotive use of natural gas
3. Focus on the development of international
and regional gas export markets
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4.

Absence of specific regulation and
standards for NGV

Unconducive energy market structure
1. Inconsistent petroleum products pricing
framework that favours gasoline over
other products
2. Regulatory uncertainty caused by the
non-passage of the PIB
3. Absence of market coordination with
respect to automotive use of natural gas
4. Poor and limited gas transmission and
distribution infrastructure
5. Obsolete standards and operational
guidelines
6. Arbitrariness in policy enforcement
7. Low technological and industrial base for
energy consumption
8. Non-separation of regulatory and
operating functions of NNPC
9. The poor credibility of the erstwhile
major bulk buyer (PHCN)
10. Lack of commitment by operators
Limited Access to funding
1. Poor access to long term funding
2. The slow response of NNPC to cash calls
Safety concerns
1. General inexperience of the population
with gas handling
2. Safety of the converted vehicles
Insecurity of assets and personnel
1. Militancy
2. Pipeline vandalism.
3. Outright stealing of petroleum products
from the pipeline
Technical and physical limitations
1. The difficult physical terrain of the Niger
Delta
2. The incompatibility of the loading and
delivery facilities at the sea ports
Weak transportation market structure
1. Higher cost of vehicles (cost
considerations)
2. Lack of comprehensive transport policy
3. Absence of organized mass-transit
companies and large fleet owners
4. Absence of vehicle emissions standards
5. Absence of any regulation or guidelines
on retrofitting standards
6. Weak institutions for vehicle standard
enforcement
7. Limited number of OEM authorized and
certified mechanics
Low level of public education and
awareness
Lack of public awareness programme
Question 3: Please list in the space below any barrier that is missing from the list provided
Question 4: Which three of the barriers (including your suggestions in Q3) have hindered the adoption of CNG as
an automotive fuel the most?
Rank
Barrier
1st (Most hindered adoption)
2nd
3rd
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Question 5: Have any of the identified barriers influenced decision making in your organization with regards to
the automotive use of natural gas?
Yes
No
Question 6:
If you answered yes in Question 5, please identify which ones by marking X in the space provided
Mark
Insufficient focus and misplaced priority of the policy on natural gas
1.
2.
3.
4.

Focus of government policy and legislation on abatement initiatives
Absence of clear policy and regulation on automotive use of natural gas
Focus on the development of international and regional gas export markets
Absence of specific regulation and standards for NGV

Unconducive energy market structure
1. Inconsistent petroleum products pricing framework that favours gasoline
2. Regulatory uncertainty caused by the non-passage of the PIB
3. Absence of market coordination with respect to automotive use of natural gas
4. Poor and limited gas transmission and distribution infrastructure
5. Obsolete standards and operational guidelines
6. Arbitrariness in policy enforcement
7. Low technological and industrial base for energy consumption
8. Non-separation of regulatory and operating functions of NNPC
9. The poor credibility of the erstwhile major bulk buyer (PHCN)
10. Lack of commitment by operators
Limited Access to funding
3. Poor access to long term funding
4. The slow response of NNPC to cash calls
3. General inexperience of the population with gas handling
4. Safety of the converted vehicles
Insecurity of assets and personnel
4. Militancy
5. Pipeline vandalism.
6. Outright stealing of petroleum products from the pipeline
Technical and physical limitations
3. The difficult physical terrain of the Niger Delta
4. The incompatibility of the loading and delivery facilities at the sea ports
Weak transportation market structure
8. Higher cost of vehicles (cost considerations)
9. Lack of comprehensive transport policy
10. Absence of organized mass-transit companies and large fleet owners
11. Absence of vehicle emissions standards
12. Absence of any regulation or guidelines on retrofitting standards
13. Weak institutions for vehicle standard enforcement
14. Limited number of OEM authorized and certified mechanics
Low level of public education and awareness
Lack of public awareness programme
Question 7: Kindly indicate your level of support for the potential interventions identified by interview
participants.
Strongly
Disagree
Indifferent
Agree
Strongly
Identified potential resolutions and
disagree
agree
possible policy interventions
1. Duty-free import on CNGrefuelling station components
and conversion kits
2. 50-75% subsidy on LPG
conversion kits
3. Rebates on land use charge and
tenement rate on land used for
CNG station
4. Expansion of alternative fuels
to include LPG
5. Develop comprehensive
transport policy
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6.

Removal of the pump price
subsidy on petrol and kerosene

7.

Market based pricing for
domestic supply of natural gas
Extension of existing fuel
subsidy to natural gas until it is
removed on gasoline
Identify the high impact low
contentious provisions of PIB
for passage
Passage of PIB ‘as-is’
Establishment of an agency to
coordinate and promote the
adoption of CNG as an
automotive fuel
Extension of gas transmission
lines to all geo-political zones
Separation of the operational
and regulatory role of NNPC
Establishment of government
intervention fund for the
development of pipelines and
refuelling infrastructure
Comprehensive safety
assurance plan including
vehicle safety standards
Incentive programmes for auto
mechanics on retrofitting
training
Inclusion of retrofitting in the
curriculum of the Federal
Technical Colleges
Remodelling and upgrading of
loading arms at the sea ports
Develop a holistic
transportation policy with input
from all relevant stakeholders.
Incentives for CNG-refuelling
station equipment, retrofitting
kits and NGV
Incentive for organized masstransit companies to deploy
NGV
Develop vehicle emissions
standards and procedure for
inspecting imported natural gas
vehicle
Coordinated public information
campaign
Compulsory inclusion of NGV
government fleet
Strategic siting of model CNGrefuelling stations by NNPC
under the Mega Station
initiative
Involvement of senior
government officials in the
promotion of natural gas.

8.
9.
10.
11.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.

26.

Question 8: Is there anything missing from the list of interventions? (Please type your response in the space
provided below)
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Question 9: Which five out of the interventions listed and your suggestions (if any) in Q8 do you consider most
important?
Rank
Policy recommendation
Reason
1st Most important
2nd
3rd
4th
5th Most important
Question 10: Which three, out of the interventions you listed in Question 9, do you consider most urgent?
Rank
Policy recommendation
Reason
1st Most urgent
2nd
3rd Most urgent
Thank you.
Now, kindly send the completed questionnaire to the return address.
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Appendix 7ii
Template of the invitation letters to subsequent rounds of Delphi survey

Date
The Managing Director/Chief Executive Officer
Organization Name
Address 1
Address 2

Dear Sir,
INVITATION TO PARTICIPATE IN SECOND ROUND DELPHI SURVEY ON THE
EXPLORATION OF CNG AS TRANSPORTATION ENERGY SOURCE IN NIGERIA
Thank you for completing the First-Round Delphi Questionnaire for the research on the exploration of
CNG as automotive fuel in Nigeria. We really appreciate both the valuable time you have given us and
the insights you have shared with us.
As mentioned in the initial invitation letter, a Delphi Survey is an iterative survey conducted in a
number of rounds, typically 3 to 4, and feedbacks from the first and following rounds are presented to
aid assessments in subsequent rounds.
Please find the results of Round 1 on pages 2-9 and the questionnaire for this round on pages 10-12.
The results are presented in absolute terms and they represent the count of respondents who expressed
the views against which the numbers are stated. The order of the presentation is the same as in Round 1
and do not represent any rating or ranking of results.
The inclination of participants’ views towards each other on a number of issues in Round 1 enabled the
termination of further enquiries on them. Consequently, Round 2 aims to explore the possibility of
consensus on these areas. Thus the questions have been revised with this in mind. You may refer to the
results, as you deem necessary to help you complete this round. However, reviewing this information is
not required to complete the questionnaire.
I will be most grateful if you can return the completed questionnaire through any of the following
methods on or before August 20, 2015:
1.

Complete the hard copy and return using the enclosed return envelope or

2.

Request for electronic copy, complete and return by email to o.ogunlowo@lboro.ac.uk

3.

Complete online at https://www.surveymonkey.com/s/98NY76N.

The third questionnaire and the summary of responses will be provided within 4 weeks of the due date
stated above.
Thank You.

Olufemi Ogunlowo
Exploration of Compressed Natural Gas as transportation energy source in Nigeria
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Delphi Survey
Summary of the statistical group responses to Round 1
RESULTS ARE PRESENTED IN SAME NUMERICAL ORDER AS THEY APPEARED IN THE
SURVEY AND DO NOT REPRESENT RATING OR RANKING IN ANY FORM.
Question 1: To which sector, from the list below does your organization (employer) belong?
Statistical group response: 36 respondents as shown below.

Table 1: Respondents: broadly representative of the sectors involved in the use of CNG as
automotive fuel
Sector
Upstream
Downstream petroleum
Downstream gas
Midstream gas
Fleet Managers
Vehicle retailers
Road transport companies
Government Agency
Trade
Professional association
Academia
NGO
Total

Number of Respondents
6
8
2
1
3
2
3
3
2
2
3
1
36

Question 2: Please rate the barriers classified under each headings based on your perception of how the barrier has
hindered the adoption of compressed natural gas as an automotive fuel in Nigeria.
Statistical group response: Respondents’ views inclined towards each other on 22 of the 31 identified barriers as
shown below. Bold font style is used where there is no convergence for ease of reference.

Table 2: Barriers: number of respondents in each category

Insufficient focus and misplaced priority of
policy on natural gas
1. Focus of government policy and legislation
on abatement initiatives
2. Absence of clear policy and regulation on
automotive use of natural gas
3. Focus on the development of international
and regional gas export markets
4. Absence of specific regulation and standards
for NGV
Unconducive energy market structure
1. Inconsistent petroleum products pricing
framework that favours gasoline over other
products
2. Regulatory uncertainty caused by the nonpassage of the PIB
3. Absence of market coordination with respect
to automotive use of natural gas
4. Poor and limited gas transmission and
distribution infrastructure
5. Obsolete standards and operational
guidelines
6. Arbitrariness in policy enforcement
7. Low technological and industrial base for
energy consumption
8. Non-separation of regulatory and operating
functions of NNPC

Not at
all

Mildly

Moderately

Very

-

-

1

7

28

-

-

-

6

30

-

8

1

13

18

-

1

5

8

22

-

-

-

13

23

3

9

7

16

1

-

-

-

13

23

-

-

-

7

29

-

-

11
5

18
19

7
12

-

-

3

10

23

10

8

8

6

4

Severely
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The poor credibility of the erstwhile major
bulk buyer (PHCN)
10. Lack of commitment by operators
Limited Access to funding
1. Poor access to long term funding
2. The slow response of NNPC to cash calls
Safety concerns
1. General inexperience of the population with
gas handling
2. Safety of the converted vehicles
Insecurity of assets and personnel
1. Militancy
2. Pipeline vandalism.
3. Outright stealing of petroleum products from
the pipeline
Technical and physical limitations
1. The difficult physical terrain of the Niger
Delta
2. The incompatibility of the loading and
delivery facilities at the sea ports
Weak transportation market structure
1. Higher cost of vehicles (cost considerations)
2. Lack of comprehensive transport policy
3. Absence of organized mass-transit companies
and large fleet owners
4. Absence of vehicle emissions standards
5. Absence of any regulation or guidelines on
retrofitting standards
6. Weak institutions for vehicle standard
enforcement
7. Limited number of OEM authorized and
certified mechanics
Low level of public education and awareness
Lack of public awareness programme
9.

2
-

7
-

15
-

2
1

10
35

4

15

11

11
6

25
-

-

-

-

2
2

34
34

8
8

1
1

2
2

5
5

19
19

12

7

3

3

10

-

-

8

12

16

25

1

5

-

5

-

-

7
10

5
6

24
20

-

-

6
19

8
8

22
9

8

1

9

3

15

11

7

8

3

7

8

1

5

2

20

-

-

-

-

36

Question 3: Please list in the space below any barrier that is missing from the list provided
Statistical group response: All the respondents left the space blank
Question 4: Which three of the barriers (including your suggestions in Q3) have hindered the adoption of CNG as
an automotive fuel the most?
Statistical group response: Table 3 shows the 9 barriers that were mentioned in the top three by any respondent.
Table 3: Respondents’ perspective of top three barriers
Most
2nd most
3rd most
Total
Identified Barriers
impactful
Impactful
impactful
mentions
Focus of government policy and
2
2
legislation on abatement initiatives
Inconsistent petroleum products pricing
8
4
5
17
framework that favours gasoline over
Absence of market coordination with
14
4
3
21
respect to automotive use of NG
Poor and limited gas transmission and
4
2
6
distribution infrastructure
Low technological and industrial base for
6
30
energy consumption
General inexperience of the population
24
3
3
with gas handling
Higher cost of vehicles
4
4
Absence of vehicle emissions standards
2
2
Lack of public awareness programme
6
17
23
Total count
36
36
36
108
Question 5: Have any of the identified barriers influenced decision making in your organization with regards to
the automotive use of natural gas?
Statistical group response: 23 of 36 respondents answered Yes
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Question 6: If you answered yes in Question 5, please identify which ones by marking X in the space provided
Statistical group response: 25 of the 31 barriers have influenced decisions as shown below.

Table 4: Respondents' perspectives of barriers that have influenced decision making in their
organization
Number of times
indicated

Barriers
Insufficient focus and misplaced priority of policy on natural gas
1. Focus of government policy and legislation on abatement initiatives
2. Absence of clear policy and regulation on automotive use of natural gas
3. Focus on the development of international and regional gas export markets
4. Absence of specific regulation and standards for NGV
Unconducive energy market structure
1. Inconsistent petroleum products pricing framework that favours gasoline over other
products
2. Regulatory uncertainty caused by the non-passage of the PIB
3. Absence of market coordination with respect to automotive use of natural gas
4. Poor and limited gas transmission and distribution infrastructure
5. Obsolete standards and operational guidelines
6. Arbitrariness in policy enforcement
7. Low technological and industrial base for energy consumption
8. Non-separation of regulatory and operating functions of NNPC
9. The poor credibility of the erstwhile major bulk buyer (PHCN)
10. Lack of commitment by operators
Limited Access to funding
7. Poor access to long term funding
8. The slow response of NNPC to cash calls
Safety concerns
1. General inexperience of the population with gas handling
2. Safety of the converted vehicles
Insecurity of assets and personnel
1. Militancy
2. Pipeline vandalism.
3. Outright stealing of petroleum products from the pipeline
Technical and physical limitations
1. The difficult physical terrain of the Niger Delta
2. The incompatibility of the loading and delivery facilities at the sea ports
Weak transportation market structure
1. Higher cost of vehicles (cost considerations)
2. Lack of comprehensive transport policy
3. Absence of organized mass-transit companies and large fleet owners
4. Absence of vehicle emissions standards
5. Absence of any regulation or guidelines on retrofitting standards
6. Weak institutions for vehicle standard enforcement
7. Limited number of OEM authorized and certified mechanics
Low level of public education and awareness
Lack of public awareness programme

2
3
8
10
15
12
17
14
11
10
10
0
0
4
10
0
18
16
3
3
0
0
0
14
6
4
3
6
2
14
16

Question 7: Kindly indicate your level of support for the potential interventions identified by interview
participants

Statistical group response: There is convergence of opinion on 24 of the 26 policy
recommendations. No convergence on items 9 and 13.
Table 5: Convergence of opinion on 24 of the 26 policy recommendations
Identified potential resolutions and possible
Strongly
Disagree
policy interventions
disagree
1. Duty-free import on CNG-refuelling station
components and conversion kits
2. 50-75% subsidy on LPG conversion kits
3. Rebates on land use charge and tenement rate
on land used for CNG station

Indifferent

Agree

Strongly
agree

-

8

28

4

15

17

8

19

9
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4.

Expansion of alternative fuels to include LPG

-

-

8

11

17

5.
6.

Develop comprehensive transport policy
Removal of the pump price subsidy on petrol
and kerosene
Market based pricing for domestic supply of
natural gas
Extension of existing fuel subsidy to natural
gas until it is removed on gasoline
Identify the high impact low contentious
provisions of PIB for passage
Passage of PIB ‘as-is’
Establishment of an agency to coordinate and
promote the adoption of CNG as an
automotive fuel
Extension of gas transmission lines to all geopolitical zones
Separation of the operational and regulatory
role of NNPC
Establishment of government intervention
fund for the development of pipelines and
refuelling infrastructure
Comprehensive safety assurance plan
including vehicle safety standards
Incentive programmes for auto mechanics on
retrofitting training
Inclusion of retrofitting in the curriculum of
the Federal Technical Colleges
Remodelling and upgrading of loading arms
at the sea ports

-

-

-

19

13

-

-

-

6

30

-

-

-

6

30

16

10

5

5

-

9

14

5

8

-

33

1

1

1

-

-

-

-

4

32

-

-

-

-

36

-

-

11

8

17

-

-

-

-

36

-

-

-

6

30

-

-

7

10

19

-

-

7

12

17

-

-

2

19

15

-

-

-

13

23

-

-

-

2

34

-

-

-

2

34

-

-

-

-

36

-

-

-

-

36

-

-

5

13

18

-

-

-

13

23

-

-

-

14

22

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

19. Develop a holistic transportation policy with
input from all relevant stakeholders.
20. Incentives for CNG-refuelling station
equipment, retrofitting kits and NGV
21. Incentive for organized mass-transit
companies to deploy NGV
22. Develop vehicle emissions standards and
procedure for inspecting imported natural gas
vehicle
23. Coordinated public information campaign
24. Compulsory inclusion of NGV government
fleet
25. Strategic siting of model CNG-refuelling
stations by NNPC under the Mega Station
initiative
26. Involvement of senior government officials in
the promotion of natural gas.

Question 8: Is there anything missing from the list of interventions? (Please type your response in the space
provided below)
Statistical group response: All the respondents left the space blank

Question 9: Which five of the interventions listed and your suggestions (if any) in Q8 do you consider most
important?
Statistical group responses: 11 policy interventions ranked in the top 5 by respondents as shown below.

Table 6: Respondents’ perspectives on the 5 most important policy interventions
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Ranking based on importance

1
2
3
4
5
6
7
8
9
10
11

Proposed policy

1st

2nd

3rd

4th

5th

Removal of the pump price subsidy on petrol and
kerosene
Establishment of an agency to coordinate and promote the
adoption of CNG as an automotive fuel
Extension of gas transmission lines to all geo-political
zones
Separation of the operational and regulatory role of
NNPC
Establishment of an intervention fund by government to
develop pipelines and refuelling infrastructure
Incentive programmes for auto mechanics on retrofitting
training
Remodelling and upgrading of loading arms at the sea
ports
Incentives for CNG-refuelling station equipment,
retrofitting kits and NGV
Coordinated public information campaign
Compulsory inclusion of NGV government fleet
Strategic siting of model CNG-refuelling stations by
NNPC under the Mega Station initiative

12

1

3

1

5

Total
mentions
22

1

19

1

6

9

36

-

-

2

-

2

4

-

-

1

-

-

1

-

4

5

-

2

11

-

-

1

9

-

10

-

-

-

5

-

5

2

2

1

7

3

15

9
12

3
6
1

14
1
7

1
5
2

4
8
3

31
20
25

Total count

36

36

36

36

36

180

Question 10: Which three, out of the interventions you listed in Question 9, do you consider most urgent?
Statistical group response: 9 policy interventions featured among the 3 most urgent

Table 7: Respondents’ perspectives on the 3 most urgent policy interventions

Policy recommendation
1.
2.
3.
4.
5.
6.
7.
8.
9.

Removal of the pump price subsidy on petrol and
kerosene
Establishment of an agency to coordinate and promote the
adoption of CNG as an automotive fuel
Separation of the operational and regulatory role of NNPC
Establishment of an intervention fund by government to
develop pipelines and refuelling infrastructure
Remodelling and upgrading of loading arms at the sea
ports
Incentives for CNG-refuelling station equipment,
retrofitting kits and NGV
Coordinated public information campaign
Compulsory inclusion of NGV government fleet
Strategic siting of model CNG-refuelling stations by
NNPC under the Mega Station initiative

Ranking by urgency required for
implementation
1st
2nd
3rd
Total
mention
11
2
3
16
2

18

2

22

-

4

2
4

2
8

-

-

2

2

2

2

-

4

8
0
13

4
5
1

14
2
7

26
7
21

36

36

36

108
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Exploration of CNG as transportation energy source in Nigeria
Delphi Survey
Round 2
General Background
Thank you for participating in this survey.
The analysis of Round 1 responses revealed convergence of opinion on some of the issues investigated in Round 1
and this resulted in the closure of enquiry on those issues. Consequently, the questions in this round are a follow
up and they are aimed at exploring the possibility of consensus on the outstanding issues. Kindly complete this
questionnaire and return using the enclosed envelope on or before August 20, 2015.
Thank you.
Question 1
To which sector, from the list below does your organization (employer) belong? Please tick.
Oil Exploration and Production
Downstream Petroleum Marketing
Gas Transmission and distribution
Government MDA
Fleet Managers
Road Transportation Service Provider
Vehicle Retailers
Non Governmental Organizations
Trade Unions
Professional bodies
Academia
Question 2
Please rate the barriers listed below based on your perception of how each has hindered the adoption of CNG as
an automotive fuel in Nigeria. Please tick the appropriate box.
Not at all

Barrier

Mildly

Moderately

Very

Severely

Regulatory uncertainty caused by the non-passage of the PIB
Non-separation of regulatory and operating functions of NNPC
The poor credibility of the erstwhile major bulk buyer (PHCN)
Militancy
Pipeline vandalism.
Outright stealing of petroleum products from the pipeline
Absence of any regulation or guidelines on retrofitting standards
Weak institutions for vehicle standard enforcement
Limited number of OEM authorized and certified mechanics
Question 3
9 barriers emerged from Round 1 as the ones that might have hindered the adoption of CNG as an automotive fuel
the most. Based on your perception, please rank these barriers in order of severity from 1 to 9, where 1= most
severe and 9 = least severe. Please place your rank in the box opposite the barrier. Kindly note that no two items
can have the same ranking.
Please rank all

Identified Barriers
Focus of government policy and legislation on abatement initiatives
Inconsistent petroleum products pricing framework
Absence of market coordination with respect to automotive use of NG
Poor and limited gas transmission and distribution infrastructure
Low technological and industrial base for energy consumption
General inexperience of the population with gas handling
Higher cost of vehicles
Absence of vehicle emissions standards
Lack of public awareness programme
Question 4: Kindly indicate your level of support for the potential interventions listed below.
Code

SD

D

I

A

SA
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Identify the high impact low contentious
provisions of PIB for passage
Separation of the operational and regulatory
role of NNPC
SD = Strongly Disagree, D= Disagree, I= Indifferent, A= Agree, SA= Strongly Agree
Question 5:
11 policy recommendations emerged from Round 1 as the most important to stimulate the adoption of CNG as an
automotive fuel in Nigeria. Based on your perception, please rank these policy intervention in order of importance
from 1 to 11, where 1= most important and 11 = least important. Please place your rank in the box opposite the
policy. Kindly note that no two items can have the same ranking.
Policy recommendation
1. Removal of the pump price subsidy on petrol and kerosene
2. Establishment of an agency to coordinate and promote the adoption of CNG as an
automotive fuel
3. Extension of gas transmission lines to all geo-political zones
4. Separation of the operational and regulatory role of NNPC
5. Establishment of an intervention fund by government to develop pipelines and
refuelling infrastructure
6. Incentive programmes for auto mechanics on retrofitting training
7. Remodelling and upgrading of loading arms at the sea ports
8. Incentives for CNG-refuelling station equipment, retrofitting kits and NGV
9. Coordinated public information campaign
10. Compulsory inclusion of NGV government fleet
11. Strategic siting of model CNG-refuelling stations by NNPC under the Mega Station
initiative

Please rank all

Question 6:
Nine policy recommendations emerged from Round 1 as the most urgent to stimulate the adoption of CNG as an
automotive fuel in Nigeria. Based on your perception, please rank these policy intervention in order of urgency
from 1 to 9, where 1= most urgent and 9 = least urgent. Please place your rank in the box opposite the policy.
Kindly note that no two items can have the same ranking.
Policy recommendations
1. Removal of the pump price subsidy on petrol and kerosene
2. Establishment of an agency to coordinate and promote the adoption of CNG as an
automotive fuel
3. Separation of the operational and regulatory role of NNPC
4. Establishment of an intervention fund by government to develop pipelines and refuelling
infrastructure
5. Remodelling and upgrading of loading arms at the sea ports
6. Incentives for CNG-refuelling station equipment, retrofitting kits and NGV
7. Coordinated public information campaign
8. Compulsory inclusion of NGV government fleet
9. Strategic siting of model CNG-refuelling stations by NNPC under the Mega Station
initiative

Please rank all

Thank you for completing this survey. I appreciate your time: now, kindly return using the enclosed envelope.

241

Date
The Managing Director/Chief Executive Officer
Organization Name
Address 1
Address 2
Dear Sir,
INVITATION TO PARTICIPATE IN THIRD ROUND DELPHI SURVEY ON THE EXPLORATION OF
CNG AS TRANSPORTATION ENERGY SOURCE IN NIGERIA
Thank you for completing the Second-Round Delphi Questionnaire for the research on the exploration of CNG as
automotive fuel in Nigeria. Please find the results of the round on pages 2-7 and the questionnaire for Round 3 on
pages 8-10.
Round 3 aims to explore the reasons for divergence in two areas where the responses did not meet the consensus
criteria in Round 2. Thus the questions have been revised with this in mind. You may refer to the results, as you
deem necessary to help you complete this round. However, reviewing this information is not required to complete
the questionnaire.
I will be most grateful if you can return the completed questionnaire through any of the following methods on or
before October 20, 2015:
1.
2.
3.

Complete the hard copy and return using the enclosed return envelope or
Request for electronic copy, complete and return by email to o.ogunlowo@lboro.ac.uk
Complete online at https://www.surveymonkey.com/s/98NY76N.

This is the last round of the survey and we really appreciate both the valuable time you have given us and the
insights you have shared with us.

Thank You.

Olufemi Ogunlowo
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Exploration of Compressed Natural Gas as transportation energy source in Nigeria
Delphi Survey
Summary of the statistical group responses to Round 2
RESULTS ARE PRESENTED IN SAME NUMERICAL ORDER AS THEY APPEARED IN THE
SURVEY AND DO NOT REPRESENT RATING OR RANKING IN ANY FORM.
Question 1: To which sector, from the list below does your organization (employer) belong?
Statistical group response: 33 responses were received as summarized in the below:

Table 1: Respondents broadly represent the stakeholder groups
Stakeholder group and Sector
Upstream
Downstream petroleum
Downstream gas
Midstream gas
Fleet Managers
Vehicle retailers
Road transport companies
Government Agency
Trade
Professional association
Academia
NGO
Grand Total

Number of Respondents
5
7
2
1
3
2
3
2
2
2
3
1
33

Question 2: Please rate the barriers classified under each headings based on your perception of how the barrier has
hindered the adoption of CNG as an automotive fuel in Nigeria.
Statistical group response: Respondents’ views inclined towards each other on 7 of the 9 barriers investigated as
shown below. There was divergence in the views of the respondents on the effect of militancy and pipeline
vandalism on the adoption of CNG as an automotive fuel in Nigeria. The question is revised in Round 3 to explore
the reason for the divergence.

Table 2: Convergence of views on 7 out of 9 barriers investigated
Barrier
Non-passage of the PIB
Non-separation NNPC functions
The poor credibility of PHCN
Militancy
Pipeline vandalism
Stealing of petroleum products
Absence of any regulation or
guidelines on retrofitting standards
Weak institutions for vehicle
standard enforcement
Limited number of OEM
authorized and certified mechanics

Not at all
1
11
6
5
12
4

Mildly
2
14
4
3
12
3

Moderately
13
8
3
3
5
3
2

Very
17
16
9
10
3
8

Severely
14
11
10
3
16

12

11

3

4

3

3

2

1

4

23

Question 3: Nine barriers emerged from Round 1 as the ones that might have hindered the adoption of CNG as an
automotive fuel the most. Based on your perception, please rank these barriers in order of severity from 1 to 9,
where 1= most severe and 9 = least severe.
Statistical group response: The absence of market coordination, general inexperience of the population with gas
handling, and the lack of public awareness emerged as the top three barriers that might have hindered the adoption
of CNG as an automotive fuel the most. The responses in the round satisfied the purpose of the question. Hence,
the question is terminated.

Table 3: Ranking of barriers based on respondents perception of severity
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Identified Barriers
Focus of government policy and legislation on abatement
initiatives
Inconsistent petroleum products pricing framework that
favours gasoline over
Absence of market coordination with respect to
automotive use of NG
Poor gas transmission and distribution infrastructure
Low technological and industrial base for energy
consumption
General inexperience of the population with gas handling
Higher cost of NGV
Absence of vehicle emissions standards
Lack of public awareness programme

Exclusive ranking order
3rd 4th 5th 6th 7th

1st

2nd

8th

9th

-

-

2

6

10

4

6

4

1

3

4

5

12

4

2

3

-

-

18

5

3

2

3

2

-

-

-

4

2

-

-

5

6

3

-

13

-

-

5

2

5

4

5

3

9

3
3
2

20
2
-

1
17

6
3
2

3
1
2

8
4
3

13
3

11
12
3

7
2
1

Question 4: Kindly indicate your level of support for the potential interventions listed below.
Statistical group response: There is strong support for the separation of the operational and regulatory roles of
NNPC but no convergence on the proposal to identify the high impact low contentious provisions of PIB for
passage into law. Hence, the question is revised and repeated in Round 3 to explore the reason for the divergence
on this.

Table 4: Respondents support for proposed policy interventions
Code
Identify the high impact low contentious provisions of PIB for passage

SD
4

D
6

3

I
8

A

SA
12

Separation of the functions role of NNPC

-

-

3

9

21

SD = Strongly Disagree, D= Disagree, I= Indifferent, A= Agree, SA= Strongly Agree
Question 5:
11 policy recommendations emerged from Round 1 as the most important to stimulate the adoption of CNG as an
automotive fuel in Nigeria. Based on your perception, please rank these policy intervention in order of importance
from 1 to 11, where 1= most important and 11 = least important.
Statistical group response: The establishment of an agency to coordinate and promote the adoption of CNG as an
automotive fuel, Coordinated public information campaign, strategic siting of model CNG-refuelling stations by
NNPC under the Mega Station initiative, the removal of the pump price subsidy on petrol and kerosene and the
compulsory inclusion of NGV government fleet are considered as the five most important policy interventions as
shown below.
The responses in the round satisfied the purpose of the question. Hence, the question is terminated.

Table 5: Ranking of policy proposals in order of importance
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Exclusive ranking order
Policy recommendation
Removal of the pump price subsidy on petrol and
kerosene
Establishment of an agency to coordinate and
promote the adoption of CNG as an automotive
fuel
Extension of gas transmission lines to all geo‐
political zones
Separation of the operational and regulatory role
of the NNPC
Establishment of an intervention fund by
government
Incentive programmes for auto mechanics on
retrofitting training
Remodeling and upgrading of loading arms at the
sea ports
Incentives for CNG refuelling station equipment,
retrofitting kits and NGVs
Coordinated public enlightenment campaign
Compulsory inclusion of NGVs government fleet
Strategic siting of model CNG refuelling stations
by the NNPC under the Mega Station initiative

1

2

3

4

5

6

7

8

9

10

11

3

3

3

23

1

‐

‐

‐

‐

‐

‐

19

6

6

2

‐

‐

‐

‐

‐

‐

‐

‐

‐

2

‐

2

‐

1

2

7

13

6

‐

‐

1

‐

‐

1

5

6

‐

3

17

‐

1

‐

‐

2

3

8

7

7

5

‐

‐

‐

1

1

‐

‐

9

8

6

4

4

‐

‐

‐

‐

‐

‐

2

6

11

8

6

‐

‐

1

‐

8

11

7

4

2

‐

‐

7
‐

21
1

1
1

‐
5

0
14

4
11

‐
1

‐
‐

‐
‐

‐
‐

‐
‐

4

1

17

2

6

3

‐

‐

‐

‐

‐

Question 6:
9 policy recommendations emerged from Round 1 as the most urgent to stimulate the adoption of CNG as an
automotive fuel in Nigeria. Based on your perception, please rank these policy intervention in order of urgency
from 1 to 9, where 1= most urgent and 9 = least urgent. Please place your rank in the box opposite the policy.
Kindly note that no two items can have the same ranking.
Statistical group response: Coordinated public information campaign emerged as the mode for the 1st rank with
a score of 18 while the establishment of an agency to coordinate and promote the adoption of CNG as an
automotive fuel with a score of 19 emerged as the mode for the 2nd rank. Strategic siting of model CNG-refuelling
stations by NNPC under the Mega Station initiative emerged as the mode for the 3rd rank. The responses in the
round satisfied the purpose of the question. Hence, the question is terminated.

Table 6: Ranking of policy recommendation in order of urgency of implementation
Exclusive ranking order of urgency
Policy recommendation
1. Removal of the pump price subsidy on petrol and
kerosene
2. Establishment of an agency to coordinate and promote
the adoption of CNG as an automotive fuel
3. Separation of the operational and regulatory role of the
NNPC
4. Establishment of an intervention fund by government
to develop pipelines and refuelling infrastructure
5. Remodelling and upgrading of loading arms at the sea
ports
6. Incentives for CNG refuelling station equipment,
retrofitting kits and NGVs

1

2

3

4
2
2

5

6

7

8

9

4

1

3

2

1

‐

‐

‐

7

1
9

2

‐

3

2

‐

‐

‐

‐

‐

2

‐

3

3

2

1
3

1
0

‐

‐

‐

4

1
1

7

8

2

1

‐

‐

2

‐

3

2

2

1
1

1
3

2

1

‐

‐

‐

5

1
3

3

9

3

3

‐

‐

‐

‐

4

1
3

8

4

‐

4

‐

‐

‐

‐

7.

Coordinated public enlightenment campaign

1
8

5

4

8.

Compulsory inclusion of NGVs government fleet

0

2

2

9.

Strategic siting of model CNG refuelling stations by the
NNPC under the Mega Station initiative

2

5

1
8

4
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Round 3
General Background
Thank you for participating in this survey.
The analysis of Round 2 responses revealed convergence of opinion on some of the issues investigated in the
round and this resulted in the closure of enquiry on those issues. Consequently, the questions in this round are a
follow up and they are aimed at identifying the reasons for the divergence of views on the issues where
participants’ views did not meet the consensus criteria in Round 2. Kindly complete this questionnaire and return
using the enclosed envelope on or before October 20, 2015.
Thank you.
Question 1: To which sector, from the list below does your organization belong?
Oil Exploration and Production
Downstream Petroleum Marketing
Gas Transmission and distribution
Government MDA
Fleet Managers
Road Transportation Service Provider
Vehicle Retailers
Non Governmental Organizations
Trade Unions
Professional bodies
Academia
Question 2: Kindly indicate, with reason, if you accept the notion that militancy and pipeline vandalism have
hindered the adoption of CNG as an automotive fuel in Nigeria.
Militancy

Pipeline vandalism

Questio
n 3:
Kindly indicate, with reason, if you support the proposal that the National Assembly identify and pass into law the
high- impact, low contentious provisions of the Petroleum Industry Bill (PIB).

Thank you for completing this survey. I appreciate your time: now, kindly return using the enclosed envelope.
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