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Over the past decade Nigeria has experienced steady growth, averaging more 
than 7 percent per annum in the last five years. Our country has the potential to 
make further strides toward rapid, more inclusive growth, which would reduce 
poverty further and create more opportunities for shared prosperity. We need to 
do this in a way that is sustainable over the longer term, in economic, social, and 
environmental terms; we need to develop innovative ways to diversify our 
economy, still too dependent on petroleum products; and we all need to work 
together to make this an enduring reality.

“Green growth” is emerging as a new paradigm to reconcile developing coun-
tries’ urgent need for rapid growth and poverty reduction with the conservation 
of the natural resources capital on which lasting development depends. Green 
growth promises to provide people with both jobs and a healthier environment—
for today and tomorrow.

However, there is no single blueprint defining how this new paradigm could 
be implemented in different countries. What is essential is a solid knowledge base 
to assess costs and benefits of different avenues to pursue green growth, which 
are inherently country-specific.

This book provides an important foundation of such a knowledge platform, as 
it assesses how “low carbon” (a key ingredient of green growth) could be main-
streamed into Nigeria’s development path over the next 25 years. Its main 
insight—that Nigeria can stabilize carbon emissions while at the same time reap-
ing significant national benefits—is an important one. The book points, in a prac-
tical way, to areas where low-carbon technologies and management options could 
contribute to domestic development. These include tapping into renewable 
energy and energy efficiency, accelerating the reduction of gas flaring and exploit-
ing opportunities for commercial use of natural gas thereby saved, scaling up 
sustainable land management for higher yields in agriculture, and enhancing the 
fuel efficiency of vehicles to make road transport cheaper and cleaner.

These are important elements that can help the design and implementation of 
sector policies. In addition, the book also provides insights for broader, cross-
cutting policy planning, and in particular the observation that low-carbon devel-
opment might have significant net benefits for the economy as a whole, which 
the book quantifies on the order of 2 percent of GDP. As we look to the next 
wave of investment to move Nigeria closer to the objectives of Vision 20: 2020, 
this book will assist us in making choices that could reconcile economic and 
environmental objectives.

Ngozi Okonjo-Iweala
Coordinating Minister for the Economy and  

Federal Minister of Finance

Foreword by Nigeria’s Coordinating Minister for 
the Economy
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Foreword by the World Bank

Nigeria has the ambition, as enshrined in the “Vision 20: 2020” strategy docu-
ment, to become one of the world’s 20 largest economies by the year 2020. Some 
observers believe that this objective cannot be met without damage to the 
national or global environment. However, experience has shown that this is not 
inevitable. The development community is looking with increasing interest, par-
ticularly in the aftermath of the Rio+20 Summit, at concepts such as “green 
growth” and “low-carbon development” and how these principles can be trans-
lated into concrete policies and investments.

The Federal Government of Nigeria and the World Bank have agreed to 
carry out a comprehensive analysis of the opportunities to reconcile economic 
growth with concerns for climate change. Over the course of two years, we at 
the World  Bank have worked closely with the government, as well as with 
representatives of academia, the private sector, civil society, and the commu-
nity of development partners, to produce the first comprehensive low-carbon 
development study for Nigeria (and, with the exception of South Africa, first 
for the Sub-Saharan Africa region as a whole).

This book presents the final results of that analysis. Focusing on four key 
sectors—agriculture and land use, oil and gas, power, and transport—the analysis 
shows that low-carbon development can be an attractive proposition for Nigeria, 
not just because it would position the country as a leader in the fight against 
climate change, but, perhaps more importantly, because it would generate signifi-
cant domestic benefits. These include a more productive and climate-resilient 
agriculture sector, cheaper and more geographically balanced power generation, 
more efficient use of the country’s endowment of oil and gas resources, and 
better provision of transport services, resulting in improved air quality and lower 
congestion.

This book identifies a number of specific actions that Nigeria can undertake 
to move toward a model of development that reduces carbon emissions while at 
the same time spurring growth. We believe that with the right combination of 
better knowledge, more evidence-based environmental policies, better gover-
nance, and adequate funding, Nigeria could rapidly seize many of the win-win 
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opportunities the book discusses; the World Bank stands ready to assist the 
country in all of these areas.

Marie Francoise Marie-Nelly	 Jamal Saghir
Country Director for Nigeria	 Sector Director
The World Bank	 Sustainable Development Department,
	 Africa Region 

The World Bank
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Preface

The analysis of low-carbon development options in Nigeria was undertaken dur-
ing a period of more than two years and involved the preparation of a number 
of sector-specific background reports. This book presents a synthesis of the key 
findings and conclusions for the sectors of inquiry—agriculture and land use, oil 
and gas, power, and transport—as well as cross-cutting findings and 
recommendations for the country as a whole.

A separate companion volume, Assessing Low-Carbon Development in Nigeria: 
An Analysis of Four Sectors, to be published as part of the World Bank Studies 
series, provides a more detailed description of the study methodology and the 
results obtained in each of the four economic sectors.

The analysis is based on data and information collected up to June 2012; 
changes in government policies, national or international markets, and other 
developments that have occurred since then are not reflected in the book.
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Overview

Main Message: A Low-Carbon Way to Achieve Vision 20: 2020

The Federal Government of Nigeria (FGN) has formulated an ambitious strategy, 
known as Vision 20: 2020, which aims to make Nigeria the world’s 20th largest 
economy by 2020. Sustaining such a pace of growth over a longer term implies 
that by 2035 Nigeria would increase electricity generation by a factor of 9, road 
freight transport by a factor of 18, and private car ownership by a factor of 3.5. 
Domestic agricultural production would need to increase six-fold to meet the 
food requirements of a growing population while decreasing dependency on 
food imports—an important FGN priority.

Assuming conventional approaches to oil and gas production, electricity 
generation and use, transportation, and agriculture, the achievement of these 
goals could imply a doubling of greenhouse gas (GHG) emissions by 2035. 
Cumulative emissions over this period (2010–35) might add up to 11.6 billion 
tons of CO2 to the atmosphere—five times the estimated historical emissions 
between 1900 and 2005.

This book argues that there are many ways that Nigeria can achieve the Vision 
20: 2020 development objectives for 2020 and beyond, but with up to 32 per-
cent lower carbon emissions. A lower carbon path offers not only the global 
benefits of reducing contributions to climate change, but also net economic 
benefits to Nigeria, estimated at about 2 percent of GDP. These national benefits 
include cheaper and more diversified electricity sources, with savings of the order 
of 7 percent or US$12 billion; more efficient operation of the oil and gas industry, 
with discounted net benefits of US$7.5 billion, more productive and climate-
resilient agriculture; and better transport services, resulting in fuel savings, better 
air quality, and reduced congestion. These domestic benefits would be accompa-
nied by a global benefit of avoiding some 2.3 billion tons of CO2e (carbon diox-
ide equivalent) emissions over 25 years. An additional 1.4 billion tons of emission 
reductions are technically viable, but would require extra financial incentives to 
be economically viable for Nigeria.

While possible and economically attractive, low-carbon development is by 
no means easy in Nigeria or anywhere in the world. A combination of better 



2	 Overview

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

knowledge, expanded human capacity, reformed policies, and suitable financing 
is needed to overcome the barriers that stand in the way of adopting low-carbon 
development options. The FGN can play a catalytic role in getting the transition 
under way, but there is little time to waste: once locked into the country’s 
economic fabric, higher carbon technologies are costly and impractical to reverse.

The Reference Scenario: Double Carbon Emissions

The reference scenario of growth for Nigeria assumes that no specific effort is 
made to adopt low-carbon technologies or management options. It depicts a 
plausible path of evolution to 2035 of the four sectors analyzed in this book 
(agriculture and land use, oil and gas, power, and road transport), consistent with 
overall growth targets defined in Vision 20: 2020 and with relevant sector devel-
opment strategies. Under this scenario, by 2035, the study projects a doubling of 
total carbon emissions (figure O.1), with a radical change in contributions by 
sector: agriculture and land use are expected to shrink from over 50 percent to 
4 percent of the total; energy-based emissions are projected to grow from 47 to 
96 percent, with little change in emissions from oil and gas, but most of the 
increase due to the power and transport sectors.

Such a dramatic change in carbon emissions would be a result of the following: 
the slower pace of conversion of forests to cropland, as much of the forested area 
has already been cleared in the last couple of decades; rapid expansion of electric-
ity generation (largely from thermal power technologies); and increased demand 
for passenger and freight transport needed to support planned GDP growth. 

Figure O.1 R eference Scenario: Annual CO2e Emissions to 2035

Source: Calculations based on data sources listed in the chapter 3 references.
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Emissions from oil and gas are expected to remain stable in absolute terms: a 
decrease from dwindling legacy gas flaring and slightly declining oil production 
are expected to balance an increase due to expanding extraction of gas for power 
generation and export.

Stabilizing Carbon Emissions

However, a wide range of technologies, practices, and management options could 
enable Nigeria to achieve its growth objectives with lower carbon emissions than 
in the reference scenario. This book identifies a subset of over 30 such options that 
are likely to be particularly attractive in terms of technical, economic, and institu-
tional feasibility. Gradual adoption over time of all the low-carbon options 
analyzed would stabilize emissions at around 300 million metric tons of CO2 
equivalent (Mt CO2e) per year, slightly above the estimated current level 
(figure O.2). It would avoid incurring a total of 3.8 billion Mt CO2 over 25 years. 
About 50 percent of the carbon abatement potential is estimated to lie in the 
power sector, 20 percent in oil and gas, and the remaining 30 percent split between 
agriculture and transport. Key low-carbon options include the following: 

•	 Agriculture and land use: agro-forestry, avoided deforestation, and conserva-
tion agriculture. 

•	 Oil and gas sector: reduction of gas flaring, better management of oil storage, 
and enhanced energy efficiency in oil and gas facilities. 

Figure O.2 L ow-Carbon Scenario: Mitigation Potential and Residual Emissions by Sector

Source: Calculations based on data sources listed in the chapter 3 references.
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•	 Electricity sector: energy efficiency (EE) for lighting, renewables (both off-grid 
and grid-based) such as photovoltaic (PV), concentrated solar power (CSP), wind, 
and hydropower, as well as wider use of combined cycle in gas power plants. 

•	 Transport: fuel efficiency, improved freight management, modal shift of freight 
to rail, and use of alternative fuels such as compressed natural gas (CNG).

Economic Benefits of Low-Carbon Strategy
A low-carbon strategy along the lines proposed in this book would position 
Nigeria as a regional and international leader on climate action. Yet, the main 
reason why low-carbon development makes sense for the country is that it could 
generate significant national economic benefits in addition to the global benefit 
of avoiding some 3.7 billion tons of CO2e emissions over 25 years. Expressed as 
a percentage of cumulative GDP over the study period (2010–35), net domestic 
benefits are estimated to be on the order of 2 percent of GDP, compared to costs 
on the order of 0.85 percent (table O.1).

In agriculture, adoption of sustainable land management (SLM) practices such 
as agroforestry and conservation agriculture is expected to significantly increase 
yields with net benefits to farmers in the short and medium term exceeding the 
public costs (such as extension) required to encourage their adoption. These tech-
nologies would also enhance farmers’ resilience to climate variability and change.

In oil and gas, the low-carbon strategy includes interventions that would 
enable the industry to reduce the cost of operations or reduce the waste of associ-
ated gas (AG), or both, which is a proposition likely to become increasingly 
attractive, as new commercially viable opportunities for selling the recouped gas 
open up. The capital cost of implementing those interventions is estimated to be 
US$17 billion, but with the revenues generated by sale of the gas and associated 
liquefied petroleum gas (LPG) saved, the low-carbon scenario is estimated to 
generate a positive net present value (NPV) of over US$7.5 billion.

In the power sector, the low-carbon strategy enables Nigeria to achieve growth 
objectives consistent with Vision 20: 2020, but with a 15 percent reduction in 
power demand, thanks to more efficient use of electricity in the residential sector, 
and with lower overall costs of generation. While the capital cost of a greener 
energy mix is some 37 percent higher than in the reference scenario, lower 
operation and maintenance and, in particular, lower fuel costs result in the total 

Table O.1 L ow-Carbon Scenario: National Costs and Benefits by Sector (2010–35)

Sector
National costs, % of GDP 

(2010–35)
Net national benefits, % of GDP 

(2010–35)
Cumulative GHG 

abatement, billion tons CO2e

Agriculture 0.04 0.23 0.65 
Oil and gas 0.11 0.26 0.75 
Power 0.70 1.40 1.92 
Transporta — — 0.45 

Total 0.85 1.89 3.77 

Source: Calculations based on data sources listed in the chapter 3 references.
Note: — = not available.
a. For the transport sector, data and time limitations prevented a full quantification of national costs and benefits.
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costs for the low-carbon strategy being 7 percent lower than in the reference case. 
This finding is robust to a plausible range of different assumptions on the future 
evolution of the costs of renewables relative to fossil fuel generation technologies. 
In addition, the low-carbon scenario helps reduce the current spatial concentra-
tion of energy production sources (map O.1). 

More evenly distributed power generation is an important consideration for 
the sector’s development, in terms of energy security and geo-political balance 
between the North, the Central belt, and the South of the country.

Although not quantified in this book, the low-carbon strategy is likely to bring 
about important monetary and non-monetary benefits in the transport sector as 
well. These include reduced health risks resulting from the reduction in vehicular 
emissions, particularly in urban areas, lower traffic congestion leading to time 
savings in travel and improvement in quality of life, and increased productivity 
and competitiveness in the manufacturing and service sectors.

Setting Sector-Specific Priorities

While low-carbon development is an attractive proposition for the country as a 
whole, how much of the technical mitigation potential can actually be achieved 
at a net gain varies considerably by sector (figure O.3). While in the power and 
transport sectors, some 80 percent of total carbon emission reductions have a 
negative cost (that is, a benefit), in agriculture and oil and gas the win-win 

Map O.1  Diversification of Energy Sources in the Low-Carbon Scenario

Source: PVGIS © European Communities, 2001–2012, HelioClim-1 © MINES ParisTech, Centre Energetique et Procedes, 
2001–2008, amended and reproduced by the World Bank study team with permission.
Note: Map colors represent Direct Normal Irradiation (DNI), a measure of solar intensity relevant to concentrated solar power 
(CSP). The map provides a stylized illustration of the distribution across Nigeria of sources of energy. Oil and gas are 
concentrated in the South and offshore; hydropower in central and southern Nigeria; coal deposits in the South and East; 
direct solar radiance for CSP in the Northeast (orange areas); good photovoltaic (PV) potential is found in most areas; and 
promising wind sites in the North and offshore.
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options account for 35 percent and 20 percent, respectively, of their total abate-
ment potential. At the same time, in agriculture, a moderate carbon price of 
US$7 per ton CO2e would create sufficient incentives for seizing the sector’s full 
mitigation potential. Therefore, sector-specific low-carbon development strate-
gies are needed to adequately focus efforts on activities with the best combina-
tion of carbon abatement and national economic benefits.

A number of challenges and barriers stand in the way of making low-carbon 
development a reality. These challenges include information needs, technologies, 
institutions/regulations, and financing. But in many cases, barriers to low carbon 
are the same as those that prevent conventional development. Regarding data, 
for example, while measuring and monitoring carbon emissions is limited at best, 
inadequate information problems also plague the monitoring of many of the 
sectors’ “core business indicators,” making it difficult to evaluate complementari-
ties or trade-offs between mitigation and development objectives. In the power 
sector, for example, data on off-grid generation is very scant. In transport, infor-
mation on the volume, composition, age, and technology mix of the vehicular 
fleet is largely inadequate.

Financing is a particularly significant barrier, because many low-carbon 
technologies tend to feature higher upfront costs and delayed benefits compared 
to the higher-carbon technology they can displace. This is the case for renewable 
energy and for several practices of conservation agriculture. Although their net 

Figure O.3 M arginal Abatement Cost Curve for Nigeria, 2010–35

Source: Calculations based on data sources listed in the chapter 3 references.
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benefits are typically larger in the long term than the reference technology, they 
are penalized by financial markets biased in favor of short-term returns.

Recommendations

The FGN, in partnership with the states as appropriate, might consider a number 
of actions that could help remove the barriers to low-carbon development. 
Table O.2 summarizes the main recommendations made here by sector and time 

Table O.2 I ndicative Targets and Recommendations by Sector and Time Horizon

Sector Indicative targets (2020–22) 

Recommended actions

Short term Medium term

Cross-sector 1.	 Assign to the EMT overall policy 
coordination on low-carbon, 
climate-resilient development.

2.	 Finalize the NAMA document 
and submit it to the EMT for 
endorsement.

1.	 Define an action plan for the 
collection of data on carbon 
emissions and data to inform 
the design of low-carbon 
policies.

2.	 Formulate Nigeria’s position on 
the reform of carbon markets.

Agriculture By 2020 bring up to 1 million 
hectares under triple-win, 
SLM practices.

3.	 Include in the Agricultural 
Transformation Agenda (ATA) 
support to climate-smart 
agriculture demonstration projects.

4.	 Launch a dedicated research and 
extension program on climate-
smart agriculture (CSA).

3.	 Define procedure and 
screening tools for integrating 
climate considerations into 
project evaluation.

Oil and gas Reduce the AG flared in joint 
venture (JV) operations by 
80% compared to current 
levels.

5.	 Launch a program to facilitate the 
cluster-based collection of gas 
from flare sites. 

4.	 Create an inventory of 
emissions from the sector, and 
develop a low-carbon strategy 
for the oil and gas industry, 
as well as an action plan to 
address emissions at oil and 
gas facilities.

Power Up to 20% of grid-based 
power generated by 
renewable energy sources 
(including hydro-power);

50% of total gas-powered 
generation coming from 
combined cycle gas 
turbines (CCGT); and 
20% of all off-grid supply 
generated by renewables 
and hybrid systems.

6.	 Actively develop large-scale 
renewables (in particular 
hydropower plants) with the 
goal of three major projects 
ready for construction with full 
feasibility studies within the next 
18–24 months.

7.	 Promote demonstration 
projects on low-carbon off-grid 
technologies.

8.	 Promote investment in CCGT 
including through tariffs and tax/
duties exemption.

5.	 Launch an EE initiative on 
lighting, metering, and 
appliance standards.

Transport Reach the goal of 40% 
of urban mass transit 
in 10–15 large cities 
supplied by formal bus 
services using large urban 
buses and BRT.

9.	 Define an action plan to improve 
fuel efficiency and the effectiveness 
of the vehicle inspection system.

10.	 Define an action plan to improve 
the efficiency of freight handling 
and transport.

6.	 Undertake a feasibility 
study for adopting CNG as 
a transport fuel in selected 
urban areas.

Note: BRT = bus rapid transit; EMT = Economic Management Team; NAMA = Nationally Appropriate Mitigation Action; triple win = higher yields, 
higher climate resilience, reduced carbon emissions.
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horizon, as well as specific targets (for a time horizon of 8–10 years), that might 
help provide impetus and direction for action on low carbon in the sectors of 
analysis. 

Cross-Sector Recommendations
Elevate Decision Making on Low-Carbon Strategies to the Economic 
Management Team level
An entity with a cross-sector policy mandate should be charged with the task of 
defining climate action policies that will require the concurrence of several line 
agencies. Pending a final decision on the proposed National Climate Change 
Commission, the FGN might consider assigning to the Economic Management 
Team (EMT) the role of overall coordination on policies for low-carbon, climate-
resilient development. Such action would make the technical leadership exerted 
so far by the Federal Ministry of the Environment (FME) more effective; the 
FME would continue exerting a role of stimulus and liaison with international 
climate negotiations.

Complete Nigeria’s Nationally Appropriate Mitigation Actions
It is also recommended that, using the findings of this book as inputs, the FME 
(in consultation with other relevant ministries, departments, and agencies, or 
MDAs) expeditiously finalizes Nigeria’s Nationally Appropriate Mitigation 
Actions (NAMAs), and, prior to transmission to the UNFCCC, submits the 
NAMA document to the EMT for endorsement, in order to ensure high-level 
policy relevance and concrete follow-up. It is necessary to articulate Nigeria’s 
overall vision and strategy on low-carbon development, both to define an internal 
consensus among stakeholders on priority policies and investment for climate 
action, and to better position the country within international discussions on 
climate agreements and climate finance. The document defining Nigeria’s 
NAMAs could be a natural vehicle for this strategy. Once endorsed by the EMT, 
the NAMAs could become a key reference document to orient the design and 
monitoring of low-carbon policies across sectors.

Improve Data Collection and Analysis
Relevant MDAs in collaboration with the National Bureau of Statistics (NBS) 
could define action plans (with specific targets and milestones) to improve the 
quantity and quality of data required to design, monitor, and evaluate low-carbon 
sector development policies. In many cases, data required for the ordinary devel-
opment of the power, agriculture, transport, and oil and gas sectors will also be 
useful for evaluating synergies or trade-offs with low-carbon development. In 
addition, the action plans should also contain provisions for measuring and moni-
toring emissions of GHGs, as these data will most likely be instrumental in 
accessing international climate finance.

Increase Awareness on the Benefits of Low-Carbon Development
Improved awareness of the potential benefits accruing from adoption at scale of 
low-carbon solutions is essential for ensuring public support for the formulation 
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and enactment of the necessary policies. Relevant line ministries could identify 
priority topics for public awareness campaigns in their areas of institutional 
jurisdiction and earmark resources for supporting them. In addition, effective 
communication campaigns should accompany the introduction and roll-out of 
specific low-carbon measures (for example, feed-in tariffs), to ensure adequate 
uptake by potential beneficiaries.

Formulate Nigeria’s Position on the Reform of Carbon Markets
The study found that Nigeria has the potential to prevent carbon emission for as 
much as 3.7 billion tons over 25 years. Even if just a fraction of that potential 
could be turned into assets tradable in the carbon markets of the future, the rev-
enue-generating potential could be significant. This should be a sufficient argu-
ment to induce Nigeria to closely monitor the evolution of international 
discussions on future carbon markets. In recognition of this, the FME, in partner-
ship with the Ministry of Finance, and in consultation with relevant MDAs, could 
formulate a carbon market position paper to be presented to the United Nations 
Framework Convention on Climate Change (UNFCCC) negotiations and other 
relevant international forums. Such a paper would discuss how the Clean 
Development Mechanism (CDM), and carbon markets more generally, should be 
reformed to enable Nigeria to maximize carbon revenues from the mitigation 
interventions identified in this book. The paper could also identify a few priorities 
for setting up Programs of Activities (PoAs) that could promote the sale of carbon 
assets on a programmatic, or sector-wide basis, rather than project by project.

Recommendations for the Agriculture Sector
Promote Research and Extension on Climate-Smart Agriculture (CSA)
The Federal Ministry of Agriculture and Rural Development (FMARD) could 
launch a dedicated program on CSA, with individual research lines to be 
awarded competitively to institutions included in the National Agricultural 
Research System. The program could focus on both development of planning 
tools (for example, a CSA atlas) to define and prioritize opportunities for adopt-
ing “triple-win” agricultural options (higher yields, higher climate resilience, 
reduced carbon emissions), as well as on the definition of solutions on the ground 
that farmers can adopt. Strengthening of research should be accompanied by 
suitable measures to improve the effectiveness of extension services, including 
through a larger involvement of state governments.

Support Demonstration Projects on CSA Technologies
The government could include in the Agricultural Transformation Agenda (ATA) 
a dedicated program to support projects aimed at demonstrating and scaling up 
climate-smart production and land management technologies. The proposed 
program should focus on a range of areas wide enough to represent Nigeria’s dif-
ferent agro-climatic conditions, including regions particularly vulnerable (in the 
North, but also in the Southwest), and on strategic crops and supply chains.
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Define Procedure and Screening Tools for Integrating Climate Considerations 
into Project Evaluation
The FMARD could introduce, initially on a pilot basis, screening tools to improve 
the ability of investment projects in agriculture to increase climate resilience and 
reduce emissions. Eventually such tools could be used to determine preferential 
access to technical and financial support. 

Recommendations for the Oil and Gas Sector
Launch a Program to Facilitate the Cluster-Based Collection of Gas from 
Flare Sites
Because of the high cost of installing gas gathering and processing facilities at 
small flare sites, it is recommended that consideration be given to collecting the 
small volumes of AG in clusters for processing and export of the dry gas and 
LPGs. Opportunities for financing the initiative through a carbon-finance pro-
gram of activities should be explored.

Develop a Low-Carbon Strategy and Action Plan for the Industry
The Ministry of Petroleum Resources and Nigerian National Petroleum 
Corporation (NNPC) could consider setting up a joint government-industry 
group to develop a low-carbon strategy and action plan for the oil and gas indus-
try, with particular emphasis on actions to seize the potentially large benefits 
identified in this book in terms of cost savings and incremental revenues.

Set Up a Sector-Wide Inventory of Emission Sources
The Ministry of Petroleum Resources in collaboration with NNPC could estab-
lish an inventory of GHG emissions to better inform sector plans for low-carbon 
development. The inventory would include the status of each GHG source 
(age,  condition, emission reduction actions already undertaken) and would 
prioritize potential emission reduction options.

Recommendations for the Power Sector
Support Grid and Off-Grid Renewable Energy Technologies
The Federal Ministry of Power (FMP) could actively develop large-scale renew-
able energy projects. Hydropower could be an immediate priority, with a pos-
sible goal of having three major hydro projects ready for construction within 
18–24 months, with completed feasibility studies (including resettlement, 
environmental, and social impact assessments). Feasibility studies for large-
scale wind and CSP plants should also be considered.

Promote Demonstration Projects for Grid and Off-Grid Low-Carbon 
Technologies
The FMP could launch a series of demonstration projects to test in different geo-
graphic contexts the viability of both small-scale, off-grid, low-carbon power 
systems (including PV, small hydro, wind, and hybrid systems–fossil fuel generator 
set/renewables) and larger scale renewable energy plants, such as wind and CSP.
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Both the feasibility studies for large-scale renewable energy projects, as well as 
the financing for the demonstration off-grid projects, could be supported by seed 
resources already earmarked for this purpose under the World Bank NEWMAP 
project (Nigeria Erosion and Watershed Management Project) as well as through 
mobilization of additional resources.

Design Incentives Systems for Wider Uptake of Low-Carbon Power 
Generation
The FGN could provide incentives for investments in combined cycle gas turbine 
(CCGT), including both conversions of existing plants and new builds. This 
could be done by amendments to the tariffs (Multi-Year Tariff Order, or MYTO) 
for CCGT generators so as to offset the higher capital costs as well as provide tax 
and duties exemptions. Some of these incentives could be self-financed through 
a small levy on incremental liquefied natural gas (LNG) exports made available 
due to the CCGT efficiency savings.

Promote Demand-Side Energy Efficiency
To achieve the large energy (and emission) savings that can accrue from enhanced 
efficiency in the residential use of energy, the FMP could consider the following 
measures:

•	 National roll-out of a compact fluorescent and LED light bulbs program;
•	 Acceleration of consumer metering program; and
•	 Establishment of efficiency standards for common appliances, including refrig-

erators, air conditioners, and so on, with phase-out of sales of less efficient 
appliances. Because most appliances in Nigeria are imported, a “top runner” 
program like that of Japan, in which the most efficient model on the market is 
used to set future efficiency standards, would also make sense.

Recommendations for the Transport Sector
Define an Action Plan to Improve Fuel Efficiency and the Effectiveness of the 
Vehicle Inspection System
The FGN could develop an action plan to gradually close the gap between 
Nigerian and European standards on vehicle efficiency and emissions. In parallel, 
the application of an effective vehicle inspection and maintenance system in 
major cities could be considered to improve vehicle maintenance and reduce 
tailpipe and GHG emissions.

Define an Action Plan to Improve the Efficiency of Freight Handling 
and Transport
The FGN could define an action plan for improving freight handling and 
transport. Such a plan could involve an effective expansion of rail services, road 
infrastructure, vehicle technology, logistical planning, and fleet management. 
Significant savings (and a reduction in GHG emissions) can be achieved by leap-
frogging into solutions that have proven effective in higher income countries.
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Evaluate the Feasibility of Adopting CNG as a Transport Fuel in Selected 
Urban Areas
The FGN in partnership with selected state and local governments could con-
duct an assessment of the feasibility of using CNG as a transport fuel to combat 
air quality problems and also reduce GHG emissions. The assessment could be 
focused on urban areas located in proximity of gas pipelines.



   13  Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

Introduction

The Federal Government of Nigeria (FGN) and the World Bank agreed, as part 
of the Country Partnership Strategy (CPS) 2010–13, to conduct an analysis of 
the implications of climate change for Nigeria’s development agenda.

Challenges and opportunities related to climate risks and adaptation are 
addressed in a separate volume, Toward Climate-Resilient Development in Nigeria. 
The current volume focuses on low-carbon development. Building on the work 
under way on Nigeria’s Nationally Appropriate Mitigation Actions, the authors 
here evaluate opportunities to pursue national development priorities using 
technologies and interventions that reduce emissions of greenhouse gases 
(GHGs), referred to here as low-carbon options.

Objectives

The objectives of the study were defined through a number of consultations held 
in 2010–11 between the World Bank team and several of the FGN ministries, 
departments, and agencies (MDAs) and are as follows:

•	 Develop a reference scenario of development in selected sectors for the next 
25 years, based on a solid understanding of the country’s development goals 
and sector plans.

•	 Evaluate the implications of the reference scenario on GHG emissions.
•	 Identify for the different sectors potential low-carbon options to achieve the 

same development objectives of the reference scenario.
•	 Evaluate the economic merits of low-carbon options and the additional incen-

tives to be provided, or barriers to be removed, to encourage their adoption.
•	 Support capacity building for low-carbon planning, particularly in the energy 

sector. 

This analysis offers an analytical platform to assist Nigeria in organizing and 
prioritizing efforts toward low-carbon development. Such efforts include pro-
moting access to international climate finance, as well as building and expanding 
on activities included in the investment plan (IP) submitted in 2010 to the Clean 
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Technology Fund (Climate Investment Funds, https://www.climateinvestment 
funds.org/cifnet) (box 1.1).

Scope and Limitations

On account of time and resource limitations, it was agreed to focus the analysis 
on four sectors: The two sectors that historically have accounted for the largest 
share of Nigeria’s carbon emissions—upstream oil and gas and agriculture and 
land use change—and on the two sectors expected to exhibit most rapid growth 
in future emissions—electricity power and road transport.

The study did not seek to provide a comprehensive low-carbon plan for any 
of the sectors analyzed. Rather, it focused on what are likely to be the main 

Box 1.1 N igeria and the Clean Technology Fund

Nigeria has already mobilized efforts to partner with the international community for 
supporting low-carbon development, including through the Clean Technology Fund (CTF). 
An investment plan (IP) was approved by the CTF trust fund committee in November 2010, 
though funds for implementation under this program have only recently become available. 
The plan, developed by the FGN in consultation with the World Bank and African 
Development Bank Groups, supports the low-carbon growth objectives and priorities 
outlined in Nigeria’s First National Communication (FNC) to the UNFCCC. This multi-year IP 
identifies transformational programs to be financed by the CTF jointly with the World Bank 
Group (including the International Finance Corporation, its private-sector arm) and the 
African Development Bank. 

The CTF IP for Nigeria was developed before the present low-carbon study was con-
ducted, so it was unable to take advantage of the insights the study helped generate. 
Nevertheless, it does take advantage of certain no-regrets options that were apparent 
even at the time of IP preparation. The plan contemplates investments of about 
US$250  million in two sectors: urban transport and energy efficiency/clean energy 
through financial intermediaries. However, at present, funding is available only for partial 
implementation.

In Abuja (Federal Capital Territory), the CTF will support development of high-capacity bus 
services, such as BRT (bus rapid transit), along a heavily populated corridor outside of the 
Central Business District. In Lagos, CTF resources will also support low-carbon transport 
initiatives, with specific modalities still being defined. In both cases, however, these projects 
would help Nigeria transform its urban transport sector toward a low-carbon trajectory, by 
supporting public transport delivery solutions that will reduce the total number of vehicle 
kilometers traveled. 

The additional insights generated by this book can help Nigeria articulate future plans to 
further access international climate finance sources.

Source: Climate Investment Funds 2013.



Introduction	 15

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

sources of carbon emissions in each of the sectors in the next two decades and 
how they could be adjusted to enhance sustainable development while reduc-
ing GHG emissions. 

Each of the four sectors was evaluated for the period 2010–35 using a 
bottom-up modeling approach comprising the following analyses: 

•	 The study of agriculture focuses on changes in land use, cropping patterns, and 
technology in response to population and economic growth; but it does not 
include agro-industry.

•	 In the oil and gas sector, the focus is on gas flaring, fugitive emissions, on-site 
energy generation, and how new fields could structurally change sources of 
GHG emissions.

•	 In the power sector, the analysis looks at the predominant use of off-grid and 
captive generation to meet needs for electricity, and how the mix of grid-based 
and off-grid supply is likely to evolve to meet a rapidly expanding electricity 
demand. 

•	 The transport sector analysis looks exclusively at road transport of goods and 
people and the rapid growth in demand for transport services that can be 
expected over the 25 years. The study focuses on quantifying a plausible base-
line (the reference case), and analyzing qualitatively some interventions that 
could help reduce GHG emissions while delivering co-benefits such as lower-
ing congestion, improving air quality, and reducing travel time.

Costs and benefits of adopting low-carbon development options are evalu-
ated in a partial equilibrium setting, using net present value (NPV) as the 
metric of choice. The study team recognized that there may be significant gen-
eral economic equilibrium effects of moving the economy toward a low-carbon 
pathway, but it was found that the existing Social Accounting Matrices (SAMs) 
for Nigeria—the key ingredients for analyzing general equilibrium effects—do 
not have the required level of disaggregation across sectors and technologies. 
Building a customized SAM would have exceeded the study’s time and 
resource limits. While this could be a desirable future extension of this research, 
the present analysis provides for the first time in Nigeria a comprehensive over-
view of low-carbon opportunities across multiple sectors, and should provide 
insights of relevance both for domestic policy making and for informing 
Nigeria’s position in international climate negotiations.

Structure

Chapter 2 provides essential background on the country and the economic 
sectors. Chapter 3 describes the analytical approach, providing a summary of 
how the scenarios were developed, methods of analysis, models, and the data and 
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general assumptions used. Chapters 4–7 present the analysis and results for each 
sector: agriculture and land use, oil and gas, power, and transport, respectively. 
Each chapter provides an introduction to the sector and the approach, findings, 
and recommendations for options and actions for low-carbon development. 
Further details on the analysis of each sector can be found in this book’s com-
panion volume (Cervigni, Rogers, and Dvorak 2013).

Chapter 8 summarizes the key findings across sectors. It describes the main 
scenarios that were modeled across all sectors and their implications for GHG 
emissions and the economy. It provides general recommendations on how 
Nigeria might reconcile national growth objectives with low-carbon develop-
ment using a cross-sector perspective.

References
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Country and Sector Background

The Federal Government of Nigeria (FGN) has put forward an ambitious vision 
for the country’s economic development by 2020: Nigeria Vision 20: 2020 (FGN 
2010). It is a platform for socioeconomic transformation intended to position 
Nigeria among the 20 largest economies in the world1 by the year 2020. It 
includes a growth target of gross domestic product (GDP) of US$900 billion, or 
$4,000 on a per-capita basis (FGN 2010). Achieving these targets would require 
a significant acceleration of recent growth rates, which in the last decade aver-
aged 6.4 percent per year, although the rate ramped up to close to 7.9 percent in 
2010 (figure 2.1).

To achieve sustainable growth, Vision 20: 2020 projects a significant transfor-
mation of the economy, with rapid expansion of non-oil sectors such as 
manufacturing, wholesale and retail trade, telecommunications, construction, 
and real estate. It calls for large investment in infrastructure and the strengthen-
ing of reforms to shift investment toward supporting private-sector activities and 
increasing the productivity of human capital.

Vision 20: 2020 also projected that while growing at a stable pace, the oil and 
gas sector would provide declining contributions to GDP growth, due to 
diversification and expansion of other sectors, currently underdeveloped. It is 
anticipated that growth in the oil and gas sector will be facilitated by higher 
capacity utilization resulting from a reduction of social unrest in the Niger Delta 
region, investment in new oil fields, and reforms in the sector.

Much of the progress to be achieved under Vision 20: 2020 will require 
significant investment in physical infrastructure, including power, transport, 
oil and gas infrastructure, housing, and water resources. Power has been a 
particularly serious bottleneck to growth due to inadequate generation 
capacity and poor maintenance of the installed capacity. As a result, the FGN 
attaches particular emphasis (both in Vision 20: 2020 and in “Roadmap for 
Power Sector Reform” [FRN 2010]) to  aggressive rehabilitation of power 
installations, coupled with an accelerated expansion of electricity generation, 
transformation, and distribution networks.
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It is important to note that Vision 20: 2020 is not only a road map for eco-
nomic growth, but was also intended to be the foundation of future long-term 
sustainable development by giving equal value to these additional three pillars:

•	 Institutional: to promote responsible leadership, transparency, accountability, 
rule of law, and security of lives and property;

•	 Social: to improve the nation’s prospects for achieving the Millennium 
Development Goals (MDGs) and creating employment in a sustainable 
manner; and

•	 Environmental: to halt environmental degradation and promote renewable 
energy and climate change mitigation and adaptation.

GHG Emissions: Recent Estimates

The latest estimates of greenhouse gas (GHG) emissions available for all 
countries, gases, and sectors (WRI 2011) indicate that in per capita terms, Nigeria 
stands at about half the world average, in line with others in Sub-Saharan Africa 
(SSA) and below middle-income countries such as South Africa, Brazil, and 
Mexico (figure 2.2). However, in terms of emissions per unit of GDP, Nigeria 
produces more than twice the world average, above all comparator countries 
(although not all of them have figures that include emissions from land use 
change).

Nigeria’s relatively high rate of emissions per unit of income points to the 
importance of evaluating the change of emissions under a scenario of rapid GDP 
growth like that projected in Vision 20: 2020. If the carbon intensity of the 
economy remains the same as in 2005, achievement of Vision 20: 2020 targets 
would entail five- to six-fold growth in emissions by 2030.

Figure 2.1  Historical Real GDP Growth Rate
percent

Source: World Bank 2010.
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However, inspection of World Resources Institute (WRI) Climate Analysis 
Indicators Tool (CAIT) data on the sector shares of emissions (which is largely 
consistent with Nigeria’s first national communication to the UNFCCC) 
indicates that a simple extrapolation of the historical emission trend to the future 
is not justified (figure 2.3).

In 2005 over half of the country’s emissions came from agriculture, forestry, 
and land use change. According to Vision 20: 2020, the GDP share of agriculture 
will decline. Barring vast expansion of the agriculture frontier at the expense 

Figure 2.2 E missions in Nigeria and Comparator Countries, 2005
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of  remaining forests, it is likely that the contribution of these sectors to total 
emissions will decrease. Vision 20: 2020 also projects a declining GDP share for 
the oil and gas sector, which accounted for a quarter of total emissions in 2005. 
On the other hand, a rapid acceleration of GDP growth will need to be supported 
by growth in electricity generation and road transport. Thus their contribution to 
total emissions is likely to grow quite significantly from a relatively modest 
10 percent share in 2005.

Agriculture and Land Use Change

As Africa’s most populous country, Nigeria faces significant challenges in achiev-
ing food security, poverty reduction, and better natural resources management. 
Agriculture currently accounts for close to 40 percent of national income and 
almost 70 percent of the working population. While the sector’s contribution to 
GDP can be expected to decline in the coming years, its productivity per unit of 
land, labor, and water will need to increase considerably to feed a rapidly expand-
ing population. Historically, increased productivity has been generated by con-
verting land such as pastures, forests, bush, wetlands, and woodlands into 
cropland, which has resulted in some of the highest rates of deforestation and 
land degradation in Africa. Chapter 4 analyzes the carbon balance of the Vision 

Figure 2.3 S ector Composition of Nigeria GHG Emissions, 2005
percent

Source: WRI CAIT database.
Note: Contributions to total 1994 GHG emissions are based on the global warming potential (GWP) projected for the next 
100 years.
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20: 2020 policy in the agricultural sector under a reference scenario reflecting 
current policies, as well as under alternative scenarios intended to represent 
low-carbon options.

Oil and Gas Sector

Nigeria has the world’s seventh largest gas reserves, with 187 trillion cubic feet 
(TCF) of high-quality proven reserves, of which around half is associated gas 
(AG). For years, most of the AG was flared, and the initiatives implemented to 
reduce flaring only recently started to produce results. For Nigeria to achieve the 
growth targets of Vision 20: 2020, gas must be the engine of growth through 
increased industrial and domestic use. However, lack of adequate infrastructure 
limits the easy movement of gas from extraction to consumers, and social unrest 
in the Niger Delta has discouraged the investment required to upgrade the gas 
network.

Chapter 5 evaluates potential options and measures to reduce the GHG 
emissions from the oil and gas sector, while at the same time making this energy 
source available for more productive usage. The analysis in chapter 6 attempts to 
address the barriers that have historically discouraged use of natural gas for 
power generation.

Power Sector

While currently a small contributor to energy-related emissions when compared 
with the oil and gas sector, electricity supply—both grid-based and captive—is 
likely to experience rapid growth in the coming years as the economy strength-
ens and energy demand rises with the improvement in living standards. The 
government has given high priority to the development of this sector. In the 
context of Nigeria’s Vision 20: 2020, the existing grid-based generation capacity 
of about 4,052 megawatts (MW) should increase to 20,000 MW by 2015 and 
35,000 MW by 2020. About 78 percent of this capacity today is thermal power 
(fuel oil, gas, and coal) and the remainder is hydropower. Besides increasing 
power capacity, Vision 20: 2020 seeks to increase access to electricity and 
improve demand-side energy efficiency (EE). Chapter 6 discusses the evolution 
of grid-based and off-grid demand, projects the associated evolution of carbon 
emissions, and identifies options for providing expansion of electricity access 
with a low-carbon footprint.

Transport Sector

In all countries, freight and passenger transport demand—particularly on-
road—increases with growing population and per capita GDP. Up to around 
US$4,000 per capita, growth in transport demand tends to exceed GDP 
growth, driven principally by the increasing ability of households to own their 
own vehicles.
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Chapter 7 develops an initial assessment of the expected growth in on-road 
freight and passenger activity and evaluates the resulting CO2 emissions under 
a normal business-development scenario over the study period. It further identi-
fies interventions at the national and local levels that could help decouple growth 
in transport from growth in emissions. A qualitative assessment of the impact of 
the proposed measures on other indicators that are of immediate interest to local 
stakeholders (congestion, travel time, health, economic development, climate 
resilience, and so on) is also included in the analysis. Because of time and funding 
limitations, the analysis in this sector did not look in depth at the multiple 
alternative development options for both urban and inter-city transport 
possibilities, but it identified priority areas for follow-up work.

Note

	 1.	From the 39th largest economy now, in part due to Nigeria’s status as the world’s 8th 
most populous country.
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Research Approach and Methods

The analysis of each of the four sectors of inquiry is based on a comparison 
between a reference scenario and one or more low-carbon scenarios. This chapter 
describes how these scenarios were developed and the value of comparing them. 
It describes the methods used, including software models for quantitative analy-
sis of each sector, and the use of marginal abatement costs (MACs) to prioritize 
low-carbon options. It describes how data were obtained and key assumptions, 
including population, gross domestic product (GDP) growth, and other general 
assumptions used across sectors. Finally, it outlines the consultative process 
followed by the team to engage with Federal Government of Nigeria (FGN) 
agencies and other stakeholders in reviewing the data, assumptions, and methods 
used to define and evaluate the scenarios.

Comparing Scenarios

The reference scenario was designed as a plausible representation of how the coun-
try’s economy might evolve in the period up to 2035 on the basis of historical 
trends and current government plans. It describes a reasonable trajectory for 
growth and structural change of the economy in the absence of targeted interven-
tions to reduce carbon emissions. It assumes that future sector development deci-
sions would be made without any specific focus on their climate change impacts 
or on their long-term resilience to a changing climate. It uses historical data to 
define the activity and resulting emissions in the base year. It takes into account 
existing, concrete, feasible investment plans (for example, power stations that are 
in the process of being built or are under firm commitment) and attempts to 
include the “best-business-decision” investments that could be made in future 
years within the constraints and barriers that are present in the economy.

Thus, the reference case is not a mere continuation of current practice, nor is 
it always the scenario with the highest greenhouse gas (GHG) emissions. 
Sometimes the “best-business-decision” investments will lead to higher energy 
efficiency, greater productivity per unit of energy used, or cleaner energy sources, 
even within current constraints and barriers. It follows existing policies and plans 
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adopted by the government. For example, the reference scenario for oil and gas 
assumes significant reduction in gas flares following flare-reduction agreements 
and programs already in place. The reference scenario for electric power assumes 
building nuclear power and coal-fired power plants according to current 
government policy.

The low-carbon scenarios include technological, institutional, organizational, or 
management interventions designed to achieve at least the same development 
objectives of the reference scenario, but with lower GHG emissions and some-
times also additional benefits in other areas. Adoption of low-carbon solutions 
often will require policy changes to remove constraints and barriers. This process 
will necessitate making project financing available to enable changes that would 
not otherwise be practical.

Different stakeholders may approach the search for a realistic low-carbon 
development pathway from a different angle, illuminating important aspects of 
the economics of GHG mitigation and implementation strategies. Choosing 
which interventions or policy changes to include in the reference scenario and 
which to leave to the low-carbon scenarios is a delicate task crucial to the 
soundness of the analysis.

Selecting Low-Carbon Technologies and Interventions

The low-carbon scenario provides a list of low-carbon technologies, also termed 
mitigation options or interventions, designed to reduce carbon emissions, relative 
to the reference scenario. Examples are: for agriculture, conservation agriculture, 
agro-forestry, and sustainable rice intensification; for the oil and gas sector, reduc-
ing flaring of natural gas and using more efficient pumps for oil extraction; for 
the power sector, promoting energy-efficient lighting and generating power from 
renewables such photovoltaics and wind; and for transport, expanding bus rapid 
transit and tightening standards of fuel efficiency for road vehicles.

The study team considered a wide range of such mitigation options for each 
of the four sectors. They then evaluated each candidate option using the following 
criteria:

•	 Potential resource availability, such as the area of land affected or solar intensity 
for photovoltaics, in order to provide a rough estimate of the magnitude of the 
potential emissions reduction. The study selected only those options with the 
potential to have a substantial overall effect in Nigeria, ignoring some that, 
though beneficial, have only modest or local effects.

•	 Technical-economic analysis to estimate the technical and economic feasibility, 
comparing costs and emissions of each low-carbon option to a reference 
technology that it replaces or supplements.

•	 Implementation feasibility in institutional, market, and policy terms, which 
took into account feedback of sectoral experts, public and private sector stake-
holders, and members of civil society. It entailed identifying potential barriers to 
implementation and measures and policies to remove those barriers.
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As result of this process, the team selected some 30 options for inclusion in 
the low-carbon scenario, described in more detail for each sector in chapters 4–7 
and summarized in chapter 8.

The Purpose of Scenario Modeling
Comparing the reference and low-carbon scenarios clarifies the relative costs, 
GHG emissions levels, and other economic, environmental, and social impacts of 
selected low-carbon options. It illuminates the potential tradeoffs when 
economic and environmental objectives are in conflict, and sometimes helps 
identify appealing “win-win” options that may reduce both costs and GHG 
emissions.

Like the reference scenario, the low-carbon scenario is not a prediction of 
what will happen. That would be impossible. Nor is it a recommendation of what 
should happen. Those choices will be made by the people of Nigeria and their 
government. The scenarios are intended as possible futures, indications of what 
could happen, consistent with the laws of physics, economics, and applicable laws 
and regulations. They are intended to illuminate and stimulate discussion about 
which paths are more desirable and what policies should be adopted to reach 
them.

Scenario modeling is a useful way to forge a consensus among stakeholders on 
what a plausible sector development pathway might look like, in the absence 
(reference case), or in the presence (low-carbon case) of dedicated efforts to 
reduce carbon emissions. By providing a structured and transparent framework 
to organize information, modeling helps understand where a country or sector—
energy, transport, land use, agriculture, forestry, and oil and gas—currently stands, 
the direction in which it is developing, the impact on GHG emissions, and the 
resources needed for abatement.

Analysis Methods

A Bottom-Up Approach
This study uses a bottom-up approach to modeling low-carbon pathways: It uses 
engineering-style models to analyze micro-level activity and the impacts of a 
variety of specific abatement or policy options. It examines the ownership and 
use of energy-consuming devices, considering efficiency from an engineering 
point of view. Its output could be used by a top-down model, typically a 
computable general equilibrium (CGE) model, to evaluate feedback effects from 
adjustment in prices and the impact of each package of policy options on 
employment, taxes, and GDP growth.

A key advantage of the bottom-up approach is that it allows the assessment 
of efficiency scenarios based on other sector-specific pieces of information or 
modeling outputs. For example, in the case of road transport, it allows compari-
son of vehicle ownership, technology, usage, and modal shift to other means of 
transport as well as the impact of other economic, demographic, and geographic 
factors.
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Modeling Tools
The study used several bottom-up modeling tools. The power and transport 
sectors used the Energy Forecasting Framework and Emissions Consensus Tool 
(EFFECT) model developed by the World Bank Energy Sector Management 
Assistance Program (ESMAP). EFFECT is a user-friendly, Excel-based, bottom-up, 
engineering-style model that was originally developed for the India low-carbon 
development program and has since been used in many other countries. EFFECT 
is freely available on the Internet, with extensive training accessible online. The 
study team for the power sector developed a model in Analytica1 to supplement 
EFFECT to address elements not adequately addressed in EFFECT, including 
off-grid generation in four categories; energy efficiency options on- and off-grid; 
the changing future costs of fossil fuel and renewable energy technologies; total 
costs separating capital, operating and maintenance, and fuel costs; display of 
MAC curves; and more extensive sensitivity analysis.

EFFECT did not offer the level of detail required to analyze Nigeria’s oil and 
gas upstream emissions, so the study team developed a new model in Analytica 
to evaluate this. This model is designed to work with the power sector model 
using EFFECT and Analytica to represent linkages between the future gas supply 
and its use in generating electricity.

The impact of land use change and agriculture on the country’s net GHG 
emissions resulting from calculations in both the reference case and low-carbon 
scenarios were estimated using EX-ACT (Ex Ante Appraisal Carbon-Balance 
Tool) developed by the United Nations Food and Agriculture Organization 
(FAO). The tool, which is based on the Intergovernmental Panel on Climate 
Change (IPCC) 2006 methodology, enables comparison of emissions between 
scenarios involving different land use and management choices.

Marginal Abatement Cost Curves
The two models generated MAC estimates to assist in the evaluation of GHG 
abatement measures (low-carbon options). The MAC evaluates and ranks 
individual GHG abatement measures according to their incremental 
cost-effectiveness—that is, the present value of costs to avoid (abate) 1 ton of 
carbon dioxide equivalent (t CO2e) of GHGs emitted as an addition to the 
stock2 in the atmosphere, relative to a reference technology. Emissions other than 
carbon dioxide are converted to carbon dioxide equivalent based on their relative 
contribution to greenhouse warming.3

The MAC (equation 3.1) is thus defined over any given period or point in 
time t as:

	 MAC
C C
E Et

t t

t t
= ′ −

− ′ 	 (3.1)

Here, Et = level of emissions in the baseline scenario; Et′ = level of emissions 
associated with the low-carbon intervention; Ct = the net present value 
(NPV) of the cash flow associated with E; Ct′ = NPV of the cash flow associ-
ated with Et′.
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GHG emissions are not discounted over time because the timing of GHG 
emissions does not affect the calculations of differences in GHG emissions 
between two scenarios. Costs, however, are discounted over time to reflect the 
higher relative cost of near-term expenditures relative to longer term expendi-
tures, using a discount rate throughout this analysis of 10 percent per year.

Combining the MAC data with the mitigation potential of each intervention 
(the difference in total emissions between the low-carbon and reference scenarios) 
and ordering these from lowest to highest marginal cost allows the MAC curve to 
be drawn. Figure 3.1 shows a typical MAC curve that ranks the cost-effectiveness 
of abatement options (y-axis) against the number of tons abated (x-axis).

Sources of Data and Key Assumptions

This kind of quantitative analysis, comparison of scenarios, and estimation of 
MAC curves is data-intensive. It required significant effort (6–12 months) to 
gather and verify historical data inputs. This effort should be viewed as an 
investment for the future, with data flows being designed to support future 
monitoring, reporting, and verification (MRV) needs; the tracking of real-time, 
on-the-ground GHG abatement efforts; and the maintenance of an updated, 
sector-by-sector, dynamic baseline against which GHG mitigation can be 
measured. In some cases, desired data or even forecasts were not available. In 
these cases, the team developed a set of coherent assumptions.

Data Sources
Both reference and low-carbon scenarios were based on data from Nigerian 
sources—official statistics and administrative records. Much of this data was 

Source: Calculations based on data sources listed in the references at the end of this chapter.

Figure 3.1 M arginal Abatement Cost Curve for the Power Sector

–400

–350

–300

–250

–200

–150

–100

–50

0

50

U
S$

/t
on

 C
O

2e

100

10 260 510 760 1010 1260 1510 1760
Cumulative mitigation potential, Mt CO2e

Energy efficiency
Off-grid renewables On-grid renewables

Low-carbon fossil fuel Others



28	 Research Approach and Methods

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

generously provided by agencies of the FGN. Other data were obtained from the 
World Bank and other international agencies. Where Nigeria-specific data were 
inadequate or not available, the study team often used data from comparable 
countries, such as the relationship between per capita demand for electric power 
and transportation as a function of income per capita.

This book draws on a large body of supporting material, including the sector 
background reports in this book’s companion volume, Assessing Low-Carbon 
Development in Nigeria: An Analysis of Four Sectors (Cervigni, Rogers, and 
Dvorak 2013), and a range of other low-carbon studies and supporting papers. 
The national and international sources of data used as inputs for all the model-
ing work undertaken in the rest of this book are listed in the reference section 
at the end of this chapter.

Economic Growth
Two key projections used as inputs in the study are Nigeria’s GDP and its popu-
lation through the modeling horizon of 2035. These drive the domestic demand for 
fuel, power, food, and transport. This section outlines these and other general 
assumptions.

The analysis is based on a conservative assumption that the economic growth 
targets of Vision 20: 2020 could be met, but with a slippage of five years from 
their originally proposed dates (figure 3.2). Even so, this results in a fairly aggres-
sive rate of GDP growth of 9 percent per year through 2025, followed by 6 
percent growth to 2035 (Vision 20: 2020 assumes a 13 percent annual GDP 
growth through 2020). Since achieving this economic and social development is 
the greatest challenge that the country faces, the researchers took care in the 
analysis to only propose changes (from the reference to the low-carbon scenar-
ios) that would be consistent with meeting these objectives. Figure 3.2 also 

Source: FGN 2010 and team calculations.

Figure 3.2  GDP Evolution under Vision 20: 2020 and the Reference Scenario
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shows a “medium growth” scenario assuming a consistent 6 percent/year growth 
rate, used for sensitivity analysis. 

Population
Nigeria is the most populous country in Africa, with about 155 million people in 
2011, about one-sixth of the entire continent. Population projections of the UN 
World Population Prospects (UN 2010) assume growth rates of 2.53 percent in 
2010 that slowly decrease to 2.2 percent by 2035. However, the short-term 
growth rate projection has been recently increased to 3.2 percent, which results 
in an estimated population of 293 million by 2035.

Nigeria’s population is comparatively young, with 55 percent of the popula-
tion under 20 in the base year. In the future, high birth rates are projected to help 
to retain a relatively youthful population over the forecast period; by 2050, 
44 percent of the population is expected to be under 20, as shown in figure 3.3.

Figure 3.3 N igeria Population Pyramids for 2010 and 2050
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Other General Assumptions
General assumptions used across several or all sectors are as follows (sector-specific 
assumptions are described in chapters 4–7):

•	 The analysis was conducted over a 25-year period from 2010 to 2035. It ignores 
potential emissions and costs or savings of options beyond the study time 
horizon of 2035.

•	 Marginal abatement costs assume a 10 percent per year discount on costs and 
no discount on emissions, as described earlier.

•	 The study evaluates costs and benefits in a partial equilibrium setting, with no 
attempt to capture the indirect, general equilibrium effects of adopting 
low-carbon technologies or management practices.

•	 Consistent with the bottom-up effect, the study ignores possible rebound 
effects—for example, changes that increase energy efficiency leading to lower 
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unit costs for a service (for example, lighting or travel) that might increase 
consumption of that service.

•	 The study ignores major future impacts of climate change on each sector—for 
example, reduced rainfall reducing availability of hydropower, or more severe 
storms affecting coastal areas. Some of these impacts are analyzed in a separate 
World Bank study for Nigeria (Cervigni, Valentini, and Santini 2013).

•	 Land use analysis assumes a 15-year implementation period for land manage-
ment changes and a 10-year capitalization period during which no further land 
management changes are considered, but the emissions effects flowing from 
the earlier changes are assessed.

•	 In projecting demand for electricity and transportation, the study assumes that 
future per capita demand in Nigeria will grow according to its projected growth 
in per capita income, corresponding to average trend lines for other countries 
with similar per capita income. The reference scenario assumes that Nigeria 
will follow a path similar to those followed by other developing countries, not 
substantially changed by the introduction of new technologies or practices.

•	 Where there was insufficient data or resources to estimate Nigeria-specific 
MACs for selected low-carbon options—for example, for several transport 
options or for the potential savings from energy efficiency—the study used 
estimates from other developing countries.

Consultations with the Nigerian Government and Other Stakeholders

The teams responsible for each of the four sectors held a series of consultative 
workshops in Abuja with staff and officials from key ministries, as well as stake-
holders from private industry, universities, and nongovernmental organizations 
(NGOs). Teams also arranged bilateral meetings with individuals and groups 
from FGN agencies and other stakeholders in Abuja and Lagos to obtain data; 
review data, assumptions, and methods; and draft scenarios and results. The goals 
were to engage stakeholders in the process, obtain feedback, and identify 
low-carbon options, existing policies and programs, and institutional initiatives of 
interest to stakeholders to be considered by the study. These workshops and 
meetings provided the teams with extensive feedback from participants leading 
to numerous revisions and improvements in the analyses. In the case of the 
power sector analysis, several working sessions were convened by the Energy 
Commission of Nigeria (ECN) where the study team and Nigerian experts 
conducted hands-on interaction on the modeling tools to come up with a shared 
understanding of the model’s inputs and a consensus on plausible results.

Notes

	 1.	Analytica is a general modeling tool using visual influence diagrams, available from 
Lumina Decision Systems (http://www.lumina.com/).

	 2.	Given the study’s relatively short time horizon when compared to the permanence of 
CO2 in the atmosphere, the long-term climate change impact of GHG emissions is 
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dependent on the stock of GHGs placed in the atmosphere by the end of the study 
period, rather than annual flows, and this is used for the purpose of computing 
marginal abatement costs (MACs).

	 3.	For example, methane, the main constituent of natural gas, has about 23 times 
the warming potential of carbon dioxide per molecule.
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Agriculture and Land Use Sector

Agriculture is a key economic sector: it currently contributes close to 40 percent 
of national income and almost 70 percent of employment (CBN 2002; World 
Bank 2007) and features prominently in the country’s development plans.

In Vision 20: 2020, the Federal Government of Nigeria (FGN) has laid out 
ambitious targets to increase the domestic agricultural production six-fold by 
2020 through reduction in post-harvest losses, increased yields, and stabilization 
of cropland expansion. The overall objectives are to achieve food security and to 
fight poverty. Figure 4.1 illustrates the phased approach to achieving this goal.

The agriculture targets under Vision 20: 2020 are ambitious and arguably 
subject to many uncertainties. This study does not try to evaluate the feasibility 
of these targets. Use of the reference scenario does not represent an endorse-
ment by the World  Bank of the land use changes (including deforestation), 
which may be associated with meeting the Vision 20: 2020 targets. Instead, the 
objective of the analysis is to investigate whether those targets could be achieved 
with lower net carbon emissions, and at what cost to farmers and to the 
government. Thus, it uses the reference scenario as a basis of comparison to a 
low-carbon alternative.

The results of this analysis—the first of its kind in Nigeria—should be consid-
ered as a first approximation of the potential for low-carbon development in the 
Nigerian agriculture sector. The study aims to provide policy makers with an 
order-of-magnitude estimate of mitigation potential as well as an understanding 
of the value of dedicating further efforts, including through specific projects, at 
pursuing low-carbon development in agriculture; however, it is not meant to 
inform the design of specific, project-level interventions.

In consultation with government officials and other Nigerian experts, the 
team agreed to adopt a more conservative assumption than the Vision 20: 2020 
targets—including a six-fold increase in agricultural productivity—which would 
be met by 2025 rather than 2020. Both scenarios therefore start in the year 2010 
and span a 15-year implementation phase in which aggressive investments are 
made to achieve sector development targets, and a 10-year capitalization phase, 
in which benefits of those investments continue to accrue.

Cha   p t e r  4



38	 Agriculture and Land Use Sector

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

Agricultural Growth Model

A simple growth model was used to estimate the magnitude of annual and peren-
nial crop expansion, consistent with the Vision 20: 2020 targets.1 More detailed 
land use and technology change models were then constructed within the overall 
growth parameter in order to calculate emissions. The detailed assumptions used 
in the modeling drew from discussions among experts from the government, 
Food and Agriculture Organization (FAO), and World Bank staff to define key 
parameters, including the distributions of secondary forests, pastureland, degraded 
lands, and other lands, taking into account a spatial analysis of soil quality, slope, 
and other suitability factors for cultivation. The model accounts for growth via 
three factors:

•	 Cropland expansion: The annual rate of cropland expansion is assumed to 
decline from 2.3 to 0.8 percent linearly, resulting in a compound mean annual 
growth rate of 1.6 percent for 2010–25. Thereafter, the rate of expansion 
remains at 0.8 percent per year.

•	 Yield growth: Average crop yields (per unit area of cropland) are estimated to 
grow by 3 percent per annum for the first two years and then by 5 percent for 
the next three years through investments in improved agronomic practices, 
such as adoption of improved seeds and fertilization, and based on national 
yield responses to similar investments in Asian countries. Thereafter, a 
4 percent annual growth rate was assumed for the rest of the modeling period, 
since shorter fallow periods will decrease soil organic content, thus limiting 
the yield growth.

•	 Annual growth due to the reduction of post-harvest loss: Post-harvest loss is 
currently estimated at 33 percent of production. The Vision 20: 2020 strategy 

Figure 4.1 I mplementation of the Nigeria Vision 20: 2020 Road Map

Source: Design based on FGN 2009. 
Note: FOREX = Foreign Exchange.
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aims to reduce it by 50 percent by 2015 and 90 percent by 2020. The growth 
model assumes more conservatively that the 90 percent target will be reached 
by 2025, via a linear 6 percent decrease per annum in the rate of post-harvest 
loss. This is equivalent to an annualized compound growth rate of the volume 
of agricultural production reaching market of 2.5 percent during 2010–25. 
After 2025, reductions in post-harvest losses are assumed to take place at a 
slower pace (less than 1 percent per year).

The assumptions and results of the growth model are illustrated, respectively, 
in table 4.1 and figure 4.2.

Land Use Changes

Land use changes are expected to contribute to greenhouse gas (GHG) emis-
sions, albeit at a decreasing rate, particularly through conversion of forests, 

Table 4.1  Agricultural Growth Model for the Reference Scenario

Type of growth Average 2010–25 (%) Average 2026–35 (%)

Annual cropland expansion 1.6 0.8
Annual yield growth 4.1 4.0
Annual growth due to post-harvest loss reduction 2.5 0.3

Total supply growth 8.3 4.9

Source: Calculations based on data sources listed in the chapter 3 references.

Figure 4.2 R eference Scenario: Relative Contributions to Total Production Increase

Source: Calculations based on data sources listed in the chapter 3 references.
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grasslands (that is, pasturelands that also contribute to agriculture sector output), 
fallow acreage, and other lands to cropland. In accordance with government poli-
cies, land use changes are assumed to predominantly take place from 2010 to 
2025. After 2025, land use patterns notionally follow the same trends as in earlier 
years of the growth model, but only the land use changes until 2025 are counted 
in the calculation of emissions.

Conversion of forest to agricultural lands was assumed to affect only secondary 
forests. A geographic information system (GIS)-based evaluation of the suitabil-
ity of secondary forests for agricultural conversion was undertaken based on 
current land use (map 4.1), slope, and soil quality. Secondary forest areas were 
considered suitable for conversion if categorized as “partly with constraints” or as 
a higher suitability class. The results of the exercise are shown in map 4.2, which 
indicates that over 3 million hectares of existing secondary forest could be 
converted to agriculture.

Figure 4.3 illustrates the change in land use over time and table 4.2 indicates 
the amounts of land used in 2010 and 2035. Overall, as of 2025 forest land 
shrinks by more than 50 percent, and annuals and perennials increase by a factor 
of 1.3. Grassland and other land remain quite stable or are slightly reduced. In 
2010, crops (annual, perennial, rice) account for 46 percent of the total country 
area, forests 10 percent, pasturelands 20 percent, and the rest (degraded land, 
fallow, other) 23 percent. In 2025 crops are projected to account for 61 percent 
of total land area. Forests will shrink to 5 percent. Pasturelands remain stable at 
about 19 percent. From 2025, the crops expansion slows down, and in 2035 

Map 4.1  Agricultural Land Use Map

Source: FAO GeoNetwork Database; World Bank 2007–2011.
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crops account for 68 percent of the total country area, forest for 3 percent, 
pasturelands for 17 percent, and other lands for 12 percent.

Sector Investments and Technological Change

The reference scenario assumes that the Vision 20: 2020 goal of increasing the 
share of improved crop cultivars, fish, and livestock breeds (50 percent of 
the total) will be met by 2025 (via linear growth), and that, where applied, these 
improved varieties will be accompanied by better management, namely, use of 
suitable fertilizers and no residue burning for crops, and improved breeding and 
feeding practices for livestock. Livestock numbers increase steadily at the same 
rate as for 2000 to 2010.

The government target to expand irrigation from 1 percent of cultivated area 
in 2010 to 25 percent in 2020 is assumed to be reached only in 2035. Hence in 
2025, 15.8 percent of the cropland will be irrigated. All the irrigated area will be 
managed with improved water efficiency. Degraded lands converted to pasture-
lands will be improved with organic and inorganic fertilizers and managed 
without fire to allow recovery of soil fertility.

It is assumed that 6,000 kilometers of roads will be constructed to improve 
market access to remote areas. The proportion of tractor-ploughed arable 
land  will rise from about 8.5 to 50 percent by 2025. Assumptions regarding 

Source: FAO GeoNetwork Database; World Bank 2007–2011. 

Map 4.2 L and Suitable for Agricultural Use
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Figure 4.3 L and Use Evolution for the Reference Scenario, 2010–35

Source: Calculations based on data sources listed in the chapter 3 references.
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Table 4.2 L and Use in 2010 and 2035 for the Reference Scenario
hectares, millions

Land use 2010 2035

Annuals 34.44 46.16
Perennials 6.55 12.42
Flooded rice 1.31 2.92
Forests 9.10 2.70
  Secondary forests 8.80 1.80
  Plantations 0.30 0.90
  Live fencing/agroforestry . .
Pastureland 18.63 15.67
Degraded lands 1.85 .
Fallows 6.23 2.08
Other lands 12.94 9.10

Total 91.05 91.05

Source: Calculations based on data sources listed in the chapter 3 references.
Note: (.) = negligible.
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the expansion of processing and storage infrastructure were derived from Vision 
20: 2020 plans to strengthen agricultural export markets.

Reference Scenario Emissions

GHG emissions were calculated from 2010 to 2035 for land use changes and 
other factors that take place up to 2025—that is, the emissions consequences of 
agricultural development up to 2025 is being estimated, with allowance for a 
10-year capitalization period thereafter, but further sectoral changes after 2025 
are not included in the calculation.

While emissions decrease over time, agriculture remains a net source of GHG 
in the reference scenario, and emits about 2.7 billion tons of carbon dioxide 
equivalent (t CO2e) during the entire period from 2010 to 2035 (that is, an aver-
age of 1.2 t CO2e/hectare/yr). Annual emissions reach 25 million metric tons 
(Mt) CO2e from an initial 161 Mt CO2e in 2010. Table 4.3 shows total annual 
emissions at the beginning (2010) and end (2035) of the simulation period, and 
figure 4.4 illustrates the overall net emissions pathway and the evolution over 
time of the four main emissions categories:

•	 Crops including annuals, perennials, and paddy rice;
•	 Land use changes that occur as a result of deforestation, afforestation, or 

non-forest land use change;
•	 Livestock and pasturelands; and
•	 Agricultural inputs that involve GHG emissions associated with fertilizer 

consumption, infrastructure construction, and fuel consumption.

The main reason for this improvement is a reduction in emissions from land 
use change, as land use patterns stabilize and in particular deforestation is halted, 
although 50 percent of secondary forest area is still lost by the end of the model-
ing period, leaving only 3 percent of secondary forest coverage for the country in 
2035. Over this period pasturelands (−16 percent compared to 2010), fallow 
(−67 percent) and other land classes (−30 percent) are also reduced to make 
room for cropland expansion (+45 percent). However, because croplands are 
better managed with less use of fire on perennial plantations, and with improved 
seeds and water management on irrigated surfaces, they provide a net sink 
of  −44  Mt CO2e/year by 2035. The results show that by improving land 

Table 4.3 R eference Scenario: Annual GHG Emissions in 2010 and 2035
Mt CO2e/year

Activities 2010 2035 Difference (%)

Land use changes 127.1 15.6 −88
Crops −9.4 −43.6 −364
Livestock and grassland 42.4 46.4 +10
Inputs 0.6 6.7 +1,068

Total 160.6 25.2 −84

Source: Calculations based on data sources listed in the chapter 3 references.
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management to meet the ambitious Vision 20: 2020 growth targets, significant 
reductions in GHG emissions are already achieved, but further improvements 
are possible. Roughly two-thirds of the emissions are due to land use changes, and 
one-third come from livestock; therefore, these activities should be the focus for 
improvements under the low-carbon scenarios.

Low-Carbon Scenarios

Mitigation Options
The low-carbon scenarios include additional investments aimed specifically at 
reducing the net GHG emissions from the sector. The mitigation options reflect 
international experience (box 4.1) in proven sustainable land management (SLM) 
practices. The following mitigations options can be considered for agriculture, 
livestock, and forestry, and may be interlinked:

•	 Conservation agriculture aims to increase yields and environmental benefits 
through improved management of soil and water resources. Key agronomic 
practices include crop rotation/intercropping, minimal turning of the soil 
(minimum or no tillage), and maintenance of soil cover through cover cropping 
or mulching or both. However, the availability of mulch material (for 
example, crop residues, cut vegetation, manure, compost, and by-products of 

Figure 4.4 E volution of the Annual Emissions in the Reference Scenario by Agricultural Activity, 2010–35

Source: Calculations based on data sources listed in the chapter 3 references.
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agro-industries) is typically lower in semi-arid regions, which cover a significant 
part of Nigeria. Conservation agriculture could also facilitate another major 
mitigation option—avoidance of deforestation—as increased yield can reduce 
the need to convert additional forest areas to cropland (for the same overall 
production targets). This approach offers the opportunity to maintain vegeta-
tion cover (including secondary forests, live fences, agro-forestry) over an area 
equivalent to the one currently forested.

•	 Agroforestry refers to land use systems in which woody perennials are 
integrated with crops, animals, or both, on the same land management unit, 
including agro-silvicultural systems (intercropping, alley cropping), silvo-
pastoral systems (fodder banks, live fences, trees and shrubs on pasture), and 
intermixtures. Agroforestry may also contribute to conservation agriculture by 
providing mulch.

•	 Methane emissions from rice paddy fields can be reduced by adopting 
sustainable rice practices, which involve modifying the growing environment 

Box 4.1 C onservation Agriculture in Brazil and Zambia

Conservation agriculture first emerged in the 1930s during the severe dust storms in the 
United States. It has been gaining momentum worldwide since the 1990s when it was 
employed to deal with soil erosion crises in southern Brazil. Its use is now widespread globally. 
By 2007, for example, zero-tillage practices were in use on about 43 percent of arable land in 
Latin America (World Bank 2012). In Brazil, conservation agriculture relies on a variety of tech-
nologies, depending on the region. For example, one popular approach supports a mixed live-
stock and crop system, rotating pastures with crops.

The zero-tillage system supplies cheap nutrients from residues to pasture, thereby reduc-
ing pests, weeds, and diseases. The most common rotation cycles include soybeans, cotton, 
and maize, followed by 1–3 years of pasture. These practices have increased pasture stocking 
rates and have reduced soil degradation and water runoff.

In Zambia, five basic conservation farming technologies are being used: retaining crop 
residues, concentrating tillage and fertilizer application in a permanent grid of planting basins 
or series of planting rows, completing land preparation in the dry season, weeding aggres-
sively to reduce plant competition, and intercropping or rotating nitrogen-fixing legumes on 
up to 30 percent of cultivated area. Many farmers also incorporate nitrogen-fixing trees, which 
provide fodder and fuel-wood.

As of 2010, Zambia had restored 300,000 hectares in an effort that involved more than 
160,000 households. Conservation agriculture practices doubled maize yields over those 
achieved with conventional plowing systems and increased cotton yields by 60 percent. 
A recent study finds returns of US$104 per hectare for plots under conservation agriculture 
in Zambia—5.5 times the $19 per hectare of plots under conventional tillage.

Source: FAO 2010.
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so that the rice plants can grow better, with more economical use of inputs. For 
instance, instead of flooding the rice paddy, seedlings are planted in dry soils 
that are watered periodically. Seedlings are also spaced more widely, to allow 
for regular soil aeration and weeding as the plants develop.

•	 Livestock emissions from enteric fermentation and manure can be reduced by 
adopting better feeding and breeding practices, and can even be offset by seques-
tering carbon in the biomass and soil of pasturelands. Improved rangeland 
management may involve rotational grazing, reduction of fire use, application 
of fertilizers or manure, irrigation, improved grass varieties, association with 
legumes, and so on. Sustainable rangeland management should also result in 
lower stocking densities.

Implementing these options would involve both public and private costs. 
Public costs are incurred through provision of government support for each 
option, for example, in the forms of provision of improved seed, fertilizers or 
feed, extension services, and administrative/management costs. Farmers and 
private landowners incur costs for labor, and producing/purchasing fertilizer, feed, 
and fuel, but also benefit from the incomes accrued from increased production.

Introduction of SLM technologies is assumed to be an accelerating process, 
but it is also subject to a technical constraint (seedlings, farmers’ support), 
whereby no more than 800,000 hectares/year on average can be brought under 
new SLM technologies.2 Subject to this constraint, two scenarios were explored:

•	 Resources available are allocated to alternative SLM technologies so as to 
maximize the total mitigation potential.

•	 Resources available are allocated to alternative SLM technologies so as to max-
imize profitability—that is, net present value (NPV) of private investment—
for farmers.

In order to provide a minimally balanced mix of mitigation options, additional 
constraints were added on the minimum rate of adoption for each SLM technol-
ogy, in line with their anticipated intrinsic appeal to farmers. Both scenarios 
affect approximately the same total land area subject to introduction of SLM 
technologies.

Adjusted Agricultural Growth Model
The agricultural growth model was adjusted to stabilize the land area needed for 
crops by 2025 while still reaching the same sector production targets, given the 
higher yields expected from the introduction of the above mentioned technolo-
gies (see table 4.4). Reduction of postharvest loss remains the same as in the 
reference scenario.

The annual growth yield is assumed to be the same as in the reference 
scenario for the first five years, then one point higher for the following five years, 
and 2 points higher the next five years. This gives an annual compound growth 
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rate close to 5.1 percent. After the implementation phase, 2025 and beyond, 
yield growth remains stable, at the same rate of 2025. This results in total pro-
duction growth during the model period that is somewhat higher than that of 
the reference scenario, as illustrated in figure 4.5.

Low-Carbon Scenario Emissions
All SLM technology options have a positive cost to the FGN, which is assumed 
to provide technical support and subsidies for their implementation. The balance 
of costs to private farmers and landowners is very different, however, depending 

Table 4.4  Agricultural Growth Model of the Low-Carbon Scenario vs. the Reference Scenario
% growth

Source of growth

2010–25 2026–35

Reference Low-carbon Reference Low-carbon

Area increase 1.6 1.2 0.8 0
Post-harvest loss reduction 2.5 2.5 0 0
Yield increase 4.1 5.1 4.0 6.0

Total production growth 8.3 9.0 4.9 6.0

Source: Calculations based on data sources listed in the chapter 3 references.
Note: The way in which the sources of growth interact in determining total production growth is nonlinear, so the last row in 
the table is not the result of adding the values reported in the three rows above.

Figure 4.5 L ow-Carbon Scenario: Relative Contributions to Total Production Increase
2010 output = 1

Source: Calculations based on data sources listed in the chapter 3 references.
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on the specific option selected. These costs were evaluated under two different 
scenarios (table 4.5): 

•	 Scenario A focuses on those options which maximize emissions reductions 
potential per hectare of land, namely avoided deforestation and agroforestry.

•	 Scenario B focuses on the options that provide the highest private return, 
particularly conservation agriculture, which increases crop yields for a rela-
tively low investment. (Note that agroforestry also provides significant yield 
increases, but requires more intense up-front investments from farmers, 
particularly in labor, and is therefore only marginally profitable for them.)

Overall, scenario A results in a mitigation potential of 1.0 billion t CO2e 
(compared to the reference scenario). It costs the government US$3.2 billion 
(in  NPV terms), and it generates net returns of US$5.7 billion to farmers 
(also NPV). Scenario B generates roughly half the emission reductions, at slightly 
more than 0.6 billion t CO2e, at a similarly reduced public cost of about 
US$2.2 billion, while private returns are roughly increased by one-third, reaching 
US$7.2 billion.

Other land use changes, such as expansion of perennial crops and paddies and 
restoration of degraded land, remain the same as the reference scenario. So do 
other emissions model parameters, such as soil and climate characteristics, con-
struction of new infrastructure, and introduction of technologies and improve-
ments already included under the reference scenario. Table 4.6 and figure 4.6 
illustrate the contribution of each subsector to the total mitigation potential of 
the two different scenarios. A negative number indicates higher emissions than 
the reference scenario.

Table 4.5 L and Use in 2010 and 2035 for the Reference and Low-Carbon Scenarios
hectares, millions

Land use 2010

2035

Reference Low-carbon scenario A Low-carbon scenario B

Annuals 34.44 46.16 41.43 41.43
Perennials 6.55 12.42 9.72 9.72
Wet rice 1.31 2.92 2.63 2.63
Forests 9.10 2.70 10.30 5.93
  Secondary forests 8.80 1.80 3.79 3.79
  Plantations 0.30 0.90 0.90 0.90
  Live fencing/agroforestry . . 5.61 1.24
Pastureland 18.63 15.67 14.88 17.78
Degraded lands 1.85 . . .
Fallows 6.23 2.08 2.29 3.11
Other lands 12.94 9.10 9.80 10.45

Total 91.05 91.05 91.05 91.05

Source: Calculations based on data sources listed in the chapter 3 references.
Note: (.) = negligible.
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Table 4.6 M itigation Potential of Each Activity

Activities

Scenario A mitigation Scenario B mitigation

Mt CO2 % Mt CO2 %

Avoided deforestation 207 18 207 30
Afforestation and agroforestry (live fences) 712 61 158 22
Non forest land use change −142 n.a. −13 n.a.
Annual crops 124 11 222 32
Perennial crops 46 4 46 7
Wet rice 7 1 3 0
Grassland 34 3 32 5
Livestock 28 2 28 4
Inputs −39 n.a. −39 n.a.
Other investment 2 0 2 0

Total 976 646

Source: Calculations based on data sources listed in the chapter 3 references.
Note: n.a. = not applicable.

Figure 4.6  Agricultural Mitigation Potential by Subsector for Two Low-Carbon Scenarios
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Table 4.7 shows that scenario A has 1.5 times the mitigation potential of 
scenario B (976 vs. 646 Mt CO2e/year), but at 1.4 times the public cost and 
0.8 times the additional income to the farmers on a NPV basis. However, the 
additional GHG emissions reductions generated under scenario A offer the 
possibility to use carbon payments to incentivize landowners and farmers to 
adopt more carbon-beneficial land uses. On average, a carbon price of US$6.1 
per t CO2e per year paid to farmers would be sufficient to increase the private 
financial benefit of the land use choices under scenario A to the same level as 
that enjoyed under scenario B, effectively compensating farmers for adopting 
SLM options with higher mitigation potential.

Source: Calculations based on data sources listed in the chapter 3 references.
Note: AFOLU = agriculture, forestry, and other land use.
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Figure 4.6  Agricultural Mitigation Potential by Subsector for Two Low-Carbon Scenarios (continued)

Table 4.7 R esults for the Two Low-Carbon Simulations from 2010 to 2035

Variable Scenario A Scenario B

Cumulative emissions, Mt CO2e 1,687 2,017
Total mitigation potential, Mt CO2e 976 646
Average mitigation potential, in t CO2e/hectares/year 0.4 0.3
Cumulative public expenses (gross/NPV), $millions 10,211/3,207 6,983/2,228
Cumulative private revenues (gross/NPV), $millions 41,024/5,699 44,278/7,277

Source: Calculations based on data sources listed in the chapter 3 references.
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With carbon payments, conservation agriculture is still the most profitable 
option, but introducing a system of rice intensification (SRI) and livestock/
pasturelands improvement are significantly more attractive, and avoided defores-
tation is relatively more attractive, although still not financially rewarding in 
isolation. Hence, carbon payments at this level are not sufficient to incentivize 
private decisions to take up all SLM options in accordance with scenario A, but 
could be used to compensate for the foregone income at the macro level. 
Therefore, if the FGN could control the distribution of carbon incomes, these 
funds could potentially be used to selectively incentivize the most carbon-
intensive options, such as avoided deforestation and agroforestry, as a strategy to 
provide for a more balanced mix of SLM technologies that would exploit the 
synergies between them, as well as the additional positive environmental exter-
nalities from maintaining increased forest cover.

Recommendations for Agriculture and Land Use

Despite the demonstrated benefits of SLM technologies, adoption of low-carbon 
strategies is still often limited or slow in most countries, even for those options 
that involve significant private financial returns. Among practical obstacles that 
hinder rapid adoption are the need to convince and train risk-averse farmers 
about new ways of farming as well as the frequent need for up-front investment 
that pays off over a number of years. Financial support, training, and demonstra-
tions are all necessary to encourage farmers to undergo  the radical change in 
working and thinking needed to adopt new SLM techniques.

A further practical issue is that low-carbon technologies assume that higher 
productivity will offset expansion of cropland, whereas in reality increasing yields 
may increase the private incentives to convert more land to agriculture, with the 
added risk that over-exploitation of land might eventually lead to declining 
output. Hence, agricultural intensification is unlikely to result in avoided defor-
estation unless it occurs within a strong policy framework. This section discusses 
some of the policy and institutional steps needed to realize the potential of SLM.

Building capacity and the political framework to mainstream climate change 
in agriculture and forestry strategies is a complex and dynamic process, involving 
numerous stakeholders from central to field levels (see box 4.2).

Figure 4.7 is a schematic representation of the minimum necessary elements 
for capacity building: (1) mentoring, that is, research institutions identifying 
problems and solutions, (2) training, which will bring to the field scientific 
knowledge, and (3) networking, that is, creating a conducive policy environment 
with interactions between experts and actors.

Strengthen Agriculture Research
Agricultural research has been shown to be one of the most effective forms of 
public investment. In Nigeria, although it is recommended that agricultural 
research spending not be less than 2 percent of agricultural gross domestic prod-
uct (GDP), the federal funding of agricultural research in Nigeria has been well 
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Box 4.2 P artners for a Climate-Smart Agriculture (CSA) Network in Nigeria

Implementation of a low-carbon policy in the agriculture sector will require mobilization of 
major public institutions; development partners; and federal, state, and local level stakeholders, 
including banks, the private sector, legislators, NGOs, and other actors.

Key institutions to be mobilized are: (1) Federal Ministry of the Environment (FME) as the 
designated National Authority for Climate Change and Sustainable Development; (2) Federal 
Ministry of Agriculture and Rural Development (FMARD) as the main sector coordinator; 
(3) River Basin Development Authorities (watershed management–reforestation); (4) Nigerian 
Agricultural Insurance Corporation on risk management–weather based insurance; and 
(5) Nigeria Agricultural Cooperative and Rural Development Bank (fertilizer, input-investment 
credits).

Farmer organizations form one of the most important pillars of policy and institutional 
capability for agricultural development because of their ability to engage in dialogue with the 
government and to widely mobilize farmers. Participation of farmer associations in policy for-
mulation and monitoring and evaluation (M&E) increases ownership and sustainability of 
policy measures. The All Farmers Association of Nigeria, an umbrella body for Nigerian farmers, 
is seen as the national platform for corporate and professional bodies, cooperatives, and com-
modity associations. Currently, there are 43 major farmers’ associations in Nigeria, which are 
organized along commodity lines (FGN 2011). The association could act as a field support plat-
form to promote CSA practices and gather smallholders to channel carbon funding and pay-
ment of environment services.

below the average for Africa (0.85 percent of GDP). Private-sector agricultural 
research is negligible, as it is in most of Sub-Saharan Africa (SSA). The 
Department of Agricultural Sciences (DAS) of the Federal Ministry of Agriculture 
and Rural Development (FMARD) is responsible for all aspects of agricultural 
research in Nigeria. DAS oversees the funding and management of 15 national 
agricultural research institutes located throughout the country. Those institutes 
are tasked with generating improved agricultural technologies for use by farmers 
and agro-industries.

However, DAS funding of agricultural science research and technology has 
been generally stagnant and has even decreased since the collapse of oil prices in 
the early 1980s. The agricultural research capacity in Nigeria is highly dispersed 
and the country does not have a well-defined national strategy. Nonetheless 
research is necessary to develop crop and livestock management practices aimed 
at enhancing the resilience and mitigation potential of smallholder farming 
systems, through adapting SLM approaches to local circumstances, as well as for 
meeting the overall growth targets under Vision 20: 2020.

Policy Recommendation
FMARD could launch a dedicated program on climate-smart agriculture (CSA), 
with individual research lines to be awarded competitively to institutions 
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included in the National Agricultural Research System. The program could focus 
on both development of planning tools (for example, a CSA atlas) to define and 
prioritize opportunities for adopting “triple-win” agricultural options (higher 
yields, higher climate resilience, reduced carbon emissions) and the definition of 
solutions farmers can adopt on the ground. Strengthening of research should be 
accompanied by suitable measures to improve the effectiveness of extension 
services, including through greater involvement of state governments.

Improve Mechanisms for Knowledge Sharing and Technology Transfer
Diffusion of scientific and technical knowledge to farmers is a prerequisite to the 
adoption of SLM and climate-smart agricultural practices. Agriculture needs to 
become professionalized with better incentives for training and development of 
technical capacity in crop and livestock production.

Agricultural Development Projects (ADPs) are the main vehicle for the deliv-
ery of public extension services in Nigeria. Not “projects” in the conventional 
sense, ADPs are state-level parastatals working in the agricultural sector. The first 
generation ADPs were created during the mid-1970s and were supported largely 
by donor funds. Their extension activities include establishing demonstration 
farms, identifying lead farmers, providing them with information about good 
farming practices, facilitating access to improved technology and inputs 
(for example, improved seed varieties, fertilizer, machinery services), and helping 
the lead farmers teach other farmers.

Figure 4.7 C apacity Building Model

Source: Design based on Sanni et al. 2010.
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ADPs could serve as platforms for capacity-building, to promote the adoption 
of climate-smart agriculture (CSA) techniques. They could network with local-
level training institutions to serve both extension officers and regional/local plan-
ners for promoting CSA at the planning and project design level.

Policy Recommendation
FMARD should promote “support platforms” for small farmers. A key issue in 
exploiting carbon finance in the agriculture sector is that, although the GHG 
emissions potential is significant, the contribution of each individual farm is often 
small. Thus it is important to find an efficient approach to aggregate the contri-
butions of individual farmers to avoid excessive transaction costs. Farmers’ 
federations with support from ADPs could be strengthened to become field 
platforms and potentially to channel carbon funds and payment for environment 
services. Their value chain–based structure and their capacity to gather small 
farmers give them an advantage as a farmers’ aggregator.3 Therefore to support 
these organizations it is important to:

•	 Build the capacity of these organizations to play an effective and sustainable 
role to promote improved practices and to control and monitor programs.

•	 Provide technical assistance to farmers’ organizations to enable the trade of 
carbon credits on the voluntary markets, and possibly on the compliance 
market as well. These carbon assets, including soil carbon, would result from 
the implementation of CSA.

•	 Develop effective and scalable tools to support partnerships between 
government, private-sector operators, and leading local farmers’ organizations 
and trade associations to broaden access by smallholder farmers to commercial 
and technical services.

Policy Recommendation
The FGN should strengthen decentralized institutions. With its federal system of 
government, Nigeria faces a challenge to define the roles and responsibilities of 
each tier of government. All the agricultural research institutes are owned and 
managed by the FGN while the state and local governments, which provide 
extension services, have no research institutes. This means that decisions on the 
funding, direction, and implementation of research activities are taken from 
Abuja, resulting in a discrepancy between local needs and current research and 
development (R&D) programs. An effort should be made by FGN to decentral-
ize activities and strengthen the linkage to extension services and farmer 
organizations.

Integrate CSA into Mainstream Government Programs
A stable policy environment is a key requirement for the effective development 
of the agriculture sector and its contribution to mitigating climate change. 
Unfortunately, this has generally been lacking in Nigeria: inconsistent agricultural 
policies have often resulted in limited response by farmers due to the uncertainty 
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on how long any given policy might actually last. Also, erratic import policies 
characterized by frequent changes in both import tariffs and quantitative import 
restrictions have created additional uncertainty for producers. However, Nigeria 
has recently developed its Agricultural Transformation Agenda (box 4.3), which 
has the potential to act as a key long-term vehicle to champion sustainable and 
climate-smart sector policies.

Policy Recommendations
The FGN could strengthen the integration of CSA into the ATA by supporting 
the following: 

•	 A dedicated program to promote climate-smart, SLM practices—that is, those 
that at the same time can raise yields, increase climate resilience, and reduce 
net carbon emissions—in up to 1 million hectares by 2020. The SLM 
Committee provides an institutional platform to promote the development 
and diffusion of climate-smart agriculture practices. This work could build on 
the experience accumulated under the Fadama project (Echeme Ibeawuchi 
and Nwachukwu 2010).

•	 The FMARD could introduce screening tools for the ATA to improve the 
ability of investment projects in agriculture to increase climate resilience and 

Box 4.3 N igeria’s Agricultural Transformation Agenda (ATA)

The 2012 Agricultural Transformation Agenda (ATA) is a comprehensive plan that aims to 
restore Nigeria’s old glory as an agriculture powerhouse. To this effect, the ATA seeks dramatic 
increases in agricultural productivity, massive job creation in the agriculture sector, significant 
expansion of value-addition in processing, drastic reductions in agricultural imports, and 
improved penetration of international markets. It targets a number of commodities, including 
rice, cassava, cacao, oil palm, cotton, sorghum, maize, soybean, tomato, onion, livestock, and 
aquaculture, differentiated across space.

The ATA is an important point of departure for transforming Nigeria’s agriculture sector by 
providing: (1) an in-depth analysis of root causes of poor performance of the agriculture sector 
along with quantification of lost opportunities caused by this poor performance; (2) a clear 
vision for transformation of the sector as a process, including import substitution, export 
orientation, and value-addition through processing and backward integration linkages; (3) an 
explicit focus on agriculture as a business, putting the private sector in the driver’s seat and 
recognizing the critical role of women; (4) a comprehensive approach to change by focusing 
on value chains; (5) a concrete and specific program of sector policy reforms, including reform 
of the fertilizer subsidy program, which has been a major drain on sector expenditures; and (6) 
specific and quantified targets for expected outcomes in terms of jobs, income, food security, 
and productivity improvements.

Source: Based on Nigeria Federal Ministry of Agriculture.
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reduce emissions. Tools such as the FAO Guidance to Best Practices and guid-
ance on carbon balance appraisal of projects and policies could help the 
country develop its climate change response from the strategy level down to 
the stage of project design and appraisal.

Notes

	 1.	It is assumed that the six-fold increase in the value of agricultural output envisioned 
under Vision 20: 2020 is only partly met through increase in physical output, with the 
rest accounted for in terms of increases in price or value of output due to improved 
quality or competitiveness. Hence the growth in physical output to 2025 used as the 
basis of the growth model is less than a six-fold increase.

	 2.	At an average farm size of two hectares, this is equivalent to roughly 400,000 rural 
families adopting SLM options annually. This is ambitious, but not compared to the 
scale of sector reforms already needed to address the Vision 20: 2020 productivity 
goals.

	 3.	The large number of small farmers in rural areas makes it hard to provide adequate 
incentives and extension support with manageable transaction costs. A key challenge 
is finding an entry point to reach them. Options include farmers’ unions, cooperatives, 
value chains, and existing programs that cover a district with adequate services. The 
role of aggregator is to deliver the whole range of services and support to a wide 
number of small farmers, including the eventual delivery of payment for environmen-
tal services.
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The Oil and Gas Sector

Nigeria’s proven oil and gas reserves of 37.2 billion barrels and 186.9 trillion 
cubic feet (TCF), respectively, as of January 1, 2011, rank the country among 
the top 10 globally in wealth of these resources. Revenues from oil exports 
during 2010 reached US$70 billion, which, together with LNG (liquefied 
natural gas) exports, represents more than 90 percent of Nigeria’s foreign 
exchange receipts. However, the rapid growth in sectors of the economy 
outside of oil and gas is causing the sector’s share of gross domestic product 
(GDP) to decline.

In 1977 the Federal Government of Nigeria (FGN) created the Nigerian 
National Petroleum Corporation (NNPC) which has managed this sector 
through joint venture (JV) arrangements with the petroleum industry. This 
investment structure gave the state a significant direct interest in this industry 
but also required it to fund a significant share of all investments. This has 
become increasingly onerous in recent years, resulting in a shortfall in the 
funding of the NNPC’s share of investments. More recent deep-water 
licenses—with increasingly expensive exploration and development costs—
have been awarded in the form of production sharing contracts (PSCs) to 
relieve the government of any funding requirement. Over the last few years the 
government has proposed a complete restructuring of the industry, and until 
the new terms and conditions are clear, private industry is reluctant to commit 
to new investments. However, progress has been made in reducing gas flaring, 
even as oil and gas production have increased (see figure 5.1).

The oil and gas sector has historically been one of the main sources of green-
house gas (GHG) emissions in Nigeria. Estimated annual emissions in 2010 
were approximately 90 million metric tons carbon dioxide equivalent 
(Mt CO2e) per year, of which the dominant source is gas flaring. The other 
major sources are on-site use of gas (mainly for power generation) for operating 
oil and gas production, transportation, and processing facilities; fugitive emis-
sions of gas through leaks and other losses; and venting of gas from oil storage 
tanks (see figure 5.2).

Cha   p t e r  5
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Study Results

The study team developed the reference case scenario based on extensive interac-
tions and feedback from the NNPC and oil industry representatives. It assumes a 
continuing decline of emissions from gas flaring based on existing flare-reduction 
programs agreed with the FGN and oil companies, as seen in figure 5.3. However, 

Figure 5.2 O il and Gas GHG Emissions by Source, 2010
percent

Source: Calculations based on NNPC oil and gas production data listed in the chapter 3 references.
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Figure 5.1  Historical Oil and Gas Production and Flared Gas Volumes

Source: NNPC 2011.
Note: AG = associated gas; NAG = non-associated gas.
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the assumptions for the two oil and gas production regimes—JV and PSC—are 
different. In JV fields, flaring is projected to decrease over the study period from 
the current 37 percent of associated gas (AG) production to 5 percent by 2035. 
This reflects the high level of legacy flaring in these older fields. PSC fields, rela-
tively recently developed, are assumed to have had gas gathering infrastructure 
incorporated in their design, and therefore to be flaring only 5 percent of the AG 
currently.

However, emissions from all other sources are forecast to increase. Major 
drivers are the expected growth in on-site use of gas to fuel power genera-
tion and other processes, particularly in LNG and gas-to-liquid (GTL) 
plants, as well as increases in gas production to meet domestic and export 
demand.

While flaring sources are clearly identified mitigation targets, no specific data 
are available on the fields and facilities in the Nigerian oil and gas industry. It is 
possible, therefore, that some emission mitigation options discussed in the study 
analysis may have already been completely or partially implemented. If this is the 
case, the emission estimates in the reference case scenario, and the potential for 
their reduction, may be overstated.

Based on the production projections and the assumptions described in 
the following sections, emissions for the next 25 years from the oil and gas 

Figure 5.3 R eference Scenario Oil and Gas GHG Emissions by Source

Source: Calculations based on data sources listed in the chapter 3 references.
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sector can be expected to remain at approximately 70–80 million tons 
per year.

The Demand for Gas

In order to evaluate the future gas supply requirements, the study team 
developed a gas demand projection for the major gas users using the following 
assumptions:

•	 On-Site Use: In the absence of other data, on-site use of gas for power 
generation, re-injection, and so on has been assumed to mirror current own-
use throughout the study period, adjusted to take account of the changes in 
production levels over time.

•	 Power Generation: Nigeria’s gas-fired power generating capacity is projected 
to increase rapidly; the rate of increase has been taken from the Power Sector 
reference case developed for this study.

•	 Industrial Use: The required volume of gas has been assumed to increase at 
approximately 10 percent a year.

•	 LNG: LNG exports are expected to grow both through additional trains at 
Nigeria LNG Ltd. and as the Brass and OK plants come on-stream. The timing 
of the LNG export increases is taken from the Wood Mackenzie 2011 global 
LNG report. Gas requirements assume 9 percent of the into-plant gas is 
required for on-site power generation and other uses.

•	 GTL plants: The Escravos GTL plant is assumed to come on-stream in 2013 
with a capacity of 34 thousand barrels per day. A second plant (or expansion) 
of the same size is assumed to come on-stream in 2022. Gas requirements 
assume 35 percent of the into-plant gas is the volume assumed to be used for 
on-site power generation and other uses.

•	 West Africa Gas Pipeline (WAGP): The WAGP started exporting gas in 2010. 
Volumes by 2020 are assumed to gradually reach 474 million cubic standard 
feet per day, the current capacity of the line.

Figure 5.4 illustrates the evolution of the various demand components based 
on the above assumptions.

Oil and Condensates
The NNPC has forecast that oil and condensate production will reach a pla-
teau of just over 3 million barrels per day in 2020 and will then decline at 9% 
per annum to under 0.9 million barrels per day by 2035. This scenario 
(shown as dashed lines in figure 5.5 panel a) is based on an assumption of 
constrained investment post-2020. However, Nigeria has more than sufficient 
proven oil and condensate reserves to sustain a higher level of production, 
and it seems unlikely that the FGN would allow such a fast and unnecessary 
decline in an essential source of revenue. Following discussions with stake-
holders, the study team developed a modified projection (shown as solid lines 
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Figure 5.4 R eference Case Projected Demand for Gas for On-Site Use
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Figure 5.4  Reference Case Projected Demand for Gas for On-Site Use (continued)
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Figure 5.4  Reference Case Projected Demand for Gas for On-Site Use (continued)

Figure 5.5 P rojected Production of Oil and Condensate for Existing and New JV and PSC 
Fields
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Source: Calculations based on NNPC projections data listed in the chapter 3 references. 
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in figure 5.5 panel a) that assumes that, after 2022, oil and condensate pro-
duction will decline at an annual rate of 3 percent (that is, at one-third the 
rate of decline in the “NNPC projection”). This  decline rate is a weighted 
average of:

•	 A decline in PSC oil and gas production at an annual rate of 4.33 percent and
•	 A decline in JV oil and gas production at an annual rate of 2.5 percent.

This projection, which has been used as the basis for the GHG emission 
estimates, results in a cumulative production of 24.9 billion barrels of oil and 
condensate over the period 2009–35 that is well below the currently proven 
reserves of 37 billion barrels.

Total oil and condensate production was divided into four categories: old 
and new JV fields and old and new PSC fields. These distinguish the cost of 
implementing new low-carbon options, where old fields (pre-2009 develop-
ments) have higher costs due to the need to retrofit existing installations. 
The differentiation between the PSC and JV fields was made to reflect the 
significantly lower flaring rate—as advised by the Department for Petroleum 
Resources (DPR) and observed from satellite data—in the PSC fields com-
pared to the JV fields. This resulted in production profiles as shown in 
figure 5.5.
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Associated Gas
The gas-oil-ratio (GOR) projection provided by NNPC combined with the modi-
fied oil projections was used to estimate AG production projections (figure 5.6).

Non-Associated Gas
The volume of AG production is determined by the oil production and gas-to-
oil ratio. Production of non-associated gas (NAG) is therefore needed to ensure 
that total gas production (AG + NAG) meets expected gas demand. The NAG 
projection provided by NNPC peaks in 2020 and declines thereafter, based on 
their assumption of constrained investment. When added to the AG projection, 
the resultant total gas supply will be insufficient to meet projected demand for 
gas through 2035. Therefore, additional investment in developing new NAG 
fields before 2020 will be required if the demand for natural gas for both the 
domestic and export markets is to be met. This total gas demand is shown in 
figure 5.7 panel a, and the corresponding supply requirement in figure 5.7 
panel b.

As figure 5.7 panel a shows, the estimated supply and demand projections 
suggest that there will be an excess of gas supply available prior to approximately 
2020. Thereafter, as NAG production has been assumed to increase as required 
to meet demand, supply and demand are in balance.

Figure 5.6  Associated Gas (AG) Production

Source: Calculations based on data sources listed in the chapter 3 references.
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Source: Calculations based on NNPC data listed in the chapter 3 references.
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Figure 5.7  Gas Demand and Supply Projections
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GHG Emissions for the Reference Scenario

Based on the above oil and gas production projections, GHG emissions were 
estimated for each of the major emission sources:

•	 Combustion of fuels
•	 Flaring of AG
•	 Venting of gas
•	 Fugitive emissions
•	 Other emission sources (such as venting from oil storage tanks and facility 

maintenance activities).

The reference case scenario GHG emissions forecasts by source are presented 
in figure 5.8.

GHG Emissions in the Low-Carbon Scenario

This study has identified a large number of potential mitigation options for each 
of the various parts of the oil and gas production, transportation, and processing 
chain, as well as provided estimates of the capital and operating costs and emis-
sion reductions that would be achieved through their implementation.

In order to establish a low-carbon emissions scenario, a selection was made 
from these options assuming (1) an annual budget ceiling for implementing 

Figure 5.8 R eference Scenario: Oil and Gas GHG Emissions by Source

Source: Calculations based on NNPC data listed in the chapter 3 references.
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Box 5.1 L ow-Carbon Interventions for the Oil and Gas Sector

The options that can be considered to reduce carbon emissions fall into three main 
categories:

•	 Gas flaring
•	 Leakage and emissions of natural gas, which is primarily methane
•	 Use of gas within oil and gas sector operations 

Gas flaring
Gas flaring, which takes place at many areas of oil and gas operations (including production 
facilities, gas processing facilities, and LNG and GTL plants), can be reduced if viable alternative 
uses for the gas being flared can be identified. In Nigeria, these uses include:

•	 injection either for enhancement of oil recovery or purely for disposal/storage; 
•	 power generation, heating on-site to run the operations;
•	 domestic power generation, both on a large scale with electricity delivered to the national 

grid or on a small scale, to supply electricity to local communities;
•	 supply to LNG and GTL plants;
•	 supply to domestic industry; and
•	 export via the West Africa Gas Pipeline.

Extraction of natural gas liquids (LPGs) for sale can be employed to reduce gas volumes 
flared, even where no viable use for the dry gas is available.

Although the bulk of gas flaring can be reduced by using the gas as described above, some 
flaring will always continue primarily for safety reasons. These smaller, but still significant, 
emissions can be reduced by redesign of the flare itself to remove the need for pilot flames, 
and to improve combustion efficiency.

Leakage and emissions of natural gas
Natural gas leakage and emissions take place, to a greater or lesser extent, in all oil and gas 
operations. The bulk of these emissions are called “fugitive emissions,” which take place 
through gas seals and pipe connections, from gas-actuated process control equipment, during 
maintenance operations, and from equipment designed to vent small volumes of gas during 
normal operations. These fugitive emissions can be reduced by:

•	 replacing wet seals on gas compressors, which continuously leak gas through the seal, with 
dry sealing devices;

•	 installing vapor recovery units on glycol pumps and dehydration units;

low-carbon options of US$3 billion per year, about 5 percent of projected net 
revenues from oil and gas production and (2) limited engineering capacity to 
implement these options; for example, no more than 35 flare reduction options 
were considered implementable each year. A brief description of the low-carbon 
options included in the analysis is provided in Box 5.1.

box continues next page
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Box 5.1  Low-Carbon Interventions for the Oil and Gas Sector (continued)

•	 using air rather than gas to actuate process control equipment;
•	 installing low-bleed pneumatic control devices; and
•	 carrying out enhanced and directed maintenance programs for production and processing 

facilities, gas compressors, pipelines, and meters.

Emissions also take place as gas evolves from oil stored in fixed-roof tanks at oil and gas 
facilities. These emissions can be reduced by replacement of the fixed roofs with internal float-
ing roofs that minimize the leakage and/or installation of vapor recovery units to collect the 
gas evolved. 

Use of gas within oil and gas sector operations
The main use of gas within the oil and gas sector is for power generation to run oil and gas 
production, transportation, and processing operations. Options to reduce emissions from this 
on-site power generation equipment include:

•	 replacement of low-efficiency gas turbines/reciprocating engines with modern, high-
efficiency equipment;

•	 installing variable speed drives on gas compressors and oil pumps to maximize compressor 
and pump efficiencies;

•	 replacement of the power generation equipment itself with modern higher efficiency 
equipment, such as combined-cycle units;

•	 replacement of equipment with a high demand for power, particularly gas compressors, 
with modern higher efficiency equipment;

•	 installing optimal system control units to reduce the power requirement in the various oil 
and gas operations; and

•	 carbon capture and storage of combustion gases.

Under the low-carbon scenario, GHG emissions are significantly reduced, as 
illustrated in figure 5.9, with better utilization of Nigeria’s gas resources through 
reduced waste of AG. The total potential abatement over the 2010–35 period is 
estimated to be 750 Mt CO2e. Figure 5.9 also shows the resultant low-carbon 
scenario emissions by source.

The emission reductions attributed to reducing gas flaring in this scenario are 
significant. However, it should be noted that the main flare reduction has already 
been included in the reference case scenario. Without these reductions, the refer-
ence case scenario emissions would be significantly higher. Reduction in gas flar-
ing is the single most effective activity to increase AG utilization and reduce 
emissions.

Early implementation of flaring reduction is critical, as declining oil (and 
hence AG) production reduces the economic attractiveness of the low-carbon 
investments. Implementation of low-carbon options in fields where flaring is 
continuing will have limited or no impact because the gas saved would then be 
flared. Therefore, elimination of routine flaring should typically precede imple-
mentation of other low-carbon options.
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Gas Prices

Most carbon mitigation options generate revenues from sale of natural gas, LNG, 
liquefied petroleum gas (LPG), and electricity. Considerable uncertainty about 
the future prices of these products is inevitable. For base and low gas price sce-
narios, projections from the U.S. Department of Energy Annual Energy Outlook 
(USDOE 2011) have been used, consistent with analysis of low-carbon options 
for the Nigerian power sector. The high gas price scenario is based on the United 
Kingdom Department of Energy and Climate Change (DECC 2011) high gas 
price scenario, which is notably higher until 2026 than Annual Energy Outlook 
(USDOE 2011) high-scenario (see table 5.1).

Natural gas supplied to LNG plants is calculated at the value of LNG exports 
to Europe, less $1.67 for marginal production cost, $1.33 for shipping, and $0.37 
for regasification, for a total netback reduction of $3.37/millionBtu from the 
price of LNG to estimate the value of gas.

For gas sold domestically, the price in 2012 is assumed to be at current low 
gas prices, with an increase to export parity by 2015 in accordance with the 
assumptions used in the power sector analysis.

Revenues for large-scale LPG volumes are estimated at gross primary produc-
tivity (GPP) plant outlet at $400/ton, based on a Rotterdam price of $800/ton, 
less shipping and transportation. For small-scale domestic LPG sales near the well-
head, net revenue is estimated at $150/ton. LPG prices are projected to increase 
over time indexed to the price of oil, using base, low, and high scenarios.

Figure 5.9 L ow-Carbon Scenario: Emissions Reductions from Oil and Gas

Source: Calculations based on NNPC data listed in the chapter 3 references.
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The revenues from the sale of electricity generated from gas utilized by low-
carbon options are estimated to be the same as the generation cost for grid-
connected gas turbines used in the analysis of the Nigerian power sector, at 
$52/megawatt-hour (MWh) in 2010, increasing to $63/MWh in 2015, as gas 
price approaches export parity.

Using the mid-prices, figure 5.10 shows the costs and revenues for the low-
carbon scenario. The largest capital costs occur in the early years. Revenues are 
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Figure 5.10 R evenues and Costs for the Low-Carbon Scenario

Source: Energy Redefined 2012.

Table 5.1 L ow-, Mid-, and High-Cost Product Price Scenarios, 2012–35

Year 2012 2015 2020 2025 2030 2035

Natural gas ($/millionBtu)
Low 4.41 4.55 4.78 5.02 5.28 5.55
Mid 4.50 4.71 5.07 5.46 5.89 6.34
High 8.34 9.23 10.71 11.45 11.45 11.45

LPG ($/tonne)
Low 316 315 323 317 335 319
Mid 404 427 488 516 531 539
High 532 597 681 732 760 772

Electricity ($/MWh)
Low 55 60 61 63 65 67
Mid 57 63 65 68 71 75
High 87 99 104 104 104 104

Sources: DECCC 2011; USDOE 2011.
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dominated by gas sales, with significant contributions from LPG. As the graph 
shows, the early low-carbon options generate sufficient revenue to fund further 
implementation after 2016.

Recommendations for Oil and Gas

Recommendations for the Federal Government of Nigeria
Policy Recommendation: Establish A Joint Government-Industry Group
The FGN might want to consider setting up a joint government-industry group 
to develop a low-carbon strategy and action plan for the oil and gas industry.

Policy Recommendation: Fund Mitigation Projects
The FGN might want to ensure that NNPC’s annual budget includes suffi-
cient funding for implementation of the high-priority mitigation options. 
The FGN should consider implementing a “fast-track” budget approval pro-
cess for mitigation options.

Policy Recommendation: Improve Collection and Availability of Data
For many emission estimates, this book has relied on realistic assumptions with 
regard to the oil and gas facilities in Nigeria and their condition. In order to 
develop better and more detailed emission estimates that can form the basis of a 
detailed plan for their mitigation, it is recommended that the FGN promotes the 
following:

•	 The creation of a sector-wide inventory of emission sources. Apart from 
information on current GHG emissions, the inventory should include 
the  status of each source—for example, age, condition, emission reduc-
tion  actions already taken—and identified potential emission reduction 
options.

•	 Application of the Tier 1 methodology of the Intergovernmental Panel for 
Climate Change to establish the current level of emissions. If Tier 1 is 
considered to be unrealistic to carry out in a reasonable time frame, at least a 
Tier 2 estimate (both Tier 1 and Tier 2 estimation methodologies are described 
in the API Compendium [API 2009]) should be prepared.

Policy Recommendations for the Oil and Gas Industry (including NNPC)
Address Gas Flaring Reduction
Flaring reduction should be the highest priority action, not only to reduce the 
direct emissions from the flaring, but also to extract maximum benefit from 
conserving gas through implementation of other mitigation measures.

Because of the high cost of installing gas gathering and processing facilities at 
small flare sites, it is recommended that consideration should be given to 
collecting the small volumes of AG in clusters for processing and export of the 
dry gas and LPGs.
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Improve Energy Efficiency
(1) Consider replacement of older and/or smaller on-site power plants with new 
equipment and (2) Consider use of variable-speed drives on pumps and com-
pressors to improve efficiency.

Other Recommendations for Reducing Emissions
(1) Since some flaring will still occur (for example, for safety), consider 
improvement of the combustion efficiency of remaining flares. (2) Where not 
already done, consider replacing fixed roof tanks with floating roof tanks, with 
gathering systems for the liberated gas. (3) Enhanced and directed inspection and 
maintenance programs have been very effective in reducing emissions in other 
oil and gas ventures. Consider gradually implementing such programs in Nigeria.

Longer Term Recommendations for Oil and Gas
A number of technologies may become economically attractive to implement in 
the longer term, including alternative energy sources such as wave power to 
replace on-site gas/diesel combustion and carbon capture and storage. The cost 
trend for these technologies should be monitored and, when they appear to be 
viable, their potential for implementation in Nigeria should be considered.
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The Power Sector

Nigeria’s electricity grid faces many challenges, including insufficient grid-
connected capacity to meet demand, inadequate infrastructure to make the 
country’s abundant gas available for power generation, and an inefficient trans-
mission and distribution system with limited coverage. In part for these reasons, 
an estimated 50 percent of the electrical energy consumed in the country is 
currently produced off-grid by diesel and gasoline generators of all shapes and 
sizes. Unmet demand is also high, particularly amongst the many citizens who 
have no access to the grid and cannot afford off-grid power.

This is fully recognized by the current government. Within the last 
5 years, four major power sector planning studies have been carried out for 
the country; increasing the amount, accessibility, and reliability of electricity 
supply is a major political priority for Nigerian President Goodluck Jonathan, 
who has recently established two multi-agency bodies for power sector 
development.

Projecting Development of the Sector

Electricity Demand
Projecting the demand for electricity in Nigeria is especially challenging because 
of the difficulty in estimating the large amount of electricity produced by small, 
unregulated petrol and diesel generators, and quantifying the suppressed demand. 
The study team addressed the issue by using cross-country evidence of the 
relationship between income and electricity use (both on a per capita basis). 
Figure 6.1 suggests a constant elasticity of electricity demand to income, which 
enables the analysis to predict the growth in power demand as income grows to 
meet the Vision 20: 2020 objectives: the relationship is displayed by the orange 
diamonds, which project the trajectory of Nigeria’s per capita electricity 
consumption and income 2008–35.

Figure 6.1 also highlights how Nigeria’s recent grid electricity supply has 
lagged far below that of similar countries. Nigeria’s base year consumption is 
estimated at 212 kilowatt-hours (kWh) per capita (of which half is off-grid 
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generation), which is well below the trend line of 300 kWh per capita at the 
same income of $2,226 per capita (purchasing power parity [PPP]). The refer-
ence scenario projects a rapid expansion in electricity supply through 2015 that 
reflects the Federal Government of Nigeria's (FGN) Vision 20: 2020 plans. The 
reference case scenario also projects that post-2015, Nigeria will follow the trend 
line, which is an average of other developing countries. This would result in a per 
capita consumption of 1,875 kWh/capita in 2035, at a per capita income of 
$8,226 (2009 USD at PPP).

The result is that total demand (grid and off-grid) for electricity grows by a 
factor of 5.0 by 2020 and 16.8 by 2035 relative to 2009.

Demand is met by a mixture of the five source categories listed in table 6.1, 
which includes grid supply, as well as off-grid generation, divided into four 
classes, A, B, C, and D, following the Energy Commission of Nigeria (ECN).

The base year estimates of current grid and off-grid generation by category are 
based on data and estimates developed with the ECN and the Federal Ministry 
of Power (FMP). Because of the considerable uncertainty in these estimates, the 
sensitivity of the results to the underlying assumptions is examined in box 6.1. 
As grid supplies increase in quantity and reliability, the study projects that off-
grid generation will decline over time. However, the energy used by those with 
no grid access, mainly in rural areas (category D) increases over time as incomes 

Figure 6.1  Annual Per Capita Electricity Use vs. Income for 120 Countries, 2008; Nigeria 
Projections, 2008–35

Sources: Income and population, World Development Indicators 2011; Electricity use, USDOE 2009.
Note: Graph points show electricity use per capita against income per capita (at purchasing power parity) for 120 countries in 
2008. The trend line in green is fitted to countries with per capita incomes $2,000–8,500, excluding outliers. Projected values 
for Nigeria’s per capita electricity consumption and income are shown as orange diamonds, 2008–35).
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rise. As a result, the reference scenario projects that off-grid consumption will 
decrease from an estimated 50 percent of total power consumption in 2010 to 
about 30 percent in 2035 (see figure 6.2). It is anticipated that off-grid supply 
will be increasingly provided by micro-grids—that is, local grids in residential or 
industrial areas with their own generation and distribution but not connected to 
the national grid.

Table 6.1 S ource Categories of Electricity Supply in Nigeria

Supply source/category Description

Grid-supply Generation from the power grid
Off-grid A: Backup Off-grid generation only when on-grid power is unavailable
Off-grid B: Full-time ≥ 1 MW Off-grid generation which is used full-time even though there 

is grid access, with generators greater than or equal to 1 MW 
(which require government registration)

Off-grid C: Full-time <1 MW Off-grid generation used full-time even though there is grid 
access, with generators under 1 MW (not needing government 
registration)

Off-grid D: No grid access Generation in rural locations with no grid access

Box 6.1 E stimating Off-Grid Generation and Emissions: A Sensitivity Analysis

Estimating current off-grid capacity and generation is undoubtedly challenging. Generators of 
1 MW or greater must be registered with the Federal Ministry of Power (FMP), but there are 
limited data on actual usage and the capacity of other off-grid generation beyond some local 
surveys. It is yet more challenging to project the future of off-grid generation. For these rea-
sons, studies of power systems for developing countries have usually ignored off-grid genera-
tion. However, given the large contribution of off-grid generation in Nigeria, which is unlikely 
to disappear entirely within 25 years, ignoring it would seriously compromise the practical 
value of the study. Consequently, the study team chose to include off-grid generation in its 
projections, while recognizing the inevitable uncertainty.

Examining the effects of this uncertainty via a sensitivity analysis asks what the results 
would be if 2009 off-grid generation was 40 percent less or 40 percent more than the 
current estimate. We assume the same percent change in off-grid generation relative to the 
base case through 2035, and the same off-grid generation mix over time as described 
below for each scenario. The resulting plus or minus 40 percent change in off-grid genera-
tion would change the cumulative total emissions through 2035 by plus or minus 
14.9 percent for the reference scenario and plus or minus 15.6 percent for the low-carbon 
scenarios, respectively. It would change the reduction in total emissions from the reference 
to low-carbon scenario only slightly, from 42.9 percent up to 43.4 percent, or down to 
42.6  percent, due to the higher carbon-intensity of off-grid generation relative to grid-
based generation in both scenarios.
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The Roadmap for Power Sector Reform (FRN 2010) calls for extensive 
expansion of transmission capacity to existing grid load centers, but limited 
expansion of transmission and distribution to new areas. It is likely that the 
grid coverage will be further expanded by 2035 under the auspices of the re-
established Rural Electrification Agency (REA), but given the magnitude of 
generation and transmission capacity expansion required just to meet the 
currently unmet and growing demand in existing areas (projected to expand 
by a factor of 6 by 2020, and 10 by 2035), it seems unlikely that Nigeria will 
achieve substantial coverage of rural areas by 2035. However, the projected 
economic growth of villages and towns in rural areas will require the benefits 
of electricity. Accordingly, the projections of energy consumption for 
Category D (off-grid) include a significant increase of total electricity 
from 12 percent in 2009 to 21 percent in 2035, or a factor of 30 by 2035 in 
kWh.

Grid Transmission and Distribution Losses
The increase in grid-connected generation will require a similar expansion of 
transmission capacity. An important sector policy objective is to reduce losses 
from transmission and distribution (T&D) in the Nigerian grid, which averaged 
about 20 percent in 2009 (NERC 2011). As a result of significant investment 
planned for the coming years, the reference scenario projects that technical losses 
could be reduced down to about 12 percent after 2025, as shown in table 6.2. 
The reference scenario for investment in T&D for 2009–35 assumes a constant 
cost of $92.5 million for improvements. The low-carbon scenario assumes a 
somewhat more aggressive reduction in T&D losses to 8 percent losses by 2035, 
consistent with international best practice. Thus, the low-carbon scenario 
assumes that Nigeria could reach a level comparable to that of other developing 
countries in the last decade.

Figure 6.2 P rojected Grid and Off-Grid Power Consumption, Reference Scenario

Source: Calculations based on FMP and Power Holding Company of Nigeria data and UN 2010 rural/urban population data (for off-grid 
D projections) listed in the chapter 3 references.
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Grid Generating Capacity in the Base Year
Existing grid-generation capacity in Nigeria is about 26 percent hydropower; the 
rest is by gas turbines, which are 56 percent open cycle and 18 percent combined 
cycle. As shown in table 6.3, in 2010 nameplate capacity totaled about 
9.5 gigawatts (GW), of which about 4.2 GW was actually available because of 
problems with maintenance, gas supplies, and, in the case of hydro, dam siltation 
and low river flows. However, these numbers are increasing rapidly as units are 
refurbished and new capacity comes online. About 11.4 GW nameplate capacity 
is planned by 2022, most of it by 2016.

These estimates have been used in the modeling of installed capacity over 
time, as shown in table 6.4. 

Fossil-Fuel Price Projections
The prices of fossil fuels, especially natural gas, diesel, gasoline, and coal, are key 
factors in determining the competitiveness of generation technologies. In Nigeria, 
the diesel market is relatively open: most diesel is imported and prices are close 
to global market prices. Natural gas has long been regulated and gasoline 
subsidized, resulting in prices much lower than global market prices.

This study assumes that natural gas will move toward “export parity” by 
2015—that is, the global market price, less a percentage reflecting export and 

Table 6.2 P lanned Reduction in Electricity T&D Losses
percent of generation

2010 2015 2020 2025 2035

Reference 20 19 16 13 12
Low-carbon scenario 20 19 15 12 8

Sources: NERC, Multi-Year Tariff Order 2011 (data for 2009–12); long-term projections based on discussion with stakeholders 
at the ECN.

Table 6.3 N ameplate and Available Capacity for Existing Plant and Planned Additions

Plant type Nameplate capacity (MW) Available capacity (MW)

Existing plants in 2010 Hydro 2,230 1,108
SCGT 6,150 2,286
CCGT 1,100 769

Total 9,480 4,164
Planned additions 2011–22 Hydro 3,550 2,286

SCGT 6,921 5,506
CCGT 960 778

Total 11,431 8,571
Total Hydro 5,780 3,395

SCGT 13,071 7,793
CCGT 2,060 1,547

Total 20,911 12,735

Source: Summarized from the Nigeria Federal Ministry of Power.
Note: SCGT = single-cycle gas turbine; CCGT = combined cycle gas turbine. Totals may not sum exactly due to rounding.
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transportation costs from Nigeria. It also assumes that diesel and gasoline will 
tend to “import parity” by 2015—global market prices plus 12 percent reflecting 
the cost of transportation and import to Nigeria. It further projects that Nigeria’s 
refinery capacity, much of which is currently nonoperational, will be refurbished 
and expanded between 2015 and 2020, with the result that most domestically 
consumed diesel and gasoline will be produced domestically. Hence, it projects 
that their prices will shift from import parity to export parity over that time—
global market prices less 12 percent to reflect the savings from domestic produc-
tion, a net reduction of 24 percent. Global fuel price projections are based on the 
U.S. Department of Energy Annual Energy Outlook (USDOE 2011) reference 
scenario for fuel prices through 2035. Figure 6.3 shows the resulting levelized 
fuel prices, which are estimated as the net present value (NPV) of fuel costs over 
the plant life of a given type of technology that uses that fuel, cut off at the 
modeling horizon.

Costs of Grid-Connected and Off-Grid Technologies
Figure 6.4 projects the LCOE for a wide variety of grid-connected 
technologies in Nigeria by year of installation to 2035. Those technologies 
that use fuel are based on the fuel costs in the figure. The costs of most of 
these technologies, especially solar and wind, assume a reduction in capital 
cost over time to reflect learning curves, driven by the increase in global 
capacity of a technology as a result of both technological improvements and 
economies of scale.

The early growth in the LCOE for gas turbines (both single-cycle gas 
turbine [SCGT] and combined-cycle gas turbine [CCGT]) is driven by the 

Table 6.4 N ew Generation Capacity by Technology for the Reference Scenario

Reference scenario

Installed capacity (GW)

2010 2015 2025 2035

Grid technologies
SCGT 6.5 18.0 30.0 52.0
CCGT 1.1 2.0 5.0 21.0
Hydropower 1.9 2.1 7.2 7.2
Coal subcritical 0.0 0.0 3.5 10.0
Nuclear 0.0 0.0 1.0 1.0
Subtotala 9.5 22.1 46.7 91.2

Off-grid technologies
Diesel generators 3.0 4.6 9.6 19.0
Gasoline generators 1.3 2.6 5.0 6.0
Gas turbines 0.0 1.3 7.0 13.0
Subtotal 4.3 8.5 21.6 38.0

Total 13.8 30.6 68.3 129.2

Source: Calculations based on data sources listed in the chapter 3 references.
a. Less than half of the 2010 installed capacity was actually utilized due to lack of fuel, inadequate maintenance, and other 
problems.
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Figure 6.3 L evelized Fuel Costs over Plant Lifetimes, 2009

Sources: NERC, Multi-Year Tariff Order 2011 (data for 2009–12); USDOE 2011; World Bank 2011a.
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expected increase in gas prices, reflecting FGN policies to allow gas prices to 
approach global market prices. The economic benefits of more efficient 
CCGTs over SCGTs increase over time as gas prices increase. The projected 
LCOE for concentrated solar power (CSP) and photovoltaic (PV), assuming 
International Energy Agency (IEA) learning rates, suggest that they are likely 
to become cost-competitive with SCGT before 2030 and with CCGT before 
2035.

Wind energy does not seem competitive in Nigeria based on the limited wind-
speed data available, but a more extensive survey of wind speeds may still iden-
tify economically viable locations. Neither coal with carbon capture and storage 
(CCS) nor biomass power is likely to be competitive with gas purely on 
economics, unless the carbon savings can be monetized with Clean Development 
Mechanisms (CDMs) or other means. However, it should be noted that there is 
great uncertainty about future learning rates for renewables, as well as the 
possibility of larger increases in global fuel prices than the Energy Information 
Agency’s (EIA) reference scenario.

Off-grid generation typically uses diesel and gasoline generators. Current costs 
for these were based on information obtained from vendors in Nigeria. For other 
off-grid technologies, the cost estimates were obtained from international 
sources, adjusted to reflect the more rapid cost reductions in PV from 2008 to 
2012 and local conditions. The costs of hybrid PV-wind-diesel system derive 
from a project analyzing the economics of hybrid systems for a small community 
in Egbeda, Nigeria. Figure 6.5 compares these projected LCOE estimates for off-
grid technologies.

Figure 6.5 P rojected LCOE for Off-Grid Technologies in Nigeria

Sources: ESMAP 2007; IEA 2010a.
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The Reference Scenario

The reference scenario projects the rapid addition of new grid-connected 
generation capacity to meet the existing known suppressed demand and the 
anticipated rapid growth in demand over the coming years. It adds to the current 
capacity and planned expansion a fuel mix that does not change substantially 
from Nigeria’s existing use of natural gas, hydropower, and diesel, except for the 
addition of 10 GW coal and 1 GW of nuclear power by 2035. Both of these are 
in existing plans but not currently used in Nigeria.

Natural Gas
Nigeria’s abundant natural gas supplies make natural gas the current dominant 
source for the grid-connected generation of electricity. Most existing genera-
tion uses SCGT because of the low domestic price of gas and its more favor-
able investment requirement. In recent years, power generation has been 
limited by insufficient access to natural gas because of difficulties with trans-
portation from gas production wells in the Niger Delta and offshore and 
because foreign sales (as LNG) have offered higher prices. The FGN has made 
it a top priority to remove these bottlenecks by adopting new policies allowing 
local gas prices to increase approaching global market prices to encourage 
greater supply.

Based on existing FGN plans and consultations with Nigerian power stake-
holders, the reference scenario projects that new gas plants will include CCGT—
leading to up to 22 percent of gas-fueled capacity by 2035—which through their 
greater efficiency give a lower LCOE at future higher gas prices, despite their 
higher initial cost.

Hydropower
Nigeria has significant hydropower potential. It currently has 2.2 GW hydro 
capacity installed, although some of that requires maintenance and is not being 
used for generation. The reference scenario follows FGN plans and feedback 
from stakeholders calling for rehabilitating all installed capacity. It projects 
increasing hydropower up to 7.2 GW by 2035.

Coal
Nigeria has significant reserves of coal. The coal industry produced over half a 
million tons per year in the 1950s and 1960s, until production declined precipi-
tously due to combined effects from the discovery of oil and the Nigerian Civil 
War (1967–70). The coal industry has not yet recovered substantially. However, 
plans to develop coal mines with electricity generation at the mine mouth are in 
early stages.

Based on consultations with members of the FGN and stakeholders, the 
study team projected for the reference scenario 10 GW of coal generation 
being brought on-stream between 2020 and 2035, using subcritical 
technology.
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Nuclear
In recent years, the FGN has developed plans for its first nuclear power plant. 
The NAEC has provided a road map that calls for 1 GW of nuclear power 
by 2020. Based on this policy decision to pursue nuclear power, FGN is inviting 
a first bid for construction, which is unlikely to begin till at least 2020 (Lowbeer-
Lewis 2010). The reference scenario includes 1 GW of nuclear power.

Diesel, Gasoline, and Gas Turbine Off-Grid Generation
Currently, off-grid power generation is significant, and diesel is the principal fuel, 
accompanied by many additional small gasoline-fueled generators. The reference 
scenario adds, in future years, 5.5 megawatts (MW) of off-grid gas turbines where 
the pipeline distribution network makes this fuel available, principally in the 
Niger Delta and South Coast. In the reference case, one-third of total off-grid 
generation is expected to be gas-based by 2035, while diesel will be the fuel of 
choice in less accessible regions. The resultant reference scenario of installed on- 
and off-grid generating capacity is shown in table 6.4.

The electricity generated by each technology in the reference case scenario 
and the resultant carbon dioxide equivalent (CO2e) emissions are shown in 
figures 6.6 and 6.7, respectively.

The average carbon intensity in the reference scenario changes little over time. 
The increased emissions from coal are approximately counterbalanced by the 
lower carbon intensity from additional hydro, larger proportion of CCGT, and 
off-grid gas. Figure 6.8 compares total emissions for the reference scenario with 
a Business-As-Usual (BAU) Scenario that generates the same quantity of energy 
using a constant technology mix as in the base year.

Figure 6.6 R eference Scenario: Electricity Generation by Technology

Source: Calculations based on data sources listed in the chapter 3 references.
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Low-Carbon Power Technologies

The study developed an alternative low-carbon scenario which would enable 
Nigeria to achieve the same long term sector development objectives, at lower 
overall cost (7 percent less in NPV terms), through a mix of generation sources 
more diversified across technologies and geographically, and with a more 
significant future use of distributed and off-grid generation. As a co-benefit, such 

Figure 6.7 R eference Scenario: Emissions by Generation Technology

Source: Calculations based on data sources listed in the chapter 3 references.
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Table 6.5 T wo Scenarios for Power Sector Development to 2035

Annual generation 
in 2035

NPV of generation costs 
(US$billions)

Cumulative 
emissions

Diversity of 
generation

Scenarios TWh
Capital and 

O&M Fuel Total Mt CO2e
Complement of 
Gini index (%)

Reference case 620 52 127 178 4,335 17
Low-carbon 525 71 94 166 2,475 34

Source: Calculations based on data sources listed in the chapter 3 references.

an alternative model would also generate significant reduction of greenhouse gas 
(GHG) emissions, estimated to be in the range of 2–2.5 billion t CO2e over the 
whole evaluation period (2010–35). A comparison between the low-carbon and 
reference scenario is shown in table 6.5.

The elements that change in the low-carbon scenarios (compared to the refer-
ence case) include demand-side energy efficiency (EE) measures, T&D loss 
reduction, power generation from renewables (wind, solar PV, concentrated solar, 
waste-to-power, biomass, large and small hydro), more efficient fossil fuel com-
bustion, and hybrid off-grid solutions.

The process of defining the content of the low-carbon scenario involved 
evaluating the resource potential of each relevant technology option, projecting 
the impact of each option on the LCOE for each year in the study period, assess-
ing the barriers to introduction, and carefully selecting the most favorable mix of 
technologies for inclusion. The analysis used criteria such as cost minimization, 
balancing intermittent solar and wind with dispatchable gas and hydro, and 
seizing opportunities to build a geographically balanced portfolio of generation 
sources and adding robustness in the face of uncertainties in fuel prices, the cost 
and availability of renewables, and the contribution of hydropower given 
increasing variation in levels of rainfall.

Combined Cycle Natural Gas
Nigeria’s large reservoirs of natural gas make it natural that gas turbines will con-
tinue to play a major role even in a low-carbon scenario. In this scenario, most new 
gas turbines would be CCGT, which have higher capital costs than single-cycle 
gas turbines, but as fuel prices increase, generate electricity at lower LCOE and 
with lower emissions due to their greater efficiency. Despite its potential, CCGT 
will not often be spontaneously adopted by private-sector investors due to 
barriers to financing. In Nigeria, the tariff level offered under the Multi-Year Tariff 
Order (MYTO) by the National Electric Regulatory Commission (NERC) is cur-
rently being restructured to encourage more private-sector CCGT investment.

Supercritical Coal with CCS
The low-carbon scenario assumes that 5 GW of supercritical coal with CCS is 
added into the technology mix in the outer years. This assumption is based on 
expert judgment drawing on consultations with Nigerian agencies and World Bank 



The Power Sector	 89

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

staff and comparison with other countries. The inclusion of CCS allows for the 
offsetting of emissions from coal-fired power plants, thus offering potential for 
emissions reduction over time, but with a notable increase in fuel use and 
capital costs.

Large Hydropower
According to the ECN (Zarma 2006) Nigeria has a great potential for hydro-
power. Large hydropower currently accounts for over 20 percent of the total 
installed commercial electric power capacity. Hydropower is capable of load 
following to generate power when needed to compensate for peak demand and 
when other renewable sources are not available. The reference scenario assumes 
reaching 7.2 GW of hydropower by 2025. The low-carbon scenario should make 
use of the maximum potential for large-scale hydropower available, presently 
estimated by the ECN at 11.2 GW.

Wind
The potential for wind power has yet to be well-characterized for much of Africa 
and for Nigeria in particular. The Africa Wind Atlas prepared by the African 
Development Bank (AfDB 2004) gives average wind speed on a coarse meso-scale 
50-kilometer grid based on a simulation model rather than direct measurement.

The atlas (see map 6.1) estimates average wind speeds of 4–5 meters/second 
at 50 meters' height in Northern and West Central Nigeria, which has been cor-
roborated by limited measurements performed in 2005 by the Federal Ministry 
of Science and Technology (FMST 2005). The study team extrapolated these 
wind speeds to a height of 80 meters, more relevant for utility-scale wind farms 
in Nigeria. These results are roughly consistent with the meso-scale Africa Wind 
Atlas, except for Ninth Mile Corner (Enugu).

The study estimates that Nigeria has a potential for 19 GW of wind turbines 
producing about 50 gigawatt-hours (GWh) per year, mostly in the Northern and 
West Central regions. Expanding the fraction of suitable land developed from 1 
to 2 percent of course would double these quantities. However, there is an urgent 
need for more extensive wind speed measurements to identify the most promis-
ing areas for wind development.

Concentrated Solar Power (CSP)
The potential for solar power, both CSP and PV, is better characterized than 
wind, since it is possible to get reasonable estimates from satellite observations. 
Due to its reflective design, CSP requires direct solar radiation, usually mea-
sured as direct normal irradiation (DNI). CSP developers typically suggest a 
minimum DNI of 1,500 kilowatt-hours per square meter per year (kWh/m2/
year) (Fluri 2009) or 2,100 kWh/m2/year (IEA 2010a) for commercial viability. 
The northern, especially northeastern, regions of Nigeria are most suitable for 
CSP projects with DNI between 1,900 and 2,300 kWh/m2/year (map 6.2), 
similar to Spain, the world’s second largest developer of CSP.
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The study estimates that the fraction of each northern state suitable for 
CSP, eliminating areas with a slope greater than 3 percent, results in a total 
potential of 27,000 terawatt-hours (TWh) per year or 428 GW. These 
numbers are far greater than the plausible demand in Nigeria, implying that 
the CSP potential is limited by demand and capital rather than physical 
limitations of sun or land.

CSP may also be supplemented with gas in an integrated combined-cycle 
system to generate power during extended cloudy periods. However, integrated 
CSP and gas would require extending gas pipelines to the areas in northern 
Nigeria most suited for CSP, which is currently not part of the FGN’s plans.

Solar Photovoltaics
Like most tropical regions, Nigeria has abundant solar radiation. Map 6.3 shows 
solar irradiation levels for Nigeria using the flat plate tilted at latitude at a 
40-kilometer resolution (NREL 2005). This metric includes direct and diffuse 
radiation, appropriate for photovoltaic panels at the optimal fixed tilt for that 

Map 6.1  Average Wind-Speed Map for Africa and Nigeria

Source: Amended map, based on the Africa Wind Atlas, AfDB 2004.
Note: Average wind-speed at 50 m height as simulated by meso-scale (50 km grid) model from Africa Wind Atlas. Inset: expanded view of Nigeria 
overlaid with average wind speed at 90 m at 10 locations (red dots), extrapolated from measurements.
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latitude. Using this metric, the radiation is adequate for PV, even in the South, in 
the range 1,500–2,000 kWh/m2 per year.

The average solar irradiation in Nigeria is 2011 kWh/m2 per year. Covering 
1 percent of the land area of Nigeria would produce about 1,833 TWh/year 
of energy with an installed capacity of 1,046 GW.1 This simple calculation 
makes clear that PV in Nigeria, like CSP, is not limited by the resource poten-
tial. The actual capacity installed will be constrained by capital costs and 
energy needs.

Waste-to-Power, Biomass, and Small Hydro
Other sources of power include using municipal waste to generate methane to 
generate power, combusting other biomass to make power, and small-scale 
(micro or pico) hydropower. Their potential is summarized in table 6.6. These 
technologies are promising and advantageous with suitable local conditions, and 
are well worth pursuing. However, their total potential is relatively modest 
compared to the overall demand for power.

Map 6.2 N igeria’s Annual Direct Normal Solar Radiation for CSP

Source: NREL 2005. Adapted for this study with enlargement of Nigeria.
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Low-Carbon Generation Mix

The generation resulting from the technology mix defined in the low-carbon 
scenario is shown in table 6.7, and compared to the reference scenario. Over 
time, the alternative scenario develops a more diverse portfolio of technologies 
than the reference scenario. Grid-connected technologies still include a substan-
tial amount of gas, but with a larger proportion of CCGT, because their greater 
efficiency results in a lower cost of generation than SCGT at projected higher gas 
prices, and somewhat lower emissions.

Map 6.3 I nsolation Levels for PV Power in Nigeria

Source: NREL 2005. Adapted for this study with enlargement of Nigeria.
Note: Map is based on average annual flat plate tilted at latitude.

Table 6.6 P otential Contribution from Waste-to-Power, Biomass, and Small Hydropower

2015 2025 2035

GW GWh/year GW GWh/year GW GWh/year

Waste-to-power 0.00 0 0.01 87 0.04 350
Biomass to power 0.25 1,643 1.00 6,570 2.00 13,140
Small hydroa 0.10 526 3.00 15,770 3.40 17,870

Source: Calculations based on data from UNIDO 2011 and USEPA 2010 and data listed in the chapter 3 references.
a. This calculation assumes 60 percent system efficiency.
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Table 6.7  Generation Capacity Mix in the Reference and Low-Carbon Scenarios

Technologies

Base Reference scenario Low-carbon scenario

Installed capacity (GW)

2010 2015 2025 2035 2015 2025 2035

Grid a

Gas single cycle 6.5 18.2 30.2 51.8 16.7 15.8 15.6
Gas combined cycle 1.1 1.7 4.8 20.7 1.7 11.4 36.6
Coal subcritical 0.0 0.0 3.3 10.0 0.0 0.0 0.0
Coal carbon capture and storage 0.0 0.0 0.0 0.0 0.0 2.0 5.0
Hydropower 1.9 2.0 7.2 7.2 2.0 8.2 11.2
Biomass power 0.0 0.0 0.0 0.0 0.3 1.0 2.0
Concentrated solar power 0.0 0.0 0.0 0.0 0.1 1.7 10.0
Nuclear 0.0 0.0 1.0 1.0 0.0 0.0 0.0
Solar photovoltaics 0.0 0.0 0.0 0.0 0.1 1.7 10.0
Wind turbine 0.0 0.0 0.0 0.0 0.2 2.9 10.0

Off-grid
Gasoline generator 1.3 2.6 4.9 6.3 2.5 2.9 4.2
Diesel generator 3.1 4.6 9.6 18.8 4.4 7.0 6.2
Gas turbine 0.0 1.3 7.0 12.6 1.2 2.9 5.2
Small hydro 0.0 0.0 0.0 0.0 0.0 1.5 3.6
Solar photovoltaics 0.0 0.0 0.0 0.0 0.1 5.9 16.3
Hybrid PV-wind-diesel 0.0 0.0 0.0 0.0 0.1 2.9 11.4

Total 13.9 30.4 67.8 128.3 29.3 67.7 147.5

a. Less than half of the 2010 installed capacity was actually utilized due to lack of fuel, inadequate maintenance, and other problems.
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In 2015 the low-carbon scenario adds 100 MW each of PV, CSP, wind, and 
biomass power. These are intended as demonstration projects to evaluate their 
technical and economic viability in Nigeria and to build local expertise to 
enable rapid adoption of these renewable energy sources as soon as they 
become economically viable. The scenario projects further addition of these 
grid-connected renewable technologies by 2025 and more substantial capacity 
by 2035, reflecting the anticipated reduction in costs to reach “grid parity” dur-
ing that time. It includes a more aggressive expansion of hydropower, which 
provides low-carbon electricity and is also dispatchable to balance intermittent 
solar and wind power.

Off-grid capacity, as described above, includes a more rapid addition of PV 
and hybrid, since they are rapidly becoming less expensive than diesel and 
gasoline generation, respectively reaching 16 GW and 11 GW by 2035. Off-
grid generation is currently mostly for backup or replacement of unreliable 
grid power. Expanding off-grid generation in rural villages and towns away 
from the grid will supply pumping, irrigation, and public lighting, followed 
by residential applications and light industry associated with food and agri-
culture. The low-carbon scenario projects similar total capacity to the refer-
ence scenario up to 2025. It needs a higher total of 147 GW in 2035 to 
compensate for the lower capacity factors of solar, wind, and hybrid 
systems.

An important feature of the low-carbon scenario is that it entails a significant 
degree of diversification of energy sources across the national territory with grid 
generation near load centers in key regions (map 6.4). In particular, oil and gas 
are concentrated in the South and offshore, hydropower in central and southern 
Nigeria, coal deposits in the South and East, direct solar radiance for CSP in the 
Northeast (orange areas), good PV potential in most areas, and promising wind 
sites in the North and offshore.

As the country with Africa’s largest population, with substantial revenues 
from oil and gas and a wide diversity of energy resources, Nigeria has the 
potential to become a regional leader in the energy technologies of 
the future. Growth prospects for grid-based solar power (PV and CSP) are 
significant: according to the EIA’s International Energy Outlook 2011 
(USDOE 2011) solar power generation will grow 10 percent a year 
worldwide in the next 20 years, but 24 percent a year in Africa. By investing 
early enough in renewable energy, Nigeria has the opportunity to become a 
regional leader in a quickly expanding market, and perhaps of establishing 
itself as a regional hub for technology development and deployment in the 
rest of Africa.

Demand-Side Measures in the Low-Carbon Scenario

Improvements in energy efficiency (EE) are often the most cost-effective 
options for reducing carbon emissions. The “costs” are often negative, that is, 
efficiency improvements pay for themselves within a few years or even months, 



The Power Sector	 95

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

even ignoring the benefits of reduced emissions. The advantages of EE programs 
are even more dramatic when electricity is expensive, for example, from off-grid 
generators or when the grid is capacity-constrained, as in Nigeria. Programs to 
improve EE include using compact fluorescent lamps (CFLs) and light-emitting 
diodes (LEDs) instead of inefficient incandescent lights; clear labeling to help 
consumers understand the cost savings from efficient equipment; and efficiency 
standards for refrigerators, air conditioning, and other appliances. There are also 
programs to use more energy-efficient industrial equipment, including electric 
motors, chillers, and heaters. The ECN in partnership with the UN Development 
Programme (UNDP) has recently initiated a 4-year program to promote EE in 
the residential and public sectors in Nigeria (UNDP 2011).

In addition to end-user savings, demand-side EE measures can reduce the 
need for new generating capacity and its large associated capital costs. Assuming 
lighting is used at peak load, typically at 17:00–21:00 hours in Nigeria, each CFL 
can reduce peak demand by 46 watts per bulb compared to a 60-watt incandes-
cent. The CFL’s upfront capital cost is about US$51/kW (at a cost of US$2.33 
per bulb). In comparison, the lowest capital cost of new generation capacity is 
US$408/kW for diesel generators and US$816/kW for grid-connected open 
cycle gas turbines (OCGTs), factors of 8 and 16 times, respectively. The low-
carbon scenario assumes a lighting efficiency program, including an eventual ban 

Map 6.4  Diversification of Energy Sources in the Alternative Case Scenario

Sources: PVGIS © European Communities, 2001–12, HelioClim-1 © MINES ParisTech, Centre Energetique et Procedes, 2001–08, amended and 
reproduced by the study team with the permission from PVGIS; further permission required for reuse.
Note: Map color represents Direct Normal Irradiation (DNI), a measure of solar intensity relevant to concentrated solar power (CSP). The map 
provides a stylized illustration of the distribution across Nigeria of sources of energy. Oil and gas are concentrated in the South and offshore; 
hydropower in central and southern Nigeria; coal deposits in the South and East; direct solar radiance for CSP in the Northeast (orange areas); 
good photovoltaic (PV) potential is found in most areas; and promising wind sites in the North and offshore.
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on incandescent lamps, and replaces 50 percent of these lamps by 2016, 
increasing to 98 percent by 2020. Such a lighting program would decrease total 
electricity demand by 9.9 percent in 2020, including 4.4 percent on-grid and 
5.5 percent off-grid.

The proportion of electricity used for lighting tends to be high in econo-
mies with low gross domestic product (GDP) per capita and reduces as the 
economy becomes more developed. The ECN (2010) estimated that 48 
percent of the nation’s power was used for lighting in 2009. This is high rela-
tive to estimates for other countries, such as 10–15 percent in South Africa 
(Henderson 1997) and 13–29 percent in India (Mills 2002), but comparable 
with estimates for other countries in the Economic Community of West 
African States (ECOWAS), including Benin (41.9  percent), Burkina Faso 
(52.4 percent), Mali (31.8 percent) and Senegal (36.1 percent) (de Gouvello, 
Dayo, and Thioye 2008). For this study, the team estimates conservatively that 
32 percent of power was used for lighting in 2010, decreasing to 23 percent 
in 2035. Much of the remaining fraction of electricity is used in different types 
of appliances. Appliance efficiency standards could significantly reduce elec-
tricity consumption. Negligible data are available in Nigeria on appliance 
energy consumption—which will soon be rectified through the ECN/UNDP 
program—so this analysis draws on other sources, such as a World Bank study 
of the potential of EE measures in India, which projects a reduction in demand 
by 2031 of 23 percent in residential use and about 10  percent each in 
commercial and industry applications and other programs for Latin America 
where savings range from 20 to 40 percent in Mexico, Brazil, and Argentina 
(UNDP 2000). The largest residential appliance energy savings come from 
improvements in refrigerators, televisions, fans, and—as income grows—air 
conditioning. Since most appliances are imported, a “top runner” program like 
that in Japan, in which the most efficient model on the market is used to set 
future efficiency standards, would also make sense.

The study ignores rebound effect in which the use of more efficient devices 
might lead to increased usage. Figure 6.9 shows the potential energy savings from 
EE programs as a percentage of reference case energy demand.

Lower Power Costs in the Low-Carbon Scenario

Long-term projections of costs of different generation technologies are inevitably 
uncertain, but the difference in LCOE separating renewable from thermal gen-
eration is likely to decline over time. The prices of natural gas and diesel in 
Nigeria are expected to increase from submarket rates toward “export-parity” 
and “import-parity,” respectively. They are then expected to increase further with 
global fossil fuel prices, as projected by the U.S. Department of Energy 
(USDOE  2011). At the same time, the economies of scale and the learning 
curves are expected to reduce the costs of renewables. The total expenditures 
on  generation of electricity over time for the two scenarios are shown in 
figure 6.10.
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For both scenarios, the total cost increases from about 3.5 to 5.5 percent of 
GDP in 2013, reflecting the ambitious expansion and consequent capital expen-
ditures planned in the Roadmap (FRN 2010).

After 2016 expenditures diminish as a percentage of GDP. The two scenarios 
remain very close until 2025. After 2025 the low-carbon scenario is consistently 

Figure 6.9 P otential Energy Savings from EE Programs in the Low-Carbon Option
% of reference case energy demand
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Figure 6.10 T otal Annual Electricity Expenditurea for Reference and Low-Carbon Scenarios 
as Percentage of GDP

Source: Calculations based on data sources listed in the chapter 3 references.
a. Total annual expenditure includes capital, operation and maintenance, and fuel costs.
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lower in cost. This reflects savings from EE programs and, in later years, from the 
lower operating costs of renewable power, especially off-grid.

Figure 6.11 breaks down the total costs for the two scenarios by capital, 
operation and maintenance (O&M), and fuel costs. It clearly shows how capital 
costs are significantly larger for the low-carbon scenario, but that these are 
outweighed by its much lower fuel cost after 2025, resulting in noticeably lower 
NPV total costs.

Source: Calculations based on data sources listed in the chapter 3 references.

Figure 6.11  Breakdown of Total Expenditure into Capital, O&M, and Fuel Costs
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GHG Emissions Reduction in the Low-Carbon Scenario

The wedge chart in figure 6.12 shows the reduction in emissions in each year 
as a result of implementing the low-carbon scenario. The topmost line shows 
the emissions from the reference scenario, reaching 372 million metric tons 
(Mt) CO2e per year in 2035.

The bottom cross-hatched area shows the emissions from the low-carbon 
scenario reaching 164 Mt CO2e/year in 2035. This is a reduction of 56 percent 
in annual emissions in 2035 or a reduction of 43 percent in cumulative emissions 
from 2010 to 2035.

The “wedges” located between the reference emissions line and the low-
carbon area represent emissions avoided by the different low-carbon interven-
tions. The interventions include abatement from EE for on-grid and off-grid 
lighting, respectively; other EE options; savings in emissions from CCGTs 
relative to OCGTs; and grid-based wind, PV, and CSP. The largest contribu-
tors to total abatement comprise off-grid PV and hybrid photovoltaic/wind/
diesel.

Assumptions about Costs of Fossil Fuel and Renewables

While the cost assumptions in the low-carbon scenario are consistent with 
recent projections of a variety of credible international sources, including IEA 
(2011), USDOE (2011), and DECC (2011), inevitable uncertainty remains 
regarding the future domestic and export prices of fossil fuels and about the 
future capital cost of renewables. To evaluate these assumptions, the team used 
a sensitivity analysis to explore a “delayed low-carbon scenario” in which adop-
tion of renewables is delayed by 5–10 years due to lower fuel prices and slower 
learning curves.

This scenario reduced cumulative emissions through 2035 by 40 percent rela-
tive to the reference scenario, compared to a 43 percent reduction in the original 
low-carbon scenario. It cost about the same as the original low-carbon scenario 
and slightly more than the base case. This implies substantial robustness to key 
uncertainties of the main findings of the analysis.

Sensitivity Analysis of the Effects of GDP Growth on Emissions

Long-term economic growth is hard to forecast. To capture this uncertainty, it is 
useful to consider, in addition to the “high growth” projection assumed for the 
study’s reference scenario, a “medium growth” scenario (where the economy 
grows at a constant annual rate of 6 percent); as well as the more ambitious 
“Vision 20: 2020 growth” target, in which the economy grows at an annual rate 
of 13 percent through 2020 (see chapter 3 for a more detailed discussion of these 
scenarios).

Table 6.8 explores the effects of these three alternative GDP growth cases at 
the horizon year 2035. The resulting total GDP varies by a factor of 2 from $801 
billion for the medium growth case up to $1,623 billion for the Vision 20: 2020 
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Figure 6.12 P rojected Reductions of Emissions in the Low-Carbon Scenario

Source: Calculations based on data sources listed in the chapter 3 references.
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case, compared to the $1,183 billion for the high growth reference case. 
Assuming the same population, this implies that per capita income would 
decrease by 32 percent for the medium growth case or increase by 37 percent 
for the Vision 20: 2020 case. The elasticity of demand for electricity per capita 
with respect to income per capita of 1.46 (estimated from the cross-country 
analysis in figure 6.1) implies that electricity demand would decrease by 
44 percent or increase by 59 percent, respectively, relative to the high growth 
GDP case.

The next two rows of the table show the resulting effect of GDP growth on 
the total emissions for the reference and the low-carbon scenarios. They are pro-
jected to decrease or increase in direct proportion to the electricity demand, 
assuming that the percentage mix of generation technologies and EE options in 
2035 remain the same (in these scenarios). While the changes in absolute emis-
sions are substantial relative to the high-growth GDP case (decrease of 
44 percent or increase of 59 percent), it is interesting that the percentage reduc-
tion in emissions from the reference to low-carbon scenario at 56 percent is 
unaffected by the GDP growth rate.

Recommendations for the Power Sector

Table 6.9 summarizes the recommendations for a low-carbon plan for 
Nigeria, divided into near term 2012–15, and mid-term to 2020. The imme-
diate priority must be to expand generation and grid capacity in accordance 
with the Roadmap. Not only is an adequate electricity supply essential for 
economic growth, but it will start to reduce carbon emissions by replacing 
some off-grid diesel generation with more efficient and lower-cost gas 
turbines.

The low-carbon scenario projects capacity mix by technology to 2035. It is 
intended to indicate one possible future, not as specific recommendations about 
what should happen. Future decisions should be based on the evolving situation 
and information available when they must be made, especially the relative costs 
and practicality of energy resources and technologies.

Table 6.8 E ffect of GDP Growth Cases in 2035 on Power Demand and Emissions for 
Reference and Low-Carbon Scenarios

GDP growth cases Medium growth High growth Vision 20: 2020

GDP ($billions) 801 1,183 1,623 
Change in GDP from high growth (%) −32 0 37
Change in elec. demand for reference scenario (%) −44 0 59
Emissions for reference scenario (Mt CO2e/year) 210 371 590
Emissions for low-carbon scenario (Mt CO2e/year) 92 164 260
Percent reduction in emissions from reference to 

low-carbon scenario 56 56 56

Source: Calculations based on data sources listed in the chapter 3 references.
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Recommendation: Establish Supply Side Opportunities
•	 Create incentives for high-efficiency CCGT both via conversions of exist-

ing plants and new builds; this could be done by amendments to the 
MYTO (new tariffs) for CCGT generators, to offset their higher capital 
costs.

•	 Actively develop large-scale renewables (including hydropower plants, PVs, 
and perhaps wind) with a full feasibility analysis for three major projects to be 
ready for construction by 2014.

•	 Develop a concrete policy framework to promote off-grid hybrid and renew-
able energy generation. This framework might include exemptions from tax 
and import duties, and light touch regulation for renewable projects under 
10 MW for renewables.

Recommendation: Promote Energy Efficiency with Short-Term Actions
As discussed earlier, EE projects can have a major near-term synergistic value 
when expanding access to power by reducing rate of growth in demand at a 

Table 6.9 R ecommendations for the Power Sector

Near term: 2012–15 Mid-term: 2015–20

Improve energy data Survey off-grid energy use and generation
Survey power consumption
Measure wind resources
Share energy data online

Energy efficiency (EE) Promote efficient lighting (CFLs)
Develop appliance efficiency standards
Promote energy literacy and education programs
Create efficiency incentives

Grid-connected power Barge-mounted gas turbines for rapid, flexible deployment
Amend MYTO to incentivize CCGT via conversions and new 

builds
Actively develop plans for large-scale renewables, especially 

hydro, but also large demonstration projects for PV, CSP, 
and wind

Expand hydropower
Expand combined-cycle gas 

generation
Demonstration projects for grid-

connected PV, CSP, and wind.

Off-grid power Promote solar PV for water pumping, irrigation, and lighting
Promote natural gas where available to replace diesel

Promote solar PV and hybrid for 
other applications

Develop small hydro
Integrated planning 

process
Develop a comprehensive, spatially disaggregated 

engineering systems analysis of generation, grid, and off-
grid as a basis for long-range planning

Consider siting of renewables when expanding power grid

Integrate planning for gas and 
CSP

Encourage integration of 
distributed generation into 
the grid

Policies Let prices of fossil fuels revert to global market prices and let 
electricity tariffs reflect full costs (already happening)

Design net-zero, feed-in tariffs (FITs) and other incentives for 
low-carbon options

Develop policies to promote off-grid hybrid and renewables
Develop human resources for low-carbon technology and 

businesses
Build demonstration and training projects
Develop financing mechanisms
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dramatically lower cost per peak watt than new generating capacity. Key 
programs might include the following:

•	 National roll-out of a program to promote CFLs;
•	 Acceleration of consumer metering program; and
•	 Implementation of EE standards for appliances and industrial machinery.

Specific activities to establish these programs follow.

Recommendation: Improve Energy Data
To develop a low-carbon plan to reflect actual conditions in Nigeria, rather than 
estimates adapted from other countries, there is a need for additional data to fill 
in critical gaps. Key areas include:

Action Recommendation: Survey Off-Grid Generation
While it is clear that a large fraction of the power in Nigeria is currently generated 
off-grid, little reliable data exists on the quantity, sizes, efficiency, and utilization 
rates for captive generators of various types, fueled by petrol, diesel, and natural 
gas. A survey could better estimate the contributions by each off-grid category, 
including (1) backup for the grid, full-time captive generation with (2) large 
generators and (3) small generators, and (4) generation in rural areas with no grid 
access. A well-designed survey should examine captive generation by residential, 
commercial, industrial, and institutional consumers in urban and rural areas 
around the country. The results would provide a solid basis for planning and 
evaluating programs to improve design of grid expansion to improve accessibility 
of power, and to coordinate planning for off- and on-grid generation, including 
future distributed generation as a complement to grid power.

Action Recommendation: Survey Power Consumption
Data are also very limited on the relative power consumption for lighting, appli-
ances, cooling, and other applications. The ECN in partnership with Global 
Environment Facility (GEF)–UNDP has recently initiated studies to inventory 
the quantity, type, and energy rating of lighting, refrigeration, air conditioning, 
and other appliances (UNDP 2011). The survey includes a sample of 300 
residential and 50 public buildings. The goal is to determine the market and 
energy-saving potential for CFLs and other improvements in EE. These studies 
are part of a 4-year project to promote EE in the residential and public sectors. 
It would be valuable to combine this survey of on-grid consumption with a sur-
vey of off-grid and rural generation and consumption to understand how usage 
patterns vary with source of generation.

Action Recommendation: Measure Wind Resources
Solar potential can be estimated remotely from satellite observations, but ter-
restrial measurements are needed for reliable estimates of wind potential. Data 
thus far are limited on the potential for wind power in Nigeria; measurements 
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have been made at only 10 sites (FMST 2005) The Africa Wind Atlas (AfDB 
2004) estimates for Nigeria are based on simulations rather than direct measure-
ments. Since wind power goes up as the cube of wind speed, economic viability 
is highly sensitive to average wind speeds, which can vary substantially from one 
site to another within the same region (Vaughan 2011). A high-resolution wind 
atlas of Nigeria including offshore areas is urgently needed to obtain an accurate 
picture of wind potential and to identify the most suitable sites.

Action Recommendation: Empower Sharing of Energy Data
Finding existing data and projections for energy in Nigeria is often challenging. 
Many organizations are involved in collecting data, conducting studies, and 
developing plans related to the Nigerian energy sector, including government 
ministries, commissions, and other parastatals; companies; consultants; and 
NGOs; as well as international organizations, such as the IEA, the UNDP, 
and  the World  Bank. A unified online resource in which these organizations 
could find and share data, projections, and reports for the Nigerian energy sector 
could greatly facilitate and coordinate this work. The ECN is the natural organi-
zation to perform this task: One of its mandates is to gather, analyze, and 
disseminate information on energy, and to develop a national energy databank. 
To this end, there is a demonstrated need to achieve a continuing stream of data 
for measurement, reporting, and verification (MRV) purposes and to provide an 
accurate and up-to-date foundation for policy planning.

Energy Efficiency Recommendations
Improvements in EE are the lowest-cost options for reducing carbon emissions, 
since they pay for themselves in reduced energy costs, often in only months. 
Improving EE in Nigeria can improve grid reliability and enable limited power to 
serve more consumers, while saving funds, especially off-grid. EE programs should 
be the first priority for a low-carbon development plan. Key elements follow.

•	 Promote CFLs and LEDs, and consider banning sales of incandescent lamps.
•	 Develop efficiency standards for common appliances, including refrigerators 

and air conditioners, with phase-out of sales of less efficient appliances. Since 
most appliances are imported, a "top runner" program, as in Japan, using the 
most efficient model on the market to set future efficiency standards, would 
make sense.

•	 Develop energy literacy and education programs for schools, communities, 
and religious organizations on the value of using efficient appliances for the 
consumer and the community.

•	 Create incentives for utility companies and electricity retailers to promote EE 
to their customers instead of maximizing power usage.

Grid-Connected Power Recommendations
The immediate focus for grid-connected capacity is to refurbish existing gas 
turbines and hydropower generators and to build new ones. Some additional 
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elements to be considered in the intermediate term as part of an integrated low-
carbon plan are as follows.

Action Recommendation: Barge-Mounted Gas Turbines
Many areas with high population and electricity demand, such as Lagos and parts 
of the Niger Delta, are in coastal areas near natural gas pipelines, which may be 
supplied by barge-mounted OCGTs. Their immediate advantage over building 
land-based generators is that they are relatively inexpensive and can be pur-
chased or leased, shipped and moved into place, and put online much more 
rapidly. Their longer-term advantage is that they may be moved or sold when 
better options become available, such as CCGTs or renewables. In this way, they 
enable energy planners to retain the flexibility to adapt to future opportunities 
with low upfront cost.

Action Recommendation: Expand Hydropower
Large-scale hydropower is generally competitive with fossil generation where 
rivers and topography offer the potential—and it has near-zero carbon emissions. 
Some existing hydropower facilities are not generating at full capacity due to 
poor maintenance. Other facilities could be expanded. Generation capacity can 
be sized to be greater than that required for average river flow so that power can 
be dispatched to meet peaks in demand. Rapid dispatchability may be even more 
valuable in the future as a complement to intermittent solar and wind energy. 
While hydropower projects promise low-carbon electricity, it is essential to con-
sider the social and environmental impacts of large dams, especially putting in 
place appropriate measures to prepare for population displacement and 
resettlement.

Action Recommendation: Expand Combined-Cycle Gas Generation
While CCGTs have higher capital costs than SCGTs their greater efficiency 
reduces their fuel costs resulting in lower levelized cost as well as lower carbon 
emissions. Over time, it may make sense to shift to a higher proportion of 
CCGTs when adding new gas capacity. Existing SCGT plants may be retained 
to provide peaking power where their lower capital costs reduces their cost at 
lower utilization factors. This could be incentivized by adjusting new tariffs 
(MYTO) for CCGT, to offset their higher capital costs.

Action Recommendation: Develop Demonstration Projects for 
Grid-Connected PV, CSP, and Wind
It is likely that wind, PV, and CSP will reach grid parity in Nigeria during the 
next decade in the most suitable regions. To prepare for that time and to provide 
a realistic test of the technology and economics, Nigeria should develop large-
scale grid-connected demonstration projects totaling about 100 MW each for PV, 
CSP, and wind before 2020. These projects would enable Nigerian planners, 
engineers, installers, and operators to develop expertise with these technologies 
so that the country is well-positioned to build new capacity as soon as they 
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become economical, as well as to obtain greater clarity about when that time 
arrives. Financing for these demonstration projects might be obtained from CDM 
or other international funding mechanisms. Such an initiative would lay the 
foundation for expanding the grid to allow future connection of clean energy 
generation around the country.

Action Recommendation: Develop a Smart Grid for Nigeria
In developing countries like Nigeria where power grids have not been fully built, 
smart-grid technology presents a unique leapfrog opportunity to grow the 
power sector. This strategy entails skipping outdated traditional systems and 
starting with smarter, IT-based technology. Smart wireless meters offer more 
reliable accounting, can be integrated with efficient mobile-phone–based pay-
ment schemes, and can discourage power theft, which is a problem for Nigeria. 
Smart-grid technologies would also be helpful in managing supply intermit-
tency from large amounts of solar and wind energy, and for integrating 
distributed and off-grid generation (Tongia 2009). While smart grids need addi-
tional investments, the expected growth in energy needs for Nigeria and the 
corresponding growth of power consumers are likely to help with return on 
investment.

Off-Grid Power Recommendations
Today less than 50 percent of Nigerians have access to the power grid. An 
estimated 50 percent of energy is generated off-grid, mostly by diesel-fueled cap-
tive generators. While expanding grid capacity, reliability, and coverage is a key 
priority, off-grid generation will continue to play a large role as an enabler of 
economic growth where grid power is insufficient or unavailable. The reference 
scenario projects that the fraction of electricity generated off-grid will fall to 
about 30 percent by 2035, but this still implies that the absolute amount of off-
grid electricity will grow by a factor of 3.6 by 2025, due to the huge increase in 
total generation.

Historically, widespread use of off-grid power has been viewed as a sign of 
backwardness. However, in recent years, electricity planners in advanced econ-
omies are increasingly seeing advantages in off-grid and distributed generation 
as a valuable complement to the grid. Distributed generation can reduce the 
need for expensive and inefficient transmission lines. It can improve reliability 
and security of power supply. Microgrids, using distributed PV and hybrid 
generation, present a “leapfrog” technology by which emerging economies may 
jump directly to a more advanced technology, bypassing historical paths to 
industrialization. Nigeria has already done this in telecommunications, where 
mobile phones have leapfrogged conventional landlines. Telephone access in 
Nigeria increased over 100-fold in 10 years, from 867,000 lines (fixed and 
mobile) in 2001 to 94 million in 2011, reaching 58 percent of the population 
(NCC 2011).

Power systems are inherently more challenging to install than mobile tele-
phone systems. But, arguably, rapid rollout would be easier for off-grid PV and 
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hybrid systems, which can be purchased and installed more easily than grid-
connected systems that depend on a chain of complex national-scale infrastruc-
ture. Furthermore, if enabling factors are carefully designed to draw private-sector 
investment to off-grid renewable options, it could potentially free up investment 
potential for longer-term options like smart-grid extensions.

PV and hybrid systems are already economically competitive for many off-
grid applications. Gasoline and diesel generators produce power at LCOE 
between US$0.23 and $0.42/kWh. The cost of electricity from PV and hybrid 
PV-wind-diesel systems are in the range of $0.3/kWh and $0.22/kWh, respec-
tively. As the costs of renewables continue down the learning curve, and fossil-
fuel prices in Nigeria revert to global market prices (“export parity”), the 
economic advantages of renewables will become ever greater.

There are several areas in which the FGN could encourage independent 
power producers (IPPs) to expand low-carbon off-grid generation and microgrids 
as an essential complement to grid power. This can bring the benefits of electric-
ity to rural areas without having to wait until the grid reaches them, which may 
be a long time.

Action Recommendation: Use Natural Gas Where Available to Replace Diesel
In areas where natural gas distribution pipelines are available, such as off-grid 
generation in urban areas, gas turbines are clearly preferable to diesel generators 
for reasons of both cost and carbon emissions. Small gas-powered turbines up to 
about 5 MW can generate power at about half the cost of off-grid diesel genera-
tors, with 54 percent of the GHG emissions. Even as natural gas prices increase 
toward export parity, overall generation costs will still favor gas over diesel.

Action Recommendation: Use Solar PV for Water Pumping and Irrigation
Initial deployments in Nigeria have confirmed the advantage of PV over diesel 
generators for pumping water for domestic use and irrigation (SELF 2008). 
Unlike other applications, there is no need for batteries or back-up power for 
such applications, since water is easy to store and intermittency is not a problem. 
Typically, small PV installations need less care and maintenance than diesel gen-
erators and do not need expensive fuel. These applications are “low-hanging fruit” 
for PV, providing substantial economic benefits to agriculture, while reducing 
vulnerability to changes in rainfall patterns.

Action Recommendation: Use Solar PV with Batteries and Hybrid 
PV-Wind-Diesel
For many other residential and commercial off-grid applications, PV and hybrid 
power generation are already competitive with small gasoline and diesel gen-
erators based on levelized cost. The cost advantages of PV with batteries, versus 
hybrids with diesel generators, and/or wind, vary by location, depending on 
solar and wind resources. However, PV modules and hybrid system costs are 
declining rapidly and so their advantages over pure fossil sources will increase 
over time.
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Action Recommendation: Develop Small Hydropower
Small hydropower (micro- or pico-hydro) can provide low-cost and low-carbon 
power in those places where the resources are available. Dispatchable hydro is a 
valuable complement to intermittent solar and wind. A more extensive survey of 
resources would assist in identifying the most promising opportunities.

An Integrated Planning Process
As Nigeria expands its power system according to the Roadmap (FRN 2010), it 
will become increasingly important to develop a longer-range plan to integrate 
low-carbon options as part of a balanced portfolio of energy sources, on-grid and 
off-grid. An integrated plan can provide the robustness and flexibility to take 
advantage of low-carbon technologies as and when they become economically 
practical. Following are actions to be considered in the development of such 
a plan.

Action Recommendation: Comprehensive Electricity Systems 
Analysis and Planning
A comprehensive, spatially disaggregated engineering systems analysis of genera-
tion plants, load centers, and transmission networks is needed to develop detailed 
longer-range plans, both for reference and low-carbon options. It should include 
off-grid demand and generation to enable study of trade-offs between expanding 
the reach of the grid and expanding off-grid generation. Such an analysis will 
require much more comprehensive data than are currently available and was 
beyond the scope of this study.

Action Recommendation: Consider Siting of Renewables 
When Designing the Grid
Nigeria is planning an ambitious expansion of the capacity and coverage of the 
power grid. When selecting sites for generation and corridors for new and 
expanded transmission lines, it will be useful to consider not only existing and 
near-term additions to gas and hydro capacity, but also the future transmission 
needs for potential low-carbon capacity, especially new hydro, solar, and wind. 
For example, lines from the South to the North should be able to transmit gas-
generated power from southern areas and hydro from central areas, but also 
potential future CSP generation from the North to the South. The comprehen-
sive systems model can assist in evaluating power load and supply balances, 
especially with intermittent renewables and geographically distributed supply. 
Even if the future rate of adding renewable capacity is uncertain, developing the 
grid with those possibilities in mind retains the option for easy integration of 
renewables as soon as they become economically viable.

Action Recommendation: Integrate Planning for Gas and CSP
Even if Nigeria opts to build significant capacity of wind, PV, and CSP, gas will 
remain a key element of the energy mix. In particular, hybrid CSP and gas 
combined cycle provide an attractive combination, with gas using the same 
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CCGTs as a back-up when the sun isn’t shining. For example, Turkey has 
recently approved the Dervish integrated solar combined cycle (ISCC) plant, 
which includes 50 MW CSP with 570 MW gas turbine to come on line in 
2016. When gas pipelines reach the northern areas, selection of new sites for 
gas generation plants might consider locations with high solar intensity 
and  sufficient land area to enable adding CSP as that technology becomes 
economical.

Action Recommendation: Encourage Integration of Distributed 
Generation into the Grid
As the national grid expands, it can take advantage of existing microgrids and 
distributed generation to expand more rapidly at lower cost to the grid. To 
accomplish this strategy, the national grid and its IPP suppliers should treat off-
grid and microgrid generation IPPs as partners, not competitors. The FGN can 
encourage this with policies such as net-metering, feed-in tariffs (FITs) and 
accessible standards for technical system integration.

Recommendations for Policies and Facilitation
Even as low-carbon technologies become economically competitive in Nigeria, 
institutional, regulatory, and financial obstacles to reaping their full benefits may 
remain. The FGN has an important role to play in creating institutions, policies, 
and programs to remove these obstacles. Their design is a central part of develop-
ing a successful low-carbon plan. Key elements of such a plan follow.

Policy Recommendation: Let Domestic Prices of Fossil Fuels Gradually 
Revert to Global Market Prices
Regulated and subsidized low prices for natural gas and gasoline are subject to 
market distortion. They have unfairly disadvantaged alternative sources of 
energy, and, in the case of gas, have led to severe shortages for domestic power. 
The FGN has already taken action to reverse these problems by establishing 
policies in 2010 to let gas prices increase from a floor of $0.40/million British 
thermal units (MMBtu) for power usage, up to $1.00/MMBtu in 2013, although 
this is still significantly below export parity, which may be in the region of $3.00/
MMBtu. Gasoline has been subsidized by the FGN, resulting in a drain of 1.2 
trillion naira (US$7.4 billion) per year from the national budget, with most 
refined petroleum imported due to the poor state of Nigerian refineries. On Jan 
1, 2012, the FGN tried to remove the subsidy on gasoline entirely which resulted 
in prices more than doubling. After the resulting unrest, they compromised by 
reducing subsidies by more than half. In the long run, it appears the FGN is 
already committed to allowing fuel prices to reach global prices.

Policy Recommendation: Let Tariffs Fully Reflect Electricity Costs
In 2002, electricity tariffs in Nigeria were among the lowest in the world, at 
US$0.043/kWh, a significant cause of the underinvestment in maintenance and 
new capacity. In 2009, the Multi-Year Tariff Order (NERC 2011) established 
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the principle of cost recovery for each link in the supply chain—fuel, generation, 
transmission, distribution, and retail—so that prices should fully reflect costs by 
2013. Adequate prices are essential to the successful privatization of each seg-
ment of the industry. Full market prices for grid electricity are also essential to 
provide incentives for the adoption of EE, renewable energy, and other low-
carbon technologies. Additionally, full market prices for grid electricity are still 
much cheaper than for off-grid generation.

Policy Recommendation: Design Net-Zero, FITs, and Other Policies to 
Encourage Low-Carbon Options
Carefully designed policies and incentives could play a key role in encouraging 
adoption of cost-effective low-carbon technologies. A recent review of FITs, 
renewable portfolio standards (RPS), and Renewable Energy Certificates (RECs) 
in developing countries finds that policies have had mixed success (World Bank 
2011a). FITs have proved effective in stimulating renewable energy, for example 
in India and Turkey, but the results are not always economically efficient. The 
study recommends tailoring policies carefully to the local situation, considering 
their interactions, adopting policies in sequence, and refining them over time in 
the light of experience. In tailoring policies for Nigeria, it will be valuable to 
review what has and has not worked elsewhere and why.

Policy Recommendation: Develop Human Resources
Successful development and execution of a low-carbon plan will require a grow-
ing corps of Nigerian scientists, engineers, policy analysts, and technicians with 
expertise in key technologies. Steps to build this corps might include establishing 
and expanding degree courses and R&D centers at key Nigerian universities, 
attracting overseas Nigerians back home with relevant expertise, creating regional 
technical training centers, and expanding a curriculum on energy and environ-
ment for secondary schools.

Policy Recommendation: Build Demonstration and Training Projects
The number of small-scale pilot and demonstration projects using PV has been 
growing in Nigeria, but PV and hybrid systems are still much less familiar than 
gasoline and diesel generators. Further deployments are essential for practical 
training of technicians and operators and to develop the markets. As renewables 
become more economically competitive, especially for off-grid applications, 
there is a growing business opportunity for new or existing firms and coopera-
tives to develop, install, and manage renewable off-grid generation. Programs to 
accelerate adoption and demonstrate its associated economic benefits could 
include studies to identify the most promising sites and technologies, additional 
demonstration projects, promoting training organizations, and developing financ-
ing mechanisms to encourage growth of these businesses. Once the business 
opportunities have been convincingly demonstrated and there are enough expe-
rienced people, the FGN should be able to step back from direct support and the 
private sector can take over, as has happened with mobile telephones.
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Policy Recommendation: Develop Innovative Financing Schemes
Some off-grid applications of renewables may already be competitive with diesel 
generators in terms of LCOE at a 10 percent discount rate, and grid-connected 
renewables may become competitive over the next decade in selected applica-
tions. But their initial capital costs are still significantly larger than those of gas- 
and diesel-fueled generators. Businesses and residential consumers of electricity 
have been unable or unwilling to make such large upfront investments. There is 
a commercial opportunity for banks and larger businesses that can borrow at 
lower interest rates to provide financing to consumers for off-grid renewable 
generation. This strategy also creates a business opportunity to create microgrids 
run by small power companies or local cooperatives with the economies of scale 
and access to finance not directly available to individual consumers. Financing 
mechanisms may include the following:

•	 Low-interest loans for large and small low-carbon projects. As an example, the 
Nigerian Bank of Industry (BoI) has recently partnered with the UNDP to 
provide finance to micro, small, and medium enterprises (MSMEs) to support 
energy projects. According to Evelyn Oputu, Managing Director of BoI, 
“Women are the main beneficiaries of the BoI loan on MSMEs because women 
constitute more of MSMEs in Nigeria” (Business Day Online 2011).

•	 CDM offsets and other sources of international financing for low-carbon 
projects.

•	 Leapfrog funds from global mitigation finance channeled through interna-
tional donors are poised to play a catalytic role in helping Nigeria realize its full 
low-carbon development potential (Eleri, Ugwu, and Onuvae 2011).

•	 Emerging mobile phone-based payment systems can support microfinance 
and payments for small off-grid systems, such as solar lighting. The Central 
Bank of Nigeria (CBN) has started a cashless project that is planned to 
reach 20 million Nigerians by the end of 2014. As a related example, 
Eight19, a solar light company based in the United Kingdom, is distributing 
solar lights in Africa for a modest (about US$10) initial payment, plus 
small periodic payments mediated by mobile text messages enabling pur-
chase of systems at a lower periodic cost than kerosene for a lantern 
(Eight19.com).

Note

	 1.	This calculation assumes a total land area of 911,521 square kilometers, an average PV 
conversion efficiency of 10%, and a 20% capacity factor.
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The Transport Sector

Vehicle ownership in Nigeria is currently low by international standards, 
standing at approximately 29 cars per 1,000 people in 2010. However, aspira-
tion for car ownership is high due to the status it conveys, and increasing 
income levels are expected to bring Nigeria into line with other countries 
based on expected per capita income levels. The resulting projected growth in 
car ownership is considerable, with a four-and-a-half fold increase expected by 
2035. The combined impact of population growth and growing car ownership 
is expected to increase the private car fleet in Nigeria from 4.65 million to 
over 20 million over the forecast period. However, growth in public transport 
and commercial vehicle numbers and activity is expected to be even more 
pronounced.

Passengers traveling by public transport are typically served by paratransit 
minibuses known as danfo. These vehicles are usually privately owned and 
operated to serve the interests of the owner/operator, with intense competition 
among drivers. Worsening congestion and ever-increasing travel demand in the 
large cities means more vehicles on the road. Economic growth, including 
expanding manufacturing and service industries, is also increasing demand for 
freight transport. As a result, the reference scenario projects passenger and freight 
transport amounts to increase nine-fold between 2010 and 2035.

Road Transport in the Base Year

Nigeria’s vehicle fleet is undergoing a slow evolution as vehicle emissions 
controls and import regulations come into force. Euro II standards (FGG 2011) 
were adopted at the end of 2011 for all new and imported vehicles. The import 
of two-stroke motorcycles was banned then, although import of large numbers 
of these high-polluting two-wheelers prior to the ban means that they are wide-
spread in many parts of the country.

The existing vehicle fleet is made up of aging, high-polluting vehicles, with the 
majority imported from western countries only when they approach the end of 
their economic life. Cars up to 8 years old can be imported, as can trucks younger 

Cha   p t e r  7
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than 15 years and buses less than 10 years old. Poor routine maintenance and the 
harsh environment mean that the condition of these vehicles deteriorates 
quickly. However, the high costs of import and weak vehicle testing provide the 
incentive to extend the life of the existing fleet beyond the age and the operating 
conditions that might be considered desirable. The average age of commercial 
vehicles is estimated at over 20 years, and many private vehicles are kept on the 
road to ages that would be considered unserviceable elsewhere.

Fuel subsidies until recently kept the price of gasoline well below market 
levels (around 65 naira/liter) while diesel is close to international prices (cur-
rently 170  naira/liter). This has had clear effects on fleet composition: the 
proportion of private vehicles that run on diesel is negligible; commercial 
vehicle owners also have been opting to run petrol (or petroleum gas–
powered) vehicles wherever possible. Hence the majority of small and 
medium size danfo minibuses run on petrol; even half of the large buses and 
coaches run on petrol. The higher price of diesel has resulted in far fewer 
heavy trucks and buses running on the more efficient diesel than would be 
expected if both fuels were similarly priced.

Information on Nigeria’s vehicle fleet and usage is sparse. Data from official 
sources have been complemented by detailed fieldwork conducted by the World 
Bank in Lagos in 2006 and a targeted vehicle population survey conducted at 
four locations in Nigeria in 2012 specifically for the present study, to better 
understand the composition, characteristics, and activity of Nigeria’s vehicle 
fleet. These data provided a basis for disaggregating by vehicle type and technol-
ogy within the broad vehicle classifications reflected in the vehicle registration 
statistics (see table 7.1).

Private vehicle activity levels in Nigeria are very high; but commercial vehicle 
utilization is low compared to other parts of the developing world due to the 
combination of poor roads and vehicle condition. The 2012 survey and UITP/
UATP report (UITP/UATP 2010) provide indications on average annual mileages 

Table 7.1 V ehicle Fleet Estimates for 2010 Based on Vehicle Population Data

Vehicle type Vehicle class % of total vehicles Vehicle numbers

Motorcycle Two-wheeler 38.32 3,322,888
Saloon (sedan)/station wagon Car 53.63 4,650,509
Van, pick-up and kitcar
(also known as “component car”)

LCV goods 1.11 96,314

Lorry/truck HCV truck 1.35 117,424
Minibus LCV goods 5.32 460,987
Omnibus (large bus) HCV coach 0.12 10,687
Tanker HCV truck 0.01 1,055
Highway tractor (tractor trailer, 18-wheeler) HCV truck 0.01 1,121
Trailer HCV truck 0.04 3,232
Tipper HCV truck 0.08 7,257

Sources: Estimate based on State Licensing Authority vehicle registration data (2005) uplifted and disaggregated by vehicle 
classification using Lagos State Newly Registered Motor Vehicles by Type of Vehicle and Year of Registration (1990–2005).
Note: LCV = Light commercial vehicle; HCV = Heavy commercial vehicle.
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(table 7.2). These were reviewed against vehicle population and fuel sales data 
and adjusted to ensure that fuel consumption by fuel type broadly reflects the 
levels observed in fuel sales.

As indicated in figure 7.1, private car use accounts for by far the greatest share 
of vehicle activity, followed by motorcycles—both mainly for commercial 
activity—and then light goods vehicles, which includes the minibus (danfo). 
Public transport movements typically account for around one-third of vehicle 
activity in the large cities such as Lagos, with private cars representing a similar 
proportion. Taxis typically account for up to 15 percent of movement, with the 
remainder made up of motorcycles and movers of goods. This varies from city to 
city, with Kano, for example, having a much higher proportion of motorcycle activity.

Using the COPERT (Computer Program to Calculate Emissions from Road 
Traffic) fuel consumption factors included in the World Bank’s EFFECT (Energy 

Table 7.2  Base Year Vehicle Average Annual Mileage (2010)

Vehicle type Annual km

Two-wheeler 7,000
Passenger car 17,000
LCV goods 30,000
Heavy duty urban bus 30,000
Heavy duty long-distance coach 45,000
HCV truck 33,500

Source: Estimate based on 2012 vehicle survey and UITP/UATP Report on Statistical Indicators of Public Transport Performance in 
Africa, April 2010, balanced against fuel sales data from World Bank Development Indicator Index.
Note: LCV = Light commercial vehicle; HCV = Heavy commercial vehicle.

Figure 7.1 C omposition of Vehicle Fleet and Vehicle Uses
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Forecasting Framework and Emissions Consensus Tool) model for each of the 
vehicle subcategories used in the survey, estimates of total fuel consumption 
based on the baseline vehicle fleet and activity levels were made as shown in 
figure 7.2. This resulted in total emissions for the country of 27.6 million metric 
tons carbon dioxide equivalent (Mt CO2e) in 2010.

Reference Scenario for Transport

Over the coming years, a number of cumulative factors can be expected to lead 
to increasing levels of greenhouse gas (GHG) emissions from the transport 
sector. These factors include population growth, development in manufacturing 
and services, increased per capita income, and vehicle fleet evolution.

Population
Nigeria’s growing population of young adults has direct relevance to the poten-
tial pool of future car owners. The increasing driving age population can be 
expected to have a direct impact on private vehicle ownership and usage, not 
only as a means of transport but for the social status it represents.

Manufacturing and Services
Economic growth drives both personal and commercial travel demand. It is 
equally true that the ability to move goods and people is a requisite to achieving 
economic growth. Therefore it is recognized that an efficient transport system is 
an essential element of a strongly performing economy.

Source: World Bank commissioned survey, 2012, based on State Licensing Authority vehicle registration data (SLA 2005).
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While the historically dominant oil and gas and agriculture sectors are likely 
to remain of significant importance to the Nigerian economy, future develop-
ment is projected to shift the balance to manufacturing and services (as shown 
in table 7.3). These are more freight-intensive and so can be expected to lead to 
faster growth in freight demand.

Typically the elasticity of freight activity in relation to gross domestic product 
(GDP) is expected to be greater for developing counties. This is in contrast with 
industrialized countries, which have seen a decoupling of freight from economic 
growth, with elasticities falling below 1. For the purpose of freight forecasts, a 
conservative elasticity value of 1 has been adopted. This has been applied to 
commercial public transport vehicle growth and also to light goods vehicles.

However, to account for the increasing share that manufacturing and services 
will have in the Nigerian economy, and their greater freight intensity, growth in 
heavy goods vehicle numbers has been increased in proportion to the growth in 
these industries.

Car Ownership Levels
Cross-country evidence suggests a relationship between car ownership rates 
and income approximated by an S-shaped Gompertz curve; this reflects a slow 

Figure 7.2  Base Year Fuel Consumption by Vehicle and Fuel Type

Source: Calculated using vehicle fleet estimates with EFFECT model fuel consumption factors.
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increase in car ownership at lower incomes, after which car ownership 
increases rapidly before finally reaching saturation levels at around 450 cars 
per 1,000 population, under a “normal” European or Asian pattern of 
development.

Over the study period, the increase in GDP in Nigeria from US$1,222 in 
2010 to $4,386/capita in 2035 is projected to result in car ownership increasing 
from 29 cars per 1,000 population in 2010 to 72 cars per 1,000 in 2035.

Factors other than income are also at play, as evidenced by the range of differ-
ent car ownership levels observed at similar income levels in countries around 
the world (figure 7.3). For example, at the US$4,400/capita income projected 
for Nigeria in 2035, car ownership varies from 35 to 130 vehicles per 1,000 

Table 7.3 P rojected Macro-Sectoral Shares for Value-Added in Nigeria
percent

Year Agriculture Manufacturing Mining Services

2010 43 1 36 19
2015 32 5 33 29
2020 25 12 25 38
2025 23 17 21 39
2030 21 18 21 39
2035 21 19 21 39

Source: Elaborations on Vision 20: 2020 targets.

Figure 7.3 C ar Ownership vs. Income in Various Countries (blue): Nigeria in 2010 (green) and 
2035 (orange)

Source: World Bank 2010: World Development Indicators (GDP/Capita, Passenger Cars per 1,000 population).
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people. At 72 cars/1,000, Nigeria’s projected car ownership level by 2035 would 
lie in the middle of this range. Alternative policy decisions could result in a dif-
ferent path for car ownership, probably in the range of 35 to 130 vehicles per 
thousand people. Correspondingly, there would be very different paths of overall 
vehicle emissions.

For example, maintaining gasoline subsidies and allowing the import of less-
costly secondhand vehicles, together with a shortage of adequate public trans-
port, would drastically increase car ownership rates. Conversely, high vehicle 
tariffs, coupled with good quality urban public transport, as well as adequate 
urban land use planning, could result in lower private vehicle ownership and use.

By 2035, the effect on emissions of different car ownership paths might 
result in a 75 percent emission increase, from 145 to 255Mt CO2e/year (see 
figure 7.4).

Vehicle Fleet Evolution
To tackle pollution levels, the Federal Government of Nigeria (FGN) recently 
introduced regulation related to engine technology, prohibiting the import of 
two-stroke motorcycles and adopting Euro 2 standards as a minimum for all 
vehicles imported or sold from the end of 2011 (FGG 2011). Future regulatory 
tightening has been announced, with a move to Euro 3 in 2015 and then future 
emissions regulations forecast to track European standards with the current 
15-year lag until the end of the modeled period. Thus, in the reference case, all 
new vehicles are expected to conform to Euro 5 as a minimum standard by 2035.

The reference case also assumes a slow removal of the gasoline subsidy, 
resulting in the proportion of diesel vehicles changing to a similar fraction as that 
of neighboring African countries and then developing along a similar trend to the 

Figure 7.4 E ffect of Low and High Car Ownership Trajectories on GHG emissions

Source: Modeled emissions based on different car ownership trajectories taken from World Bank 2010: World Development 
Indicators.
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European Union (EU), but with a lag. By 2035, the reference case makes the 
assumption that 40 percent of cars imported to or bought in Nigeria are diesel. 
The proportion of diesel fuel used by road vehicles is predicted to reach 
46 percent of sales in 2035.

Fuel Consumption
Between 2010 and 2035, fuel consumption is projected to increase by 680 per-
cent, driven by a five-fold increase in total vehicle kilometers driven. The 
disproportionate increase in fuel consumption is accounted for by the greater 
level of growth observed in the commercial vehicle fleet, which has higher 
average fuel consumption levels. This growth in the truck and bus fleet is due to 
the increasing importance of non-oil products in Nigeria’s manufacturing indus-
tries, the expansion of the service sector due to rising incomes, and the removal 
of the gasoline subsidy that makes the use of heavy diesel-fueled vehicles more 
attractive. Diesel consumption accounts for 46 percent of the total fuel consumed 
in 2035 compared to 14 percent in 2010.

GHG Emissions
The resulting growth in CO2e emissions levels are presented in figure 7.5. GHG 
emissions are forecast to increase significantly over the forecast period, driven by 
increasing population, economic activity, and wealth, reaching over 187 Mt by 
2035. To put this into context, by 2035, emissions levels in Nigeria are projected 
to far exceed the level currently generated by the road transport sector across 
Sub-Saharan Africa as a whole (133 Mt in 2008).

Figure 7.5 CO 2e Emissions over the Study Period

Source: Modeled emissions based on vehicle fleet estimates and emissions factors from EFFECT model.
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Low-Carbon Interventions for Transportation

The low-carbon scenario considers the scale of impact of potential mitigation 
measures on the growth in emissions. The options explored reflect a focus on the 
policy drivers and measures that can be implemented at the national level.

The study team defined the emissions reference case for road transport to 
enable estimation of the mitigation potential of several key interventions. 
However, due to time and budget limitations it was not possible to directly 
evaluate the marginal abatement cost (MAC) of each intervention. Instead, 
data and calculations from international experiences, suitably adapted to the 
Nigerian context, were used to develop indicative estimates of the MAC of the 
measures considered. Due to the importance of the expected future growth in 
GHG emissions from this sector, it would be valuable to conduct further work 
in this area.

Freight Rail Transport
With a decline in the state and operation of Nigeria’s rail network since the 
1980s, all but a very small fraction of freight is transported by road. Reinstatement 
of the rail network to its former operating capacity would permit the transfer of 
appropriate goods to the rail network, particularly aggregates, cement, and other 
heavy freight.

Taking into account historical freight tonnage statistics, the latest plans for the 
rail network, and efficiency levels achieved on the rail network in neighboring 
African countries, it can be argued that some bulk freight can be more efficiently 
transported by rail. Assuming an improved intensity of usage to around the level 
of Botswana (currently twice the level observed in Nigeria) would facilitate the 
carrying of 2,700 million ton-km, or 5.2 percent. If the rail network expansion 
outlined in the Vision 20: 2020 were implemented, the growth in the network 
would facilitate freight movement totaling 13 million ton-km (based on equiva-
lent intensity of network use).

The impact of emissions reductions from increasing rail freight intensity 
would be relatively small, amounting to around a 0.6 percent reduction in overall 
emissions in 2020–30 but then tailing off to just 0.2 percent reduction by 2050. 
This is due to the inability of the rail network capacity to keep up with the 
growth in freight demand, so despite a significant increase in the physical volume 
of freight carried by rail, road-based freight growth is expected to continue to 
outstrip rail freight growth.

Under the scenario presented above, the scale of CO2e reduction in the period 
2010–35 could be expected to be on the order of 9.9 million tons of CO2. 
However, a more detailed study is needed for a better estimate. Of course, trans-
porting goods by rail does not eliminate emissions. The majority of the Nigerian 
rail network will remain non-electrified over the medium term,  resulting in a 
certain level of emissions from the rail freight services. The scale of mitigation 
possible is constrained by the coverage of the rail network, which, even with the 
proposed expansion, would probably be inadequate to meet a rapidly growing 
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demand for the transportation of goods. While rail might be able to carry 
5  percent of freight by year 2015, the fraction falls as the total annual freight 
tonnage increases through the end of the study period (2035).

Freight Scheduling
Recognizing the likelihood that the majority of freight will be carried by 
road in the medium term, measures to increase the efficiency of freight 
movements through better logistical planning and fleet management are 
expected to prove most effective. Reducing empty running and rationalizing 
freight movements, with a move toward using larger freight vehicles, has 
been demonstrated to achieve significant savings in operating mileage and 
hence emissions levels. Efficiency savings of 20 percent in small and medium 
freight activity with 10 percent reduction in heavy freight kilometers has 
been assumed.

Cumulative emissions savings over the forecast period of this study at these 
assumed efficiency levels amount to 73.3 Mt CO2 by 2035, demonstrating the 
sizeable abatement that can be achieved through measures aimed at improving 
the  efficiency of the rapidly growing freight sector and the value of studying 
freight handling and transport in greater detail.

Driver Training
Training programs that teach drivers about the impact their driving has on 
vehicle wear and tear and operating costs has been shown to reap rewards during 
many pilot studies undertaken in the African region. Through less intensive 
acceleration and braking and maintaining a constant efficient speed, the training 
programs typically report reductions in fuel consumption of 20 percent or more. 
With this scale of potential improvement, enhanced driver training for even a 
small proportion of the goods vehicle drivers can reap strong rewards in terms of 
CO2 reduction, lower costs, and also safety. A scenario has been developed for 
this study based on the following assumptions:

•	 Start of a training program covering 20 percent of heavy goods drivers in 2012 
(representing 30,000 drivers);

•	 Achievement of a 20 percent improvement in fuel consumption levels for 
those drivers/vehicles following training; and

•	 Requirement of repeat training every 5 years for a similar proportion of 
drivers.

The overall impact over the projected period of such a scheme could allow 
9.9 million tons of CO2 to be saved.

More Efficient Private Vehicles
The average private vehicle on Nigeria’s roads is 14 years old, does not comply 
with any Euro emissions standards, and as a result is outdated in terms of fuel 
efficiency and carbon emissions levels. Unlike Europe, Nigeria has no stated 
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CO2 emissions standards for cars. The current average emissions level across 
the Nigerian private car fleet is estimated to be 214g CO2/km. This is clearly 
far behind the standards being adopted in Europe, which are as follows:

•	 By 2015, an average 130g CO2/km across fleet of new vehicle sales by manu-
facturer and

•	 By 2020, a target of 95g CO2/km average across all vehicles sold.

Applying regulations in line with European emissions target levels with a lag 
of 15 years would mean that new and imported vehicles should on average emit 
only 130g CO2/km by 2030. This could reduce average emissions levels for pri-
vate cars to approximately 137g CO2/km by 2035. The savings grow to 36 met-
ric tons annually by 2035, with a total reduction in carbon emissions over the 
forecast period of 269 Mt CO2. Not only does this represent one of the most 
effective policy levers to reduce local pollution and GHG emissions in a relatively 
short term, but it is also one of the few activities mainly controlled by the Federal 
Government of Nigeria and thus easier to implement than those under the con-
trol of multiple local stakeholders.

Public Transport
Public transport is currently the only form of available motorized transport for 
over three-quarters of travelers in the urban environment. While public transport 
typically alleviates urban congestion, the present public transport system consist-
ing of small privately-owned minibuses, taxis, and motorcycle taxis is actually the 
source of much disruption, with undisciplined and erratic driving behavior (danfos 
regularly block two lanes of traffic while trying to board and alight passengers).

Nigeria has at least 10 cities with over 1 million population. Lagos estimates 
vary from 9 million to over 17 million. Until just a few years ago, it was the only 
megacity without any form of organized public transport. The sheer scale of 
people movement cannot adequately be served by an unplanned and unstruc-
tured public transport system.

A move to organized mass transit, whether rail, bus rapid transit (BRT), 
or  conventional large bus operations, can significantly enhance the efficiency 
of transport operations, not only for public transport travelers but all highway 
users.

An organized mass transit scenario focuses initially on the migration to orga-
nized large bus operations because of its replicability in all major cities across 
Nigeria. Based on conservative assumptions, just under one-third of existing 
paratransit operations could be replaced by one-fifth of the number of large 
buses. The additional benefits and traffic reductions resulting from BRT along 
selected high-demand corridors are applicable on other routes and cities.

The introduction of large bus operations in the larger cities of Nigeria could 
reduce emissions levels by 0.4–0.5 percent per year. Over the projected period, 
these savings amount conservatively to 10.6 million tons of CO2. Detailed 
studies on a city-by-city basis would be needed to better evaluate this change.
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BRT is typically successfully implemented on corridors with passenger move-
ments of over 3,000 per hour per direction. BRT enhances efficiency due to 
priority infrastructure, allowing more round trips by each larger-capacity vehicle, 
resulting in lower per-passenger CO2 emissions.

Lagos has successfully implemented a BRT route on a key corridor from the 
mainland onto the island. The 22-kilometer route currently carries almost 
200,000 passengers a day. Two additional routes are planned within the city.

Based on a target assumption of 30 percent of public transport trips by mass 
transit and a reduction of 75 percent of danfo trips, a reduction of 10.3 percent 
of light goods vehicle activity is forecast with an associated increase in large bus 
vehicle activity of 1.3 percent. This impact on emissions levels is conservatively 
estimated at 14.1 Mt CO2 over the forecast period.

Extending the Use of CNG as a Transport Fuel
Although Nigeria is rich in natural gas, its use to fuel transportation in the 
form of compressed natural gas (CNG) is in its infancy, although widespread 
in many other countries. A trial commenced in 2010 in Edo State promoted 
by the Nigerian Independent Petroleum Company (NIPCO) in partnership 
with the Nigeria Gas Company (NGC). As a result of the program, as of 2012 
there were six fueling stations, and another two under construction, to serve 
the state’s large buses converted to CNG, and a fleet of 250 CNG taxis. 
NIPCO aims to roll out the concept and ultimately make CNG available at 
5,000 stations across the country. Countries leading the way in the use of 
CNG include Pakistan, which currently has around 3,300 CNG fuelling sta-
tions countrywide and over 2.8 million CNG vehicles. As well as lowering fuel 
costs by up to 50 percent—particularly important in light of the gasoline 
subsidy reduction—the levels of GHG pollution can be significantly lower 
than with gasoline.

The low-carbon scenario of the current study considers the successful rollout 
of CNG to all of the new large bus vehicles introduced in the mass transit 
scenario set out above (existing bus vehicles are assumed to remain on standard 
technology), as well as adoption by 50 percent of the national taxi fleet and 
15  percent of other private and commercial vehicles. The abatement of total 
emissions from road transport increases from 0.2 to 3 percent by 2035, resulting 
in total emission reduction over the forecast period of 53 Mt CO2. Of course, to 
achieve these gains, good operational control and technology is essential, since 
the leakage of natural gas into the atmosphere can more than offset the GHG 
emissions advantage of consuming this fuel.

Impact of the Promotion of Low-Carbon Policies

As shown in figure 7.6, applying this combination of measures can achieve a 
reduction in emissions increasing from 0.88 Mt CO2e in 2012 to over 50 Mt 
CO2e in 2035. In total, this amounts to a reduction conservatively on the order 
of 452 Mt CO2e over the 25-year study period.
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The major emissions savings are achieved through vehicular emissions regula-
tions, followed by freight efficiency improvements and CNG adoption.

While these savings represent a significant reduction in absolute terms, they 
are not as sizeable in relative terms, which points to the need for further work 
on opportunities for a lower carbon development of Nigeria’s road transport 
sector.

Recommendations for the Transport Sector

The sheer scale of demand for transport in Nigeria’s major urban areas cannot 
adequately be served by an unplanned and unstructured public transport system. 
For freight, Vision 20: 2020 goals imply a growing importance for the manufac-
turing sector and service industries, which will drive an increasing demand for 
the movement of freight and goods. Evidently structural changes in land trans-
port are needed to allow the country’s development goals to be achieved.

The present study analysis is intended to frame the growing importance of the 
transport sector in terms of GHG emissions and initiate debate and discussion on 
the measures that need to be implemented to mitigate the impacts of the sector’s 
growth. The limited scope of the transport study did not allow each of the 
involved factors to be evaluated in depth, and additional work will be needed to 
frame future policy decisions.

Figure 7.6 I mpact of Transport Sector Mitigation Measures on CO2 Emissions Levels

Source: Modeled emissions based on vehicle fleet estimates and emissions factors from EFFECT model.
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Recommendation: Strengthen and Coordinate Institutional Mandates at All 
Levels of Government
Actions other than adding more roads need to be taken to focus transport devel-
opment along a more sustainable pathway. However, particularly in transport, 
these long-term planning processes need to recognize and integrate a wide 
spectrum of constituencies, including all levels of government, with careful atten-
tion to building ownership and consensus among key sectors, such as services and 
manufacturing, transport, and agriculture; civil society; and private-sector groups. 
The explosive growth in the demand for passenger mobility is centered in cities 
and requires a coordinated long-term consensus among local stakeholders, while 
technology choices and long-distance travel is mainly within the domain of the 
FGN and state governments.

Recommendation: Improve Transport Data
Policy Recommendation: Strengthen Nigeria-Specific Transport Data
To develop a low-carbon plan to reflect actual conditions in Nigeria, rather than 
using estimates adapted from other countries, it will be important to collect 
additional data to fill in critical gaps both at the national and local-area level. 
Detailed data on the vehicle fleet, vehicle activity, and the movement of goods 
and people need to be maintained and periodically updated to enable judicious 
policy decisions in a changing environment. It is virtually impossible to improve 
something that is not being measured, and the data currently available in this 
sector are particularly sparse.

Policy Recommendation: Give Priority to Infrastructure Development that 
Avoids Lock-In
As Nigeria’s urban population increases, the infrastructure design and develop-
ment decisions that will be taken over the coming years will directly affect the 
long-term sustainability of its cities. Infrastructure investments have a long life; 
design decisions made centuries ago are still evident in many European towns 
and cities. If cities develop around the needs of private motorization they will be 
“locked-in” to a high energy-consuming development trajectory that will be 
difficult to change at a later date.

Policy Recommendation: Evaluate the Costs of all Externalities of the Fuel 
Subsidy
Gasoline subsidies until recently have kept the price of gasoline well below 
market levels (around 65 naira/liter), in contrast to diesel, which is sold at close 
to market levels (currently 170 naira/liter). This has skewed the vehicle fleet 
toward small, inefficient vehicles, by making it more difficult for large diesel-
fueled buses and trucks to compete. The anticipated eventual removal of the 
gasoline subsidy will narrow the cost differential with the cost of diesel and allow 
the Nigerian fleet to come into line with neighboring countries in terms of the 
mix between petrol and diesel vehicles. If the variable cost of private transport 
operation remains low due to subsidies, it will be difficult to promote the 
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mass-transit and freight solutions needed to enable the country’s development 
trajectory—including quality of life improvements.

Policy Recommendation: Actively Promote Formal Public 
Transport in All Cities
Maintaining present public transport shares in the face of exploding private 
vehicle ownership will be an impossible task unless a paradigm shift occurs in 
urban design and development. As more families become private transport 
owners (cars and two-wheelers), the challenge becomes one of providing them 
with alternatives to use for their routine daily travel.

Policy Recommendation: Give Priority to Efficient Freight Handling and 
Transport as Essential to Growth
Efficient freight movement is essential for the country to achieve its growth 
goals. This should include expansion of rail services, road infrastructure, vehicle 
technology, logistical planning, and fleet management. Significant savings (and a 
reduction in GHG emissions) can be achieved by leapfrogging to solutions with 
advantages demonstrated in more advanced countries. Making this happen needs 
direct investment from the FGN and creating the enabling environment that 
permits the private sector to adopt modern solutions.

Recommendation: Vehicle Technology
The combined impact of population growth and car ownership increases is 
expected to escalate the private car population from 4.7 million to over 
20  million over the forecast period of the study. Evidently this would be 
catastrophic if all these were aging and high polluting vehicles near the end of 
their useful lives.

Therefore the recommendation is to track European standards with a 15-year 
lag. Over time, this lag should be reduced, and eventually eliminated, as Nigeria 
achieves its goal of becoming the world’s 20th largest economy. The application 
of an effective vehicle inspection and maintenance system in major cities could 
have a major impact on lowering tailpipe and GHG emissions.

Alternative Fuels
Many countries, notably Pakistan and India, have successfully promoted the use 
of CNG as a transport fuel to combat air quality problems and reduce GHG 
emissions from this sector, while lowering operating costs. It is recommended 
that a detailed study be undertaken to identify urban areas suited to develop an 
infrastructure for deployment of a network of CNG filling stations.
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Summary of Findings and 
Recommendations across Sectors

This chapter summarizes the key findings on emissions for the reference and 
low-carbon scenarios; and on benefits and costs of the mitigation options 
included in the latter. It provides general recommendations that cut across sec-
tors for overcoming organizational and institutional barriers to reconcile growth 
with low-carbon development. (Chapters 4–7 contain more specific recommen-
dations for each sector.)

Emissions across Sectors for the Reference Scenario

The reference scenario projects a doubling of emissions from the four sectors 
from 2010 to 2035 (figure 8.1). Over the same period, the population is 
projected to grow by 82 percent and the real gross domestic product (GDP) is 
projected to increase 6.5 times.

This doubling of greenhouse gas (GHG) emissions results from an important 
structural change: In 2010, over half of the nation’s emissions originated from 
agriculture and land use change (53 percent), with oil and gas contributing 
30  percent of the total. The power and road transport sectors contributed 
8 percent and 9 percent, respectively.

By 2035, in the reference scenario, the mix is projected to be radically differ-
ent: Agriculture, forestry, and land use change constitute only 4 percent of the 
total. Oil and gas drop from 30 to 12 percent. The power sector becomes the 
largest contributor at 56 percent, followed by road transport at 28  percent 
(figure 8.2).

The principal causes of these structural changes are as follows:

•	 For the agriculture sector, a dramatic reduction in net emissions is due to a 
slow-down in land use changes and to negative emissions from changes in 
annual, perennial, and wet rice crops (see figure 4.4).

•	 For the oil and gas sector, increased emissions from on-site gas combustion are 
counterbalanced by a reduction in emissions from flaring (figure 5.3).

Cha   p t e r  8



132	 Summary of Findings and Recommendations across Sectors

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

0

100

200

300

400

500

600

700

Agriculture and land use changeOil and gasTransportPower sector

M
t C

O
2e

2010
2015

2020
2025

2030
2035

Figure 8.1  Annual CO2e Emissions in the Reference Scenario

Source: Calculations based on data sources listed in the chapter 3 references.
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•	 For the electricity and transport sectors, dramatic growth in emissions reflects 
growing electricity generation (figure 6.7) and volume of road transport 
(figure 7.5) as a result of increases in population and income per capita.

Emissions and Mitigation Potential for the Low-Carbon Scenario

For each sector, the study team identified a set of low-carbon interventions (miti-
gation options.) As described chapter 3, interventions were evaluated according 
to a series of criteria, including the magnitude of potential emission reductions, 
as well as technical, economic, and institutional feasibility. The goal was to assess 
whether the different options can help reduce carbon emissions while meeting 
Nigeria’s ambitious goals for economic development.

As result of this process, the teams selected some 30 options for inclusion 
in the low-carbon scenario. These measures would allow the Vision 20: 2020 
development goals to be reached with minimal change in annual GHG 
emissions, increasing from 303 million metric tons carbon dioxide equivalent 
(Mt CO2e/year) in 2010 to 320 Mt CO2e in 2035 (figure 8.3).

The low-carbon scenario would result in a 50 percent reduction of emissions 
in the terminal year relative to the reference scenario. The reduction in cumula-
tive emissions over the whole simulation period would be some 3.7 billion tons 
of CO2e (table 8.1).

The largest contribution to the total mitigation potential comes from the 
power sector (some 1.9 billion tons), with smaller but significant contributions 

Source: Calculations based on data sources listed in the chapter 3 references.
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Figure 8.2  Reference Scenario: Sector Composition of GHG Emissions in 2010 and 2035 (continued)
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from oil and gas (0.7 billion tons), agriculture (0.6 billion), and transport 
(0.5 billion tons). The differences over time between the emissions in the refer-
ence scenario and in the low-carbon scenario are shown in figure 8.4 as the “miti-
gation wedges,” reducing emissions from the reference case (top blue line) to 
low-carbon case (dotted area at the bottom).

Sectors differ significantly in time distribution of their abatement potential 
(figure 8.5): Agriculture and land use account for the largest share of emissions 
abatement in the earlier years, when most of the land use changes might take 
place. In the middle of the period, the oil and gas sector provides considerable 
abatement opportunities. In the second part of the simulation period, land use 
changes slow down, and opportunities for expanding renewable energy (RE) 
generation increase. This reflects, in part, projections that costs of renewable 
technologies will become economically competitive with fossil fuel in terms of 
levelized cost. By the end of the period, the power sector offers 60 percent of the 
total abatement potential.

Figure 8.3  Annual CO2e Emissions in the Low-Carbon Scenario

Source: Calculations based on data sources listed in the chapter 3 references.
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Table 8.1 L ow-Carbon Scenario: End-Year Emissions and Cumulative Emissions Abatement 
by Sector

Sector

GHG emissions, billion tons CO2e/year in 2035 Emissions reduction 
2010–35 billion tons CO2eReference Low-carbon

Power sector 0.37 0.16 1.92
Oil and gas sector 0.08 0.04 0.75
Road transport 0.19 0.13 0.45
Agriculture and LUC 0.03 −0.02 0.65

Total 0.67 0.31 3.77

Source: Calculations based on data sources listed in the chapter 3 references.
Note: LUC = land use change.
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Figure 8.4 M itigation Wedges for the Four Sectors

Source: Calculations based on data sources listed in the chapter 3 references.
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Figure 8.5 P ercent Shares by Sector of Mitigation Potential over Time

Source: Calculations based on data sources listed in the chapter 3 references.
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Costs and Benefits of the Low-Carbon Scenario

Much of the low-carbon scenario appears economically attractive from Nigeria’s 
point of view, even ignoring GHG abatement. Figure 8.6 shows the marginal 
abatement cost (MAC) of each intervention (in U.S. dollars per ton of carbon 
dioxide equivalent, $/t CO2e), plotted against the cumulated potential mitiga-
tion in Mt CO2e from 2010 to 2035. The main interventions are ordered from 
lowest to highest MAC. Some 62 percent of the total mitigation potential 

Figure 8.6 M AC for Nigeria (Selected Low-Carbon Interventions)

Source: Calculations based on data sources listed in the chapter 3 references.
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(2.3 gigatons [Gt] CO2e) can be achieved at negative cost—that is, at a net social 
benefit. An additional 25 percent or 0.9 Gt CO2e has a MAC of $5/t CO2e or 
less. The remaining 14 percent (0.5 Gt CO2e) has MAC values in excess of 
$5/ton. The average MAC of all 31 interventions (weighted by abatement poten-
tial) is a net social benefit of $42/t CO2e.

Reviewing interventions using MAC shows that the benefits of the low-
carbon scenario vary by sector: in power and transport, interventions with more 
than 80 percent of the abatement potential have net social benefits (Table 8.2). 
In agriculture, the corresponding share is over 35 percent; however in agriculture, 
and oil/gas, a significant share of total mitigation potential can be attractive for a 
relatively modest carbon price of US$5/t CO2e or less; this is about 80% of the 
total the case of oil and gas.

Emissions abatement often requires higher capital expenditures, with lower 
fuel and operating costs over time, resulting in substantial long-run national 
benefits. In the agriculture sector, an additional public investment over the study 
period of $7 billion (0.04 percent of GDP) would result in additional cash flow 
to farmers and landowners of $37.3 billion (0.23 percent of GDP) while reduc-
ing GHG emissions by 646 Mt CO2e.

For the oil and gas sector, a capital expenditure over the study period of 
$17 billion (0.11 percent of GDP) would generate net revenue (gross revenues 
minus gross expenditures) of $42 billion (0.26 percent of GDP). In the power 
sector, the capital expenditure of $118 billion (0.7 percent of GDP) is projected 
to reduce net expenditures (capital, fuel, and operating) by $225 billion 
(1.4 percent of GDP) (table 8.3).

In the transport sector, further work is required to quantify the public and 
private expenditures and savings. They will include important health benefits 
from reduced pollution (particularly in urban areas), reduced traffic congestion 
leading to time savings in travel and improved quality of life, and increased pro-
ductivity and competitiveness in the manufacturing and service sectors.

In summary, there is the potential of abating some 3.7 billion tons of GHG 
emissions (CO2e) with a net financial benefit close to 1.9 percent of GDP, over 
the study period—provided that Nigeria can find ways to overcome the signifi-
cant institutional and financial barriers to adopting a low-carbon development 
pathway.

Table 8.2 S hares of Sector Mitigation Potential by Class of Marginal Abatement Cost

Sector

Marginal abatement cost

Total (%)Negative (%) < $5/t CO2e > $5/t CO2e

Agriculture 36 23 41 100
Oil and gas 19 81 0 100
Power 82 5 13 100
Transport 81 19 0 100

Total 62 25 14 100

Source: Calculations based on data sources listed in the chapter 3 references.
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Uncertainties and Sensitivity Analysis

A long-term analysis of this type, with a horizon of almost 25 years, inevitably 
faces large uncertainties. The study conducted a number of sensitivity analyses to 
evaluate whether findings are robust to key assumptions. For example, in the 
power sector, cost projections for renewable energy technologies—such as 
photovoltaics (PVs), concentrating solar power, and wind—suggest that some 
already are (or will soon be) competitive with fossil fuel technologies for off-grid 
generation compared to diesel generators, and most will reach grid-parity by the 
last decade of analysis. What if these projections are too optimistic?

Chapter 6 summarizes the result1 of comparing the low-carbon scenario 
with a “delayed low-carbon scenario” that delays adoption of renewables by 
5–10 years in case of slower learning curves and/or lower prices for fossil fuel. 
This scenario ends up with almost the same technology mix by 2035 with a 
56 percent reduction in emissions from power relative to the reference sce-
nario, although the cumulative emissions savings over the study period are 
reduced from 40 percent to 23 percent. The cost of the delayed low-carbon 
scenario is similar. This implies that the main conclusions for the low-carbon 
scenario for power are relatively robust to these changes, although the adoption 
of some options would be delayed.

A key assumption is relevant to all sectors is the future economic growth 
rates in Nigeria: Changing GDP growth from the “high growth” scenario down 
to the “medium growth” scenario, or up to the Vision 20: 2020 scenario, results 
in major changes to GDP by 2035. Under these scenarios, GDP increases by a 
factor of 2, moving from the medium growth scenario to the Vision 20: 2020 
scenario (see chapter 3 for details). For the power sector, such changes to 

Table 8.3 N ational Costs and Benefits of the Low-Carbon Scenario

Sector

National costs National benefits
Cumulative 

GHG abatement

Indicator
US$Billion 
2010–35

% of 
GDP Indicator

US$Billion 
2010–35

% of 
GDP

2010–35, 
Billion tons CO2e

Agriculture Cumulative public 
additional capital 
expenditure

7 0.04 Net social additional 
cash flow

37 0.23 0.65

Oil and gas Cumulative additional 
capital expenditure

17 0.10 Net additional cash 
flow

42 0.26 0.75

Power Cumulative capital 
additional 
expenditure

118 0.72 Savings on 
cumulative capital, 
operating and fuel 
expenditure

225 1.41 1.92

Transport Additional public 
capital expenditure

(a) (a) Reduced congestion, 
improved air 
quality, etc.

(a) (a) 0.45

Total 142 0.85 304 1.90 3.77

Source: Calculations based on data sources listed in the chapter 3 references.
Note: (a) = Values not quantified.
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GDP, and hence income per capita, would have correspondingly large effects 
on the demand for electricity and hence on emissions from electricity genera-
tion. In each case, however, the same types of low-carbon technologies and 
mitigation options would make sense for the same reasons. Their unit costs 
and benefits per megawatt (MW) or megawatt-hour (MWh) are not much 
affected by the speed of GDP growth. Hence, the same findings apply in terms 
of which options to select, when they become cost effective, what percentage 
mix of generation technologies to choose, and what institutional changes 
would be necessary to overcome barriers to adoption. The only thing that 
would change depending on the GDP growth scenario considered would be 
absolute quantities of new capacity to install and emissions produced. The 
percentage reduction in emission from the reference scenario to low-carbon 
scenario would be the same, at 56 percent. (For details see chapter 6 for a 
sensitivity analysis of the effects of GDP growth on emissions.)

Similarly, for the agriculture sector, most options are attractive for economic 
as well as environmental reasons, and recommendations should be robust to 
changes in GDP growth rates. The evolution of Nigeria’s oil and gas sector is 
perhaps more dependent on the actual size of reserves and the global prices of 
oil and gas than on Nigeria’s GDP growth. However, conversely, the size and 
revenues of the oil and gas sector (which is a major source of national revenues), 
will have a major influence on Nigeria’s GDP growth. It might also affect the 
feasibility of Federal Government of Nigeria (FGN)-financed expenditures on 
capital-intensive low-carbon options.

Recommendations: Reconciling Growth with Low-Carbon Development

This final section summarizes general barriers to reconciling growth with low-
carbon development and makes recommendations on how to overcome those 
barriers. These recommendations apply to all four sectors. They complement and 
extend the sector-specific recommendations presented at the end of each 
chapters 4–7.

While possible and often economically attractive, low-carbon development is 
by no means easy, in Nigeria or elsewhere. Barriers, including information needs, 
technologies, institutions, regulations, and financing, stand in the way of making 
low-carbon development a reality. But in many cases, barriers to low-carbon 
options are similar to barriers to conventional development. For example, prob-
lems of inadequate information also plague the monitoring of many “core 
business” indicators; in the power sector, data on off-grid generation is very scant; 
in transport, information on the volume, composition, age, and technology mix 
of the vehicular fleet is largely inadequate. These factors make it difficult to 
evaluate complementarities or trade-offs between mitigation and development 
objectives.

Barriers to financing are of particular significance for low-carbon develop-
ment. Many low-carbon technologies feature higher upfront costs and delayed 
benefits, compared to the higher carbon technology they displace. This 
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applies to most RE and to several conservation agriculture practices. Although 
their net benefits are often larger in the longer term than the reference tech-
nology, they are penalized by financial markets biased in favor of short-term 
returns.

Even for measures that do not require significant upfront funding, such as 
energy efficiency (EE) and load management, a mechanism is needed to promote 
adoption by the private and public sectors. This mechanism could acquire 
demand-side resources (EE and load management) and allow a utility or a gov-
ernment agency to purchase energy savings and/or demand reductions at an 
agreed rate in cents per kilowatt-hour (kWh) based on verified savings.

Recommendation: Strengthen the Overall Governance Framework
Nigeria is a party to the UN Framework Convention on Climate Change 
(UNFCCC), has ratified the Kyoto Protocol, and adheres to the Copenhagen and 
Cancun Accords, and to the Durban Platform. Nigeria in 2003 submitted its first 
national communication to the UNFCCC, but has not yet finalized the second 
one (FGN 2003). On the domestic front, the Federal Ministry of the Environment 
(FME) has taken a number of steps to move forward the climate agenda, includ-
ing establishing an inter-ministerial committee for climate change as well as a 
special climate change unit inside the ministry, recently upgraded to a regular 
department of the ministry.

To consolidate these reforms, the Nigerian National Assembly passed a bill to 
establish a National Climate Change Commission to coordinate national policies 
on climate change, which is awaiting the president’s approval (National Assembly 
of the Federal Republic of Nigeria 2010). However, the legislature’s initiative can 
be interpreted as recognition of the fact that low-carbon, climate-resilient devel-
opment requires institutions with the ability to make and implement decisions 
across multiple sectors.

The technical leadership exerted so far by the FME could be made more 
effective by charging a body that has a cross-sector policy mandate with the task 
to define policies for low-carbon, climate-resilient development, which require 
the concurrence of several line agencies. Such a role could be played by the exist-
ing Economic Management Team (EMT) of the FGN; or by the proposed 
National Climate Change Commission if it comes into being.

Recommendation: Improve Data Collection and Analysis
Relevant ministries, departments, and agencies (MDAs) in collaboration with the 
National Bureau of Statistics (NBS) should define action plans (with specific 
targets and milestones) to improve the quantity and quality of data required to 
design, monitor, and evaluate sector development policies. In many cases, data 
required for the ordinary development of the power, agriculture, transport, and 
oil and gas sectors will also be useful to evaluate synergies or trade-offs with low-
carbon development. In addition, the action plans should also contain provisions 
for measuring and monitoring emissions of GHG, as such data will most likely 
be instrumental for accessing international climate finance.
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Recommendation: Integrate Low-Carbon Objectives into Regular Sector 
Development Plans and Processes
Recent experiences in developing countries such as China (box 8.1) point to the 
key role of integrating low-carbon objectives and activities into regular sector 
strategies and planning processes, including the identification of targets and the 
definition of an array of policies to achieve them.

Box 8.1 T he Experience of China with Scaling Up Renewable Energy

In China, coal is the dominant contributor—about 70 percent—to the country’s energy supply. 
But with steadily rising prices and the impacts of coal on the environment and health and 
climate change, the Chinese government is pursuing renewable energy (RE) sources. In 2009, 
installed RE capacity reached 55 GW of small hydropower (the largest in the world), 22.68 GW 
of wind power (and rising), 4 GW for biomass, and 300 megawatts-peak (MWp) of solar 
photovoltaic (PV).

It was mainly the Renewable Energy Law, enacted in February 2005, and effective in 
January 2006, that set the stage for RE scale-up to meet China’s surging electricity demand. 
The 2007 Renewable Energy Medium- and Long-Term Development Plan (Renewable Energy 
Plan), specified the country’s commitment to increasing the share of RE to 15 percent of the 
2020 primary energy supply. The government is increasing the targets of renewable electricity 
from 360 GW generating 1,490 terawatt-hours (TWh) to 500 GW generating 1,820 TWh 
(including large hydropower).

Established at the national level, the RE target eventually worked its way down to the 
provinces, through the 10th (2001–05) and 11th (2006–10) Five-Year Plans, and to individual 
energy-production entities, mainly through mandated RE shares.

The national target was ambitious for all technologies with special focus on wind and 
biomass, achieving the following:

•	 Wind: 5 GW installed and 12,300 GWh generated in 2010, and 30 GW installed and 73,800 
GWh generated in 2020.

•	 Biomass: 5.5 GW installed and 27,280 GWh generated in 2010, and 30 GW installed and 
148,800 GWh generated in 2020.

•	 Small hydropower: 50 GW installed and 205,000 GWh generated in 2010, and 75 GW 
installed and 307,500 GWh generated in 2020.

•	 Solar PV: 0.3 GW installed and 474 GWh generated in 2010, and 1.8 GW installed and 2,844 
GWh generated in 2020.

The key to China’s success is a wide and diverse mix of approaches, pragmatically combining 
three different policy instruments:

•	 Wind concessions, with a strict though unofficial price ceiling (however, developers bene-
fited from compensatory subsidies per kilowatt-hour generated when bid prices failed to 
provide them with adequate returns);

box continues next page
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Rather than relegate them to ad-hoc projects supported by international 
financiers, the government should integrate low-carbon development into main-
stream policies and programs. Promoting this development should include the 
definition of objectives and the accountabilities to accomplish them. Based on 
the findings of this book, specific targets (for a time horizon of 2015–20) that 
the FGN might consider are as follows:

•	 As part of the Agricultural Transformation Agenda (ATA), bring up to 1 million 
hectares under sustainable land management practices, which can at the same 
time raise yields, increase climate resilience, and reduce net carbon emissions.

•	 Achieve a share of 20 percent of grid-based power generated by RE sources, 
50 percent of total gas powered generation coming from combined-cycle gas 
turbines (CCGTs), and 20 percent of all off-grid supply being generated by 
renewables and hybrid systems.

•	 Provide 40 percent of urban mass transit in the 10–15 largest cities by formal 
bus services using large urban buses and bus rapid transit (BRT).

•	 Reduce the associated gas flared in joint venture (JV) operations by 80 percent 
compared to current levels and maintain the fraction of associated gas flared in 
production sharing contract (PSC) operations at 5 percent.

Sector-specific options, such as regulatory reforms and financial incentive 
schemes, can be found in the recommendations at the end of each of the sector-
specific chapters (4–7).

Recommendation: Mobilize Resources for Climate Action
Addressing the financial barriers that most often prevent adoption of clean 
technologies is key to promoting low-carbon development. The creation or 
scaling up of instruments to mobilize financial resources domestically is impor-
tant. Most of these instruments are sector-specific and thus discussed in the 
preceding chapters.

This section addresses two key areas related to the mobilization of resources 
from international sources: carbon markets, including the Clean Development 

•	 Feed-in prices for biomass and lately for wind; and
•	 RE obligations on generators, provinces, and grid companies.

These measures were supported by a clearly articulated political will and a strong domestic 
market that contributes to the growth of local wind power equipment manufacturing. Despite 
some problems, such as the difficulty of managing the multiplication of the projects at the 
national level and the different project approval standards applied at the local level, technical 
problems or fiscal disadvantages, the achievements made are impressive and unprecedented. 
They provide a successful example of the incentives needed for the development of RE.

Sources: World Bank/ESMAP 2011; WRI 2011.

Box 8.1  The Experience of China with Scaling Up Renewable Energy (continued)
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Mechanism (CDM), and the “nationally appropriate mitigation actions” (NAMAs), 
as a conduit to help developing countries articulate low-carbon priorities that 
could be supported by a variety of international climate finance instruments.

Carbon Markets and the Clean Development Mechanism (CDM)
Carbon markets encompass a variety of arrangements where assets that result in 
reduction of carbon emissions are traded for a price. One of the most important 
systems is the CDM, established under the Kyoto Protocol in 1997 and opera-
tional since 2001 (see box 8.2).

Box 8.2 C arbon Finance: A Brief Overview

Clean Development Mechanism (CDM)
With more than 3,800 projects registered in developing countries, the Clean Development 
Mechanism (CDM), established under the Kyoto Protocol in 1997 and operational since 2001, 
has exceeded all expectations. However, over two-thirds of all the registered projects, and over 
three-quarters of all issued certified emissions reductions (CERs), originate from a handful of 
countries. Africa’s share still represents only about 2 percent of projects registered under the 
CDM. Despite being the most populous country in Africa (158 million people) and the third 
economy in size, just after South Africa and the Arab Republic of Egypt, Nigeria ranks poorly in 
the use of the CDM, both at the global and African levels. As of February 2012, Nigeria had only 
seven registered CDM projects, which have issued approximately 17,650 kCER almost equal to 
the emissions savings of the 40 registered projects in South Africa. There are another 
16 projects in the validation process; however, fewer projects are entering the CDM pipeline as 
a result of the falling market prices for CERs.

Programs of Activities (PoAs)
In addition to stand-alone CDM projects, Nigeria has four programs of activities (PoAs) regis-
tered, which promote efficient cook stoves. Under this new instrument, Nigeria is lagging 
behind its peers, with a similar situation as CDM projects: South Africa has 37 PoAs in the pipe-
line and Kenya 11, out of a total of 85 in the whole African continent.

Overall, Nigeria appears to be at a disadvantage compared to the African average. Nigeria 
has only 6 percent of the overall CDM projects and only 2 percent of PoAs. In terms of issued 
CERs, Nigeria has achieved 20% of the CERs issued to Africa due to two large gas utilization 
projects. However, Africa has received only 3.6% of total global CERs. Even using GDP as a cri-
terion instead of population, it is clear that Nigeria has underused its CDM possibilities.

Looking Ahead: New Instruments to Access Carbon Finance
Important CDM reforms are under way to expand the scope of the mechanism, improve pro-
cess efficiency, and increase regional distribution. At the same time, the focus of the interna-
tional negotiations is shifting toward new market-based instruments. Their design is expected 
to start taking shape under the international negotiations in the near future. However, the 
full-fledged development of these instruments will likely take several years.

box continues next page
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The current set of CDM rules excludes from financing eligibility a range of 
projects (in RE, forestry, agriculture) that can make important contributions to 
global mitigation efforts. In addition, the CDM is a mechanism based on results 
(that is, payment is made only when emissions are avoided, that is, year by year), 
and therefore does not provide the upfront financing that is needed to support 
the typically high investment costs of low-carbon technologies. In line with much 
of Africa, Nigeria has benefited little to date from CDM opportunities.

As discussed in box 8.2, there is an active debate on the reform of CDM and 
the identification of additional market-based mechanisms more relevant for 
developing countries. The findings of this study indicate that Nigeria has the 
potential to prevent carbon emissions of as much as 3.7 Gt CO2e over 25 years. 
Even if just a fraction of that could be turned into assets tradable in the carbon 
markets of the future, the revenue potential could be significant. This suggests 
that it would be worthwhile for Nigeria to monitor closely ongoing international 
discussions on carbon markets. The rest of this section summarizes prospects for 
carbon market evolution in the sectors of interest for Nigeria.

CDMs and Gas Flaring Reduction
Historically, the project-by-project approach under the CDM has been a poor fit 
to the multi-sectoral nature of gas flaring reductions issue in Nigeria. A more 
streamlined CDM with more standardized approaches could bring interesting 
new opportunities to reduce CDM-related uncertainties. Carbon-based instru-
ments need to allow for different levels of aggregation, applicable to clusters of 
fields with relevant infrastructure. A different approach for baseline setting and 
additionality demonstration is needed. This would allow reducing regulatory 
risks of carbon revenues. New carbon market mechanisms now being developed 
are moving in this direction.

Box 8.2  Carbon Finance: A Brief Overview (continued)

Under the current market slow-down and given the European Union decision to prohibit 
new-project CERs beyond 2013 under the EU (European Union) Emissions Trading System 
(ETS) unless they are from least-developed countries, the demand for CERs may remain limited. 
In this environment, the reformed and expanded CDM program will be an important basis for 
the development of new instruments—such as the new market-based mechanism (NMM) 
agreed at the 17th Conference of the Parties to the UNFCCC (COP17), which could be particu-
larly relevant for Nigeria.

The current project-by-project approach has clear limitations in the context of sector-wide 
transformation and is not well-adapted to deal with multi-level and multi-actor initiatives. 
Under new rules, adopting a higher level of aggregation for baseline setting and monitoring 
could allow more flexibility and efficiency. This could potentially facilitate monitoring and 
verification and foster the uptake of activities in sectors such as transport, which has been 
affected by high data requirements.
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CDMs and the Power Sector
In the power sector too, the current project-by-project approach shows clear 
limitation for sector-wide intervention. The deployment of RE and EE strategy 
at the national level requires intervention at multiple levels, from public inter-
vention, private sector involvement, and incentives at the user level.

Given Nigeria’s priority to expand the capacity of the national grid and 
expand energy services, it is essential that new crediting instruments have the 
flexibility to consider alternatives baseline scenarios, rather than the historical 
level. The reference level for crediting (baseline) under the existing mechanism 
has been disadvantageous for countries facing unmet demand, such as limited 
power generation capacity. Suppressed demand has recently been recognized 
under the CDM, but it is not yet fully integrated into existing methodologies for 
calculating carbon credits. Moving toward new crediting instruments, it is clear 
that challenges remain for the application of this concept to different accounting 
rules that are more aggregated and potentially based on inventory data for the 
sector.

CDMs in Agriculture and Forestry
The experience with developing land use, land use change, and forestry 
(LULUCF) projects under the CDM has proved challenging. The main barriers 
include the nonpermanence of credits in the LULUCF sector, limitation of 
scope to afforestation and reforestation (A/F), and the extensive monitoring 
requirements.

The experience with temporary crediting adopted for LULUCF mitigation 
activities under the CDM highlights the dampening effect of temporary credits 
on investments in emission removal activities. To address the problem, it is 
important to have uniform crediting and accounting procedures, so as to 
ensure that credits are fungible across sectors. In the case of LULUCF, this 
requires addressing the issue of nonpermanence. An important step in this 
direction has been made at the 17th Conference of the Parties (COP) of the 
UNFCCC, when the Subsidiary Body for Scientific and Technological Advice 
(SBSTA) was requested to review alternatives approaches to resolve the 
problem.

The Durban COP gave mandate to SBSTA to address two additional barriers 
to LULUCF-related carbon markets. First, SBSTA was tasked to review possible 
expansion of eligible activities (currently limited to A/F), to include wetlands and 
croplands. While an extension of eligible activities is unlikely to be of significance 
for the second commitment period of the Kyoto Protocol, the modalities and 
procedures that would be defined could serve for future crediting instruments. 
Second, SBSTA was also requested to consider approaches for more inclusive, 
and activity-based, approaches to accounting. Such a shift could potentially 
result in simplified monitoring requirements, thereby addressing another key 
obstacle that has hampered the uptake of LULUCF projects throughout the life 
of the CDM.
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Recommendation: Formulate Nigeria’s Position on the Reform of 
Carbon Markets
The previous discussion suggests that Nigeria has much at stake in the evolution 
of carbon markets. In recognition of this, the Ministry of Environment in partner-
ship with the Ministry of Finance, and in consultation with relevant MDAs, could 
formulate a carbon-market position paper for submission to UNFCCC negotia-
tions and other relevant forums. Such a paper would discuss how the CDM, and 
carbon markets more generally, should be reformed to enable Nigeria to turn as 
much as possible of the mitigation potential identified in this book into carbon 
revenues. It could also identify priorities for programs of activities (PoAs) to 
promote the sale of carbon assets on a programmatic, or sector-wide basis, rather 
than project-by-project.

Nigeria’s Nationally Appropriate Mitigation Actions (NAMAs)
In the context of the UN Climate Change Convention (UNFCCC) and in par-
ticular of the Copenhagen Accord and Cancun Agreement, NAMAs refer to a set 
of policies and actions each country undertakes as part of a commitment to 
reduce GHG emissions. NAMAs recognize that different countries may take dif-
ferent nationally appropriate actions, taking into account equity considerations 
and the principle of differentiated responsibilities and capabilities. The concept 
of NAMAs also emphasizes financial assistance from developed countries to 
assist developing countries in their efforts to reduce GHG emissions.

As of May 2012, 44 developing country parties have presented their NAMAs 
to the UNFCCC. Of the pledges published by the UNFCCC secretariat in Bonn 
in Germany, three African nations’ were prominent: Ethiopia listed 75 projects, 
including a new rail line to be powered by renewable energy. The Central African 
Republic declared that it would expand its forests to cover a quarter of its terri-
tory. Côte d’Ivoire listed a plan for more hydropower, RE, and forest manage-
ment. Nigeria has developed, but not yet finalized, its own NAMA document 
(see box 8.3).

Box 8.3 N igeria’s Progress toward Nationally Appropriate Mitigation Actions 
(NAMAs)

Nigeria is in the process of defining its NAMA framework. The FGN considers them a good tool 
to target more strategic, long-term measures that are unlikely to be funded through carbon 
market mechanisms, which tend to focus on short-term emission impacts. Nigeria seeks to 
make NAMAs the standard framework of mitigation finance using the following criteria:

•	 “Bankable“ programs or scalable projects
•	 Official endorsement by the Nigerian government
•	 Significant positive sustainable development impacts
•	 Robust monitoring, reporting, and verification (MRV) (ex-ante/ex-post)

box continues next page
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Recommendation: Articulate Nigeria’s Vision for Low-Carbon Development 
by Finalizing the NAMAs
The document defining Nigeria’s NAMAs could be a natural vehicle to accom-
plish the following goals: (1) articulate Nigeria’s overall vision and strategy on 
low-carbon development, (2) define an internal consensus among stakeholders 
on priority policies and investment for climate action, and (3) better position the 
country in international discussions on climate agreements and climate finance. 

Box 8.3  Nigeria’s Progress toward Nationally Appropriate Mitigation Actions (NAMAs) (continued)

•	 Appropriate cost-effectiveness
•	 Efficient co-funding arrangements through national budget
•	 Adopting international high-quality standards for NAMAs, including the presence of a 

strong, transparent, trustworthy framework
•	 Simplifying co-financing arrangements for NAMAs to spread risks and achieve an adequate 

scale
•	 Making full use of decades of experience with project finance by commercial, multilateral, 

bilateral, and national development banks
•	 Focusing resources to activities where there is a financing gap to fill; and a demonstrated 

value added
•	 Improving coordination and transparency: create a sound NAMA oversight and climate 

finance registry

Examples of Potential Nigerian NAMAs
The following are examples of NAMAs identified for development in Nigeria:

•	 Expanding urban bus transport in Lagos City
•	 Supporting renewable electricity production through a feed-in tariff
•	 Promoting energy-efficient appliances in the residential and public sector: refrigeration 

appliances, air conditioners, lighting (compact fluorescent lamps [CFLs] and LEDs), electric 
motors and fans, heating appliances

•	 Promoting energy efficiency (EE) in the industrial sector: energy demand-side management 
and the developing building codes

•	 Reducing carbon and ozone emissions and waste from commerce and industry, including 
avoidance of gas flaring in the oil and gas sector, the fugitive emissions of ozone depleting 
substances, and end-of-life management of appliances

•	 Managing agricultural, municipal, and industrial waste

Additional proposed mitigation measures in Nigeria include the Green Wall Sahara Project (that 
entails the planting of trees); the Save 80 Fuel-Efficient Wood Stove (a UNFCCC-registered CDM 
project that seeks to save 80 percent of firewood, reduce emissions, and curb desertification); 
a switch from the conventional lighting to the solar lighting with energy-saving bulbs; deter-
mination of the carbon footprint of productive facilities; and creation of an International Green 
Hall of Fame (as an incentive to reward individuals and corporate bodies to reduce their carbon 
footprint).

Source: Federal Ministry of Environment 2011.
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Completion of the Nigeria NAMA document should be accelerated, supported 
by the findings in this book. The resulting priorities should be endorsed at the 
highest level of decision making in the FGN to ensure policy relevance and 
concrete follow-up.

Note

	 1.	This scenario reduced cumulative emissions through 2035 by 40% relative to the 
reference scenario, compared to a 43% reduction due to the original low-carbon 
scenario. It cost about the same as the original low-carbon scenario and slightly more 
than the base case. This implies substantial robustness to key uncertainties of the main 
findings of the analysis.

References

Federal Ministry of Environment. 2011. “Strategic Framework for Voluntary Nationally 
Appropriate Mitigation Actions (NAMAs) in Nigeria.” Unpublished manuscript, 
Abuja, Nigeria.

FGN (Federal Government of Nigeria), Ministry of Environment. 2003. Nigeria’s First 
National Communication under the United Nations Framework Convention on Climate 
Change. Abuja. http://unfccc.int/resource/docs/natc/nignc1.pdf.

National Assembly of the Federal Republic of Nigeria. 2010. “A Bill for an Act to Establish 
the National Climate Change Commission and for Other Matters Connected 
Therewith.” National Assembly of the Federal Republic of Nigeria, Abuja. http://
op.bna.com/cc.nsf/id/rcle-7shqh5/$File/Nigeria%20Climate%20Change%20Bill.pdf.

World Bank/ESMAP (Energy Sector Management Assistance Program). 2011. “China 
Envisaged Renewable Energy Target: The Green Leap Forward.” World Bank, 
Washington, DC.

WRI (World Resources Institute). 2011. Climate Analysis Indicators Tool (CAIT) v. 8.0. 
Washington, DC.



Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	    149  

Bibliography

Aboyade, A. 2004. “The Potential for Climate Change Mitigation in the Nigerian Solid 
Waste Disposal Sector: A Case Study from Lagos.” Master’s thesis, Lund University, 
Lund, Sweden.

Adams, R. M., B. A. McCarl, K. Segerson, C. Rosenzweig, K. J. Bryant, B. L. Dixon, 
R. Connor, R. E. Evenson, and D. Ojima. 1998. “The Economic Effects of Climate 
Change on U.S. Agriculture.” In The Economics of Climate Change, edited by 
R. Mendelsohn and J. Neumann. Cambridge, U.K.: Cambridge University Press.

Adamson, B. 2008. “FPSO Vapor Recovery for HSEE Benefits.” Refrigeration Engineering 
Pty. Ltd., Unanderra NSW, Australia. 

Adegbulugbe, A. 2010. Moving Towards Low-Carbon Power Sector Development in 
Nigeria:  Issues and Challenges. Federal Ministry of Energy, Federal Republic of 
Nigeria, Abuja.

Agbamu, J. U. 2000. “Agricultural Research—Extension Linkage Systems: An International 
Perspective.” Agricultural Research & Extension Network (AgREN) Paper 106, 
UK Department for International Development (DFID), London.

Ajayi, R. 2012. Are Nigerian Banks Now Ready for Climate Projects? Accessed April 15, 
2013, at http://www.vanguardngr.com/2012/02/are-nigerian-banks-now-ready-for-
climate-projects-2.

Alberts, H., and C. Moreira. 1997. “Firewood Substitution by Kerosene Stoves in Rural 
and Urban Areas of Nicaragua, Social Acceptance, Energy Policies, Greenhouse 
Effect and Financial Implications.” Energy for Sustainable Development 3 (5): 26–39.

Albrecht, A., and S. Kandji. 2003. “Carbon Sequestration in Tropical Agroforestry 
Systems.” Agriculture, Ecosystems and Environment 99: 15–27.

Ani Madu, I. 2007. “The Environmental Impacts of Regional Disparity in Population and 
Wealth Distribution in Nigeria.” Environment, Development and Sustainability 11 (2): 
265–76. doi: 10.1007/s10668-007-9109-0.

API (American Petroleum Institute). 2009. API Compendium of Greenhouse Gas 
Methodologies for the Oil And Gas Industry. Washington, DC. http://www.api.org/ehs/
climate/new/upload/2009_ghg_compendium.pdf.

Aronson, J., C. Floret, E. Le Floc, C. Ovalle, and R. Pontanier. 1993. “Restoration and 
Rehabilitation of Degraded Ecosystems in Arid and Semi-Arid Lands: A View from 
the South.” Restoration Ecology 1 (1): 8–17.

Back, A. 2011. “Knowing Life Cycle Costs Aids Power Plant Investment Decisions.” 
Wärtsilä Technical Journal 01/2011: 9–13.



150	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

Banful, A. B., E. Nkonya, and V. Oboh. 2009. “Constraints to Fertilizer Use in Nigeria: 
Perspectives and Insights from the Agricultural Extension Service.” Nigeria Strategy 
Support Program International Food Policy Research Institute, Abuja, Nigeria.

Batjes, N. H. 2010. IPCC Default Soil Classes Derived from the Harmonized World Soil Data 
Base, Report 2009/02b, Carbon Benefits Project and ISRIC, World Soil Information. 
Wageningen University, Wageningen, Netherlands.

Bell, R., and R. Lal. 2005. “Land Restoration: Principles.” In Encyclopedia of Soil Science, 
2nd ed., edited by R. Lal, 978–81. Boca Raton, FL: CRC Press.

Benchaar, C., C. Pomar, and J. Chiquette. 2001.“Evaluation of Dietary Strategies to Reduce 
Methane Production in Ruminants: A Modelling Approach.” Canadian Journal of 
Animal Science 81 (4): 563–74. 

Bisong, F. E. 2010. “Nigeria Strategic Investment Framework for Strategic Land 
Management (NSIF-SLM).” National Fadama Development Office, Abuja.

Boli, Z., and E. Roose., 1996. “Degradation and Restoration of a Sandy Alfisol under 
Cotton/Maize Intensive Rotation in the Sudano Savannah of Northern Cameroun.” 
In  Towards Sustainable Land Use: Furthering Cooperation between People and 
Institutions, 281–2. Proceedings of the 9th ISCO Conference, Bonn, Germany.

BP (British Petroleum). 2011. BP Statistical Review of World Energy 2011. http://www.bp​
.com/statisticalreview.

Brakmann, G., R. Aringhoff, M. Geyer, and S. Teske. 2005. “Concentrated Solar Thermal 
Power Now!” Greenpeace International, Amsterdam.

Briant, L. D. 1985. “Livestock Management in the Riparian Ecosystem.” Paper presented 
at the North American Riparian Conference of the University of Arizona, Tucson, AZ, 
April 16–18.

Bricas, N., P. Veillard, and P. Coopman. 2010. “Une influence déterminante dans le 
domaine agricole.” (A decisive influence in the agricultural sector.) Défis Sud n°95, 
Juin–Juillet 2010.

Bronson, K. F., H. U. Neue, U. Singh, and E. B. Abao, Jr. 1997. “Automated Chamber 
Measurements of Methane and Nitrous Oxide Flux in a Flooded Rice Soil: Residue, 
Nitrogen, and Water Management.” Soil Science. Society of America Journal 61: 981–7.

Brook, F. J. 2000. GE Gas Turbine Performance Characteristics, Report GER-3567H, GE 
Power Systems. http://www.muellerenvironmental.com/documents/GER3567H.pdf.

California Public Utility Commission. 2012. California Renewables Portfolio Standard, 
Quarterly Report, 4th Quarter 2011. San Francisco, CA. http://www.cpuc.ca.gov/
PUC energy/DistGen/

Campbell, J. M. 1992. Gas Conditioning and Processing, Vol. 1: The Basic Principles. 
Norman, OK: Campbell Petroleum Series.

———. 2001. Gas Conditioning and Processing, Vol. 2: The Equipment Modules. Norman, 
OK: Campbell Petroleum Series.

CBN (Central Bank of Nigeria). 2010. “Central Bank of Nigeria, Statistical Bulletin 2010.” 
CBN, Abuja.

———. 2002. Annual Report and Statement of Account for the Year Ended 31 December 
2002. Abuja.

CGIAR-CSI. Consultative Group on International Agricultural Research—Consortium 
for Spatial Information. http://srtm.csi.cgiar.org/.



Bibliography	 151

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

Chivengea, P. P., H. K. Murwiraa., K. E. Gillerc, P. Mapfumod, and J. Sixb. 2007. 
“Long-Term Impact of Reduced Tillage and Residue Management on Soil Carbon 
Stabilization: Implications for Conservation Agriculture on Contrasting Soils.” Soil and 
Tillage Research 94: 328–37.

Chomitz, K. 2007. At Loggerheads? Agricultural Expansion, Poverty Reduction, and 
Environment in the Tropical Forests, World Bank Policy Research Report 308. 
Washington, DC: World Bank.

CIA (U. S. Central Intelligence Agency). 2010. The World Fact Book 2010. Washington, DC: 
CIA. https://www.cia.gov/library/publications/the-world-factbook/geos/ni.html#Econ.

Clearstone Engineering. 2002. “Identification and Evaluation of Opportunities to Reduce 
Methane Losses at Four Gas Plants.” Paper prepared for the Gas Technology Institute, 
Clearstone Engineering Ltd., Calgary, Alberta, Canada.

Cleaver-Brooks. 2010. Boiler Efficiency Guide. Technical guide, Cleaver-Brooks. http://
www.cleaver-brooks.com.

Conant, R. T., K. Paustian, and E. T. Elliott. 2001. “Grassland Management and Conversion 
into Grassland: Effects on Soil Carbon.” Ecological Applications 11: 343–55.

Construction Update. 2011. “India’s Wind Potential Estimate at 48,000MW.” http://www​
.constructionupdate.com.

Dayo, F. 2009. “Nigeria’s GHG Mitigation Potentials: Issues, Options and Lessons for 
Effective Implementation, Mitigation Plan Preparation and Climate Change 
Negotiation.” International Centre for Energy, Environment & Development (ICEED), 
Abuja.

Dayo, F., and A. Gilau. 2009. “Carbon Market and Clean Energy Investment Opportunities 
in Nigeria.” International Centre for Energy, Environment & Development (ICEED), 
Abuja.

Desertec Foundation. 2009. Clean Power from Deserts: The DESERTEC Concept for Energy, 
Water and Climate Security. 4th ed., WhiteBook. Bonn, Germany: Protext Verlag.

Dobermann, A. 2003. “A Critical Assessment of the System Of Rice Intensification (SRI).” 
Agricultural Systems 79: 261–81.

Eastern Research Group. 1996. Preferred and Alternative Methods for Estimating Fugitive 
Emissions from Equipment Leaks. Final Report for Point Source Committee Emissions 
Inventory Improvement Program, vol. 2, chapter 4. http://www.epa.gov/ttnchie1/
eiip/techreport/volume02/ii04.pdf.

Eboh, E. C., K. O. Oji, O. G. Oji, U. S. Amakom, and O. C. Ujah. 2004. “Towards the 
ECOWAS Common Agricultural Policy Framework: Nigeria Case Study and Regional 
Analysis.” African Institute for Applied Economics, Enugu, Nigeria.

Echeme, I. I., and Nwachukwu, C. C. 2010. “An Investigation on the Impact of FADAMA 
II Project Implementation in Imo State.” American Journal of Scientific and Industrial 
Research 1 (3): 532–8.

ECN (Energy Commission of Nigeria). 2008. “Assessment of Energy Options and 
Strategies for Nigeria: Energy Demand, Supply and Environmental Analysis for 
Sustainable Energy Development.” ECN, Federal Ministry of Energy, Abuja.

Edkins, M., A. Marquard, and H. Winkle. 2010. South Africa’s Renewable Energy Policy 
Roadmaps. Energy Research Center, University of Cape Town, Cape Town.

Energy Resources. 2000. “Activities to Reduce Greenhouse Gas Emissions from Natural 
Gas Operations.” Paper prepared for the Interstate Natural Gas Association of 



152	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

America, Energy Resources Inc. Accessed April 15, 2013, at http://www.ingaa.org/
cms/31/7306/3247/3229/277.aspx.

Energy Sector Management Assistance Program (ESMAP). Accessed April 15, 2013, at 
http://www.esmap.org/.

Enete, A. A. and T. A. Amusa. 2010. “Challenges of Agricultural Adaptation to Climate 
Change in Nigeria: A Synthesis from the Literature.” Field Actions Science Reports 
(Online), Vol. 4. Accessed April 15, 2013, at http://factsreports.revues.org/678.

EPIA (European Photovoltaic Industry Association). 2012. Market Report 2011 (Online). 
Accessed April 15, 2013, at http://www.sapvia.co.za/wp-content/uploads/2012/04/
EPIA-market-report-20111.pdf.

Esan, A. A. 2010. UNIDO Regional Center and Small Hydro Power Development in Africa. 
UNIDO, Abuja.

Evenson, R. E., and D. Golli. 2003. “Assessing the Impact of the Green Revolution, 1960 
to 2000.” Science 300 (5620): 758–62.

FAO (Food and Agriculture Organization of the United Nations). 2007. “The State of Food 
and Agriculture 2007. Part I: Paying Farmers for Environmental Services.” FAO, Rome.

———. 2008a. “Conservation Agriculture: Conserving Resources Above and Below the 
Ground.” FAO, Rome.

———. 2008b. “Paying Farmers for Environmental Services: Identifying the Links with 
Sustainable Land Management.” By L. Lipper. FAO, Rome.

———. 2009a. “Ex-Act Software for Carbon-Balance Analysis of Investment Projects: 
An  Application to the Santa Catarina Rural Competitiveness Project in Brazil.” 
By G. Branca, and K. Medeiros, FAO, Rome.

———. 2009b. Food Security and Agricultural Mitigation in Developing Countries: Options 
for Capturing Synergies. FAO, Rome.

———. 2010. Global Forest Resources Assessment 2010, By M. L. Wilkie. FAO, Rome.

———. 2010. “First Results of Carbon Balance Appraisal on Agriculture Rehabilitation 
and Recovery Support Project (ARRS) in DRC.” By L. Bockel, H. Pfeiffer, and M. 
Tinlot. FAO, Rome.

———. 2011. FAO Country Profiles. FAO, Rome. Accessed April 15, 2013, at http://www​
.fao.org/countries/55528/en/nga.

Feder, G., R. E. Just, and D. Zilberman. 1985. “Adoption of Agricultural Innovations in 
Developing Countries: A Survey, Economic Development and Cultural Change.” 
University of Chicago Press, Chicago, IL.

FGN (Federal Government of Nigeria). 2001. New Agricultural Policy Thrust. Abuja.

———. 2003. Nigeria’s First National Communication, under the United Nations framework 
convention on climate change, http://unfccc.int/resource/docs/natc/nignc1.pdf.

———. 2009a. Report of the Vision 2020 National Technical Working Group on Urban and 
Rural Development. Abuja.

———. 2009b. Report of the Vision 2020 National Technical Working Group on Agriculture 
and Food Security. Abuja.

———. 2009c. Report of the Vision 20:2020, National Technical Working Group on 
Transport. http://www.npc.gov.ng/vault/files/transport%20ntwg%20report.pdf.

Finkenrath, M. 2011. “IEA Cost and Performance of Carbon Dioxide Capture from Power 
Generation.” International Energy Agency (IEA). http://www.iea.org/publications/
freepublications/publication/name,3950,en.html.



Bibliography	 153

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

FMARD (Nigerian Federal Ministry of Agriculture and Rural Development). 2010a. 
National Agricultural Investment Plan (NAIP): 2011–2014. Abuja.

———. 2010b. “Nigeria: Global Agriculture and Food Security Program (GAFSP): 
A Proposal to Global Agriculture and Food Security Program (GAFSP) Trust Fund.” 
FMARD, Abuja.

FMAWR (Federal Ministry of Agriculture and Water Resources). 2011. “Review of 
Ongoing Agricultural Development Efforts.” FMAWR, NEPAD, Abuja, Nigeria.

Genesis-Faraday Partnership. 2008. A Study of the Scope for the Application of Research in 
Animal Genomics and Breeding to Reduce Nitrogen and Methane Emissions from 
Livestock Based Food Chains. Final Report of Project AC0204 to the UK Department 
for Environment, Food and Rural Affairs (DEFRA), London.

Grandia, K. 2009. “The Concentrated Solar Power State of Play in Africa.” Energy Boom, 
Solar Energy. http://www.energyboom.com/solar/concentrated-solar-power-state-
play-africa.

Guo, R., and K. Hanaki. 2010. “Potential and Life Cycle Assessment of Biodiesel 
Production in China.” Journal of Renewable Sustainable Energy. doi: 10.1063/1.3449298.

Hall, R., K. Naicker, and A. Mikhail. 2011. Concentrating Solar Power—Drivers and 
Opportunities for Cost-Competitive Electricity. CSIRO Energy Transformed Flagship, 
Aurecon Australia Pty. Ltd., Clayton South, Victoria, Australia.

Hanlon, P. C., ed. 2001. Compressor Handbook. New York: McGraw-Hill.

Hearps, P., and D. McConnell. 2011. “Renewable Energy Technology Cost Review.” 
Technical Paper Series, Melbourne Energy Institute, Melbourne, Australia.

Henry, M. 2010. “Carbon Stocks and Dynamics in Sub-Saharan Africa.” PhD dissertation, 
AgroParisTech/Engref, Paris, France & University of Tuscia, Viterbo, Italy.

Hoeft, R. E., J. Janowitz, and R. Keck. 2003. Heavy-Duty Gas Turbine Operating and 
Maintenance Considerations. GE Energy Services. http://www.ge-energy.com/
content/.../GER3620L_1_Oct_19_2010_1.pdf.

Huld T., Šúri M., Dunlop E., Albuisson M, and Wald L. 2005. “Integration of HelioClim-1 
Database into PVGIS to Estimate Solar Electricity Potential in Africa.” Proceedings 
from 20th European Photovoltaic Solar Energy Conference and Exhibition, June 
6–10, Barcelona, Spain. http://re.jrc.ec.europa.eu/pvgis/.

IEA (International Energy Agency). 2008a. Energy Technology Perspectives. Paris: OECD 
(Organisation for International Co-operation and Development)/IEA.

———. 2008b. World Energy Outlook. 2008 ed. Paris: IEA.

———. 2009. “Energy Balance for Nigeria.” IEA, Paris. http://www.iea.org/stats/
balancetable.asp?COUNTRY_CODE=NG.

———. 2010a. Technology Roadmap: Concentrating Solar Power. OECD/IEA, Paris.

———. 2010b. Technology Roadmap: Solar Photovoltaic Energy. OECD/IEA, Paris.

———. 2010c. Technology Roadmap: Wind Energy. OECD/IEA, Paris.

———. 2010d. World Energy Outlook, 2010 ed. Paris: IEA.

IFPRI (International Food Policy Research Institute). 2007. Policies for Scaling Up 
Sustainable Land Management in Selected African Countries. By E. Nkonya, and 
J. Pender, Washington, DC.

———. 2008. “Agricultural Public Spending in Nigeria.” Discussion Paper 00789. IFPRI, 
Washington, DC.



154	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

———. 2009a. Constraints to Fertilizer Use in Nigeria: Perspectives and Insights from the 
Agricultural Extension Service. Washington, DC.

———. 2009b. “SLM Advisory Services: Key Institutional, Financing, and Economic 
Elements for Scaling Up Sustainable Land Management in Nigeria.” Unpublished 
document. IFPRI, Washington, DC.

———. 2010a. “A 2006 Social Accounting Matrix for Nigeria: Methodology and Results.” 
IFPRI, Washington, DC.

———. 2010b. “Agricultural Investment for Growth and Poverty Reduction in Nigeria.” 
Brief 13, IFPRI, Washington, DC.

———. 2010c. “Options for Enhancing Agricultural Productivity in Nigeria.” Nigeria 
Strategy Support Program (NSSP) Background Paper NSSP 011, IFPRI, 
Washington, DC.

IIED (International Institute for Environment and Development). 2008. The Cost of 
Avoiding Deforestation—Update of the Report Prepared for the Stern Review of the 
Economics of Climate Change. London.

ILCA (International Livestock Center for Africa) and IITA (International Institute for 
Tropical Agriculture). 1986. “Alley Farming Network for Tropical Africa.” Ibadan, 
Nigeria.

Iledare, O. O., and R. Suberu. 2010a. “Oil and Gas Resources and Revenue in the Federal 
Republic of Nigeria: Governance, Fiscal Challenges, Transparency and Accountability 
Issues.” Nigeria Energy Intelligence Weekly, April.

———. 2010b. “Evaluation of the Impact of the Fiscal Provisions in the Draft Petroleum 
Industry Bill in Nigeria on Offshore E&P Economics and Take Statistics.” Paper 
Presented at the 2010 SPE Annual Technical Conference and Exhibition, Calabar, 
Nigeria, July 31–August 7.

India (Government of India). 2008. India’s National Action Plan on Climate Change. 
Center for Climate and Energy Solutions, New Delhi. http://www.c2es.org/
international/country-policies/india-climate-plan-summary/06-2008.

INGAA. 2005. Greenhouse Gas Emission Estimation Guidelines for Natural Gas 
Transmission and Storage, vol. 1. http://www.ingaa.org/cms/33/1060/6435/5485.aspx.

IPCC (Intergovernmental Panel on Climate Change). 2012. Special Report on Managing 
the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation 
(SREX): Summary for Policy Makers. Geneva.

Ismaila U., A. S. Gana, N. M. Tswanya, and D. Dogara. 2010. “Cereals Production in 
Nigeria: Problems, Constraints and Opportunities for Betterment.” African Journal of 
Agricultural Research 5 (12): 1341–50.

Jarecki, M. K., and R. Lal. 2003. “Crop Management for Soil Carbon Sequestration.” Plant 
Sciences 22 (5): 471–502.

Johnson, M. R., O. Zastavniuk, D. J. Wilson, and L. W. Kostiuk. 1999. “Efficiency 
Measurements of Flares in a Cross Flow.” Paper presented at Combustion Canada 
1999, Calgary, Alberta, May 26–28.

Jones, H. E., C. C. Warkup, A. Williams, and E. Audsley. 2008. “The Effect of Genetic 
Improvement on Emissions from Livestock Systems.” Proceedings of Conference of 
the 59th Annual Meeting of the European Association of Animal Production, August 
24–27, Vilnius.

Jullien, F. 2006. “Nomadisme et transhumance, chronique d’une mort annoncée ou voie 
d’un développement porteur?” (Nomadism and transhumance, chronicle of a 



Bibliography	 155

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

pre-announced death or way to a sustainable development?) Afrique contemporaine 
(Contemporary Africa) 217: 55–75.

Kang, B. T., F. E. Caveness, G. Tian, and G. Kolawole. 1999. Long-Term Alley Cropping 
with Four Species on an Alfisol in Southwest Nigeria—Effect on Crop Performance, 
Soil Chemical Properties and Nematode Population. Nutrient Cycling in Agroecosystems 
54: 145–55.

Kayombo, B., and R. Lal. 1993. “Tillage Systems and Soil Compaction in Africa.” Soil and 
Tillage Research 27: 35–72.

Koch, J., U. Dayan, and A. Mey-Marom. 2000. “Inventory of Emissions of Greenhouse 
Gases in Israel.” Water, Air, and Soil Pollution 123: 259–71.

Lal, R. 1990. Soil Erosion in the Tropics, Principles and Management. New York: 
McGraw-Hill.

———. 2004. “Agricultural Activities and the Global Carbon Cycle.” Nutrient Cycling in 
Agroecosystems 70: 103–16.

Latour, P. L., J. H. Sharpe, and M. C. Delaney. 1986. “Estimating Benefits from Advanced 
Control,” ISA Transactions 25 (4): 13–21.

Leite L. F. C., P. C. Doraiswamy, H. J. Causarano, H. T. Gollany, and E. S. Mendonca. 2008. 
“Modeling Organic Carbon Dynamics under No-Tillage and Plowed Systems in 
Tropical Soils of Brazil using CQESTR.” Journal of Soil and Tillage Research 102: 
118–25. doi:10.1016/j.still.2008.08.003

Lescuyer, G. 2005. “Evaluation économique et gestion viable de la forêt tropicale. 
Réflexion sur un mode de coordination des usages d’une forêt de l’est-Cameroun.” 
(Economic assessment and sustainable management of tropical forests. Study on a 
coordination framework for the use of a forest in Eastern Cameroon.) PhD disserta-
tion, École des hautes études en sciences sociales, Paris.

Living Earth Foundation. 2011. Egbeda Gas to Power (GtP) Feasibility Study, Progress 
Report. Submitted by the Project Consultant, Triple E Systems Inc, Laurel MD, in 
Technical Collaboration with Triple E Systems Associates Ltd, Lagos, Nigeria.

Lugo, A., M. Sanchez, and S. Brown. 1986. “Land Use and Organic Carbon Content of 
Some Subtropical Soils.” Plant and Soil 96 (2): 185–96. doi: 10.1007/BF02374763.

MacLeod, M., D. Moran, V. Eory, R. M. Rees, A. Barnes, C. F. E. Topp, B. Ball, S. Hoad, 
E. Wall, A. McVittie, G. Pajot, R. Matthews, P. Smith, and A. Moxey. 2010. “Developing 
Greenhouse Gas Marginal Abatement Cost Curves for Agricultural Emissions from 
Crops and Soils in the UK.” Agricultural Systems 103: 198–209.

Masera, O. R. 1995. “Carbon Mitigation Scenarios for Mexican Forests: Methodological 
Considerations and Results.” Interciencia 20 (6): 388–95.

Mbwambo, L. 2004. “Status of Arid and Semi-Arid Lands of Tanzania.” Paper presented at 
the Drylands Agroforestry Workshop, ICRAF Headquarters, Nairobi, September 1–3.

Melbourne Energy Institute, 2011. “Renewable Energy Technology Cost Review.” 
Technical Publication Series, Melbourne Energy Institute, Melbourne, Australia.

Meyn, K., and J. V. Wilkins. 1973. “National Cattle Breeding Programmes in Kenya.” Paper 
presented at 11th World Conference on Animal Production, Pre-Conf. 3: (5e). 1–10.

MoE (Ministry of Environment). 2003. Nigeria’s National Communication under the United 
Nations Framework Convention on Climate Change. Federal Republic of Nigeria, Abuja.

NASEI (National Agency for Science and Engineering Infrastructure). 2011. Small Hydro 
Power (SHP). http://naseni.org/programme/energy/shp.html.



156	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

NFRA (National Food Reserve Agency) and JICA (Japan International Cooperation 
Agency). 2009. “National Rice Development Strategy—Federal Republic of Nigeria.” 
Paper prepared for the Coalition for African Rice Development (CARD), Nairobi, 
Kenya.

NREL (National Renewable Energy Laboratory). 2011a. “Concentrating Solar Power, 
Modeling and Analysis.” NREL, Golden, CO. http://www.nrel.gov/csp/modeling_
analysis.html.

———. 2011b. “Estimates of Windy Land Area and Wind Energy Potential by State.” 
NREL, Golden, CO.

———. 2012. Residential, Commercial, and Utility-Scale Photovoltaic (PV) System Prices in 
the United States: Current Drivers and Cost-Reduction Opportunities. Technical Report 
NREL/TP-6A20-53347, Golden, CO.

Nwafor, M., X. Diao, and V. Alpuerto. 2010. “A 2006 Social Accounting Matrix (SAM) for 
Nigeria: Methodology and Results 2010.” Washington, DC: International Food Policy 
Research Institute.

Okafor, E. N. C., and C. K. A. Joe-Uzuegbu. 2010. “Challenges to Development of 
Renewable Energy for Electric Power Sector in Nigeria.” International Journal of 
Academic Research 2 (2): 211–16.

Omega Systems/Tractebel Engineering. 2009. National Load Demand Study: Draft Final 
Report, vols. 1 and 2. National Load Demand Forecast (National Energy Development 
Project), Power Holding Company of Nigeria (PHCN), Abuja, Nigeria.

Oyekale, A. S. 2007. “Determinants of Agricultural Land Expansion in Nigeria: 
An Application of Error Correction Modeling (ECM).” Journal of Central European 
Agriculture 8 (3): 301–10.

PAC (Presidential Advisory Committee). 2006. A Draft Report on Nigeria’s Electricity 
Sector. Sub-Committee of the Presidential Advisory Committee on 25 Years Electric 
Power Supply Projection, Abuja.

Petrosian, K. 2003. “What Are the Constraints on Associated Gas Utilization?” Petroleum 
Economics. http://www.dundee.ac.uk/cepmlp/car/html/car8_article19.pdf.

PHCN (Power Holding Company of Nigeria PLC). 2006. National Control Centre Osogbo 
Generation and Transmission Grid Operations, 2005 Annual Technical Report and also 
2007–10 annual reports. Abuja.

Rahmen, M. M., T. K. Ibrahim, and A. N. Abdalla. 2011. “Thermodynamic Performance 
Analysis of a Gas-Turbine Power-Plant.” International Journal of Physical Sciences 
6 (14): 3539–50.

Ramasamy, S., H. F. M. ten Berge, and S. Purushothaman. 1997. “Yield Formation in 
Rice in Response to Drainage and Nitrogen Application.” Field Crops Research 
51: 65–82.

Ringius, L. 2002. “Soil Carbon Sequestration and the CDM: Opportunities and Challenges 
for Africa.” Climatic Change 54: 471–95.

Rockström, J., P. Kaumbutho, J. Mwalley, A. W. Nzabi, M. Temesgen, L. Mawenya, 
J. Barron, J. Mutua, and S. Damgaard-Larsen. 2008. “Conservation Farming Strategies 
in East and Southern Africa: Yields and Rain Water Productivity from On-Farm 
Action Research.” Soil & Tillage Research 103: 23–32.

Roose, E., and F. Ndayizigiye. 1997. “Agroforestry, Water and Soil Fertility Management to 
Fight Erosion in Tropical Mountains of Rwanda.” Soil Technology 11 (1): 109–19.



Bibliography	 157

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

Roose, E. 1996. Land Husbandry: Components and Strategy. FAO Soils Bulletin 70. 
Rome: FAO.

Sambo, A. S. 2008. “Matching Electricity Supply with Demand in Nigeria.” Energy 
Commission of Nigeria (ECN), Abuja.

———. 2009. “The Place of Renewable Energy in the Nigerian Energy Sector.” Paper 
presented at the World Future Council Workshop on Renewable Energy Policies, 
Energy Commission of Nigeria, Addis Ababa, October 10.

Sambo, A. S., O. C. Iloeje, J. O. Ojosu, J. S. Olayande, and A. O. Yusuf. 2006. “Nigeria’s 
Experience on the Application of IAEA’s Energy Models (MAED & WASP) for 
National Energy Planning.” Energy Commission of Nigeria, Abuja.

SAWCS (Soil and Water Conservation Society). 2008. Soil Conservation in Nigeria, Past 
and Present On-Station and On-Farm Initiatives. Ankeny, IA.

Schwilch, G., F. Bachmann, and H. P. Liniger. 2009. “Appraising and Selecting Conservation 
Measures to Mitigate Desertification and Land Degradation Based on Stakeholder 
Participation and Global Best Practices.” Land Degradation and Development 
20 (3): 308–26.

Shook, B. 2002. “Texas Engineer Murray, ‘Made Ending Gas Flaring His Life Cause.’” Oil 
Daily, January 2. http://www.highbeam.com/doc/1G1-81252784.html.

Sievert, T. 2011. “Nigeria—MAN’s Kano Wind Farm Ready in 2011.” http://www​
.windfair.net/press/7917.html.

Smith, P., D. Martino, Z. Cai, D. Gwary, H. Janzen, P. Kumar, B. McCarl, S. Ogle, F. O’Mara, 
C. Rice, B. Scholes, and O. Sirotenko. 2007. “Agriculture.” In Climate Change 2007: 
Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, edited by B. Metz, O. R. Davidson, 
P.  R.  Bosch, R. Dave, and L. A. Meyer, 497–541. Cambridge, U.K.: Cambridge 
University Press.

Spears, J. S. 1983. “Replenishing the World’s Forests: Tropical Reforestation—An 
Achievable Goal?” Commonwealth Forestry Review 62 (3): 201–17.

Steinfeld, H., P. Gerber, T. Wassenaar, V. Castel, M. Rosales, and C. de Haan. 2006. 
Livestock’s Long Shadow: Environmental Issues and Options. LEAD (Livestock and 
Environment Development Initiative) and FAO, Rome.

Stoop, W. A., D. Kébé, O. Niandago, and T. Defoer. 2000. “Twenty Years of Systems 
Research in Southern Mali—The Sikasso FSR Experience.” In A History of Farming 
Systems Research, edited by M. P. Collinson, 184–91. Rome: Food and Agriculture 
Organization of the United Nations.

Stoop, W. A., N. Uphoff, and A. Kassam. 2001. “A Review of Agricultural Research Issues 
Raised by the System of Rice Intensification (SRI) from Madagascar: Opportunities 
for Improving Farming Systems for Resource-Poor Farmers.” Agricultural Systems 
71: 249–74.

Styger, E., G. Aboubacrine, M. A. Attaher, and N. Uphoff. 2011. “The System of Rice 
Intensification as a Sustainable Agricultural Innovation: Introducing, Adapting and 
Scaling Up a System of Rice Intensification Practices in the Timbuktu Region of Mali.” 
International Journal of Agricultural Sustainability 9 (1): 67–75. doi:10.3763/
ijas.2010.0549.

Szabo, S., K. Bodis, T. Huld, and M. Moner-Girona. 2011. “Energy Solutions in Rural 
Africa: Mapping Electrification Costs of Distributed Solar and Diesel Generation 
Versus Grid Extension.” Environmental Research Letters 6: 034002.



158	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

Tallapragada, P. V. S. N. 2009. “Nigeria’s Electricity Sector-Electricity and Gas Pricing 
Barriers.” International Association for Energy Economics, First Quarter, 29–34.

Tenders in Nigeria. 2011. “Consultancy to Review the Renewable Energy Master Plan.” 
Reference Number: ECN/UNDP/7CP/2011B. Abuja. http://tenders.nigeriang.com/.

TerrAfrica. 2009. Using Sustainable Land Management Practices to Adapt and to Mitigate 
Climate Change in Sub-Saharan Africa, Resource Guide Version 1.0., World Bank, 
Washington, DC.

Tomich, T. P., A. Cattaneo, S. Chater, H. J. Geist, J. Gockowski, D. Kaimowitz, E. Lambin, 
J. Lewis, and O. Ndoye. 2005. “Balancing Agricultural Development and Environmental 
Objectives: Assessing Tradeoffs in the Humid Tropics.” In Slash and Burn Agriculture: 
The Search for Alternatives, edited by C. A. Palm, S. A. Vosti, P. A. Sanchez, and 
P. J. Erickse, 415–40. New York: Columbia University Press.

Trieb, F., C. Schillings, M. O’Sullivan, T. Pregger, and C. Hoyer-Klick. 2009. “Global 
Potential of Concentrating Solar Power.” German Aerospace Center, Institute of 
Technical Thermodynamics, SolarPaces Conference, Berlin.

Trivedi, B. 2011. “Solar Power Becomes Cheaper than Diesel in India.” Renewable Energy 
World, REECODE Energy Solutions. http://www.renewableenergyworld.com/rea/
news/article/2011/12/solar-power-becomes-cheaper-than-diesel-in-india.

UITP/UATP (Union Internationale des Transports Publics/Union Africaine des Transports 
Publics). 2010. Report on Statistical Indicators of Public Transport Performance in Africa. 
http://www.uitp.org/knowledge/pdf/Report_on_statistical_indicators_of_
publictransportperformanceinS-SA.pdf.

UK DfT (UK Department for Transport). 2011. “Transport Analysis Guidance.” http://
www.dft.gov.uk/webtag/.

UNCCS (United Nations Climate Change Secretariat). 1994. “Emissions Summary for 
Nigeria.” http://unfccc.int/files/ghg_data/ghg_data_unfccc/ghg_profiles/application/
pdf/nga_ghg_profile.pdf.

UNDP (United Nations Development Programme). 2006. Feasibility Assessment for 
the Replacement of Diesel Water Pumps with Solar Water Pumps. Ministry of Mines and 
Energy of Namibia, EmCon Consulting Group for UNDP, New York, NY.

UNECA (United Nations Economic and Social Council Africa). 2009. Review Report on 
Transport. http://www.uneca.org/csd/csd6/AfricanReviewReport-on-Transport.pdf.

UNFCCC (United Nations Framework Convention on Climate Change). 2011. “Appendix 
II: Nationally Appropriate Mitigation Actions of Developing Country Parties.” http://
unfccc.int/meetings/cop_15/copenhagen_accord/items/5265.php.

United Nations Economic and Social Council Africa. 2009. Review Report on Transport. 
http://www.uneca.org/csd/csd6/AfricanReviewReport-on-Transport.pdf.

Upadhyaya. 2012. “Scaling Up Carbon Markets in Developing Countries Post-2012: 
Are NAMAs the Way Forward?” Ecologic Institute, Berlin.

USAID (U.S. Agency for International Development). 1989. “Agroforestry Project for 
Small Farmers: A Project Managers’ Reference.” A.I.D. Evaluation Special Study 59 
(Document Order No. PN-AAX-212), USAID, Washington, DC.

USEPA (U.S. Environmental Protection Agency). 1995. Compilation of Air Pollution 
Factors, vol. 1, AP-42, 5th ed. USEPA, Washington, DC.

———. 1996. “Methane Emissions from the Natural Gas Industry: Underground Pipelines,” 
Vol. 9. Washington, DC: U.S. EPA, Natural Risk Management Research Laboratory.



Bibliography	 159

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5	

———. 1999. U.S. Methane Emissions 1990–2010: Inventories, Projections, and Opportunities 
for Reductions. Washington, DC.

———. 2005. “Methane Losses from Compressors.” Producers Technology Transfer 
Workshop, Natural Gas STAR program, Houston, TX. http://www.ontime​
.methanetomarkets.org/m2mtool/files/docs/methloss.pdf.

———. 2010. “Greenhouse Gas Emissions Reporting from the Petroleum and Natural 
Gas Industry.” (Background and support document.) USEPA, Washington, DC.

Wang, U. 2011. “The Rise of Concentrating Solar Thermal Power.” Renewable Energy 
World. http://www.renewableenergyworld.com/rea/news/article/2011/06/the-rise-
of-concentrating-solar-thermal-power.

Wassmann, R., H. U. Neue, and R. S. Lantin. 2000. “Characterization of Methane 
Emissions from Rice Fields in Asia: Comparison among Field Sites in Five Countries.” 
Nutrient Cycling in Agroecosystems 58: 1–12.

West, T. O., and W. M. Post. 2002. “Soil Organic Carbon Sequestration Rates by Tillage 
and Crop Rotation: A Global Data Analysis.” Soil Science Society of America Journal 
66: 1930–1946.

Wijaya, M. 2009. “Effects of T&D Loss Reduction for Power Generation Saving and 
Emission Mitigation in Indonesia.” Paper presented at the World Renewable Energy 
Congress 2009—Asia: The 3rd International Conference on Sustainable Energy and 
Environment (SEE), May 18–23, Bangkok, Thailand.

World Bank. 2004. Handbook for the Preparation of Landfill Gas to Energy Projects in 
Latin America and the Caribbean. Conestoga-Rovers & Associates for the 
Energy  Sector Management Assistance Program (ESMAP), Washington, DC: 
World Bank.

———. 2006a. Assessment of the World Bank/GEF Strategy for the Market Development of 
Concentrating Solar Thermal Power. Washington, DC.

———. 2006b. Getting Agriculture Going in Nigeria: Framework for a National Growth 
Strategy. Report 346180NG, Washington, DC.

———. 2008a. “Grid-Connect Electricity Supply in India: Documentation of Data and 
Methodology India—Strategies for Low Carbon Growth.” Unpublished document, 
Washington, DC.

———. 2008b. Nigeria Agriculture Public Expenditure Review. Washington, DC.

———. 2008c. “Residential Consumption of Electricity in India.” Background Paper, India: 
Strategies for Low Carbon Growth. World Bank, Washington, DC.

———. 2010a. Managing Land in a Changing Climate: An Operational Perspective for 
Sub-Saharan Africa. Washington, DC.

———. 2010b. “Data for Nigeria.” World Bank, Washington, DC. http://web.worldbank​
.org/WBSITE/EXTERNAL/COUNTRIES/AFRICAEXT/NIGERIAEXTN/0,,menu
PK:368922~pagePK:141132~piPK:141109~theSitePK:368896,00.html.

———. 2010c. “Benefit-Cost Analysis of Sustainable Land and Water Management in 
Nigeria.” World Bank, Washington, DC.

———. 2010d. “Nigeria Simulation of Sustainable Land Management Practices.” 
World Bank, Washington, DC.

———. 2011. “How China Built the World’s Largest Wind Power Market.” WRI, 
Washington, DC.



160	 Bibliography

Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

———. 2012. “Inclusive Green Growth—the Pathway to Sustainable Development from 
‘Agriculture for Development.’” In World Development Report 2008: Agriculture and 
Development. World Bank, Washington, DC.

World Bank/ESMAP (Energy Sector Management Assistance Program). 2011. “China 
Envisaged Renewable Energy Target: The Green Leap Forward,” World Bank, 
Washington, DC.

Yaron, G. 2001. “Forest, Plantation Crops or Small-Scale Agriculture? An Economic 
Analysis of Alternative Land Use Options in the Mount Cameroun Area.” Journal of 
Environmental Planning and Management 44 (1): 85–108.

Yue, J., Y. Shi, W. Liang, J. Wu, C. Wang, and G. Huang. 2005. “Methane and Nitrous 
Oxide  Emissions from Rice Fields and Related Microorganisms in Black Soil, 
Northeastern China.” Nutrient Cycling in Agroecosystems 73: 293–301.

Zeigler, U. T. 2005. “Gas Turbines Efficiency in Project Development.” Paper presented at 
16th Symposium on Industrial Application of Gas Turbines (IAGT), Banff, Canada, 
October 12–14.





Low-Carbon Development  •  http://dx.doi.org/10.1596/978-0-8213-9925-5

Environmental Benefits Statement

The World Bank is committed to reducing its environmental footprint. In sup-
port of this commitment, the Office of the Publisher leverages electronic pub-
lishing options and print-on-demand technology, which is located in regional 
hubs worldwide. Together, these initiatives enable print runs to be lowered and 
shipping distances decreased, resulting in reduced paper consumption, chemical 
use, greenhouse gas emissions, and waste.

The Office of the Publisher follows the recommended standards for paper use 
set by the Green Press Initiative. Whenever possible, books are printed on 50% 
to 100% postconsumer recycled paper, and at least 50% of the fiber in our book 
paper is either unbleached or bleached using Totally Chlorine Free (TCF), 
Processed Chlorine Free (PCF), or Enhanced Elemental Chlorine Free (EECF) 
processes.

More information about the Bank’s environmental philosophy can be found 
at http://crinfo.worldbank.org/crinfo/environmental_responsibility/index.html.



The Federal Government of Nigeria has adopted an ambitious strategy to make the nation the world’s 20th 
largest economy by 2020. Sustaining such a rapid pace of growth will entail an expansion of activity in many 
sectors, including those with high carbon emissions per unit of output. In the absence of sound policies to 
accompany economic growth with efforts to reduce its carbon footprint, emissions of greenhouse gases 
could more than double in the next two decades, with negative consequences on the local and global 
environment. 

Over the course of two years, the World Bank has worked closely with the Federal Government of Nigeria 
as well as with representatives of academia, the private sector, and civil society to produce the first 
comprehensive low-carbon development study for Nigeria.

Low-Carbon Development: Opportunities for Nigeria presents the final results of that detailed analytical effort. 
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