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JOINT UNDP / WORLD BANK
ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAMME (ESMAP)

PURPOSE

The Joint UNDP/World Bank Energy Sector Management Assistance Programme (ESMAP) was
launched in 1983 to complement the Energy Assessment Programme, established three years earlier.
ESMAP's original purpose was to implement key recommendations of the Energy Assessment
reports and ensure that proposed investments in the energy sector represented the most efficient use
of scarce domestic and external resources. In 1990, an international Commission addressed ESMAP's
role for the 1990s and, noting the vital role of adequate and affordable energy in economic growth,
concluded that the Programme should intensify its efforts to assist developing countries to manage
their energy sectors more effectively. The Commission also recommended that ESMAP concentrate
on making long-term efforts in a smaller number of countries. The Commission's report was
endorsed at ESMAP's November 1990 Annual Meeting and prompted an extensive reorganization
and reorientation of the Programme. Today, ESMAP is conducting Energy Assessments, performing
preinvestment and prefeasibility work, and providing institutional and policy advice in selected
developing countries. Through these efforts, ESMAP aims to assist governments, donors, and
potential investors in identifying, funding, and implementing economically and environmentally
sound energy strategies.

GOVERNANCE AND OPERATIONS

ESMAP is governed by a Consultative Group (ESMAP CG), composed of representatives of the
UNDP and World Bank, the governments and institutions providing financial support, and repre-
sentatives of the recipients of ESMAP's assistance. The ESMAP CG is chaired by the World Bank's
Vice President, Finance and Private Sector Development, and advised by a Technical Advisory
Group (TAG) of independent energy experts that reviews the Programme's strategic agenda, its
work program, and other issues. ESMAP is staffed by a cadre of engineers, energy planners and
economists from the Industry and Energy Department of the World Bank. The Director of this
Department is also the Manager of ESMAP, responsible for administering the Programme.

FUNDING

ESMAP is a cooperative effort supported by the World Bank, UNDP and other United Nations
agencies, the European Community, Organization of American States (OAS), Latin American
Energy Organization (OLADE), and countries including Australia, Belgium, Canada, Denmark,
Germany, Finland, France, Iceland, Ireland, Italy, Japan, the Netherlands, New Zealand, Norway,
Portugal, Sweden, Switzerland, the United Kingdom, and the United States.

FURTHER INFORMATION

An up-to-date listing of completed ESMAP projects is appended to this report. For further
information or copies of ESMAP reports, contact:

ESMAP

c/o Industry and Energy Department

The World Bank

1818 H Street N.W.

Washington, D.C. 20433
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Preface

1. In November 1990, the Nigerian authorities asked the World Bank's
Westem Africa Department (AF4), Industry and Energy Division, to undertake an Energy
Assessment of Nigeria. The AF 4 Industry and Energy Division agreed to undertake this
task and to manage it jointly with the UNDP/World Bank Energy Sector Management
Assistance Programme (ESMAP).

2. In April 1991, an inception mission visited Lagos to discuss the substantive
aspects of the project. At the government's request it was agreed that the project should be
undertaken as a cooperative venture between an ESMAP/World Bank (AF4) team and a
number of Nigerian counterparts. A preparatory mission returned to Lagos in September
1991 to finalize the work plan, hire local consultants, and start the required field work of
acquiring data and information for the various components of the study. A technical
advisory group was established under the chairmanship of Mr. Akpobasah, Director
General of the Ministry of Planning and Budget, consisting of representatives of the
Ministries of Planning and Budget; Petroleum Resources; Mines, Power and Steel; Science
and Technology; Agriculture (Forestry Branch); the Energy Commission; the Nigeria
National Petroleum Company (NNPC); the National Electric Power Authority (NEPA); and
the World Bank. In March 1992, Mr. Akpobasah was replaced by Chief 0. Olutola,
Director General of the newly established Planning Commission.

3. The main mission visited Nigeria between February 16 and March 16,
1992. It consisted of Messrs. G. Schramm, Mission Leader; P. Connolly, Hydrocarbon
Specialist; W. Teplitz-Sembitzky, Energy Economist; E. Moore, Senior Power Engineer
(Consultant); P. Ryan, Household Energy and Forestry Specialist; Ms. E. Battaglini,
Economist; and Ms. R. Cubagee, Energy Analyst. The mission was joined for shorter time
periods by Messrs. T. Nayar, Refinery Specialist, and M. Segal, Energy Economist. It
was also supported by two Nigerian survey teams, one working in Lagos under the
direction of Dr. A. Adegbelugbe of Triple "E" Systems Associates, Ltd., and the other in
the northern states under the direction of Professor S. Elegba of Ahmado Bello University,
Zaria. A number of surveys were undertaken in Lagos and in the three northern states, and
a visit was arranged to the Port Harcourt refinery.

4. On the invitation of the government, a further mission visited Nigeria
between November 2 and 13, 1992, to investigate, together with a group of prominent
Nigerians, possible alternatives for restructuring Nigeria's electric power sector to promote
greater efficiency and reliability. This mission consisted of Gunter Schramm, Mission
Leader; Ms. F. Najm, Senior Financial Analyst; A. Gulstone, Senior Power Engineer
(World Bank), Messrs. M. Zenteno, D. Butcher, and D. Wilson (Consultants). The team
was joined by Engineer J. K. Babatunde, Director of Power; Engineer 0. 0. Oyeneye,
Assistant Director of Power (Federal Ministry of Power & Steel); Engineer M. A. Abdul-
Karim, General Manager, Corp. Planning; Engineer M. Hamman, General Manager,
Transmission, Design & Construction (NEPA); Mr. C. E. Emenuga, BEC Associates
International, Ibadan; and Mr. A. Yezid, Phoenix Investment Services, Kaduna.
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5. The report was written by Gunter Schramm, with special assistance by E.
Moore, P. Connolly, and Ms. E. Battaglini. The report benefited from comments by and
discussions with A. Chhibber, M. Oakes-Smith, J. Bond, R. Warner, Mark Segal, Klaus
Tilmes, J. Ducker, and Trevor Byer. Paul Wolman drafted portions of the executive
summary, edited the main text, and supervised production of the report. Administrative
support was provided by Ms. Nyra Guice, Ms. Yasmin D'Souza, and Ms. Carole-Sue
Castronuovo.



Currency Equivalents
(as of April 1992)

Currency Unit = Naira (N)

US$1 =N 18.6

Ni = US$0.0538

Nl = Kobos 100

Fiscal year = January I to December 31

Measurements

adt air-dried ton (1,000 kg of air-dried wood)
bbl Barrel of oil (0.15899 cubic meter = 42 U.S. gallons)

Btu British thermal unit (0.252 kilocalories = 1.055 kJ)

GWh Gigawatt-hour (1,000,000 kilowatt-hours [kWh])

kg kilograms (1,000 grams)

kcal kilocalorie (4.19 x 10-3MJ = 3.968 Btu)

km kilometer (1,000 meters; 0.62 miles)

kV kilovolt (1,000 volts)

kWh kilowatt hours (1,000 Watt hours)

m3 cubic meter (1,307 cubic yards)

MJ megajoules (IOGJ = 103kJ)

MVA megavolt ampere (1,000 kilowatt amperes)
MW megawatt (1,000 kilowatts; 1,000 kW)

MWh megawatt hour (1,000 kilowatt hours = 860,000 kcal = 0.248 toe at 34
percent efficiency in thermal [oil] generation)

pJ petajoules (106 Joules)

toe tons of oil equivalent (10.2 million kcal = 40.5 million Btu = 42.5 GJ)

t metric tons (1,000 kilograms; 2,204.6 pounds)

lb pound (0.454 kilograms)
I liter (1,057 quarts [liquid])
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Volume Conversion Factors

Fuel Bbl per ton Liters per ton

LPG 11.60 1,852
Kerosene 7.90 1,235
Gasoline 8.50 1,350
Diesel 7.30 1,150
Fuel oil 6.70 1,099

Energy Conversion Factors

Fuel GJ = 103 MJ per unit Physical units per toe

Liquid fuels (tons):
Crude oil 42.7 1.00
LPG 45.2 0.94
Kerosene 43.1 0.99

Jet fuel 43.5 0.98
Gasoline 44.0 0.97
Gasoil 42.7 1.00
Industrial diesel oil 42.3 1.01
Fuel oil 41.0 1.04

Methane 33.5

Electricity (MWh) 3.6 4.0

Fuelwood (ton) 16a 2.91

Charcoal (ton) 30a 1.46

a Air-dried wood, 15 percent moisture content wet basis.

xiv



Abbreviations and Acronyms

AG associated gas

AIC average incremental cost

bbl/d barrels per day

bbl barrel

bcf billion cubic feet

BEI British Electricity International

BEICIP Bureau d'Etudes Industrielles et de Coop6ration de l'Institut
Fran,ais du Petrole

BSCF Billion standard cubic feet

c.i.f. cost, insurance, and freight

FGN Federal Government of Nigeria

f.o.b. free on board

GDP Gross Domestic Product
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GWh Gigawatt hour

ha hectares

HFO heavy fuel oil

HV high voltage

KERO kerosene

kg kilograms

km kilometers

ktoe kilotons oil equivalent

kV kilovolts

kVA kilovolt-ampere

kW kilowatt
kWh kilowatt hour

kcal kilocalories

LNG liquefied natural gas

LPG liquefied petroleum gas

LRMC long-run marginal cost

Ltd Limited

LV low voltage

m, M thousand

MJ Megajoule

MM million

MMTpy million tons per year

MOU Memorandum of Understanding

MT metric ton
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MV medium voltage

MVA megavolt ampere

MW megawatt

NAG Nonassociated Gas

NAPIMS National Petroleum Investment Management Services

NEPA National Electric Power Authority

NIGELEC Societe Nigerienne d'Electricite

NNPC Nigerian National Petroleum Corporation

O&M operation and maintenance

ODA Overseas Development Agency

OECD Organization for Economic Cooperation and Development

OPEC Organization of Petroleum Exporting Countries

PPMC Pipelines and Products Marketing Company

RFO residual fuel oil

SAP structural adjustment program

SCF standard cubic feet

t ton

TJ Terajoule

toe tons of oil equivalent

tpy tons per year

UOP Universal Oil Products

WEC World Energy Council
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Executive Summary

Overview

1. Nigeria is well endowed with energy resources. It is a major oil exporter,
with large proven and potential reserves. It also owns very large associated and
nonassociated gas resources, a number of relatively low-cost, developed and undeveloped
hydro sites, as well as significant coal and forest resources. The country has made major
investments in energy infrastructure for both exports and the domestic markets. The
conversion facilities (refineries, pipelines, power generation, and transmission facilities)
installed to supply the domestic market have ample, and in many cases excessive, nominal
capacity relative to existing or prospective demands. However, much of this capacity is
nonoperational or operates at suboptimal rates because of neglect, poor operational practice,
and lack of maintenance.

2. Oil exports provide the bulk of Nigeria's export earnings and government
revenues. For 1992, the government had estimated that oil receipts would account for
some 75 percent of total revenues, about US$8 billion. This estimate turned out to be high,
because of world oil market conditions. Latest available estimates indicate that 1992 oil
revenues were less than US$7 billion. For the next few years, the mission has estimated,
oil income may range from somewhere between below US$7 billion to US$10 billion.
Even at the high end of this range, income will be quite insufficient to cover current
government expenditures, debt service, and a highly ambitious investment program, much
of it in energy-related projects.

3. On the oil production side, the government has embarked on an ambitious
expansion program, attempting to increase proven reserves from the present 16 billion
barrels (bbl) to 20 billion bbl, and productive capacity from 2 to 2.5 million barrels per day
(mbd) by 1998. Although this program appears feasible from a prospective resource base
point of view, it also requires substantial investment by the government under its existing
60:40 joint venture arrangements. Given the pervasive lack of investment capital, these
expansion goals may be achievable only through production-sharing contracts with the
international production companies. Such contracts would reduce or eliminate the need for
up-front investment capital by the government, but they also would reduce the
government's relative share of oil revenues in the future.

4. On the investment side, a number of proposed or ongoing (mostly export-
oriented or high-energy-use) projects in the crude and natural gas sectors (several of them
in the multibillion dollar range), appear to be high-risk, low-return undertakings (e.g., the
aluminum smelter and the LNG project) in which the government must assume much of the
financial risk by providing large portions of the equity capital. Given the government's

xvii
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difficult financial condition, it can be anticipated that several of these megaprojects will not
be completed or, at least, will be long delayed because of the government's likely inability
to cover its obligations beyond initial down payments. The economic rationale of all of
these projects should be evaluated, and those with greater risks, less attractive returns, or
both should be eliminated or offered to the private sector for possible implementation.

5. Although the govemment is desperately short of revenues, it faces major
inefficiencies in the performance of most of its public sector investments, with energy
representing the most outstanding and costly example. The mrission estimates that in the
energy sector alone the combined economnic and financial losses inflicted on Nigeria's
economy through misguided policies, inappropriate pricing, overinvestment, neglect of
operation and maintenance, and corruption range around US$4.2 billion per year at
present, or more than 50 percent of total government oil revenues. Tables 1 and 2 present
brief summaries of these losses for the power and petroleum sectors, respectively. As can
be seen (Table 1), the economic losses caused by the inappropriate investment policies in
the past and the poor operating performance of the state-owned electric utility company,
The National Electric Power Authority (NEPA), amount to some US$805 million per year,
whereas the financial losses of the NEPA system itself account for another US$100 million
per year. In the petroleum refining and distribution sectors (Table 2), economic losses are
about US$440 million annually, and financial losses, largely caused by inappropriate
pricing, approach a staggering US$3.3 billion per year.

Table 1. Estimated Losses Caused by Inefficlencies In the Power Sector

Annual loss
Type of loss (US$ million)

Power sector economic
Excess investment in NEPA generating capacity 335
Backup capacity at consumers caused by unreliable NEPA supply 250
Operating and maintenance costs of diesel auto-generation 90
Fuel and lube costs for backup autogeneration 50
Excess system rehabilitation costs caused by deferred maintenance 40
Unserved consumer energy caused by NEPA outages 40

TOTAL POWER SECTOR ECONOMIC LOSSES 805

NEPA financial
Interest on excess accounts receivable 30
Noncollectible outstanding debts 20
Lost NEPA revenue caused by nontechnical losses (theft, billing

abnormalities, missing meters, etc.) 50

TOTAL NEPA FINANCIAL LOSSES 100

TOTAL POWER SECTOR ECONOMIC + NEPA FINANCIAL LOSSES 905
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Table 2. Estimated Losses in The Petroleum Refining and Distribution Sectors

Annual loss
Type of loss (US$ million)

Petroleum sector economic
Underutilization of refining capacities 250
Excess fuel losses in refining 90
Net cost of product imports 40
Product bridging/back hauling 60
User costs caused by erratic product supplies n.a.

TOTAL ECONOMIC LOSSES 440

Financial (to government and the distribution sector)
Net financial losses to the government (of which losses from 2,130

smuggling were US$170 to 210 million)
Financial losses to the distribution sector 715

TOTAL FINANCIAL LOSSES 2,845

TOTAL ECONOMIC + FINANCIAL LOSSES 3,285

6. All of the major, government-owned domestic energy facilities (power
plants, refineries, and oil distribution networks) are incurring huge financial losses and
therefore do not provide financial returns for the many billions of dollars that have been
poured into them. The majority of these facilities perform poorly, causing major losses to
the economy as a whole through frequent supply interruptions. The only sector performing
reasonably well is oil production, which is under management by international oil
companies. At the core of the poor performance of these enterprises are inappropriate
investment strategies (geared to the award of large contracts and the gratification of regional
or sectoral political interests rather than to economic viability); politically motivated
interference by the government in enterprise management; grossly inadequate, regulated
prices for outputs (power, petroleum products, and natural gas); poor enterprise
management; lack of maintenance and poor operational practices; inadequate compensation
levels for middle-level staff; and government-mandated, gross overstaffing.

7. It is unlikely that these conditions will change unless major reforms are
made in the pricing structure and in the governance, management, and institutional structure
of energy sector enterprises. Most urgently needed are managerial autonomy and a strictly
enforced performance code for management. Privatization, particularly in the petroleum
refining and distribution sectors as well as in portions of the power sector, may well be the
best approach to bringing about efficiency, competitiveness, service reliability, and
adequate financial performance. This, of course, also requires that prices are allowed to be
determined by market conditions and the actual cost of operations rather than by the
government's fiat. Without such reforms, it would be inappropriate and wasteful for either
the government or outside agencies to finance new investments. However, it must be
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recognized that even after such reforms have been put in place, several years of strong
efforts and substantial resources will be necessary to bring the performance of the sector's
enterprises up to international standards.

The Power Sector

8. Nigeria's power sector has an abundance of basic resources and capabilities
whose use has been severely hampered by a distorted policy regime. NEPA developed
new electricity generating capacity during the 1980s in hydropower, gas turbines, and
steam turbines-at an estimated cost of US$3 billion-and by 1990 possessed a nominal
margin of generating capacity of 170 percent. Yet the country's electricity supply remains
unreliable, requiring more than 90 percent of commercial establishments to rely on
expensive backup generators that add as much as 25 percent to the total costs of industrial
enterprises. According to mission analyses, Nigeria may have a total installed, captive
capacity of some 2,400 MW in diesel and gasoline electric sets. This is more that the
highest peak demand ever recorded by the NEPA system and almost double the capacity of
the recently constructed Egbin generation plant.

9. Overall, the mission has estimated annual excess economic and financial
costs to Nigeria of poor electric service at nearly US$1 billion, four times NEPA's total
revenues of about US$250 million.

10. NEPA's overinvestment in power generation-to the detriment of its
transmission and distribution infrastructure-may have stemmed partly from overly
optimistic load forecasts, coupled with the economic downturn of the past decade. The
mission's investigations suggest, however, that the more significant causes of the
distortion have been political pressures and government intervention in NEPA's power
system planning, particularly in awarding large construction contracts and catering to
regional political interests.

11. In November 1992, a committee comprising key ministerial and sectoral
officials, international consultants, and an ESMAP/World Bank mission began considering
alternatives for putting NEPA on a firmer commercial footing. The group canvassed the
options for reforming NEPA, including creation of a vertically integrated monopoly,
multiple utilities, trading at arm's length, and admitting the private sector into the wholesale
and retail ends of the industry. The latter options seem most compatible with recently
signed management contracts with NEPA's senior staff. They also incorporate greater
decentralization and the creation of cost and profit centers that would infuse the system with
better incentives to perform efficiently. The committee had pressed for clearer definition of
the utility's performance goals and a guarantee to NEPA of managerial autonomy.

The Petroleum Sector

12. Nigeria's problems in the petroleum sector might be said to center around
the three pipeline systems that move domestic gasoline, diesel, and kerosene from the
refineries to some 17 strategically located storage depots, where they are bought by
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corporate and independent distributors. Because of the lack of maintenance and poor
performance of the pipelines-as well as the refineries upstream and the depots
downstream-supplies are erratic. Most depots now ration some products or run out of
them altogether at times. Marketers, in turn, have fallen back on the dilapidated road tanker
fleet to move products from the refineries to the depots, or from "have" depots to "have
not" depots, incurring additional transportation outlays, triggering an increase in often
ghastly road accidents, and compromising the local distribution activities for which the
tankers were originally earmarked.

13. Meanwhile, because many Nigerians conceive of petroleum as a "free gift"
to the country, the government mandates extremely low petroleum product prices
(averaging only 1 I percent of world market prices). This policy has made margins too low
to cover costs and allow for adequate operation and maintenance (O&M) of the refineries
and the distribution infrastructure. Although the policy is intended as a social subsidy, the
net effect of unreliable official supply and low official prices has been to engender
"parallel" domestic markets in which available petroleum products are sold at premiums
often 200 to 400 percent above their legal prices.

14. The system also has suffered from ever-increasing smuggling of petroleum
products to higher-priced markets abroad, motivated, most immediately, by the sharp
difference in Nigeria's subsidized oil product prices and those of its neighbors, particularly
Benin (625 percent of the Nigerian price in 1991) and Chad (1480 percent in 1991). The
devaluation of the Naira in 1992 effectively doubled the disparity between Nigerian and
world prices; smuggled Nigerian products have now been identified as far away as the
Sudan. The gap between official statistics for bona fide consumption and reported refinery
production is an estimated 20,000 to 25,000 barrels per day, suggesting the loss of about
10 percent of capacity and somewhere around US$200 million per year in costs to
Nigeria's public sector.

The Gas Sector

15. Nigeria's gas sector faces some different dilemmas from those of the
petroleum and power sectors-notably, crucial environmental and financial trade-offs.
Resource scarcity is not a problem: Nigeria has proven reserves of more than 75 trillion
cubic feet-a sizable endowment, by international standards, of this relatively clean-
burning resource. The reserves are about equally divided between associated gas (gas that
oil producers lift as a by-product of the extraction of oil) and nonassociated gas (usually
recovered at the producer's discretion under pressure from large pools.) Herein lies a
significant dilemma for the country and the global environment.

16. Associated gas accounted for about 85 percent of all gas produced in
Nigeria in 1989, but nearly 90 percent of the associated gas extracted was flared to the
atmosphere-burned off. Flaring of associated gas is commonplace because of the high
cost of recovering nonpressurized gas from scattered oil operations, in contrast to the
approximately tenfold scale economies of nonassociated gas, which is the source of some
95 percent of the gas used commercially in Nigeria. Of course, flaring is intrinsically
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wasteful and releases greenhouse pollutants (notably carbon dioxide). Although this
causes environmental harm, it is preferable to the release of the raw gas, which has
exponentially more powerful greenhouse effects.

17. The most environmentally "risk-averse" policy would seek to encourage
productive use of the associated gas while conserving the nonassociated gas. The mission
estimated, however, that the costs of substituting associated for nonassociated gas in
commercial use could double the cost of gas to users, of which the most important is the
cash-strapped power utility, NEPA. Moreover, the domestic market for gas as an energy
source or industrial feedstock in the next decade is simply too small. The other alternative,
gas exports, is risky because of the extreme competitiveness of the global market. At best,
only the cheaper nonassociated gas could compete in a high-risk, low-return venture such
as an LNG project. The mission and consultants concluded ultimately that although
international assistance-for example, through the Global Environment Facility-could
assist in specific cases, recovery and productive use of associated gas remain uneconomic
in Nigeria in the short- to medium-term framework.

18. The analysis underlines the importance of viewing the gas issue in the
context of the entire sector's capabilities, requirements, and markets. It suggests that
development of gas resources and gas-based productive activities in Nigeria-although
ultimately desirable-will not represent a "quick fix" for problems that are primarily
institutional and financial.

Household Energy

19. The interpenetration of energy sector issues also can be seen in Nigeria's
household sector. Woodfuels remain the dominant source of energy in Nigeria,
constituting approximately 77 percent of all energy consumed in the country. The heavy
exploitation has resulted in a woodfuel deficit, and excessive cutting has stripped the forest
cover and led to heavy erosion. Problems are most acute in the Sahelian regions and in
periurban areas.

20. An appropriate household energy strategy should center on providing
affordable supplies of commercial fuels such as kerosene and LPG and protecting the
environment from further damage. Mission analysis indicated that kerosene was the least-
cost option for household fuel in February 1992.

21. Movement toward greater household use of commercial fuels such as
kerosene is constrained by problems of availability, however. The problem in petroleum-
rich Nigeria is not supply as such: kerosene can be found on the parallel market at
premiums of between 20 and 150 percent. The fundamental obstacle appears to be the
pricing and delivery systems.

22. The mission has suggested that an increase of the official price of kerosene
to the border price for smuggled kerosene could reduce or eliminate the parallel market and
improve overall supply. More pertinent for the overall woodfuel situation is increased
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federal support, legislation, and enforcement to protect and manage existing woodland
resources.

Conclusion

23. Nigeria's energy sector is probably the most costly and flagrant source of
economic and financial losses to the country. Annual losses caused by misguided policies,
inappropriate pricing, overinvestments, neglect of O&M, and corruption are close to
US$4.2 billion-approximately half of Nigeria's annual revenues from oil.

24. The disparity between the country's capacities and its physical and financial
performance points to the need for sweeping reforms. Perhaps the overarching reform, the
mission believes, is the restructuring of sectoral organizations on unambiguous commercial
principles.

25. In particular, reforms should stress adequate organizational autonomy, full
cost recovery, ability to raise capital on the open market without need for government
guarantees, appropriate regulation and enforcement of the rules of the sector, and pricing
more closely approximating the international value of resources to prevent the growth of
illegal markets and more fully realize revenues for O&M of the infrastructures.





1
The Power Sector

Introduction

1.1 Despite huge investments in power facilities, Nigeria's electricity supply is
unreliable, requiring large parallel expenditures for autogeneration. The National Electric
Power Authority (NEPA) is blamed by the public, government, and industry for the
sector's poor performance, but the root causes of the problems are really NEPA's lack of
autonomy and excessive government control, particularly in the areas of procurement,
finance, tariffs, and personnel policies. The government's intervention has resulted in
excess investment for generating capacity, on the one hand, and inadequate expenditures
for maintenance, on the other. The result has been outages caused by equipment failures
and lack of spare parts to effect corrections. Salaries and wages at NEPA are lower than
elsewhere in the economy, so the average quality of NEPA staff is low, as skilled people
choose or migrate to other sectors. Tariffs have long been inadequate to cover even
operating and maintenance costs, contributing further to neglect and decay of facilities.

Background

1.2 The first electric power plant in Nigeria started operation at Lagos in 1898
and was followed in the early 1900s by individual electricity undertakings in several towns.
In 1950 the Electricity Corporation of Nigeria (ECN) was formed to integrate power
development and took over the isolated power plants at Ijora, Oji, Delta, and Afam. NEPA
was created in 1972 by the merger of ECN and the Niger Dam Authority. The peak load in
1972 was only 390 MW, and the Kainji hydro plant was the main source on a NEPA
power system that totaled only 440 MW capacity. By 1990 the NEPA peak load had grown
fivefold to 2,219 MW, but the installed capacity had grown more than thirteenfold to 5,988
MW (capacity growth is recorded by year in Annex 1, which illustrates a capacity margin
increase from 13 percent in 1972 to 170 percent in 1990).

1.3 In the period 1980-90, new capacity totaling 3,760 MW was added, as
shown in Table 1.1.

1
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Table 1.1. NEPA Generating Plant Additions, 1980-g1990

Plant MW

Afam 4 (gas turbine) 420
Sapele (gas turbine) 280
Jebba Hydro 540
Shiroro Hydro 600
Egbin Steam 1,320
Delta 4 (gas turbine) 600

TOTAL 3,760

1.4 At an estimated average unit cost of US$1,000/kW, the 1980-90 capacity additions
represent an investment of US$3.0 billion. The peak load grew by only 1,000 MW during
this period, so the capacity additions cost about US$3,760/kW load (corresponding to
about US$.075/kWh debt repayment assuming 5,000 hours/year operation), at a time when
the tariff was about US$.01/kWh.

Condition of the NEPA Power System

1.5 One could argue that this over-investment was due to an optimistic load
forecast coupled with an economic downturn, and that with growth the load will match the
available capacity. Unfortunately, several units of the additional capacity have already
failed, and lack of resources to obtain parts and suppliers' services has prevented the
required repairs. Annex 2 lists NEPA's installed (nameplate) capacity in 1990, totaling
5,988 MW. Annex 3 shows the available capacity in 1990, totaling 2,450 MW, or only
41.7 percent of the installed capacity.

1.6 As of February 1992 the available capacity had been increased to 3,015
MW, or 33 percent reserve margin over the February 5, 1992, peak load to date of 2,260
MW. Therefore generating capacity is not restricting the load today. The fact still remains,
however, that 30 of NEPA's 61 generating units are out of service, and some of these have
been out for years. The 330 kV transmission system covers most of the country, and it is
relatively lightly loaded compared with its capacity. However, there are many system
weaknesses caused by failed equipment and damaged towers. Three 330 kV transmission
lines are out of service, 13 power transformers totaling about 1,000 MVA have failed,
another 30 transformers are overloaded, 5 reactors have failed, and 24 high-voltage
breakers are not operational. These equipment failures are affecting the reliability of
Nigeria's electricity supply. Annex 4 presents an overview of conditions on the NEPA
power system as of February 19, 1992. Because of NEPA's preoccupation with generation
and transmission investments during the 1980s, the subtransmission and distribution
systems were not expanded to maintain a balanced system, and work is required to expand
them to pick up unserved load and utilize the available generating capacity. Annex 5
explains the condition of the important 1,320 MW Egbin steam plant near Lagos, which
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cost US$1 billion including transmission. At present only four of the six units are
operational at this relatively new plant (a third unit was massively damaged at the end of
1992 because of lack of fuel control).

Cost of Poor Electric Service

1.7 It is difficult to estimate what this unreliable electricity supply is costing the
Nigerian economy. On the one hand, most recently, total system shutdowns have been
reduced as a result of the larger capacity margin and the use of automatic, under-frequency
load shedding. In 1990 there were 12 total system shutdowns; in 1991 there were only 5;
there had been none in the first four months of 1992. On the other hand, the distribution
system is overloaded, and many local outages occur. For example, during January 1992
the NEPA supply to the Eko Hotel in Lagos was interrupted 16 times, totaling 60 hours (8
percent of time), requiring the operation of the two 1 MW standby diesels. A study of the
feeder outage records of the 46-feeder Ijora and the 26-feeder Shomolu districts in Lagos
for January to March, and June to August, 1991, showed the feeder outage times for
trouble and maintenance were on average 4.3 percent and 4.8 percent, respectively, with
outages about 1.5 higher during rainy periods compared with dry periods (see Annex 6).
A World Bank study completed in 1989 of 179 Nigerian industries showed for the year
1987 that on average 25 percent of the industries' electricity supply was self-generated
because of NEPA supply problems at an average cost of US$.61/kWh (see details of study
results in Annex 7). A survey undertaken by the mission indicates that in early 1992 the
total installed capacity of diesel and gasoline-fueled autogenerators was about 2,100 MW,
or just about as much as the maximum peak load of the NEPA system (see Annex 8).

1.8 The annual cost to Nigeria from poor electric service can be divided into
national economic and NEPA financial costs. The total annual costs have been estimated at
some US$905 million (see Table 1.2).

1.9 To put this US$905 million annual cost of power abnormalities in
perspective, the NEPA annual revenue is about US$250 million, so the country's overall
cost for an unreliable electricity supply is more than 4.5 times what consumers are actually
paying for the NEPA supply.

Comparison of Power Sectors

1.10 The performances for 1988 of the power sectors in 20 developing countries
including Nigeria are compared in Annex 9. Nigeria had the highest percentage system
losses at 33 percent (most recently 41 percent); the lowest generation capacity factor at 20
percent; the lowest average revenue at 1.56 U.S. cents/kWh (increased in 1990 to about 3
U.S. cents/kWh, but equal in April 1992 to only 1.7 U.S. cents because of devaluation);
the lowest rate of return at -8 percent; and the longest average accounts receivable period of
15 months. It is clear from Annex 9 that Nigeria's power sector performance is one of the
worst among the developing countries.
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Table 1.2. Summary of Economic and Financial Losses Caused by Inefficiencies
in NEPA's Performance

Annual costs
Type of loss (US$ million)

Economic

a. NEPA 2,500 MW surplus generating capacity, $ 1,000/kW, 20-
year life, 12 percent interest, 335

b. 2100 MW of diesel/gasoline standby capacity, $800/kW, 15-year
life, 12 percent interest: 250

c. Operating and maintenance cost, standby plants, 5 percent of
$1.7 billion capital cost (staff, parts, and maintenance) 90

d. Fuel and lube cost for standby plants, 1,000 hours annual
operation, 320 grams/kWh, international oil prices 50

e. Excess rehabilitation on 3,000 MW of system facilities costing
$1,500/kW including T & D, due to deferred maintenance,
resulting in 5-year life-shortening at 12 percent interest 40

f. NEPA outages average 5 percent total time; only 50 percent of
consumers have standby; remainder experience interruptions at a
cost of $0.10/kWh cost 40

TOTAL ECONOMIC LOSSES 805

Financial

a. NEPA accounts receivable are 15 months compared to a normal 3
months with total outstanding billings of Naira 2.5 billion; cost of
annual revenue of $250 million delayed one year at 20 percent
interest 30

b. About 8 percent of each year's billings are noncollectible
outstanding debts 20

c. Nontechnical losses amount to 20 percent of generation;
assuming 8,000 GWh annual billings at $0.032/kWh tariff 50

TOTAL FINANCIAL LOSSES 100

TOTAL POWER LOSSES 905
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Electricity Tariffs

1.11 Electricity tariffs had remained unchanged between 1979 and 1989 at an
average rate of 7 kobos/kWh (US¢ 1/kWh). At that level, the tariff was far below the long-
run marginal cost of supply and was totally inadequate to cover even the cash operating
costs of generating, transmitting, and distributing electric power. Following extensive
discussions between the World Bank and NEPA, and in accordance with the government's
decision to commercialize NEPA at least partially, electricity tariffs were raised in mid-1989
to a weighted average of about 32 kobos/kWh. With this rate, in 1990 NEPA was able to
meet its operating costs, including depreciation on assets valued at historic costs, as well as
its foreign debt servicing. A major reason for this temporarily improved performance was
the government's decision to convert NEPA's long-term, outstanding debt of N 3.6 billion
to FGN into equity, and to provide 40 percent, or N 3.9 billion, of the costs of the Shiroro
hydro project as a grant to the company. However, with revalued assets as a base, even in
1990 NEPA showed a net loss of some N 713 million. An average tariff of 41 kobos/kWh
would have been required in that year to break even.

1.12 As can be seen from Table 1.3, in the absence of further tariff increases, the
estimated deficits increase rapidly, particularly in 1992. Major reasons are the escalating
natural gas prices (starting with an initial 75 percent increase in 1990), the 68 percent
devaluation of the Naira in March 1992, and the urgent need to increase expenditures on
rehabilitation and systems maintenance in real terms from 1 percent of fixed revalued assets
in 1991 to at least 2 percent in 1993 and thereafter. On the basis of a preliminary tariff
study conducted recently under the auspices of the World Bank's planned Power VIII
Project, but before the March 1992 devaluation, the LRMC-based price would have
averaged roughly 56 kobos/kWh. Adjusting this estimate for the recent devaluation and its
short-term inflationary effects, the average LRMC should be about 90 kobos/kWh
(US¢4.8/kWh) expressed in April 1992 Nairas. It should be noted that this LRMC is still
far less than the 1988 average tariff charged by two-thirds of all developing countries,
whose average (unweighted) rate amounted to US¢8.8/kWh (see Annex 9 and its source).
In the developed world, as represented by all OECD countries, average 1988 tariffs
amounted to US¢8.07/kWh for systems that are much larger, more economical, and far
more efficient than the Nigerian one.

1.13 However, while the current average tariff level is clearly too low, it is
higher than the short-run marginal operating costs of the large number of existing diesel
power plants. At the current low diesel fuel prices of N 0.55/liter, fuel costs are only
0.198 N /kWh, and therefore are well below the NEPA industrial tariff of N 0.45/kWh
(Annex 11). There would exist, therefore, strong incentives for owners of existing diesel
plants to use them more extensively and to displace NEPA electricity supplies, at least in
the short term, if industrial/commercial tariffs were raised to higher levels, as long as diesel
fuel prices are not substantially increased as well.
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Table 1.3. Projected NEPA Income Statements at the
Prevailing Average Tariff of Kobo 32/kWh

(Millions of Nairas)

Year 1990 1991 1992 1993

Total revenues 2,586 2,853 2,893 3,048

Total expenses 3,086 3,399 5,254 6,809

Projected operating income (713) (889) (4,105) (5,360)

Average required break-even
tariff, kobo/kWh 41 43 78 90

USO/kWha 5.1 4.3 4.2 4.7

a Converted at prevailing or projected official rates of exchange.
Source: Annex 10

NEPA's Power Market

1.14 NEPA's power market is large, and the utility's mandate to provide public
supply throughout the country is not an easy task. Electricity sales and generation statistics
for the period 1980-90 are shown in Annex 12. NEPA's sales (total billings) were 7,870
GWh in 1990, comprising 50 percent residential, 24 percent commercial, and 26 percent
industrial. The total number of customers in 1990 was 2,185,000, with a breakdown of 84
percent residential, 15 percent commercial, and 1 percent industrial. The sales growth
averaged 5.3 percent annually for 1980-90, and generation growth averaged 6.3 percent
annually, because system losses increased from 35 percent in 1980 to 41 percent in 1990.
These losses are based on billed sales; losses are higher based on actual revenue because of
nonpaying customers. In reality, NEPA receives revenue for only 50 percent of the
electricity generated. Government departments are among the nonpayees; government-
owned Delta Steel owes NEPA more than N 300 million, for example.

Least-Cost Expansion Plan

1.15 Financed by ODA, a London Economics team prepared a least-cost
expansion plan in August-October 1991 for the NEPA system through the year 2011. The
study's results are summarized in Annex 13. The growth rate for future generation
requirements and peak demand is forecast at 5.8 percent. London Economics recommends
that no additional generating capacity should be installed through the year 2000. Instead,
NEPA should continue rehabilitating existing generating units and strengthening
transmission and distribution facilities. London Economics specifically concludes that
beyond the year 2000, at Nigeria's low cost of natural gas, the most economic power
source is gas-fueled gas turbines.
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The NEPA/BEI Utility Partnership Program

1.16 Under ODA financing, a British Electricity International (BEI) team is
analyzing all aspects of NEPA's operations and advising on corrective actions. Annex 14
summarizes the findings of the diagnostic phase of BEI's work. The diagnostic study
found that all areas of NEPA's operations are weak and require extensive institutional
strengthening. Generation in particular requires significant improvement in performance to
increase its reliability and availability. Many elements of the transmission system must be
rehabilitated, and protection schemes require improvements to increase security.
Distribution systems must be expanded and rehabilitated. Three pilot distribution efficiency
improvement projects are being started to develop rehabilitation methods.

NEPA Rehabilitation Program

1.17 As recomnmended by both the London Economics study and BEI's findings,
NEPA should concentrate on rehabilitating and strengthening its existing facilities. It
should not start any new generation projects for commissioning earlier than the year 2000.
The required rehabilitation work, including the ongoing Bank Power VII Project and the
proposed Power VIII Project, is detailed in Annex 15. The cost of this work during 1992-
98 will total about US$1.5 billion, as shown in Table 1.4.

Table 1.4. NEPA Rehabilitation Requirements

Project US$ Million

Power VII maintenance 150
Power VIII rehabilitation 429
Egbin rehabilitation 60
Transmission extensions 249
Distribution expansion 448
Miscellaneous 155

TOTAL 1,491

Gas Supply to NEPA

1.18 Two-thirds of NEPA's generation is from gas-fueled thermal plants, either
steam or gas turbines. As London Economics has pointed out, it is logical that Nigeria's
huge gas reserves should be the base source for the country's electricity supply. However,
the gas supply must be reliable, or it becomes another factor contributing to the unreliable
electricity supply. In the past, gas supply interruptions and pressure variations have caused
some of the load shedding on the power system. Annex 16 gives details of the gas supply
system at each of NEPA's thermal plants and explains the past troubles. Given the large
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sunk investments in both the electric power and gas supply systems, there is need for close
coordination of operations on the two systems to minimize any power disturbances caused
by gas supply problems.

NEPA Power Interconnection Situation

1.19 Annex 17 provides a brief explanation of the existing 132 kV
interconnections between the NEPA system and the NIGELEC system in Niger that carry
about 40 MW of export power to Niger, and the background of ongoing plans to
interconnect the NEPA system at either 330 kV or 161 kV to the power systems of
Nigeria's neighbors to the west. The export price to NIGELEC is only a fraction of one
U.S. cent/kWh and is an additional financial drain on NEPA, albeit a political requirement.
Given NEPA's many problems with its national power system, interconnection with the
power systems to the west would seem to be of low priority at the present time. It must
also be noted that a transmission in interconnection would be in direct competition with a
potential gas pipeline extension to the west, since the only major market for gas in these
countries would be new gas-fired thermal power plants.

Lack of Autonomy at NEPA

1.20 Theoretically, NEPA has been given greater autonomy through an ongoing,
partial commercialization program that was started in January 1991. A NEPA Board is in
position; NEPA salaries have been increased but are still controlled by government at levels
well below competitive market rates. For example, on a comparative salary-only basis,
wages paid by the oil industry at all levels are between 100 percent and more than 500
percent higher than those paid by NEPA (Annex 18). There also exists a ready market for
skilled utility personnel through the several thousand independently owned diesel power
plants. NEPA management has been restructured. However, in the procurement and
financial resource areas, NEPA still lacks autonomy. Under the present plan, NEPA is
required to cover its operating and maintenance costs, but not its capital costs. All new
investments are to be financed by government. Furthermore, even though under the
present "partial" commercialization the NEPA Board procurement limit was to have been
raised to N 50 million as of February 1992, it was still only N 2 million at that time
(US$0.1 million at the new, official interbank exchange rate). Even the Minister of Mines,
Power and Steel is limited to a procurement level of N 5 million. This means that any larger
purchase must be approved "in Council," by the Cabinet. These procedures usually take
many months. Since a single power transformer or other major piece of equipment can
cost more than the Ministerial N 5 million limit, it is small wonder that the electricity supply
has suffered accordingly.

1.21 This procurement limitation is one of the major impediments to improving
the NEPA power system today. Under the present lengthy procurement procedures new
failures and system problems develop faster than past problems can be corrected. This
restriction on the purchase of spare parts and replacement equipment has persisted for at
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least a decade, during which 3,760 MW of new capacity was added while existing plants
deteriorated for lack of parts and replacement equipment.

Policy Options

1.22 It seems clear that after 20 years of attempts by NEPA to develop and
operate an effective electric utility with World Bank and other outside support through
seven power lending operations, the outcome so far has been a highly unreliable public
electricity supply system, resulting in an expensive, dual public/private supply system.
Overall, the system on the public side is characterized by huge overcapacity in generation;
inadequate operational practice; poor maintenance; a grossly oversized, 30,000-strong staff
starved of competent middle management; and a nonperforming, centralized utility
bureaucracy that has little autonomy and is subject to intrusive overcontrol by the
government. There has been much misuse of NEPA as a political patronage machine in
terms of staffing and employment policies; through unrealistically low tariffs; and as a
source of large, lucrative construction contracts. Little attention has been given to the need
for providing reliable electric services at lowest possible cost.

1.23 To remedy these shortcomings, fundamental and comprehensive changes
are needed in the legal, institutional, managerial, and financial objectives and organization
of NEPA (or its possible successors). These changes will be required whether NEPA
remains a single, government-owned utility or is divided into some of its component parts
that may or may not be partially or fully privatized. The following is a brief listing of the
basic conditions that must be met if fundamental and lasting improvements in electric power
supplies are to be brought about.

Utility Rights, Obligations, and Objectives

1.24 There must be full agreement between government, the utility, and power
consumers that a reliable and adequate electricity supply is an essential component of
economic growth and development. Nevertheless, there must also be full agreement that
electricity is nothing more than a commercial good that must compete for scarce resources
with the requirements of other sectors of the economy on a fully self-sustaining and self-
financing basis.

1.25 As a number of detailed studies, undertaken world-wide, have shown, two
factors-management autonomy and consistency of objectives-are essential preconditions
for satisfactory performance. Following are other key elements that must be present as part
of and in conjunction with the two factors noted above (for a more detailed presentation,
see Annex 19):

a. The definition of clear, nonconflicting objectives for the utility's performance in
terms of satisfactory financial performance, system expansion plans, and reliability
standards.
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b. A high degree of autonomy for the utility's management, combined with a clearly
understood and enforced system of rewards and penalties for good or bad
performance.

c. The introduction and maintenance of adequate, full-cost-recovering tariffs that
include an agreed-upon target rate of return and a self-financing ratio of at least 35
percent. Provisions must be made to allow for the automatic pass-through of cost
changes of volatile items such as fuel, foreign exchange, or mandatory minimum
wages.

d. The availability of convertible currency on a timely basis according to the needs of
the utility (if necessary, obtained on the free market).

e. If government-owned, the noninterference by government in staffing decisions,
except for the appointment of competent top managers under appropriate
performance contracts, as well as noninterference by government in the negotiations
of wages, salaries, and fringe benefits between the utility management and its
employees.

f. Establishment and maintenance of an effective and continuous staff training
program.

g. The provision of legal rights to the utility (with, if required, enforced legal and
police protection) to disconnect nonpaying customers (including government
agencies) after a suitable grace period, which generally should not exceed 75 days
from the date of billing.

h. The limiting of utility-financed investments to only those components that promise
to be self-financing on the basis of standard commercial investment criteria. For
others (e.g., rural electrification or expansion into subsidized low-income areas),
reliable outside sources of funding must be assured for the nonrecoverable portion
of the respective investment. Such funding could come from government
subsidies, grants, or (to a more limited degree) cross-subsidies built into the
utility's rate structure.

i. The creation of a competent, independent regulatory commission that supervises the
performance and pricing policies of the utility on the basis of agreed performance
and financial rate of return criteria. (For a discussion of the rationale and specific
function of such a regulatory body, see Annex 20.)

Institutional Issues

1.26 A fundamental component of any institutional change in the power sector is
the need to operate the power utility (or utilities) on fully commercial terms. This, in
principle, could be accomplished while maintaining full government ownership, provided
the necessary arms-length relationship between government and utility can be established.
It means, of course, that the utility must be fully self-financing, with government support
provided only for subcomponents that are to be specifically subsidized for social reasons
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(see para. 1.25). However, full commercialization also opens the potential for partial or
full private ownership. Private ownership would relieve the government of the direct
burden of responsibility for the performance of the utility and would make it much easier to
establish and maintain the essential arm's-length relationship between them. Furthermore,
it would provide access to additional sources of investment capital that may not be available
to a government-owned entity.

1.27 In November 1992, a joint Nigerian/World Bank committee met on request
of the Minister of Power and Steel to investigate and identify possible alternatives for
restructuring Nigeria's power sector. The Committee recommended the detailed evaluation
of the following options (see also Annex 21):

a. Vertically integrated monopoly. Maintain NEPA as a vertically integrated utility but
convert it into an independent, commercially based enterprise subject to firmly
agreed objectives centered on full financial viability and reliability criteria.

b. Multiple utilities. Restructure NEPA to form a generation and transmission
company (GTC) and create several regional distribution companies (DCs) that
would purchase capacity and energy from the GTC but not be confined to supply
from the GTC.

C. Monopoly wholesaler. Divide NEPA's power plants into separate generating
companies (GCs). Establish several distribution companies (DCs), leaving the
transmission company (TC) with the core business of purchasing electricity from
the GCs and reselling it to the DCs over the transmission network that it would
continue to own, operate, and expand as needed.

d . Monopoly trader. Restructure NEPA into a transmission company (TC), a number
of generating companies (GCs), and several regional distribution companies (DCs).

e. Monopoly supplier. Restructure NEPA into a company responsible for generation
and transmission (GTC), and create several distribution companies (DCs) that are
restricted to obtaining their supply from the GTC.

1.28 Whichever structure is ultimately chosen, a number of special issues must
be addressed in the process of restructuring.

a. Impact on employment. Although any new entities formed would absorb many of
the present employees, special provision must be made to retrain and find useful
employment for those not immediately required.

b. Phasing-in of tariff changes. Tariff changes may have to be coordinated with
improvements in the reliability and quality of electricity supply to minimize
opposition by customers.

c. Legal framework. The legal framework governing the sector must be revised to
accommodate the proposed structure and provide a mechanism for settling disputes
between all interested parties. This mechanism may be a regulatory institution,
such as UCC.
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d. Regulatory framework. A regulatory framework appropriate for supporting the
selected option must be in place when the new structure is introduced. This
framework must address price, safety, quality of supply, and environmental issues.

e. Valuation and transfer of assets and debt. The assets of any entity to be
restructured must be valued commercially. Rational decisions must be made
regarding the transfer of the assets, how to deal with underutilized assets, and the
responsibility for debt service.

f. Planning of the power sector. An organization is needed to guide the rational
development of the sector once a number of companies are created. This
organization should foster competition and provide information on rational
generation and transmission expansion strategies. It would identify hydro
resources and power plant sites, and it would evaluate ecological, human
settlement, and safety issues.

g. Managing the transition. Special administrative arrangements by the government
and the utility would be required for managing the transition and resolving
problems as they arise.

1.29 Whatever institutional reform program is ultimately adopted, it should be
clear that years will be required before NEPA or its successors will be able to guarantee
electricity supplies at levels customary elsewhere in the world. Until then, current owners
of backup facilities are unlikely to abandon their own facilities. This will create strong
pressures for maintaining low tariff rates (para. 1.13) unless diesel fuel prices are adjusted
to world market levels so that private generation is no longer as attractive as it is now.



2
Oil Production and Exploration

Introduction

2.1 In 1991, Nigeria ranked ninth in world oil production, with about 3 percent
of the total. Its share of total world production was and will remain small. Nigeria ranked
twelfth in proven reserves (Figure 2.1), with 2.4 million tonnes, only 1.8 percent of the
total. Thus, Nigeria has limited market power in deterrnining world oil prices; it is and will
remain a price taker, entirely dependent on the vagaries of the market and on marketing and
pricing decisions taken by others. As is well known, oil markets in the past decade have
been highly volatile, with average annual crude prices ranging from US$46/bbl in 1980 to
US$15/bbl in 1986 (in 1990 dollars). Future oil prices are uncertain. Although the present
study is not primarily concerned with global pricing, the dependent nature of Nigeria's
petroleum industry calls for some reflections on the broader world outlook.

Million tonnes
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2.2 Global oil and gas markets are faced with a continuing paradox. The
world's two largest producers of oil, the United States and the former Soviet Union, have
both recorded steadily declining production levels over the past several years. At the same
time-despite the explosive growth in demand for both oil and gas in the Far East and
South East Asia-prices have been falling in both current and real terms, and demand in
aggregate terms has been flat.

2.3 Industry observers agree that worldwide crude oil production capacity is
presently in excess supply. Subject to the vagaries of the political events, such as the
recent Iraq-Kuwait war, this situation is likely to continue. In the immediate as well as
intermediate future, low economic growth in most of the industrial and newly industrial
economies-combined with the structural reduction in oil consumption attributable to the
ongoing influences of conservation, increased fuel efficiency, environmental factors, and
demand-side management-reinforce the prospect of a continuing soft oil market. These
fundamentals will likely combine in the medium term to cause prices to decline, if not in
financial then at least in real terms.I Any recovery is likely to be far off. As the World
Energy Council has recently concluded, "Given what is currently known about the volume
of ultimately recoverable fossil fuel reserves, we would expect the prospective exhaustion
of oil and gas to begin to affect prices sometime in the second quarter of the next century."2

Until then, the most prudent assumption for policy decisions would be to count on
somewhat declining prices in real terms over the next few years, returning to current real
prices in the longer run (i.e., in the late 1990s).

Current Development Policies

2.4 The Nigerian government's current policy goal is to expand oil reserves
from their present 16 billion barrels to 20 billion barrels by 1998 and oil production
capacity from 1.9 mbd at present to 2.5 mbd by 1998. An important milestone in the
achievement of these objectives was reached in 1991 with the signing of formal,
industrywide Joint Operating Agreements (JOAs) and Memoranda of Understanding
(MOU). The chief objective, accelerated reserve development, was a central issue of the
amended agreements, with the result that there now exists an immediate potential to achieve
a further 500,000 bbl/day of actual production within this period. The majority of industry
specialists estimate that Nigeria has the potential of ultimately adding another 15 to 20
billion barrels of reserves over the next 10 to 15 years, thereby fully replacing its present
reserve base. This would allow Nigeria to continue oil production at an average rate of 2.5
mbd for between 35 and 40 years before ultimate exhaustion of its resources. If production
were limited to an average of, say, 2 mbd, these reserves would last for between 45 and 50
years.

1. See Michael Williams, "End of an Era," Petroleum Economist (September 1991) for a detailed
analytical analysis of the history of oil price volatility.

2. World Energy Council, "Global Report, Draft Summary," 15th WEC Congress, Madrid, Spain
(September 1992): 1:29.
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2.5 Current finding costs range from US$0.75 to US$1.50/bbl, with modest
additional development costs of perhaps US$1 to $2/bbl. These costs may increase
gradually over time. Nigeria's offshore development, surprisingly, is cheaper than onshore
development because the local offshore environment is characterized by calm weather, mild
seas, soft seabeds, and limited impediments. This can be contrasted to the North Sea,
where development costs range around US$8/bbl. For Nigeria, estimates of US$4/bbl of
combined exploration and development costs were indicated for depths of as much as
2,000 feet, which should make the area an exceptional long-term offshore prospect for the
major companies seeking low-cost reserve replacement.

2.6 To encourage an active search for these reserves, the amended MOU include
some special incentives designed to enhance the exploration policy. A premium is paid to
producers for net additions to reserves (i.e., any excess of new reserves over present
reserves less production). The premium is staggered and ranges from US$0.10 to
US$0.50/bbl on the basis of a complex set of formulas, indexed for five ranges or tranches
of net additional reserves.

2.7 A second aspect of NNPC's expanded exploration effort was the invitation
to a number of new companies to bid for licenses under the amended agreements. This
elicited interest from two groups of international companies-STATOIL jointly with BP
and CONOCO (Dupont). Included in the new round were some 11 domestic companies,
few of which are considered to be primary exploration companies. There have already
been strong overtures to the majors to farm-in these interests on a carried basis.
CONOCO, a newcomer itself, has accepted four of these farm-ins. The other seven, as far
as is known, are still without sponsors.

2.8 From a policy viewpoint, the question must be asked whether the present
expansion policy is in the best interest of the country. The following issues must be
addressed:

a. What are the likely net gains from such a policy in the short and long run?

b. What are the budgetary implications for Nigeria?

c. What, if any, are the long-run detrimental effects of more rapid depletion?

2.9 From an overall gross revenue viewpoint, an expansion of production from
currently just below 2 mbd to 2.5 mbd, or by some 25 percent over a five-year period,
should have little if any effect on Nigerian export prices by itself. This incremental
production would simply not be large enough to affect world market prices. However,
such an expansion would be far more rapid than the estimated worldwide growth in liquid
fuels demand of about 1 percent annually.3 Hence, the danger exists that this secular
production increase would not be sanctioned by other OPEC members and might invite
retaliation through increased production by the other members-a proven recipe for
triggering rapid declines in world market prices. The alternative would, of course, be

3. World Energy Council, "Global Report: Draft Summary," p. 1:16.
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prorationing imposed on all Nigerian producers, an economically rather wasteful
consequence of surplus capacity. Hence, the expansion policy pursued at present has some
significant economic risks.

2.10 The budgetary implications to NNPC or the government of the expansion
policy are quite massive. If the present 60:40 joint-venture approach to oil development is
maintained, Nigeria's share of the total development costs of these additional 0.5 mbd
would probably be about US$2.4 billion dollars, payable over a period of five years, with
likely high up-front costs. This amount would be in addition to the replacement
investments needed to maintain the

existing 2 mbd production capacity, amounting probably to between US$1.0 to US$1.5
billion annually. Given the chronic budget shortages facing Nigeria, it is highly doubtful
that these incremental funds could be raised.

2.11 The alternative to the joint-venture approach is to enter into production-
sharing contracts with the oil industry. Under production sharing, the industry would pay
for all up-front exploration and development costs, with no significant contributions by
NNPC or the government from their own resources. Although this reduces immediate cash
outlays, it also reduces the government take in the future, since the oil companies must be
compensated for their investments as well as for the added risk they assume. It is difficult
to foretell with accuracy the advantages and disadvantages of either policy, given that so far
no agreement has been reached between the industry in general and government about the
contractual terms of production sharing, except for a single, small contract with Ashland
Oil that the company subsequently deemed unsatisfactory. However, using information
from other parts of the world where similar contracts are in force, an attempt has been made
to estimate the likely cost and revenue consequences of production-sharing versus joint-
venture agreements (see Annex 22). Based on the assumed data, the equalizing discount
rate that would make the government indifferent between either type of contract would be
approximately 24 percent. That is, if the rate of time preference for the government were
higher than 24 percent, production-sharing contracts would be preferable. If it were lower,
the existing joint-venture approach would be more advantageous. However, this
conclusion does not account for the considerable risk of installing substantially higher
capacities without assurance of dependable markets or dependable prices (para. 2.9).

2.12 The third issue to be considered is whether Nigeria, in the long run, would
be better off by stretching out the exploitation of its finite oil resource base over a longer
period. This is a question of optimal depletion.4 To answer the question at all, it must first
be assumed that for the country the real value of a certain amount of income in constant
terms now would be equal to the same income in the future. This may or may not be true.
For example, more income now could be used to help prevent further deterioration of
infrastructure (i.e., to protect assets that otherwise might be lost, or to restore the country's
credit rating, which in turn might stimulate faster economic growth). If this issue is set

4. For a more formal discussion, see the World Bank/UNDP "Nigeria Energy Assessment
Report," 1983, Annex 3.1.
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aside, the fundamental question is whether slower production now might result in higher
real income from oil sales in the future as a result of increases in the real price of oil. As
discussed (para. 2.3) above, however, the intermediate outlook for oil price changes is
more likely to be down than up. Hence, by leaving more oil in the ground, Nigeria would
suffer a net loss unless prices turned up again farther in the future. However, these
increases would have to be higher than the cumulative rate of market interest to yield a
positive rate of return from delayed production. These increases in prices would really
have to be massive to make it worthwhile to wait, given the long life expectancy of
Nigerian oil reserves. For example, to be indifferent between the two alternatives, if prices
were to stay constant for the next 35 years (or, by assumption, to resource exhaustion at a
production rate of 2.5 mbd), they would have to be some 24 times higher for the remaining
period at an interest rate of 12 percent to create the same income in present value terms from
the left-over reserves, which would last for about 9 additional years if production were to
be held to 2 mbd instead (at an interest rate of 20 percent, prices would have to be 220
times higher). Price increases of such magnitude, of course, are out of the question.

Production Revenues

2.13 The assumption of an average 1992 crude export price of US$21/barrel
made by the government at the beginning of the year now seems too optimistic in the light
of actual events. The recent developments in the oil market, in fact, support a more
conservative scenario. Oil prices floated around US$17 to $18 in the first few months of
1992. The decision of OPEC countries to cut oil production by 375,000 bbl/day brought
some recovery after April 1992 to the $21/barrel level, but toward the end of the year prices
had dropped again to the $19/bbl level. Too many uncertainties remain on the real supply
capacity of countries such as Russia, Kuwait, and Iraq to make the assumption that
OPEC's target level of $21/bbl can be maintained. Moreover, the doubts about the ability
of Nigeria (for financial reasons) to increase its production capacity rapidly, as well as to
increase its official OPEC quota, suggest a lower outlook for petroleum revenues. Mission
estimates, based on an oil price of US$18 and a production volume of 1.9 mbd, show total
net oil revenues of US$7.6 billion against the government's budgeted US$8.5 billion. For
net revenue scenarios reflecting a range of potential world market prices, see Tables 2.1
and 2.2.

2.14 At the beginning of January 1992, the government announced the 1992
budget, the last to be delivered by the current administration. The government anticipated
total revenues of N 101.2 billion, of which about N 76 billion (75 percent) are oil revenues
(US$8 billion at the then-assumed exchange rate of N 9.5 to the dollar). Revenue
projections from oil were based on the assumption of a production volume of 1.8 mbd, a
domestic consumption of 0.3 mbd, a selling price of US$21/bbl, and an exchange rate of
N 9.5 to the dollar. In view of the current OPEC output limitations, international oil price
trends, and the oil supply outlook worldwide, these budget estimates were too optimistic,
and the projected revenues were too high. According to reports in late 1992, total 1992 oil
revenues will be well below US$7 billion.
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2.15 The 1992 budget estimated domestic crude consumption of 300,000 bbl/d,
which is in line with official reports by NNPC of the amounts sold to PPMC for refining.
However, the mission estimates that only about 250 to 260,000 bbl/d gross are processed
through the domestic refineries (whose petroleum products production is reported to be
about 230,000 bbl/d), with the remaining 50,000 bblld most likely being exchanged for
heavy crude or product imports. It is estimated, therefore, that crude consumption resulting
from product sales in domestic markets is equal to about 260,000 bbl/d.

2.16 To estimate likely future oil revenue, discussed above, taking into account
the various constraints, future production was assumed at two levels, the first being the
maintenance of the present 1.9 million bbl/d, the second assuming an increase to 2.1
million bblWd. A level of production of 2.1 mbd could be seen either as a utilization rate of
100 percent of the current production capacity or as the most likely production level to be
reached over the next two years, given the current expansionary policy of reserve
additions.

2.17 At an average price of US$17/bbl and a current production level of 1.9
mbd, Nigeria's total oil revenues would be about US$7 billion, compared with the
government-projected revenues of US$8 billion. (Assumed at the production level of 1.8
mbd as forecast by the Nigerian government, the financial gap would be even greater, with
estimated revenues of only US$6.6 billion.) At a price of US$171bbl, Nigeria should
increase its production up to 100 percent of capacity utilization-that is, 2.1 mbd-to
maximize its revenues and reach the projected net revenue of US$8 billion. Such a policy,
of course, would imply Nigeria's rejection of its current OPEC production ceiling. Under
the current joint venture arrangement, each US$1/bbl decrease or increase in the price of oil
would generate a corresponding decline or growth in oil revenues of about US$0.5 billion.
At US$15/bbl and a production level of 1.9 mbd, Nigeria's oil income would not even
reach US$6 billion.

2.18 The oil revenue projections made here are based on the current concession
and taxation regulations as defined in the new Memorandum of Understanding signed by
the government and the oil companies in 1991. They do not consider the effect of the
introduction of production-sharing agreements for new licenses. In any case, oil revenues
would be affected by the new agreements only after a few years (see also Annex 22) and
only for a relatively small volume of oil. It is assumed, therefore, that this change in the
agreements with the oil companies will have a minor impact on oil revenues over the next
five years. The results of these scenario projections are shown in Tables 2.1 and 2.2. The
calculations for the base case (current production) and different prices are shown in Annex
23. What they show is that for the next few years, annual net oil revenues are likely to be
somewhere in the $6 to $10 billion range, with the greater likelihood that on average they
will be less than $8 billion per year.
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Table 2.1. Estimated Foreign Exchange Oil Revenues at Current Production
Level and Different Prices

Average price per barrel

Current parameter $21 $17 $15

Production (MBD) 1.90 1.90 1.90
Exports (MBD) 1.64 1.64 1.64
Average production costs ($/bbl) 3.50 3.50 3.50
Government take (royalties and profit tax) ($/bbl) 15.00 11.00 9.00

Total Nigerian export revenues ($ million) 5,288.85 4,004.05 3,361.65
Government take ($ million) 4,161.00 3,051.40 2,496.60

TOTAL OIL REVENUES ($ million) 9,449.85 7,055.45 5,858.25

Table 2.2. Estimated Foreign Exchange Oil Revenues at Maximum Production
Level and Different Prices

Average price per barrel

Maximum parameter $21 $17 $15

Production (MBD) 2.10 2.10 2.10
Exports (MBD) 1.84 1.84 1.84
Average production costs ($/bbl) 3.50 3.50 3.50
Government take (royalties and profit tax) ($/bbl) 15.00 11.00 9.00

Total Nigerian export revenues ($ million) 6,055.35 4,595.35 3,865.35
Government take ($ million) 4,599.00 3,372.60 2,759.40

TOTAL OIL REVENUES ($ million) 10,654.35 7,967.95 6,624.75





3
The Petroleum Product Sector

A. Petroleum Product Consumption

Historic Trends

3.1 The consumption of petroleum products increased at an average rate of 4
percent during the period 1980-90. This average increase, however, masks a very uneven
trend, consisting of a rapid increase of demand from 6.8 million tons (Mton) in 1980 to 9.9
Mton in 1983 (a 13 percent annual growth rate), a gradual decline to 8.4 Mton by 1986,
and a slow recovery in the following years.

3.2 Petroleum product consumption was reported to be 10.072 Mton in 1990, a
modest increase of 1.2 percent over 1989 consumption.5 Gasoline accounted for about 43
percent of the total; followed by diesel, 24 percent; and kerosene, 23 percent. Diesel
consumption increased substantially, 19 percent over 1989, and LPG kept growing as
well, at 2 percent. All other products decreased or remained stagnant. High pour fuel oil
demand dwindled, mostly because of a shift by NEPA to gas at the Egbin power station. It
can be assumed that a large part of the apparent increase in consumption in the post-1986
period represents increased product smuggling. In fact, if the information on smuggling is
correct (para. 3.41 ff.), it is possible that actual domestic consumption may have continued
to decline in recent years, even though sporadic but frequent product shortages (para. 3.40)
indicate that there was widespread unsatisfied domestic demand.

3.3 Over the last ten years, kerosene and LPG experienced the fastest increase
in consumption (10.5 percent and 6.6 percent annually, respectively), an effect of the
growing urbanization (the urbanization rate is about 5 to 6 percent, compared with the
population growth rate of 3 percent annually). For LPG, the continued growth is in part a
result of government efforts to promote LPG as a substitute for liquid fuels. Unfortunately,
inadequacies in LPG extraction, storage, and transportation, combined with the lack of

5. Source of data on production and consumption is NNPC. The 1990 data differ from those
shown, which also report NNPC as source. An unpublished document by the U.S. Embassy in Nigeria
reports total product consumption at 10.9 million tons, with an increase of 9.5 percent over 1989. The
mission was unable to confirm those data and preferred to use data consistent with those reported by BEICIP
and Cuneo & Associati. For more details, see Annex 23.
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steel bottles at the retail level (para. 3.40), make the distribution of LPG problematic and
prevent more rapid increases in consumption. The major LPG distributors are confident,
however, that sales could be increased substantially and on a sustained basis if issues such
as improved refinery extraction and bulk storage as well as more appropriate marketing
margins for the distribution chain could be resolved.

Table 3.1. Nigeria's Petroleum Product Consumption, 1980-90

(Million tons)

Product 1980 1983 1984 1986 1987 1988 1989 1990

Gasoline 2.86 4.18 3.98 3.62 3.66 3.89 4.41 4.36
LPG 0.04 0.05 0.06 0.07 0.10 0.11 0.10 0.11
Kerosene 1.20 1.85 1.75 1.92 2.07 2.16 2.39 2.27
Diesel 1.94 2.52 2.35 1.65 1.72 1.90 2.00 2.38
Fuel oil 0.81 1.26 0.87 1.14 1.27 1.33 1.04 0.94

TOTALS 6.86 9.86 9.02 8.41 8.82 9.39 9.95 10.07
Note: Totals (from source table) may not sum exactly because of rounding in this table.
Source: NNPC (see Table A24. 1 and Figure A24. 1)

Projected Trends

3.4 Attempting to forecast petroleum product demands at this point in Nigeria's
development is essentially a fruitless task. The current economic and political conditions
are too uncertain to allow the development of specific forecasts. Future government micro-
and macro policies, decisions about petroleum product pricing, foreign exchange rates and
availabilities, and import policies with respect to vehicles and other fuel-using equipment
such as diesel generators all can have major impacts on future fuel demands. Fuel pricing
or other policy decisions that would make product smuggling unattractive alone could
reduce apparent domestic demands by anywhere from 10 to 50 percent compared with
current levels (para. 3.43). Forward-looking macro policies that would induce strong
economic growth could have the opposite effect, albeit stretched out over longer periods.
For these reasons, the mission has decided to abstain from making specific forecasts and
instead has developed several illustrative scenarios that trace the likely financial and
economic consequences of specific petroleum sector management and product pricing
decisions. These scenarios are presented in para. 3.50 ff.

3.5 For policy purposes, having accurate demand forecasts is, in fact, not of
great significance at this time. As a major oil producer, Nigeria has full control over basic
supplies. The potential productive capacity of the refining and distribution complex is
(with the few exceptions noted) quite ample to satisfy all domestic needs for a number of
years to come. The recurring product shortages that are being experienced are a
consequence of inappropriate policies rather than of actual physical shortages. Hence,
demands, whether significantly higher or lower than those at present, could be
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accommodated with the existing, albeit rehabilitated, infrastructure if appropriate policies
were adopted.

B. The Refining Sector

Introduction

3.6 The total nominal refining capacity in Nigeria is listed as 445,000 bbl/d.
However, this includes the nonoperating, "old" Port Harcourt I refinery-a 60,000 bbl/day
plant that was shut down by fire in 1989 and is still under a protracted repair program.
Expectations are that it will be recommissioned, but no firm estimates of the completion
date are yet available. Without this capacity, Nigeria has a current operating nameplate
capacity of 385,000 bbld (approximately 19.8 million tons annually).

3.7 Currently, there are three operating refineries. The newest is Port Harcourt
II, commissioned in March 1989 with a capacity of 150,000 bblVd (7.7 million tons
annually). It was built by a consortium of JGC and Marubeni of Japan and Spie
Batignolles of France. Since its inception, this refinery has been operating under a
technical assistance contract with UOP, Inc. of Des Plains, Illinois, USA. At the peak of
this contract, UOP had some 95 personnel located at Port Harcourt. That complement has
been reduced and stood at about 40 by mid-1993. The second refinery is located at Warri
in the southwestern part of the country. It was commissioned in 1978 and expanded in
1987 to process 125,000 bbl/d (6.4 million tons annually). Warri is operated entirely by
NNPC staff. The third refinery, Kaduna, is located in the northern sector of Nigeria. It
was commissioned in 1980 and expanded in 1986 to a total capacity of 110,000 bbl/d (5.7
million tons annually). It also is operated by NNPC. In addition to its normal product
slate, Kaduna is Nigeria's sole producer of lubricating oil base stocks. However, in order
to produce these stocks, Kaduna must import its crude oil, since the light Nigerian crudes
are unsuitable for this purpose. A 700 km crude pipeline connects the refinery with a
terminal at Escravos, on the coast.

Refinery Performance

3.8 In terms of operational performance, the refinery sector can be divided into
two segments. Port Harcourt, working under the UOP technical assistance contract, has
been able to operate consistently at close-to-normal international capacity utilization levels
of 88 to 90 percent or more, with annual average outputs in 1990-91 of 6.2 million tons.
The other three refineries have had long and troubled histories of shutdowns, accidents,
poor performance, and unsatisfactory capacity utilization rates. Between 1987 and 1991,
the annual average output of Warri was 2.5 million tons (ranging between 1.7 and 3.5
million tons), or an average utilization rate of 40 percent. Kaduna's performance was also
poor, with an annual average output of 2.7 million tons, or an average utilization rate of 49
percent (Cuneo and Associati). Given the erratic operating levels of the other refineries,
Port Harcourt II has been forced to make up the shortfalls, thereby consistently deferring
normal required maintenance. When Port Harcourt II was finally shut down for
maintenance and rehabilitation in May 1992, Warri broke down at the same time. This led
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to immediate product shortages throughout the country and to deadly riots in Lagos and
elsewhere. Fuel losses in processing, averaging 10.9 percent for the three refineries, are
excessive (Annex 25, Table A25.2). The excess beyond the design specification losses of
6.4 percent translates into annual financial losses of US$90 million.

3.9 In 1989, under the World Bank's Refinery Rehabilitation Project,
independent diagnostic studies of Warri and Kaduna were undertaken by Mobil Oil
Company and Shell Oil Company, respectively. The two reports described the refineries as
suffering from severe equipment defects, management deficiencies, and operating
malfunctions that consistently resulted in downtime that was excessive by international
standards.

3.10 The surveys concluded that the following general issues were responsible
for the poor performance of the plants: lack of spare parts, lack of steam and electric
power, ineffective management and poor interdepartmental relations, low level of general
staff skills and inadequate training, and a variety of nonoperational system components.

3.11 Most recent estimates by Cuneo and Associati claim that about US$200
mnillion would be needed to bring Warni and Kaduna back to normal operating conditions.
According to the analysis, rehabilitating (and presumably also debottlenecking) these two
installations would be economically attractive, based on world market prices for both crude
and products, with a net present value of about US$250 million resulting from the
estimated US$200 million rehabilitation investment.

Causes of Unsatisfactory Performance

3.12 All available reports from various sources as well as the findings of the
mission suggest that most of the conclusions about managerial shortcomings contained in
the two 1989 studies still prevail and that conditions may indeed be worse. Management
and personnel issues identified by the mission in discussion with the refinery executives
themselves can be summarized as follows:

* Lack of management autonomy

* Shortage of qualified and experienced personnel

* Inadequate training and training facilities

* Noncompetitive staff compensation and conditions

* Overstaffing at low skill levels.

3.13 Management decisions at NNPC are highly centralized, with frequent
interference by headquarters into daily refinery operating decisions. For example, at the
time of the mission's visit, headquarters ordered the arbitrary transfer of some 15 senior
engineers from one refinery to one of the new petrochemical complexes, without prior
consultation with the refinery management concerned. Given the general shortage of such
skilled personnel, refinery operations necessarily suffer.
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3.14 The shortage of skilled personnel is, in part, a consequence of the less-than-
competitive compensation package offered by NNPC's operating companies. While their
salaries are higher than comparable ones at NEPA, the state-owned power company (see
Annex 18), they are in general significantly lower than those paid by private industry,
particularly the oil companies. Hence, the best people tend to leave when opportunities
arise elsewhere. As a result, management reports a crucial shortage of maintenance,
operations, and instrumentation engineers; technical services personnel; and financial
controllers.

3.15 The lack of qualified technical personnel suggests that there is also a
problem in the educational and training supply "pipeline" for technical people. Although a
large refinery training facility is located at Warri, it is apparently operating well below
capacity and is not supplying the needed personnel. Moreover, each individual refinery
needs to have its own in-house training unit, given the quite different configurations and
production requirements of the three plants. The general training facility at Warri, if
operated properly, could supply generic graduates, but training of specialized skills at the
individual plant levels clearly is still needed.

3. 16 Despite the shortages of skilled personnel, all three refineries are grossly
overstaffed. Present personnel number about 7,500. By normal international standards,
this number should be no higher than about 2,000. This overstaffing is not only wasteful
in financial terms but also leads to low morale and poor work performance.

Port Harcourt 11 Refinery

3.17 The overall impression of the mission is that the refinery is run and
managed as well as possible under the circumstances outlined above. With the steady
exodus of qualified engineering personnel, however, the UOP staff members apparently
have had to play increasingly operational as opposed to advisory roles in the day-to-day
operations of the refinery.

3.18 The long-awaited and overdue major turnaround maintenance of the refinery
finally got under way in May 1992. According to industry sources, it has been reasonably
successful. The surprise was its high cost of around US$39 million. Under a normal 24-
month shutdown for a plant of this size, a budget of about US$5 to 6 million should have
been sufficient. It became clear from discussions that this large budget included a heavy
capital cost component, both for fixed plant and for rebuilding the spare parts inventory
(inventory had been depleted over the last three years, and this turnaround was being used,
among other things, for the restocking of supplies). Another factor contributing to the high
cost was the heavy involvement of foreign contractors and advisors.

3.19 There had only been two serious unscheduled shutdowns over the past two
years, both attributed to power failures. It is hoped that under the rehabilitation program of
Port Harcourt I there will be increased power security through the sharing by the two
refineries of a new generating plant that has been installed recently at the Port Harcourt I
refinery.
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3.20 Current plans call for the renewal of the UOP technical assistance contract
next year, but for how long was not clear. Assuming this to be the case, it could be
expected that the refinery will continue to maintain its previous operating capacity levels of
around 90 percent.

Warri and Kaduna Refineries

3.21 The mission did not make site visits to these two refineries, but it did hold
meetings with the senior management of both. The two diagnostic studies done in 1989
have not produced any comment by NNPC. However, as one industry source reports, a
major rehabilitation program has supposedly been carried out at Warri at an estimated cost
of US$80 to US$100 million, resulting in steady outputs of around 100,000 bbl/d, or 80
percent of design capacity as of November 1991. However, the reported breakdown in
May 1992 (para. 3.8) seems to suggest that this work was only partially successful.
Kaduna did not produce any lube oil base stocks for several months in 1991-92, leading to
imports of around 15,000 tons/month of base oils. Also at Kaduna, an 80,000 tons/year
LPG Merox extraction unit, which was slated for completion in July 1991, was still not
operational at the end of 1992, contributing substantially to the shortages of this important
household and conmnercial fuel in central and northern Nigeria.

3.22 According to industry reports, rehabilitation work is also under way at
Kaduna, but the costs are unknown. Rehabilitation needs at Warri and Kaduna had been
estimated by Cuneo and Associati at about US$200 million. At least some of this work
seems to have been scheduled during 1991 and 1992 by NNPC itself, without outside
financial assistance. However, the continuing and frequent supply interruptions during the
first half of 1992 seem to suggest that this work was not completed or that it was less
successful than had been hoped.

Port Harcourt I Refinery

3.23 Reconstruction work at a reported cost of around US$100 million is also
under way at Port Harcourt I. It is not known when this work may be completed.
Questions have been raised by Cuneo and Associati and others about the economic viability
of the reconstruction, given that Port Harcourt I is a simple hydro-skimming operation that
will produce some 34 percent of fuel oil that would have to be disposed of at low world
market prices because there is no free cracking capacity available at Port Harcourt II for
further processing. There are also product evacuation problems at the two Port Harcourt
refineries because of limitations of the current pipeline system. Therefore, the restart of
Port Harcourt I, even if completed, may have to await completion of the part of the current
pipeline expansion program that is designed to connect the eastern branch with the rest of
the country's pipeline system. Another alternative would be the construction of an export
terminal at Bonny to accommodate larger tankers for shipments to overseas destinations.
Construction of such a terminal is a high-priority item in the current government's
investment program.



The Petroleum Product Sector 27

C. Petroleum Product Marketing and Distribution

Introduction

3.24 Nigeria's downstream operations present a number of problems, which can
be summed up under the following headings: distribution infrastructure, product pricing,
and parallel markets and illegal exports. These are discussed in turn.

Distribution Infrastructure

3.25 The bulk of the products delivered from the three operating refineries are
supplied through three pipeline systems (3,000 km) to 17 strategically placed storage
depots for delivery to regional wholesale or retail outlets. LPG is shipped to Lagos by sea
(from Port Harcourt and Warri), or it is trucked (from Port Harcourt and Kaduna) to the
central and northern regions. The pipelines and depots are operated by PPMC, a
subsidiary of NNPC. PPMC, in turn, sells to 8 major marketing companies that in 1990
accounted for about 75 percent of the domestic sales and bunkers, as well as to a large and
growing number of so-called independent distributors, which in 1991 accounted for the
other 25 percent.6 In 1990, total domestic sales amounted to about 10 million tons (Table
3.2).

Table 3.2. Nigerian Petroleum Market, 1990

(Millions tons)

Measure TOTAL Gasoline Kerosene Gas oil Fuel oil LPG

Domestic sales 10.072 4.366 2.273 2.383 0.944 0.106
Imports 0.839 0.477 0.299 .. 0.063
Exports 1.769 0.008 0.048 0.452 1.249 0.012

Sources: NNPC, BEICIP.

3.26 The independent distributors, numbering about 350, play an increasingly
important role, particularly in the LPG and kerosene markets, where their share rose from
33 percent in 1984 to almost 50 percent in 1991. Independent distributors are also strong
in the markets for gasoline (22 percent) and gas oil (41 percent), even though their outlets
are virtually nonexistent compared with those of the major oil companies. In 1991, the
independents' total sales were almost 19 million barrels, giving them a market share of
about 25 percent. The percentage is increasing steadily. About 72 percent of the
independents' incremental sales in 1991 were reported to represent so-called industrial
uses, a market designation that in essence reflects bulk sales. Because industrial users are
principally served by the majors, it is likely that a significant fraction of these sales are in

6. Total, 15.1 percent; National, 13.4 percent; Mobil, 8.9 percent; African Petroleum, 8.9
percent; Texaco, 7.4 percent; Unipetrol, 6.0 percent; Agip, 5.7 percent; Elf, 3.6 percent.
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reality to the parallel markets, where prices are generally three to five times higher than in
the regulated markets. According to official statistics, 100 percent of the independents'
LPG sales and 62 percent of their kerosene sales are reported to fall into this category of
"industrial uses." Similarly, whereas only 6 percent of the major companies' gasoline sales
are classified as bulk sales, about 34 percent of the gasoline sold by independents (or 10
percent of total gasoline sales) are accounted for by "industrial uses."

3.27 Petroleum product supplies via PPMC's network of pipelines and 17 depots
are quite erratic because of problems with maintenance and poor operational performance.
Therefore, they frequently do not meet the requirements of the distribution companies. The
shortfalls can be traced to the whole system, starting with the inconsistent performance of
the refineries, the pipeline and depot distribution system, and the deteriorating road tanker
fleets and retail outlets. Oil distribution companies' estimates indicate that 60 percent of all
government depots are now rationing at least some products on a daily basis, and key
products such as aviation grade kerosene are currently available only from Port Harcourt.
According to the industry, the dilapidated condition of the road tanker fleet has led to many
major accidents with substantial losses of lives and property. Storage tanks at gas stations
are not tested or repaired, so that increasing leakage leads to significant losses and
dangerous pollution of underground water sources.

3.28 As a result of the constantly occurring imbalances between subregional
product requirements and availabilities, the major marketing companies are forced to utilize
a considerable portion of the available road tanker fleet (which is owned by independent
trucking companies working under contract) for the redistribution of products between
depots prior to their liftings. The companies' records of these bridging activities indicate
that in 1990 about 14 percent of the gasoline, 10 percent of the kerosene, and 7 percent of
the gas oil liftings were based on such backhauls. Excluding the shipments of fuel oil and
the bridging operations undertaken by independent distributors, this resulted in additional
transport costs of at least US$30 million in 1990. Figures available for the first half of
1991 indicate that the rate of backhauls was rapidly increasing and that bridging to augment
shortfalls in the Northern depots, for example, accounted for 45 percent of all deliveries.
Based on reports from the oil industry, the mission estimates that the annual cost for
bridging/backhauling must have reached about US$60 million in 1991, with likely further
increases in 1992.

3.29 These backhauling activities not only infringe upon the availability of the
already inadequate road tanker fleet but also negatively affect the cash and income position
of the marketers. This is so because they have to pay trucking companies in cash for
transportation but do not get reimbursement payments from NNPC's transport equalization
fund until several months later. With inflation rates of 20 percent to 30 percent annually,
this results in significant financial losses to the oil distributors.

3.30 In view of the logistic bottlenecks affecting the petroleum product supply
system, NNPC has launched a "Pipelines and Depot Project Phase III." (According to
trade reports, in 1992 NNPC signed contracts worth $583 million for development of the
project. Completion is expected in two years.) The project is designed to increase the
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depot storage capacity by more than 500,000 m3 and to install an additional 1,800 km of
pipelines. The economic justification of several components of this overall project appears
open to question. This applies particularly to a 470 km link (8") from Markurdi to Yola
(near the Cameroon border) that alone will cost more than US$70 million. Industry experts
claim that the expansion program is oversized and that many components are unnecessary,
except for the rather beneficial and overdue interconnection of the three operating refineries
(see the refinery/product distribution map at the end of this volume). However, as industry
sources claim, the project will do little to relieve the fundamental weaknesses of the system:
the poor performance of the refineries; the substandard management and performance of the
pipelines and depots; the difficult road conditions; and the militancy of the drivers' union,
whose members are responsible for trucking products to their final destinations.

Product Pricing

3.31 Petroleum product prices in Nigeria are regulated by the government and
cover all products except lubricating oils. Posted prices are uniform throughout the
country, with differentials in transport costs covered through a PPMC-managed transport
cost equalization fund (see also para. 3.28). Fixed margins are allocated to distributors,
dealers, and transporters. Table 3.3 shows the posted prices for the years 1987-91.
Although in nominal terms prices have been adjusted upward, in real terms they have been
falling significantly over the last 12 years, with 1992 prices less than 50 percent of those
prevailing in 1980 (Figure 3.1). Similar trends can be seen when posted Naira prices are
converted into current U.S. dollar equivalents at the prevailing exchange rate (see Figure
3.2).

Table 3.3. Nigeria's Official Prices for Petroleum Products, 1987-91

(kobo/liter)

Product 1987 1988 1989 1990 1991

Premium motor spirit
(gasoline) 39.5 39.5 60.0 60.0 70.0a

Kerosene (household) 10.5 10.5 15.0 40.0 50.0

Kerosene (aviation)b 30.0 30.0 124.0 100.0 105.0
AGO (diesel) 29.5 29.5 35.0 50.0 55.0
Fuel oil 19.0 19.0 30.0 40.0 55.0
LPG 21.7 21.7 40.0 80.0 108.5

Note: Prices in kobo/liter and at beginning of year. See Annex 24 and Tables
A24.2 and A24.3.
Source: Nigerian National Petroleum Corporation.
al991 gasoline price increased to 70 k/l in March 1991.

bAviation fuel price for domestic consumption only.
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3.32 By international standards, these regulated retail prices are extremely low.
This can be seen from Table 3.4, which compares internal Nigerian with world market
prices. In 1992, average weighted Nigerian ex-depot product prices amounted to only 11
percent of c.i.f. world market prices. The same situation applies to retail prices. This is
illustrated in Table 3.5, which shows that Nigeria's gasoline prices (the country's highest-
priced) amounted to only between 12 and 44 percent of those prevailing in a representative
sample of developing nations, several of which are also significant oil exporters.7

1.2 --------- ---------______Z__=__________

i0 .8 ---------------- _ - ---------------- __\ 
0.6 --------------------------------------- r: __

0.2 -------------------------
ol l l l l l l l l 

O _ c C v LO ( - c O 0 - N
X X co co X 0 C o ao0 0 a>0 o) om 0o

0o OO a~ 0~ 0) 0) 0) ax 0) 0) 0) 0) 0)

=- -Current Prce -o3--Constan 1992 Price

Figure 3.1. Gasoline Price, 1980-1992 (N per liter)

0.7 0.25
0.6 -0.2
0.5

z9 0.4 ;-0.15 ;a
0.3 __~~~~~~0.1 2

0.2 .- 0.05
0.1

0 I I I I I I I I I I I I 0
O CM co UL) co I- OD 0) 0 O
co a m co 0 0 0 0 0 co a) 0) 0)
a) 0) a) 0) ) a) 0a 0) 0) 0) a) 0) 0)

| -O---- Gasoline (naira) -*nG-asoline (dollar)
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7. Venezuela, shown at a level of 89 percent, has sharply increased its retail price levels since this
statistic was compiled.
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Table 3.4. Average and World Market Petroleum Product Prices
(N per ton, US$ per ton, percent)

Domestic to
Nigeriaa c.if./fo.b. mediumb world

Fuel N per ton US$ per ton US$ per ton Percent

Gasoline 522.45 28.09 230.00 12
Diesel 272.55 14.65 163.00 9
Kerosene 230.95 12.42 188.00 7
Fuel Oil 260.46 14.00 70.00 20
LPG 842.66 4i30 2Q0.00 U
Weighted pricec 376.35 20.23 189.36 1 1

Sources: NNPC and Platt's Oilgram. See also Figure 3.6.

a Refinery/ex-depot prices.

b C.i.f. price for gasoline and kerosene; f.o.b. price for diesel, fuel oil, and LPG.

c Weighted by 1990 consumption.

Table 3.5. Retail Gasoline Prices In Selected Countries, 1990

Country N/Liter Nigeria 's as a percentage of

Nigeria 0.70 100
Algeria 2.17 32
Indonesia 2.76 25
Libya 3.95 18
Chad 5.80 12

Niger 5.30 13
Qatar 1.58 44
Venezuela 0.79 89

Source: OPEC, 1990 data.

Refinery and Distribution Costs and Margins

3.33 One of the key consequences of the very low, mandated retail price levels is
that distribution margins, transport costs, and ex-refinery or depot prices are too low to
cover actual costs. Based on information supplied by NNPC in 1991, the average ex-depot
netback revenue received, after deduction of dealer, distributor, and transporter margins,
amounted to N 61.43, or US$6.20, per barrel of crude input (calculated at the then-
prevailing official rate of exchange of N9.909/US$1.00). Based on May 1992 prices and
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distribution margins, the actual refinery netback has been estimated by the mission at
N 38.76, or US$2.08 (Table A25.2). This netback, which had to cover the costs of the
crude oil, refining, and the pipeline and depot system, was quite inadequate. Even though
the official price charged to the refineries for their crude inputs was only N 20/bbl, or
US$1.07, NNPC calculates that the net financial losses of its refining and supply system
amounted to about N 4.5 billion in 1991 (about US$450 million at the then-prevailing rate
of exchange). As will be seen below (para. 3.43 ff), this estimate grossly understates the
actual losses incurred.

3.34 As of November 1992, the financial losses of the NNPC refining and
supply system increased even further because of an additional margin of 10 kobos per liter
of product that was granted to the distributors and transport companies as of that month.
With this additional margin (which was not covered by a corresponding increase in retail
prices), the average netback received by PPMC at the depot level was reduced to
N 45.26/bbl, or US$2.43 (at 1992 exchange rates), equivalent to a refinery gate netback of
N 23.65/bbl, or US$1.27.

3.35 Even with the recent 10-kobo increase in distribution margins, the operating
revenues of the distributors, transporters, and dealers are inadequate to cover their costs.
This can be seen from the data in Table 3.6, which compare percentage changes in product
margins for gasoline with those of typical capital goods needed for product distribution
between June 1986 and June 1992. Whereas during that period nominal prices per liter
increased by 77 percent in Naira terms, they declined in U.S. dollar terms by as much as
85 percent as a result of the depreciation of the Naira of close to 1,100 percent. The
combined margins of transporters and marketers increased in nominal terms by some 377
percent, but the increases in typical equipment that has to be imported increased by some
1200 percent for tanker trucks and 2900 percent for gasoline pumps.

3.36 That distribution margins are clearly too low can also be seen from Figure
3.3, which compares margins in Nigeria with those in some neighboring countries. In
Nigeria, they amount to US$22/ton, whereas in Togo and Benin, for example, they amount
to US$15 1/ton and US$103/ton, respectively. A more detailed pricing breakdown can be
found in Table A24.4.

3.37 The consequence of the inadequate income of marketers, transporters, and
dealers is that they are financially unable and unwilling to maintain or replace their aging
equipment and unwilling to make new investments to meet growing demands. As the
Marketers Association reports, "It is now commonplace to find dilapidated trucks in ghastly
road accidents and spillage.... Marketers now have to defer maintenance and
replacement of aging equipment due to low return on investment." As a consequence, the
existing petroleum distribution infrastructure is rapidly deteriorating, contributing further to
the unreliability of supply throughout the country. As the marketers report, their only
source of profit comes from the less than 2 percent of their total turnover related to non-
price-controlled lubricating oils and to the sale of insecticides and other chemicals.
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Table 3.6. Changes In Gasoline Distribution Margins and
Typical Equipment Costs

Kobo per liter

Percentage
Item June 1986 June 1992 change

Ex-refinery price 35.66 51.70 45

Transporters' margin 1.24 8.00 545

Dealers margin 0.80 3.44 330

Marketers overhead 1.00 4.46 346

Marketers margin 0.80 2.40 200

Combined margins 3.84 18.30 377

TOTAL PRICE 39.50 70.00 77

Total price (U.S. cents/liter) 25.48 3.77 -85

Exchange rate (N 1$) 1.55 18.55 1,097

Duo gasoline pump, N 4,000 120,000 2,900

33,000 liter tanker, N 150,000 2,000,000 1,233

Note: Combined margins after Oct. 92 = K28.3; change from 1986 = 637 percent.
Source: Nigeria Petroleum Products Marketers Association.

Parallel Markets and Illegal Exports

3.38 The combination of an unreliable refining and distribution sector with the
extremely low official prices have led to ever-increasing smuggling of products abroad and
to recurring shortages and the development of parallel markets at home. These two factors
are interrelated, of course. Smuggling is made more and more profitable by the
combination of fixed Naira prices for products and the sharp devaluation of the Naira in
terms of foreign currencies; hence, less and less product is available for domestic
consumption. With official distribution margins low, more and more of the independent
distributors and local dealers divert products either across the border or into the highly
profitable parallel markets at home.

3.39 Mission surveys, undertaken in late 1991 and early 1992, along with
reports from marketers, have shown that domestic shortages are not evenly distributed
across the country but are heavily weighted toward the northern areas and regions near
borders. In the Lagos and Ibadan areas (which account for about 45 percent of total
consumption in the country), only occasional shortages were experienced before May
1992, when the market collapsed because of the shutdown of Port Harcourt II for overhaul
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and the simultaneous breakdown of the Warri refinery. As Figure 3.4 shows, maximum
prices paid for LPG, which generally is in short supply throughout the country, were very
much higher in northern areas than in Lagos. Average prices were almost equal, but still
substantially higher than official prices. For kerosene, maximum prices paid were also
considerably higher in the North than in Lagos and Ibadan, with average prices paid about
twice as high as posted prices. In the North, gasoline shortages at official prices are
chronic. Average prices paid are generally 300 to 400 percent above posted prices (see also
chapter 5).
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3.40 Smuggling accounts for a significant proportion of officially recorded
domestic consumption. Since this is an illegal activity, there are obviously no official
statistics available that could quantify the volumes illegally sold abroad. The potential for
making substantial profits on such illegal trades is enormous, as can be seen from Figure
3.3, which shows that in 1990 the difference between Nigerian domestic prices and prices
in neighboring countries ranged from 625 percent (Benin) to 1480 percent (Chad). The
1992 devaluation of the Naira effectively doubled these percentages. To quote the Nigerian
Marketers Association, "A smuggler who is able to drive one 33,000 liter truck of petrol
across the border (to Niger) every month will make monthly profit of $22,000
(N 400,000)." Annex 26 provides excerpts from a revealing article on the subject that
appeared in the Nigerian press.

3.41 One might argue, of course, that the limited absorptive capacity of the
neighboring countries naturally limits the overall volume that could be traded illegally
across the borders. In fact, the total reported "official" consumption in the six countries
shown in Figure 3.3 was only about 1.2 million tons in 1990 (with Cameroon accounting
for 57 percent of the total), compared with more than 10 million tons of officially reported
total consumption in Nigeria. These official statistics, of course, beg the question of how
much larger "actual" as compared to official consumption is in these six countries and how
much lower actual Nigerian consumption would be as a consequence. However,
smuggling is no longer limited to destinations just across the borders of neighboring
countries; smuggled Nigerian products have been identified as far away as the Sudan.
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Furthermore, according to reliable sources, there seems to be increasing smuggling to ships
and tankers waiting offshore. This would greatly expand the potential size of the market for
smuggled products.

3.42 Because this is an illegal market, there are no precise figures available to
assess the magnitude of the problem. Official consumption figures issued by NNPC or its
subsidiaries only reflect wholesale deliveries from depots to marketers and do not capture
actual sales to end users. However, an educated guess can be attempted by utilizing
internal market sales estimates from some of the major distribution companies, which
control around 75 percent of internal sales. On this basis, the mission has assumed for
working purposes that bona fide consumption of products within Nigeria may have ranged
between 205,000 and 210,000 bbl/d in 1991. Refinery production was reported as about
233,000 bbl/d, with additional exports and imports effectively canceling each other out.
Thus, there is an apparent gap between domestic consumption and products sold
domestically of some 20,000 to 25,000 bbl/d.8 Using this estimate for the analysis of the
financial and economic losses to Nigeria from smuggling activities, the direct annual costs
to Nigeria's public sector would range between US$170 million and US$210 million per
year.9 These losses would be correspondingly higher, of course, if the higher estimates of
the smuggling trade proved correct.

D. Financial and Economic Effects of Current Policies

Introduction

3.43 As the preceding discussion has shown, there are two major causes of the
observable inefficiencies of the Nigerian refining and petroleum distribution system:
inadequate operational performance and inadequate prices. These two factors, of course,
are interrelated. Inadequate prices are a major contributing factor in the deterioration of the
existing refining and distribution infrastructure, and poor performance of the latter results
in unnecessary financial and economic losses to the operators themselves as well as to the
public at large.

3.44 The following subsections provide estimates of the approximate magnitude
of these losses.

Economic and Financial Losses

3.45 The economic and financial losses resulting from the current policies are
very large. They are incurred throughout the production, refining, and distribution chain
for domestically sold petroleum products, and they also affect the export sector. Table 3.7

8. It should be noted that some high-placed sources within NNPC and the marketing companies
have estimated that actual domestic demand, at prices reflecting world market levels, would be no higher
than 150,000 bblld.

9. Figures are based on an average c.i.f. product import price of US$25/bbl minus a refinery
netback of US$2.12/bbl.
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provides an overview of the combined effects, using 1990 production and consumption
data as a base. Two alternatives have been shown; the first is the "cost recovery case,"
which is essentially based on the financial out-of-pocket cost for the publicly owned
production, refining, and distribution activities, to which are added the current official
margins for distributors, transporters, and dealers. The second is the "economic
opportunity cost case" and is based on the true economic opportunity costs for crude oil
(i.e., the f.o.b. export price) plus the estimated real costs for the whole petroleum product
transport and distribution chain.

3.46 As Table 3.7 shows, the annual financial cash-flow losses to NNPC and its
subsidiaries alone resulting from inefficiencies and subsidized prices amount to some
US$849 million. This estimate is actually in line with NNPC's own estimate of US$450
million (para. 3.33), once account has been taken of the changes in exchange rates between
1991 and 1992.

Table 3.7. Financial and Economical Losses in the Refining and
Distribution Sectors

Economic
Factor Cost recovery case opportunity cost

Crude cost, US$/bbl 4.00 19.00

Refining cost, US$/bbl 9.15 9.15

Total cost ex-refinery, US$/bbl 13.15 28.15

Distribution cost, US$/bbl 3.08 12.01

Total retail cost, US$/bbl 16.23 40.16

Annual subsidy to domestic markets,
US$ million 849 2,845

Source: Table 25.3.

3.47 In addition to the financial losses incurred by NNPC and its subsidiaries,
substantial additional costs are imposed on the users of petroleum products from the
unreliability of supplies, which interferes with their own activities (paras. 3.27 to 3.29).
Unfortunately, too little information is available to provide even an order-of-magnitude
estimate of these costs to users and the economy at large, but it is clear that they are quite
significant and probably range in the hundreds of million dollars annually.

Losses Resulting from Refinery Inefficiencies

3.48 A portion of the overall losses estimated above is attributable to the
inefficient operation of two of the three operating refineries, Warri and Kaduna. If these
inefficiencies could be overcome (paras. 3.8 to 3.23), total output could be increased from
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the current levels of about 80 million bbl/yr to some 131 million bbl/yr (Table A25.4).
Taking into account only the potential savings resulting from corresponding reductions in
operating costs and depreciation charges per barrel produced, this would yield average
savings of slightly more than $3/bbl, or about US$250 million annually, taking into
account only the current level of production. The additional output of some 46 million bbl
per year would make it possible to eliminate the currently required product imports of about
7 million bbl annually and increase product exports from about 12 million bbl/yr to 51
million bbLVyr.10 This would make Nigeria a major player in the West African petroleum
product market without requiring the construction of the additional export refinery that is
presently favored by the government.

E. Future Scenarios

Alternative Demand Growth Scenarios
3.49 As has been pointed out in para. 3.4, it is basically not possible at this time
to make reasonably trustworthy estimates of future domestic demand. However, to
illustrate the effects of alternative policies, three different scenarios have been constructed
to trace the effects of specific policy decisions with respect to pricing and improvements in
efficiency.

3.50 To assess the potential effects of price changes on demand, the three
scenarios are as follows. The first assumes no changes in domestic prices. The second is
based on the assumption that full-cost-recovery prices will be charged, based on the
estimated actual real costs of crude production, refining, and distribution. The third
assumes that prices would be raised to world market parity levels to cover full refining and
distribution margins, as under scenario 2. For scenarios 2 and 3 only it was further
assumed that refineries and distribution facilities would be rehabilitated over a two-year
period and that all facilities would be operated at adequate levels of efficiency throughout.

3.51 The possible effects of these policies on aggregate demand are shown in
Figure 3.5. It was assumed that in the case of no price changes, demand would keep
growing at historic rates. Under scenario 2, an initial rapid drop in demand of 15 percent
was postulated. This drop was assumed to be 20 percent under scenario 3, the world-
market-price-equivalent case. From those lower consumption bases, it was assumed that
historic growth rates would resume thereafter. The price drops were postulated under the
assumption that the respective price increases would be imposed at once, not gradually.
There are many possible alternatives of how to reach the desired price levels, of course: in
single steps, in several large ones or many small ones, and over differing time periods.

10. This estimate is based on the assumption that the average revenue per barrel received from
domestic and f.o.b. export sales would fully recover the estimated average production cost of $25.02/bbl
(Table A.25.4). If the mix of export products were heavily weighted toward the heavy end (i.e., fuel oil),
this would require correspondingly higher prices for white products in the domestic market. The other
alternative would be to debottleneck the existing refineries so that the output mix could weighted more
heavily toward the more valuable white products.
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The question of which of these alternatives would be the most suitable for Nigeria, given
the country's economic imperatives on the one hand and its political and social sensitivities
on the other, is really one for the government to decide. It is obvious, of course, that a
stepwise introduction of price changes, efficiency changes, or both will have more muted
effects on subsidy reductions, public and private revenues, and potential investment
commitments by the private sector than the effects anticipated here.

120,000 -

100,000

80,000 A

60,000 - .

40,000

20,000

0 I I I I I I I I I
o _- cm co t eL co co 0 CD 0
¢ O~ ow o) 0) a) 0) 0) 0) cn o0) CD 0) 0) 0) 0) 0) 0) 0) 0)

- * No Fuel Price -o Cost Recovery -*-Word Parity Price
rciam Prkice

Figure 3.5. Scenarios of Petroleum Product Consumption at Different Fuel Price
Increases ('000 bbl)

3.52 It should be noted that the analysis has been undertaken in constant prices
on the basis of April 1992 price levels and exchange rates. Any changes in the latter would
require corresponding adjustments of the estimates.

3.53 The required product price levels for scenarios 2 and 3 are shown in Table
3.8. Under crude production cost recovery only, but with full cost recovery of estimated
required refining and distribution margins, these increases from current levels would range
between 300 and 530 percent for the various products, while at world price equivalent
levels they would range between 370 and 580 percent. The large increases required under
scenario 2 may appear surprising, since they are based on the assumption of a refinery gate
price for crude of only $4/bbl (i.e., cost recovery only). The reason is that the analysis
also has factored in the estimated true cost of product distribution from the refinery gate
through to the final retail outlets (paras. 3.33 to 3.37). In fact, once these real distribution
costs are taken into account, the required additional increases to achieve full equivalence
with world market prices are relatively modest.
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3.54 There is little doubt that product prices will have to be increased soon. The
present situation is clearly not viable. It is highly unstable because of the rapidly increasing
financial losses to all partners in the supply chain and because of the increasing unreliability
of supply that results from those losses. Even under the rather modest assumptions
underlying the three scenarios, if there are no price changes in 1993, the out-of-pocket
financial subsidies by NNPC probably will have been close to US$1 billion in 1992 and
are likely to increase to some US$1.7 billion by the year 2000. In economic costs, the
subsidy may have amounted to some US$3 billion in 1992 and may exceed US$4 billion
by the year 2000 (Table 3.9).

Table 3.8. Nigeria: Petroleum Product Prices, 1992 (NairaAlter)

Fuel Posted price Full cost recovery price World parity price

Gasoline 0.70 2.88 4.09

Diesel 0.55 2.76 3.91

Kerosene 0.50 2.67 3.72

Fuel Oil 0.55 1.58 2.05

LPG (Nairalkg) 2.00 5.93 7.39

Percent Percent

Gasoline 411 584

Diesel 502 711

Kerosene 534 744

Fuel Oil 287 373

LPG (Naira/kg) 297 370

Source: Table A25.5.

Table 3.9. Nigeria: Estimated Economic and Financial Subsidies in the Refinery
and Distribution Sector, 1992-2000

(1992 rnillion US$)

Estimated subsidy 1992 1995 2000

Estimated financial subsidy by NNPC (975) (1,255) (1,700)

Estimated economic subsidy (3,009) (3,396) (4,006)

Note: Assumptions are no fuel price increase, existing refinery operating capacity and
distribution margins.

Source: Table A25.8.
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3.55 Achieving full cost recovery initially, and world market price equivalency
ultimately, would leave petroleum prices still significantly lower than those prevailing in
neighboring countries or in the world at large. It would increase average prices per
composite barrel to about $40, or $300/ton (Table A25.3), versus $595 to $1,297/ton in
neighboring countries (Figure 3.3). This is so because almost everywhere petroleum
products are being more or less heavily taxed, thereby providing significant revenues to
governments.

3.56 This continuing price differential may also mean that some product
smuggling might continue even after domestic prices have reached world market parity
levels. However, strictly from an economic-if not an international relations-point of
view, this should leave Nigeria indifferent, since the country would recover the full
opportunity costs for its products before they cross the border, whether they do so legally
or illegally.

3.57 Petroleum product pricing reform based on relative world market prices
would have the added advantage of gradually shifting domestic energy consumption from
high-value, easily exportable products, such as kerosene and diesel, toward those that
cannot be as easily exported, such as natural gas, LPG, and fuel oil.

F. Impacts of Oil Price Changes

Macro Effects

3.58 At current posted prices, the delivered cost of petroleum products to
consumers (including smuggling) was about 1.7 percent of the estimated 1992 GDP in
current prices. Increasing prices to reflect economic costs fully would increase this share to
about 10 percent.1 1 Part of this increase would have to be absorbed by ultimate
consumers, but the rest would increase the operating cost of petroleum-product-using
economic activities (production, commercial transport, etc.), which, short of mandated
price controls, would likely pass on their added costs through increased prices for their
products or services. This would increase general consumer price levels in the short run.
However, to see these price effects of perhaps 3 to 5 percent relative to GDP in
perspective, one should note that domestic inflation rates in 1992 have been estimated at 42
percent. Offsetting these general cost increases would be the benefits derived from more
reliable supplies to domestic energy consumers, which in themselves could be considerable
(para. 3.47). Furthermore, the net reduction in smuggling would be of direct benefit to the
economy if one disregards the reduction in the personal net income of the smugglers
themselves.

11. Based on an estimated 1992 GDP of N 450 billion, 10.1 million tons of annual domestic
product sales and current posted and estimated economic opportunity costs, respectively. Assumes a
reduction in annual product consumption by 20 percent in the latter case in accordance with the assumptions
underlying scenario 3 (Figure 3.5).
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3.59 Overall, of course, the economic benefits from the price increases to Nigeria
as a whole would be positive (because of greater efficiency in product use and reduction in
smuggling), provided the increased income to NNPC, the government, and the product
distributors is productively used.

Effects on the Transport Sector

3.60 Estimates were made of the likely effects of price increases on the transport
sector, which accounts for about 58 percent of total petroleum product consumption.
These estimates were based on the analysis of the cost structure of specific, broadly
representative types of vehicles (taxis, minibuses, and full-size buses or medium-size
trucks). They were made by applying the projected product price levels developed under
scenarios 2 and 3 above (Table 3.8).

3.61 Under scenario 2 (full cost recovery), total transport cost increases would
range from 15 percent for minibuses to 20 to 21 percent for trucks, buses, and cars (Table
3.10). Increases in operating cost only would range between 30 and 43 percent. If prices
were increased to full economic opportunity cost levels, total transport costs would increase
to between 24 and 32 percent and to between 46 and 65 percent of operating cost. These
increases are much less than the postulated increases in fuel prices. This is because of the
current, extremely low fuel cost base and the relatively high maintenance and other nonfuel
costs that form part of transportation costs. Hence, in percentage terms, even significant
fuel price increases have a much smaller impact on total vehicle operating costs. Total
transport costs for most goods, in turn, form only a small percentage of total delivered
product costs. This suggests that the widely expressed fear that fuel cost increases would
be massively inflationary are more emotional than real (para 3.57).

3.62 Nevertheless, it must be recognized that low-income groups would be
significantly affected by a rise in public transport costs. According to the World Bank's
Urban Transport Study, about 30 percent of public bus passengers spend more than 20
percent of their income on bus fares, and more than 50 percent of passengers belong to the
lower-income group. Based on data of that report, the mission estimated Nigeria currently
has a passenger transportation fleet of about 64,000 vehicles (minibuses and buses; see
Annex 25, Table A25. 10). This fleet consumes about 7.3 million barrels of fuel per year,
or 13 percent of total gasoline and diesel consumption. If the government increased fuel
prices but tried to maintain public transport fares at existing levels, it would have to pay a
subsidy of about N 3.7 billion (US$200 million) to the sector (or 7 percent of the current
economic subsidy resulting from prevailing fuel prices). This amount could be considered
an upper bound, however. A considerable percentage of the existing bus fleet represents
company-owned vehicles used to transport employees. These companies could be
expected to be able to absorb higher fuel costs without public subsidies. Also, to lessen the
actual impact of rising fuel cost, the government might want to consider a substantial
program to upgrade the existing dilapidated public transport fleet, utilizing some portion of
the funds saved from terminating the current fuel subsidies.
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Table 3.10. Estimated Vehicle Capital and Operating Costs under
Different Fuel Price Scenarios

Current price Scenario price % Increase
per liter per liter in operating % Increase in

Vehicle Fuel N $ N $ costs total costsa

Full Cost Recovery Price Scenario

Car Gasoline .70 0.04 2.88 0.16 38 21
Minibus Gasoline .70 0.04 2.88 0.13 30 15
Bus/ medium Diesel .55 0.03 2.76 0.13 43 20
truck

Economic Opportunity Cost Price Scenario

Car Gasoline .70 0.04 4.09 0.22 59 32
Minibus Gasoline .70 0.04 4.09 0.22 46 24
Bus/ medium Diesel .55 0.03 3.91 0.21 65 30
truck

Source: Table A25.9

a Includes operating and capital costs.

Effects on the Household Sector

3.63 The lack of detailed and reliable data on household consumption patterns
makes it very difficult to estimate the effects of fuel price increases on household incomes.
Based on a limited survey undertaken in Lagos in March 1992, the mission estimated that
in this city energy expenditures (which include electricity, kerosene, LPG, and fuelwood)
range from 16 percent of total household income for families with incomes of less than
N 5,000 per year to 5 percent for households with incomes of more than N 40,000. For
low- and middle-income households (with incomes of less than N 15,000 per year)
electricity represents the largest component, followed by kerosene (20 to 30 percent). LPG
accounts for between 12 and 20 percent of energy expenditures for households with
incomes of N 15,000 and above (Table A25.1 1).

3.64 Petroleum fuel price increases, even to the full economic cost recovery level
(scenario 3), would affect the upper-middle and high-income groups only moderately.
Assuming no changes in consumption patterns, the projected increases in LPG and
kerosene prices would result in an increase of energy expenditure from the current 5
percent to 7 percent of total income under scenario 2 and to 11 percent under scenario 3.
However, the effect on the lowest-income groups would be more severe, increasing their
energy expenditure as a percentage of income by as much as 30 percent (under scenario 2)
and by up to 40 percent (under scenario 3). In fact, however, the actual percentage
increases would be less, as many households are already forced to pay much higher prices
for their fuels in the illegal market because of the frequent product shortages (para 3.39).
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Also, shifts to relatively lower-cost fuels (from LPG to kerosene to fuelwood or charcoal)
would reduce the impact of increased petroleum prices to some extent.



4
The Gas Sector

4.1 Nigeria's proven reserves of more than 75 trillion cubic feet of natural gas
are sizable by international standards. Moreover, the gas reserves are increasing faster than
the country's proven oil reserves. Nigeria's gas reserves are of two types: associated gas
(AG) and nonassociated gas (NAG). The former is found in association with crude oil; the
latter is found independently, usually in pressurized deposits. More than 50 percent of the
gas reserves are accounted for by NAG.

Associated versus Nonassociated Gas

4.2 Associated gas cannot be left in the ground as crude oil is recovered. Oil
producers must lift an average of about I cubic foot of AG per barrel of oil extracted,
whether or not the gas can be put into productive use. Because productive uses for AG are
limited, it is in chronic excess supply. In 1989, for example, total production of AG in
Nigeria was 1,923 MMCFD, but only 15 MMCFD went to commercial outlets; 218
MMCFD was used in the field; and the remainder, 1,690 MMCFD, had to be flared. In
contrast, the entire NAG output of 335 MMCFD was sold to commercial customers. Thus,
although AG accounted for 85 percent of Nigeria's total gas production, its share of the
commercial gas market (not including the use in the field) was less than 5 percent (Table
4.1).

Table 4.1. 1989 Gas Production and Use (in MMCFD)

Type of gas Production Flaring Field use Commercial use

NAG 335 .. .. 335

AG 1,923 1,690 218 15

TOTAL 2,267 1,690 218 350

Source: BEICIP.

4.3 The reason NAG is extracted and used in lieu of AG jointly lifted with oil is
that NAG benefits from scale economies. That is, the well productivity for NAG is 10 to
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30 MMCFD, compared with 0.7 to 2.5 MMCFD for AG. Also, the capital costs of
developing NAG (drilling, gas treatment) are distributed over a large reserve base (300
BCF or more), whereas the capital costs of recovering AG (gathering, treatment) must be
allocated to a significantly smaller reserve base (less than 55 BCF). A major additional cost
factor is that AG must be compressed from atmospheric to pipeline pressure, whereas
NAG usually is recovered at high enough pressure for immediate pipeline use. As a result
of these factors, NAG is cheaper to supply. According to BEICIP calculations (at a 12
percent discount rate), the average incremental costs (AICs) of NAG delivered to the trunk
line are about 0.33 $/MCF or less, whereas those of AG range between 1.05 and 1.35
$/MCF. Hence, using AG instead of NAG would impose a penalty of at least 0.72
$/MCF. Put into perspective, in 1989, the extra costs of supplying commercial users with
AG (rather than with NAG) would have been about $90 million.

4.4 Given the cost differential between NAG and AG, flaring of AG should be
of little economic concern. It has been argued, however, that the basic economics are
wrong because gas flaring and the consequent release of greenhouse pollutants causes
environmental harm that should be accounted for. It is true that the C02 emissions
attributable to gas flaring in Nigeria are sizable. In 1989, the flaring of 617 BCF of AG
resulted in the release of about 30 million tons of C02. The actual damage caused by this
release is unknown, although many attempts have been made to quantify these costs. One
source has put the marginal damage of carbon emissions (in 1991 prices) at about 7.5 $/t.12

In Nigeria, displacing NAG with AG that would be flared because of the use of cheaper
NAG is an abatement strategy that costs about $15 per ton of avoided carbon emissions-
twice the expected marginal benefits. Given that an efficient level of emission control is
achieved when marginal benefits equal marginal costs, Nigeria would have ample economic
scope for additional gas flaring. Even more expensive would be the option to resolve the
flaring problem by curtailing the joint production of oil and AG and thus forgoing the
revenues from 1,000 bbl of oil per MCF of AG left in the ground. At current oil prices, the
opportunity costs of per ton of carbon emissions avoided under that strategy would amount
to $380,000.

4.5 The above (admittedly shaky) estimates of the costs and benefits of gas
flaring notwithstanding, environmentally risk-averse policymakers may claim that the
flaring of Nigerian gas should be reduced in any case. As suggested just previously, under
this policy imperative the least cost strategy would be to "conserve" NAG and use as much
AG as the markets permit. This strategy would leave policymakers with the unsettled
question of who is going to pay or forgo the $15 (or more) that need to be spend per ton of
avoided carbon emissions.

4.6 Promoters of the NAG displacement policy have suggest lumping low-cost
NAG development with high-cost AG recovery. A typical case is presented in the second
column of Table 4.2 ("base case"): By comparing the AIC of AG recovery with the

12. W. D. Nordhaus, "To Slow or Not to Slow: The Economics of the Greenhouse Effect," The
Economic Journal 101 (July 1991).
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(weighted) average costs of jointly developing NAG and recovering AG (i.e., 1.26$/MCF
versus 0.44 $/MCF), it appears that money could be "saved" by supplying a mix of AG
and NAG. However, there are no "savings." Blending NAG with a 15 percent share of
AG increases the average cost of gas supply by 52 percent (from 0.28 $/MCF for straight
NAG to 0.44 $/MCF for the AG/NAG mix). Accordingly, with a 30 percent share of AG,
the costs will increase by 100 percent, and so on. Thus, the supply mix strategy merely
window dresses the bottom line, which is that in the case under consideration the
displacement of NAG with AG incurs extra costs of almost $1 per MCF of NAG left in the
ground.

Table 4.2. AIC of NAG and AG, Escravos Swamp (West Delta)

AIC Base caseb Alternative case
Type of gas ($/MCF) output share(%) output share(%)

AG 1.26 15 30

NAG 0.29 85 70

Weighted AC($1MCF) - 0.44 0.58

a At 12 percent discount rate.

b Stylized version of case presented in BEICIP study.

Potential for Extraction of LPG/NGL Fractions

4.7 Another proposal made to sweeten AG recovery projects focuses on the
extra revenues that could be earned from extracting and selling LPG/NGL fractions
whenever the AG is sufficiently rich in these heavy components. Contrary to what is
suggested in the BEICIP study, however, this option does not reduce the costs of AG
recovery. Rather, it incurs the (attributable) incremental costs of LPG/NGL extraction
(about $120 per ton of LPG extracted) and will generate additional revenues that may or
may not exceed the incremental costs, depending on the price of the joint product. As
regards LPG, the main output of the extraction plant, the BEICIP study assumes that when
the plants come on stream (in 1997) the export revenues (f.o.b.) will be 127 $/t and
thereafter increase in real terms by 3 percent a year. The resulting improvement in the cash
flow of AG recovery cum LPG extraction projects would be equivalent to $0.25 to $0.30
per MCF of dry AG (provided the feedstock is supplied from the not-so-abundant fields
that are rich in heavy fractions). Hence, if the net revenues from LPG were used to cross-
subsidize the dry gas, the latter could be sold below its AIC-say, at a price ranging
between 0.75 $/MCF and 1.1 $1MCF. However, there is no plausible economic reason
why the net gains from LPG should be wasted by selling the dry gas below AIC.
Moreover, if the gas prices were high enough to recover the AIC costs of AG, it would still



48 Nigeria: Issues and Options in the Energy Sector

be more profitable to develop NAG fields and sell the NAG at these prices rather than to
embark on a AG recovery cum LPG extraction project.

4.8 By assuming that the value of LPG sold in domestic markets would be 235
$/t (in 1997, and thereafter increase at 3 percent a year), the BEICIP study concludes that
the net gains from LPG/NGL extraction could account for up to $ 0.6 per MCF of AG.
Clearly, the arguments raised in the last paragraph also apply to this type of high-revenue
scenario. What should be kept in mind, though, is that if the f.o.b. value of LPG were 127
$/t, corresponding to a c.i.f. value of about 235 $/t, the opportunity costs of LPG in the
domestic market would be at the higher end of this range only if Nigeria proved to be a net-
importer of LPG (at the margin). Given the refineries' huge excess capacity for LPG vis-a-
vis a current "demand" (sales) of about 120,000 t/year, the net importer scenario is not
likely to materialize during the 1990s (even though Nigeria has in fact been a net importer
of LPG because of the inefficient operations of the refineries, which flared much of the
LPG produced).

Projected Uses of NAG in the 1990s

4.9 Whether or not Nigeria decides to follow a NAG displacement strategy,
most of the available gas supplies will come from NAG fields in the short-to-medium term.
As shown in Table 4.3, NAG will continue to account for about 84 percent of the total
available gas supply in the 1990s. In particular, the planned LNG plant-the largest
market outlet for Nigerian gas for some time to come-will be based on the use of low-cost
NAG because it could not afford to pay the higher costs of AG use.

Table 4.3. Available Gas Supplies (in MMCFD)

West Delta East Delta Overall

Time frame Total NAG % NAG Total NAG % NAG Total % NAG

Current 680 567 83.4 311 265 85.2 991 84.0

Near-term 935a 612 65.5 1,3 00b 1,254 96.5 2,235 84.0

a Including 210 MMCFD of Gocon AG.
b Including LNG feedstock of 700 MMCFD, which, according to Shell, will be NAG.

4.10 Table 4.4 summarizes the potential uses/projects that may or may not
become an outlet for Nigerian gas in the next decade. Excluding the power sector, the
feedstock requirements of the various ventures under consideration amount to more than
2,000 MMCFD. If all the projects would come on stream, the outlets would absorb
roughly the amount of gas that is currently being "produced" (including 1,690 MMCFD of
flared AG). Most of the planned/proposed projects will serve export markets. The domestic
market, of which 80 percent is accounted for by power, will continue to be driven by the
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gas demand of the power sector. In the medium term, its absorptive capacity is not likely
to exceed 600 MMCFD, an amount that can be matched with the existing gas infrastructure.

Table 4.4. Prospective Gas Outlets

Feedstock estimate
Project Status (MMCFD)

LNG Plant Investment decision to be made in 700
1992, start-up planned for 1997

NAFCON II Probably on stream in 1995 50
ALCON Under construction 90
Methanol/MTBE Eleme Approved/planned 70
Methanol/MTBE Escravos Proposed 70(?)
Gocon Planned 150
Gas processing plant Planned commissioning 1993 350
Eleme petrochemical Planned commissioning 1995 30
Mobil NGL extraction Start-up planned for 1995 500
Cement industry Proposed 40(?)
Exports to Ghana, Togo,
Benin pipeline Proposed 70(?)
TOTAL 2,120

Note: Does not include the power market.

4.11 As matters stand, the economics of many of the proposed projects with gas
as a feedstock are questionable. The main rationale of most of these projects is that they
may help Nigeria to penetrate some promising (export) markets despite poor or no returns
in the short to intermediate term. What is not needed under these conditions are so-called
fiscal incentives that sink additional public resources into these projects on a highly
speculative basis. Regarding the domestic market, the main requirement is an efficient and
transparent incentive framework that guides the choice among different fuels and at the
same time ensures that potential sources of supply are sufficiently elastic.





5
Household Energy Policy and Investment Issues

Household Fuel Usage

5.1 Households, together with service and small rural industries, accounted for
approximately 77 percent of total energy consumed in Nigeria in 1989-some 29.3 million
tons of oil equivalent (toe).13 As Table 5.1 details, almost 91 percent of the energy in these
sectors comes from woodfuels (firewood and charcoal), which are used mainly for
cooking. Kerosene provides a little more than 7 percent of household energy and is used
principally for lighting in rural areas and to some extent for cooking in urban centers. The
other commercial household fuels, LPG and electricity, are used mainly in urban areas,
where they provide approximately 2 percent of household energy.

Table 5.1. Fuels Used In Households/Srvices/Small Industries (1990)

Fuel '000 toe Petajoules Percentage share

LPG 100 4.57 0.3
Kerosene 2,100 90.44 7.2
Electricity 500 22.25 1.7
Woodfuels 26,600 1,138.76 90.8

TOTALS 29,300 1,256.02 100.0

Sources: NNPC (1992); BEICIP and Buongiorno (1991).

5.2 Despite the substantial production of petroleum products in Nigeria,
woodfuels remain dominant in overall domestic energy consumption. Table 5.2 indicates
that some 70 percent of energy consumption is provided by woodfuels. Although it is not
specified in the data available it is assumed that the figure for woodfuels includes crop
residues, such as sorghum stalks (kara) that may be burned for fuel, particularly in the

13. The service industries include bakeries, restaurants, and wayside cooking stalls as well as
institutions such as schools, hospitals, and prisons. The small rural industries include brick manufacturing
and beer brewing.
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consumption data are subject to considerable margins of error, given the uncertainty
attached to wood and other biomass fuels and the opaqueness of kerosene consumption
data, which are affected by significant product smuggling to neighboring countries (para.
3.41).

Table 5.2. Total Energy Consumption by Source, 1990

Source '000 toe Petajoules Percentage share

Coal 35 1.5 0.1

Natural gas 2620 112.0 6.6

Electricity 721 30.8 1.8

LPG 112 4.8 0.3

Gasoline 4,498 192.2 11.3

Kerosene 2,296 98.1 5.8

Diesel 2,382 101.8 6.0

Fuel oil 896 38.3 2.2

Woodfuels 26,548 1,138.8 66.0

TOTALS 40,108 1,718.3 100.0

Sources. NNPC (1992); BEICIP and Buongiorno (1991).

Household Fuel Supply

5.3 There are strong indications that household kerosene demand is constrained
by a lack of supplies. Although it should be emphasized again that the kerosene
consumption estimates for 1990 are only approximate because of the inadequate data, the
mission estimates that consumption for that year in the household and service sectors was
about 1,760 million liters. LPG is largely produced locally at Kaduna, Port Harcourt, and
Warri, but imports have varied from 22 percent of total domestic consumption in 1985 to
56 percent in 1987. On the basis of a number of surveys, total LPG consumption by the
household and service sectors in 1991 has been estimated at 103,000 tonnes, which is
commensurate with the domestic consumption figures provided by NNPC.

5.4 The mission made estimates of the sustainable yield of woodfuels from
forest and nonforest areas in each state based on data from several sources. However, the
data sources are limited and far from reliable.

Demand/Supply Imbalances and Consequences

5.5 Although the southern states as a whole appear to have a surplus of
woodfuels, at present the northern half of the country has consumption considerably in
excess of the estimated sustainable supply. From Table 5.3 it is apparent that the
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woodfuel supply and demand situation, as estimated by the mission, is quite serious in the
northern states. That is, the northem states appear to have a woodfuel deficit of some 15.8
million adt, equivalent to about 2.5 times the estimated annual sustainable yield of 6.7
million adt. The mission estimates that the inadequate supply of household fuels in the
North is leaving families with only 50 to 60 percent of the energy necessary for basic
needs, particularly cooking.

Table 5.3. Nigeria: Woodfuel Demand/Supply Balance

Sustainable Supply/
Total woodfuel yield of demand
consumption woodfuels balance

Region/State (million adt) (million adt) (million adt)

North
Bauchi 2.1 1.1 -1.0
Bomo 1.7 1.1 -0.6
Kaduna 1.3 0.3 -1.0
Kano 4.8 0.2 -4.6
Katsina 2.8 0.2 -2.6
Kwara 2.0 0.4 -1.6
Niger 1.2 1.1 -0.1
Plateau 1.4 1.1 -0.3
Sokoto 5.1 0.2 -4.9
Abuya 0.1 0.1 +0.9

Subtotal North 22.50 6.7 -15.8

South
Akwa Ibom 3.4 0.7 -2.7
Anambra 6.3 4.2 -2.1
Bendel 4.0 11.3 +7.3
Benue 4.2 1.2 -3.0
Cross River 2.0 12.5 +10.5
Gongola 4.0 2.4 -1.6
Imo 5.6 0.9 -4.7
Lagos 2.1 0.2 -1.9
Ogun 2.4 5.5 +3.1
Ondo 4.3 7.3 +3.0
Oyo 8.1 6.2 -1.9
Rivers 2.5 5.6 +3.1

Subtotal South 48.9 58.0 9.1

TOTAL 71.4 64.7 -6.7
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5.6 Urban woodfuel consumption in the northem states is definitely having an
effect on the forest cover. It is also creating serious erosion problems. Virtually no
woodlands are left in Kano State. In Jagwiga and Bauchi states, where fuelwood is being
harvested for urban markets, regeneration of cut trees is not occurring, and large-scale
erosion is widely visible.

5.7 At the same time, supplies of alternative household cooking fuels-
kerosene and LPG-are constrained in most northern towns. Inadequate and erratic
supplies of these fuels mean that households, particularly in the urban centers, must rely
more heavily on fuelwood than would otherwise be the case. Based on Silviconsult's
(1991) household energy survey data and the mission's estimates, there is currently an
unsatisfied market for some 60,000 tonnes of LPG and 50,000 tonnes of kerosene in the
northern states.

5.8 A Household Energy Pricing Survey commissioned by the mission, along
with direct checks, revealed that there is usually no outright lack of either LPG and
kerosene. However, supplies are sufficiently scarce and erratic so that these fuels are
commonly not available at filling stations at the official posted price, although they usually
can be found on the parallel market for between 30 and 300 percent above the posted price
for kerosene and 20 and 150 percent above the posted price for LPG (see Annex 27).
During periods of greater shortages-caused by erratic supplies and reinforced by hoarding
in addition to the regular smuggling of fuels-such as occurred over the period November
1991 through January 1992, kerosene prices rose at times to (N 5 per liter, or 900 percent
above the posted price.

Household Fuel Prices

5.9 The prices charged by the secondary dealers for kerosene are still lower than
the economic price. In northern Nigeria, the mean parallel market price in 11 towns during
February 1992 was 118 kobo per liter, whereas the economic value based on border price
plus distribution and marketing costs was estimated at 454 kobo per liter. In Lagos, the
parallel retail price averaged 85 kobo per liter versus an economic value of 354 kobo per
liter, another indication of the relative scarcity of kerosene in the North compared with the
apparently well-supplied market in Lagos. Because official kerosene prices are only about
16 percent of the border price (N 618 per tonne versus N 3,600 per tonne prior to the recent
devaluation), supply scarcities are induced by the smuggling of kerosene and its use as a
partial substitute for diesel, which is apparently smuggled to an even greater extent (para.
3.41). Chronic production problems at the Kaduna refinery were also reported to cause
swings in the supply of LPG to northem towns, with bridging from Port Harcourt or
imports often proving necessary. At the same time, although considerable kerosene is
imported, the northern states also rely heavily on the Kaduna refinery for supplies. The
inadequate production from that facility thus adversely affects the supply of kerosene in the
region.
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Household Energy Policy and Investment Strateies

5.10 On the basis of actual retail prices in both northem and southem Nigeria,
kerosene was the least-cost household fuel option in February 1992 (see Annex 28).
Before end-use efficiencies are considered, firewood has a lower cost per unit of energy
than LPG for both northern and southern towns except for Kano and Sokoto. On the same
basis, the cost of replacing firewood by growing more is also lower than the economic
value of LPG and kerosene. However, the situation changes when end-use efficiency is
taken into account. Firewood then becomes the most expensive fuel both from a retail sales
and economic point of view. With the higher end-use efficiency of LPG cooking
appliances compared with kerosene appliances, the economic cost of LPG ex-refinery is
slightly lower than the economic cost of kerosene based on border prices, This would
appear to make locally refined LPG the lowest priced fuel from an economic point of view
when compared with firewood and imported kerosene. However, despite this and the fact
that it is reportedly the preferred fuel for many households, LPG is still only a minor
source of household cooking energy. Although supply inadequacies may account partially
for this, the relatively high costs of LPG cooking appliances and gas bottles relative to
disposable household income are major deterrents to its use. This leaves kerosene as the
primary altemative to firewood for cooking.

5.11 Any household energy strategy and associated policy changes and
investments should have the objective of protecting the environment against further
degradation caused by unmanaged and indiscriminate overcutting of the woodlands for fuel
and other purposes as well as providing sufficient fuels at least cost for households, the
service sector, and small rural industries. The focus for interventions associated with a
household energy strategy should be in the northern states, because of their significant
household fuel supply problems and associated environmental degradation. The
interventions should be aimed principally at the urban fuel market, with its general reliance
on traded fuels, its greater adverse effect on the environment through the procurement of
woodfuels, and its potential for market-related interventions. A primary objective for such
a strategy would be to encourage fuel switching away from firewood by substantially
improving the supply and effective availability of both LPG and kerosene, particularly the
latter. To assist in achieving this, a policy option for the government would be to increase
the official price of kerosene at least to a point equal to the border price for smuggled
kerosene less transportation costs to the border. Such a policy should increase the
domestic availability of this fuel by reducing or eliminating smuggling. It will also be
necessary to improve production of kerosene and LPG by domestic refineries and to
upgrade the distribution infrastructure.

5.12 Improving end-use efficiency through the dissemination and use of more
efficient woodstoves may also decrease fuelwood demand, depending upon the penetration
of these stoves and the constancy of cooking patterns. However, given the experience with
improved stove programs in many other countries, the likelihood of achieving major
firewood savings this way is minimal.
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5.13 It will also be necessary to work toward establishing a more rational
woodfuel resource development and management strategy, preferably at the state level.
Such a strategy would consider improved protection and management of the existing
woodland resources as well as tree growing, considering the economics of altemative land
uses and tree products with appropriate legislation and incentives to promote private sector
participation. However, making such a strategy effective would depend upon several
forestry-related policy changes. These include better protection and management of forest
resources than is currently possible while these resources are under the control of the local
govemments and introduction and enforcement of restrictions on agricultural expansion
into forest lands. The current Bank Forestry II Project is going at least some way toward
improving woodfuel supplies for the northern states, but it is hindered by lack of
appropriate policies and legislation and the means to enforce the latter. Further woodfuel
supply-side interventions should await the outcome of actions in this project and proposals
for new woodfuel supply-side that may be included in a proposed follow-on project.
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Annex 1. Reserve Generating Capacity of
NEPA, 1972-1990

1. There has been a huge increase in NEPA's generating capacity reserve margin
during the period 1972 to 1990. The percentage margin increased 13-fold from only 13
percent in 1972 to 170 percent in 1990. Table A1.1 shows the details.

Table Al.l. NEPA Reserve Generating Capacity, 1972-1990

Installed Reserve
Peak load capacity margin

Year (MW) (MW) (%)

1972 390 440 13

1973 445 500 13

1974 527 640 21

1975 629 750 19

1976 722 851 18

1977 796 874 10

1978 989 1479 50

1979 1106 1595 45

1980 1181 2171 84

1981 1323 2483 88

1982 1448 2772 91

1983 1434 2857 98

1984 1532 3178 107

1985 1720 3651 112

1986 1811 4318 138

1987 1855 4652 151

1988 1952 5088 195

1989 2003 5388 169

1990 2219 5988 170
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2. The large increase started in 1978, when it was 50 percent (from 13 percent in
1972 and only 10 percent in 1971). The 1972-78 period is roughly the construction period
of a large generating facility. It almost seems that the availability in Nigeria of surplus capital
with the 1973 oil price increase developed a government expectation of high economic
growth and therefore a need for a large expansion in the electricity supply, which did not
fully materialize.

Sources: World Bank data; London Economics, "Nigeria: Generation Expansion Study,"
November 1991 (draft report).



Annex 2. Existing Generating Capacity
of NEPA in 1990

Table A2.1. NEPA Generating Capacity, 1990

Installed Total
Units Year capacity capacity

Type Station installed installed (MW) (MW)

Hydro Kainji 4 x 80 1968 320

2 x 100 1976 200

2 x 120 1978 240

Jebba 6 x 96.4 1983/84 578.4

Shiroro 4 x 150 1989/90 600

Subtotal 1938

Steam Sapele 6 x 120 1978/80 720

Egbin 6 x 220 1986/87 1320

Oji River a 1956 20

Subtotal 2060

Gas Turbine Sapele 4 x 75 1981 300

Afam 1 2 x 10.3 1963 20.6

2 x 17.5 1965 35

Afam 2 4 x 23.9 1976 95.6

Afam 3 4 x 27.5 1978 110

Afam 4 6 x 75.0 1982 450

Delta 1 2 x36 1966 72

Delta2 6 x 20 1975 120

Delta 3 6 x 20 1978 120

Delta4 6x 100 1990 600

Ijora 1 x 6.7 1966 6.7

3 x 20 1978 60

Subtotal 1990

Total 5988

aObsolete, not operational
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Annex 3. Available Generating Capacity of
NEPA In 1990

Table A3.1. NEPA Available Genorating Capacity, 1990

Installed Average Availability
capacity available factor Commissioning

Type Station (MW) (MW) (%) dates

Hydro Kainji 660 174 22.8 1968, 1976,
1978

Shiroro 600 454 75.7 1989/90

Jebba 578 501 86.6 1983/84

Subtotal 1838 1129

Thermal

Egbin Steam 1320 748 56.6 1986/87

Sapele 1020 162 15.8 1978/81

Steam & GT

Afam GT 623 202 32.4 1976-82

Ijora 65 2 3.6 1978
Standby

DeltaGT 912 207 22.7 1975, 1978,
1980

Subtotal 3940 1321

Total 5878 2450 41.7

average value

Source: NEPA Annual Technical Report for 1990-National Control Centre.
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Annex 4. Condition of NEPA Power System

Generating Unit Availability

1. The available generating capacity continues to be low at only 3,015 MW, or
50 percent of the 5,984 MW installed capacity, showing that more rehabilitation work is
required.'4 The following gives the details at the various plants:

a. Kainji Hydro. Only 4 of the 8 units are available (1 unit requires a shunt link, 3
units require rewinding)

b. Jebba Hydro. Five units are available; one unit is on maintenance.

c. Shiroro Hydro. The plant is only two years old, but 1 of the 4 units has a burnt
stator winding.

d. Egbin Steam. Only 4 out of 6 of the 220 MW units are available. The boiler on
No. 6 unit was damaged by an explosion in 1990. No. 5 unit is down with a
bearing problem. The plant is only four years old.

e. Sapele Steam. Only 1 out of 6 of the 120 MW units is available. Rehabilitation of
the complete plant by ABB and Deutsch Babcock is proceeding under Power VII.

f. Sapele G.T. All 4 gas turbines are out for rehabilitation under Power VII.

g. Afam G.T. Only 7 of the 17 gas turbines are available. The 6 larger gas turbines
are being rehabilitated under Power VII.

h . Delta G.T. Only 3 of the 14 small (20 MW) gas turbines are available, and 3 of the
6 large (100 MW) gas turbines have maintenance problems.

Generating Capacity Balance
2. The following table shows that the capacity available totals only 3,015 MW,
giving a 33 percent margin above the 2,260 MW peak load that occurred on February 5,
1992.

14. This note summarizes the general condition of the NEPA power system in February 1992
based on the NEPA daily report for Wednesday, February 19, 1992.
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Table A4.1. Nameplate versus Available Generating Capacity

Nameplate Available
Plant capacity (MW) capacity (MW)

Kainji Hydro 760 310

Jebba Hydro 540 570

Shiroro Hydro 600 480

Egbin Steam 1320 880

Sapele Steam 720 190

Sapele Gas Turbine 280 0

Afam Gas Turbine 682 200

Delta Gas Turbine 912 330

Ijora Gas Turbine 60 0

Ajaokuta 110 55

Total 5984 3015



Annex 4. Condition of NEPA Power System 67

System Problems

Power Transformer Failures

3. At least 13 power transformers totalling about 1,000 MVA out of a total of
about 150 transformers on the transmission system have failed and require replacement.

Transformer Overloading
4. It is estimated another 30 power transformers are overloaded, and this may
be restricting load by about 200 MW.

Failed Reactors
5. Five voltage control reactors totalling about 200 MVAR are out of service
due to failures.

Failed Circuit Breakers
6. At least seventeen 330 kV breakers and seven 132 kV breakers are out of
service due to failures or major problems out of a total of about 400 breakers on the
system. These failures weaken the system reliability and lengthen system outages.

Unavailable Transmission Lines
7 . Three 330 kV transmission lines are still out of service due to 30 collapsed
towers as a result of vandalism. New towers have been ordered but the procurement has
not been approved by Government.

Excessive Voltage Range
8. The voltage spread or range on the 330 kV system was an evening low of
295 kV to a morning high of 345 kV or a range of 15 percent. This is excessive and is due
to failed 330 kV shunt reactors and inadequate voltage control. Both NEPA and customer
equipment can be damaged by excessive voltage ranges.

Summary

9. The general condition of the NEPA generation and transmission system
continues to be quite serious with many generating units and transmission elements out of
service, resulting in a high risk of system disturbances with load shedding. Without
corrective action the system will deteriorate further.





Annex 5. Condition of Egbin Steam Plant

Background

1. The precarious condition of the NEPA power system is illustrated by the
condition of the Egbin Steam plant located on the north side of Lagos Lagoon just
northeast of Lagos City.

2. Egbin is a well designed and constructed 6 x 220 MW unit, dual-fired (gas
and heavy oil) steam plant with modern equipment, automatic controls, and a computer
simulation training facility for operations. The plant was constructed under joint
Japanese/French financing on a turn-key contract basis in a relatively short 5-year period.
Most of the equipment is Japanese, supplied by Marubeni/Hitachi. The 330 kV
transmission lines connecting the plant to the Lagos load area and the 330 kV substations
were partly financed by the Bank under Power VI. The overall cost of Egbin was about $1
billion for the plant and transmission, and the expected life normally would be about 25
years, because the primary fuel is gas and this does not give the serious boiler slag and ash
problems that occur when coal is the fuel.

3. The plant was operational with 6 units about 1987 but the ELP pipeline had
not been completed, so the plant initially ran on heavy fuel oil transported by barge across
Lagos Lagoon, with operation limited by fuel availability. The gas pipeline became
available in late 1988.

4. As part of the installation contract Marubeni had an operation and
maintenance team at Egbin throughout commissioning and the guarantee period. The
Marubeni contractual obligation for operation ended in 1988, and NEPA sought to arrange
an extension of the Marubeni team, but could not obtain Government approval for the $10
million cost of a 1-year extension for parts and services. Although significant, $10 million
is only 1 percent of the investment cost and therefore cheap if it ensures the plant is not
damaged and operates effectively.

5. NEPA has had to handle operations at Egbin plant with its own staff, except
for some advisory support from BEI since that team arrived a year or so ago. In late 1990,
during a system disturbance that caused some units to trip off the system, No. 6 boiler was
seriously damaged due to an explosion when gas was admitted without the ignition
equipment being on. One other 220 MW unit is also down with a high bearing temperature
problem, so only one-third of the plant capacity is available. This proves that technical
assistance is required.

6. For a plant only four years old, the general housekeeping at Egbin is not
satisfactory. Dust covers all equipment and materials and spare parts are scattered about the
plant. It is hard to visualize achieving a 25-year plant life under these conditions, unless
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NEPA has access to continuing support from an external team, either from the
manufacturers or from a utility.

7. NEPA is still negotiating with Marubeni to provide two years of
rehabilitation services and parts, including restoring No. 6 unit, but now the cost is
estimated to be about $68 million for 2 years under prospective Japanese financing. This
would cover an operation and maintenance team for 2 years, rehabilitation of No. 6 boiler,
unit overhauls, and supply of the related spare parts and operational supplies. Without this
extemal support Egbin plant will continue deteriorating and after a life of only 10 years
most of the units might be shut down.

Summary
8. The lesson to be learned is that with an annual cost of over $100 million for
debt repayment on the $1 billion sunk cost $20 to $30 million annually for maintenance is
essential to obtain benefit from the investment.



Annex 6. Evaluation of NEPA Power Outages

1. Data were collected from two of NEPA's districts in the Lagos area, Ijora
and Shomolu. The data collected include the following:

a. Date and tim of an outage

b. Date and time when outage was cleared

c. Feeder affected

d. Load loss

e. Maximum load for each feeder.

Data Collection

2. The data collection was undertaken by going through National Electric
Power Authority records. It was observed that NEPA documents all of its operations.
These records are listed in log books that are kept at the district offices.

3. The summary power outage records for the months of January-March (dry
season) and June-August (rainy season) 1991, for Ijora and Shomolu districts are
presented in Tables A.6.1 to A.6.3. Tables A.6.1 and A.6.2 present the maximum feeder
load for each feeder in the two districts.

Results

4. The total number of feeders in Ijora and Shomolu districts is 46 and 26,
respectively. The total load loss of these feeders and their percentage of the average
monthly energy consumption for the two districts ame presented in Table A.6.3.

Conclusion

5. From the analysis of outage records for the two districts, the average of the
monthly total load loss of the feeders together as a percentage of the monthly energy
consumption for three dry months of January, February, March and three wet months of
June, July and August is 4.3 percent and 4.8 percent for Ijora and Shomolu districts
respectively. The figure is 3.4 percent and 3.7 percent for the dry months and 5.1 percent
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and 5.9 percent for the wet months for Ijora and Shomolu districts respectively. These
figures show that on average the monthly load loss for the wet months is approximately 1.5
times that of the dry months.
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Table A6.1. Maximum Load on Each Feeder in Ijora District

Maxfeeder Maxfeeder
Name offeeder load Mw Name offeeder load Mw

Mushin Urban Service Center E.B.I. Feeder 3.17

1. Isolo Injection S/Station Ijora Causeway I1kv Feeder 4.50

Oke Afa Feeder 4.67

Daltex Feeder 4.67 National Art Theatre Feeder 0.83

Isolo Road Feeder 5.67 NEPA QRTS Feeder 1.67

Loyalty Feeder 5.83

Five Star Feeder 1.67 2. NRC Injection S/Station

Ajao Estate Feeder 5.67 Abeokuta Express Feeder 2.17

llasamaja Feeder 5.50 Freeman Feeder 2.50

Aswani Feeder 0.83 Yaba Halt Express Feeder 1.67
Herbert Macaulay Feeder 3.33

Surulere Urban Service Center M/Muhammed Feeder 4.92
E.B Local Feeder 1.83

1. Iganmu Inijection S/Station Sabo Express Feeder 4.75

Bagco Feeder 4.50

Iworan Feeder 4.83 3. SABO Iijection S/Station

Passat Feeder 6.33 Herbert Macaulay

Novelty Feeder 2.67 Incomer Feeder 0.83
Iwaya Feeder 0.83

2. Idi Araba Iniection S/Station Sabo Express 4. 17

Luth Feeder 5.67 Incomer Feeder

Okoh Drive Feeder 5 3 Birrel Feeder 2.17

Idi araba Feeder 5.50 Oyadiran Feeder 2.33

Babalola Feeder 4.17
4. YABA Halt Injection S/Station

3. Luth Injection S/Station Yaba Halt Express

Luth Feeder 3.00 Incomer Feeder
Luth Express Feeder 1 .00

Ijeshatedo Urban Service Centre MlMuhammed Incomer 1.42
Feeder

1. Akangba Iniection S/Station Tejuosho Feeder 1 .50
2.42

Adisa Bashua Feeder 4.30

Adelabu Feeder 1 .50

Census Feeder 2.17

Odutayo Agboyin Feeder 4.33

Adetola Feeder 5.00

Aguda Feeder 3.83

Yaba Urban Service Centre

1. liora Causeway Injection

S/Station

Apapa 11 Feeder 2.00

Iganmu 11 kv Feeder 3.50

Abeokuta 11 kv Feeder 3.17
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Table A6.2. Maximum Load on Each Feeder in Shomolu District

Injection station Feeders Max load Time
(Mw) hours

IKORODU LSDPC 4.1 11.00
IKORODU 2.1 20.00
rrOIKIN 4.5 21.00
IIBSUODE 0.2 20.00

MARYLAND KEIU 5.7 21.00
DEMURIN 6.0 06.00
OKUPE 4.1 21.00
IKOSI 4.7 20.00
PTC O/H 3.3 20.00
GRA 6.3 21.00
WESTEX 1.70 11.00
OJOTA. 5.5 21.00

OWORO SOLIYI-OWORO 4.8 21.00
OKUPE 3.2 21.00
IFAKO 3.3 22.00
BARIGA 3.3 22.00
GBAGADA 3.3 22.00
LANRE AWOLOKUN 2.7 22.00

IGBOBI ADUEOSAKUN 5.0 21.00
OWEH 3.3 15.00
YABA HALL 2.3 21.00
IKORODUROAD 2.9 20.00
MUSHIN I 3.5 21.00
MARKET 3.5 21.00
ORTHOPEADIC 5.3 21.00
MUSHIN 11 3.5 21.00
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Table A6.3. Results of Analysis of Power Outages

% of Average Monthly
Total load loss (Mwh) Consumption

Months Ijora Shomolu Ijora Shomolu

January 1221.74 1935.10 3.0 5.0

Febmiary 1460.31 1324.63 3.6 3.5

March 1477.51 942.78 3.6 2.5

June 2422.02 2113.58 5.9 5.5

July 1909.19 3068.42 4.7 8.0

August 1968.12 1584.44 4.8 4.1





Annex 7. Cost of Autoproduction by Industries

Background

1. A Bank study completed in 1989 examined the costs of infrastructure
deficiencies in Nigeria, including power. The results reinforce the need to improve the
country's public electricity supply, as shown below.

2. In late 1988 a detailed questionnaire was used to canvas 179 Nigerian
industries, large and small, and obtain data on industry policies and costs related to power,
water, telecommunications, transport and waste disposal. The industries were located in
five states including Lagos and the industry sizes varied from under 20 employees (9
percent) to over 1000 employees (4 percent), averaging about 250 employees.

Study Results

3. The results for the year 1987 show the high dependency on autoproduction.

a. Only 14 (8 percent) of the 179 firms did not have standby power facilities.

b. The breakdown of sources of electricity supply for the 179 firms was as follows:

- NEPA source only 8 percent
- autoproduction only 3 percent
- NEPA main source 78 percent
- in-house main source 11 percent

c. On the average 25 percent of the electricity supply was self-produced and NEPA
provided the remaining 75 percent.

d . The average capital invested in power facilities was $130,000 per industry (using
the exchange rate of Naira 7.51/US$1).

e. The power investment typically represented 25 percent of the total investment in
machinery and equipment for small firms, decreasing to 10 percent for large firms.
Investments for water and other infrastructure were much lower than for power.

f. Typically power outages of the NEPA supply were 5 to 10 per week.

g. The average cost of in-house generation based on 10 percent interest rate and Naira
7.5 = $1 (prevailing in 1988) was Naira 4.61 (US¢61)/kWh. The range was Naira
2.38 (US¢32) for the firms with 500-1,000 employees to Naira 6.46 (US¢86) for
those with 20-50 employees.

4. The interesting point is that electricity has a very high value to industries and
typically they are willing to pay US¢61/kWh to augment the unreliable NEPA supply,
which cost only US¢1/kWh in 1988 and costs about US¢3/kWh today.

5. The 1989 Bank study recommends commercialization of NEPA and greater
private participation to improve power sector performance in Nigeria.
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5. The 1989 Bank study recommends commercialization of NEPA and greater
private participation to improve power sector performance in Nigeria.

6. The study showed the sample industries provided 25 percent of their
electricity from autogeneration. For all industries this might total in the order of 1000
GWh annually, bearing in mind the NEPA supply to industry in 1990 was about 2000
GWh. Assuming a conservative border price of US$100/ton for gas oil, the annual fuel
cost to industries for in-house electricity production is about US$25 million.

Summary
7. The Bank study on infrastructure deficiencies in Nigeria shows that industries
require a reliable electricity supply and they are willing to make substantial investment to
obtain it. In most cases this results in a double investment for two supplies-NEPA and
in-house. In addition, industries have substantial fuel costs for electricity.

Source: Lee and Anas, "Manufacturers' Responses to Infrastructure Deficiencies in
Nigeria," WPS 325, December 1989.



Annex 8. Estimate of Installed Capacity of
Electric Auto-Generating Sets

lI. Data were collected on:

a. Small gas-electric generating sets imported into Nigeria

b. Diesel-electric generating sets operating as either isolated system or backup that
were licensed by Federal Ministry of Mines, Power and Steel

Data Collection

2. Most (more than 80 percent) of small gas-electric generating sets being used
are Japanese products (e.g., Honda, Suzuki, Yamaha). Most of these products are
imported from Japan, while some are assembled in Nigeria. Holt Engineering Limited, for
example, is the company assembling Yamaha generators. It was not possible to obtain
production and sales figures from this company, however, data were obtained about the
total number and cost of imports of small gas-electric generating sets from Japan.
However, the figures were not broken down by capacity. From interviews with many
retailers of small gas-electric generating sets, it was found that the most popular models are
those with capacities of 1.2 and 2.5 KVA. The data collected on small gas-electric
generating sets include retail prices and fuel consumption rates. They are presented in
Tables A.8.1 and A.8.2.

3. In order to estimate the total installed capacity of diesel-electric generating
sets, data were collected by going through records of the electric generating sets registered
with the Federal Ministry of Mines, Power and Steel. The data collected include year of
registration, capacity and the intended purpose of use. This is presented in Table A.8.3.
From discussions with officials of the ministry, it was made clear that the registrations
capture only about 20-30 percent of total residential and 60-70 percent of total
commercial/industrial users.

Results

4. From Table A.8. 1, the average number of small generator sets per year is
8122. The total number of sets installed between 1985 to 1992 can be estimated as 58,885.
Assuming this represents 80 percent of the total, the total can be estimated as 73,606. It is
assumed that pre-1985, the total number of small electric-gas sets was about 100,000.
This gives an average annual addition of 10,000 sets between 1974-84, considering an
average life span of a set to be 10 years. The total number of sets from 1974 to 1992 then
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can be estimated to be 173,606. Assuming that the average set size is 1.8 KVA (1.5 kW at
0.85 pf), the total installed capacity is about 260 MW.

5. From Table A.8.3, the total installed capacity for diesel generating sets for
1974-92 is 120.6 MVA and 1,319.8 MVA for residential and industrial/commercial sectors
respectively. Considering that these figures represent 30 percent and 70 percent for total
residential and industrial/commercial sectors respectively, the total installed capacity can be
estimated as 402 MVA and 1,885 MVA for residential and industrial/commercial
respectively. If it is assumed that the total installed, still operational capacity for both
sectors pre-1974 is 200 MVA, the total installed capacity of diesel-electric sets is about
2,487 MVA. Assuming a power factor of 0.85, this results in an effective installed
capacity of 2,114 MW.

6. From power outage records for two NEPA districts in the Lagos area it is
estimated that the number of hours a feeder experiences outages on average in a month is
estimated as 25.5 hrs. If we assume that an electric generating set is used on average for
about 20 hrs in a month, then with efficiencies of 10 percent for small gas-electric and 32
percent for diesel-electric generating sets, as obtained from Table 8.A.2, the fuel
consumption of this installed capacity of auto-generating sets for 1992 is 146.35 x 106
liters and 64.18 x 106 liters of diesel and gasoline respectively.

7. Using the current national prices of diesel and gasoline which are 55
kobo/liter and 70 kobo/liter respectively, the fuel cost due to auto-generation is N80.5
million and N44.9 million for diesel and gasoline consumption respectively. Quoting the
border prices (CIF Lagos) of diesel as N2.9 and gasoline as N3.8, the economic fuel cost
translates into N424.42 million for diesel and N243.88 million for gasoline.

Conclusion

8. The results of the analysis shows that diesel fuel consumption due to auto-
generation is about 6.7 percent of the country's reported total diesel consumption in 1989.
A similar figure for gasoline is 1.2 percent. If the Nigerian National Petroleum
Corporation's forecast for diesel and gasoline consumption for 1992 is considered which
amounts to 2088 x 106 liters and 5109 x 106 liters respectively, then auto-generation is
expected to account for 7 percent of total diesel and 1.3 percent of total gasoline
consumption.
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Table A.8.1. Imported Small Generating Sets From Japan

Total costs
Year Number of sets $

1985 8,365 15,207,135

1986 5,585 5,477,762

1987 6,912 3,031,985

1988 10,239 6,526,484

1989 6,593 2,692,284

1990 6,716 2,621,866

1991 8,385 3,337,098
(1-6 Months)

Source: Japan External Trade Organization (JETRO).

Table A.8.2. Retail Price and Fuel Conaumption of Generating Set

Fuel
Rating consumption Approx.
(KVA) Price (N) N/KVA Fuel used (LtreAr) efficiency (%)

1.2 10,600 8833 Gasoline 0.86 12
2.5 14,000 5600 Gasoline 2.0 10

12.5 140,000 11200 Diesel 4.7 20
27 168,000 6222 Diesel 6.9 28
40 191,000 4775 Diesel 10.5 28

100 322,000 3220 Diesel 22.7 32

Sources: Holt Engineering Ltd., Lemagric Tech., Ltd.
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Table A.8.3. Total Installed Capacity of Electricity Generating Sets

Residential Industrial/commercial
Year (KVA) (KVA)

1974 0.000 436.000

1975 0.000 100.000

1977 57.000 253.000

1978 25.000 439.000

1979 516.000 12,935.000

1980 1,155.050 17,412.000

1981 1,471.300 18,466.000

1982 1,632.350 67,004.900

1983 2,913.250 99,474.550

1984 17,542.850 70,888.250

1985 22,995.325 189,916.750

1986 25,502.440 154,037.450

1987 6,283.570 125,916.750

1988 16,930.330 133,380.450

1989 3,216.440 37,996.500

1990 7,473.550 128,903.000

1991 9,473.550 212,767.100

1992 2,991.500 49,426.750

TOTAL 120,599.595 1,319,755.200

Source: Federal Ministry of Mines, Power and Steel.



Annex 9. Comparative Performance of
Power Sectors

1. The performance of Nigeria's power sector is poor compared to the performance of
power sectors in other developing countries, as shown by the following comparative 1988
performance record for a group of developing countries.

Table A9.1. 1988 Power Sector Performance

GDPper System Generation Rate of Accts.
capita losses cap. ftr. Average rev. return receivable

Country (USS) (%) (%) (¢/kWh) (%) (months)

Low-income countries
China 340 17 54 2.10 5 1

Cote dlvoire 683 14 28 15.8 2 4

Ghana 374 22 48 1.69 9 1

India 292 22 43 5.77 6 6

Indonesia 476 17 32 5.10 0 1

Kenya 329 15 56 6.15 5 -

Nigeria 267 33 20 1.5 6 a (8) 15

Pakistan 320 25 61 3.84 14 3

Sri Lanka 386 15 26 5.40 8 5

Sudan 472 20 27 8.87 9 -

Zimbabwe 608 10 47 3.68 21 -

High-income countries
Algeria 2181 13 41 5.64 (1) 8

Argentina 2640 21 37 4.49 7 2

Brazil 2241 17 49 5.37 6 -

Korea 4079 6 46 7.61 8 -

Malaysia 2052 16 37 7.10 12 1

Mexico 2111 14 45 3.67 1 2

Portugal 4049 8 37 8.23 8 11

Venezuela 3391 19 33 2.32 - I

Yugoslavia 2615 13 48 2.92 - 3

alncreased in 1990 to about US¢3/kWh.

Source: Jose R. Escay, Summary 1988 Power Date Sheets for 100 Developing Countries,
World Bank Industry and Energy Department Working Paper, Energy Series no. 40, August
1991.
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2. The performance for the above group of 20 developing countries shows that for the
year 1988 Nigeria had the highest percentage system losses at 33 percent, the lowest
generation capacity factor at 20 percent, the lowest average revenue at 1.56 US¢/kWh
(increased in 1990 to about 3 US¢/kWh) the lowest rate of return at -8 percent, and the
longest average accounts receivable period at 17 months.

Summary

3. Based on this performance comparison, it is clear that improving the performance
of Nigeria's power sector should be a top priority item among the possible strategies for
changes in Nigeria's energy sector.



Annex 10. Estimated NEPA Income Statements
at 1992 Current Tariffs

Table A1O.1. Estimated NEPA Income at 1992 Current Tariffs

(millions of Nairas)

Est.
1990 a) 1991 1992 1993

Sales Increase (%) (7.8) 11.5 1.3 5.2
Energy Sales (GWh) 7889 8800 8914 9377
Average Price (kobos/KWh) 32 32 32 32

REVENUES
Energy Revenue 2552 2816 2852 3001
Other Revenue 34 37 41 47

TOTAL REVENUES 2586 2853 2893 3048

OPERATING EXPENSES
Fuel 629 623 797 884
Purchased Power 5 18 20 22
Generation b) 52 214 369 717
Transmission b) 40 57 100 161
Distribution b) 284 371 656 1203
Consumer Services 18 20 22 25
Bad Debts Provision 277 125 112 98
Admin.& General c) 324 365 439 459
Amort. of Develop. Costs 17 20 20 21
Depreciation 1440 d) 1586 2719 3218

TOTAL EXPENSES 3086 3399 5254 6809

Income Before Interest (500) (546) (2361) (3761)
Less: Interest (Local & Foreign) 213 343 1744 1599
Net Income (Loss) (713) (889) (4105) (5360)

Required Break-even tariffs, Kobos 41 43 78 90

Source of basic data: World Bank, Nigeria, Staff Appraisal Report, Power System Rehabilitation and
Development Project, Yellow Cover Draft, February 11, 1992. Annex 4-1.
a) Estimates by NEPA management. b) I percent of fixed assets in 1991, 1.5 percent in 1992 and 2
percent in 1993. c) Based on reported 1990 data adjusted for domestic inflation between 1991 and 1993.
d) Adjusted to revalued asset basis.

85



86 Nigeria: Issues and Options in the Energy Sector

Assumptions for Income Statement

A. Price Levels and Revenues

1. Prices. The following inflation and exchange rates have been assumed:

Table A10.2. Inflation and Exchange Rates

International Domestic Average
inflation inflation rates

Year (%) (%) (N/US$)
1991 5.0 20 09.50
1992 2.8 20 18.6
1993 3.9 15 19.2
1995 4.9 10 12.90
1996 4.2 13.60
1997 10 14.40

2. Sales and Revenue. Electricity sales (in GWh) and revenues are based
on NEPA's unaudited 1990 accounts and NEPA's estimates for 1991. From 1992,
electricity sale is assumed based on the load forecast adjusted for technical and nontechnical
losses as follows:

122 I199

Technical losses (%) 15 15

Nontechnical losses (%) 20 20

35 35

B. Operating Costs

3. Fuel expenses. These are based on the fuel consumption data prepared
by NEPA. A gas price of N5.24/mcf is used as of January 1991, with an increase of 8
percent per annum in the future (as agreed with NNPC/NGC). The first increase is of 8
percent assumed to take effect in January 1992.

4. Generation-other expenses. Since the maintenance of generation
facilities has been inadequate in the past, increased expenses equal to 1.5 percent of the
generating plant has been assumed starting 1992, increasing to 2 percent in 1993 and
thereafter, adjusted for exchange rate changes between 1991 and 1993 (85 percent of total)
and revised domestic inflation (15 percent).



Annex 10. Estimated NEPA Income Statements at 1992 Current Tariffs 87

5. Transmission and distribution expenses. Since the maintenance of
transmission and distribution facilities has been inadequate in the past, increased expenses
equal to 1.5 percent of the transmission and distribution plants have been assumed starting
1992, increasing to 2 percent in 1993 and thereafter. Exchange rate and inflation
adjustments as under (4.).

6. Cost of consumer services. This is forecast to increase by 10 percent
in nominal terms on the basis of data provided by NEPA. Exchange rates and inflation
adjustments as under (4.).

7. Provision for bad debt. This assumes that a more efficient revenue
collection program would be in place. The level of bad debts is forecast to fall
progressively from the 1990 level of (11) percent to 4 percent in 1991, 3 percent in 1992
and 2 percent in 1993.

8. Depreciation. Depreciation is calculated on a straight-line basis at an
average rate of 3.5 percent on average gross fixed assets in service as revalued at the end of
each year. Since NEPA is in the process of revaluing its assets at present, it has been
assumed that the adjusted value of the fixed assets would go up by 300 percent. The
investment component of the proposed power VIII Project is considered to extend the
useful life of the underlying assets, and therefore these investments are depreciated at the
same average rate as noted above. Exchange rate and domestic inflation adjustments as
under (4.).

9. Interest expense. The interest on all existing foreign loans is calculated
on the basis of the data on loan amounts, repayment terms and interest rates, as provided
by NEPA. Interest on restructured debt and on new naira debt from FGN is calculated at a
rate of 14 percent per annum; a three-year grace period and a 10-year maturity is assumed.





Annex 11. Nigeria Power Sector: Cost of
Autogeneration

1. NEPA power supply is extremely unreliable and imposes extra-costs on the
society. In the following lines, NEPA's poor reliability record is measured in terms of
outages (blackouts) experienced by industrial customers. The costs incurred by these
outages are approximated in terms of the annual amount of money that industrial consumers
are willing to pay to insure themselves against the adverse effects of disruptions in NEPA
supply. The focus is on the "marginal industrial consumer", whose expected costs of
installing and using backup facilities are just offset by the expected gains from providing
the backup.

2. A short survey of power shortages experienced by industries operating in
the Lagos area suggests that industrial autogeneration on average accounts for 20 percent of
the total electricity requirements. As long as NEPA does not live up to the minimum
standard of reliability that is acceptable to industrial customers, the latter will continue to
sink investments in backup generation facilities, irrespective of NEPA's relative success in
increasing the reliability of its supply.

3. Under conditions where unreliable NEPA supply induces industrial
consumers to retain autogeneration capacity, their willingness to pay for additional NEPA
supply will be equal to the incremental costs of autogeneration; that is, unreliable NEPA
supply has a low economic value, notwithstanding the high extra-costs of autogeneration.
In terms of current prices, the value of additional NEPA supply is even negative (-0.25
N/kWh). If prices and tariffs were adjusted to reflect economic costs, the value would be
about 1.5 N/kWh (0.085 $/kWh). The premium that industrial customers pay to hedge
against the risk of disruptions in NEPA supply is equivalent to the fixed costs of
autogeneration (about $ 315 per kW of load per year).

4. It should be feasible for NEPA to cover this risk (or part of it) against a
much lower premium. The way to go is to significantly improve the reliability of NEPA's
transmission and distribution system and to restore customer confidence in NEPA supply.
An interruption insurance scheme might help achieve the latter goal: NEPA could offer
different insurance premiums in the form of demand charges (above the current level of 545
N/kW). Depending on the selected premium, customers would be compensated (e.g.
through a rebate) if NEPA's performance does not meet a predetermined minimum
reliability target.
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Analytical Background

5. Currently, NEPA outages are mainly caused by failures in the transmission
and distribution network.'5 Once a stand-by facility is in place and generates lost NEPA
load, it reduces the unit interruption costs to the incremental costs of autogeneration. A
risk-neutral industrial customer will invest in backup facilities only if the expected annual
savings in interruption costs are greater than, or equal to, the annuitized fixed costs of
autogeneration (the insurance premium).16 Clearly, there may be other industrial customers
willing to pay more or less than the marginal one.

6. From the marginal industrial consumer's standpoint, the expected extra-
costs of autogeneration are just equal to the value of the load he/she would expect to lose in
the absence of a backup, net of load losses that the backup cannot avoid.17 Obviously, the
marginal consumer's willingness to pay in excess of the unit costs of NEPA supply is
equivalent to the long-run average extra-costs of autogeneration (LRACA) associated with a
given NEPA reliability level. All consumers with a higher willingness to pay for

15. To simplify matters, it is assumed that the disruptions in NEPA supply are exponentially
distributed with parameter I/P. This means that P is the expected duration of outages per unit of time (say,
per hour). Likewise, let Q denote the mean downtime of backup facilities, expressed as a fraction of an
hour. In addition, u stands for the long-run willingness to pay for uninterrupted power (N/kwh), often
referred to as the value of lost load (VOLL) or the value that uninterrupted supply has to the
consumer.(Note that u should not be confused with the short-run willingness to pay for uninterrupted
power). The other variables relevant to the problem at stake are:

s = unit costs of NEPA power supply (N/kwh)

c = unit costs of autogeneration (N/kwh)

F = annuitized fixed costs of autogeneration (N/kW/year)

h = load factor (hours/year)

H = expected annual duration of NEPA outages, i.e. H(P) = hP (hours/year).

16. (1) [u - c]H(P)[I - Q] - F > 0,

The annuitized fixed costs of autogeneration are a function of Q. Moreover, for every pair
P,Q there exists a threshold valuation u* where

(2) [u* - c]H(P)[I - Q] = F.

Given Q, the valuation u*=u*(P) defines the "marginal industrial consumer" with respect to NEPA
reliability level [1-P].

17. In fact, compared to a NEPA supply system with reliability level [I-PQ], the (annual) extra-
costs of autogeneration, denoted by K(P), are

(3) K(P) = [u-s]h[l-PQ] - ([u-s]h[l-P] + [u-c]H(P)[I-Q] - F} = [c-s]H(P)[I-Q] + F.

[Note that fixed fees charged by NEPA do not affect (3)]. Substituting the left-hand side of (2) for
F yields

(3') K(P) = [u* - s]H(P)[I - Q].
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uninterrupted power will install backup facilities, while consumers with a lower
willingness to pay have no incentive to back up NEPA supply. By the same token, it
would be inefficient if NEPA decided to interrupt its supply to consumers equipped with
stand-by generators in order to serve the load of those consumers who do not have backup
facilities (supposed this were technically feasible). For the cost of such diversion would
exceed the avoided interruption losses.

7. What should be kept in mind, though, is that the concept of the "marginal
consumer" is a notional one. In fact, if grid-based supply is sufficiently unreliable,
consumers with a lower willingness to pay for uninterrupted power may not exist or may
be insignificant in terms of their load. In this event, a marginal increase in NEPA reliability
level, while lowering the extra-costs of autogeneration, may not help reduce (in the long-
run) the number of consumers with backup facilities.

8. Finally, consider the case where unit costs of NEPA power supply and of
autogeneration do not reflect economic costs. If the unit cost differential between
autogeneration and NEPA supply is underestimated, this will encourage excessive
investment in and, more importantly, use of backup facilities. On the other hand, if it
proves higher than is warranted on economic grounds, an inefficient penalty is imposed on
autogeneration.

Cost of Autogeneration: Empirical Estimates

9. The focus is on a representative industrial NEPA customer with a maximum
load in the range between 0.5 MW and 2 MW at 11 kVA. Under the currently prevailing
tariff system, NEPA will ask for a monthly demand charge of 43.75 N/kW and a unit
charge of 0.45 N/kWh. Assuming that the firm's load factor is 0.65, average costs of
NEPA supply amount to 545 N/5,694 kWh + 0.45/kWh = 0.546 N/kWh. At the current
rate of exchange (18.6 N/$) this is equivalent to 0.0293 $/kWh.

10. Two observations can be made:

a. Even at a low coincidence factor, the demand charge hardly reflects NEPA's
capacity costs.

b. The unit charge exceeds NEPA's short-run marginal costs (SRMC). Suppose, for
instance, that NEPA's supply originates from a gas-fired plant. Assuming that the
specific fuel consumption is 15 CF/kWh and transmission losses work out at 40
percent, fuel costs, evaluated at NEPA's preferential purchase price of 3 N/MCF,
amount to 0.075 N/kWh. At a gas price of 10 N/MCF (0.54 $/MCF), fuel costs
would be 0.25 N/kWh.

11. On the other hand, in the capacity range under consideration, the installed
unit costs of a backup diesel generator (including fuel storage facilities, etc.) lie in the
vicinity of 800 $/kW. In addition, the following assumptions are made:
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Reserve capacity: 100 percent

Downtime: exponentially distributed with mean 0.15

O+M: 40 $/kW/year

Useful life: 15 years

Discount rate: 12 percent

Diesel consumption: 0.36 I/kWh (including diesel fuel equivalent of lubes).

Note that alOO percent reserve capacity is not unusual in Nigeria. Also, it is assumed that
two units are installed, resulting in a joint outage probability of 0.0225.

12. In view of the above assumptions, total annual fixed costs of backup
facilities (annuity of plant plus operation and maintenance) amount to $ 315 per kW of load
(5,859 N/kW). At the current administered retail price of N 0.55 per litre of diesel oil, fuel
costs work out at 0.198 N/kWh and, thus, are below the rate (0.45 N/kWh) at which
electricity is supplied by NEPA. The corresponding LRACA (u*-s) vary with NEPA's
reliability level, as shown in Table A 11.1

Table A11.1. LRACA-Status Quo Estimates

Total
u*-s extra costsa

P N/kWh $/kWh $/kW/year

1.000 0.801 0.043 239.59
0.400 2.380 0.128 284.84
0.300 3.257 0.175 292.38
0.200 5.011 0.269 299.92
0.150 6.766 0.364 303.69
0.100 10.275 0.552 307.46
0.075 13.784 0.741 309.34
0.050 20.801 1.118 311.23
0.025 41.855 2.250 313.12

aPer kW of load backed up by 2 kW installed

13. The following observations can be made:

a. Evaluated at the current structure of tariffs and fuel prices, the long-run average
costs of meeting the firm's total electricity demand on the basis of autogeneration
exceed the average costs of NEPA-supply.
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b. Based on the results of the survey on power shortages experienced by industries
operating in the Lagos area (average industrial autogeneration = 20 percent of total
electricity requirements) , the extra costs of an autogenerated kWh would amount to
N 5.011 ($0.269).

c. The incremental costs of autogeneration, however, fall short of the price that the
firm pays for an additional kWh supplied by NEPA. This implies that as long as
NEPA supply is unreliable to the extent that it necessitates the provision of stand-by
generation capacity and, thus, imposes unavoidable fixed costs on the firm, the
firms has also an incentive to use the installed autogeneration capacity to substitute
for firm NEPA supply. In other words, the current structure of tariffs and fuel
prices tends to convert backup facilities into a bypass technology. Table Al 11.1
illustrates this adverse selection effect: The higher the share of autogeneration, the
lower are the annual expenditures for owning and using backup facilities.

14. The figures presented in Table A 11.1 do not reflect true economic costs.
Based on short-run marginal costs of NEPA supply from gas-fired stations, a unit charge
of 0.30 N/kWh would be more appropriate. Since Nigeria is a net-exporter of diesel oil, the
benchmark for border pricing should be FOB med., which in March 1992 was 150 $/t,
equivalent to 0.13 $/1. A retail price covering transport and distribution costs as well as
reasonable margins would be 0.28 $/1 (5.2 N/1). Consequently, the fuel costs of
autogeneration work out at 1.872 N/kWh. The corresponding LRACA are shown in Table
Al1.2.

Table Al 1.2. LRACA-Economic Cost Estimate

Total
U*-S extra costsa

P N/kWh $/kWh $/kW/year

1.000 2.625 0.141 785.41
0.400 4.204 0.226 503.16
0.300 5.081 0.273 456.12
0.200 6.835 0.368 409.08
0.150 8.590 0.462 385.56
0.100 12.099 0.650 362.04
0.075 15.603 0.839 350.28
0.050 22.925 1.216 338.52
0.025 43.679 2.348 326.76

aPer kW of load backed up by 2 kW installed

15. Obviously, fuel prices that reflect economic costs strongly discourage the
use of backup facilities during periods of firm NEPA supply. Also, at a NEPA outage
probability of 0.2, autogeneration involves extra costs of 0.37 $/kWh. In 1990, for
instance, NEPA sales to industrial customers amounted to 2,035 GWh. Assuming that
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sales accounted for 90 percent (60 percent) of total NEPA supply with outage probability
0.2, the annual extra costs incurred by industrial autogeneration would have been in the
vicinity of $200 mrillion ($300 million).



Item Year Rates of change (%)

1980 1985 1980 1980 1989- ;
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 -85 -90 -90 -81 90 (D

A: BILLED SALES . -M

(i) RESIDENTIAL

Residential GWh 2130 2724 3018 3136 2861 3186 4175 4105 3591 4205 3948 8.1 4.3 6.2 10.5 -6.2 c Z

Prop'n of Total Sales 0.46 0.48 0.51 0.51 0.52 0.52 0.57 0.55 0.50 0.49 0.50

No. of Customers ('000) 899 1028 1163 1296 1409 1546 1645 1703 1724 1771 1830 10.8 3.4 7.1 14.3 3.3 o .

kWh/cust 2369 2650 2595 2420 2031 2061 2538 2410 2083 2374 2157 -2.8 0.9 -0.9 11.9 -9.1 *

(ii) COMMERCIAL 0 m
CommercialGWh 1121 1284 1187 1186 1004 1181 1310 1374 1490 1851 1887 1.0 9.4 5.2 11.5 1.9 2<

Prop'n of Total Sales 0.24 0.23 0.20 0.19 0.18 0.19 0.18 0.18 0.21 0.22 0.24 ' -.

No. of Customers ('000) 164 185 208 230 253 281 298 308 323 328 341 10.8 3.9 7.3 14.5 4.0 , 2.
kWh/cust 683.i 6941 5707 5157 3968 4203 4396 4461 4613 5643 5534 -9.7 5.5 -2.1 1.6 -1.2 C)

(iii) INDUSTRIAL

TotallndustrialGWh 1403 1619 1711 1785 1594 1782 1890 1992 2121 2500 2035 4.8 2.7 3.7 15.3 -18.6 . f

Prop'n of Total Sales 0.30 0.29 0.29 0.29 0.29 0.29 0.26 0.27 0.29 0.29 0.26

No. of Customers ('000) 8.27 9.26 10.33 11.23 12.42 13.57 13.82 14.22 13.53 13.75 13.95 9.9 0.6 5.2 12.0 1.5

MWh.cust 169.8 174.9 165.7 159.0 128.4 131.3 136.8 140.1 156.8 181.9 145.9 -5.1 2.1 -1.5 C,,

(iv) TOTAL SALES

Total Billed GWh 4654 5627 5916 6107 5459 6149 7375 7471 7202 8556 7870 5.6 4.9 5.3 12.0 -8.0 C' 3
No.ofCustomers('000) 1071 1222 1381 1537 1674 1841 1957 2025 2061 2113 2185 10.8 3.4 7.1 14.1 3.4 

kWh/cust 4344 4604 4283 3973 3260 3341 3769 3689 3495 4050 3602 -5.3 1.5 -1.9 6.8 -11.1 -

B: GENERATION

PeakGeneration(MW) 1181 1323 1448 1434 1532 1720 1730 1855 1952 2003 2219 7.5 5.1 6.3 9.0 10.8 3

TotalGeneration(GWh) 7142 7788 8566 8713 9036 10431 10765 11265 11593 12544 13364 7.6 5.0 6.3 9.0 6.5 

Load Factor (prop'n) 0.69 0.67 0.68 0.69 0.67 0.69 0.71 0.69 0.68 0.71 0.69

Gen'd GWh not Sold 0.35 0.28 0.31 0.30 0.40 0.41 0.31 0.34 0.38 0.32 0.41 _
(prop'n)

0





Annex 13. Development of NEPA Least-Cost
Expansion Plan by London Economics

1. During August-October 1991 a London Economics team undertook a least-
cost generation/transmission expansion study of the NEPA system, funded under the
Overseas Development Administration of the UK, as part of the Utility Partnership
Programme with British Electricity International (BEI). This note summarizes the study's
background, methodology, and results.

Background

2. BEI is providing engineering, technical, accounting, and managerial
expertise in utility operations to NEPA aimed at improving the utility's performance and the
public electricity supply in the country. Meanwhile, the World Bank is lending to NEPA
for power sector improvement and expansion, necessitating finding a balance between
investing in new facilities and increasing the utilization of existing facilities by rehabilitation
and operational improvements. The study was arranged to provide the basis for optimal
future investment in Nigeria's power sector and was issued in draft in November 1991.

Existing Power System

3. The existing installed NEPA generating capacity forming the basis of the
London Economics analysis is shown in Table A 13.1 and totals almost 6,000 MW.

Table A13.1. NEPA Installed Capacity

Type Plant Year installed Capacity (MW)

Hydro Kainji 1968178 760
Jebba 1983/84 578
Shiroro 1989/90 600

Hydro subtotal 1,938
Steam Sapele 1978/80 720

Egbin 1986/87 1,320
Oji River 1956 20

Steam subtotal 2,060
Gas turbine Sapele 1981 300

Afarn 1-4 1963/82 611
Delta 1-3 1966178 312
Delta 4 1990 600
Ijora 1966/78 67

Gas turbine subtotal 1,990
TOTAL 5,988
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4. Because of breakdowns, poor maintenance, lack of spare parts, and
inadequate protection systems, about 60 percent of the installed capacity is inoperable. The
available capacity in 1990 averaged only 2,450 MW, as shown in Table A13.2. The
figures clearly show the need for plant rehabilitation, improved maintenance, and use of
operation and maintenance contracts with the equipment suppliers to increase plant
utilization.

Table A13.2. NEPA Installed versus Available Capacity

Type Installed (MW) Available (MW)

Hydro 1,938 1,129

Thermal 4,050 1,321

TOTAL 5,988 2,450

(41%)

5. The existing 330 kV and 132 kV transmission system comprises about
1 1,000 km of lines and extends to most areas of the country. However, the system is
relatively lightly loaded because almost half of the 2200 MW system load is concentrated in
the Lagos area, which is supplied from the nearby Egbin plant. High voltages due to the
capacity effect of lightly loaded lines has damaged equipment. In addition, failure of
protection systems to clear faults has resulted in damage to generators, transformers and
other equipment.

Load Forecast

6. London Economics has analyzed the 1980-90 growth trend for energy and
peak demand, which averaged 6.3 percent annually; examined the 1990 power market; and
developed a 20-year load forecast using several methodologies. The 5-year intervals of the
final forecast are shown in Table A13.3

Table A13.3. Energy and Peak Demand Forecast at
Five-Year Intervals, 1991-2011

Energy
Year required (GWh) Peak demand (MW)

1991 13,920 2,303

1996 17,981 2,828

2001 24,086 3,788

2006 32,300 5,080

2011 43,362 6,820
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This forecast implies an average growth rate of 5.8 percent, which is slightly lower than the
record for the 1980s. Given the downturn in annual growth in 1990 due to higher tariffs,
the forecast may be optimistic. However, since London Economics recommends no
generating capacity additions before the year 2000, the load forecast is not critical to future
investments.

Generation Alternatives

7. Under the ongoing World Bank $40 million Loan 3116-UNI covering the
Power System Maintenance and Rehabilitation Project the 70 MW gas turbines at Sapele,
three of the six 120 MW Sapele steam units, one 30 MW gas turbine at Delta 1, and six 70
MW gas turbines at Afam are being rehabilitated. NEPA has already awarded contracts for
installing three 20 MW standby gas turbines at the Abuja National Capital and three 100
MW gas turbines at Geregu, near the Ajaokuta steel mill. NEPA has also completed
feasibility studies on and considering awarding engineering contracts for the 950 MW
Zungeru hydro plant on the Kaduna River, downstream from Shiroro. The London
Economic least cost analysis reviewed the above program plus future generation
alternatives including rehabilitation of the remaining three 120 MW Sapele steam units,
rehabilitation of four 27.5 MW Afam III gas turbines, installing gas-fueled 100 MW gas
turbines or 250 MW combined-cycle units, and rehabilitation of No. 11 hydro unit at
Kainji.

Study Assumptions

8. The least cost study was conducted using the WASP-Ill computer model
and NEPA computers, and also served to train NEPA system planning staff. Some of the
study assumptions were as follows:

* 20-year period to 2011

* 12 percent discount rate

* Year divided into three hydrological periods

* NEPA unit forced outage rates 25 percent declining to 14 percent in the year 2000
due to expected improved maintenance

* Unserved energy valued at $2/kWh

- 450 for new GT

- 850 for combined-cycle

- 200 to rehabilitate Sapele steam

- 200 to rehabilitate Afam gas turbine

- 1,100 for Zungeru hydro

* Gas price Naira 5.24/1000 cf or roughly US¢53/MMBTU
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Study Generation Results

9. Based on the above assumptions, the study results, in terms of an optimum
generation program for NEPA, are as follows:

* The Abuja standby plant was not included in the WASP model

* The Geregu plant was included because it is contracted but it is not required for
some years and it may be possible to cancel and re-order for about the year 2000.
If built this plant should be located at Lagos load area, not in a power surplus area
such as the proposed location in the east.

* No new plant is required until about the year 2000.

* No new hydro should be built because gas-fueled gas turbines are more economic.

* rehabilitation of Sapele steam units and Afam III gas turbines are the cheapest
capacity additions.

* At Nigeria's low gas price, simple-cycle gas turbines are more economic than
combined-cycle units.

i Kainji No. 11 unit should be rehabilitated, because of operational advantages of the
high efficiency Kaplan turbine.

Study Transmission Results

10. The NEPA transmission system was studied using computer load flow
programs available at NEPA. The highlights are as follows:

* Future generation should be located at load centers near the gas pipeline network,
leaving transmission to serve in an interconnection role.

* The 330 kV ring around Lagos should be completed to reduce the high risk with the
Ikeja West substation feeding all of Lagos.

* Existing volume control reactors at many substations could better serve this
function by moving them to other locations.

* Instead of a double-circuit 330 kV line to supply Abuja, single lines from Shiroro
and Ajaokuta would give higher reliability.

* A second Benin to Onitsha 330 kV line is required for reliability to the southeastern
system centered on Afam.

* The 330 kV single-circuit lines Gombe to Yola, Gombe to Maiduguru, Makurdi to
New Haven are required to maintain voltages at stations now supplied at 132 kV.
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Summary

11. The London Economics study has produced very effective results,
particularly given the short period available for the team to gather the input material and to
conduct the study. In summary, the study shows NEPA should consolidate, rehabilitate
and optimize the existing power system facilities, which represent a sunk investment of
about $5 billion, instead of investing in additional generation. Relative small investments
in upgrading existing generation and in transmission strengthening will suffice throughout
the 1990s.

Source: London Economics and L.E. Energy, "Nigeria: Generation Expansion Study,"
November 1991 (draft report).





Annex 14. NEPA/BEI Utility Partnership
Program

Introduction

1. In April 1990 British Electricity International (BEI) undertook an ODA-
financed, 3-year, £5 million utility partnership program with NEPA aimed at providing
technical assistance including training in all areas of NEPA's operations. This note briefly
summarizes the highlights in BEI's January, 1991 report covering the findings of the
diagnostic phase of the activity, which is being followed by an implementation phase.

Summary of Findings

2. The BEI study has found that all areas of NEPA's operations are weak, and
that extensive institutional strengthening is required. Generation, in particular, requires
substantial improvement in performance to increase both reliability and availability. BEI
recommends the provision of advisory staff specializing in improvements in the operation
and maintenance of power plants. For example, Kainji hydro plant will require a $100
million rehabilitation program. The transmission system security must be enhanced by
rehabilitation of system protection schemes and by introducing maintenance management
procedures. The distribution system corrections required pose a large challenge because of
the system size and types of networks. In order to develop and demonstrate ways and
means of improving distribution effectiveness, BEI recommends setting up three Pilot
District efficiency improvement projects. As methods are proven they will be applied
throughout the distribution system to rehabilitate and upgrade the NEPA facilities.

3. The following three sections give details of the troubles found by BEI in the
generation, transmission and distribution areas.

Generation

* There is poor unit availability at all plants due to shortage of funds and lack of
spares for maintenance and repairs.

* Equipment is damaged by frequent unit trips and by lack of effective protection.

* There is limited guidance and support from Headquarters, unclear division of
responsibility between transmission and generation personnel, and no approved
standards for plant chemistry.

* Operating procedures, protection code, plant monitoring, training, communication
systems, maintenance planning, procurement, and administration, are all weak.
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* Shortage of skilled electronics personnel, lack of laboratory facilities, poor
maintenance workshops, no structured apprentice training, and shortage of reliable
vehicles hinder operations.

* Poor stores facilities, lack of spare parts, slow procurement due to bureaucratic
procedures, all result in long outages of plant.

Transmission

* Staff should be increased by competent tradesmen in the six regions so that
Transmission Services and Protection, Control and Metering groups can do more
preventive maintenance.

* A safety officer for transmission should be appointed.

* A maintenance service group should be established for each region.

* Workloads should be better balanced amongst areas and regions.

* Lack of spares and funds results in little preventive maintenance being done.

* Boundaries between generation and transmission at plants must be better defined.

* System protection must be improved.

* Strategic spares such as transformers must be stocked.

i Losses are estimated as shown in Table A 14.1

Table A14.1. Power Transmission Losses (%)
Transmission technical 3.6

Distribution technical 5.6

Illegal extraction 10

Inaccurate metering 10

TOTAL (Approximate) 30

* System control must be improved.

* $1.7m is required to install SCADA equipment (system control and data
acquisition)

* $7m is required for transport, tools and equipment.

* Training is required.

* Future investment needs for system improvement are as shown in Table A14.2:
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Table A14.2. Investment Needs for System Improvement

Item $m Nm

National Control Center improvement 30 6

Communication 6 50

Replace 33 kV minimum OCB 3.5 3
Remove 132 kV flame throwers 4 4

Replace reactors 6 3

Replace transformers 30 6

Improve protection 0.4 1

Add 330 kV lines (6) 140 190

Transmission workshops 5 2.5

TOTAL 224.9 265.5

Distribution

* The distribution system covers 32,000 km of H.T. circuits, 400 primary
substations, 1,500 distribution substations, and 2 million connections, giving
electricity access to 16 percent of the population.

* The reliability is poor due to lack of proper planning and design, inadequate
maintenance, poor protection, limited materials and equipment, poor operational
practices.

* The organizational arrangement with Directorates handling 33 kV and Districts
handling the systems below 33 kV is reasonable, but inefficient because of no
delegation of authority and lack of transport and materials.

* The system operation is weak with clumsy procedures, no network displays, poor
communications, dirty substations, no consumer outage records, and transport
shortages.

* Maintenance is poor, there are no inspections of plant, there are shortages of
materials, spares, and tools, voltage control is out of use, and hundreds of items of
H.V. plant are in disrepair.

* There is little planning and design because effort is limited to fire fighting; security
of supply is low, with many cases of overloading.

* Construction codes are adequate but frequently breached in practice; poor
construction causes outages; training is poor; engineers skilled in protection,
planning, and design are in short supply.
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* BEI proposed 3 pilot districts for efficiency improvements using computerized
operations including performance targets, with a task force of a BEI (72 mm) and
NEPA (166 mm) team plus N4m for transport, tools and spares.

* Distribution requires a new $16 million communication system plus control
facilities; distribution engineering and system planning computer programs are also
needed.

Source. Summary of Diagnostic Phase Report on NEPA System, BEI, January 31, 1991



Annex 15. Rehabilitation Requirements for the
NEPA Power System

Overview

1. This annex presents an overview of the rehabilitation requirements on the
NEPA power system based on the ongoing work under World Bank Power 7 Project and
the planned Power 8 Project. It should be noted at the onset that maintenance work has
been largely neglected at NEPA for almost a decade. Through 1982 Government was
funding both new power projects and the supply of parts for maintenance work. The 1983
economic downturn left NEPA to find the resources for spare parts while at the same time
new restrictions were imposed on imports and foreign exchange, thus impeding spare parts
procurement. The roughly US$5 billion NEPA system requires about 2% or US$100
annually for parts. NEPA's expenditures for parts over the past few years have been only
US$44 million reallocated for parts under Power 6, US$70 million for the Power 7
Project, plus some ODA and suppliers' credit financing. Based on the Power 8 appraisal,
the backlog of generation rehabilitation combined with transmission and distribution
strengthening will require nearly US$1.5 billion for 1992-1998, as shown in Table A15.1:

Table A15.1. Projected Costs for Power System Rehabilitation

Project Cost in US$ millions

Power 7 Maintenance 150
Power 8 Rehabilitation 429
Egbin Rehabilitation 60
Transmission Strengthening 249
Distribution Expansion 448
Miscellaneous 155

TOTAL 1,491

Power 7

2. Under the US$70 million Power 7 Project the following units and related
auxiliaries are being inspected and rehabilitated: six 120 MW steam units and four 70 MW
gas turbines at Sapele, one 30 MW gas turbine at Delta 1, and six 70 MW gas turbines at
Afam. Following the rehabilitation, spare parts and suppliers' services for operation and
maintenance will be provided for Sapele and Afam Plants for a 2-year period. Critical
transmission and distribution spares and equipment are also being provided under Power 7.
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Power 8

3. As presently appraised, the Power 8 Project covers a much broader
rehabilitation and system strengthening program, as follows:

A. Generation

* Emergency repairs to the Kainji dam, spillway, and navigation locks

* Rehabilitation of 7 Kainji units totaling 660 MW including

* Generator rewinds, runner rehabilitation, governor changes,

* Auxiliary rehabilitation changes, etc.

* A management, operation, and maintenance contract for Kainji

* Plant and the Kainji training facilities

* Parts and technical assistance for Jebba and Shiroro hydro

* Plants and for Delta 4 gas turbine plant.

B. Distribution

* Construction of 10 distribution substations and strengthening of the distribution
network

* Improving the distribution communication systems

* Provision of special distribution vehicles.

C. Transmission

* Construction of 268 km of 330 kV circuit between Enugu and Makurdi

e Construction of 90 km of 132 kV double-circuit line from Makurdi to Yandev

* Related substation switching and stepdown transformer facilities for the above
transmission lines

* General upgrading of transmission facilities including the

* Addition of 960 MVA of transformer capacity

* Provision of a maintenance contract covering 330 kV and 132 kV substation
equipment

* Installation of improved communication facilities linking the national control center
to all plants and stations.

D. General

* Upgrading of billing and collection systems; provision of computers, software,
tools, etc. to reduce illegal connections and normalize customer data bases.
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* Provision of computers, software, training and services to improve accounting,
financial and personnel management training services for operations, financial, and
maintenance personnel.

* Provision of consulting services for project management, control system
specifications, tariff study, study of privatization options, and a regulatory
framework.

4. In March 1992 the Ministry of Mines, Power and Steel decided to delay
further processing of Power 8, pending a decision on future restructuring of the power
sector. Nonetheless, the above description is a fairly accurate listing of outstanding work
that must be done on the NEPA system.





Annex 16. Gas Supply to NEPA Plants

1. This Annex reviews Nigeria's natural gas supply and demand situation, the
gas pipeline transmission facilities, the gas supply situation at NEPA plants, and shows
that increased coordination is required to improve the reliability of gas supply.

Gas Reserves

2. Recoverable natural gas reserves in Nigeria are estimated at about 85
TSCF, consisting of roughly equal amounts of associated and non-associated gas. Proven
reserves are 60 percent east and 40 percent west of the Niger River, and 70% of the
reserves are on land. The undiscovered reserves are estimated at 65 TSCF, two thirds of
which would probably be in the form of nonassociated gas. The size of the available gas
reserves is huge in comparison with today's gas consumption of about 0.18 BSCF p.a. for
power, industry and reinjection (not including gas flaring of about 2 BSCF p.a.) Even
with this large gas surplus position in the country, NEPA has experienced gas supply
limitations which can cause power interruptions. The following sections review the NEPA
plant gas supply situation on a plant by plant basis.

Gas Supply for Egbin Steam Plant

3. The 1320 MW Egbin steam plant located northeast of Lagos on Lagos
Lagoon is supplied by the 392 Kin, 36" diameter Warri to Lagos gas pipeline, as part of the
Escravos to Lagos gas gathering system which was commissioned in 1989. The Warri gas
treatment plant, in turn, is supplied from the Shell Utorogu nonassociated gas field by a 32
Km, 30" gas pipeline and from a mix of 3 Shell and 1 Gulf associated gas fields by a 90
Km pipeline system varying from 8" to 24", all operated by the National Gas Corporation.
The Egbin base load power generation fuel requirement is about 265 MMSCFD assuming 5
of the 6-220 MW units are base-loaded. The gas supply capacity is 270 MMSCFD at
Utorogu and 78 MMSCFD for the 4 associated gas fields, giving a total supply of 348
MMSCFD. This shows that the gas supply system design capacity is adequate for the
combination of Egbin base-load operation and a small gas demand at the Warri refinery
supplied from this same system; however, gas system operations must be of a high level to
achieve the system capacity.

4. It should be noted that the pipeline pressure on the Warri to Lagos line is
established by the controlled delivery pressure at the high pressure Utorogu "dry" gas field.
Compressors at the 4 Escravos to Warri associated gas fields must raise the gas delivery
pressure from these sources to match the Utorogu delivered pressure. Therefore the
Utorogu gas input is extremely critical to operations at Egbin in terms of gas supply
(representing almost 80 percent of total supply), pipeline pressure, and reliability
(dependent on the single 30" Utorogu pipeline).
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Gas Supply for Sapele Steam/G.T. Plant

5. Sapele 1,000 MW plant with an installed capacity of 6-120 MW steam units
and 4-70 MW gas turbines is at present under rehabilitation with only limited output, but
future base-load operation assuming one 120 MW steam unit is out for maintenance would
require about 210 MMSCFD. The available gas supply consists of a mix of an associated
gas field and a non-associated gas field at Sapele owned by National Gas Corporation (but
operated by Shell), and a Shell non-associated gas field and a National Gas Corporation
non-associated gas field at Oben.

6. The total Sapele/Oben gas supply capability is 271 MMSCFD, which is
adequate for NEPA Sapele plant base-load operation plus today's gas requirement of under
10 MMSCFD at the Ajaokuta steel complex, which is supplied from the Sapele/Oben gas
fields by a 196 Km, 24" diameter pipeline. However, NEPA's gas supply for Sapele plant
may become inadequate if:

a. The steel mill operation increases

b. The gas supply from the Sapele gas field declines

c. Gas operations are suboptimal to maintain the design gas supply capability

d. A future 300 MW power plant is installed at Geregu near Ajaokuta.

Gas Supply for Ughelli (Delta 1,2,3,) Plant

7. The installed capacity at the NEPA Delta 1,2,3, plant is one 30 MW and 12-
20 MW gas turbines but all units require rehabilitation and/or maintenance so operation is
limited at present. Fuel requirement if rehabilitated at 50% plant factor and 16,000
BTU/kWh is about 45 MMSCFD.

8. The Delta 1,2,3, plant gas supply is 7 small NGC associated gas fields, a
Shell associated gas field, and a Shell nonassociated gas field. The total field supply
capacity is about 120 MMSCFD, so there is more than adequate gas capacity for the Delta
1,2,3 plant and the small Delta Steel and Delta Glass industrial gas requirements that are
supplied from the same gas supply system.

Gas Supply for Delta 4 Plant

9. The installed capacity at Delta 4 plant is 6-100 MW gas turbines and the
base-load fuel requirement is about 170 MMSCFD, assuming 5 of the 6 units are in
operation. Delta 4 gas supply is by a 12" pipeline from the ELP system, which also makes
a tie to the Delta 1,2,3, system.
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Total Western System Supply

10. The total Western System gas supply is about 740 MMSCFD (ELP,
Sapele/Oben and Delta 1,2,3,4). The NEPA base-load fuel requirement is about 690
MMSCFD, so there is adequate gas supply. Moreover, all plants may not be base-loaded,
so the above fuel requirement is overstated.

Gas Supply for Afam Plant

11. The Afam plant has 18 gas turbines in various states of rehabilitation,
shutdown and maintenance comprising 6x70, 4x27, 4x24, 2x17 and 2x12 MW units.
Following rehabilitation plant capacity may total 550 MW. The fuel requirement, assuming
one 70 MW unit is shutdown and base-load operation, is about 160 MMSCFD. The gas
supply sources for the gas system supplying Afam plant comprise 4 small Shell associated
gas fields and 3 larger Shell non-associated gas fields connected by a combined 14", 12",
8" pipeline system, which also supplies gas to industries. The gas supply totals about 270
MMSCFD and this is adequate for the Afam plant plus the industrial gas requirements of
about 50 MMSCFD.

Total Gas Consumption in Nigeria

12. The relative shares of the gas market and the 1982 to 1989 shift in the
market composition are shown by the following breakdowns for 1982 and 1989.

Table A16.1. Gas Market In Nigeria, Percentage Breakdowns,
1982 and 1989

Consumer 1982 1989

Power 95 79
Fertilizer - 14

Steel 1 5
Other 4 3

TOTAL 100 100

MMSCFD 233.5 349.4

13. This shows that power accounts for four-fifths of the gas market, so NEPA
should be in a strong position to demand reliable gas supply operations from the gas
suppliers.

Gas Supply Problems

14. Although the above analysis shows that the gas supply pipeline systems as
designed should be capable of providing NEPA with adequate gas, in NEPA's daily
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operational summaries there are occasions when plant outputs are restricted due to gas
limitations. The power limits frequently mentioned are 250 MW at Afam and 400 MW at
Delta 4.

Summary

15. The above analysis shows that gas supply and pipeline arrangements are
adequate to meet NEPA fuel requirements as designed. Nonetheless, gas supply
limitations continue to be an operational problem for NEPA. Given the huge sunk costs in
power and gas supply facilities in Nigeria, it is not reasonable to limit gas use through poor
operations. Every effort should be made, by establishing a Gas/Power Operations
Coordination Committee, to ensure that any gas supply bottlenecks are removed.

Source: BECIP, "NigeriaGas Utilization Study," September 1991.



Annex 17. Status of Power Interconnections

1. This annex briefly presents the status of interconnections between NEPA's
power system in Nigeria and the power systems in neighboring countries. It covers the
description of the existing 132 kV transmission links between Nigeria and Niger to the
north and the status of the prospective 330 kV or 161 kV interconnection between Nigeria
and Togo, Benin, Ghana and Cote d'Ivoire to the west.

2. NEPA exports up to 40 MW of power to NIGELEC in Niger over two 132
kV links: (1) from NEPA's 330/132 kV Birnin Kebbi substation to Niamey and
intermediate substations on NIGELEC's 132 kV system, and (2) from NEPA's 132 kV
Kotsina substation north of Kano to Maradi and Zinder substations on NIGELEC's 132 kV
system. NIGELEC receives a total of up to 40 MW from NEPA on these two links but the
payment terms are very low at an old rate of only Naira .021/kWh or a fraction of a US
cent / kWh.

3. Over the past 10 years Scandinavian sources have financed studies for a
single-circuit 330 kV interconnection from the Ikeja West 330 kV substation in Lagos
west to Togo, Benin, and Ghana, terminating at the existing 225/161 kV Prestea substation
in western Ghana. The VRA system in Ghana is already interconnected with the EECI 225
kV system in Cote d'Ivoire via a single-circuit 225 kV line from Prestea to the border.
VRA also supplies about 67 MW to Togo and Benin via 161 kV lines. The proposed 330
kV interconnection would overlay VRA's 161 kV system and thereby permit the meshing
of VRA's hydro system with NEPA's predominantly thermal system. The total 330 kV
line distance is 397 km with a geographic breakdown of:

* Ghana 34 percent

* Togo 21 percent

* Benin 32 percent

* Nigeria 13 percent

4. In 1982-83 Danish Power Consult and Swedpower undertook studies on
the viability of the 330 kV West Africa power interconnection with the African
Development Bank as the executing agency. To date, the consultants have issued the
following reports:

* 1983 data report

* 1983 prefeasibility report

* 1984 feasibility report

* 1987 preliminary design.
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5. The studies show an interconnection is economic but this assumes the
NEPA system is operationally reliable so the sunk cost in low-fuel-cost Nigerian thermal
can be used to delay investments in additional hydro and/or complementary thermal in
Ghana. To date the poor operating record of the NEPA system has caused VRA to remain
skeptical on the viability of such an interconnection.

6. As of late 1991 VRA is giving serious consideration to adding oil-fueled gas
turbines to back up its hydro resources. AFTIE Division in the Bank is giving some
consideration to a 161 kV radial transmission line from Ikeja in Nigeria to a 161 kV
substation in Benin to permit supplying a portion of the load from Nigeria and thereby
relieve the power system in Ghana.

7. Although the governments of the five countries involved in the prospective
West African Interconnection have expressed interest in such an interconnection, a great
deal of political cooperation and utility operational planning remains to be done before such
an interconnection could become a reality. Moreover, in Nigeria, NEPA's first priority
must be to improve operations on its national power system.



Annex 18. Comparative Wage Levels at NEPA
and in the Oil Industry

Table A18.1. Comparative Wage Levels at NEPA and In Oil Industry
(in Naira p/a)

NEPA Oil industry (a) Difference (%)

Grade Min. Max. Min. Max. Min. Max.

Junior staff 1 3,216 5,856 6,576 10,296 104 76
2 3,276 6,312 8,688 13,152 165 108
3 3,360 7,320 9,444 14,736 181 101
4 3,744 7,836 11,772 18,240 214 133
5 4,248 9,264 12,864 20,616 203 123

Senior staff 6 5,172 11,508 16,848 29,496 226 156
7 5,664 12,792 22,080 35,412 290 177
8 6,300 16,068 24,324 40,320 286 151
9 7,208 17,798 29,952 56,256 316 216

Managers 10 10,671 24,491 56,184 83,688 427 242
11 12,224 27,407 72,588 106,644 494 289
12 13,417 29,104 87,696 127,536 554 338

Senior managers 13 14,671 31,401 (b)
14 16,600 34,548
15 18,602 35,857

(a) Mission estimates
(b) Base salary for senior managers and above not available. Benefits usually include

housing, car, driver, union gratuity, and noncontributory pension.
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Annex 19. Power Sector Policy Guidelines

1. Development Options

1. To assure a reliable supply of electric energy at lowest possible costs,
organizational, institutional, and human-related aspects of utility operations are of crucial
importance. I They have to be developed within the context of the following principles and
objectives, which are imperative in power sector planning:

a. Investments in the power sector are a vehicle for promoting economic growth and
social well-being in developing countries.

b. Power sector projects compete with other investments aimed at contributing to this
overall objective and should be executed only if they prove optimal in terms of
intersectoral allocation of scarce funds.

c . Projects must show advantages against competing projects that provide the same
services, and they must result in the least lifetime-cost solution compared to other
projects.

ds. Projects are to be compared using a system approach, which requires a
comprehensive definition of the alternatives for system expansion.

Some of the principal issues involved in power sector planning are discussed below.

Electrification

2. The most important consideration in planning power sector development
should be the extent to which electrification contributes to economic growth by
supporting industrial, semi-industrial, commercial, and agricultural activities in the
country.

3. Rural electrification must also contribute to economic growth. Apart
from operating isolated diesel sets or extending an existing grid into rural areas, other
approaches such as tapping the potential of renewable energies should be investigated
carefully. In particular, when electricity is used primarily for nonproductive activities
or is limited to lighting, supply options based on renewables or on hydrocarbon fuels
such as kerosene may turn out to be less costly while still providing adequate supply.
If it is decided to proceed with network electrification schemes, the following
pineapples should be applied:

1. This annex is based on the proposed Policy Guidelines for the Improvement of Electric Power
Utilities, prepared by a multi-agency team led by the World Bank (forthcoming 1993).
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4. Losses to a utility resulting from financially nonviable projects could be
covered:

a. Through direct payments of corresponding funds by the government, or

b. By cross-subsidies that enable the utility to make up for losses by charging higher
tariffs to certain categories of consumers.

5. If subsidies are granted for projects or project components that are not
financially self-sustaining, it should be clear from the outset what benefits are expected,
who the beneficiaries will be, and who will be burdened. Furthermore, a subsidy
should not be established without creating the possibility of revoking it; a time should
be established after which the subsidy will be terminated.



II. Government-Utility Interaction

6. Autonomy and consistency of objectives has been identified as key
factors in determining a utility's operating efficiency. This section discusses the crucial
issues within that context.

Agreement on the Utility's Objectives

7. Where governments are majority owners, they must, as a minimum
condition:

a. Define clear, nonconflicting objectives for the utility's performance.

b. Allow the utility to operate with a high degree of autonomy.

c. Allow the utility to charge adequate tariffs.

d. Ensure the availability of convertible currency according to the needs of the utility.

e. Refrain from interfering in staffing questions by limiting intervention to appointing
competent top managers who are held accountable for the utility's performance.

These critical conditions for utility/government interaction are discussed below.

8. Government and the utility must agree on the statutory and performance
objectives on which the utility can base its long-term investment planning and by which it
can measure its operational performance. As a minimum condition, there should be
agreement on a target rate of return for the utility. This rate should be calculated in real
terms net of nominal price increases, and considering exchange-rate fluctuations,
revaluation of assets, and price distortions such as subsidies on fuel.

9. It is particularly important to ensure that the government's sectoral policy
regarding new customer connections is compatible with financial cost recovery.

10. Financial autonomy and full cost recovery for the utility are fundamental
objectives; to that end, the utility generally should not be given funds on preferential terms.
Funds received by the government from foreign donors should be on-lent at appropriate
commercial market rates, with the utility in principle being obligated to bear the foreign
exchange risk.

Encouraging Managerial Autonomy
11. Utility managers must have substantial control over their operations in
matters concerning personnel, salaries, incentives, overall financial management, and
contracts. At the same time, autonomous managers must accept full responsibility for their
decisions and for overall performance. Financial and technical assistance agencies have an
important role to fulfill in promoting managerial autonomy. Technical assistance agencies
can provide the necessary training and expertise; and financial agencies can delay
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committing funds for new investments until an acceptable operating environment is in place
in the utility.

12. When qualified local personnel are not available to assume increased
responsibilities, other ways to increase autonomy should be sought, such as:

a Hiring expatriate personnel in line functions

b Contracting out specific activities, such as maintenance or billing and collection, to
qualified private firms.

The costs and benefits of such measures should be compared in order to find the optimal
solution for each case.

Need for Adequate Tariffs and Collection Practice

13. Utilities cannot and do not operate efficiently when their revenues do not
cover their costs. Generally this situation arises in either or both of the following cases:

a. When the government prevents the utility from charging adequate tariffs

b. When the utility is unable to collect outstanding bills in a timely manner either
because of inefficiencies in the billing and collection system or because political
expedience prevents the utility from forcing its customers (particularly government
or government-owned entities) to pay their bills.

14. In principle, tariffs should be set to achieve an economically efficient
allocation of available resources. The recommendation therefore is that tariffs should
reflect the long-run marginal costs (LRMC) of system expansion. If LRMC pricing
conflicts with other goals such as the financial viability of the utility, or if other
considerations such as widespread price distortions call for a modification of strict LRMC
pricing, the level and structure of the tariffs should ensure that the utility as a whole
achieves the target rate of return.

15. Local or regional plants or distribution units that are unable to cover their
own operating and maintenance costs must receive adequate financial support from the
central administration.

16. No financial support for systems expansion should be approved, except for
direct remedial measures, unless existing tariff, billing, and collection deficiencies have
been remedied. The following minimum acceptable standards should be applied:

a. Total accounts receivable from governments or government-owned entities do not
exceed two months of billing

b. Total accounts receivable from private customers do not exceed 4 months of billing

c. Total losses (defined as energy sent-out minus sales as a percentage of sent-out
energy) do not exceed 18 percent

d. All customers (government or private) with outstanding payments of 2-1/2 months
or more have been disconnected.
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Even if these minimum conditions are met, programs and losses to reduce accounts
receivable should be in place before new projects are financed.

Access to Convertible Currency

17. Utilities must have access to convertible currency to maintain efficient
operation. A major issue that must be dealt with decisively and permanently is the frequent
delay in obtaining central bank or import licensing agency approvals for needed spare parts
acquisitions, particularly in emergency situations.

Sector Organization and the Sources of Investment Capital

18. Electric power systems are highly capital intensive and require substantially
more investment capital than a utility is able to accumulate internally. As a number of
recent studies have shown, most utilities are experiencing a huge financing gap that can no
longer be covered by government grants and loans, outside borrowings, or the inflationary
internal expansion of the domestic money supply. Other sources of investment capital for
utilities must be found. Financing options should include the following:

a. A self-financing ratio by the utility of not less than 35 percent

b'. Direct private sector participation through:

i. Partial or full privatization of the utility or certain portions of the utility

ii. Built-Own-Operate and Transfer (BOOT) schemes

iii. Joint ventures between public and private partners

iv. Development of regulatory structures that allow privately owned
cogeneration plants to sell surplus power to utilities at prices that reflect the
utilities' own opportunity costs of generation.

19. For governments and utilities to seriously consider such options, laws,
rules and regulations must be developed and put into place that encourage private sector
participation in the power sector; the rules of the game should include security of tenure and
rate regulations that allow private enterprises to operate profitably. Ideally, the
government's role in the sector should be restricted to that role of an effective regulator of
economic activities in the power sector; its contribution should be to create a suitable
legislative framework and to set mandatory standards for operation and environmental
protection.





Ill. Utility Management and Manpower Problems

Quality of Management and Staff
20. Autonomy, financial independence, and new or rehabilitated hardware are
not enough to make a utility operate efficiently. To bring about efficient operation, it is
necessary to create an environment in which qualified, competent, and dedicated
management and staff work together to make long-term efficient performance the norm. To
bring about the necessary corporate culture, governments must take special care to appoint
competent top managers and to hold them accountable for utility performance on the basis
of agreed-upon standards and objectives. The appointment of second- and lower-level
managers should generally be handled by top managers who are directly responsible for
their performance. For government-owned utilities, three policies should be followed:

a. Government approves the composition of the utility's governing board (which
should include representatives of power consumers).

b. Government appoints the managing director of the utility upon the advice of the
utility's governing board.

C. The managing director appoints the major department heads with approval of the
utility's governing board.

21. It may not always be possible to obtain the services of competent higher-
level managers or technical experts within a country, even if employment and remuneration
conditions are made highly competitive in the context of the local labor market. This
problem can often be remedied in the short run by hiring expatriate advisers or managerial
staff, if necessary with the assistance of outside agencies. Such arrangements are often
intended both as a stop-gap and as a transition to greater reliance on local personnel after
these personnel receive appropriate training. Making that transition and determining its
timing and duration is important, because it takes time for remedial measures to take effect.

22. Other means of overcoming managerial problems could be management
contracts, twinning agreements, or other technical assistance arrangements to bring in
outside expertise. Privatization or outsourcing of some activities (billing, collections,
maintenance contracts), or outright privatization of the utility itself, with direct participation
by competent outside utility operators, may provide additional options for overcoming
management problems.

23. Where serious management problems exist, the design of assistance
packages by outside agencies should always focus on resolving those problems first,
before financing is provided for system expansion activities.

24. A utility's compensation structure should be commensurate with conditions
in the country and the utility's needs. Salary and overall compensation packages must be
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competitive within a country's labor market, particularly for skilled managerial, financial,
and technical staff. It is important to note, however, that simply comparing salaries with
those of the private sector rarely reveals the appropriateness of compensation. Fringe
benefits, security of employment, and intangible factors are also important. It should be
kept in mind that total job security based on rigid civil service rules usually is
counterproductive for job performance. Compensation, particularly at the managerial level,
should include tangible incentives for superior performance and clearly articulated sanctions
for poor performance. Overall, a mixture of tangible and intangible incentives and benefits,
such as a positive corporate culture, cohesion of the work force, and confidence of the
work force in management are most conducive to high employee morale and the successful
operation of the utility.

25. Overstaffing, particularly in unskilled job categories, is an endemic problem
in many government-owned utilities, which are often misused as state employment
agencies. Not only is overstaffing costly to the utility in financial terms, but it also
effectively destroys the discipline and morale of staff members who observe paid
colleagues with little or nothing to do. Such over-employment practices must be stopped.
Utility management must have the right to adjust the number and composition of its staff
according to its work load, and the right to discharge unneeded or unqualified employees
according to established criteria and standards.

26. The utility should be organized and structured to clearly define the
responsibilities of each staff and management position. There should be no parallel areas
of decision and responsibility. Clear communication channels should be established among
different departments and between utility headquarters and external operating units. Only
then can managers be judged according to their performance and held responsible for
mismanagement.

27. Corporate planning in the utility should not be restricted to the technical
design of the system, but should include financial and manpower planning. Adequate
accounting and budgeting procedures should be in place or scheduled for implementation
before new investment is undertaken.

Manpower Development and Training Programs

28. Technical competence and adequate training, as well as the constant
upgrading of skills, are crucial for achieving efficient operations. Therefore, the utility
must have a long-term manpower development and training program. The program should
include institutionalized training schemes, and can also include the development of detailed
job descriptions and career-oriented promotion schemes. Recruitment and promotion
should be based on job qualification and performance rather than on other less objective
criteria.

29. Manpower development must assess training needs. In addition to the
training of technical staff, the assessment should cover training in managerial and
commercial operations and in accounting. Classroom training, on-the-job training,
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manufacturer's training, unstructured hands-on training by technical assistance personnel,
and/or training based on suitable educational media are all useful and appropriate.





Annex 20. Regulatory Options in a
Commercial Utility System

1. The utility commercialization options presented in this paper are premised
on the facts that electricity is a (capital-intensive) commodity with a cost of production and
a value to consumers, hence it should be sold at prices which consumers are willing to pay
and which recover the costs of the resources needed to maintain a future stream of reliable
supply. In a competitive market, the forces of competition are expected to determine prices
which balance the quantities consumers want with the quantities it pays producers to make
available.

2. In some respects, electricity supply may be a "natural monopoly" -
particularly in respect of transmission and distribution systems. It is normally uneconomic
to duplicate these assets so that they may compete with each other for the same market.
Stand-alone private power generation or other energy forms are alternatives to grid
electricity supply, but they may be so much more expensive than supply from a properly
functioning grid, that they may not be effective competition. (However, see paragraph 13
of the main text for the current situation in Nigeria.)

3. There could be competition in the electricity generation segment of the
supply system, if individual power plants had different owners who would compete for
access to the grid. This is a growing, efficient development in some power systems, and
may be an option in Nigeria. However, it is more often the case-especially in mixed
hydro-thermal systems that have been designed to operate with scheduled complementarity
between hydro and thermal components-that the generation system is also a monopoly
over a given service territory. Monopoly need not be maintained even for these systems,
but experience is limited in developing competitive modes of operation for the generation
system as a whole, which would assure these economies of complementarity.

4. Where competition is not an effective mechanism for determining prices and
other terms and conditions of service, there are at least four other alternatives for doing so:

a. The utility sets prices and other terms of service on its own.

b. The government sets the prices.

c. An independent regulatory body does it.

d. Option (a) combined with the threat of option (c).

Each of these is considered briefly.
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A. The Utility Sets Prices and Other Terms of Service
5. The main advantage of this option is that it is administratively easy, and the
utility, if competent, knows best what are its costs of service to the various kinds of
consumers on its system.

6. The main disadvantages are that without some kind of effective competition
or external oversight, there is little to prevent the utility from over-charging, and there is
little discipline on cost control or quality of service. Of course, with high enough prices and
poor enough service, at some point customers will leave the grid and turn to other options
(as is the case today in Nigeria); but there may room for considerable abuse by the utility
before this response discomforts it-especially if the utility can count on the public purse to
bail it out from the consequences of its own mismanagement.

B. Government Determines Prices and Service
7. The advantage of this option is that it provides for some external discipline
on utility pricing, costs and other terms and conditions of service.

8. The important disadvantages are that political constraints may prevent the
government from implementing cost-covering, appropriate prices, thereby crippling the
utility system, while inducing uneconomic levels of demand. These circumstances, in turn,
generate pressures to subsidize the utility, which removes scarce public resources from
other, perhaps more valuable uses. If the utility is crippled from inadequate revenue, as in
Nigeria, its service deteriorates and customers turn to economically inferior options for
electricity supply. Governmental decision-making processes in such specialized areas can
be ill-informed, cumbersome and untimely, partly because of the ways in which
government decision-making processes are often structured.

C. Use of an Independent Regulatory Body
9. In this option, there would be a relatively independent body of decision-
makers (appointed "commissioners" from different walks of life with some expertise) and
supporting technical staff to receive petitions from interested parties (utilities or their
clients) for changes in prices and other service conditions; they would publicly hear
arguments on all aspects of the issues (be it in writing, orally, or both) and make decisions
based on the evidence brought before them, including matters of fact and principle.

10. If established properly, such an agency can be insulated from political
pressure and interference, it can be expert and well-informed, it can be structured to
respond with adequate timeliness to changing market conditions, and it can embed
efficiency incentives and inefficiency disincentives in the way it regulates utility pricing and
service conditions. In response to the concern in many people's minds that electricity is a
"public service", a properly functioning regulatory body can generate the confidence of
consumers and investors that under its aegis, prices will be kept "right" and other terms and
conditions of service will be reasonable. It maintains a public sector "window" on the
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industry , to mind the public interest-a compromise between no public control and
excessive public control.

11. The main disadvantage of this approach is that if it were inappropriately
structured and operated, it may achieve none of the above, and in fact may be an additional
hindrance to efficient operation of the power system. This is a real risk if the agency were
to lack sufficient independence of politics, if it were saddled with cumbersome processes,
and if it had ill-informed and poorly qualified staff. Furthermore, creating new regulatory
institutions also creates opportunities for over-regulation; institutions usually, do see after
their own survival, and it takes a certain amount of sophistication within an institution to
understand that if it "over-reaches" it will destroy itself. These disadvantages, however,
are perhaps more controllable than the disadvantages of options (a) and (b), where there is
a public will and knowledge to design the option properly.

D. Utility Self-Regulation Under Threat of Regulation

12. This option is the same as (a), except that there is an implied threat that if the
utility "misbehaved", government would implement proceedings such as under option (c).
The main advantages of this approach are that it involves the least public sector
intervention, and it may be sufficient to keep the utility honest and efficient. On the other
hand, it could suffer the disadvantages of option (a) unless the utility perceived the
government to be serious about doing option (c). The utility would not have this
perception if the political systems were lethargic about such matters and the utility knew it.

13. A more detailed explanation of how option (c) could work is appended to
this paper as Appendix 20. 1. Nigeria is embarked on a version of option (c), with the
creation of the Utility Charges Commission. This is a new institution in its formative
stages, and its appropriate development is to be encouraged. That much said, none of these
options-including (c)-are trouble-free, hence it is advisable that governments regulate
when necessary, but not necessarily regulate.





Appendix 20.1. Electricity Tariffs:
Why Regulate and How?

Rationale for Regulation

1. In a competitive product market, governments seldom regulate prices
because the market finds prices that roughly balance supply and demand. Price reflects the
marginal cost or incremental cost of supplying the last quantity which consumers demand.
Because demand and supply conditions change, economic prices also change. Without
competition, there may not be either economic or "fair" price-setting in the market place;
therefore, price regulation may become appropriate in order to replicate economic prices
absent the competitive mechanism. Another purpose of price regulation is to modify
economic prices for non-economic reasons (for example, to subsidize a product or service
for target groups or areas), or for economic reasons which the market place does not
recognize. These are "externalities," for example: environmental costs often not charged to
producers and, therefore, not recovered from consumers, or "market failure," for example:
monopoly.

What Is Economic Regulation?

2. The concept of "economic regulation" means that regulators allow markets
to work to the extent that they can work competitively and efficiently, and intervene only to
remedy market failure or externalities, so that the resulting levels of price, supply and
demand are akin to those which would prevail in a competitive market, taking into account
economic costs "external" to the market (such as the environmental costs in the example
above).

3. Regulators are often faced with conflicts between pricing arrangements
which are "economic" in the aforementioned sense, and those which, in the minds of some
parties, are "fair" (but not the same as economic prices, for example, electricity prices
charged to low-income consumers which are below the cost of supply). When this
happens, regulators must exercise judgment about which criteria are more important in
setting a price, and this is normally a case-by-case determination.

Why Regulate Electricity Prices?

4. Electricity is an invisible manufactured product, derived through processes
which convert other forms of energy into electricity. There are numerous ways of
manufacturing it, and there are a variety of institutional vehicles through which to organize
its production and distribution. Thus far, it isn't much different from any other
manufactured products whose prices are not normally regulated in market economies.
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5. The main reason for regulating electricity prices is that certain parts of the
supply chain are a "natural monopoly". It is uneconomic to have competitive distribution
systems virtually anywhere; competitive transmission systems could be economic under
special circumstances, but this is unusual; however, in some countries there is growing
competition in the business of generating and selling electricity into transmission systems.
(Systems need not be particularly large or well developed to have a competitive generation
market.) Because of the novelty of competitive generation markets, there is usually some
regulatory oversight into the conditions governing the play of this market. Its purposes are
to give comfort that the competition actually occurs and results in efficient prices, and the
security of supply to consumers is maintained at acceptable standards.

Vehicles of Regulation

6. There are essentially three options for regulating an industry:

a. Industry self-regulation

b. Administrative regulation by government

c. Independent regulatory tribunals.

7. These options can and do coexist. Each can be useful for different aspects
of regulation.

8. Where there is broadly based interest and concern over the item to be
regulated, or where there are potentially powerful interest groups with conflicting interests
in the outcome of regulatory decisions, governments find it effective and convenient to use
option (c), regulatory tribunals, either to make final decisions, or to make decisions which
are then subject to government approval. Electricity pricing is a good case in point.

9. The independent regulatory tribunal, if properly constituted and used, has
considerable merit:

* It "takes the heat off" of politicians for contentious decisions which are often "no
win" for most of the voters (for example, when prices must be increased);

* It becomes the seat of expertise in the regulation of matters for which it is
responsible; continuity and expertise are essential to efficient regulation, and
efficient regulation is important to economic welfare;

* It provides for transparency of process and substance, which is important for public
understanding of and confidence in regulatory decisions;

* It provides a public forum for discovering and assessing all matters relevant to a
regulatory decision; and

* To the extent justified by market conditions, it can establish "rules of the game", so
that business people and consumers can develop their plans with the confidence
which comes from predictability of decision-making criteria and processes.
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10. To achieve these benefits of regulatory process, there are some necessary
conditions:

* The role of government in either supervising or ratifying regulatory activity is kept
to an absolute minimum.

* The personnel in the regulatory agency are expert in their fields, and none are
politicians (though it is normal that, once certain key positions become vacant, the
incumbents are government appointees who, once appointed, cannot be dismissed
for the duration of their term unless they commit crimes; their terms are long
enough to provide for continuity and the development of their expertise).

* All of the evidence coming into the process is in the public domain, the proceedings
of the institution are public and its decisions and reasons for decision are made
public.

* The agency has rules of practice and procedure which insure that its decision
makers will hear all relevant points of view on a matter.

Governing Law

11. The structure, mandate and broad operating criteria for the regulatory
agency are usually set down in its enabling legislation. This legislation can be as detailed
or as general as the country's law makers think appropriate. However, pragmatism and
flexibility are extremely important qualities of effective regulation, because market
conditions and other relevant circumstances are very changeable in today's complex
international environment. Hence, it is generally desirable to draft the legislation in a
manner which gives the agency the maximum desirable amount of latitude in deciding how
it will operate and make decisions.

12. The essential purposes of the legislation are to establish the institution, to
describe its mandate and jurisdiction, to build-in certain features protecting its autonomy
and insuring its objectivity, and perhaps to specify certain operating constraints which the
Govemment wishes respected under any circumstances. These should be confined to vital
social matters which are expected to change but seldom, because every change requires
legislative amendment. For example, if the Govemment wished to protect the concept of
lifeline tariffs, the governing law could require the agency - whatever else it does with
tariffs-to preserve the life-line tariff.

13. The governing law may be used most effectively to provide the agency with
broad statements of policy makers' intent, leaving the details of how to honor that intent up
to the agency itself. For example, setting tolls or tariffs to recover the cost of service is
often a legislated provision in the regulatory agency's governing law. How the cost of
service is defined, and the specific design of the tariff for recovering the cost of service are
matters for which the regulatory agency has responsibility and authority. If interested
parties believed that specific regulatory decisions disregarded the intent of the agency's
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governing law, this could be grounds for a legal challenge of the decision, as discussed
below.

Structure and Operation of the Regulatory Tribunal

14. While detailed practices differ between jurisdictions, normally the regulatory
agency has two layers of staff: the decision makers (Board Members, or Conmmissioners,
of whom the Chairman is one), and the staff who serve the decision makers in an advisory
capacity. The agency can be in charge of regulating a variety of matters, and the staff is
appointed and structured accordingly. For energy regulation, it is normal for the staff to
consist of lawyers, engineers, economists, accountants, environmental specialists and
where hydrocarbons are involved, specialists in oil and gas supply. The size of the staff
depends upon the scope and quantity of its regulatory work. In Canada and in parts of the
USA, the Board Members or Commissioners are Government appointees; however, in
some of the States of the USA, they are elected by the same voters who elect politicians.

15. The operating procedure (taken from National Energy Board of Canada
(NEB) experience) is described with a hypothetical example of an electricity tariff
proceeding. By the way, Canada's NEB does not regulate electricity tariffs, but it does
regulate pipeline tolls; the principles are the same. Canada's provincial regulatory agencies
regulate electricity tariffs. In the USA, the Federal Energy Regulatory Commission
(FERC) regulates wholesale electricity transactions, while State regulators regulate retail
transactions.

16. Given that this is a regulatory tribunal, the onus is on the applicant to make
its case for the tariff it wishes to charge its customers. The electric utility applies to the
regulatory agency (RA) for a tariff increase. The RA has a set of "information
requirements" with which the utility must comply in submitting its application. These
information requirements constitute what the RA thinks it needs in order to assess the
reasonableness of its tariff proposals. When the application comes in, the RA assigns
several Board Members to constitute a "hearing panel" which has decision-making
authority on behalf of the Board. The staff reviews the application to see that the
information requirements have been complied with, and advises the panel accordingly.

17. When the matter is "ripe" for hearing, the RA sets it down for hearing,
publishes the hearing date in the press, and invites all interested parties to participate either
by submitting their evidence in writing, or by appearing orally at the hearing, or both. The
utility's application and supporting information is made available for public inspection,
insofar as it would be essential for any interested parties to study this material in order to
prepare their own interventions intelligently.

18. The hearing process has its rules of evidence and procedure, to make sure
that it is fair to all parties. After the evidence has been "heard", the staff, under the
guidance of the hearing panel, prepares analytical documents which the Panel may need for
reaching its decision, as well as a "Reasons for Decision" document which lays out the
evidence, the Panel's decision and its underlying reasons. Once the document is
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published, neither the staff nor the Panel members have anything more to say about the
matter, because the document constitutes the Board's complete statement.

19. Hearing can be contentious and adversarial, because there are often
conflicting interests brought before the panel. That is what the RA is intended to deal with.
One or more of the interested parties may not be satisfied with the RA's decision or its
reasons, and may wish to pursue the matter further. In much Canadian and U.S. practice,
avenues of recourse exist but most often they do not include appeals to govemment or a
role for govemmental intervention. Furthermore, there are limits on the admissible scope
of the appeal.

20. The RA itself can decide to rehear a matter if it were convinced that it had
made an error with respect to its own rules of practice or procedure, or new evidence came
to light which materially altered the circumstances of the case. Otherwise, the complainant
can take the RA to court, challenging the legality of its decision. In Canadian practice, the
Federal Court will not second-guess the NEB on matters of substance, because the NEB is
the expert tribunal over its area of jurisdiction. However, the Federal Court will hear cases
for which it has reason to believe that the RA may have committed an error in law. In the
USA, the FERC is taken to court routinely.

21. In Canada, the NEB's decisions on pipeline tolls are autonomous, i.e. there
is no further ratification by govemment. Regulatory decisions on electricity tariffs in a
number of Canada's provinces are subject to provincial govemment approval. While, in
principle, provincial govemments may decide as they please, in practice they usually do not
ignore expert advice, nor do they usually wish to put at risk the credit ratings of their
electrical utilities in intemational money markets, because inadequate revenues produce
inadequate financial results, which causes loss of confidence, lower credit ratings and
higher borrowing costs.

Dealing with the Substance of Issues

22. The RA is often confronted with major issues of substance. In the
hypothetical case of electricity tariffs, for example, it may have to decide on whether to
base its decision on "incremental" vs. "rolled-in" tariffs. An incremental tariff would be
based on LRMC or some variant thereof, while a "rolled-in approach would be to merge
the incremental costs of the most recent investment with the historic asset base and design
the tariff on the resulting cost of service. These different approaches can have different
impacts on different consumers, certainly with respect to the level of tariffs, but also with
respect to price differentiation between consumers, where the tariff-making principles
differentiate between consumers according to their differential costs of service.

23. These kinds of issues are dealt with either "generically" - by holding a
hearing to deal specifically with methodology, to be of general future application - or "case-
by-case" as part of the specific tariff hearing before the RA. There are merits to either
approach. One way or another, however, the RA must avail itself of enough evidence and
expertise to make a decision with which it is comfortable.
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24. A matter of great public concern in Nigeria is the efficiency and
effectiveness of the utility's performance. Performance is the quid pro quo for tariffs. The
regulatory process is a useful, systematic vehicle for linking performance issues with tariff
issues. For one thing, the agency would normally have "financial regulatory" and
engineering staff, whose role it is to inspect the utility's books, audit their financial and
technical performance and raise any issues which could have an impact on the tariff
request. Hearing panels may use the advice they get from their inspection staff in reaching
their decisions, and when decisions reflect this advice, it is explained in the decision
document. While this function must be- implemented carefully - because regulators
shouldn't be second-guessing every aspect of the utilities' business or doing their business
for them - it is, nonetheless, an important safeguard of the public interest, especially as the
utility knows that the oversight is present and operative.

25. Another approach to enhancing utility efficiency is to build efficiency
incentives into the tariff structure. For example, the tariff may be predicated upon certain
market pricing considerations (as applicable) or upon forward-looking cost of service
principles which incorporate efficiency standards (e.g., losses as a percent of sales). If the
utility succeeds in saving more than enough to meet its requirements at these standards and
prices, it keeps the gain. If the utility fails to perform adequately, this will show in its
financial performance, from which remedial action could follow.

26. While government departments can be staffed to play this role, it is often
better left in the hands of the regulators, for two reasons. First, the working relationship
between the utility and the inspection process is better, because the regulatory agency, if
working properly, is seen as an objective, impartial arbiter with no political "ax" to grind.
Second, the integration of performance and tariff issues is maintained as appropriate.

Summary of Experience

27. The workings of regulatory agencies are not without difficulties of their
own. Procedures can be time-consuming and cumbersome. Cases can be complex and
litigious. Sometimes everyone emerges from a proceeding satisfied, but sometimes there
are inevitable winners and losers. Cases can be difficult to decide, because trade-offs have
to be made between conflicting objectives. There are also the very human dangers of
regulation for its own sake, or "runaway regulation."

28. Nonetheless, the importance and positive role of these agencies has been
confirmed over and over again in North American experience. Often, industry confronted
with problems it cannot resolve on its own (largely because of external factors or inter-firm
rivalry), will call upon the help of the RA if it has confidence in the expertise and
objectivity of the institution. The problems of regulation are the subject of on-going
processes of regulatory reform, aimed at streamlining and simplifying regulation to the
extent achievable, while preserving the basic objectives and qualities of these processes.

29. The main challenges for countries such as Nigeria in setting up these
institutions can be sketched as follows:
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* Establishing their autonomy

* Developing respect for quasi-judicial processes

* Defining an appropriate field of regulatory authority

* Establishing operating procedures that are sufficiently simple, open and flexible

* Attracting, training, and maintaining competent staff at all levels.

30. These are surmountable challenges, and the pay-off in meeting them
successfully will be the existence of institutiohs making major contributions to the financial
viability and technical efficiency of public or private utilities.





Annex 21. Recommendation of the Joint
Committee on Power Sector Restructuring

Introduction

1. Following an invitation by the Federal Ministry of Power & Steel, a group of
World Bank staff and international consultants experienced in power sector restructuring
visited Nigeria between November 2 and 13, 1992, to form a joint committee with a group
of Nigerian experts drawn from FMP&S, NEPA and the private sector. The Joint
Committee investigated possible alternatives for restructuring Nigeria's electric power
sector to promote greater efficiency and alternatives for restructuring Nigeria's electric
power sector to promote greater efficiency and reliability of service in the most cost
effective way.

2. The following are excerpts of the Committee's report.

Overall Objective of the Joint Committee's Work

The overall objective of the Joint Committee is to identify alternative institutional structures
for the country's power sector that would best promote economic efficiency, reliability of
supply, access to sufficient sources of capital for financing expansion needs, while meeting
the income distribution and regional development objectives of government with respect to
the power sector.

The Committee recognizes that the Government and the electric utility have several
specific objectives that coincide with each other but also some that differ. Therefore, the
Joint Committee has endeavored to identify the most important objectives of each so that
the proposed sector structures can reconcile them and accommodate both sets of objectives
at least cost to the economy as a whole.

Utility Objectives

In order to meet the needs of electricity customers, the Utility has the following
objectives:

* To contribute to the economic development of the country by meeting the current
and future demand for electricity cost effectively and with mutually acceptable levels
of reliability and quality.

* To recover its costs of capital, operation and maintenance from revenues (mostly
tariffs) and to pay a reasonable rate of return on its investments to its shareholders,
be they the government or private sector.

141



142 Nigeria: Issues and Options in the Energy Sector

* To cover a portion of its system expansion costs from retained earnings, to maintain
its credit ratings and thus its ability to raise additional capital from domestic and/or
foreign sources at reasonable costs.

Government Objectives

Government objectives fully embrace the range of utility objectives listed above.
However, Government has a number of additional objectives that are listed below.

* To promote the economic development of the country by supporting the rapid
expansion of reliable supplies of electricity to all potential users and, ultimately, to
all inhabitants of the country.

* From time to time, to meet social objectives by making electricity available to
specific target groups or subregions that it finds particularly deserving, but that may
not have the economic means to cover the full costs of power services to them
(e.g., rural electrification, electricity supply to low-income-earners).

Reconciling Utility and Government Objectives

An overriding objective of the utility must be to recover its full costs of operation
and obtain a reasonable rate of return on capital invested. If electricity services are
provided to groups in society unable to pay the full cost of the service, the utility should
suffer financial losses and would not be able to provide services at the reliability and quality
needed to support healthy economic growth, or finance its expansion program. This is the
situation today, in part because of the mandated low tariffs to consumers, imposed by
Government on income distribution grounds.

These problems could be overcome by making arrangements such that the
Government directly pays the differential between the costs of services provided to such
groups and the revenues actually received from them by the utility. Such arrangements
would allow the Government to target clearly the deserving groups of customers and to
limit subsidies to them.

Possible Target Options

Option: Vertically Integrated Monopoly

Maintain NEPA as a vertically integrated utility, but convert it into an independent,
commercially based enterprise subject to firmly agreed objectives centered on full financial
viability and reliability criteria. The company would have to be in charge of its own
development and investment decisions and be capable of raising its capital requirements
from a combination of internally generated funds and the national/international markets. It
would have full freedom to set its own remuneration, employment and incentive programs.

Such a company should consider farming out certain functions to private
contractors using performance-based remuneration contracts. Examples of functions
amenable to this approach include customer services (service connections, meter reading,
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billing and collections), equipment and line maintenance, engineering and supervision of
regional electrification schemes and power plant operation. Depending upon the extent of
contracting out, the company could become increasingly a coordinator and manager of
contracts, with a core of permanent staff.

Option: Multiple Utilities

Restructure NEPA to form a generation and transmission company (GTC), and
create several regional distribution companies (DCs) that would purchase capacity and
energy from the GTC, but not be confined to supply from the GTC. Ultimately, the DCs
could be publicly, privately, or jointly owned. The DCs would be fully responsible for
their own management and investment policies. The DCs could purchase from other
generating companies that would be allowed the right of access to the transmission system.
Subject to appropriate licensing arrangements covering technical, safety, and environmental
matters, users would have the right to self-generate or cogenerate.

Option: Monopoly Wholesaler

Divide NEPA's power plants into separate generating companies (GCs). Establish
several distribution companies (DCs), leaving the transmission company (TC) with the core
business of purchasing electricity from the GCs and reselling it to the DCs over the
transmission network that it would continue to won, operate and expand as needed. Both
the DCs and GCs would be fully responsible for their own management and investment
policies. The GCs would have to be structured to have a reasonable hydro/thermal mix.

The TC would be a monopoly wholesaler of electricity: that is, the TC alone would
have the right to purchase from the generating companies and to resell to the DCs. The TC
could be publicly, privately or cooperatively owned.

Option: Monopoly Supplier

Restructure NEPA into a transmission company (TC), a number of generating
companies (GCs), and several regional distribution companies (DCs) which are restricted
to obtaining their supply from the GTC. The DCs would be fully responsible for their own
management and investment policies. The GTC and the DCs could be publicly, privately
or jointly owned.

Option: Monopoly Trader

Restructure NEPA into a transmission company (TC), a number of generating
companies (GCs), and several regional distribution companies (DCs). The TC would
facilitate contracts among the various GCs and DCs. The GCs and DCs would be fully
independent and responsible for their own management and investment policies. The DCs
and GCs could be publicly, privately, or jointly owned.

DCs wishing to invest in generation would be required to keep such investments in
separate companies to ensure transparency in pricing arrangements.





Annex 22. Nigeria: Production Sharing versus
Joint Venture Contracts

1. Should Nigeria decide to embark on an expansion program that increases
the country's crude oil production capacity from the current level of about 2 0 million bd
(barrels per day) to 2.5 million bd, it will heavily rely on the expertise of foreign oil
companies. The 13 blocks awarded in the most recent licensing round lie in deepwater
territory to the west and southeast of the Delta and call for frontier exploration activities.
The remaining traps at conventional drilling depths tend to become smaller and more
complex and require more advanced technologies than in the past. Therefore, increases in
developed reserves as well as reserve replacements call for know how and experience that
Nigeria must procure from major oil companies. However, foreign oil companies prepared
to do the job have indicated that the contractual terms of joint venture arrangements as
specified in the Memorandum of Understanding of 1991 do not provide them with
sufficient incentives for the exploration and development of the new areas.(The
Memorandum stipulates that oil companies receive a profit margin of 2.30 $/b provided
technical costs do not exceed 2.50 $/b, with the margin rising to 2.50 $/b if actual capital
costs exceed 1.50 $/b and technical costs are 3.50 $/b or less. Should the latter be above
3.50 $/b, LIBOR-based interest on 8 percent of the capital costs, times the equity
production, can be offset against profit tax liabilities). Also, Nigeria may find it
increasingly difficult to retain the old joint venture approach and provide the funds needed
to purchase a 60 percent share in new Oil Mining Leases (OML) held by foreign oil
companies. Finally, under investment sharing arrangements, Nigeria would have to carry
part of the higher production risk associated with capacity additions in excess of the current
OPEC production ceiling. So it comes not much as a surprise that the declared government
policy is to explore and develop the geologically and economically more risky areas under
Production Sharing Arrangements (PSAs). For that matter, the Oil Prospecting Licenses
(OPL) allocated in 1991/92 have an attached side letter stipulating that in the event of
commercial findings the companies would have to enter into production sharing contracts
with an unspecified government agency (most probably NNPC).

2. To date, however, little is known about the contractual terms of the new
PSAs. There is only one case in which NNPC has struck a production sharing deal with
Ashland as the operator (38,000 bd). The initial terms which allowed the contractor to
recover his capital costs (cost oil) in twenty three-month intervals, with the production
costs being deductible in the year of expenditure and the remainder (profit oil) shared
between government, NNPC, and the operator, have been amended. The contractor
became obliged to pay "tax oil" (i.e., royalties and profit taxes) prior to the receipt of cost
oil, and balances due to the contractor were not reimbursed in quarterly installments.
Needless to say, this example has created a bad reputation and will prompt oil companies to
be overly cautious in striking production sharing agreements.
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3. Given the higher exploration and development risks associated with the
recent OPLs and taking into account the production risks of capacity additions that may not
comply with future quota schemes, oil companies will for sure only accept PSAs under
terms that make them better off than the joint venture formula applied in the past. Simply
speaking, the higher risks will call for a higher discount rate and a higher share in the
expected oil revenues on the part of the oil companies. What is open to question is
whether Nigeria would be well advised to expand its crude oil production capacity subject
to such terms.

4. Agonizing over the fundamentals of Nigeria's optimal crude oil
development and extraction strategy is a futile exercise. The fundamentals are plain and can
summarized as follows: Due to the country's pressing revenue needs and given that the oil
companies' operations are driven by the profit motive, there is commonality of interest
between the two parties in achieving and maintaining as high a production level as possible.
Moreover, while capacity additions would increase Nigeria's intra-OPEC bargaining
power, oil companies could improve their position within Nigeria's oil producing
community through investments in exploring and developing new fields that may add to or
replace existing capacity. In this context, production sharing arrangements, which require
oil companies to carry the entire burden of upfront investments in exploration and
development, would divest Nigeria of exploration risks and the risk that new capacity may
not come on stream once it is available. On the other hand, hedging against these risks and
not being committed to contribute to the capital expenditures for the built up of new
capacity comes at the expense of future revenues that new producing fields may generate.
As is shown below, given the terms that distinguish production sharing contracts from joint
venture arrangements, the choice between the two options will be mainly a function of
Nigeria's rate of time preference, and vice versa.

5. Under PSAs, Nigeria forgoes medium-term oil revenues in return for lower
financial obligations in the form of equity capital. The precise nature of this trade off
depends on (a) the fiscal regime governing the PSAs, (b) the random walk of oil revenues,
(c) the exploration and production risks, and (d) Nigeria's degree of risk aversion. To
simplify matters, we assume that Nigeria's decision makers are risk-neutral, expect the
risks, future costs and gross revenues under PSAs to be identical to those of joint venture
arrangements, and leave production risks out of account. Since the terms of the PSAs are
not yet specified, it is expedient to assume that their impact on the sharing of costs and
revenues resembles that of a generic case reflecting the contractual experience made in other
countries:

a. Oil companies carry out all investments in exploration and development and are
required develop a commercial finding within a predetermined period. Once
production commences, oil companies are permitted, subject to a ringfencing
clause, to recover total investment costs, plus operating costs, within five years ( =
cost oil). During this initial production period, the companies take 50 percent of the
residual revenues/production ( = profit oil). Thereafter, their annual share of profit
oil reduces to 15 percent of the gross revenues, net of operating costs.
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b. Since the new Nigerian contract areas awarded to the oil companies are more
complex, specific investment costs are estimated at $8,000 per daily barrel of
capacity. Due to the fact that the companies carry the entire exploration risk,
investment costs are amortized on the basis of a 20 percent discount rate (compared
to a 15 percent discount rate that would apply to capital expenditures made under
investment sharing arrangements).

c. New capacity is expected to come on stream after five years. The reserves to
production ratio is assumed to be equal to 20 years. The five year time profile of
investments in exploration and development is given by the annual-to-total-
investment ratios 0.6 : 0.125. 0.125. 0.125. 0.125.

d. Under a steady oil price scenario of 17 $/b, Nigeria's annual take would be $1.93
$/b during the first five years of production and $13.17 thereafter.

6. Alternatively, if it would decide to explore and develop the new contract
areas under joint venture arrangements of the type currently in place, the terms are
assumed to be as follows:

a. Nigeria shares 60 percent of the upfront investments with the same time profile as
under PSAs. As soon as production begins, investment costs are amortized over 20
years using a 15 percent discount rate. Annual technical costs including depreciation
amount to 6.25 $fbbl, of which 1.5 $/b are attributable to operating costs.

b . Under a steady oil price scenario of 17 $/b, Nigeria's take (= cash-flow) from oil
production would be composed of $ 6.75 per barrel produced with the 40 percent
share held by oil companies and $ 15.5 per barrel produced with Nigeria's 60
percent share (the latter figure is net of operating costs, but includes the inflow from
amortizing Nigeria's investments).During the exploration and development, Nigeria
would experience an outflow equivalent to its 60 percent contribution to the
investments of the joint ventures.

7. The first two columns of Table A22. 1 show how the different contractual
arrangements would affect Nigeria's expected cash flows associated with the upstream oil
business, assuming that new investments are undertaken to develop and exploit additional
500,000 barrels of daily capacity. A negative component indicates that outflows exceed
inflows (= negative cash flow). The third column shows the differential cash flows
between the two arrangements and is obtained by subtracting the components of the second
column from the corresponding components of the first column.
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Table A22.1. Nigerla's Expected Cash Flows Associated with
Alternative Investment and Revenue Sharing Agreements

(In million US$)

Production Differential cash
Year Joint venture sharing flow

1 -440 0 - 1,140

2 - 240 0 -240

5 - 240 0 -240

6 2,190 352 1,838

10 2,190 352 1,838

11 2,190 2,404 -214

25 2,190 2,404 -214

IRR (%) n.a. n.a. 23.93

Note: Investments and output refer to an additional capacity of 500,000
daily barrels. IRR = internal rate of return; n.a. = not applicable.

8. Under the assumptions that Nigeria is risk-neutral and the probability
distribution of future costs and revenues is independent of the type of contractual
arrangements chosen, Nigeria should opt for an arrangement that maximizes the present
value of its expected cash flows (= expected net present value [NPVI). Moreover, since the
expected NPVs vary with the discount rate, the choice between the two arrangements will
be a function of Nigeria's rate of time preference. As is shown in Table A22.2, the higher
the discount rate, the more advantageous become PSAs relative to joint venture contracts.

Table A22.2. Expected Net Present Values (NPV) of
Alternative Contractual Arrangements (In millon US$)

Joint venture 10,534 5,712 3,082 1,540 583 -40.10

PSA 8,666 4,671 2,686 1,633 1,041

Discount rate (%) 10 15 20 25 30 35
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9. Clearly, the critical discount rate at which Nigeria will be indifferent
between PSAs and joint ventures is given by the internal rate of return (IRR) of the
differential cash flows shown in Table A22.1. Consequently, from Nigeria's point of
view, PSAs would score best if the country's rate of time preference exceeds 23.93
percent (conditional on the assumptions underlying the cash flows presented in Table
A22. 1). Nigeria's rate of time preference is unknown and difficult measure. However, one
is on fairly safe grounds in assuming that present income is of higher value to Nigeria than
to oil companies. By the same token, Nigeria's certainty equivalent of exploration and
production risks, i.e. the level of certain returns that substitute for higher expected, but
uncertain retums, is likely to be lower than in the case of oil companies (which have more
experience in frontier exploration and can swap new capacity for developed reserves that
need to be replaced). All these considerations suggest that Nigeria will be better off if oil
companies explore, develop, and exploit the recently awarded contract areas on the basis of
production sharing, rather than investment sharing arrangements.





Annex 23. Nigeria: Estimated Foreign
Exchange Oil Revenues

Table A23.1. Oil Revenues at Current Production Level and Different Prices

Measure $21 $17 $15

1. Production (MMBD) 1.90 1.90 1.90

2. NNPC Share 60% (MMBD) 1.14 1.14 1.14

3. Company Share 40% (MMBD) 0.76 0.76 0.76

4. Domestic Consumption (MMBD) 0.26 0.26 0.26

5. Exports (MMBD) 1.64 1.64 1.64

6. NNPC Exports (2-4) (MMBD) 0.88 0.88 0.88

7. Companies Exports (MMBD) 0.76 0.76 0.76

8. Export Price ($/BBL) 21.00 17.00 15.00

9. Production Costs (Fiscal Technical Costs) ($/BBL) 3.50 3.50 3.50

10. Net Price (8-9)($/BBL) 17.50 13.50 11.50

11. Royalties (19%*8) ($/BBL) 3.99 3.23 2.85

12. Net Net Price (10-11) ($/BBL) 13.51 10.27 8.65

13. Oil Profit Tax (85%*12) ($/BBL) 11.48 8.73 7.35

14. Company Margin (12-13) ($/BBL) 2.03 1.54 1.30

15. Guaranteed Notional Margin(MOU) ($/BBL) 2.50 2.50 2.50

16. Difference (15-14) ($/BBL) 0.47 0.96 1.20

17. Revised PPT (13-16) ($/BBL) 11.01 7.77 6.15

18. Government Take (11+17) ($/BBL) 15.00 11.00 9.00

19. Total NNPC Export Value (6*8*365) ($MLN) 6,745.20 5,460.40 4,818.00

20. Total NNPC Production Costs (2*9*365) ($MLN) 1,456.35 1,456.35 1,456.35

21. Total NNPC Export Revenues (19-20) ($MLN) 5,288.85 4,004.05 3,361.65

22. Government Take (18*3*365) ($MLN) 4,161.00 3,051.40 2,496.60

a. Royalties (11*3*365) ($MLN) 1,106.83 896.00 790.59

b. Revised PPT (17*3*365)($MLN) 3,054.17 2,155.40 1,706.01

23. TOTAL OIL REVENUES (21+22) ($MLN) 9,449.85 7,055.45 5,858.25

Note: The guaranteed profit margin applies only for production costs up to $3.501BBL. Companies are
entitled to 10 percent investment tax credit on capital costs, which is included in the revised PPT if

production costs are equal to or lower than $3.50. For production costs higher than $3.50, companies are

entitled only to the 10 percent investment tax credit.
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Figure A24.1: NIGERIA PETROLEUM PRODUCT CONSUMPTION, 1980-1990
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Table A24.1: NIGERIA
PETROLEUM PRODUCT CONSUMPTION, 1980-1990

(000 Tons)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

LPG 39 48 51 53 64 65 73 102 106 104 106 o

Gasoline 2,863 3,596 4,044 4,181 3,982 3,977 3,621 3,657 3,890 4,411 4,366

Kerosene 1,202 1,385 1,486 1,846 1,749 1,736 1,923 2,068 2,158 2,393 2,273

Diesel 1,944 2,287 2,440 2,518 2,348 2,155 1,651 1,721 1,901 2,000 2,383

Fuel Oil 811 1,121 1,182 1,263 872 798 1,143 1,268 1,330 1,042 944

Total 6,859 8,437 9,203 9,861 9,015 8,731 8,411 8,816 9,385 9,950 10,072

Source: NNPC
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Figure A24.2: NIGERIA PETROLEUM PRODUCT PRICES (NairaAlitre)
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Table A24.2: NIGERIA
PETROLEUM PRODUCT PRICES, 1930-1992

(Nairalire, in Current Nairs)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Gasoline 0.153 0.153 0.2 0.2 0.2 0.2 0.2 0.395 0.42 0.6 0.6 0.7 0.7

Diesel 0.11 0.11 0.11 0.11 0.11 0.11 0.295 0.295 0.35 0.35 0.5 0.55 0.55

Kerosane 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.15 0.15 0.4 0.5 0.5

Kerosene (Aviation) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1.24 1 1.05 1.05

FuelOl 0.23-0.543 0.23-0.543 0.23-0.543 0.23-0.543 0.23-0.543 0.23-0.543 0.19 0.19 0.3 0.3 0.4 0.55 0.55 I
LPG (Nalralkg) 0.3123 0.3123 0.3123 0.3123 0.3123 0.3123 0.4 0.4 0.4 0.4 0.8 2 2 co

X

CI,

Tabk A24.3: NIGERIA
PETROLEUM PRODUCT PRICES, 190-992 I

(Nairaflitre, In 1992 Constant Naira) O'
0

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

1.51 1.27 1.51 1.23 0.88 0.83 0.79 1.42 1.09 1.03 0.96 0.99 0.70

DIsl 1.08 0.91 0.83 0.68 0.48 0.46 1.17 1.06 0.91 0.60 0.80 0.78 0.55

Kwoosn 1.03 0.87 0.79 0.65 0.46 0.44 0.42 0.38 0.39 0.26 0.64 0.71 0.50

Kerosene (Aviation) 2.95 2.49 2.27 1.85 1.32 1.25 1.19 1.08 0.78 2.14 1.80 1.49 1.05 3
Fuel Ol 2.26 1.91 1.74 1.42 1.01 0.96 0.75 0.68 0.78 0.52 0.64 0.78 0.55

LPG (Narai) 3.07 2.59 2.36 1.92 1.38 1.30 1.58 1.44 1.04 0.69 1.28 2.84 2.00 0

Souve: NNIC; Wadd Bank; cooant p6ces have been deflated by the Nigsian Conauner Prce bdex.
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Table A24.4: NIGERIA
PETROLEUM PRODUCT PRICING BREAKDOWN *

FOR NIGERIA AND SURROUNDING COUNTRIES, 1990
(Dollar/Ton)

Nigeria Togo Benin Niger Chad

Supply Cost 60 185 257 450 431

Distributlon Costs 22 151 1 03 1 74 141

Taxes 0 525 235 265 725

Total 82 861 595 889 1,297

* All products average
Source: Cuneo & Associati, Petroleum Products Supply and Distribution in Sub Saharan Aftca, Washington,
July 1992



Table A24.5: NIGERIA
PRICE DIFFERENTIALS FOR LPG AND KEROSENE IN LAGOS, NORTIIERN STATES AND IBADAN

1992

Lagos Area Northern States Ibadan

Posted Average Maximum Average Maximum Average Maxlmum

Price Price % Price % Price % Price 0/ Price 0/ Price %

Fuel
cJ'

2 2.8 40% 2.86 43% 5 150% 3

LPG, Nalra/kg 0 5 1.07 114°o 1.54 208% 1.18 136% 2 300% 0.7 40% 0.76 52%

Kerosene, NairaAlitre

Source: Mission estimates based on local household surveys and spot checks. O

CD

B
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Table A25.1: NIGERIA
PETROLEUM PRODUCT DEMAND AND SUPPLY 1990 Z

iqV

Production Import Export Consumption Import price(1) Export price(2) Import Export
000tons 000 tons 000 tons 000tons $/ton $/ton 000$ 000$

Gasoline 3,897 477 8 4,366 230 207 109,710 1,656

Diesel 2,835 0 452 2,383 163 0 73,676
Kerosene 2,022 299 48 2,273 188 165 56,212 7,920 0
Fuel Oil 2,130 63 1,249 944 92 70 5,796 87,430
LPG 118 0 12 106 175 0 2,100

Total 11,002 839 1,769 10,072 171,718 172,782

Weighted average $/ton 205 98 D

oQ'1<

Production Import Export Consumption Import price(1) Export price(2) Import Export (

000bbl 000bbl 000bbi 000bbl $/bbI $/bbl 000$ 000$ o
0

Gasoline 33,125 4,055 68 37,111 27 24 109,710 1,656

Diesel 20,696 3,300 17,396 22 73,676
Kerosene 15,974 2,362 379 17,957 24 21 56,212 7,920

Fuel Oil 14,271 422 8,368 6,325 14 10 5,796 87,430

LPG 1,369 139 1,230 15 2,100

Total 85,434 6,839 12,254 80,018 171,718 172,782

Weighted average $/bbl 25 14

(1) FOB April 1992 plus freight, insurance and losses. Source: Cuneo and Associati, Petroleum Products Supply and Distribution inSub-Saharan Africa,
Washington, July 1992
(2) FOB April 1992
Source: NNPC; Beicip, Nigeria Gas Utilization Study, Interim Report, October 1991



Table A25.2: NIGERIA
REFINERY NETBACK CALCULATIONS

1992

PRODUCT OFFICIAL DEPOT PIPELINE & REFINERY ACTUAL RETAIL POTENTIAL

RETAIL DISTRIBUTION GATE DEPOT GATE REFINERY NET DESIGN NET

PRICES MARGINS, PRICES COSTS" PRICES YIELDS (1) BACK (1) YIELDS (2) BACK (2)

NAIRAILIT NAIRAILIT NAIRA/LIT NAIRA/LIT NAIRA/LIT % NAIRA/LIT % NAIRA/LIT

PMS 0.7 0.183 0.517 0.313 0.387 30.81% 0.12 32.28 0.12

AGO 0.55 0.183 0.367 0.313 0.237 22.41% 0.05 23.73 0.06
C,'

KEROSINE 0.5 0.183 0.317 0.313 0.187 15.98% 0.03 14.28 0.03

FUEL OIL 0.55 0.313 - 0.234 16.84% 0.04 17.5 0.04 CD

LPG 1.085 0.63. - 0.455 0.93% 0.00 2.27 0.01

OTHER n.a. 2.17% 3.5

FUEL & LOSS 10.86% 6.44 M

NETBACK NAIRA/LIT 0.24 0.26

NAIRA/BBL 38.76 41.55
0r

$IBBL 2.08 2.23
0

* Distribution margins consist of official margins for marketers, transporters and dealers as of May, 1992. 0

Mission estimate based on an average through put of 260,000 bbl/day, 10% 0 & M Costs, $750 million capital costs, 25 year life, interest 12%.
*Induding estimates of all-truck or truck-rail transport from refineries.
(1) Per barrel of crude input (260,000 bbl/d mission estimate). Based on 1990 petroleum product production and May 1992 posted prices.
(2) Per barrel of cnude input. Based on world standards design yields adapted to Nigerian refineries.
Source: NNPC. Mission estimates. I-&
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Table A253: NIGERIA
FINANCIAL AND ECONOMIC LOSSES IN THE REFINERY AND DISTRIBUTION SECTOR

WITH EXLSTING OPERATING CONDMONS AND DISTRIBUTION MARGINS
FINANCLkL AND ECONOMIC CALCULATION

(based on 1990 production & consuzmption data and 1992 costs)

(a) (b)
Economic

Current Actual Supply Opportunity
Charges, US$/bl Cost, USS/bl Cost, USS/bi

Crude Cost 4.00 19.00
Operating Cost (60% Capacity) 3.75 3.75
Depreciatlon 5.40 5.40

Total Refinery Cost 13.15 28.15
Current depot net back 2.12
Prim. & Sec. Transportatlon 1.62 3.68
Wholesale Margin 0.75 4.80
Dealer Margin 0.38 3.20
Extra-cost for Bridging 0.33 0.33
Current distributilon margins 3.08
Total Distrlbution Cost 3.08- 12.01

TOTAL 5.2 16.23 40.16

IMPUTED SUBSIDY TO DOMESTIC CONSUMERS
(OOOBBL)

1. Petroleum Product Production 85434
2. Petroleum Product Consumption 80019
3. Petroleum Product Export 12254
4. Petroleum Product Import 6839
5. Equivalent Crude Export 6951

(000$) (000$)
Costs
Production Cost ($13.15-1.), ($28.15-1.) $1,123,457 $2,404,967
Import Cost (S25'4.) $170,975 $170,975
DistributIon Cost ($3.08-2.), ($11.68-2.) $246,459 $961,028

Total Costs $1,540,890 $3,536,970

Revenues
Netback on Product Sale (Domestic+Import) ($2.12-2.) $169,640 $169,640
Product Export (S14'3.) $171,556 $171,556
Crude Export (equivalent to Product Import) ($15-5.) $104,265 $104,265
DIstribution Margins ($3.08-2.) $246,459 $246,459

Total Revenues $691,921 $691,921

Total Subsidy to Domestic Consumers $848,970 $2,845,049

(a) Crude costs based on estimated current replacement costs. Refinery 0. & M. charges based on Intemational average
costs of $2.50 for similr refineres at 95% capadty utilizaton, capital codst of $3.5 billion, 25 year IHfe, 12% Interest.
DistrIbution costs refect regulated margins plus esmirnated costs for th pipellne/depot system. (b) Average cnrde export prie
$19. Average crude productlon costs $4. Distribution cost reflect estimated real economic costs based on average
distribution costs for West African countries.
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Table A25.4: NIGERIA
POTENTIAL SAVINGS FROM IMPROVED REFINERY EFFICIENCIES

FINANCIAL COST ECONOMIC COST
($1BBL) ($1BBL)

Crude Cost 4.00 19.00
Operating Costs 0 60% Capacity 2.63 2.63
Depreciation 3.39 3.39

TOTAL COST 10.02 25.02

(000s)
Annual Production at 94% capacity utilization 131,400
Annual Producffon at current capacity utilization of 60% 85,434
Potental Additional Production Resulfing from Efficiency Improvements 45,966

Domestic Consumption 80,018
Exports 51,382
Imports 0
Average savings in production costs US$3.1 3/BL
Total Annual Savings' US$250 millon

Assumes that the average revenue from domestic and export sales combined is equal to the
estimated production costs of US$25.02/BL.



Table A25.5: NIGERIA -
FUEL PRICE INCREASE SCENARIOS 0%

Fuel Price Increase at World Parity Price Z

Gasoline Diesel Kerosene Fuel Oil LPG*

1. Price FOB Mediterranean, April 1992 (1) (S/ton) 207.00 163.00 165.00 70.00 175.00
(SAitre) (2) 0.15 0.14 0.13 0.06 0.18 c

2. Transport and distribution costs (3) (SlAitre) 0.07 0.07 0.07 0.05 0.22

_ g g W ; 00.0.7f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~?39i^' 

4. Current Nigeria Retail Prices (NAitre) 0.70 0.55 0.50 0.55 2.00 0

Fuel Price Increase at Minimum Refinery Cost Recovery and Full Operating Capacity
Refinery Cost = S10.02/bbl = $80.16/mt C

Gasoline Diesel Kerosene Fuel Oil LPG' m

1. Refinery Product Yields (%) 32.28 23.73 14.28 17.50 2.27 w

2. Price FOB Mediteffanean, April 1992 (1) ($/ton) 207.00 163.00 165.00 70.00 175.00 c(

3. Weighted Refinery Yields (S/ton) 66.82 38.68 23.56 12.25 3.97 o
(%) 45.99 26.62 16.22 8.43 2.73 o

4. Refinery Gate Price (S/ton) 114.21 89.93 91.04 38.62 96.56
(MAitre) 0.08 0.08 0.07 0.04 0.10

5. Transport and distribution costs (3) ($Aitre) 0.07 0.07 0.07 0.05 0.22

r.n~~~~~ ~~~ ($IIttrq~~~~~~~~~~~ ~0.14 0.09
5:J,7, . 01 _1.58. 5;93 .

7. Current Nigena Retail Pnces (NAitre) 0.70 0.55 0.50 0.55 2.00

LPG costs expressed in S/ton. S/kg, and Nairatkg
1. Platt's Oilgram Prce Report, April 8,1992
2. Conversion factor litre/ton: gasoline 1350, diesel 1150, kerosine 1235, LPG 1852, fuel oil 1099
3. Transport and distribution costs for gasoline, dieset and kerosine includes: pipeline/rail/truck transport cost = $ 0.023/litre; approprate wholesale margin =

S0.03/litre; appropriate dealer margin = $0.02/litre. From Cuneo&Associati, Petroleum Products Supply and Distrbution in Sub Saharan Africa, Washington, July
1992 and mission estimates. For LPG and fuel oil mission estimates.
4. US$1 = Naira 18.6



Table A25.6: NIGERIA
PETROLEUM PRODUCT CONSUMPTION GROWTH

(ANNUAL RATE, %)

Actual Estimated*

1980-1983 1984-1986 1987-1990 1991-1995 1996-2000

LPG 10.99 11.64 10.81 7.4 10.3

Gasoline 13.82 -4.61 4.93 4.7 3.5

Kerosene 15.58 1.59 4.44 4.3 3.3

Diesel 9.18 -12.79 9.76 4.5 3.5

Fuel Oil 16.84 1.26 -3.81 3.7 3.6

Total 13.08 -5.13 4.63 4.6 3.6

0

Source: 1980-1990 data from NNPC; estimates from Beicip, Nigeria Gas Utilization Study, Interim Report,
October 1991, Low growth-Low price scenario. Assumptions: GDP growth rate of 4.5% for 1990-1995 and 0

3.3% for 1996-2010, no increase in energy pnces. 0

O.
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Table A25.7: NIGERIA
ESTIMATES OF PETROLEUM PRODUCT CONSUMPTION

AT DIFFERENT PRICE INCREASES
(OOOBBL)

0

Price Scenario 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

nTi
No Fuel Price Increase 80,574 84,281 87,433 91,397 95,542 99,877 103,455 107,170 111,027 115,033 119,195

Cost Recovery Price 80,574 84,281 71,097 74,318 77,687 81,211 84,118 87,135 90,268 93,522 96,901

World Parity Price 80,574 84,281 66,915 69,947 73,117 76,433 79,170 82,010 84,958 88,020 91,201

Source: NNPC; Beicip, Nigeria Gas Utlization Study, Interim Report, October 1991.
No Fuel Price Increase Scenario - annual average consumpUon growth: 4.6% (1991-1995), 3.6% (1996-2000);
Cost Recovery Price Increase Scenario - annual average consumption growth: -15% hi 1992; 4.6% (1993-1995),3.6% (1996-2000);
World Parity Price Increase Scenario - annual average consumptin growth: -20% in 1992; 4.6% (1993-1995), 3.6% (1996-2000).
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Table A258: NIGERIA -DATABASE FOR ESTIMATED
ECONOMIC AND FINANClAL SUBSIDIES IN THE

REFINERY AND DISTRIBUTION SECTORS

1992 1993 1994 1995 1996 1997 1998 1999 2000

CONSUMPTION (OOOBBL)

Gasoline 40,681 42,593 44,595 46,691 48,326 50,017 51,767 53,579 55,455
Dlesel 18,997 19,852 20,745 21,679 22,437 23,223 24,035 24,877 25,747
Kerosene 19,535 20,374 21,251 22,164 22,896 23,651 24,432 25,238 26,071
Fuel Oil 6,802 7,053 7,314 7,585 7,858 8,141 8,434 8,738 9,052
LPG 1,419 1,524 1,637 1,758 1,939 2,138 2,359 2,602 2,869

TOTAL 87,433 91,397 95,542 99,877 103,455 107,170 111,027 115,033 119,195

PRODUCTION - CONSUMPTION (OOOBBL)

Gasoline *7,556 -9,488 .11,470 -13,566 -15,201 -16,892 -18,642 -20,454 -22,330
Diesel 1,699 844 -49 -983 -1,741 -2,527 -3,339 -4,181 -5,051
Kerosene -3,561 -4,400 -5,277 46,190 -6,922 -7,677 -8,458 -9,264 -10,097
Fuel Oil 7,469 7,218 6,957 6,686 6,413 6,130 5,837 5,533 5,219
LPG -50 -155 -268 -389 -570 -769 -990 -1,233 -1,500

EXPORT (OOOBL)

Gasoline
Diesel 1,699 844
Kerosene
Fuel Oil 7,469 7,218 6,957 6,686 6,413 6,130 5,837 5,533 5,219
LPG

TOTAL 9,168 8,062 6,957 6,686 6,413 6,130 5,837 5,533 5,219

IMPORT (OOOBBL)

Gasoline -7,556 -9,468 .11,470 -13,566 -15,201 -16,892 -18,642 -20,454 -22,330
Diesel -49 -983 .1,741 -2,527 -3,339 -4,181 -5,051
Kerosene -3,561 -4,400 -5,277 46,190 -6,922 -7,677 -8,458 -9,264 -10,097
Fuel Oil
LPG -50 -155 -268 -389 -570 -769 -990 -1,233 -1,500

TOTAL -11,167 -14,024 -17,063 -21,128 -24,433 -27,865 -31,429 -35,132 -38,978

EXPORT VALUE (000$)

Gasoline
Diesel (S22) 37,381 18,574
Kerosene
Fuel Oil ($10) 74,693 72,176 69,567 66,860 64,130 61,301 58,370 55,334 52,168
LPG ($15) 0

TOTAL 112,074 90,750 69,567 66,880 64,130 61,301 58,370 55,334 52,168
Exportprice 12 11 10 10 10 10 10 10 10

IMPORT VALUE (000$)

Gasoline ($27) -204,023 -255,648 -309,699 -366,290 -410,414 -456,081 -503,347 -552,268 402,900
Dhesel ($25) -1,226 -24,565 -43,533 -63,166 -83,486 -104,517 -126,284
Kerosene ($24) -85,452 -105,612 -126,638 -148,569 -166,123 -184,256 -202,988 -222,338 -242,327
Fuel Oil ($14)
LPG ($17) -2,631 -4,548 46,607 -9,684 -13,079 -16,823 -20,953 -25,508

TOTAL -289,475 363,891 -442,111 -548,030 -629,754 -716,583 -6,644 -900,078 -997,019
Import price 26 26 26 26 26 26 26 26 26



TaNb A25&9: NIGERIA _
ESTIMATED VEHICLE CAPITAL AND OPERATING COSTS 0

UNDER DIFFERENT FUEL PRICE SCENARIOS

Car (Peugeot 504) Minibus/Light Truck (Gasoline) Bus (Mercedes Benz 91 t)/ 1
__________________________ __________________________ ~~ ~~~Mediu m_ Truck ;-

No. Naira US$ No. Naira US$ No. Naira US$

NO FUEL PRICE INCREASE
Capta Coss 
1.1 Basic vehke ost (1) 241,000 12,967 396,ODO 21.290 864,000 46,452
Z V h lb (yes) 6 7 7 CD

3 Ddc lt,aie(%) 12 12 12
4.Amudved cs.t(2) 58,563 3,149 86,724 4,663 189,216 10Q173

AnnuI opwlig Costs
s S. Maktan e La9bor 3,264 175 5,712 307 9,792 526 0

6 Makianwnce Matal 3,087 166 4,905 264 9.810 527
7. VeNde lnmyew 60000 50000 80000 0

& Fuel crwunlpton (t100km) 20 25 40 M

9. Fuel prke (Nhlra) 0.7 0.7 0.55
10. Fuel cod 8,400 452 8.750 470 17,600 946
I11.L.bilcet(20%dluWlcodl) 1,680 90 1,750 94 3,520 189
12. Tyre cost (4) 18,509 995 26,992 1.451 43,187 2.322 CD

13. nurac (6.5% vewde cast) 15,665 842 25,740 1,384 56,160 3.019 r
14. Lceice, Isebdion 816 44 816 44 816 44
15.D4iverlcwn(Nairaylay,26days) 55 16,973 913 55 16,973 913 75 23,338 1,255
Tosi Anul Opeatg Costs 68,394 3,677 91,638 4,927 164,223 8,829

Operating Coamf 1.14 0.06 1.83 0.10 2.05 0.11
Fusik&Lubritmirotal Operating Cot(%) 14.74 11.46 12.86
Toal nual Coasts (Cap..OperaL) 126.957 6,826 178,362 9,589 353,439 19,002 oo
Annual Cosafes 2.12 0.11 3.57 0.19 4.42 0.24 O
FuN&Lubricantfrotil Coat (%) 7.W 5.89 5.98 '

FUEL PRICE POCREASE TO WORLD PARITY LEVEL
Capi Cods
1. Oaic vhile st (1) 241,000 12,957 396,000 21,290 864,000 46,452
2. Vede We(yamr) 6 7 7
3. D cautrdre (%) 12 12 12
4. nua vehide cost (2) 58,563 3,149 86,724 4,663 189,216 10,173

Annual OppatIng Costs
5. Maitenance Labor 3,264 175 5.712 307 9,792 526

6. Maintenance Mateda 3,087 166 4,905 264 9,810 527
7. V.hk-0 kn/yea 60000 50000 80000
8. Fuel conplon (VI Okarm) 20 25 40
9. Fuel prie (Naira) 4.09 4.09 3.91
10. Fuel cost 49,080 2,639 51,125 2,749 125,120 6,727
11. LAxicaa (20% do I cost) 1,680 90 1,750 94 3,520 189
12. Tyre cost (4) 18,509 995 26,992 1,451 43,187 2,322
13. hurdnoe (6.5% vesde aost) 0 0 0 0 0 0



14. 1AJcence.p m 816 44 BI6 44 ale

1IS. D*bubus rafty,26days) 55 16,973 913 55 18.973 913 75 23338 1,255

ToW e n_OpsW Comb 93,409 5,022 10273 5,821 215,583 11,5S0
rOwg COlm 1.56 0.08 2.17 0.12 2.8 0.14

PIj*tdc t ae Cost (%) 54.34 40.3 S8867
TOW Anwi Cad (Cop .. peat) 151,972 a .171 194,997 10,484 404,79S 21,763

AnhW Cab 2.53 0.14 3.90 0.21 5.06 0.27

FPulLUirca IoW Costs f%) 3340 27.12 31.73
% nes np m Cod 37% 18% 31%

% hae I TOdW Cost 20% 3% 15%

mUE PM= LCMM TO FUILL COST RECOvR LVEL
Cepli Cosd;
1. Badelciso c (1) 241,000 12,957 3906000 21.290 884,000 46,452

Z Vdilblsyis 6 7 7

3. Olso mai(%) 12 12 12
4. Aauued adO (2) 5 3 3,149 66724 4.663 189,216 10,173

Agm"d Opswsf Costs
5. MUenwwcs Lbr 3,264 175 5,712 307 9.792 528

8G _ Sm.hUm MNW 3,087 166 4,905 264 9,810 527

7. VeNds 1mItuu 80000 SOOX0 0000

,FuUN inw Ian WOMOM) 20 25 40

9u FUlce _ _2_) 2.6 am 2.76
10 Ful cos 34580 1.656 360 1,935 88,320 4,746

II.Ld m 20%cotudelid 1,680 90 1,750 94 3X520 1S

12. T i cad (4) 18,509 995 26.992 1,451 43,187 Z322

13. km c.5% IeNls Com 15,665 642 25,740 1,384 5,160 3019
14. Licnce, 1psdbn 816 44 816 44 816 44

15 DAiwehxacs pow"My, 26 das 55 16.973 913 56 16,973 913 75 23,338 1,255

TOW Armi sw.gl Cast 94S554 5,064 118,189 6,392 234.943 12,631
Opn g CasIu 1.5S 0.08 238 0.13 2.94 0.16

Pustbj*stoToW OpewIl CornS (%s 33.33 31.75 36.06

Tom Mued oasIs ( +0crm) 153,117 8,232 206,612 11,054 424,159 22,804

PAueed Coae 2.55 0.14 4.11 0.22 5.30 0.29

u e Vtw Ceost (% 2.7 1. 21J5
%-buse in Op Cos 33% 30% 43%

% InTOWl Cosd 21% 15% 20%

8tmc: Tdi: Vtds CWM Nd Operdn COt; TuNw Fuel P1 hicims Sc9is. 0

*NOWt 1990 des hki Nma khmbn OWls t .dwehge rae as per COD OukbdNe of Augs 11, 1992 (asxmplon: veNkb cost 80% hnpoded, 20% kcal mahenane mniaA 50%
hIed d, 50% bcsQ
1. Tim pm*ms pow d NW vwd. hidudxs a abswnce d 10% hr spsw paft 0
2. The aiU wetds, n in Ndgub i aboL 8 ysa tor cam 10 yeatsm kw nbsand 13 yews for busmesand buck The deprecdlan ceklaed hin t table could r te actua
vdet Ue &W a deomaud *at of Mbmd 20% (utch Is probably dos to fgeulan rely). Amorizalon costs we pbabty much her, gbe t vwy shof ben pedod (9es rie twe 0
-) mN very twg b h_rno

3& Gasw kwr bad end n*idb, edl for bus
4. Tr. cOW we bad an averasp We o 25.000 kn or tex, ed 20,000 bon bfr mnibus and bus. ('

Soace: WoS m*, Ng Udsn Traupoat hi CAW, 1991; Woiod BDa urapl nx mbsbx n e bins.

-.3



Table A25.10: NIGERIA
ESTIMATED FUEL CONSUMPTION

IN THE PUBLIC TRANSPORTATION SECTOR

0

Public Transport Kmlyear Fuel Consumption/year

Category Fleet 1/100km Tot. litre Tot. BBL

Taxi (gasoline) 30,408 60,000 20 364,901,400 2,280,634 C5

Minibus (gasoline) 44,478 50,000 25 555,975,000 3,474,844

cn

Bus (diesel) 19,062 80,000 40 609,984,000 3,812,400 o

TOTAL 93,948 1,530,860,400 9,567,878

Source: Urban Transport In Crisis, World Bank, 1991.
Assumptions: Taxis are 15% of 1990 car fleet; minibuses are 70% and buses 30% of total 1990 bus fleet.



Table A25.11: NIGERIA
ESTIMATED HOUSEHOLD EXPENDITURES FOR LPG AND KEROSENE

(Nalra/year, 1991)

Income Group LPG % oF Kerosene % oF LPG +Kero % oF % oF Total Energy' Energy

N/Year Expenditure Energy Expenditure Energy Energy Income Expenditure Exenitu
Total Income

< 5,000 28.5 4.52% 180 28.53% 208.50 33.04% 4.17% 631.02 15.88%

5,000-15,000 77.4 9.75% 163.44 20.58% 240.84 30.33% 2.41% 794.04 7.94%

15,000-40,000 219.9 20.13% 35.64 3.26% 255.54 23.39% 0.93% 1092.54 3.97%

>40,000 247.5 11.61% 54 2.53% 301.50 14.14% 0.75% 2131.5 5.33%

Fuel Price Increase to Full Cost Recovery

< 5,000 84.50 5.76% 961.20 65.47% 1045.70 71.22% 20.91% 1,468.22 29.36%

5,000-15,000 231.04 13.94% 872.77 52.67% 1103.81 66.61% 11.04% 1,657.01 16.57%

15,000-40,000 656.40 38.99% 190.32 11.30% 846.72 50.29% 3.08% 1,683.72 6.12%

>40,000 738.79 25.86% 288.36 10.09%/o 1027.15 35.95% 2.57% 2,857.15 7.14%

0'

Fuel Prke Incrm to Econonic Lost Recovery Level r

< 5,000 105.31 5.17% 1,339.20 65.77% 1444.51 70.95% 28.89% 2,036.03 40.72%

5,000-15,000 285.99 11.36% 1,215.99 48.31% 1501.99 59.67%o 15.02% 2,517.26 25.17%

15,000-40,000 812.53 25.18% 265.16 8.22°h 1077.69 33.39% 3.92% 3,227.50 11.74%
0

>40,000 914.51 19.78% 401.76 8.69Yo 1316.27 28.47Yo 3.29%o 4,623.85 11.56%

0

Includes expenditures for eeticity and luelwood.
Source: Urban Household Energy Survey, Trple 'E' Systems Associates, Lagos, 1991, consultants' report for the ESMAP mission; mission estinales.





Annex 26. Excerpts from Newswatch, Nigeria's Weekly
Newsmagazine, February 3, 1991

"CAMEL THROUGH THE NEEDLE'S EYE"

[...] In front of almost every house along the over 100-Kilometre Idiroko-Cotonou road,
are displayed bottles of transparent reddish brown liquid: petrol. Sometimes, there are also
bottles of engine oil, a darker and more viscous stuff, placed on small tables, alongside
those of petrol. The price of petrol per litre ranges from 50 to 100 franc, depending on how
farther away the towns are from the Nigeria-Benin border area. [...] At the officially
designated SONACOP filling stations, the situation is different. [ ...] Those who buy from
SONACOP are mostly members of the diplomatic community. Others are drivers of
official vehicles who are expected to tender receipts for purchases made. [...] SONACOP
charges FF175 per litre which adds up to about N=13. [...]

[...]There were many of the Cotonou-Seme taxi drivers, Newswatch found out, engaged in
this brisk fuel business. They fill their tanks with cheap fuel, at less than three naira per
litre at the border, and sell with about 300 percent mark-up inside Benin, while still
carrying on their normal business. [...] the Beninoise taxi drivers, who are not allowed to
drive through the border post, into the Nigerian side, obtain their supply of cheap fuel [i...]
from the dozens of men, women, boys, and girls described by a customs officer as
"villagers" who move freely across the frontier. [...]

They cross into the Nigerian side with empty, mostly yellow and blue plastic containers,
strapped in their back. They carry the filled giant jerrycans back to the Beninoise section on
their head, passing through the many illegal routes that flank the official post.[...]

Only the well-connected carriers, or those fronting for "powerful forces" go right ahead,
passing through the many layers of security at the control post. The people in uniform
simply look the other way.

To the uninitiated, none of the routes, not even the illegal tracks is a thorough fare.
Every route is manned. The customs, immigration, and the Beninoise gendarmes stand
guard at the official checkpoints. Elsewhere, their agents, called the Kelebes are in charge.
These illegal operators, usually in plain clothes, collect tips and bribe from smugglers on
behalf of their uniformed mentors who are preoccupied at the control post. [.1

[...] bunkerers [...] are one of the three principal sources through which petroleum
products flow across the Seme border. They operate along the beach, [...] berthing just off

175
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the immigration and customs control post area. There, they have huge underground tanks
where fresh supplies are dumped, and then retailed to the jerrycan boys and girls. [...] the
bunkerers, who are "top shots" in Lagos, charge N=80 to fill a 50-litre container. Across
the border, the smugglers who buy directly from the bunkerers, sell the same 50-litre petrol
to their Beninoise counterparts at a price ranging from N=120 to N=140. The mark-up is to
cover the cost of "settling" the Kelebes and people in uniform. The Beninoise smugglers,
in turn, fix the level of their own profit, depending on how much it takes them to "clear the
way" from Seme to Cotonou. Engine oil costs more than petrol, sometimes selling at
N=150 for 10 litres at the Seme border.

The second major source of fuel for the smugglers at the Seme border are the three filling
stations on the Nigerian side, LAMECO, Texaco and Mobil{...]I LAMECO, the closest to
the border zone, not farther than 200 metres from the control post, appears to have
specialized in serving "motorcycle boys". These youngmen [...] spend their day, coaxing
their battered contraptions to make the two-minute ride to LAMECO and back to their off-
loading point, beside, the Seme market. Their motorcycles are fitted with jumbo tanks
which are detachable [...]

Further up the road, at the Texaco station, about 500 metres from the border, motorists do
not fill their tanks. They fill their boots. [...I Like the motorcycles that frequent the
LAMECO station, most of the cars used by the smugglers to collect fuel from Texaco [...I
had no number plates. Those that had numbers were either undecipherable or lacked
identification letters. It takes the motorists about 30 minutes to drive to their offloading
centres, near the barracks, and then back to the Texaco station for more.[ ...]

Up north, at the Nigerian borders with Cameroon and Niger republics, smugglers of
petroleum and other products have for many years, adopted virtually the same method as the
others down south.[...]

Also, fishermen in the coastal areas of Akwa Ibom and Cross River States have developed
a unique method of ferrying petroleum products, through the town of Ikang in Cross River,
into Cameroon. They skillfully place plastic containers of petrol at the bottom of their
boats, and cover them up with fishing nets and even fishes.

These motor-car, motorcycle, bicycle, canoe, donkey, and foot smugglers, however, are
all small-time operators. In both the northern and the southern border areas, the big names
in petroleum smuggling use tankers. They are the only ones who are able to drive through
the many layers of security at the control posts, without the immigration, customs, and
sometimes soldiers at the check-points raising their guns.

[...] At other times, the tankers are physically accompanied by uniformed people to ward
off trouble. The trade is so attractive that a trailer trip is said to fetch between N=150,000
and N=180,000. It costs an average of N=50,000 to fill a tanker and ferry it across the
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border. [...] Very big names in the state are involved. [...] Top citizens of the town were

said to be the big brains behind the smuggling in the areas.

Most of the petrol tanks smuggled out of the country are diverted after they had been
loaded at the southern oil depot. Recently, the Nigerian National Petroleum Corporation,
NNPC, said that an average of 28 tankers, representing about one-third of trucks loaded in
the southern depots and destined for the north, never arrive at their destinations. This, many
have said, points to the involvement of some of the major petrol marketers in the
smuggling racket. These are the people accused of creating the acute fuel scarcity now
being experienced in many states in the north. [...]

Some people [...] cite the involvement of top shots in the society as well as people in
uniform as reasons why a solution may never be found. Besides, many customs and
immigration officials told wswatch they were ill-prepared to police the many "illegal

routes" that weave through the Nigerian frontier. [...]





x
FIREWOOD KEROSENE LPG

Median Median Median Median Median Median
retail Retail retail retail Ratail retail retail Retail rdail

No. of Price price ange Price No. of price price range price No. of price price range price

samples 92 91 samples '92 '92 '91 samples 92 '92 S91 0

TOWN (N/Kg) (N/Kg) (N/Kg) (NIL) (N/L) (N/L) (N/Kg) (N/Kg) (N/Kg) _ (

Kaduna 37 0.33 0.23-0.67 0.25 16 1.07 0.88-2.00 0.84 11 2.8 2.8-2.8 2.4 Co 5

Zaria 10 0.43 0.23-0.83 0.25 15 0.87 0.50-1.00 0.66 8 3.07 2.6-5.00 2.4 0 0

Kano 17 1.8 1.25-2.5 1.7 9 0.92 0.63-1.08 1.28 13 2 2.80-3.60 3.1 

Hadejia 8 1.13 N/A N/A 6 1.2 1.00-1.5 N/A 2 2.4 2.4 N/A a
'0 Sokoto 29 2.3 2.3-4.00 2.25 24 1.4 1.2-1.6 N/A 7 3.8 3.60-4.00 N/A C 0

Gusau 35 0.43 0.26-0.67 0.43 19 0.82 0.50-1.00 0.41 2 3.6 3.6 3.2 MU

Bauchi 42 0.34 0.23-0.5 0.19 22 1.25 1.00-1.50 N/A 3 3.2 2.00-3.6 N/A ,. M

Gomrbe 17 0.41 0.30-0.45 0.16 14 1.4 1.0-1.60 0.55 6 1.83 3.00-5.00 2 cr 
Maiduguiri 42 0.5 0.06-1.00 0.47 9 1.57 1.25-1.75 0.83 4 4 3.6-4.8 2.88 a

Poiskum 10 0.5 0.50-1.50 0.5 6 1.5 1.50-1.60 0.7 4 3 2.80-3.2 2

1Esina 2 0.57 0.55-0.60 N/A 4 1 0.75-1.25 N/A 2 4.4 4.0-4.8 N/A

Median Prices 0.7481 0.6543 1.1854 0.7047 2.8603 2.5795 0

Fdxwy, 1991 asrecafleby dealrs 0

CD





Annex 28. Prices and Economic Costs of Household
Cooking Fuels, 1992

Nairo/GJ of
Kobol Kobol kg Naira/ Nairal Utilized

litre tonne GJ Energy**

Firewood:
Market Prices:*
Kano (1.5 - 6 kg bundles) 125 -250 1700 104.3 1043.4
Average for 11 northern towns 75 750 46.9 469.3
Lagos (1.4 - 6 kg bundles) 28 - 74 480 33.1 331.5
Ibadan 25 250 17.2 172.9
Replacement Cost
Northern Nigeria 114 1140 71.3 713.0
Southern Nigeria 87 870 60.0 600.5

LPG:
Market Prices:**
Kano Retailer 280 - 360 3200 71.1 156.0
Average for 11 northern towns 280 2800 62.2 135.8
Lagos (EEE Household Surveu) 280 2800 62.2 135.8

Official Posted Price 200 2000 44.4 100.3
Economic Costs
Using Ex-Refinery Cost 668 6677 148.4 308.2
Using Border Inport Price -Northern Nigeria 941 9411 209.1 429.7

Using Border Import Price -Southern Nigeria 784 7840 174.2 359.8

Kerosene:
Market Prices:**
Kano (Roadside Retailer) 63 -108 1136 26.2 77.0
Average for 11 northern towns 118 1458 33.6 98.2
Lagos (Secondary Retailers) 60 - 154 1050 24.2 71.8

Lagos/Kano (Filling Station, Posted Price) 50 618 14.3 42.8

Ibadan 62 - 76 876 20.2 60.3
Economic Costs
Northern Nigeria 453 5600 129.3 372.1
Southern Nigeria 354 4370 100.9 291.0

* Market prices are for the northern areas are based on the ABU (Feb. 1992) Household Energy Pricing
Survey together with some mission spot checks. The prices for Lagos are based on a Triple E Household
Energy Pricing Survey plus mission spot checks.

*e Cost per unit of utilized energy takes into account end-use efficiency associated with the various fuels
(firewood 10%; LPG 50%; and kerosene 35%) plus the cost of cooking appliances amortised over their life.
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Joint UNDPlWorld Bank
ENERGY SECTOR MANAGEMENT ASSlSTANCE PROGRAMN (ESMAP)

LIST OF REPORTS ON COMPLETED ACTIVITIES

RegiordCounty Activiy/lReport This L1. Number

SUB-SAHARAN AFRICA (AFR)

Africa Regional Anglophone Africa Household Energy Workshop (English) 07/S 085/88
Regional Power Seminar on Reducing Electric Power System

Losses in Africa (English) 0S/88 087/88
Institutional Evaluation of EGL (English) 02/89 098/89
Biomass Mapping Regional Workshops (English - Out of Print) 0S/89 -

Francophone Household Energy Workshop (French) 08/89 103/89
Interafrican Electrical Engineering College: Propoal. for Short-

and Long-Term Development (English) 03/90 112/90
Biomass Assessment and Mapping (English - Out of Print) 03/90 -

Angola Energy Assessment (English and Portuguese) 05189 4708-ANG
Power Rehabilitation and Technical Assistance (English) 10/91 142/91

Benin Energy Assessment (English and French) 06/85 5222-BEN
Botswana Energy Assessment (English) 09/84 4998-BT

Pump Electrification Prefeasibility Study (English) 01/86 047/86
Review of Electricity Service Connection Policy (English) 07/87 071/87
Tuli Block Farms Electrification Study (English) 07/87 072/87
Household Energy Issues Study (English - Out of Print) 02/88 -

Urban Household Energy Strategy Study (English) 05/91 132/91
Burkina Faso Energy Assessment (English and French) 01/86 5730-BUR

Technical Assistance Program (English) 03/86 05286
Urban Household Energy Strategy Study (English and Frech) 06/91 134/91

Burundi Energy Assessment (English) 06/82 3778-BU
Petroleum Supply Management (English) 01/84 012/84
Status Report (English and French) 02/84 011/14
Presentation of Energy Projects for the Fourth Five-Yer Plan

(1983-1987) (English and French) 0S18S 036/85
Improved Charcoal Cookstove Strategy (English and Frncha) 09/85 042/85
Peat Utilization Project (English) 11/8S 046/8S
Energy Assessment (English and French) 01/92 9215-BU

Cape Verde Energy Assessment (English and Portuguese) 08/84 5073-CV
Household Energy Strategy Study (English) 02/90 110/90

Central African
Republic Energy Assessement (French) 08/92 9898-CAR

Comoros Energy Assessment (English and French) 01/88 7104-COM
Congo Energy Assessment (English) 01/88 6420-COB

Power Development Plan (English and French) 03/90 106/90
C6te d'Ivoire Energy Assessment (English and French) 04/85 5250-IVC

Improved Biomass Utilization (English and French) 04/87 069/87
Power System Efficiency Study (Out of Print) 12/87 -

Power Sector Efficiency Study (French) 02/92 140/91
Ethiopia Energy Assessment (English) 07/14 4741-ET

Power System Efficiency Study (English) 10185 045/85
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Ethiopia Agricultural Residue Briquetting Pilot Project (English) 12/86 062/86
Bagasse Study (English) 12/86 063/86
Cooking Efficiency Project (English) 12/87 -

Gabon Energy Assessment (English) 07/88 6915-GA
The Gambia Energy Assessment (English) 11183 4743-GM

Solar Water Heating Retrofit Project (English) 02/85 030/85
Solar Photovoltaic Applications (English) 03/85 032/85
Petroleum Supply Management Assistance (English) 04/85 035/85

Ghana Energy Assessment (English) 11/86 6234-GH
Energy Rationalization in the Industrial Sector (English) 06/88 084/88
Sawmill Residues Utilization Study (English) 11/88 074/87

Guinea Energy Assessment (Out of Print) 11/86 6137-GUI
Guinea-Bissau Energy Assessment (English and Portuguese) 08/84 5083-GUB

Recommended Technical Assistance Projects (English &
Portuguese) 04/85 033/85

Management Options for the Electric Power and Water Supply
Subsectors (English) 02/90 100/90

Power and Water Institutional Restructuring (French) 04/91 118/91
Kenya Energy Assessment (English) 05/82 3800-KE

Power System Efficiency Study (English) 03/84 014/84
Status Report (English) 05/84 016/84
Coal Conversion Action Plan (English - Out of Print) 02/87 -

Solar Water Heating Study (English) 02/87 066/87
Peri-Urban Woodfuel Development (English) 10/87 076/87
Power Master Plan (English - Out of Print) 11/87 -

Lesotho Energy Assessment (English) 01/84 4676-LSO
iberia Energy Assessment (English) 12/84 5279-LBR

Recommended Technical Assistance Projects (English) 06/85 038/85
Power System Efficiency Study (English) 12/87 081/87

Madagascar Energy Assessment (English) 01/87 5700-MAG
Power System Efficiency Study (English and French) 12/87 075/87

Malawi Energy Assessment (English) 08/82 3903-MAL
Technical Assistance to Improve the Efficiency of Fuelwood

Use in the Tobacco Industry (English) 11/83 009/83
Status Report (English) 01/84 013/84

Mali Energy Assessment (English and French) 11/91 8423-MLI
Household Energy Strategy (English and French) 03/92 147/92

Islamic Republic
of Mauritania Energy Assessment (English and French) 04/85 5224-MAU

Household Energy Strategy Study (English and French) 07/90 123/90
Mauritius Energy Assessment (English) 12/81 3510-MAS

Status Report (English) 10/83 008/83
Power System Efficiency Audit (English) 05/87 070/87
Bagasse Power Potential (English) 10/87 077/87

Mozambique Energy Assessment (English) 01/87 6128-MOZ
Household Electricity Utilization Study (English) 03/90 113/90

Namibia Energy Assessment (English) 03/93 11320-NAM
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Niger Energy Assessment (French) 05/84 4642-NIR
Status Report (English and French) 02/86 051/86
Improved Stoves Project (English and French) 12/87 080/87
Household Energy Conservation and Substitution (English

and French) 01/88 082/88
Nigeria Energy Assessment (English) 08/83 4440-UNI

Energy Assessment (English) 07/93 11672-UNI
Rwanda Energy Assessment (English) 06/82 3779-RW

Energy Assessment (English and French) 07/91 8017-RW
Status Report (English and French) 05/84 017/84
Improved Charcoal Cookstove Strategy (English and French) 08/86 059/86
Improved Charcoal Production Techniques (English and French) 02/87 065/87
Commercialization of Improved Charcoal Stoves and Carbonization

Techniques Mid-Term Progress Report (English and French) 12/91 141/91
SADCC SADCC Regional Sector: Regional Capacity-Building Program

for Energy Surveys and Policy Analysis (English) 11/91 --

Sao Tome
and Principe Energy Assessment (English) 10/85 5803-STP

Senegal Energy Assessment (English) 07/83 4182-SE
Status Report (English and French) 10/84 025/84
Industrial Energy Conservation Study (English) 05/85 037/85
Preparatory Assistance for Donor Meeting (English and French) 04/86 056/86
Urban Household Energy Strategy (English) 02/89 096/89

Seychelles Energy Assessment (English) 01/84 4693-SEY
Electric Power System Efficiency Study (English) 08/84 021/84

Sierra Leone Energy Assessment (English) 10/87 6597-SL
Somalia Energy Assessment (English) 12/85 5796-SO
Sudan Management Assistance to the Ministry of Energy and Mining 05/83 003/83

Energy Assessment (English) 07/83 4511-SU
Power System Efficiency Study (English) 06/84 018/84
Status Report (English) 11/84 026/84
Wood Energy/Forestry Feasibility (English - Out of Print) 07/87 073/87

Swaziland Energy Assessment (English) 02/87 6262-SW
Tanzania Energy Assessment (English) 11/84 4969-TA

Peri-Urban Woodfuels Feasibility Study (English) 08/88 086/88
Tobacco Curing Efficiency Study (English) 05/89 102/89
Remote Sensing and Mapping of Woodlands (English) 06/90 --
Industrial Energy Efficiency Technical Assistance

(English - Out of Print) 08/90 122/90
Togo Energy Assessment (English) 06/85 5221-TO

Wood Recovery in the Nangbeto Lake (English and French) 04/86 055/86
Power Efficiency Improvement (English and French) 12/87 078/87

Uganda Energy Assessment (English) 07/83 4453-UG
Status Report (English) 08/84 020/84
Institutional Review of the Energy Sector (English) 01/85 029/85
Energy Efficiency in Tobacco Curing Industry (English) 02/86 049/86
Fuelwood/Forestry Feasibility Study (English) 03/86 053/86
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Uganda Power System Efficiency Study (English) 12/88 092/88
Energy Efficiency Improvement in the Brick and

Tile Industry (English) 02/89 097/89
Tobacco Curing Pilot Project (English - Out of Print) 03/89 UNDP Terminal

Report
Zaire Energy Assessment (English) 05/86 5837-ZR
Zambia Energy Assessment (English) 01/83 4110-ZA

Status Report (English) 08/85 039/85
Energy Sector Institutional Review (English) 11/86 060/86
Power Subsector Efficiency Study (English) 02/89 093/88
Energy Strategy Study (English) 02/89 094/88
Urban Household Energy Strategy Study (English) 08/90 121/90

Zimbabwe Energy Assessment (English) 06/82 3765-ZIM
Power System Efficiency Study (English) 06/83 005/83
Status Report (English) 08/84 019/84
Power Sector Management Assistance Project (English) 04/85 034/85
Petroleum Management Assistance (English) 12/89 109/89
Power Sector Management Institution Building

(English - Out of Print) 09/89 --

Charcoal Utilization Prefeasibility Study (English) 06/90 119/90
Integrated Energy Strategy Evaluation (English) 01/92 8768-ZIM

EAST ASIA AND PACIFIC (EAP)

Asia Regional Pacific Household and Rural Energy Seminar (English) 11/90
China County-Level Rural Energy Assessments (English) 05/89 101/89

Fuelwood Forestry Preinvestment Study (English) 12/89 105/89
Fiji Energy Assessment (English) 06/83 4462-FLI
Indonesia Energy Assessment (English) 11/81 3543-IND

Status Report (English) 09/84 022/84
Power Generation Efficiency Study (English) 02/86 050/86
Energy Efficiency in the Brick, Tile and

Lime Industries (English) 04/87 067/87
Diesel Generating Plant Efficiency Study (English) 12/88 095/88
Urban Household Energy Strategy Study (English) 02/90 107/90
Biomass Gasifier Preinvestment Study Vols. I & II (English) 12/90 124/90

Lao PDR Urban Electricity Demand Assessment Study (English) 03/93 154/93
Malaysia Sabah Power System Efficiency Study (English) 03/87 068/87

Gas Utilization Study (English) 09/91 9645-MA
Myanmar Energy Assessment (English) 06/85 5416-BA
Papua New

Guinea Energy Assessment (English) 06/82 3882-PNG
Status Report (English) 07/83 006/83
Energy Strategy Paper (English - Out of Print) -- --

Institutional Review in the Energy Sector (English) 10/84 023/84
Power Tariff Study (English) 10/84 024/84
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Solomon Islands Energy Assessment (English) 06/83 4404-SOL
Energy Assessment (English) 01/92 979/SOL

South Pacific Petroleum Transport in the South Pacific (English-Out of Print) 05/86 --
Thailand Energy Assessment (English) 09/85 5793-TH

Rural Energy Issues and Options (English - Out of Print) 09/85 044/85
Accelerated Dissemination of Improved Stoves and

Charcoal Kilns (English - Out of Print) 09/87 079/87
Northeast Region Village Forestry and Woodfuels

Preinvestment Study (English) 02/88 083/88
Impact of Lower Oil Prices (English) 08/88 --
Coal Development and Utilization Study (English) 10/89 --

Tonga Energy Assessment (English) 06/85 5498-TON
Vanuatu Energy Assessment (English) 06/85 5577-VA
Western Samoa Energy Assessment (English) 06/85 5497-WSO

SOUTH ASIA (SAS)

Bangladesh Energy Assessment (English) 10/82 3873-BD
Priority Investment Program 05/83 002/83
Status Report (English) 04/84 015/84
Power System Efficiency Study (English) 02/85 031/85
Small Scale Uses of Gas Prefeasibility Study (English -

(Out of Print) 12/88 --
India Opportunities for Commercialization of Nonconventional

Energy Systems (English) 11/88 091/88
Maharashtra Bagasse Energy Efficiency Project (English) 05/91 120/91
Mini-Hydro Development on Irrigation Dams and

Canal Drops Vols. I, II and III (English) 07/91 139/91
WindFarm Pre-Investment Study (English) 12/92 150/92

Nepal Energy Assessment (English) 08/83 4474-NEP
Status Report (English) 01/85 028/84

Pakistan Household Energy Assessment (English - Out of Print) 05/88 --
Assessment of Photovoltaic Programs, Applications, and

Markets (English) 10/89 103/89
Sri Lanka Energy Assessment (English) 05/82 3792-CE

Power System Loss Reduction Study (English) 07/83 007/83
Status Report (English) 01/84 010/84
Industrial Energy Conservation Study (English) 03/86 054/86
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EUROPE AND CENTRAL ASIA (ECA)

Eastem Europe The Future of Natural Gas in Eastern Europe (English) 08/92 149/92
Poland Energy Sector Restructuring Program Vols. I-V (English) 01/93 153/93
Portugal Energy Assessment (English) 04/84 4824-PO
Turkey Energy Assessment (English) 03/83 3877-TU

MIDDLE EAST AND NORTH AFRICA (NINA)

Morocco Energy Assessment (English and French) 03/84 4157-MOR
Status Report (English and French) 01/86 048/86

Syria Energy Assessment (English) 05/86 5822-SYR
Electric Power Efficiency Study (English) 09/88 089/88
Energy Efficiency Improvement in the Cement Sector (English) 04/89 099/89
Energy Efficiency Improvement in the Fertilizer Sector(English) 06/90 115/90

Tunisia Fuel Substitution (English and French) 03/90 --
Power Efficiency Study (English and French) 02/92 136/91
Energy Management Strategy in the Residential and

Tertiary Sectors (English) 04/92 146/92
Yemen Energy Assessment (English) 12/84 4892-YAR

Energy Investment Priorities (English - Out of Print) 02/87 6376-YAR
Household Energy Strategy Study Phase I (English) 03/91 126/91

LATIN AMERICA AND THE CARIBBEAN (LAC)

LAC Regional Regional Seminar on Electric Power System Loss Reduction
in the Caribbean (English) 07/89 --

Bolivia Energy Assessment (English) 04/83 4213-BO
National Energy Plan (English) 12/87 --
National Energy Plan (Spanish) 08/91 131/91
La Paz Private Power Technical Assistance (English) 11/90 111/90
Natural Gas Distribution: Economics and Regulation (English) 03/92 125/92
Prefeasibility Evaluation Rural Electrification and Demand

Assessment (English and Spanish) 04/91 129/91
Private Power Generation and Transmission (English) 01/92 137/91

Chile Energy Sector Review (English - Out of Print) 08/88 7129-CH
Colombia Energy Strategy Paper (English) 12/86 --
Costa Rica Energy Assessment (English and Spanish) 01/84 4655-CR

Recommended Technical Assistance Projects (English) 11/84 027/84
Forest Residues Utilization Study (English and Spanish) 02/90 108/90

Dominican
Republic Energy Assessment (English) 05/91 8234-DO

Ecuador Energy Assessment (Spanish) 12/85 5865-EC
Energy Strategy Phase I (Spanish) 07/88 --

Energy Strategy (English) 04/91 --

Private Minihydropower Development Study (English) 11/92 --
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Haiti Energy Assessment (English and French) 06/82 3672-HA
Status Report (English and French) 08/85 041/85
Household Energy Strategy (English and French) 12/91 143/91

Honduras Energy Assessment (English) 08/87 6476-HO
Petroleum Supply Management (English) 03/91 128/91

Jamaica Energy Assessment (English) 04/85 5466-JM
Petroleum Procurement, Refining, and

Distribution Study (English) 11/86 061/86
Energy Efficiency Building Code Phase I (English-Out of Print) 03/88 --
Energy Efficiency Standards and

Labels Phase I (English - Out of Print) 03/88 --

Management Information System Phase I (English - Out of PRint) 03/88 --

Charcoal Production Project (English) 09/88 090/88
FIDCO Sawmill Residues Utilization Study (English) 09/88 088/88
Energy Sector Strategy and Investment Planning Study (English) 07/92 135/92

Mexico Improved Charcoal Production Within Forest Management for
the State of Veracruz (English and Spanish) 08/91 138/91

Panama Power System Efficiency Study (English - Out of Print) 06/83 004/83
Paraguay Energy Assessment (English) 10/84 5145-PA

Recommended Technical Assistance Projects (English-
(Out of Print) 09/85 --

Status Report (English and Spanish) 09/85 043/85
Peru Energy Assessment (English) 01/84 4677-PE

Status Report (English - Out of Print) 08/85 040/85
Proposal for a Stove Dissemination Program in

the Sierra (English and Spanish) 02/87 064/87
Energy Strategy (English and Spanish) 12/90 -

Saint Lucia Energy Assessment (English) 09/84 5111-SLU
St. Vincent and
the Grenadines Energy Assessment (English) 09/84 5103-STV

Trinidad and
Tobago Energy Assessment (English - Out of Print) 12/85 5930-TR

GLOBAL

Energy End Use Efficiency: Research and Strategy
(English - Out of Print) 11/89 --

Guidelines for Utility Customer Management and
Metering (English and Spanish) 07/91 --

Women and Energy--A Resource Guide
The International Network: Policies and Experience (English) 04/90 --

Assessment of Personal Computer Models for Energy
Planning in Developing Countries (English) 10/91 --

Long-Term Gas Contracts Principles and Applications (English) 02/93 152/93

073093
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