
The Bartlett School of Architecture, Building, Environmental Design, and Planning
University College London 

University of London

SMALL SCALE COMBINED HEAT AND POWER 
SYSTEM S^ A DEVELOPING TROPICAL COUNTRY)

by

Solomon Olatoye

Thesis submitted for the degree of Ph.D. in Environmental Studies 

(Supervisor; Dr. Alan Young)

SEPTEMBER 1995



ProQuest Number: 10046110

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10046110

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



To Kiitan



ABSTRACT

The purpose of this thesis is to investigate the 
effectiveness of small scale Combined Heat and 
Power (CHP) systems when adapted for developing 
countries with a hot climate such as Nigeria.

CHP technology is currently widely used in 
developed countries, the majority of which are 
located in the temperate region. The system 
operates by the burning of fossil fuel to provide 
electrical and (low & high grade) heat energy. The 
heat, which is normally wasted in most other 
electricity generating methods, is recovered and 
used to provide space heating and domestic hot 
water.

The work reported here assesses whether the 
electricity from CHP systems in Nigeria could be 
used to increase the current national electrical 
capacity to meet the country's demand, thereby 
alleviating the constant public grid power 
failures. It also assesses whether the recovered 
heat could be used to provide domestic hot water as 
well as space cooling. The thesis investigates the 
various methods of applying this technology and 
considers the most cost effective techniques of 
achieving electricity self sufficiency in the 
country.

The Thesis has been organised in three parts. In 
the first, small scale CHP technology is examined.



and Nigeria, taken as a typical tropical developing 
country is discussed, in terms of its weather, its 
industries and types of residential and commercial 
buildings. The role of the public grid is also 
discussed along with the problems it currently 
experiences.

In part two, three case studies are considered. 
Each one examines a typical method of applying 
small scale CHP, namely; (i) a communal 
arrangement, (ii) an industrial application and 
(iii) a residential application. Finally in part 
three, an economic analysis of the three options is 
evaluated. Also the predicted results for each 
options are summarised and discussed in the 
concluding chapter.

The study concludes that small scale CHP can make a 
significant contribution to a more efficient method 
of generating electricity, heat and space cooling 
for industry, as well as for commercial and
residential buildings in Nigeria. In addition, it 
is shown, the application of CHP systems to the 
public grid could result in a more stable
electricity power supply for the country. The 
methods are likely to be effective in other
developing tropical countries.
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PART 1 - INTRODUCTION
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CHAPTER 1 - GENERAL INTRODUCTION

1.1 ENERGY (HEAT & ELECTRICITY) REQUIREMENT IN NIGERIA

The sudden improvement in the standard of living in 
Nigeria over the last two decades has contributed 
to a large increase in the frequency of power 
failures in the public electricity grid. This came 
about after the "oil boom" of the early seventies, 
when the government doubled and in some cases 
trebled the salaries of the public sector. The 
private sector followed suit. The action led to an 
immense increase in the purchase of home appliances 
such as air conditioners, refrigerators, etc., the 
majority of which depend on electricity for their 
operation. This caused a colossal increase in the 
demand for electricity to the point where the 
public grid could not cope.

The central government has attempted to provide 
several solutions by investing locally and 
guaranteeing overseas loans to resolve this problem 
but without significant success. As a consequence,
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a large percentage of people in the middle and
upper income level have installed electricity 
standby generator units for the provision of
electricity whenever there is a failure in the
public grid. Also most commercial buildings and all 
the industrial premises surveyed have similarly 
installed standby generators. In fact, it was
observed that a large number of the industries had 
severed their supply from the public grid. In its 
efforts to cope with the public demand, the 
National Electricity Power Authority (NEPA), the 
body charged with the electricity power generation, 
transmission and distribution for the country, made 
the industrial electricity tariff unattractive. 
This is to discourage heavy industries from using 
the grid and encourage them to produce their own 
electricity (see appendix 7a).

Electricity generator units utilise a small 
fraction of the converted energy in fossil fuel 
combustion as shaft power to produce electricity. 
The majority of the energy produced is in the form 
of heat which is wasted. It was discovered that 
some residential and commercial premises and 
industries use high grade electricity to operate 
electric boilers, which produce heat in the form of 
hot water, after having wasted the heat that was 
produced from the electricity generation process.

Much research has been carried out on the ways of 
using these generator units as CHP systems to 
produce cheap high grade electricity, and to 
recover the heat for space heating and domestic hot
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water in developed countries in temperate climates. 
However ̂ the case for using these generator units 
as CHP systems in a developing country in a hot 
climate such as Nigeria, has not been studied in 
any detail.

Since the installation of electricity generator 
units in premises is now common practice in 
Nigeria f an optimum method of making use of as much 
of the energy released in CHP systems should be 
considered. This is investigated in this study by 
considering methods of applying the technique to 
replace high grade electrical energy thereby 
reducing the demand on electricity supply from the 
grid or individual generator units.

1.2 THE STRUCTURE OF THE THESIS

The main energy requirements in the residential,
commercial and industrial sectors in Nigeria are 
provided by electricity. These are in the provision 
of supply to electrical appliances, heat for 
domestic hot water and industrial processes, and 
space cooling. A method of operating a standby 
electricity generator unit as a small scale CHP
system to provide these energy requirements is the 
main concern of this study. The investigation is
organised as follows.

Part I consists of chapters 1, 2 and 3, which form
the introductory and descriptive chapters of the
thesis. In chapter 2, a general description of the
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elements that make-up a small scale CHP system is 
given. Here large, medium and small scale CHP 
systems are defined. The available fuel most 
commonly used is discussed. In addition, the 
essential control required for CHP systems is 
briefly considered.

In chapter 3, the climate of Nigeria and its effect 
on the operation of CHP plant is discussed in terms 
of the utilisation of the waste heat. The chapter 
reveals the various types of building (residential 
& commercial) and discusses them from the view 
point of the application of CHP systems for the 
supply of electricity, domestic hot water and space 
cooling. The chapter also describes the existing 
national electricity network in Nigeria, including 
all available sources of electricity that feed the 
grid.

Part II, which consists of chapters 4, 5, and 6,
examines the CHP options considered for the study. 
In chapter 4, the application of the small scale 
CHP system as a communal power station is 
investigated.

In chapter 5, the potential for the application of 
CHP systems in industry is investigated through an 
industrial case study conducted at Cadbury Nigeria 
Limited. The practical application of the recovered 
heat to the industry's production processes is 
discussed.

20



Chapter 6 discusses the potential for the 
application of CHP systems in residential 
buildings. This was investigated by conducting a 
case study of a selected residential building in 
Oguntunga Street in Lagos, Nigeria. The methods of 
adapting a CHP system to the building services of 
the house are discussed with consideration given to 
the current daily energy demand of the occupants.

The economic evaluation and the conclusion of the 
thesis is contained in Part III, consisting of 
chapters 7 and 8. Chapter 7 discusses the economic 
evaluation of CHP systems. The analysis was carried 
out by considering all the tariffs of the various 
CHP fuels available, with particular reference to 
diesel fuel which is commonly used in generator 
units in Nigeria. Various methods of assessing the 
economics of CHP systems and ordinary electricity 
generator units in residential and industrial 
applications are discussed. These methods are used 
to evaluate the savings that could be realised in 
these sectors.

Finally, chapter 8, summarises and discusses the 
findings of this study. Conclusions relating to the 
application of CHP systems in Nigeria are drawn. 
Recommendations for its use in the public grid are 
made along with suggestions for future research.

21



CHAPTER 2 - ELEMENTS OF A SMALL SCALE CHP SYSTEM

This chapter describes in detail the components of 
a small scale CHP system and the various forms and 
sizes available.

Small scale Combined Heat and Power (CHP) is a 
combination of various mechanical equipment, to 
form a single unit which converts energy in the 
form of fuel to useful heat and electricity. The 
size range of small scale CHP is generally taken to 
be between 15 and 800 kWe but sometimes 1 MWe units 
or more are also so described.

The ability of the unit to convert the energy in a 
more efficient manner than conventional equipment 
used for similar tasks is the system's main 
benefit. Adequate care must be taken in its design 
and sizing in order to match the unit to its load 
or the benefits may be lost. In most countries 
where high electrical tariffs are used during the 
day (usually between 0600 to 2400 hours), the

22



system must be able to run for at least sixteen 
(16) hours a day for a reasonable payback period of 
four (4) years (Orchard, W.).

In section 1 of this chapter, a general description 
of the elements that make up a small scale Combined 
Heat and Power system is given.

Section 2 discusses the types of fuel most commonly 
used.

In section 3, the engine which is a key part of the 
system is discussed. The main types available are 
considered as is the mechanism of operation with 
respect to fuel type.

Section 4 discusses the generation of electricity 
from the CHP system, and shows the various options 
available to users in the generation of 
electricity.

The essential control and connection of the system 
to the public grid is discussed in section 5. The 
required regulations governing the operator of CHP 
are also discussed, for the compliance with local 
electricity technical and safety requirements 
(British/Nigerian).

23



2.1 GENERAL DESCRIPTION OF THE CHP SYSTEM

The majority of all electrical power is produced 
from a generator driven by a heat engine, such as a 
steam turbine in a large power station or an 
internal combustion engine in a mobile generating 
set. However, only a proportion of the energy 
supplied to such an engine is converted into shaft 
power; the remainder is usually rejected to the 
environment.

In a power station, some 65% of the primary energy 
is wasted, much of it in the form of water at a 
temperature of 30-35 ®C, which can rarely be used
economically (Horlock, J.H., 1987). It is possible
to design generating systems so that at least some 
of the rejected heat is recovered for productive 
use if a suitable customer can be economically 
connected. The design of such "Combined Heat and 
Power" (CHP) generation systems allows the rejected 
heat to be made available at a higher temperature, 
so that it is suitable for space heating or cooling 
through absorption chiller in buildings or for 
process uses in industry. The absolute efficiency 
of electrical power generation however, is slightly 
reduced in CHP systems compared to an equivalently 
sized ordinary electricity generator unit.

When small packaged Combined Heat and Power systems 
are used to provide heat and electrical power
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Fig. 2.1 Typical CHP system energy output (AES LTD, 1991)

requirements for individual buildings and
industries, an increase in efficiency is possible
from about 35% to over 90% at maximum electrical
and thermal load, based on gross calorific value of
input fuel (AES Ltd, 1991) . These systems (with 
capacity up to IMWe), are either modified
automotive engines or industrial engines 
(Endothermie Engines). For sizes above 1 MWe, Gas 
Turbines or better still, batteries of small 
engines can be used. Although some smaller units 
made of Gas Turbines engines are available from 
some manufacturers.
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Fig. 2.2 Holec 18 kW CHP Unit

The main components of a small scale CHP system are 
An Engine, which drives an electrical generator; 
A generator, which produces the electricity;
A heat recovery system, to recover the waste 
heat from the engine;
A control system, to ensure safe and efficient 
operation of the installation ;
An acoustic enclosure (optional), to prevent 
excess noise and provide weather protection to 
the unit or physical protection to the operators



The systems are generally known as "packaged" units 
because, with the exception of the engine exhaust 
and part of the control system, the main components 
are generally combined in a single module.

10
1 - 1 2 7  ENGINE

2 WATER TANK

3 • GAS/WATER HEAT EXCHANGER

4 OIL/WATER HEAT EXCHANGER

5 - OIL PAN

6 - WATER/WATER HEAT EXCHANGER 13 - AIR INLET

7 - ELECTRIC GENERATOR 14 - METHANE FEED

1 1 
< i 7 6

8 - GAS EXHAUST

9 ELECTRICAL CONNECTION 

10 - HOT WATER OUTLET

1 1 - COLD WATER INLET

12 ■ t h e r m a l  AND ACOUSTIC INSULATION

Fig 2.3 CHP Unit Main Components

Figure 2.4 shows a typical CHP system in 
diagrammatic form. It illustrates the CHP unit in a 
simplified form, showing the heating and electrical 
components.

27



\n n n
mff-

WATER
COOLED

CHP UNIT

LOCAL SW nC H BOARDrofl CHP UNO

MAINS SWnCH BOARD

TYPICAL HEATING SYSTEM

TYPICAL e l e c t r ic a l  DISTRIBUTION

(source :AES Ltd)
Fig 2.4 Schematic of a CHP System

28



2.2 CHP FUELS

Technically, a small scale combined heat and power 
system can run on any fuel that will drive a 
suitable engine. In practice, most systems run on 
either natural gas, biogas or liquefied gas 
(propane). Where no gas is available, diesel fuel 
or gas oil, as it is known when used in stationary 
engines, may be used (Porter, M.P and Mastanaiah, 
K. , 1982) . Some larger units can use a dual-fuel
supply, diesel for starting and gas for running.

Natural Gas
Natural gas is usually the primary gaseous fuel in 
most developed countries. For example in the United 
States, it accounts for 98% of all gas deliveries 
to ultimate consumers by gas utilities and 
pipelines (Schaffer, I.R., 1986). Natural gas
occurs in underground reservoirs separately or in 
association with crude petroleum. The principal 
constituents of natural gas is the simple hydro
carbon, Methane (CH4). Other constituents are the 
heavier paraffinie hydrocarbons such as ethane, 
propane and butane.

Biogas
Sewage works offer a particularly good opportunity 
for operating CHP units on biogas where the cost of 
the fuel is low, or is a "free" by-product.
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However^ biogas has a relatively low and variable 
calorific value. The power output of the engine and 
generator may be reduced, and the engine will also 
have a greater tendency to misfire (Energy 
Efficiency Office "series 4" Aug. 1985). This 
condition may necessitate more frequent spark plug 
changes and shut down due to engine overload from 
time to time. Nevertheless, if this fuel is 
available it certainly warrants very serious 
consideration.

Liquefied Gas
Liquid Petroleum Gas (LPG), while an excellent fuel 
for CHP units, is more expensive than natural gas 
but generally less expensive than diesel. It is 
unlikely to be cost effective if used solely for 
the operation of CHP systems. The cost of tank 
transportation and storage of LPG is relatively 
high (Cogeneration Institute Publication Vol.XXIV 
1992). It may be suitable in some circumstances, 
where natural gas is not available but where LPG or 
propane is already in use for other purposes. Bulk 
purchase may make it more attractive in that 
particular case. Such condition may apply to an 
industry located in remote area of Nigeria.

Diesel Fuel
Diesel engines range from small, high-speed engines 
used in trucks and buses, to large, low-speed 
stationary engines for power plants. Due to this 
range of diesel engines, several grades of diesel 
fuel are needed. The American Society for Testing 
and Material (ASTM) D975 defines three grades of
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fuel suitable for different classes of service as 
follows :

Grade ID - a volatile distillate fuel for 
engines in service requiring frequent speed and 
load changes.
Grade 2D - a distillate fuel of lower 
volatility for engines in industrial and mobile 
service.
Grade 4D - a fuel for low and medium speed 
engines.

The combustion characteristics of diesel fuels are 
expressed in terms of Cetane number, a measure of 
ignition delay. A short ignition delay, i.e. the 
time period between injection and ignition, is 
desirable for a smooth running engine. Some diesel 
fuels contain cetane improvers, which usually are 
alkyl nitrates. Other chemicals used to improve the 
performance of diesel fuels include antioxidants, 
corrosion inhibitors, and dispersants. The 
dispersants are added to prevent agglomeration of 
gum or sludge deposits, so these deposits can pass 
through filters, injectors, and engine parts 
without clogging them.

Diesel fuel is also expensive compared with natural 
gas. The thermal efficiency of a high compression 
diesel engine is higher than that of a natural gas 
spark ignition engine, and this will to some extent 
offset the fuel price differential (Department of 
Energy 1977) . Due mainly to the complexity of the 
fuel injection system, maintenance costs will be
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substantially higher for diesel engines and they 
are also inherently somewhat more noisy and 
malodorous than gas engines. As a result, the use 
of diesel engined CHP plant is likely to be 
confined to more remote locations without gas or to 
countries that have no buried gas pipe distribution 
network, and where the need for a reliable 
electricity supply (rather than simple economics) 
provides the justification, as in developing 
countries such as Nigeria. This is evident in the 
types of electricity generating units observed at 
all premises visited during the field work of this 
study in Nigeria. Majority were noted to be the 
diesel type (see appendices 8B to 81).

32



2.3 CHP ENGINES

The engines used in small scale Combined Heat and 
Power units are either modified automotive engines 
or industrial engines. Automotive engines, suitably 
modified to run on gas, are relatively inexpensive, 
readily available and easy to maintain. However, 
they have a relatively short life, with perhaps 
only twenty thousand (20,000) hours of running 
before a replacement engine is needed. Industrial 
gas engines generally have a longer life, but 
capital costs are higher (Schaffer, I. R., 1986).

Automotive Engines are used in most small scale 
Combined Heat and Power units, with the size range 
covering both car and truck engines. Perhaps the 
best known is the 15 kWe "Totem" unit, which uses a 
903 cc engine developed from that in the FIAT 127 
car to run on natural gas at a constant speed of 
three thousand (3,000) revolutions per minute 
(r.p.m.) (Robert, L.E.J., 1990). Other systems use
specially-developed versions of larger petrol 
engines, such as Leyland's 2.3 litre unit from Land 
Rover. This runs at lower speeds of about one 
thousand five hundred (1,500) revolutions per 
minute.

Ideal Industrial Gas Engines such as the Waukesha 
or Allen, are of heavy-duty construction, and are 
produced in smaller numbers. They are renowned for
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their reliability in a range of applications, 
including off-shore (oil rig) use and power 
generation in industries. Many industrialised
engines are derived from a diesel counterpart used 
in a tractor or some other automotive application. 
For example. Ford and Rolls-Royce supply, through 
their industrial agents, automatic diesel engines 
modified for industrial use (Allen Power
Engineering Ltd 1989): the changes include lowering
the compression ratio, timing alterations, new 
pistons and, for gas, the addition of a spark 
ignition system. Many of these engines are in use 
in a range of industrial applications in many parts 
of the world. Although they are new in their 
application to small scale CHP, their general
performance and reliability in other applications 
is well established.

Internal Combustion Engines
All known small scale CHP systems are operated by 
the piston type internal combustion engine. The 
combustion process is assumed to occur at constant- 
volume, at constant-pressure, or by combination of 
the two mechanisms. The constant-volume process is 
characteristic of the Spark-Ignition (SI) or Otto 
cycle; the constant-pressure is found only in the 
slow speed Compression-Ignition (Cl) or diesel 
cycle. With both processes the cycle is sometimes 
called a mixed, combination, or limited-pressure 
cycle (Baumeister, T., 1978).

Technically, the fundamental differences between an 
SI and a Cl engine are the methods of mixing the
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air and fuel and the methods of ignition (before 
compression in the otto cycle, and usually near the 
end of compression in the diesel cycle). Electrical 
generator units used for stand-by or total in-house 
generation in Nigeria are powered by the same type 
engine used in small scale CHP systems. The only 
observed interest of the users of generator units 
in Nigeria is the type of fuel required. This means 
the use of diesel fuel as in Cl engines, and petrol 
as in SI engines. The Cl engine is preferred over 
the SI, because of the high volatility of petrol 
required for the SI engine. The preference is based 
solely on the safety aspects as gathered during the 
field work survey of users for this study (appendix 
8) .

The detailed technical differences of the two 
engines available for the operation of an 
electrical generator unit or a small scale CHP 
system are discussed in the following sub-headings. 
The analysis is based on the technical extract on 
SI and Cl Engines obtained from the "Mark's 
Standard Handbook for Mechanical Engineers" by T. 
Baumister.

Spark-Ignition (SI) Engines
Spark-ignition engines use volatile liquids or 
gases, have compression ratios between 6:1 and 12:1 
(limited by combustion knock of fuel-air mixture) 
and compression pressures below 150 to above 300 
lb/in* (1034-2068 kPa). A cross section of a 
typical engine is shown in figure 2.5.
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(source: Baumeister, T., 1978)
Fig. 2.5 A cross-section of an Endothermie Engine

SI engines use carburettors, gas mixing valves, or 
fuel-injection systems and operate on the Otto 
cycle. Petrol is the fuel commonly used in 
aeroplanes, automobiles, small marine and small 
stationary and tractor engines. Commercial gases, 
such as blast-furnace gas, coal gas, coke-oven gas, 
carburetted water gas, producer gas and natural
gas, are used in large stationary engines. 
Combustion pressures are usually 3.5 to 5 times the 
compression pressures. Load and speed are usually
controlled by throttling the charge ; piston speeds 
above three thousand (3,000) ft/min (15.24 m/s) are 
permissible (see figure 2.6).

Most combustion chambers for four-cycle engines, 
especially automotive, are of the open chamber 
design and employ over-head valves actuated by
either push rods or overhead cams. This design
provides fast burning of the charge because of the
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concentrated combustion volume and minimises 
surface area and thus heat losses and wall 
quenching. The auto ignition temperature of an air- 
fuel mixture is the lowest temperature at which 
chemical reaction proceeds at a rate sufficient to 
result eventually (long time lag) in inflammation.
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Fig. 2.6 Graphs of Otto and Diesel cycle

This temperature depends principally on air-fuel 
mixture, fuel properties, mixture pressure, and the 
test apparatus. Subjecting a mixture to a 
temperature (see figure 2.7) higher than the auto
ignition temperature results in inflammation af ter
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a shorter time lag. There is the temperature for 
each mixture which results in practically 
instantaneous ignition. An increase in pressure 
decreases the ignition temperature of the air-fuel 
mixture.
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Fig. 2,7 Volatility characteristics

Flame speeds in spark-igni tion engines are low 
immediately after ignition, attain maximum values 
when about half the combustion chamber has been 
inflamed, and decreases towards the end of the 
process. Mean flame speeds are maximum for mixtures 
usually 10 to 20% richer than the chemically 
correct air-fuel ratio, and vary with fuels, engine 
speed, and turbulence. At 900 ft/min (4.57 m/s) 
mean piston speed, mean flame speeds with maximum-
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power gasoline-air mixtures and optimum spark 
advance range from about 50 to 100 ft/s (15.24 to 
30.48 m/s) . Due to the time required for 
combustion, it is necessary, in order to develop 
maximum torque, to ignite the mixture in the 
cylinder before the piston reaches the end of the 
compression stroke. Spark advance is measured by 
the number of degrees the crankshaft rotates 
between the time of the spark and end of the 
compression stroke.

Advantages of SI engines are low first cost, low 
specific weight, low cranking effort required, wide 
variation obtainable in speed and load, high 
mechanical efficiency, and fairly low specific fuel 
consumption at high compression ratios.

Compression-Ignition (Cl) Engines
Compression-ignition engines use liquid fuels of 
low volatility varying from fuel oil and
distillates to crude oil. They have compression 
ratios between 11.5:1 and 22:1, and compression 
pressures 400 to 700 Ib/in^ (2,700 to 4,830 kPa) , 
and operate on the diesel or mixed cycle. Generally 
no ignition devices are used although some lower 
compression ratios and multiple chamber engines may 
require starting aids. Load and speed are
controlled by varying the fuel quantity injected. 
The dual-fuel engine is a diesel engine with a 
compression ratio which is low to result in 
ignition at the desired time, of the gas-air
mixture induced into the cylinder. A pilot (small)
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injection of liquid fuel with good ignition quality 
is used to initiate the combustion process.

Cl engines have valve-in-head construction if 
operating with four cycles. Two types of combustion 
chamber arrangements are used^ namely: (1) a single
chamber, referred to as the open or direct
injection type, and (2) a two chamber referred to
as a pre-chamber or divided chamber type (see 
figure 2.8).

In the open combustion chamber (Direct Injection) 
type diesel engine, fuel is injected under high 
pressure, usually through a multiple orifice 
nozzle, directly into the clearance space or 
chamber between the piston and the cylinder head. 
The piston head is usually conformed to fit the 
fuel spray, and swirl moves the air into the fuel 
spray. Air swirl is accomplished by intake ports.
High turbulence is accomplished by having the 
piston closely approach part of the cylinder head. 
This forces the gases out of the small clearance 
and agitates the mixture.

Pre-combustion chambers are divided into two parts, 
the major volume being between the piston and the 
cylinder head and connected by a small passage way 
to the minor volume located in the cylinder head. 
Fuel is injected only into the smaller chamber 
and, except under light loads, partial combustion 
occurs and discharges the burning mixture into 
the larger chamber in which combustion is 
completed. This type of combustion chamber
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produces smooth combustion but has fairly high 
fluid friction and heat transfer losses.

General M oto rs  combus
tion chamber (sw irl produced by 
intake ports).
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(source: Baumeister, T., 1978)
Fig. 2.8 Endothermie Combustion Chamber

The advantages of Cl engines are low specific 
fuel consumption, high thermal efficiency at part 
loads, possibly lower fuel cost, no pre-ignition, 
low CO and hydrocarbon emission at low and moderate 
loads, suitability for two stroke operation, and 
excellent durability. The lower compression 
engines are of simpler construction (usually 
valveless two-stroke cycle), lighter weight, lower 
first cost, lower operating expense, and higher 
mechanical efficiency than the higher compression 
engines.
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General CHP Engine Performance;
The overall efficiency of fuel conversion in
gas-fuelled small scale CHP units is typically 
around 90%(at full electrical and thermal load). As 
in all combustion engines, only about 30% of the 
energy of the fuel burned is delivered as
mechanical work to drive the electricity generator, 
where the conversion into high value electricity is 
made with only small losses (Applied Energy 
Systems Ltd, 1991) . When contrasted with more 
conventional generator systems, small scale CHP 
units recover a substantial proportion of the 
remaining 70% of energy available from the fuel 
in the form of hot water. The heat energy contained
in the hot water can be used to heat buildings or
for industrial processes.
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2.4 CHP GENERATORS

The generators used in packaged small scale CHP 
units usually have three-phase alternating current 
outputs at 415 Volts, typically in the range 15 
kW to 800 kW, and can be Synchronous or 
Asynchronous (Robert, L.E.J., 1990).

THE SYNCHRONOUS GENERATOR
A synchronous generator is designed to be
capable of operating in isolation from other 
generating plant and the grid. The voltage and 
frequency are determined solely by the control
equipment of the unit. The speed of rotation of the 
rotor determines the frequency and remains constant 
as the power demand of the load varies. A 
synchronous generator can continue to supply
power even during mains failure, and so can act 
as a standby generator. Since this type of unit
starts from batteries, it does not affect the grid 
voltage on start up. Care is needed to ensure that 
the power generated is not inadvertently fed into 
the grid during maintenance.

The Design
The most common type of winding is the three-phase 
lap-wound two layer type of winding. In three-phase 
windings, three windings are spaced 120 electrical 
space degrees apart, the individual phase belt 
being 60° apart. For single-phase service two
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phases of the standard three-phase Y-connect!on 
generator are used. A single-phase load or 
unbalanced three-phase load produces flux pulsation 
in the magnetic circuits of synchronous
generators, which increase the iron losses and 
introduce harmonics into the emf wave. Two-phase 
windings consist of two similar single-phase 
windings displaced 90 electrical space degrees on 
the armature and ordinarily occupy all the slots on 
the armature.

Usually, all slots on the armature are occupied. 
Standard voltages are 550, 1,100, 2,200, 6,600,
13.200 and 20,000 V. It is much more difficult to 
insulate for 20,000 V than it is for the lower 
voltages (Laithwaite, E.R., 1980). However, if the
power is to be transmitted at this voltage, its
use would be justified by the saving of
transformers. In machines of moderate and larger
ratings, it is common to generate at 6,600 and
13.200 volt if transformers must be used. The 
higher voltage is preferable, particularly for 
the higher ratings, because it reduces the cross
section of the connecting leads and bus bars.

Construction
In the usual synchronous generator the armature or 
rotor is the stationary member. This construction
has many advantages. It is possible to make slots
any reasonable depth, since the tooth necks 
increase in cross section with increase in depth 
of slot; this is not the case of the rotor. The 
large section which is thus obtainable gives
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ample space for copper and insulation. The
conductors from the armature to the bus bars can 
be insulated throughout their entire lengths, 
since no rotating or sliding contacts are 
necessary. The insulation in a stationary member 
does not deteriorate as rapidly as that on a 
rotating member, for it is not subjected to 
centrifugal force or to any considerable
vibration.

The rotating member is ordinarily the field. There 
are two general types of field construction; (1) 
the salient-pole type, and (2) the cylindrical or 
non-salient pole type. The salient-pole type is 
used almost entirely for slow and moderate 
speed generators since this construction is the 
least expensive and permits ample space for
the field ampere-turns. It is not practicable to 
employ salient poles in high-speed turbo
alternators because of the excessive windage 
and the difficulty of obtaining sufficient
mechanical strength (Laithwaite, E.R., 1980). The
Cylindrical type consists of a cylindrical 
steel forging with radial slots in which the 
field copper, usually in strip form, is placed.
The fields are ordinarily excited at low 
voltage, 125 and 250 V, the current being
conducted to the rotating member by means of slip 
rings and brushes.

Regulation
The terminal voltage of synchronous generators at 
constant frequency and field excitation depends
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not only on the current load but on the
power factor as well. (Baumeister, T., 1978).

This is illustrated in the figure 2.9/

bpni
I*P F *06  iTOding cxirrent 
U»PF«lO I 
HI*PF»08 'ogging currenf

Current

Svnchionous gcncnmr characteristics.

(Baumeister T., 1978)
Fig. 2.9 Synchronous generator characteristics

This shows the voltage-current characteristics of 
a synchronous generator with lagging current, 
leading current and in-phase current (PF=1.00). 
With leading current the voltage may actually 
rise with increase in load. The rate of voltage 
decrease with load becomes greater as the lag of 
the current increases.

Three factors affect the regulation of synchronous 
generators; (a) the Effective Armature Resistance, 
(b) the Armature Leakage Reactance, and (c) the 
Armature Reaction. With alternating current the 
armature loss is greater than the value obtained 
by multiplying the square of the armature current 
by the ohmic resistance. This is due to hysteresis 
and eddy-current losses in the iron adjacent
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to the conductor and to the alternating flux 
producing losses in the conductors themselves. 
Also the current is not distributed uniformly over 
conductors in the slot, but the current density 
tends to be greatest in the top of the slot.

Excitation
The ability of synchronous generators to operate 
unassisted is due to self supplied excitation. 
This is commonly supplied by a small dc generator 
driven from the generator shaft. On the account 
of commutation, except in the smaller sizes, the dc 
generator cannot be driven at 3,600 r/min, the 
usual speed for turbine generators, therefore belt 
or gear drives are necessary (Horlock & Haywood 
1985) . The use of the silicon rectifier has made 
possible simpler means of excitation as well as 
voltage regulation. In a typical system, the 
exciter consists of a small rotating-armature 
synchronous generator ( which can run at high 
speed) mounted directly on the main generator 
shaft. The three-phase armature current is 
rectified by three silicon rectifiers and is 
conducted directly to the main generator field 
without any sliding contacts. The main generator 
field current is controlled by the current to the 
stationary field of the exciter generator. In 
another system there is no rotating exciter, the 
generator excitation being supplied directly from 
the generator terminals, the 13,800 V three-phase, 
being stepped down to 115 V three-phase, by 
small transformers and rectified by silicon 
rectifiers. Voltage regulation is obtained by
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saturable reactors actuated by potential 
transformers connected across the generator
terminal.

THE ASYNCHRONOUS GENERATOR
A mains-excited asynchronous (induction) generator 
can only operate in parallel with other 
generators (such as the grid), since its 
magnetic excitation is supplied by reactive power 
from the grid. The grid determines the voltage 
and frequency of the unit, and the unit itself 
will therefore stop if it is disconnected or if 
the mains fails. The output frequency is thus 
automatically matched to the mains, and connection 
and interfacing to the grid is simple.

In principle, if an induction motor, while 
connected to a source of power, is driven above 
synchronous speed, it becomes an induction or 
asynchronous generator and returns electrical 
energy to the line without any change in 
connections. When this happens, the rotor
conductors cut the rotating field in a direction 
opposite to that when operating as a motor, and 
hence the mechanical power applied to the
shaft is converted into electrical power, and 
the load increases with the negative slip. This 
permits induction generators to be driven by 
prime movers without governor control. On the 
short circuit, the induction generator has the
desirable characteristic that after the first few 
cycles it does not deliver any power. It must
always be used in parallel with some
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synchronous apparatus or a capacitor bank, since 
it must take lagging current from the line for 
its own excitation, and in addition cannot 
deliver any lagging current to the system.

Small scale CHP units using asynchronous
generation are therefore relatively cheap, and 
they are also inherently safe from the electricity 
supply industry’s point of view. The generator 
will not provide power if the grid fails, so 
there is no risk of inadvertent supply of 
electricity when the grid is being maintained. 
However, because they need the mains to start 
the engine they cannot be operated as 
standby generators. They are also subject to 
regulations limiting the voltage fluctuations 
imposed on the grid on start-up.

Other asynchronous generators that can be used in 
conjunction with the grid are:

(i)Power-factor-corrected asynchronous generator. 
This is basically a mains-excited asynchronous 
generator, but with some of the mains excitation 
replaced by a local device such as a bank of 
capacitors. If the grid is disconnected, the unit 
can continue to generate at a voltage and 
frequency determined by the condition of the 
grid at the time of disconnection. Capacitor banks 
are often introduced for the additional purpose 
of reducing costs when operating with loads with 
high reactive power.
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(ii)Self-excited asynchronous generator.
This type of generator has none of its magnetic 
excitation supplied by the grid, and it thus 
operates in a similar way to a synchronous 
generator. Like the synchronous generator, it can 
be linked to the grid and will continue to generate 
if the grid is disconnected.

CHP OPERATION
It is possible to define three principal ways of 
operating a small scale CHP system. These are :

Stand-alone Operation, where a particular 
component of the electrical load is 
permanently isolated from the grid and 
connected to the CHP system instead.

Parallel operation, in which the CHP unit 
generates electricity to meet the general 
electrical load, but is supplemented by the 
grid if demand is greater than the system 
output. Conversely, if the load is smaller 
than the output, power can be exported to 
the grid.

Standby operation, where the unit supplies 
part of the total load if there is a 
failure of the grid. The maximum demand put 
on the unit must be controlled to protect 
it from overload.

The self-excited asynchronous generator described 
above can be used in all three modes of operation,
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while the mains-excited synchronous generator
cannot operate as a stand-alone unit or
provide standby power in the event of a grid 
failure. Therefore a synchronous CHP system may not 
be effective in Nigeria due to the existing 
unstable condition of the grid.
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2.5 CHP CONTROL AND GRID CONNECTION

In order to have trouble free operation during the
life of a CHP system, it is essential for the
system to be aided by an appropriate control
device. The system must also be capable of being
connected to the electricity grid if used in a
"parallel" operation. It is essential for the
private generator to contact the local Electricity 
Board in UK, and in the case of Nigeria NE PA, for 
the necessary constraints and requirements
expected of a private generator. In England, the 
detailed technical and safety requirements that 
must be met by the private generator are specified 
in the Electricity Council’s Engineering 
Recommendation G59. Compliance with these
requirements will invariably be verified by the 
area electricity board before connection to the 
supply grid is permitted. In a situation whereby 
the electricity generated is meant for private 
consumption, it is recommended that the local
electricity technical and safety requirements are 
met or used as a minimum standard, since all
electrical appliances destined for the area will 
be designed and expected to be operated on the 
local electricity transmission.
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Controls
In order for a small scale CHP system to operate 
satisfactorily, the control system must be 
designed to accommodate the following priorities:

Safety
Reliability
Ease of plant operation 
Efficiency

Integral controls must ensure that all small 
scale CHP units operate within their margins 
of safety (temperature, pressure and
emissions) and within the limits required by the 
electricity boards. From the user's point of view, 
the control is often taken to mean the method 
by which the operator determines the use of the 
plant. In this sense, a small scale Combined Heat 
and Power unit may respond to heat demand, with or 
without regard to electricity requirements, or 
alternatively, it may respond to electricity 
requirements, with or without regard to site heat 
requirements. The former case is common in 
temperate or cold regions, while the latter is 
more common in tropical regions or remote sites, 
where the unit is used mainly as an electricity 
generator.

In the UK and some other temperate countries, small 
scale CHP units are normally activated by a 
requirement for heat, i.e. when the temperature 
of the hot water circuit falls below a set 
point. Therefore the small scale CHP unit should be
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sized to meet the base load of the heat 
requirements. The electricity generated
primarily meets the user’s own requirements,
but any excess is exported to the grid. The 
control requirements of CHP units operating in this 
mode are similar to those of a conventional
boiler installation. However, if CHP units
are operated in parallel with conventional 
boilers, it is essential for the CHP units to be 
given priority since the commercial viability of 
the system depends on its operation over the 
maximum period possible (normally in excess of 16 
hours per day in the UK).

Alternatively, synchronous and self-excited 
asynchronous units may be controlled in relation
to variations in the electrical or heat load
requirements. For example, it is possible to 
modulate the small scale CHP plant to operate at
40% of its capacity with an increment of 10% at 
each stage to its full 100% capacity (see appendix 
2a 6 2b) . This will make it possible to vary the 
heat output to meet the heat demand and keep the 
engine running, although the electricity generated 
will vary accordingly. It is also possible to 
operate for example, a 75 kW unit successfully 
over the range 37 - 75 kW, with a similar
proportional variation in heat production. No 
electricity is exported and conventional boilers 
supply the remaining heat.

The control on some small scale CHP units is so 
well advanced that it consists of an on-board
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micro computer which provides computerised control 
and protection of the unit (including mains
synchronisation) , monitoring and logging health 
and performance data, and communication of the 
data to a centrally located remote main 
supervisor computer through the public service 
telephone network (Cogeneration Institute Pub. Oct. 
1992) .

The unit's on-board computer performs the function 
of engine speed governing when matching the 
generator to the mains for synchronisation. When 
synchronised, the computer controls power (and 
hence heat) output in response to the condition 
of the external systems to which it is connected. 
In the event of the unit having to disconnect or 
shut down due to an "external " (e.g. grid
failure or low gas pressure), the computer will 
au to-re start the unit when the fault has
cleared. The computer also monitors the
mechanical, thermal and electrical conditions of 
the unit and its performance. Secondary 
quantities such as (a) individual components 
heat recovery performance, (b) overall generating 
efficiency and (c) oil consumption rate can be 
derived from primary parameters monitored by the 
computer like:

- Cylinder Exhaust temperatures (all 
cylinders).
Exhaust temperature into the exhaust 
gas heat exchanger.
Exhaust temperature leaving the exhaust
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gas heat exchanger.
Heating water temperature in the CHP 
circuit.
Engine water temperature.
Lubricating oil temperature.
Fuel inlet, air inlet and enclosure 
ambient temperature.
Oil level and pressure.
Water and fuel flow rates.
Mains frequency.
Voltage, current, power and power factor 
on three phases.
Unit status.
Electrical, heat and fuel energy
(both instantaneous and cumulative). 
Throttle position and the condition of 
control relays.
Fuel temperature (and pressure if gas). 
Engine inlet manifold pressure.

These monitored and recorded parameters ensure 
maximum efficiency and reliability of the unit.

The Electricity Grid
If the operation of a small scale CHP unit is 
likely to result in the export of electricity, 
the private generator must include in the 
installation cost, the extra cost of the special 
export meter and other equipment to meet the 
regulations as contained in the Electricity 
Council's Engineering Recommendation G59.
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The regulations stipulate that the CHP unit must be 
isolated from the grid under the following 
condi tions:

- In the event of failure of any one 
phase in the distribution grid.

- If the difference in the declared supply 
voltage and the generator exceed ± 10%.

- In the event of loss of the board's supply.
- If the frequency of the generator departs 
from 5 0 Hz by +1% to -4%.

The control equipment must be fitted with an auto 
trip or alarm that will indicate if the power 
supply to the controls fails. This is to ensure 
that the equipment is fail safe.

The G59 recommendation also stipulates that the 
control system must shut down the engine if the 
following defects are detected:

Gas leakage.
Low power output.
Low water level.
Low oil pressure.
High water temperature.

If the start motor of the unit draws its power from 
the grid, other regulations cover the Voltage 
Variations (P13/1) and Harmonics (G5/3). For
example, it states that a 3% voltage drop is 
allowed if the CHP units are switched on once 
every two hours, 1% if more frequent starts are 
envisaged.
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2.6 CHP TECHNICAL COMPATIBILITY IN NIGERIA

It was anticipated by the writer, as part of the 
study for this work, to observe the operation of an 
existing CHP system in Nigeria. Unfortunately, 
there was no evidence of any CHP system in 
operation in the country during the investigative 
survey. This is probably because the technology is 
new in developed countries and it may take a while 
before it is available in developing countries such 
as Nigeria.

The lack of CHP system technology in Nigeria was 
confirmed by Engr. F.A. Somolu, the General Manager 
(Transmission) for the National Electricity Power 
Authority (NEPA). NEPA, the body responsible for 
the public grid in Nigeria, states that it will be 
illegal to connect CHP systems to the public mains 
without the authorisation of NEPA. In addition, it 
will be necessary for NE PA to develop the technical 
requirements expected from individual operators of 
CHP systems before they can be connected to the 
public grid.

The use of standby electricity generator units was 
found to be common in Nigeria during the field 
study. It was observed that most of the engines 
used in temperate countries like UK for CHP systems 
are the same engines used for standby electricity 
generator plants in Nigeria. The units were used in
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all sectors, residential, commercial and 
industrial. However, since a generator unit is very 
similar to a small scale CHP unit, it should be 
adaptable for various uses as investigated and 
discussed later in this thesis. The only difference 
would be the control mechanism and the ability to 
recover and make use of the heat generated during 
internal combustion in the engine of a CHP system.

Consideration should be given to the connection of 
CHP systems to the Nigerian public grid, because if 
the system becomes widely used, it is likely that 
operators will want to export electricity to the 
grid. Since Nigeria adopted UK electricity policy 
and has always revised it along with that of the 
UK, the control and grid connection discussed in 
section 2.5 of this chapter will apply to the 
Nigerian situation. The UK Electricity Council's 
Engineering Recommendation G59 should be adopted 
for use in Nigeria.

Another factor to consider is the application of 
the recovered heat for space cooling by Absorption 
Chiller mechanism. The principle of operation of 
absorption cooling cycle is the use of heat to 
vapourise refrigerant (usually ammonia/water or 
water/lithium bromide) as against electrically 
operated compressor in convectional air 
conditioning that uses CFC gas. The unit comprises 
of 4 main chambers; Generator, Condenser, 
Evaporator and Absorber (see figure 5.11 on page 
149) . In the generator the refrigerant will be 
heated with the heat from a small scale CHP system.
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The mix separates, with the concentrated solvent 
moving to the absorber and the refrigerant passing 
to the condenser. In the condenser, the refrigerant 
is cooled by rejecting heat to the atmosphere and 
subsequently condensed back into a liquid.
Following pressure reduction through an orifice, 
the liquid flows to the evaporator. Water
containing heat from the air-conditioned space is
passed through the evaporator, which is cooled as
it transfers its heat to the refrigerant. The low 
pressure refrigerant vapourises and the resulting
vapour passes back into the absorber. In the
absorber chamber, the concentrated solvent is
cooled and mixed with the low pressure refrigerant 
to produce a weak solution, which is pumped back to 
the generator to complete the cycle.

The early models of absorption chillers were noted 
to have problems with the extraction of heat in the 
condenser by the use of water at high ambient 
temperatures. Their performance was particularly
poor in hot climates. Recent models have overcome 
such problems. The current condenser cooling water 
temperature range is between 19 to 39°C, which 
makes it compatible with the condition in Nigeria. 
The known brands are Carrier-Ebara, Mitsubishi, 
Robur, Sanyo, Servel, Thermax, Trane and York.

Now that the CHP system has been discussed and 
analysed fully in this chapter, its application to 
a tropical developing country such as Nigeria will 
be investigated in the following chapters. In the
next chapter the country of Nigeria is introduced.
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CHAPTER 3
NIGERIA - A TYPICAL TROPICAL DEVELOPING COUNTRY

In this chapter, the characteristics of Nigeria as 
a typical developing and tropical country are 
described, with regard to the possible application 
of small scale Combined Heat and Power systems. The 
discussion will consider various applications, both 
in the residential and industrial sectors. The 
direct effect of tropical weather on a CHP unit is 
also examined. Figure 3.1 is a map of Nigeria and 
it shows the main cities.
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Fig. 3.1 Map of Nigeria
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In section 1, the climate of Nigeria and its effect 
on the operation of a CHP plant is discussed. This 
is in terms of the utilisation of the waste heat, 
despite the hot tropical weather. The physical 
impact of the climate on the equipment is also 
briefly reviewed.

In section 2, details of various types of buildings 
are described. This is necessary in the evaluation 
of small scale CHP operation in the tropical belt, 
if the possible use of waste heat to provide 
comfort and process heat is to be clearly 
understood. The level to which the operation of CHP 
systems can be employed is discussed in relation to 
residential and commercial buildings in Nigeria.

Section 3 describes the public grid network in 
Nigeria, and also discusses the various sources of 
electricity power stations such as the hydro, 
thermal and diesel stations. It considers the 
various installed capacities of each station with 
respect to the delivered power output.
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3.1 THE CLIMATE OF NIGERIA

Nigeria is situated in the south-eastern sector of 
West Africa between latitudes 4° and 14°N and covers 
an area in excess of 900,000 km^ . The country, the 
most populous in Africa, extends about 1000 km from 
the north to south and slightly more from east to 
west. The land, rising gently from the coast, is 
traversed by the Niger and Benue rivers. Most of 
the country is below the 600 metre contour and very 
little exceeds 1,500 metres in elevation. The 
geographical location, size and shape of Nigeria 
allow the country to experience most of the 
tropical west African climates and weather within 
its boundaries.

'  ÿ  ‘ k
gassiSL

^ Tropic ofOf \»oÿî£. *

^*NMdSThe Wann Climate Rcfinu of the Wotld. The Tropka of Cancer and Capricnra,

(source: Griffiths, J.F., 1972)
Fig. 3.2



As a tropical country, the weather exhibits very 
definite seasons, namely the wet and dry seasons. 
The belts of distinctive weather show a pronounced 
migration across the region with time, a migration 
strongly associated with the north-south movements 
of a zone of discontinuity between humid maritime 
(Atlantic) air and dry continental (Sahara) air.

Temperature
One of the weather factors which could affect the 
operation of a small scale CHP plant is the 
temperature characteristics of the region 
concerned. The use of small scale CHP for space 
heating in the temperate part of the world has been 
in practice for over a decade. This has been made 
possible partly due to low seasonal temperatures 
that can be as low as below O^C during the cold or 
winter season. In contrast, in tropical regions 
like Nigeria, the mean annual temperature is often 
above 27 ®C which means space heating is normally 
not required, except in high mountainous region of 
which these are very few in Nigeria. For example, 
the maximum mean monthly temperature in a city like 
Maiduguri is 40®C, whilst the minimum is 12®C 
(Griffiths 1972). In Nigeria characteristics are 
mainly dependent on the distance from the coast. 
The annual temperature range is very small in all 
save the far northern areas due to the position of 
Nigeria on the thermal equator.

Although the mean annual temperature remains 
remarkably constant over the whole country, the 
maximum mean monthly temperature varies greatly
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from 31®C at Victoria Island in Lagos to 49®C at 
Hadeija. The diurnal range illustrates the effect 
of moving further into a continental land mass. The 
month of maximum afternoon temperature occurs in 
either March, April or December, whilst the minimum 
at night in January, August, November or December, 
depending on location (see table 3.2). This is 
possibly due to reduced cloud cover at this time of 
the year at these locations.

Station Distance Annual Diurnal High Low
form Range Range Mean Mean
Coast Monthly Monthly
(km) (°C) (°C) (°C) (°C)

Lagos 2 3 6 32 23
Enugu 200 4 8 33 21
Bauchi 620 6 8 37 13
Maiduguri 900 9 16 40 12
Table 3.1 Dry-bulb Temperature 

Humidity
An environment with high moisture content and 
temperature accelerates the rate of corrosion of 
metal used in any equipment, such as the engine in 
a small scale combined heat and power unit. 
Atmospheric corrosion is a destructive attack on 
metals by film of moisture and dissolved gaseous 
oxygen, that reacts with the protective atomic 
hydrogen on cathode areas of metallic surfaces. 
This action destroys the film by depolarisation, 
and permits corrosion to continue. Therefore, the 
level of humidity of tropical environments needs to
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be taken into consideration in the evaluation of 
equipment life and durability. Relative humidity 
shows a very large variation over Nigeria. In the 
coastal regions the months from June to October 
have monthly means of over 90%, while in the north, 
during January to April, mean values are close to 
20 or 25%.

Every year, the minimum vapour pressure occurs 
during the month of January with very few 
exceptions. The maximum vapour pressure ranges from 
25 mbar in the extreme north to 31 mbar in the 
extreme southern coast. The daily variation of 
vapour pressure is generally about 2 mbar. Only in 
the months of March and April can the average 
variation be as high as 5 mbar.

M o n t h

Temp ( ° C )

Rain (m m )

V.P (mb)

Hi

Lo

Avg

Avg

Jan

4 1

23

28

27

Feb

4 3

25

4 6

28

Mar

4 4

25

102

2 9

Apr

4 6

25

150

29

M a y

4 4

24

269

30

Jun

4 1

23

460

31

Ju 1

37

23

27 9

30

Aug

36

22

64

27

Sep

38

23

14 0
28

Oct

4 1

23

206

2 9

Nov

42

23

69

30

Table 3.2 Average Climatic Values for Nigeria 

Sky Conditions
The sky conditions and cloud cover determine the 
level of radiation and sunshine hours. These 
factors affect heat build up in the building as 
well as in the engine. Therefore sky conditions may 
play an indirect role in the operation and load on

Dec

4 3

23

25

2 9
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a small scale combined heat and power system. The 
World Maps of Climatology (Landsberg et al., 1963) 
suggest mean annual solar radiation values of 5.86

10 ' W/m^ in the south near Port Harcourt,
increasing to 6.7 x 10® W/m^ in the north near Kano.

Month

Benin

Samaru

Jan

340

500

Feb Mar Apr May Jun p A

360 390 400 420 380 300

570 600 560 510 520 450

300 310 360 380 370

390 480 550 520 500

Table 3.3 Mean Monthly Radiation (Ly/day)
(Note : Benin is in Bendel State and Samuru is in
Borno state as indicated in the map of figure 3.1)

Solar radiation is not high for three reasons. The 
first is the high moisture content of the air, the 
second is the haze cover during the wet season, and 
the third is sometimes caused by dust and smoke 
(grass fires) during the dry season.

The Coastal area receives about 2,000 hours of 
sunshine per year. In the north this increases to
2,000 hours and reaches a maximum near Lake Chad of
3,200 hours. In the rainy season (June to August),
coastal areas receive less than 100 hours per 
month. During the dry season (November to February) 
in the north, monthly means can reach in excess of 
240 hours.

There is a very high amount of cloud over the whole 
country in August, the average being in excess of 7 
Octas. At the coastal region such as Port Harcourt, 
there is much cloud throughout the year, but
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further north there is a marked annual variation, 
often from 2 to 7 Octas.

CHP Units and Climate
The tropical weather as indicated in this section 
depicts a hot, and arid, dusty or humid environment 
depending on location and time of year. It might be 
thought that these conditions could lead to rapid 
physical deterioration of the engines of small 
scale CHP plant. However, it was observed during 
the field study that most of the engines used for 
electricity generation in Nigeria are the same as 
those used in temperate countries such as the UK. 
It can be argued therefore that since these engines 
operate effectively as standby generators in 
Nigeria, (apart from requiring more frequent
maintenance) CHP units designed for operation in 
temperate climates will likewise, with adequate 
maintenance, operate effectively in Nigeria and 
will not suffer from a shortened life. The problem 
of dust can be resolved by upgrading the
recommended service requirements, especially in the 
number of times the air filter is changed annually.

In effect, CHP units will be very similar to the
standby generators already in use in Nigeria, 
except that they will have additional heat exchange 
and heat rejection equipment. The operating
conditions for both standby generators and small 
scale CHP units are the same.

A definite advantage for the use of CHP systems in 
Nigeria, brought about by the tropical weather
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conditions, is the stable mean annual temperature 
in the country. This remarkably constant condition 
means a steady load throughout the year. This will 
make simple, the selection of the appropriate size 
of CHP unit for each application, when applied for 
the provision of space cooling and domestic hot 
water in buildings. This is in contrast to some 
temperate countries such as the UK, where the 
sudden change of weather in winter or summer 
affects the heating load of CHP systems. This 
sometimes leads to a shut down of the unit due to 
overheating of the engine in summer (AES Ltd, 
1991).
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3.2 THE ARCHITECTURE OF RESIDENTIAL AND OFFICE 
BUILDINGS IN NIGERIA

The building type, and its use, are two of the most 
important factors in the evaluation of a building 
for its suitability for small scale combined heat 
and power. The design of a house for a warm climate 
is a different problem in many ways from that of 
designing for a temperate or cool climate. One 
fundamental difference is that in warm climates, 
the main design objective is to keep the heat from 
the sun out of the house as much as possible all 
year round rather than only in the summer in 
temperate climates, whilst at the same time seeing 
that the heat produced within the house itself, 
from activities such as cooking, is speedily 
removed. This requirement has enhanced the creation 
of different building styles in Nigeria. The 
application of CHP system to these types of 
building is examined.

Western style Tropical Architecture was one born of 
a new sociological, economic and political order 
through the contact of alien socio-economic and 
political systems. Clearly its inception coincided 
with the arrival of Europeans. Tropical 
Architecture was a term employed by Europeans to 
describe architecture that was considered habitable 
by Europeans in the tropics or at least one to be 
recommended to local inhabitants of the tropics by
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Europeans. This appeared to assume the "non-
existence" of an indigenous vernacular
architectural tradition. In fact, there are
generally three categories of Tropical Architecture 
which have arisen over time in Nigeria. These are: 
(a) Vernacular Architecture, (b) Colonial Tropical 
Architecture, and (c) Modern Tropical Architecture.

Vernacular Architecture
Vernacular houses are generally found in the 
villages. This form of house or hut is very small
and is clearly not suitable for the application of
small scale CHP system. This is because they are 
generally not installed with modern facilities such 
as electricity and pipe borne water (hot or cold), 
which is required for the efficient use of CHP 
systems.

Fig. 3.3 Typical Vernacular Hut (Southern Nigeria)
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(source: Marafatto, M., 1983)
Fig. 3.4 Typical Vernacular Hut (Northern Nigeria)
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Fig. 3.5 Typical Colonial House 

Colonial Tropical Architecture:
In most cases, the difference between colonial 
tropical architecture and modern tropical
architecture is not that the designers were any 
different in the early period prior to 
independence, but because each expressed the 
tropical architecture of two different periods 
colonial and post-colonial. The modern tropical 
architecture was influenced by industrialisation 
and the modern movement. Both were eventual exports 
to the colonies and ex-colonies.

Many of the surviving colonial buildings in Nigeria 
are used for residential purposes. These buildings
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are allocated to top government officials and 
company top executives who insist on the 
installation of electricity generators because of 
the unstable public supply. These buildings are big 
enough to take the services made available by small 
size (about 25 kWe) Combined Heat and Power units 
and in addition, the capital and running costs can 
be afforded by the user/owner of such premises. The 
building services which can be supplied from the 
unit are electricity, hot water services and 
cooling to the building envelope. Detailed methods 
of providing these services are discussed in 
chapter 6.

« No. 11 Marma

(source: Marafatto, M., 1983)
Fig. 3.6 Colonial Style
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Modern Tropical Architecture
The influence of foreign architects has 
unfortunately become an indelible blueprint for 
Nigerian architecture, despite several decades of 
independence. The model for Modern Tropical
Architecture, based on western and temperate design 
concepts, was wholly conceived by those who 
ideologically and physically were furthermost from 
the tropics.

Modern commercial tropical architecture has been
overwhelmed by the concern of the architects to 
reflect a prestige identity, which has led to 
architects adopting a high rise form (see figure 
3.9). Construction of modern tropical residential 
housing is generally of a reinforced concrete 
frame filled with cast concrete balcony fronts, 
stonework, concrete block-walls pierced with 
louvered windows or extensive screening. Similarly 
the roofs are usually of reinforced concrete slab 
work, aluminium sheeting or asbestos (see figures 
3.7 & 3.8). The selected case study residential
building for this work is a modern tropical
building, discussed in detail in chapter 6. The 
commercial premises in similar modern tropical
architecture, form part of the illustration in the 
industrial application in chapter 5.
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Current building trends for offices, residential 
and commercial accommodation are geared towards 
increased glazed wall area and sealed air- 
conditioned envelopes either in skyscraper form or 
low level buildings. The usual passive cooling 
techniques are often no longer applied in new 
property developments, due ultimately to the higher 
revenue expected from such air conditioned 
buildings.

This change in taste has put more pressure on 
electricity demand from the already overloaded 
public electricity supply. It is therefore common 
practice for developers to include the cost of 
installation of an electricity generator as part of 
the building cost. It is probable therefore that 
small scale combined heat and power systems, which 
supply electricity, heat for domestic hot water and 
for absorption cooling, have a part to play in 
reducing energy consumption in Nigeria. This is 
investigated in the three case studies discussed in 
chapters 4, 5 and 6.
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3 . 3 THE NATIONAL POWER GRID NETWORK IN NIGERIA

The three major sources of electrical power 
generation in Nigeria are (i) Hydro power stations, 
(ii) Thermal power stations, and (iii) Independent 
electricity power generator sets in individual 
residential, commercial and industrial premises. 
The voltage levels of Nigeria supply systems 
correspond to British standards; 11, 33, 66, 132
and 330 kV for medium and high tension distribution 
and transmission. 415/230 V single and three phase- 
neutral are available for low voltage distribution.
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Fig. 3.10 NEPA Grid System
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In most tropical countries, public electricity 
supply is taken care of by one public utility in 
each country. In Nigeria, this company is called 
National Electricity Power Authority (NEPA) . NE PA 
is one of the public companies run by the 
government. The demand for electricity per head of 
the population was very low in the 1950s at about
4.0 kWh per capita (O’Connor, A.M., 1978),
increasing to 46 kWh per capita in 1974. The demand 
in 1992 has risen to 98 kWh per capita (PC Globe 
Inc, 1992).

During the late 1950s coal from Enugu in south-east 
Nigeria provided the main fuel for power 
generation, and an important new coal-fired plant 
was built at Oji River, between Enugu and Onitsha. 
Later a gradual shift to oil took place, as oil 
deposits of the Niger delta began to be exploited. 
The thermal plant built in 1984 at Lagos uses this 
fuel.

In the mid 1960s there was both a shift to the use 
of natural gas as fuel for thermal stations because 
of the discovery of gas fields in Nigeria, and the 
beginnings of mass investment in hydro electric
power stations. Despite all the investments in
projects to meet the country’s electricity demand 
in the above projects, the demand is far from being 
satisfied (see appendix 3a) . This has led to the
installation of stand-by generator units by 
individuals, various industries and commercial
bodies, including government establishments.

81



According to the 1991 NEPA survey, 39% of all 
residential and 78% of commercial buildings in 
Nigeria have electricity stand-by generators, 
while stand-by generating sets were discovered in 
all industries covered in the survey (100%) . These 
figures are described in appendices SB to 81. In 
fact, it was noted that some industries have 
severed their electricity supply from the public 
mains, while some operate on the installed standby 
generator and only use the public mains during non
production hours to power other office equipment.

The electricity power supply from NEPA is highly 
unstable and erratic. There are many reported cases 
of voltage fluctuations. It is not unusual for 
power failure to occur in certain areas for as much 
as two weeks continuously. To help alleviate this 
problem, NEPA uses load shedding. This is because 
demand of all zones cannot be met, some supply is 
cut off to meet the demand in other zones.

The installation of standby generator plant in the 
vast majority of homes and in all industries is 
therefore a necessity. The replacement of ordinary 
electricity generator plant with small scale CHP 
plants could increase the efficiency of this 
essential equipment from about 18% to almost 90% at 
optimum conditions.

The public grid main power supply is generated by 
nine (9) power stations located around the country. 
The current methods of generating electricity are : 
(i) Hydro (H) , (ii) Steam Turbine (ST) , (iii) Gas
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Turbine (GT) and by Diesel Generators (D) . Table
3.4 below shows the "installed" capacity and the 
available capacities for each power station.

1988 1989
POWER
STATION

INST.
(MW)

AVAIL.
(MW)

PERC . 
%

INST.
(MW)

AVAIL.
(MW)

PERC.
%

Kanji H 760 400 53 760 620 82
Jebba H 540 450 83 540 494 91
Shiroro H - - - 450 286 64
Sapele ST 696 232 33 1020 282 28
Sapele GT 280 210 75 - - -

Afam GT 588 406 69 700 129 18
Delta GT 240 120 50 337 87 26
Egbin ST 1320 660 50 1320 531 40
Ijora GT 60 20 33 60 10 17
Others D 50 48 96 50 46 92
TOTAL 4534 2546 56 5237 2485 47
(SOURCE NEPA REPORT '89)
Table 3.4 National Grid Capacities for 1988 & 1989

As indicated on table 3.4, the total "available" 
capacity relative to the "installed" capacity for 
the grid was about 56% and 47% in 1988 and 1989 
respectively. A similar pattern of yearly reduction 
in performance from then to the current year is 
indicated in appendix 4a. In 1989 the total number 
of registered customers was 2,131,383. 1,786,809
were residential customers, while commercial and 
industrial customers amounted to 330,809 and 13,765 
respectively. The detailed breakdown of customer 
districts is indicated on table 4.5 of page 105.
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According to the records obtained from NEPA 12,813 
GWh of electricity was generated in 1989, but 8,556 
GWh was actually sold. About 4 0% of the power 
generated was lost in transmission and distribution 
losses.

Below on table 3.5, is a typical example of monthly 
national consumption (sales (GWh) & revenue 
(Naira)) figures for the three main consumers of 
electricity in Nigeria (residential, commercial and 
industrial).

RESIDENTIAL COMMERCIAL INDUSTRIAL TOTAL
MONTH MWh Naira

'000
MWh Naira

'000
MWh Naira

'000
MWh Naira

'000
JAN 383855 23971 166869 12581 227710 13713 778434 50265
FEB 378838 24072 129565 11489 188841 13430 697244 48991
MAR 327171 22851 176290 12591 274787 14663 778248 50105
APR 370288 22418 149156 11544 305446 16672 824890 50634
MAY 358066 25712 116612 10592 190504 13336 665182 49640
JUN 392499 27107 137094 17806 190426 13793 720019 58706
JXJL 346676 38443 157772 83183 196518 120206 724578 241832
AUG 374523 53823 165136 86939 194088 114024 733747 254786
SEP 342341 45603 152824 79797 189521 111594 684686 236994
OCT 310821 38343 153608 79601 176752 101802 641181 219746
NOV 306583 38382 188801 80744 177077 109539 672461 228665
DEC 312976 41392 157372 80134 188898 103711 659246 225237

TOTAL 4204637 402117 1851099 567001 2500568 746483 8579916 1715601
(Source NEPA)
Table 3.5 1989 NEPA Monthly Sales and Revenue Figures.
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The revenue from electricity sales in 1989 was 
about 1.7 Billion Naira (see table 3.5). This
figure rose to about 2 Billion in 1993. Between 
1989 and 1993, the central government subsidy to 
NEPA was about 5 Billion Naira (NEPA News Aug. 
'93). This includes funds meant for investment on
new plants. Other sources of funds are loans from 
several foreign governments, the World bank and its 
agencies (e.g. International Monetary Funds). 
Rather than continue to invest in the inefficient 
large scale national stations, these resources 
could be invested in new forms of electricity 
generation such as small scale CHP at the local
level. This could improve services from the grid 
and save energy.

ELECTRICITY GENERATION SHORTFALLS
The consistent grid failure, load sharing and 
shedding are caused by the inadequate national 
electrical capacity, low achieved efficiency, and
long down time due to the lack of local maintenance 
specialists in the case of imported turbine 
engines. In 1993, the "installed" capacity of the 
national grid was 5,87 6 MW, while the "available" 
capacity was 2,704 MW. This is about 46% efficiency 
in equipment capacity and peak delivered output. 
The total electricity production for the same year 
was 14,845 GWh (see appendices 4a, 4b and 4c).

Hydro Stations
Problems with the renewable resource hydro stations 
are caused by natural environmental factors, 
according to the NEPA personnel interviewed during
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the field work. For example at Kainji, poor plant 
availability is usually caused by either controlled 
spillage at an average of 101 m^/sec due to drought, 
or sometimes the necessity to regulate the already 
full lake. In the case of the former, each turbine 
requires a specific volume of water(101 m^/sec) to 
provide the required spin. If the water level is
low, some of the turbines may be switched off to 
provide enough volume of water for the remaining
turbines at the station. While in the latter, 
whenever there is a full lake, spill rate has to be 
controlled to avoid flooding the surrounding area 
down stream of the river.

At Jebba station, operation is in cascade and is 
dependent on the total discharge from Kainji. So 
any problem experienced at Kainji is passed on to 
Jebba. At Shiroro, the cause of its problem is 
because the station is undergoing research with
respect to operation of the lake to establish
optimal and impounding profiles by the National
Control Centre. This type of study is usually 
necessary in all new hydro power stations in order 
to establish hydrological guide curves in respect 
of normal and flood control of the area. 
Nevertheless the performance of hydro stations in 
Nigeria is good. As can be seen in table 3.4, the 
percentage availability ranges from 53 to 91%. This 
is better than that of thermal stations but less 
than diesel stations.
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Thermal Stations (Gas or Steam turbine)
Steam or gas turbine problems often occur as a 
result of technical incompetence of the staff. For 
example, the steam turbine station at Sapele has 
reduced capacity because some of the turbines are 
out of service. The problems are caused by blade 
misalignment. Boilers are sometimes shut down for 
months awaiting the necessary overhauling to keep 
it in safe operating condition. The gas turbine 
stations at Afam and Delta have reduced capacity 
due to faults such as turbine vibration, burnt 
generator unit windings and combustion chamber fire 
outbreak. It is common practice to leave faulty 
module turbines or boilers shut down for long 
periods of time, awaiting equipment parts or a 
technical specialist to be flown from abroad. The 
performances of thermal stations in Nigeria are 
very poor. As shown on table 3.4, the majority of 
the stations have low percentage availability. An 
example is Af am gas station, where in 1989 the 
figure was 18%.

Diesel Stations
The diesel stations have a very good performance 
record. The percentage availability is usually in 
the nineties. This is due to the ability of the 
local staff to master the operation and maintenance 
of most endothermie engines such as diesel. Most of 
their parts are locally available. These factors 
therefore minimise the down time on diesel 
stations.
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According to the extract published in "Niger Power 
Review June '93", on NEPA's request to the central 
government, the country must increase the 
"installed" capacity to 14,000 MW and equipment 
efficiency to 60% to meet the country's basic 
electricity requirements. It further stressed that 
if the current tariff is restructured to encourage 
industries to use the grid, the "installed" 
capacity should be increased to 20,000 MW. (The
current tariff for industries is high-priced to 
discourage the heavy consumers to depend on the 
insufficient "available" capacity). The expected 
annual electricity production would be 38,000 GWh 
(for installed capacity of 14,000 MW) and 62,000 
GWh (for installed capacity of 20,000 MW), as
against 14,845 GWh for 1993.

According to the report, the financial investment 
required to meet the minimum equipment "installed" 
capacity of 14,000 MW is about 3 Billion Naira
excluding current annual revenue (£0.75 Billion by 
'89 exchange rate). This investment will be used to 
build additional thermal stations of 8,200 MW 
capacity, to bring the current capacity to the
requested level of 14,000 MW. In addition, part of 
the money according to NEPA, will be used to 
upgrade the transmission lines as well as in the 
training of local staff to a specialist level. This 
will improve the delivered capacity to at least 60% 
efficiency as suggested in the report for the 
minimum capacity required to provide a more 
reliable electricity supply service to the country.
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3.4 CHAPTER CONCLUSION

It has been shown that Nigeria has a hot climate, 
therefore the heat recovered from a CHP system will 
not be useful for space heating ̂ but could be used 
in the provision of domestic hot water and process 
heat. However, space cooling could be obtained by 
the use of absorption chillers operated with the 
heat from a CHP system. It is also noted that the 
stable weather condition will make the sizing of 
suitable CHP units for application to buildings in 
Nigeria less critical.

It was also established that most of the engines 
used for CHP systems in temperate countries such as 
the UK are already in use for standby electricity 
generator plants in Nigeria. Therefore, it is 
practicable that the engines can operate 
satisfactorily in the country, except they will 
require more frequent maintenance than in the UK.

The investigation of building styles in Nigeria, 
revealed three types evolved during the 
architectural development in Nigeria to date. These 
are vernacular, colonial tropical and modern or 
post-colonial tropical architecture. All the three 
styles are noted in residential buildings, while 
commercial and industrial are of the modern 
tropical architecture style. An inspection of the 
styles indicated that vernacular architecture would
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not be compatible with a CHP system, but the 
colonial and modern tropical style buildings are, 
because they contain modern building services 
facilities.

A review of commercial companies in Nigeria 
indicated that 6 out of 44 categories are 
industries that use substantial amounts of energy, 
principally heat and electricity in processing. 
These are engineering, food drink & tobacco, 
chemical & pharmaceuticals, refineries, paper & 
board and iron 6 steel. They expend about 83% of 
all the electricity consumption of the industrial 
sector in Nigeria. Some of these energy 
requirements could be met more efficiently by the 
application of CHP systems to these industries. A 
detailed case study of such an industry is carried 
out in chapter 5 of this thesis.

Part I of this study attempted to place in 
perspective the possible role of small scale CHP 
system in Nigeria by considering the weather 
conditions, building types and industries. The 
study also showed that the inadequate electricity 
capacity of the country has created the need for 
alternative source of electricity such as standby 
generators in residential and commercial buildings, 
as well as in industry. Since CHP systems are more 
efficient than generator units (Horlock, J.H., 
1987), the replacement or conversion of existing 
generator units will induce a more efficient use of 
fuel. It will also help the country towards self 
sufficiency in electricity.
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Part II will examine in detail the applicability of 
CHP systems to Nigeria. These are classified as two 
groups; (i) Communal and (ii) Owner operated 
applications. The investigation is carried out in 
the form of case studies for each sector. This will 
be achieved by examining the existing energy 
requirement in each sector. CHP system 
applicability is further examined by determining 
the equipment that can operate only on electricity, 
and those that can operate on alternative energy 
source such as thermal energy. Finally, the 
possibility of recovering such thermal energy from 
a CHP system will be investigated by the use of 
current model CHP system electricity to heat ratio, 
and the local base load of the premises. The 
communal application discussed in chapter 4 , is the 
ability to covert the sub-stations to CHP communal 
system through the grid. This would need to be 
carried out by the government, while the owner 
operated schemes discussed in chapter 5 and 6, 
would be installed by residential, commercial, and 
industrial sectors.

Part III will examine the economic analysis of CHP 
applications in the various forms discussed in part 
II. This is because it is essential to determine 
whether the capital expenditure required to install 
a new plant is justified. Moreover, the costs and 
returns will be the most important factor for the 
owner operated user.

The methods used for the economic analysis will be 
the two "traditional" criteria of profitability
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often used for quick assessment of schemes; (i) 
Simple Rate of Return and (ii) Simple Pay-back.

Another method used, which is more complex than the 
above will be the Discounted Cash Flow (DCF) . This 
is because unlike the Simple method, it takes into 
account the initial investment and future benefit 
of the scheme and bring it to time zero for 
consideration. Each method of analysis will compare 
a new or converted scheme with the existing. In 
each case the former will be the CHP system, while 
the latter will be the grid and/or ordinary 
generator unit. These economic comparisons will 
help to determine the financial advantages and 
disadvantages of each option.

92



PART II - CHP OPTIONS FOR NIGERIA



CHAPTER 4 - COMMUNAL CHP POWER STATIONS 
(Communal Operated Systems Option)

One of the options considered in this study is the 
application of small scale CHP system in a communal 
arrangement. Its potential in this form with 
respect to the current national grid network is 
investigated in this chapter. The idea is to shift 
from the conventional method of generating 
electricity for the public grid, a method imported 
to Nigeria and some other developing countries, 
which has failed to satisfy their power supply 
requirements. The considered method involves the 
conversion of some of the existing sub-stations of 
the district bulk supply stations into communal 
power stations equipped with small scale Combined 
Heat and Power systems.

In most countries, including developing countries 
such as Nigeria, the electricity supply through the 
public grid is generated from central power 
stations located at remote sites away from towns 
and cities. The generated electricity is 
transmitted to users through 330 kV high tension
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cables to bulk supply stations (usually main 
cities) for local distribution. District stations 
are controlling centres that regulate and match the 
electricity power supply from generating stations 
with the demand load from each city. Each main city 
is further broken down into several sub-stations 
around the town/city. It is these sub-stations fed 
by the low voltage distribution (11 kV or 415 V) , 
that are being considered for conversion into 
communal stations in this chapter. Each city 
station could contain several communal stations, to 
act as injection points. These sub-stations are 
already positioned in strategic locations 
throughout the country for electricity
distribution. The proposed communal stations would 
be used to complement the existing electricity 
network.

The methodology used to assess the potential of 
communal CHP station includes identifying those 
sub-station that feeds a large industrial, 
commercial or residential estate. Another important 
criterion is that the overall electricity to heat 
ratio of the load demand must be 2:1 or more of the 
heat. Each proposed district station was examined 
for the capacity to contain at least one communal 
CHP station. The factors considered were the 
national demand average for each district station, 
and the information on NEPA heavy duty customers in 
the form of large industrial, commercial or 
residential estate, installed with heavy duty 
transformers. In addition, the detail study of a 
sub-station to supply thermal energy to the local
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estate as a communal CHP station will be carried 
out, by examining the thermal and electricity 
demand of each industry in the estate to meet the 
criteria above. This is because if the result shows 
a positive potential of the use in such sub
station, it could be applied to similar sub
stations on the grid. Most of the national grid 
data on the structure, capacities, and performances 
of every power station, district and bulk supply 
stations and distribution network were obtained 
from NEPA Headquarters in Lagos Nigeria. Other 
detailed information, particularly for specific 
stations, were obtained from sites visited during 
the field work, such as Egbin and Kainji power 
stations, and Ibadan, Lagos-Ijora, and Kaduna 
district stations.

In section 4.2, to test whether a communal CHP 
station could economically supply a large 
industrial estate, Moore plantation industrial 
estate served by Ibadan district station was used 
for specific case study. A positive result from 
such a study could apply to similar estates around 
the country. The electrical demand for the whole 
estate was obtained from the local NEPA district 
station, while the electrical demand for domestic 
hot water, air conditioning and other electrical 
duties were obtained from each industry in the 
estate. These figures were used to evaluate and 
determine the current electrical energy that could 
be substituted with the thermal energy recoverable 
from the proposed communal CHP station when applied 
to the estate.
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4.1 APPLICATION OF COMMUNAL CHP STATIONS TO THE
EXISTING GRID SYSTEM IN NIGERIA.
(Assessment of the conversion of existing grid
Sub-stations to Communal CHP Stations)

The electricity sub-station's current role is to 
reduce (step down) the 11 kV to 415 V for use by 
customers. This is further reduced to 240 V in 
individual premises. The sub-stations act as 
satellite stations in the transmission of 
electricity within the grid network. The suggested 
new role of a sub-station is not only to be able to 
distribute electricity from the grid, but also to 
generate and distribute electricity and heat to the 
community it serves. This can be achieved by the 
installation of CHP systems to these stations. It 
is therefore suggested for this study that, any 
sub-station serving community with enough thermal 
energy demand would be considered for conversion to 
a communal CHP station.

It is already determined that the communities 
served by existing sub-station require electricity. 
This is the reason for locating the stations at 
their present location. However, the community 
served by a communal CHP station must in addition 
be able to utilise the heat generated, otherwise it 
will be wasted with little or no improvement to the 
existing method of generating electricity in the 
power stations.
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The adopted assessment criteria for sub-stations
with the potential of communal CHP stations are set
out below;

i) The sub-station must feed either a large 
industrial, commercial or residential 
estate. These estates would normally be in 
the form of groups of estates located 
around the sub-station and could be a 
mixture of residential commercial and/or 
industrial estates.

ii) The overall electricity to heat ratio of 
the load demand for the estates must be a 
minimum 2:1 or more of the heat. This will 
ensure little or no wasted heat.

Adaptation to grid network
It is necessary to re-organise the grid network to 
be compatible with the communal CHP stations. This 
is because the electricity generated by them may be 
more than the requirements of that community at 
certain times of the day depending on demand (or at 
the least reduce the supply taken from the grid), 
thereby replacing all or most electrical power 
transmitted to the community. The surplus 
electricity in the local ring can be transmitted to 
the national ring via the proposed district 
stations to meet any shortage requirements. It is 
vital therefore to have the facility to divert the 
unwanted supply to other areas that may require it. 
Such facilities are available at existing district 
stations. However, to regulate any generated power,
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it is essential for the regulating medium to have a 
direct link with the generating source e.g. the 
existing district station and the power stations 
ring.

GRID RING

Central
Electricity
Generating
Stations

1 5  E xisting  
District  
S lo t ions

4 0  Existing 
City Balk 
Supply 
Stolions

4 0  MW
S u b -s ta t io n s

Esta tes

Fig. 4.1 The existing Grid Network without Communal 
CHP Stations.

In order to regulate and match the local energy 
requirements at the community level, it is 
essential to equip the bulk supply station at each 
main city with similar facilities as the existing 
district stations. If all these bulk stations are 
converted to district stations, the number of 
district stations will increase from 15 to 40, 
because there are 40 city bulk stations in Nigeria 
according to NEPA records.

These new district stations, will transmit any
excess electrical power generated by any communal
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CHP station to other sub-stations within its 
boundary. Any power shortfalls would be taken from 
the grid network supply, generated by existing 
power stations. Moreover, any excess will be 
transmitted to the main grid, therefore operating 
like a power station.

Central
Electricity
Generotinq
Stations

GRID RING

40 Propo<:ed 
District Stations

Local Mini Grid Ring

Sub-slolions
and

Proposed CHP 
Communol Stations

KVtiere appropriate 
Sub-stotions ore 
converted to CHP 
Communol Stotions

I, -  Electricity demand
Estotcs

I  -  Electricity Surplus

Fig. 4.2 The Proposed Grid Network showing the new 
District stations, and Communal CHP stations.

Additional communal CHP stations could be created, 
if the initial scheme is successful to accommodate 
the possible restructure of existing power 
generating methods. As expertise grows, the system 
can be extended on an incremental basis. At least, 
this added source could complement the existing 
"installed" capacity of approximately 6 GW, and 
could slowly be increased to 14 GW, the national 
power demand load as specified in the NE PA report 
(discussed in chapter 4).
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The recoverable heat from the system in the form of 
hot water could be distributed to potential users 
in the area. This could be used to operate building 
services equipment to provide domestic hot water 
and space cooling through absorption chillers in 
residential or commercial premises, or process heat 
in industries in the community.

The suggestion made in this study for the 
conversion of these sub-stations as against the 
district stations to communal CHP stations is 
because the average area served by the district 
stations is approximately fifty square miles. The 
cost of installing pipes across such area would be 
high and probably not cost effective. While the 
average area served by most sub-stations is much 
smaller, about four square miles (NEPA Network 
Chart). The communities served can be either 
residential, commercial or industrial or a 
combination of the three, however there must be 
adequate load to take the heat as well as the 
electricity generated.

Next, the existing district and bulk supply 
stations in Nigeria are identified, in order to 
determine those that can contain one or more 
communal CHP station/s.

Proposed district stations
The current distribution of district stations and 
those proposed is indicated in table 4.1.
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LOCATION NORTH SOUTHWEST SOUTHEAST NATIONAL
TOTAL

Existing 7 5 3 15
Proposed 9 10 6 25
Total 16 15 9 40
Table 4.1 National distribution of existing and proposed 

District Stations

Tables 4.2, 4.3 & 4.4 show the existing district
stations and the proposed district stations in the 
Southeast, North and Southwest part of the country 
respectively. The locations of the proposed 
stations are determined by using the national 
distribution network map shown in figure 3.10 on 
page 80, to identify stations being used as bulk 
supply centres.

E X I S T I N G  D I S T R I C T  STATI O N S P R O P O S E D  R E S T R U C T U R E D  
D I S T R I C T  S T A T I O N

1. Enugu 1. Enugu
2. Calabar 2. Port Harcourt
3. Onitsha 3. Onitsha

4. Calabar
5. Sapele
6. W a r r i
7. Owerri
8 . Aba
9. Uyo

Table 4.2 S o u t h  E a s t e r n  A r e a of N i g e r i a
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Kotsinn

Kolonqoro

Koduno
A

Kumbotso 
A

Makurdi 
A

^  Osogbo 

A  Ibodan A
A  Akure 

A  A  'i«bu-ode  
A Ikejo Benin

Aba AShomoiu
Onitsha

^  Cdlobci

A  Existing District Stotion 

A  Proposed Additional District Slolion

Fig. 4.3 District Stations in Nigeria
(See figure 4.4 for typical communal sub-stations in 
the district station of Ibadan)

EXISTING DISTRICT 
STATIONS

PROPOSED RESTRUCTURED 
DISTRICT STATION

1. Sokoto 1. Sokoto
2 . Kano 2. Katsina
3. Kaduna 3. Jos
4. Abuj a 4. Kano
5. Bauchi 5. Kaduna
6. Maiduguri 6. Abuja
7 . Yola 7, Makurdi

8. Bauchi
9. Nguru
10. Maiduguri
11. Yola
12. Kotangora
13. Mubi
14. Yelwa
15. Minna
16. Kumbotso

Table 4.3 Northern Area of Nigeria
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E X I S T I N G  D I S T R I C T  S T A T I O N S P R O P O S E D  R E S T R U C T U R E D  
D I S T R I C T  S T A T I O N

1. Lagos-Ijora 1. Lagos-Ijora
2. Ibadan 2. Ibadan
3. Ilorin 3. Abeokuta
4. Benin 4. Festac
5. Osogbo 5. Ilorin

6. Ondo
7. Ikeja
8. Benin
9. Akure
10. Okitipupa
11. Osogbo
12. Oshodi
13. Lagos-Island
14. Shomoiu
15. Ijebu-ode

Table 4.4 South W e s t e r n  A r e a of N i g e r i a

If this full proposal is implemented, the number of 
registered consumers to be served by each station 
is indicated in table 4.5 below. This figure was 
obtained from the list and locations of registered 
NEPA customers.
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DISTRICT RESIDENTIAL COMMERCIAL INDUSTRIAL TOTAL
Lagos-Ijora 79819 24106 199 104124
Festac 66070 5171 169 71410
Ike ja 56743 7076 1035 64854
Oshodi 68910 7315 171 76396
Shomoiu 79202 5403 86 84691
Benin 104114 28394 668 133176
Warri 63382 15360 1519 80261
Calabar 22762 4818 30 27610
Uyo 20105 4617 120 24842
Enugu 83966 3609 30 87605
Onitsha 83091 22776 202 106069
Owerri 51510 9367 918 61795
Aba 74878 18645 370 93893
Port-Harcourt 42542 18608 454 61604
Ibadan 141956 35065 562 177583
Abeokuta 57052 16210 1380 74642
Ijebu-ode 70016 11822 382 82220
Ilorin 113220 10438 409 124067
Akure 97326 18147 964 116437
Oshogbo 122796 16768 8 139572
Minna 28333 7019 22 35374
Sokoto 35960 4048 167 40175
Kano 88547 16294 3050 107891
Katsina 21122 3160 111 24393
Kaduna 90011 11726 368 102105
Abu ja 13387 1760 176 15323
Jos 56785 6535 519 63839
Maiduguri 45261 12706 17 57984
Makurdi 26210 5277 302 31789
Yola 23793 3492 306 27591
Bauchi 45078 5200 328 50606
Nguru 27404 4608 18 32030
Katangora 24650 3614 24 28288
Mubi 32756 3016 108 35880
Yelwa 10476 560 4 11040
Kumbotso 29560 2760 122 32442
Sapele 48079 3834 216 52129
Ondo 62454 6490 490 69434
Okitipupa 42166 4843 378 47387
Lagos-Island 27281 9576 375 37232
TOTAL 2278773 400233 16777 2695783
Table 4.5 Proposed District Stations
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Evaluation of CHP energy required by each proposed 
station
The size of CHP system and the minimum power 
injection required from all the proposed communal 
CHP stations to satisfy the national requirement, 
is evaluated by sharing the existing national 
capacity of 5876 MW and the required of 12,860 MW 
amongst the proposed district stations according to 
their respective load (see table 4.6). Although 
electricity demand is not equal across the country, 
the aim would be to satisfy local demand with the 
electricity and heat generated by the communal CHP 
station. Additional demand could be met by the 
existing power stations through the grid, which 
will be less than the amount of electricity that 
would have been required without the communal CHP 
station. The advantage of such arrangement is that, 
other areas which would have suffered power failure 
from shedding supplies in the grid, would be 
supplied with the accrued electricity capacities 
gained from the application of communal CHP 
systems. The difference in existing capacity (3rd 
column) and required capacity (4th column) for each 
district station is the minimum CHP energy 
(electrical & thermal) required from all communal 
CHP station in that proposed district station (5th 
column).
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DISTRICT NO. OF NEPA
REGISTERED
CUSTOMERS

EXISTING
ELECTRICAL
CAPACITY

(MW)

REQUIRED
ELECTRICAL
CAPACITY

(MW)

ESTIMATED 
CHP SIZE 
(ELECT.) 
(MWe)

Lagos-Ijora 104124 198 434 236
Festac 71410 117 257 140
Ike ja 64854 200 438 238
Oshodi 76396 128 280 152
Shomoiu 84691 127 277 150
Benin 133176 291 636 345
Warri 80261 285 623 338
Calabar 27610 47 103 56
Uyo 24842 53 115 62
Enugu 87605 121 265 144
Onitsha 106069 198 434 236
Owerri 61795 189 413 224
Aba 93893 192 420 228
Port-Harcourt 61604 159 349 190
Ibadan 177583 349 763 414
Abeokuta 74642 265 580 315
Ijebu-ode 82220 165 362 197
Ilorin 124067 218 478 260
Akure 116437 280 612 332
Oshogbo 139572 210 459 249
Minna 35374 60 132 72
Sokoto 40175 75 165 90
Kano 107891 476 1042 566
Katsina 24393 48 105 57
Kaduna 102105 189 413 224
Abuja 15323 41 89 48
Jos 63839 146 319 173
Maiduguri 57984 100 218 118
Makurdi 31789 81 177 96
Yola 27591 73 159 86
Bauchi 50606 107 235 128
Nguru 32030 51 112 61
Katangora 28288 45 99 54
Mubi 35880 62 136 74
Yelwa 11040 16 34 18
Kumbotso 32442 59 129 70
Sapele 52129 95 208 113
Ondo 69434 150 328 178
Okitipupa 47387 107 235 128
Lagos-Island 37232 103 226 123
TOTAL 2695783 5876 12859 6983
Table 4.6 Estimated Communal CHP Capacities required of 
each Proposed District Station.
(NEPA Review, 1992 - source for columns 2, 3, & 4)
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District stations with potential for one or more 
communal CHP station
In order to determine the applicability of communal 
CHP systems in Nigeria, it is essential to identify 
those cities that can benefit from such a system. 
It is unlikely that all the proposed district 
stations will have at least one sub-station with 
the potential to be converted to a communal CHP 
station. All the 40 proposed district stations in 
the country were examined using the selection 
criterion (i) discussed on page 97 to determine 
those with sub-stations with the potential for a 
communal CHP system. The second criterion could not 
be used at this stage because all the communal 
estates in the country will have to be examined as 
an individual case, to arrive at a justifiable 
conclusion. However, since the determination is the 
selection of proposed district stations (cities), 
minimum electrical capacity could be used for the 
second criterion. This is because, the city must 
have enough communal CHP system capacity to reflect 
on the national grid. The minimum electrical 
capacity that would be used for the selection is 
200 MW, the average communal CHP capacity required 
to meet the national electricity demand requested 
by NEPA. The result is indicated on table 4.7.
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DISTRICT CRITERION 1 CRITERION 2 STATUS

Lagos-Ijora YES YES 1
Festac YES YES 1
Ike ja YES YES 1
Oshodi YES YES 1
Shomoiu YES YES 1
Benin YES YES 1
Warri YES YES 1
Calabar YES NO 0
Uyo NO NO 0
Enugu YES YES 1
Onitsha YES YES 1
Owerri YES YES 1
Aba YES YES 1
Port-Harcourt YES YES 1
Ibadan YES YES 1
Abeokuta YES YES 1
Ijebu-ode YES YES 1
Ilorin YES YES 1
Akure YES YES 1
Oshogbo YES YES 1
Minna NO NO 0
Sokoto YES NO 0
Kano YES YES 1
Katsina NO NO 0
Kaduna YES YES 1
Abuja YES NO 0
Jos YES YES 1
Maiduguri YES YES 1
Makurdi NO NO 0
Yola YES NO 0
Bauchi YES YES 1
Nguru NO NO 0
Katangora NO NO 0
Mubi NO NO 0
Yelwa NO NO 0
Kumbotso NO NO 0
Sapele YES YES 1
Ondo YES YES 1
Okitipupa YES YES 1
Lagos-Island YES YES 1
Table 4.7 Proposed 
(Note; Status 1 - 
Status 0 - The s
criteria)

District Station Selection Table 
The station satisfies both criteria 
tation does not satisfy one or both
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According to the selection table above, twenty- 
seven (27) district stations out of the forty (40) 
proposed stations, about 68% meet the selection 
criteria for the installation of at least one small 
scale CHP communal system. Some may have more than 
one sub-station with the potential to be converted 
to a communal CHP station. For reference purposes 
in this study, the qualified district station will 
be called CHP district stations.

When the CHP district stations are viewed on a 
regional basis (Northern, South-western and South
eastern) , the distribution would be as follows:

NORTHERN REGION SOUTHWEST REGION SOUTHEAST REGION

Kano I jora Warri
Kaduna Festac Onitsha
Jos Ike ja Owerri
Bauchi Oshodi Aba
Maiduguri Oshogbo Port-Harcourt

Ibadan Sapele
Abeokuta Benin
Ilorin Enugu
Akure
Lagos-Island
Ondo
Okitipupa
Shomoiu
Ijebu-ode

5 Stations 14 Stations 8 Stations
Table 4.8 CHP D i s t r i c t  Stations R e g i o n a l  L o c a t i o n s
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Coincidentally, the CHP district stations are 
mostly located in the heavily populated area of 
Nigeria. In addition, they are in the most 
developed part of the country which have a high 
proportion of the country's industries and 
commercial centres.

The non-CHP district stations are Calabar, Abuja, 
Uyo, Minna, Sokoto, Katsina, Makurdi, Yola, Nguru, 
Kotangora, Mubi, Yelwa and Kumbotso. Most of these 
are in the less industrialised and populated areas 
of Nigeria.
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4.2 A CASE STUDY OF THE APPLICATION OF COMMUNAL CHP 
STATION IN AN INDUSTRIAL ESTATE

A typical district station surveyed during the 
field work for this study is Ibadan. Ibadan has 
about 178,000 registered electricity NEPA customers 
(see Table 4.5 on page 104) . The load capacity is 
estimated at 763 MW (see Table 4.6 on page 106) . 
Ibadan is one of the twenty-seven district stations 
that meet the requirement as a potential area to be 
installed with small scale CHP communal stations 
indicated in table 4.7.

During the survey five out of 14 sub-stations were 
discovered in Ibadan with the potential for the 
installation of small scale CHP communal stations 
(see figure 4.9 below). This is because they feed 
large estates, with a minimum electricity to heat 
demand ratio of 2:1.

E S T A T E TYPE S U B - S T A T I O N  
CAPACITY(e)

A P P R O X I M A T E  
SQUARE A R E A

B o d i j a R e s i d e n t i a l 80 M W 5 sq. M i l e s
I b a d a n  Univ. R e s i d  + C o m m 50 M W 3 sq. M i l e s
E l e y e l e R e s i d e n t i a l 90 M W 4 sq. M i l e s
M o o r e  Planta. In d ustrial 40 M W 0.7 sq. M i l e s
l y a g a n k u  G R A Re s i d e n t i a l 100 M W 6 sq. M i l e s
Note: 6 R A  - G o v e r n m e n t  R e s e r v a t i o n  Area.

Table 4.9 P o s s i b l e  A r e a  for C o m m u n a l  S t a t i o n  at I badan 
D i s t r i c t .
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Fig. 4.4 Sub-Stations in Ibadan District Station

The Moore Plantation estate was selected for 
detailed survey for this study. The layout of the 
premises within the estate is ideal for pipework 
installation for the distribution of heat in the 
form of hot water. The Moore Plantation industrial 
estate is divided into two sections by a motorway. 
A plan showing the investigated section of the 
industrial estate is shown in appendix 4f.

There is an electrical power sub-station next to 
the estate. The communal power station could be 
located at this sub-station. The current capacity 
of the station is 40 MW, which is transmitted from 
the main city bulk supply stations through an 11 kV 
high voltage network cable. The sub-station could
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be installed with a battery of 10 by 4 MW small 
scale CHP units to match the existing electricity 
capacity. The electricity supply will be 
distributed by the existing electricity cables. 
While the recovered heat in the form of hot water 
could be distributed by the installation of a "two" 
pipe medium temperature network to each industry 
throughout the estate (see appendix 4f).

The medium temperature hot water could be used to 
feed the calorif ier units at the premises of each 
industry or commercial building to produce hot 
water or domestic hot water respectively. In 
addition the hot water could be used to operate 
absorption chillers for space cooling.

An energy survey of the industries and commercial 
offices located in one of the two areas was carried 
out i.e. the section shown in appendix 4f. The 
electrical capacity of this section is 15.5 MW 
according to the information obtained from NEPA 
Ibadan District. The capacity of the other half 
section of the industrial estate is 25.5 MW. The 
section surveyed comprises of factories of the 
following categories: Chemical, Food & Beverages,
Metal Work, Printing & Binding, Wood & Leather, 
Electrical, Textile and Offices such as Fire 
Station, Banks and Police Post.

The hot water and air conditioning capacities for 
each company were investigated and are summarised 
below under the category to which the company 
belonged. These figures are provided by each

113



industry to NEPA (Ibadan District), to allow the 
authority to make adequate provision for the load 
for the area. The information is updated twice a 
year by commercial and industrial customers.

CATEGORY TOTAL CAPACITY 
(kWe)

HOT WATER 
(kWe)

AIR CONDITIONING 
(kWe)

Chemical 3000 1000 400
Food & Beverag 3000 1500 650
Metal Work 3000 200 300
Printing £ Bind 1500 100 250
Wood £ Leather 1500 600 200
Electrical 1000 100 450
Textiles 1500 800 200
Other (Offices) 1000 200 600
TOTAL 15500 4500 3050
(Source: NEPA Ibadan District)
Table 4.10 Peak Electrical Load of a section of the 

Moore Plantation Industrial Estate.

According to table 4.10 above, the total electrical 
load for the production of hot water services and 
air conditioning is 4.5 and 3.05 MW respectively. 
The equivalent heat energy in the form of hot water 
required to operate the air conditioning is 3.8 MW 
(using 80% efficiency rate of absorption chiller 
systems compared to vapour compression units - York 
Ltd, 1990) . Therefore the total heat energy 
required to operate the hot water services and air 
conditioning by absorption chiller mechanism in 
this section of the estate would be 8.3 MW. 
Assuming the waste heat from a CHP system can
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supply this, the electrical equivalent (7.55 MW) 
can be deducted from the current total load (15.5 
MW) , giving an electrical load for other services 
of 7.95 MW.

Using an electrical/heat ratio of 1:1.7 for a small 
scale CHP system (a typical value for this size of 
CHP system obtained from Allen Generators Ltd) , the 
expected recoverable heat from the installation of 
the small scale CHP plant to the part of the Moore 
Plantation estate surveyed will produce 13.5 MW of 
heat. This is more than enough heat to meet the 
demand evaluated above at 8.3 MW (required for 
domestic hot water and space cooling by absorption 
chillers).

About 5.2 MW in excess heat would have to be dumped 
as waste, in order to keep the CHP systems from 
overheating when operating at full capacity. It can 
be observed in this case that a large amount of 
heat will be wasted. This is because the industrial 
estate comprised a variety of factories with a low 
demand for heat in the form of hot water. It can be 
seen from Table 4.10 on page 114, that the majority 
of the heat consumed in the estate is due to the 
Chemical, Food & Beverages, Wood & Leather and 
Textiles industries. Others use much less such as 
the Electrical, Printing 6 Binding, Metal work and 
Offices mainly for the operation of air 
conditioning. Only a limited amount is used by 
these premises for domestic hot water services.

115



Chapter Conclusion
It has been seen that the introduction of small 
scale CHP in a communal form could help reduce the 
inadequacy of electricity power supply in the 
Nigerian grid. The benefits are cheaper electricity 
tariff, because NEPA will not continue to 
discriminate against high electrical power 
consumers such as the industries, since it will 
have enough capacity to satisfy the demand of all 
sectors. There will be a reduction in the number of 
damages to equipment caused by erratic supplies and 
little or no requirement for the purchase of 
generators for alternative individual electrical 
supplies. Section 4.1 shows that 27 out of the 40 
proposed district stations have the potential for 
conversion to a CHP district stations. Some will 
contain several sub-stations capable of operating 
CHP systems. For example 5 of the 14 sub-stations 
in Ibadan district station were noted to have the 
potential for conversion.

A detailed examination of one of Ibadan district 
station's sub-stations at Moore Plantation 
indicates a beneficial result. The section of the 
estate surveyed has an electrical demand of 15.5 
MW. The application of a communal CHP system 
indicated a reduction in the electricity demand to 
7.95 MW. This is because its other energy demand is 
substituted by the thermal energy recovered from 
the CHP system. However some of the heat energy 
would be wasted. From the 13.5 MW heat generated, 
about 8.3 MW is required by the estate.
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Examples of similar areas served by NEPA sub
stations are Teaching Hospitals, Supermarkets & 
Shopping complexes. Barracks, Swimming Pools & 
Leisure Centres, University Campuses, and 
Government Secretariat Office Complexes. If 
communal CHP systems are applied to such sub
stations located in the 27 district stations
assessed to have the potential for the system in 
Nigeria, it is possible for the electrical demand 
of those area to be halved like that of the Moore 
plantation estate. This would bring a reduction in 
the national electricity demand, and make it more 
likely for the demand to be satisfied quickly with 
reduced resources.

Therefore, it would be reasonable for small scale 
communal CHP systems to be installed to sub
stations that has the potential in Nigeria. The 
combined heat and power system could allow better 
exploitation of the energy content of the fuels, to 
meet the demand of the community and reduce the 
load on the public grid.
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CHAPTER 5 INDUSTRIAL APPLICATION OF SMALL SCALE 
CHP SYSTEM IN NIGERIA: A CASE STUDY 
(Owner Operated Systems Option)

The previous chapter examined the application of 
the CHP system in a communal configuration. The 
remaining chapters in part II of this thesis 
examine the application in an owner operated 
format. In this chapter the application of CHP to 
an individual industrial user is considered, while 
the next chapter considers its application to a 
residential user.

In most developed countries, the industrial sector 
consumes about 46% of total national electricity 
supply (Schaffer, I.R., 1986). But in developing
countries like Nigeria, the figure is about 30% 
(see table 3.5 on page 84). Clearly, a reduction in 
industrial energy consumption brought about by any 
saving mechanism will have an impact on the total 
energy consumption of the country as a whole.
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There are approximately 2969 major registered 
industrial companies in Nigeria (Nigeria Company 
Handbook, 1992). These companies are classified
into 44 categories ranging from those trading in 
agricultural equipment to woodwork. Six out the 
forty four categories use a substantial amount of 
energy, principally heat and electricity. These 
are :

1 Engineering
2 Iron and Steel
3 Refineries
4 Paper and Board
5 Chemicals and Pharmaceuticals
6 Food, Drink and Tobacco

The above categories expend about 83% of the total 
electricity consumption of the industrial sector. 
Half of the above categories namely Engineering, 
Iron & Steel, and Refineries, operate on the medium 
or high temperature band at above 130 ̂ C for 
processing products. This sector may require a 
booster system such as a boiler, to raise the 
temperature of the recovered heat from a CHP 
system, while the other half, such as the Paper & 
Board, Chemicals & Pharmaceuticals, and Food, Drink 
& Tobacco, could apply small scale CHP system with 
little or no boiler back-up, because they operate 
at temperatures below 90°C. The case study industry 
is selected from the latter sector.
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Low grade heat and electricity from small scale CHP 
can be applied to the latter industries in the 
following manner.

In the Paper and Board Industry, low grade heat 
from small scale CHP engines can be used to preheat 
the return feed to steam boilers at each stage of 
the paper making operation. At the feed stock 
stage, electricity generated from small scale CHP 
systems can be utilised for de-inking, while the 
low grade heat can be used for cleaning waste 
paper, which now represents a much higher 
proportion (a quarter to a half) of the fibrous 
material. At the wire and press stages, due to new 
technology, more water is now extracted through 
mechanical means involving more electricity input, 
so that little or no steam is required for drying. 
Heat from a CHP system could be utilised for the 
drying.

In the Chemical and Pharmaceuticals Industry, heat 
from small scale CHP systems, if sized properly, 
could provide the low temperature (70®C-90®C) heat 
required for catalytic heat mixing processes in the 
chemicals industries. Humidity control in store 
warehouses and drying processes can also be met by 
the utilisation of low grade heat from small scale 
CHP systems.

Electricity generated can be used to drive most of 
the industrial motors used in mixers, conveyor 
belts and other electrical appliances in the 
chemicals industries. In addition the vast amount
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of both heat and power required for distillation 
in the Pharmaceutical industries can be met by the 
use of small scale CHP systems.

In the Food, Drink 6 Tobacco Industry, in Nigeria, 
the number of firms in the Food and Drinks category 
are among the highest in any industrial sector. 
Production within this group is normally carried 
out under low grade heat to prevent permanent 
damage to the food and drink produced.

Low grade heat can be used in the pasteurisation of 
all types of juice during the packaging process. 
Heat from small scale CHP systems can also be used 
for pasteurisation in the milk industry. The low 
grade heat can be used for cleaning food 
containers. The heat used in the extraction of oil 
from fruits and vegetables can be produced by a 
small scale CHP plant, instead of the current 
practise of producing the heat by electric boiler.

Moreover, low grade heat from CHP systems can be 
used to control the humidity in dry storage. It can 
be used for drying processed food before and after 
packaging. The exhaust heat and low temperature can 
be utilised to drive absorption chillers for cold 
storage for the Food and Drinks companies.

It is essential in this work to demonstrate the 
application of CHP system in a Nigerian industrial 
setting, by using a typical daily operational 
parameter of an industry, for a case study. Cadbury 
Nigeria Limited, a Food and Drinks company in

121



Nigeria was selected for evaluation. The food and 
drinks industry constitutes about 55% of the total 
electricity consumed by industries in Nigeria 
(Nigeria Company Handbook, 1992). This is about 17% 
of the total national consumption. Cadbury was 
selected for the case study because of its size and 
diversified product range, which represent a 
typical food and drinks industry in a tropical 
country.

The applicability of a small scale CHP system to 
Cadbury is examined by the evaluation of the daily 
electricity and thermal energy required. The energy 
profiles have been obtained from records kept by 
Cadbury. The recoverable heat from the existing 
generators is compared with the company heat demand 
to establish its potential when the units are 
operated as a CHP system.

In section 1, a general description of Cadbury 
Nigeria Limited is given. The information includes 
products range, factories within the premises, 
installed power capacity and load required to 
operate equipment in the factories and offices 
within the premises. It also discusses details of 
the electricity supply to the premises. These 
include the sizes, types of plant and the power 
house which operates 24 hours a day.

In section 2, a comprehensive analysis of the 
energy that can be recovered with respect to 
existing wasted energy is carried out. The section
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discusses the thermal demand for each factory and
office block at Cadbury.

In section 3, the practical application of 
recovered energy in the form of heat is discussed 
in relation to energy utilisation at various 
factory divisions and offices on the company 
premises. The application is in the form of hot
water services for manufacturing and cooking 
processes, and cooling for offices, factories and 
product storage.

Section 4 compares the recovered thermal energy 
with respect to existing electricity requirements, 
as measured at the premises.

With these investigations and analysis, it will be 
possible to establish the thermal and electrical 
energy requirement of the industry and how both can 
be satisfied concurrently by the use of CHP systems 
compared to current practice. It will also
establish which part of the industry can benefit
from the system. Finally, the possible energy 
savings can bç evaluated.
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5.1 THE SELECTED INDUSTRY - CADBURY

Cadbury is a food and drinks company based in Ikeja 
Industrial Estate in Lagos. It is now one of the 
largest companies in Nigeria. The company started 
production in Nigeria in the mid 1950s as a branch 
of Cadbury (UK) Limited. Its technology and 
production methods were imported from England, but 
it now operates as an independent company with 
minor changes to the original set-up.

This branch of the company is spread over 34 acres 
of land (see appendix 5a) , and manufactures the 
following food and drink products: Bournvita
(chocolate drinks), Jeyes, Knorr (cooking spices), 
Dadawa (spices), cereal and confectioneries. The 
other branches of Cadbury are either distribution, 
sales or storage depots. The branch operates a 24 
hour, 3 shift, rotation schedule. The premises 
comprise four 3 storey office blocks, including a 
canteen. There is an independent factory building 
for each product, including a factory for the 
manufacture of cans and other packaging materials. 
The company also has an amenity block, laboratory 
and three large workshops.

The company has its own independent electricity 
power generating house. Also on the premises is a 
boiler house containing three (3) 800 kW steam
boilers. Although the generators and the boilers
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are dual fuel types, the company uses only diesel
oil to operate the plant. In addition, some of the
factories and buildings within Cadbury are
installed with independent electric boilers because 
the steam boilers are not centrally located to
serve all the factories (reason given by the 
Operation Chief Engineer). The affected buildings 
are: Jeyes Factory (300 kW) , Office Block & Clinic
(140 kW) , Canteen (50 kW) , and Can Factory (275
kW) . In total 765 kW (for peak hours) and 575 kW
(for other times) of electrical power is used to
produce hot water (see appendix 5j).

Electricity Power Supply
Cadbury like most other big industries generates 
its own electricity. According to the company’s 
Engineering Services Manager (Engr. O.Ajogbeje), 
Cadbury severed the company power supply from the 
public mains in 1981. This was as a result of 
damage caused by the public electricity supply to 
the equipment. Electricity spikes and erratic 
voltage fluctuations were the main cause of the 
damage.

The premises are powered by five (5) diesel 
electricity power generators (Compression Ignition 
Engines), manufactured by W.H. Allen Power 
Engineering of Bedford, England (see fig.4.1). The 
sets comprise of four (4) 1 MWe and one (1) 1.5 MWe
generators, with total installed capacity of 5.5 
MWe generated in three phase (Red, Yellow, Blue).
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The generators are sequenced, controlled and 
monitored by 2 technical staff from the control 
room in the Plant House. None of the task is 
automated, premises power supply being manually 
adjusted to meet the premises requirement.

Under normal operating conditions, three to four 
engines operate at any particular time, depending 
on the load profile. While the fifth is either on 
stand-by or undergoing a Planned Preventative 
Maintenance Service (see appendix 5b, for operation 
schedule).

fig. 5.1 Electricity Plant House
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5.2 ANALYSIS OF ENERGY GENERATED

The hourly recoverable waste heat and generated 
electricity can be evaluated from the performance 
figures of the engines. This information is usually 
available from the equipment manufacturer, in this 
case A.W. Allen Ltd.

q b O  e n g i n e  I

ENGINE 5

ELECTRICITY POWER GENERATED OVER MHR PERIOD

TIME (HRS) 

ENGINE 2 

TOTAL POWER

Fig 5.2 Typical Daily Generator House Operation

Due to improved engine performance of the most 
recent CHP systems, there has been an increase in 
shaft power (recovered high grade energy), hence 
the electrical/heat ratio is expected to be less 
than 1 to 2 as found with the Cadbury’s engines.
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Therefore, on a typical day at 1400 hr (see fig. 
5.2), when the total electrical power generated by 
all the engines is 3.02 MW, the heat rejected would 
be about 6 MW approximately. This heat can be 
recovered and utilised in the production processes 
of the company. At the moment the heat produced is 
rejected into the atmosphere via (a)a water circuit 
to cooling tower, and (b) an oil circuit to fan 
radiator.

On the basis of the energy ratio obtained from the 
manufacturer, Cadbury’s electricity generator 
engine performance would produce the following 
results:

Total electricity over 24 hour period: 64.73 MWh
Total Heat generated over 24 hr period: 126.21 MWh
Total Fuel consumed over 24 hr period : 219.56 MWh

DAY OPERATION

TIME (HRS)

ELECTRICITY

Fig. 5.3 Daily Energy Profile (Day)
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The break down over the 24 hour period is as 
follows :

TIME
HR

ELECTRICITY
(MW)

ESTIMATED HEAT 
(MW)

RATE OF FUEL 
CONSUMPTION 

(MW)
0700 2.56 4 . 99 8 . 68
0800 2.85 5.56 9. 67
0900 2.83 5.52 9.60
1000 2 . 94 5.73 9. 97
1100 2 . 94 5.73 9.97
1200 2.90 5.66 9.84
1300 2.88 5 . 62 9.78
1400 2 . 98 5.81 10 .11
1500 2.95 5.75 10.00
1600 2 . 94 5.73 9. 97
1700 2.86 5.58 9.70
1800 2 . 74 5.34 9.29
1900 2 . 60 5.07 8.82
2000 2 .54 4 . 95 8.61
2100 2.54 4 . 95 8 . 61
2200 2.54 4 . 95 8.61
2300 2 .57 5.01 8.72
2400 2.57 5.01 8.72
0100 2.60 5.07 8.82
0200 2 .57 5.01 8.72
0300 2 .57 5.01 8.72
0400 2 .42 4 .72 8.21
0500 2 .42 4 .72 8.21
0600 2 .42 4.72 8.21
Table 5.1 E l e c t r i c i t y  and Heat G e n e r a t e d  ove r  24 h o u r
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NIGHT OPERATION

TIME (HRS)

ELECTRICITY

Fig. 5.4 Daily Energy Profile (Night)

According to table 5.1, the typical electrical 
energy required at the premises is 2.94 MW and 2.54 
MW during the peak and off-peak hours respectively. 
The peak hours at the premises are between 0800 hr 
and 1800 hr, when the office blocks and factories 
are fully operational.

The difference in the electrical power generated 
during the peak and off-peak hours is about 360 kW 
(see figures 5.3 & 5.4). This is mostly used for
the operation of the office block's air 
conditioning and domestic hot water services.
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DAILY SERVICE REQUIRED HEAT 
ENERGY (kW)

TIME
HRS

Laundry 90 24
Training School 30 10
Knorr Cube Factory 340 24
Can Factory 275 24
Jeyes Factory 300 24
Tomapep Factory 180 24
Bournvita Factory 400 24
Dadawa Factory 350 24
Canteen 50 10
Office Blocks and Clinic 140 10
Pre-heat Steam Boiler 800 24

Total 2,955 kWh

Table 5.2 PREMISES MINIMUM BASE LOAD DEMAND FOR 
HOT WATER SERVICE

This extra power could be drastically reduced, if 
the air conditioning in the office blocks is 
replaced with an absorption chiller that uses the 
heat recovered from the generators, instead of 
being powered with electricity. Also the load on 
the electrical boilers can be replaced with heat 
recovered from the converted CHP system.
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DAILY SERVICE PEAK LOAD 
(kW)

OPERATION 
TIME (HRS)

Main Office Block 250 10
Annex Office Block 125 10
Engineering Office Block 100 10
Clinic 6 Office Block 90 24
Dry-Mix Factory 150 24
Chiller Room 220 24
Laboratory 60 10
Finished Goods Store 120 24

Total: 1,115 kW (Peak), 535 kW (off-peak)
Table 5.3 PREMISES CHILLER INSTALLED CAPACITY

In order to evaluate the energy that could be 
saved. It is essential to establish which of the 
factory's and office block's electrical energy 
supply could be replaced with recoverable thermal 
energy from the proposed CHP systems.

Hot Water
It is observed that some of the factory's and 
building's hot water supply are from independent 
electric boilers. The Cadbury's Operation Chief 
Engineer stated, it is because the main steam 
boiler house is not centrally located (see appendix 
5J), since many of the buildings and factories were 
erected over the years away from the boiler house.

From table 5.2, the affected buildings are: Jeyes
Factory (300 kW) . Main Office block & Clinic (140 
kW) , Canteen (50 kW) , and Can Factory (275 kW) . In 
total 765 kW (peak hours) and 575 kW (off-peak 
hours) of electrical power used to operate the 
electrical boilers could be substituted with the
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recoverable heat from the nearby generator house 
when operated as a CHP system.

Cooling
According to table 5.3, the total cooling capacity 
is 1,115 kW (peak) and 535 kW (off-peak). These are 
currently operated with electrical energy, which 
can be replaced with heat energy by absorption 
chiller mechanism, except for that of the Chiller 
room (220 kW). This is because the absorption 
chiller cannot provide a sub-zero temperature 
condition required in the Chiller room (see note 
under table 5.4).

Therefore, the actual electricity load reduction 
that could be achieved through application of CHP 
system, combined with absorption chiller system, 
for cooling to the premises is evaluated as 0.895 
MW (peak hours), and 0.36 MW (off-peak hours).

The summary of the achievable energy reduction is 
shown in table 5.4 below.

DEMAND LOAD PEAK OFF-PEAK
(MW) (MW)

Hot water service 0.765 0.575
Cooling 0.895 0.36
Total 1. 66 0.94

Table 5.4 Applicable Heat & Cooling Demand Load
Vote; Tho chiller room cooling load ia excluded from the 
tota.1 figure Jbecauae the coolxng level can only Jbe met by a 
vapour compreaaion chiller oporatod by oloctrlcstl energy 
rather than an aLbaoxptlon ahillor opera.ted by heat energy. 
The kbaojzptlon chiller ayatem cannot pjcoyrldo a aub-zaro 
temperature condition required by the cbillar room.
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Effect of electricity reduction
From the above, the total electricity reduction 
achieved by replacing the electrical energy with 
thermal energy would be 1.66 MW (peak hours) and 
0.94 MW (off-peak hours). At peak hour, this 
electricity reduction will bring the amount of 
electricity demand from 2.94 MW to 1.28 MW. Using 
the electricity to heat ratio of 1:2 of the system, 
the approximate heat that would be available is 
estimated as 2.56 MW, compared to the 5.34 MW which 
is currently wasted.

The 2.56 MW heat would be used to supply 0.765 MW 
of hot water service (electric boiler load) and 
0.895 MW of cooling through the absorption chiller 
mechanism. Any excess may be applied to other 
factories whose hot water service is fed from the 
steam boiler. This will further reduce the load of 
the steam boiler. Details of the use of recoverable 
heat energy to other applications in the premises 
is discussed in the next section.
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5.3 PRACTICAL APPLICATION OF RECOVERED HEAT AT 
CADBURY

It is determined in section 5.2 that Cadbury's peak 
cooling and electrical heating loads of 895 and 765 
kW respectively, could be met by the recoverable 
heat given off from the existing generator when 
operated as a CHP system. The practical method of 
recovering, distributing and applying this heat is 
illustrated in this section.

The existing heat rejection method employs water 
and oil circuit cooling mechanisms. The water 
circuit consists of a primary water circuit from 
the engine through a heat exchanger and a secondary 
water circuit through a cooling tower from the same 
heat exchanger.

D W M O

Primary
Flow HEAI EXCHANGER

80 deq. C 62 deg. C ^
Secondary /N T /t\

PUMP Flow

38 deg. C ^ 0 ---'
24 deg. C

Ptimory Secondory COOLING
Return Return TOWER

(existing).
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In the oil circuit, the oil is pumped through the 
engine to an air cooled radiator. The oil absorbs 
heat from the engine, therefore preventing the 
engine from overheating. The oil is circulated 
through the radiator, releasing heat to air blown 
over the radiator fins. The cooled oil is then 
recycled through the engine in another cycle.

ENGINE

FAN

I n te l A ir T e m p

PUMP

roaiNG
RADIATOR

O u t le t  A ir  T e m p  
0 4  Deg C

Fig. 5.6 Oil Circuit (existing).

The above two methods are designed to discharge the 
heat into the atmosphere. The efficiency of the 
generator working under this condition is 
approximately 18%. Only 18% of the energy contained 
in the fossil fuel is converted to useful energy. 
The remaining 82% is lost in heat and 6% accounts 
for loss in overcoming friction and noise from the 
engine (Applied Energy Systems Ltd, 1991).

The recoverable heat capacity for the 1 MW and 1.5 
MW electricity generator is approximately 1.7 and 
2.55 MW respectively. The details of the

136



recoverable heat from a one megawatt converted
generator is:

Peak Thermal Balance :
MW %

Input Power (fuel) 3. 63 100
Shaft Output (gross) 1 .13 31
Exhaust 1.27 35
Water jacket 0.85 23.5
Oil jacket 0.04 1.1
Other (non recoverable) 0.34 9.4

Actual recoverable Heat:
Exhaust (300®C) 0.81 64
Water jacket 0.85 100
Oil jacket 0.04 100

Total recoverable heat 1.7 MW 47%

(note that the 47% is of fuel input)
(see appendices 2a & 2b for details of other
generator sizes)

The observed operation pattern of the 5 generator
units is that, three generators are always in
operation, while one is kept on standby, and the
fifth is undergoing the annual planned preventative
maintenance programme scheduled for each engine.

On the basis of the Cadbury measured power load, 
the value of the thermal energy recoverable from 
the daily electricity generation profile is:
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TIME TOTAL HEAT HEAT HEAT TOTAL TOTAL
ELECTR EXHST WATER OIL HEAT FUEL

HRS (MW) (MW) (MW) (MW) (MW) (MW)
0700 2.56 2.07 2 .18 0 . 102 4 .35 9.29
0800 2.85 2.31 2 .42 0.114 4 .85 10.35
0900 2.83 2.29 2.41 0.113 4 .81 10.27
1000 2 . 94 2.38 2 .50 0.118 5.00 10.67
1100 2 . 94 2.38 2.50 0.118 5.00 10.67
1200 2.90 2 .35 2.47 0.116 4 . 93 10.53
1300 2.88 2.33 2.45 0.115 4 . 90 10.45
1400 2.98 2.41 2 .53 0.119 5.07 10.82
1500 2 . 95 2.39 2.51 0 . 118 5.02 10.71
1600 2 . 94 2.38 2 .50 0.118 5.00 10. 67
1700 2.86 2.32 2.43 0.114 4.86 10.38
1800 2.74 2 .22 2.33 0. 110 4 . 66 9. 95
1900 2 . 60 2 .11 2.21 0 . 104 4 .42 9.44
2000 2.54 2.06 2 .16 0 . 102 4 .32 9.22
2100 2 .54 2.06 2 .16 0. 102 4 .32 9.22
2200 2.54 2.06 2 .16 0 . 102 4 .32 9.22
2300 2 .57 2.08 2 .18 0 . 103 4 .37 9.33
2400 2.75 2 .23 2 .34 0.110 4 . 68 9. 98
0100 2.60 2 .11 2.21 0 . 104 4 .42 9.44
0200 2.57 2 . 08 2.18 0. 103 4 .37 9.33
0300 2.57 2.08 2 .18 0.103 4 .37 9.33
0400 2 .42 1. 98 2.06 0 . 097 4 .11 8.78
0500 2.42 1 . 98 2 .06 0.097 4 .11 8.78
0600 2.42 1 . 98 2.06 0.097 4 .11 8.78
TABLE 5.5 EXISTING ELECTRICITY AND THERMAL PROFILE 
(Note: Columns 2 & 7 were measured figures, and
columns 3 to 6 are estimated).
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In order to recover the heat (shown in table 5.5) 
from the generators, it is essential to convert 
these units to a small scale CHP system. The 
thermal energy must be recovered efficiently with 
little heat loss and transported to various 
locations in the premises where it will be put to 
use. The method of application is discussed in the 
following by showing the details of the (i) Plant 
room, (ii) thermal distribution network (district 
heating) and (iii) the demand areas (these are the 
hot water storage and space cooling units at each 
zone in the premises).

O Space cooling station 

( B j  Hot woter stotion

Flow &  Return 
Buried District 
Heoting Pipes

Jeyes
Gctory

o o 
o o
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1 1 
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II
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Bournvita
Foctory

Offices

Knorr Cube 
Factory

Tomapep
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□

Finished
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Fig. 5.7 Proposed Cadbury CHP Thermal Application 
(see zone load details in appendix 5j)
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(±) Plant House;
The generators at Cadbury’s plant house give off 
heat at a higher temperature than the very small 
scale units normally encountered (%32kW). For 
example the exhaust air temperature for a 32 kW 
unit would be around 110®C compared to 300®C for 
Cadbury’s generators. This factor will make it 
feasible for the thermal distribution to be carried 
out in the form of district heating at Medium 
Temperature and Pressure (MTHW).

Due to the large area ( 138, OOOm^ ) of the network, 
the temperature of the distributed hot water will 
be at medium temperature (between 110 to 130®C) 
allowing a high thermal capacity (due to larger 
circuit At). The temperature of the distributed hot 
water will also be maintained up to the point of 
use, despite the heat losses in the distribution 
pipework. Since hot water will change phase to 
steam at a temperature of about 100 ®C under 
atmospheric pressure, it is necessary to increase 
the system pressure to about 5 bar to keep the hot 
water in a liquid state.

If the district heating scheme is to be maintained 
at a temperature of 110 ® C and pressure of 5 bar, 
the water circuit to the engine block of the 
converted small scale CHP unit should be separated 
from the district heating circuit, because the 
engine oil and water manifold operating pressure 
must not exceed 3 bar or damage will be caused to 
the engine block.
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Another option is to arrange the primary circuit in 
a manner to recover heat from the oil and water 
manifolds and the exhaust sequentially. However, 
the large temperature difference between the 
exhaust gas (300®C) and the water and oil (80®C) 
manifold would make it impracticable to put the 
three sources on the same circuit. Due to the short 
pipe run between the three, the arrangement could 
lead to a too high return water temperature to the 
oil and water jacket. Instead of cooling the oil 
and water jacket, the system will be heating it up 
with the heat from the exhaust pipe, contrary to 
the requirements.

Figure 5.8 on the next page, shows the plant room 
pipework layout as two circuits of a separate 
primary circuit for the oil and water jackets, and 
the secondary circuit for the exhaust and the 
district heating network. Heat is extracted from 
the primary to the secondary circuit through a Heat 
Exchanger that will prevent high pressure transfer 
to the primary (engine) circuit.

The secondary circuit (district heating
distribution circuit) return pipe connected to the 
heat exchanger will carry the return hot water from 
different zones on the premises at a temperature of 
about 60^C and pressure of 5 bar.
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Heat will be transferred from the primary circuit 
to the secondary circuit, raising the hot water 
temperature in the secondary circuit to about 80°C. 
The hot water in the secondary circuit is pumped 
through the heat exchanger flow pipe to the exhaust 
system. In the exhaust system, heat is extracted 
through the coil wound over the exhaust pipe at a 
temperature of 300^C, raising the secondary circuit 
water temperature to about 110®C or more.

In order to maintain a flow temperature of llO^C in 
the district heating hot water system (secondary 
circuit), an Injection system mechanism is 
installed between the heat exchanger secondary flow 
pipe and the main secondary flow pipe to by-pass 
the exhaust system. A sensor monitors the
temperature of the hot water immediately after the 
by-pass point on the flow pipe.

As soon as the water temperature is above llO^C, 
the control valve (CV) on the by-pass will open and 
inject water at a temperature of 80®C to mix with 
the flow water reducing the temperature and at the 
same time reducing the quantity of water heated 
through the exhaust system to maintain the 110®C 
temperature level. The control valve will close 
again as soon as the water temperature monitored by 
sensor drops to 110®C.

In addition, a safety high limit slam shut valve 
(HLV) mounted on the flow pipework is included, 
which is triggered into operation by sensor S2 
further down the pipeline. The sensor S2 monitors

143



the temperature at the point. If the temperature of 
the hot water continues to rise, it will indicate 
the failure of control valve (CV). The sensor will 
put the slam shut valve into operation and the 
system alarm will be switched on to alert the 
operator technician in the control room.

(ii) Thermal Distribution Network ;
In district heating network systems, there are four 
different types of piping arrangements in common 
use for the distribution of hot water or steam for 
heating (space heating or hot water service). These 
are, (a) the single pipe system, (b) the two-pipe 
system, (c) the three-pipe system and (d) the four- 
pipe system.

The single pipe system is used with most schemes 
where steam is the heat exchange medium and no 
condensation return is envisaged. It is also used 
for certain schemes using highly pressurised and 
super-heated water, which is to be pumped to long 
distances. This is common in the former Soviet 
Union, where energy efficiency was not a priority.

In the two-pipe system, hot water passes from the 
thermal power station to a substation, which is 
situated near the housing estate or point of use. 
There it flows through a heat exchanger that is fed 
by means of a secondary circuit which gives off 
heat at the point of use. The district heating 
water then returns to the heating central plant 
house by means of a return line, which is the 
second pipe of the primary circuit.
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The three and four pipe systems are a good deal 
more expensive to lay than the two-pipe system, but 
have some considerable advantages over the latter. 
These systems are designed to cater for hot water 
and heating services. Since they are not applicable 
in Nigeria, it will not be described in detail in 
this work.

A two-pipe system is the most appropriate to the 
district heating network for the Cadbury’s scheme, 
because it is for hot water services only to the 
factories and because of its lower cost compared to 
the three or four pipe systems. The working fluid 
is hot water as against steam common in the single
pipe system.

The hot water at a temperature of 110°C and a 
pressure of 5 bar will be pumped from the plant 
room through the secondary circuit to thermal 
substations installed with Calorif iers for storage 
of hot water located at appropriate zones within 
the premises (See figure 5.10).

Flow W ater P ipe 
§  110 deq C

R eturn  W ater Pipe

Concrete

Pre-insulated Steel

C R O S S -S F nT IO N  OF RDRIFH niSTRIFT HFATINO PIPFS 

FIG 5 . 9 X-SECTION OF BURIED DISTRICT HEATING PIPES
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If the velocity of the hot water in the pipe is one 
meter per second (Im/s) , two pairs of a hundred
millimetres (100mm) pre-insulated pipes laid in 
trenches below ground, will be capable of carrying 
enough thermal energy to the zones (CIBSE GUIDE 
C4) .

As shown in figure 5.7 on page 138 and appendix 5j , 
it is proposed that these pipes would be two 100mm 
pairs laid on West circular road, one pair to the 
North feeding Zones A (640 kW) & F (800 kW) with a 
total base load thermal capacity of 1440 kW. The
100mm pair to the South would feed Zones B (625
kW) , C (350 kW) , D (400 kW) and E (140 kW) with a 
total base load thermal capacity of 1515 kW.
Details of buildings and factories served by each 
zone are indicated in table 5.6 below.

ZONE BASE LOAD 
(kW)

DAILY 
OPERATION 
TIME (HRS)

Zone A
Laundry 90 24
Training School 30 10
Knorr cube Factory 340 24
Tomapep Factory 180 24

Zone B
Can Factory 275 24
Dadawa factory 350 24

Zone C
Jeyes Factory 300 24
Canteen 50 10

Zone D
Bournvita Factory 400 24

Zone E
Clinic/Office Block 140 10

Zone F
Pre-heat Steam Boilers 800 24

TABLE 5. 6 z o n e s  t h e r m a l  b a s e  l o a d  c a p a c i t y
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Due to the long pipeline networks, booster pump 
stations are required at locations indicated in 
appendix 5j . These are to provide adequate flow 
pressure to the index points such as E and F on the 
separate pipe lines. Valve pits are required for 
isolation of all pipe branches and zones.

(iii) Demand Areas
(a) Zone Hot Water Storage:
Each zone is installed with a thermal substation 
(see figure 5.10), with a pair of storage
calorifier and integral heating batteries. The 
calorifier heating battery is fed by the secondary 
water circuit (district heating). Hot water, pumped 
through the coil at a temperature of about 110®C, 
heats up the cold water fed through the domestic 
pipe (tertiary pipe) in the circuit to the
calorifier.

The flow pipes of the tertiary circuit supply hot 
water at a temperature of about 60°C to various
parts of the factories and building designated to
the zone or substation. If necessary, the existing 
boiler can be used to provide additional heat that 
may be required at each zone, whenever the 
recovered heat from the converted small scale CHP 
plant is insufficient to meet the thermal demand at 
the location.
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Fig 5.10 PROPOSED THERMAL SUB-STATION LAYOUT

(b) Space Cooling (Absorption Chiller);
The recovered thermal energy from the converted 
small scale CHP plant can also be used to provide 
comfort cooling by an absorption cooler mechanism. 
Similar to the hot water service, the secondary 
circuit pipe will be run to the point of use, where 
the absorption chiller unit is installed.

An absorption chiller mechanism requires either the 
use of an air handling unit or fan coil system for 
space cooling. The existing types of air 
conditioning in all the offices and some of the 
factories are not compatible with an absorption 
chiller system, because most of them are self 
contained "Window Unit" compressor type air
conditioners. The renewal of the existing air 
conditioners may therefore not be cost effective.
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DAILY MAXIMUM SERVICE LOAD
(kW)

TIME
(HRS)

(kWh)

Main Office Block 250 10 2500
Annex Office Block 125 10 1250
Engineering Office Block 100 10 1000
Clinic/Office Block 90 24 2160
Dry-Mix Factory 150 24 3600
Chiller Room 220 24 5280
Laboratory 60 10 600
Finished Goods Store 120 24 2880
Total Cooling Load 1 ,115 19270
TABLE 5 . 7 CADBURY ’ S COOLING AND CHILLER LOAD
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For example the main office block is served by 
eighty-two (82) window unit air conditioners. The 
cost to renew them with fan coil units compatible 
with an absorption chiller, and also to run chilled 
water pipework from the chiller to each unit would 
be about N10.5 Million Naira (£235,000 at 1993 
rates) for the main office alone. This cost 
excludes the installation of the absorption chiller 
unit for the block. The initial capital could not 
be justified by the benefit of making use of the 
recovered heat from the converted small scale CHP 
unit.

The same problem applies to the Annex Office block. 
Engineering office block, the Clinic/Office block 
and the Laboratory. The Chiller room requires a 
mechanism that could provide a chilled environment 
at a temperature of about -6®C, which could not be 
obtained from an absorption chiller. Only the 
Compressor or Screw type chiller unit type 
mechanism could provide such conditions.

Only the Dry-mix factory and the Finished goods 
store on the premises can benefit from an 
absorption chiller scheme, because these factories 
are already cooled with processed air from Air 
Handling Units (AHU). These air handling units 
could be installed with chilled water pipes, which 
would be fed from an absorption chiller. The total 
cooling load for the two factories is 270 kW.

Since the value of the required cooling load (270 
kW) is very small compared to that of the hot water
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service (3MW) load, the hot water supply required 
for the absorption chillers can be fed from the 
district heating circuits that feed the thermal 
substations (calorifiers).
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5.4 ELECTRICITY AND THERMAL SIMULATION

This section compares the hourly recoverable heat 
from existing generators to the site demand 
currently produced by electrical boilers. The 
evaluation is based on current electricity demand 
less that for the electrical boilers.

Table 5.5 on page 137, shows the typical monitored 
electricity load for the Cadbury premises, over a 
twenty-four hour period. The table also indicates 
the thermal energy recoverable from the existing 
generators when converted to a small scale Combined 
Heat and Power System.

The electricity generated is used to operate the 
machines and equipment in the offices as well as 
the factories within the premises. Also the same 
electricity generated, powers the air conditioners 
in offices and chillers in the storage rooms. In 
addition, it is used for the electrical hot water 
boilers in the following areas: Jeyes factory (300
kW), Office Block and Clinic (140 kW), Canteen (50 
kW) and the Can factory (275 kW). The total 
electricity demand by these boilers is 765 kW 
during 10 hour daily operation of 0800 to 1800 
hours and 575 kW at other time of the day, to 
maintain the draw off by the factories.
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If the hot water demand for the factories and 
offices is met by the heat recovered from the 
converted small scale CHP system, the amount of 
electricity that would be required will be less.

Table 5.8 on the next page shows the demand if 
existing electricity generator units are converted 
to small scale CHP units, and the heat recovered 
from the system is used to provide the existing hot 
water service demand. It can be seen from this 
evaluation that surplus heat is available in a ''hot 
water service only'' supplement scheme, as indicated 
in the thermal balance column of table 5.8. The 
surplus hourly heat available for recovery ranges 
from 410 kW to 970 kW. Although the excess will 
decrease as the hot water service load demand rises 
over the basic load level.

The hot water service demand load shown in table 
5.8 is the basic load required by the factories in 
the daily manufacturing processes. The actual 
demand load may increase by as much as 20% of the 
basic load according to the data supplied by 
Cadbury's Production Director. The period this 
increment takes place is not predictable, but is 
dependent on market demand for Cadbury's products. 
If the 20% increment is introduced into the 
equation as a consequence of this load variation, 
or future increase in production level, the result 
will be as shown in table 5.9 on page 155.
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TIME TOTAL TOTAL TOTAL THERMAL
(HR) ELECTR HEAT HEAT BALANCE

REQUIRED RECOVERED REQUIRED +=EXCESS
(MW) (MW) (MW) -^DEFICIT

0700 1 . 99 3.38 2.74 + 0.64
0800 2.09 3.55 2 . 96 + 0.59
0900 2 . 07 3.52 2 . 96 + 0.56
1000 2 . 18 3.71 2 . 96 + 0.75
1100 2 .18 3.71 2 . 96 + 0.75
1200 2.14 3.64 2.96 + 0.68
1300 2 .12 3 . 60 2 . 96 + 0. 64
1400 2.22 3.77 2.96 + 0.81
1500 2 .19 3.72 2 . 96 + 0.76
1600 2 .18 3.71 2.96 + 0.75
1700 2 . 10 3.57 2 . 96 + 0.61
1800 1 . 98 3.37 2 . 96 + 0.41
1900 2.03 3.45 2.74 + 0.71
2000 1. 97 3.35 2.74 + 0.61
2100 1 . 97 3.35 2.74 + 0.61
2200 1 . 97 3.35 2 . 74 + 0.61
2300 2.00 3.40 2 . 74 + 0.66
2400 2 .18 3.71 2.74 + 0.97
0100 2.03 3.45 2.74 + 0.71
0200 2.00 3.40 2 . 74 + 0 . 66
0300 2.00 3.40 2 . 74 + 0.66
0400 1.85 3.15 2.74 + 0.41
0500 1.85 3.15 2.74 + 0.41
0600 1.85 3 . 15 2.74 + 0.41

TABLE 5.8 thermal simulation for Ca d b u r y 's HWS (base load;
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The thermal balance is very close to zero, when the 
20% increase in hot water service demand load is 
applied. An additional heat source may be required 
at 0900, 1800, 0400, 0500 and 0600 hours, because
the recovered heat does not meet the demand as the 
thermal balance is negative during these hours.

TIME TOTAL TOTAL TOTAL THERMAL
(HR) ELECTR HEAT HEAT BALANCE

REQUIRED RECOVERED REQUIRED +=EXCESS
(MW) (MW) (MW) -=DEFICIT

0700 1. 99 3.38 3.29 + 0.09
0800 2 . 09 3.55 3.55 0 . 00
0900 2.07 3.52 3.55 . - 0.03
1000 2 .18 3.71 3.55 + 0.16
1100 2 . 18 3.71 3.55 + 0.16
1200 2 . 14 3.64 3.55 + 0.09
1300 2.12 3.60 3.55 + 0.05
1400 2.22 3.77 3.55 + 0.22
1500 2 .19 3.72 3.55 + 0.17
1600 2 .18 3.71 3.55 + 0.16
1700 2 .10 3.57 3.55 + 0.02
1800 1 . 98 3.37 3.55 - 0.18
1900 2.03 3.45 3.29 + 0.16
2000 1 . 97 3.35 3.29 + 0.06
2100 1 . 97 3.35 3.29 + 0.06
2200 1 . 97 3.35 3.29 + 0.06
2300 2 . 00 3.40 3.29 + 0.11
2400 2 . 18 3.71 3.29 + 0.42
0100 2.03 3.45 3.29 + 0.16
0200 2.00 3.40 3.29 + 0.11
0300 2.00 3.40 3.29 + 0.11
0400 1.85 3.15 3.29 - 0.14
0500 1.85 3.15 3.29 - 0.14
0600 1 . 85 3 . 15 3.29 - 0.14
TABLE 5.9 THERMAL SIMULATION FOR CADBURY'S HWS (PEAK LOADj
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The above evaluation indicates that the recovered
heat from the converted small scale Combined Heat
and Power system can substitute for the heat from
electric boilers for the production of hot water
service used for the manufacturing processes in the 
industry. However, some storage capacity will be 
required to meet peak loads.

An alternative thermal load which could utilise the 
excess heat of the base load indicated in table 5.8 
is the use of absorption chiller for space cooling 
for the Dry-mix factory and the Finished goods 
store. The thermal balance vary between 410 and 970 
kW. The excess thermal energy is more than enough 
to operate the two absorption chillers of 270 kW 
total capacity required for the factory and goods 
store buildings indicated above. This alternative 
is applicable except during peak load condition 
when the heat requirements can be up to 20% above 
the base load.

Both the electricity and heat demand will vary as 
can be seen from tables 5.8 & 5.9. The demand will 
sometimes deviate from the profile shown in the 
simulation. Whenever the thermal balance indicated 
in the 5th column of the tables is between zero and 
a positive value, it means the CHP system can meet 
the thermal demand. However, When the thermal 
balance is at negative value, an alternative heat 
source will be required. This could be generated 
from the existing source of heat (boilers) units, 
until the thermal balance value return to a
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positive value. It would make sense to retain the 
existing boilers as the standby heat generator.

According to the figures in tables 5.5 and 5.8, the 
hourly average electricity generated before and 
after the conversion to a CHP system is 2.705 and 
2.048 MW respectively. Similarly, the daily 
electricity generated is reduced from 64.73 MWh to 
49.14 MWh, with a fuel saving of 52.88 MWh.

Although, there is a reduction in the electrical 
energy required at the premises, the hourly demand 
most of the time is above 2.0 MW. Therefore, at 
least 3 engines will still be required to run at 
all times based on the existing configuration. 
While one of the remaining two engines can be on 
standby, and the other undergoing planned 
maintenance.

However, if the decision is to renew rather than to 
convert to CHP units, the configuration can be 
either; (a) 3 of 3MW, or (b) 4 of 1.5 MW units as
against existing five (5) units at Cadbury. 
Although (b) 4 of 1.5 MW units will be recommended, 
because it is the most cost effective in terms of 
purchase and running costs. It is also more 
flexible with regards to number of units that will 
be on standby.

The next chapter examines another form of owner 
operated CHP scheme, which is the application to 
residential buildings.
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CHAPTER 6 RESIDENTIAL APPLICATION OF SMALL SCALE 
CHP SYSTEM IN NIGERIA: A CASE STUDY 
(Owner Operated Systems Option)

Similar to the last chapter, this chapter discuses 
the application of CHP system in an owner operated 
arrangement for residential buildings rather than
for industry. In chapter 3 of this report, the
investigation of types of residential buildings in 
Nigeria revealed three distinct forms of
architectural design. These forms were noted to 
have evolved over time. Vernacular Architecture, 
Colonial Tropical Architecture and Modern Tropical 
Architecture are the main styles found in Nigeria.

As noted in the investigation, vernacular buildings 
are usually built with little or no modern building 
services. The majority of these types are not
connected to the public electricity mains, because 
these buildings are not built to meet the minimum 
safety level required by NE PA for the installation
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of electrical wiring. Another factor is the 
incapability of the occupants or owners to afford 
the cost of running such modern services like 
electricity in the home.

It was observed during the investigation that only 
buildings of the modern tropical type are designed 
and installed with building services equal to the 
standard in developed countries. These include all 
necessary sanitary and drainage systems, as well as 
air conditioning for comfort cooling and the 
installation of electricity generator sets to 
provide electricity when there is a power failure.

It was also observed that most buildings of the 
colonial tropical style still in use today, have 
been modified and refurbished to make possible the 
installation of current modern building services 
similar to those of modern tropical architecture. 
The building selected for this case study is of the 
modern tropical type. At present this style seems 
to be the one most often adopted by those 
developers and architects consulted during the 
field work of this study. The building is 
incorporated with standard drainage and sanitary 
ware systems, hot and cold water services, air 
conditioning, modern lighting facilities, a well- 
structured landscape and the installation of a 
standby electrical generator coupled with automatic 
change-over facilities. The automatic switch will 
put the generator into operation and switch over 
the building power supply within fifteen (15) 
seconds of power failure.
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The application of small scale combined heat and 
power systems to this type of building will be 
justifiable if the system can save energy over the 
usual existing provision. The building services 
that could be provided by small scale combined heat 
and power in this residential building are the hot 
water service, active cooling by air conditioning
(through an absorption chiller) and the generation 
of electricity.

Compared to independent residential buildings, 
small scale Combined Heat and Power systems have
more potential in industrial and commercial 
applications, because energy (both thermal and
electrical) consumption in industry and commerce is 
more predictable and stable. Nevertheless, it is 
essential to consider this option in the 
investigation of this study, as is shown in table
3.5 on page 84 a large proportion of national 
energy in Nigeria is used in the residential sector 
(49% - 4204 GWh/year) . It is discovered in this
study that individual residential energy use varies 
with respect to time, day and season. These factors 
make the sizing of small scale combined heat and 
power systems difficult in this application.

However, the unstable public electricity power 
supply has made the installation of standby 
electricity generation common in residential
buildings.

The application of small scale CHP systems to 
residential buildings is examined by analysing the
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heat and electrical energy required in a typical 
residential building. This energy demand is 
compared to the generated electricity and 
recoverable thermal energy of a CHP unit over 24 
hours to determine its potential for residential 
use.

The first section consists of the general 
description of the residential building selected 
for the case study. This includes the building 
fabric, cooling load, hot water services load, 
electricity load and the provision of standby 
electricity generator unit.

Section 2 illustrates the electrical and thermal 
survey carried out on the case study residential 
building in Nigeria. The analysis of the measured 
electrical and thermal energy demand against that 
generated by a CHP system is presented. The result 
is used to determine CHP engine operation status 
for the building.

In section 3, the use of small scale combined heat 
and power units for domestic application in Nigeria 
is considered in relation to four different 
options. These options are; (i) for standby 
operation when the public mains fail, to provide 
electricity and domestic hot water, (ii) as in case 
(i) but including cooling, (iii ) for use to 
supplement the mains and reduce the quantity bought 
from NE PA, and (iv) for use as a stand alone unit 
with the house disconnected from the mains.
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6.1 THE SELECTED RESIDENTIAL BUILDING

The selected case study building, figures 6.1, 6.2, 
6.3 and 6.4 is located at 19 Oguntuga Street, 
Abule-Ijesha, Lagos State of Nigeria. The house is 
a detached 3-storey building occupied by a six 
member family. The house is a typical residential 
home for a middle/upper-middle class family.

M 1

Ü
Z l

Scale 1:200

Fig. 6.1 West Elevation of Selected Domestic Building
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Scole 1:200

Fig. 6.4 Second 
Floor Layout
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The characteristics of the house are as follows:

1. The dwelling is on three (3) floors . The ground 
floor is usually assigned as Guest and Reception 
area. The garage takes up part of the floor space, 
designed to accommodate two cars. The members of 
the family occupy both the first and second floors 
of the building.

2. The approximate building dimensions are;

Area of site =
Area of building =
Site Coverage =
Volume of building =
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325 m^ 
149 m" 
40% 

1300 m^



Floor Area - Ground= 14 9.4
- First = 164.3
- Second= 184.3

3. The spatial layout is fairly typical of detached
middle/upper middle class family residential houses 
in Nigeria (Marafatto, M., 1983)

4. The dwelling is detached and unobstructed by any 
other buildings or plants.

5. There are no thermal insulation regulations in 
Nigeria. The building, like most in Nigeria, does 
not have thermal insulation material installed with 
the building. It has reinforced concrete columns 
used as the structural part of the wall. Hollow 
cement blocks are used for the non-structural part 
of the walls. The walls are plastered inside and 
outside.

1. P loster 0 .02m

2. Block 0 .20m

3. Plaster 0 .02m

UNINSULATED BLOCK WALL

Fig. 6.5
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1. P laster 0 .02m

2. Concrete 0 .20m

3. P laster 0 .0 2m

UNINSULATED CONCRETE COLUMNS

Fig. 6.6

6. The building is currently installed with the 
following building services facilities;

a) Hot water services
b) Cold water services
c) "Split" unit type air conditioners in all 

living rooms and some of the bedrooms.
d) Cooking is by two electric cookers, one in 

each kitchen.
e) 32 kWe standby electricity generator.

Energy Analysis of the Building
Heating of the building envelope is generally not 
required in Nigeria. The average yearly minimum 
temperature in Lagos where the case study building 
is situated is 23®C, similar to the national 
average of 22°C (see table 3.2 on page 66) .
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Cooling Load; The cooling load of the building is 
calculated using the following environmental 
parameters from the ASHRAE Heat Gain Computation 
software.

Design Month = July (7)
Dry Bulb Max Temperature 34®C
Dry Bulb Min Temperature 28°C
Wet Bulb Max Temperature 26°C
Wet Bulb Min Temperature 19°C
Supply Air Temperature = 12°C
Fresh Air Load 1 ACH
Indoor temperature 23°C
Indoor Relative Humidity = 50% RH
Windows Have single pane of Glass.
Light Classification - Fluorescent 
Luminaries.
Floor Covering is Carpet.

FLOOR ROOM SENSIBLE LATENT TOTAL TIME OF
NAME watt watt watt PEAK

Ground Living 1969 566 2535 1000
t / Bed 1 993 374 1367 1700
t t Bed 2 1611 281 1892 1800
f t M/Bed 1364 348 1712 1300

First Living 2640 1193 3833 1500
/ / Dining 2526 1057 3583 1700
f / Bed 1 2098 668 2766 1700
t ! Bed 2 2139 846 2985 1800

Second Living 2096 567 2663 1700
! ! M/Bed 2675 534 3209 1700
! r Bed 1 2362 425 2787 1800
r / Bed 2 2037 427 2464 1800
/ / Bed 3 2064 448 2512 1800
/ / Bed 4 1493 327 1820 1100
/ 1 Study 1138 178 1316 1400
/ / Pl/Rm 1528 208 1736 1000

Table 6.1 Peak Room Loads
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TIME
HRS

OUTSIDE 
TEMP. ®C

SENSIBLE
kW

LATENT
kW

PLANT 
TOTAL kW

0100 21 . 7 7 . 6 13 . 6 21 . 2
0200 21.2 6 . 1 12 . 3 18 . 3
0300 21 . 0 5.2 11.8 17 . 0
0400 21. 2 5.0 12 . 3 17 . 3
0500 21 . 7 5 . 2 13 . 6 18 . 8
0600 22 . 6 6 . 9 15.8 22 . 7
0700 23 . 7 9 . 3 18 . 8 28 . 1
0800 25.1 13. 1 22 . 5 35 . 6
0900 26 . 5 17 . 3 26 . 8 44 .2
1000 27.9 20 . 7 31. 5 52 .2
1100 29 . 2 23.7 36 .2 59 . 9
1200 30 . 4 26 . 0 40 . 5 66 . 5
1300 31 . 3 28 . 2 43 . 9 72 . 2
1400 31 . 8 30 . 0 46 . 2 76 . 2
1500 32 . 0 31. 0 47 . 0 78 . 0
1600 31. 8 31 . 4 46 . 2 77 . 6
1700 31 . 3 30 . 8 43 . 9 74 . 7
1800 30 . 4 29 . 4 40 . 5 69 . 8
1900 29 . 3 25 . 4 36 .2 61 . 6
2000 27 . 9 23. 1 31 . 5 54. 6
2100 26 . 5 19.7 26.8 46 . 5
2200 25 . 1 16 . 5 22 . 5 39 . 0
2300 23 . 8 12 . 9 18 . 8 31 . 7
2400 22 . 6 9  . 9 15 . 8 25 . 6

Table 6.2
kW OCCJJBRED

Plant Load p e a k  c o o l i n g  l o a d  e s t i m a t e d  a s  78

AT 1500 Era OF THE MONTH OF JULY.

The calculation methods used for the above figures 
are based on the total Cooling load Q(t) as the
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simultaneous cooling load expressed in watts or 
Btu/hour.

w h e r e ;  Q ( t )  = Q(ext)  + Q ( in t )  + Q(out)

The external heat gain Q (ext) is the heat absorbed 
through the walls and roofs. Internal heat gain Q(int) 
is that through lights, people, equipment and 
transmission (partitions and floors). The heat gain 
from outside air Q(out) is contained in the difference 
in the outside and inside air moisture contents, 
which is the sensible and latent heat.

Hot Water Service Load; The hot water storage 
requirements for dwellings will vary according to 
the customs of the occupants, although the minimum 
storage capacity should be taken as 136 litre or
45.5 litre per person as recommended by The 
Chartered Institution of Building Services 
Engineers (CIBSE).

In most buildings, the demand peak is at least 
twice a day and ample storage must be provided to 
meet these demands. Hot water storage capacity for 
each building can be estimated either from the 
number of occupants in the dwelling or the number 
of sanitary appliances in the building (F. Hall, 
1989). Since this case study is a residential 
building, the hot water storage is determined by 
the number of occupants.
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Permanent family members = 6
Domestic Staff = 2
Average Guest = 2

Total 10

Storage required is 10*45.5 = 455 litres

The heating power required to raise the temperature 
of hot water supply from 24 °C (average cold water 
temperature in storage in Nigeria) to 60®C is
calculated using the formula:

Q = Cp*m*AT (F. Hall, 1989)
t

where; Q = Heating Power
Cp = Specific Heat Capacity (4.2kJ/kg ®C) 
m = mass of water
AT = Temperature Rise (36 kelvin) 
t = Heating up or recovery time (1 hour) 

i.e. 3600 seconds.
From the above formula -

Q = 4.2*455*36 
3600

= 19.11 kW maximum

The total heat capacity required for the domestic 
hot water service in the selected building will be 
approximately 20 kW. It must be noted that this 
load will vary during the day.
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Electricity Load; The following electricity load is 
based on the installed equipment load already 
existing in the building.

a) Second Floor - Power = 8 kW
Lighting = 2 kW
Air conditioning = 21 kW

b) First Floor - Power = 5 kW
Lighting = 2 kW
Air conditioning = 12 kW

c) Ground Floor - Power = 7 kW
Lighting = 2 kW
Air conditioning = 12 kW

d) Landscape Lighting = 3 kW

The total existing installed electricity power 
capacity for the dwelling including Air 
conditioning = 74 kWe
Total without Air conditioning = 29 kWe.

Using the Institute of Electrical Engineers
(I.E.E.) regulation (15th edition Table 4B) 
diversity factor for the electrical power 
requirement for the building, it is estimated that 
the following power will be required:

Diversity Factor for Lighting 
Diversity Factor for Power 
(total demand up to 10 amp)
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The approximate electrical power requirement is:
= (66% of Lighting + 100% Power)
= (66% of 9kW + 100% of 20kW)
= 2 6 kWe

From the above estimate the approximate electrical 
power requirement for the dwelling without air 
conditioning is 26 kWe. This estimate is based on 
the designers value, the actual measured load is 
lower as indicated in Table 6.4 on page 178, but 
this value will be used in this chapter in order to 
comply with the electrical building regulation. 
Therefore a 26 kWe standby electricity generator or 
small scale combined heat and power unit would be 
able to provide adequate electrical power for the 
building. While such a small standby generator
would not be able to take the added air
conditioning and domestic hot water load.

The same size CHP unit could meet the air
conditioning and domestic hot water load. This is 
because a 26 kWe CHP unit will provide 50 kW 
thermal energy approximately (see appendix 2b), 
that is more than enough for the estimated 20 kW 
heat capacity required for the building hot water 
service. The energy required for the domestic hot 
water will only take a share in the amount of heat 
available until the hot water tank temperature
reaches the set level of about 60^C. Thereafter the 
50 kW heat will be made available for the operation 
of the absorption chiller for space cooling.
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The equivalent cooling power expected from a 50 kW 
heat energy is about 40 kW using the 80% of cooling 
factor stated by York Limited (York absorption 
chiller is one of the leading brand).
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6.2 RESIDENTIAL CASE STUDY MEASURED ENERGY DEMAND 
AND CHP SYSTEM SIMULATION

The electricity demand profile data for the case
study residential building in Nigeria was carried 
out by installing a Demand Profile Recorder (DPR) 
shown below in the case study building. The
obtained energy data was matched against the
generated electricity and recoverable heat of a CHP 
system to determine the pattern of operation of the 
system in a residential application. The demand 
pattern is one of the crucial factors in the
determination of the practicality of installing a 
small scale Combined Heat and Power unit in a 
building.

FIG 6.7 DEMAND PROFILE RECORDER
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During the field work, it was observed that most 
residential building services appliances in Nigeria 
operate on electricity (including Air Conditioning 
and Hot Water Services) . Some buildings were 
equipped with dual fuel cooking appliances that 
operate on both Natural gas and electricity, 
however bottled gas is only used as an alternative 
fuel source when there is a power failure.

All appliances in the case study building operate 
on electricity. This is made possible because the 
building is installed with a standby electricity 
generator for use when mains fail.

Table 6.3 shows the measured electricity demand 
profile for the building. The weekday and weekend 
profile indicated in the table was the average 
demand for each hour over a two week period.

From the evaluation in section 6.1, the installed 
electricity capacity for the building, including 
air conditioning and Hot Water Services is 
approximately 74kWe. The actual demand varies 
according to equipment load over the twenty-four 
hour period, as shown in the graph of figure 6.8.

During a weekday, the actual load between 0700 
hours and 1000 hours is a combination load of air 
conditioning, hot water and cooking loads.

There was a continuous shedding of loads by the 
switching off of air conditioners and lights in
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each room after a peak period at 0700 hours, 
although other loads such as for cooking breakfast 
and hot water heater take up part of the reduced 
load for the time.

TIME WEEKDAY WEEKEND TIME WEEKDAY WEEKEND
(HRS) (kWe) (kWe) (HRS) (kWe) (kWe)
0700 31 33 1900 20 21
0800 24 28 2000 28 28
0900 15 26 2100 33 31
1000 12 19 2200 42 40
1100 6 15 2300 40 39
1200 5 15 2400 3 9 37
1300 4 12 0100 38 40
1400 4 13 0200 35 32
1500 6 10 0300 30 28
1600 19 12 0400 27 29
1700 24 14 0500 28 28
1800 21 17 0600 30 32
TABLE 6.3 m e a s u r e d  e l e c t r i c i t y  d e m a n d  

(f o r  c a s e  s t u d y  b u i l d i n g )
PROFILE

The demand level is at minimum between 1000 and 
1500 hours of the day, because the building is 
lightly occupied. The only power consumption was 
noted to be by the refrigerators and deep freezers 
in the building.

At 1600 hours, the demand level gradually starts to 
increase, because the children start to return from 
school. Also the domestic staff begin preparation 
of the evening meals for the family. At this time,
the air conditioning units are switched on in
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certain parts of the building, especially the play 
area and common room such as the sitting room. The 
demand continues to increase until 2000 hours at 
night.

o
o

a

TIME (HRS)

I WEEKDAY WEEKEND

FIG 6.8 BUILDING ELECTRICITY DEMAND PROFILE GRAPH

The unexpected increase in demand from 2100 hours 
has been identified to the increase in the number 
of air conditioners switched on in individual rooms 
as members of the household retire for the night.

This load fluctuates and decreases towards 0600 
hours the next morning as the outside air 
temperature decreases. Since the air conditioners 
are controlled by room sensor thermostats, the fans 
re-circulates the room air while cooling is halted, 
until such time as the room air temperature is 
sensed again to be above the set point.
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The electricity demand for running the air 
conditioners decreases in accordance with the 
length of time this idling takes place. This method 
of operation continues until 0700 hours, when the 
occupants of the building start leaving their rooms 
and switch off the air conditioners in preparation 
for the new day’s activities.

At the weekend, the demand profile is similar to 
that of weekdays except the demand load does not 
start to decrease until about 1000 hours, because 
the occupants stay late in their bedrooms. As a 
result of this, most air conditioners in the 
building will remain in operation until after 1000 
hours.

Also during the low activity period of 1100 to 1400 
hours, the demand profile of the weekends was 
slightly higher than the weekdays because more 
people were in the building. This will result in 
the operation of some of the air conditioners, and 
home entertainment accessories powered by 
electricity, adding to the building electricity 
demand.

To determine the load demand of the building in 
relation to the application of a small scale CHP 
unit, the air conditioning and hot water services 
load
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WEEKDAY WEEKEND
TIME
(HRS)

A/C+HWS
(kWe)

OTHERS
(kWe)

A/C+HWS
(kWe)

OTHERS
(kWe)

0700 23 8 25 8
0800 18 6 21 7
0900 10 5 21 5
1000 8 4 9 10
1100 0 6 7 8
1200 0 5 6 9
1300 0 4 3 9
1400 0 4 4 9
1500 0 6 1 9
1600 14 5 3 9
1700 17 7 4 10
1800 14 7 5 12
1900 14 6 9 12
2000 21 7 20 8
2100 25 8 24 7
2200 34 8 32 8
2300 37 7 31 8
2400 31 8 29 8
0100 30 8 32 8
0200 27 8 24 8
0300 22 8 20 8
0400 19 8 22 7
0500 21 7 20 8
0600 22 8 25 7

TABLE 6.4 a n a l y s e d  d e m a n d  p r o f i l e

O t h e r s : D e m a n d  l o a d  f o r  l i g h t i n g , c o o k i n g , r e f r i g e r a t o r s  &
FREEZERS, WASHING MACHINE AND ACCESSORIES.
A/C+HWS: D e m a n d  l o a d  f o r  a i r  c o n d i t i o n i n g  p l u s  H o t W a t e r

S e r v i c e s .
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TIME (HRS)

@ H  A/C + HWS

FIG. 6. 9 ANALYSED WEEKDAY DEMAND PROFILE GRAPH

should be separated from the electricity load 
required for other equipment such as lighting, 
cooking, refrigerators and freezers, washing 
machine and other electrical appliances and toys. 
This is necessary because the air conditioning and 
the hot water services can be generated from the 
heat produced as a by-product from the engine. 
While the high grade electricity would be used to 
operate other appliances.

The total load of the building electrical 
appliances excluding that of the air conditioners 
and hot water tank (indicated as "Others") was 
obtained by measuring the demand profile of the 
building when all appliances were switched "ON" 
except the air conditioners and the hot water tank. 
The total load of the building air conditioning and 
hot water tank was evaluated by subtracting the 
above value from the measured demand profile, when
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every appliances in the building including the air 
conditioners and domestic hot water tank were 
switched "ON". This information is useful as a 
guide in the selection of the small scale CHP size 
applicable to the building. However, a diversity 
factor of 66% of lighting and 100% of power should 
be applied as discussed on page 171. The final 
adjustment would be made after installation by fine 
tuning the control mechanism on the CHP unit.

CHP Selection
The type of small scale Combined Heat and Power 
systems required for most applications in Nigeria, 
is a self excited (Synchronous) CHP unit, because 
it is necessary for the unit to serve as a standby 
generator during the frequent power failures 
experienced in the country.

The basic maximum electrical demand load of the 
building (indicated as "Others”) is 12 kWe 
according to table 6.4 and figure 6.9. Therefore 
the appropriate size of system for the building is 
15 kWe. The capacity is increased by approximately 
twenty percent (20%) as a factor of safety to 
protect the engine of the CHP from unforeseen 
demand load.

The air conditioning and Hot Water Service load 
will be met by the thermal energy recovered from 
the CHP unit. Since the unit will be a synchronous 
type, the load will vary automatically in 
accordance with the demand without the need to dump 
the excess electricity generated to the grid as
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required in an asynchronous unit. Moreover, the 
operation of an asynchronous unit in a tropical 
country such as Nigeria is not practicable because, 
(a) there is no provision by the public electricity 
company to buy electricity from independent 
generators, and (b) asynchronous units are only 
beneficial in places served with reliable public 
mains, since the asynchronous CHP unit speed is 
governed by the excitation from the mains. Once the 
public mains fail, an asynchronous generator will 
immediately shut down.

Operation Status
The thermal load of the air conditioning and hot 
water service load for the building is analysed and 
shown in table 6.5 on pages 182 & 183.

The thermal energy available is calculated using 
the various hourly electrical loads and the small 
scale CHP engine efficiency. It must be noted that 
the efficiency of small scale CHP units vary when 
part loaded. The electrical and heat ratio 
decreases as the CHP load decreases when modulated 
(see part load performance in appendix 2a).

The case study building is currently installed with 
a 32 kWe generator unit, the occupant of the 
building desists from operating non essential 
electrical equipment when operating the generator 
because it is undersized to operate all equipment 
in the building concurrently (including air 
conditioners and electric hot water boilers).
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For consistency, the same size 48 kWe standby 
generator unit used for the economic evaluation in 
section 7.2 is used for this section, because it is 
the size capable of meeting the current total 
electrical load of the building (see Table 6.3). 
If this unit is converted to a CHP system as 
against renewal to the required size of 15 kWe CHP 
unit, the electrical/heat ratio will as follows 
(see appendix 2a for various size unit modulation 
data) ; when operating at 100% its output has an 
electrical/heat ratio of 1:2. The same engine, 
however at 75% output has a ratio of 1:2.5, at 50% 
the ratio is 1:3 and at 25% is 1:4. The amount of 
heat generated over a period (for example over 1 
hour) is dependent on the electrical load over that 
period, while the conversion ratio is dependent on 
the size of the CHP unit.

KEY TO TABLE 6.5:
B.E.L = Basic maximum electrical load.
A.H.L = Air conditioner plus hot water electrical 
(ELECT) load.
A.H.L = Air conditioner plus hot water thermal 
(THERM) load.
R.C.E = Recoverable CHP thermal energy.
C.T.B = CHP thermal energy balance.
C.E.O = CHP Engine operation status.
ON = Engine will remain operational/dumping of 

heat not required.
OFF = Engine will shut down unless some of the 

heat is dumped.
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TIME
(HRS)

B.E.L
LOAD
(kWe)

A.H.L
ELECT
(kWe)

A.H.L
THERM
(kWth)

R.C.E
THERM
(kWth)

C.T.B
THERM
(kWth)

C.E.O
STATUS

0700 8 23 29 24 -5 ON
0800 6 18 23 18 -5 ON
0900 5 10 13 17 + 4 OFF
1000 4 8 10 14 + 4 OFF
1100 6 0 0 18 + 18 OFF
1200 5 0 0 17 + 17 OFF
1300 4 0 0 14 + 14 OFF
1400 4 0 0 14 + 14 OFF
1500 6 0 0 18 + 18 OFF
1600 5 14 18 17 -1 ON
1700 7 17 21 20 -1 ON
1800 7 14 18 20 + 2 OFF
1900 6 14 18 18 0 ON
2000 7 21 26 20 — 6 ON
2100 8 25 31 24 -7 ON
2200 8 34 43 24 -19 ON
2300 7 37 46 20 -26 ON
2400 8 31 39 24 -15 ON
0100 8 30 38 24 -14 ON
0200 8 27 34 24 -10 ON
0300 8 22 28 24 -4 ON
0400 8 19 24 24 0 ON
0500 7 21 26 20 — 6 ON
0600 8 22 28 24 -4 ON
TABLE 6 . 5 b u i l d i n g  w e e k -d a t  c h f 

(Note legend to abbreviation
THERMAL SIMULATION
is shown below)

STATUS
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In the analysis, the thermal energy available from 
each engine is compared to the thermal energy 
required to provide the air conditioning by an 
absorption chiller machine and hot water service. 
This is indicated in the column "C.T.B" CHP thermal 
energy balance. This balance determines the engine 
status, whether the CHP engine will continue to run 
or will shut down due to excessive heat production. 
The changing elect : heat ratio was taken into 
account in this evaluation. Whenever the value of 
C.T.B is equal or less than zero (C.T.B ^ 0), the
engine will remain in operation. The CHP engine 
will be shut down, when the value is equal to or 
greater than one (C.T.B ^ 1.0).

It can be observed from table 6.5 that the engine 
will be shut down between the hours of 0900 to 
1500 if the excess heat generated is not dumped, 
because of low demand for heat during the period. 
This is because the case study building is lightly 
occupied at this time of the day. In order to keep 
the engine running a method of dumping excessive 
heat is required. Such method as discussed next, 
will be called "CHP Fail safe Mechanism".

It must be noted that, when the negative value of
C.T.B is too high (i.e. at 2200 to 0200 hours), the 
air conditioner may not provide adequate cooling 
for a short period during the hour. This is because 
the thermal power available from the CHP is not 
enough at this stage to meet the cooling demand 
load from the air conditioners and the hot water 
service. The unsteady hourly demand load negates
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the potential of CHP system application to 
residential buildings in Nigeria.

CHP Fail Safe Mechanism
A common problem with small scale Combined Heat and 
Power systems is engine shut down, usually caused 
by the engine over heating, whenever the thermal 
load is too low to draw off the heat from the unit. 
According to the simulation evaluation tables 
above, the small scale CHP unit when sized 
correctly for the premises, will operate most of 
the time of the day or night if required. Although 
various factors can deviate the parameters, such as 
a change in weather conditions, drastic electrical 
load increases when the thermal requirement 
(cooling or heating load) is at minimum. The effect 
could lead to excessive heat build up in the 
engine, that could cause temporary engine failure 
of the system.

In such cases, it is essential to devise a control 
mechanism, that will keep the engine running to 
provide electricity when it is in demand, and dump 
the excessive heat temporarily until there is a 
demand for the heat. The amount of heat dumped will 
be just enough to keep the engine cool and running, 
while the thermal load available uses the maximum 
amount required. The principle of such a device as 
determined by the author, is indicated in figure 
6.10.

186



\/

C HP A N II O VER -H EAT MECHANISM

FIG 6.10 CHP FAIL SAFE MECHANISM

The devised control mechanism will operate a 
motorised valve by diverting the flow of hot water 
through a cooling radiator, whenever the absorption 
chiller and Hot water services thermal load is 
satisfied. The diversion could be partially 
implemented, just enough to satisfy the thermal 
load and excess can be dumped through the radiator. 
This will remove just enough heat from the circuit, 
that could damage the system.

Although the mechanism will result in loss of heat 
resulting in reduction of the CHP over-all 
efficiency, it will ensure that the unit remains in 
operation to provide the required electrical 
demand, despite the excessive heat build up.
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6.3 OPERATIONAL OPTIONS OF CHP SYSTEM IN
RESIDENTIAL BUILDINGS

When considering the use of a CHP unit for an 
individual domestic application in Nigeria, the 
following list of options needs to be examined for 
their advantages and disadvantages:

i) The CHP unit is only used for standby to
provide only domestic hot water and 
electricity, when the public mains fail.

ii) The CHP unit is only used for standby to
provide domestic hot water, electricity, and 
cooling, when the public mains fail.

iii) The CHP unit is used to supplement the mains 
to reduce the quantity bought from NE PA and 
to supply domestic hot water.

iv) The house is disconnected from the mains, and
the CHP unit stands alone to supply
electricity, domestic hot water and cooling.

These options will be evaluated on the measured 
data of the case study building. In this
evaluation, it will be assumed that the existing 32 
kW electric generator unit is converted to a CHP 
unit to meet the 15 kW electrical load estimate 
discussed on page 181 (it excludes the domestic hot
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water and cooling loads, which is expected to be 
operated with the recovered thermal energy of the 
CHP unit) . The 32 kWe plant will meet the current 
load and allow for future increment.

lo  fan  CoS UnSo

deq C

CHP

SIMPLIFIED PLANT LAYOUT

Fig. 6.11

Option (i)
In this option, the unit will be made to perform 
the same duty provided by the existing standby 
generator unit. The advantages expected from the 
CHP unit for this application is that, it will 
provide electricity whenever there is failure of 
the public grid just like a generator unit. In 
addition, the unit will also provide domestic hot 
water with the recovered heat that would have been 
otherwise dumped in the case of ordinary generators 
unit. However, the cost of operation is likely to 
be less than that of the generator unit in its 
current operation mode. This will be evaluated in 
the economic analysis of chapter 7 in part III.
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The disadvantage is that provision should be made 
to dump the heat like that of the generator unit 
when the domestic hot water load is satisfied. This 
will occur when the heated water temperature in the 
tank reaches the required set limit (usually 60°C).

At this stage, the system must dump the heat and 
operate like an ordinary generator unit, else the 
engine will be overheated. The main disadvantage 
will be the extra cost required to provide a 
cooling mechanism for the engine and the wasted 
heat just like a generator unit, when the hot water 
condition in the tank is satisfied.

From CHP 

(Prim ory) 

To CHP

3 - Port
60  deg C

Valve
[

>  h
^ Flow 
<]

(S

85 deg C 

Return

NWS TANK 

24j|egC
Cold Feed

CHP FEED HOT WATER SERVICE

Fig. 6.12

Option (ii)
The advantage of option (ii) will be 
that of option (i) except in this case, 
be the additional benefit of using the 
heat to provide cooling as well.

similar to 
there will 
recovered

190



l o  A b s o tp lio n  
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ALL WATER FAN COIL UNIT AIR CO NDITIO NER  
C O U PLED  WITH AB SO R PTIO N  C H IL L E R /C H P  UNIT

Fig. 6.13

In the case study building, it is estimated that 
the thermal energy that would be available when a 
load of 26 kWe is met will be about 52 kW. When the 
domestic hot water load is satisfied, the whole 52 
kW thermal energy could be made available for 
cooling by absorption chiller mechanism. The 
advantage of this option is the added opportunity 
to put to use more of the heat that would have been 
wasted when the domestic hot water condition is 
satisfied as in option (i) .

The disadvantage of this option is similar to 
option (i) because, although option (ii) will be 
capable of utilising more heat, the same cooling 
mechanism should be provided for the engine. This 
is to dump the heat whenever both the domestic hot 
water and cooling conditions are satisfied at the 
same time and there is the need to provide
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electricity supply for other electrical appliances 
in the house.

Option (iii)
Option (iii) , is a situation whereby the CHP unit 
is used to supplement the mains to reduce the
quantity bought from NEPA, and to supply domestic 
hot water and cooling. This could be applied during 
the period of high electricity demand between 2000 
to 0300 hours (see table 6.4) . It will help to 
reduce the cost to provide services to the
residential building. This option will also reduce 
the demand from the grid, thereby minimising the 
possibility of power failure to areas that would 
otherwise been affected with electricity power 
shedding.

The disadvantage of this option is that, the CHP 
system will not only be used for option (iii) but
option (ii) as well. This is because, whenever
there is power failure during the period of low 
electricity demand (0800 to 1900 hours), the CHP 
unit must be put to operation as in option (ii) . 
The extended wear and tear brought about by the 
longer running period will reduce the life span of 
the unit. The owner would have to replace the unit 
every 3 to 4 years, as against 6 years or more.

The use of small scale combined heat and power 
system to supplement the grid, is more beneficial 
in countries with a more stable grid than Nigeria, 
such as the UK.

192



Option (iv)
This option considers when the house is totally 
disconnected from the mains and operates the CHP 
unit as stand alone. It was observed during the
field work that this option may not be realistic in 
Nigeria. This is because the option should provide 
electricity for 24 hours continuously like the case 
of the public grid, in order to compare the three 
systems. According to table 6.5, the status of the 
CHP unit simulation for the residential building
shows that the unit will not be operational between 
the hours of 0900 and 1500 unless the heat is
dumped. This is because the building occupancy 
level will be light during these hours on weekdays 
except on weekend. Which means there will be little 
or no domestic hot water and cooling demand in the 
building because everyone except the house staff 
will be in the building.

In such cases the CHP unit will have to be operated 
like an ordinary generator unit, and such operation 
will not be cost effective. During the field work, 
it was observed that none of the residential 
building with generator unit visited operate the
system during this period. According to each user, 
the building will rather be left with no 
electricity if there is power failure from the grid 
during these hours, because a limited number of 
occupant will benefit from such operation of the 
plant. Although it was pointed that appliances such 
as the refrigerators will also be affected. In 
addition to the above, the disadvantage of the cost 
of renewal every 3 to 4 years as in option (iii)
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will also apply to option (iv) . Therefore, Option 
(iv) may not be cost effective in the residential 
case. This option is beneficial to industries, as 
observed in the Cadbury's case.

Considering the current condition of the grid in 
Nigeria, the ideal and most cost effective option 
from the above discussion is that of option (ii) . 
This is because it has the advantage of providing 
electricity power and provision of domestic hot
water similar to option (i) , with the added 
advantage of cooling the building as well. It must 
be noted that even this best option has a limited 
benefit in the residential situation. This was 
observed in the operational practices by the 
current users of generator units in Nigeria, and
the simulated test which confirmed excess heat 
between the hours of 0900 and 1500 due to light
occupancy of the building during that time of the 
day.

Although, it is cheaper to operate the CHP unit 
than to supply the building with electricity from 
the grid, because of the NEPA tariff. The initial 
investment on the CHP system will offset the 
advantage. Especially, since the unit will need to 
be renewed every four to six years (the approximate 
life of a small scale CHP unit as discussed in
chapter 2).

Finally, it can be concluded that application of 
small scale CHP system is not cost effective in the 
residential case. However, since an alternative
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electricity source is required in Nigeria, the
limited benefit of a CHP system over a generator 
unit may improve its potential.

The potential of CHP systems in residential
application will also improve, if NEPA allows the 
exportation to the grid, the excess electricity
generated by owner operated CHP systems in Nigeria.

The previous chapters in Part II considered the 
application of CHP systems in Nigeria on energy
terms. The other critical factor in the decision to 
apply CHP system is the financial reward. In the 
next chapter, the economic evaluations of all the 
three cases considered in chapters 4, 5 and 6 are
examined.
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PART III - ASSESSMENTS
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CHAPTER 7 - ECONOMIC EVALUATION

If the technical evaluation and theoretical 
advantages of the application of small scale 
Combined Heat and Power systems (CHP) are as clear 
as indicated in previous chapters of this report, 
why is CHP not universally adopted? The answer lies 
in the study of the economics of heat and power, 
and particularly whether the capital expenditure 
required to install a new plant is justified.

Such capital expenditure will involve not only a 
new and different type of plant or at least a 
conversion and the addition of control systems, but 
also the costs of major and minor pipe networks to 
deliver the recovered heat to the point of use in 
the form of hot water. In the industrial 
application, the installation of large pipes 
similar to that of district heating is required 
from the plant house to various factory locations 
and buildings on the premises, while in the
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residential and commercial building application, 
the installation of indirect hot water service 
tanks, absorption chiller system and pipework is 
required for the supply of chilled water to fan 
convectors in the rooms of the building.

In section 1 of this chapter, the tariffs of fuels 
such as diesel, petrol, gas and electricity in 
Nigeria are discussed. The section also highlights 
the availability of the fuels and forms of storage 
and supply methods in the country.

Section 2 assesses the economic potential of small 
scale CHP systems in the residential application, 
and compares it against that of the grid, and 
electricity generator unit. The methods used are 
(a) the two "traditional" criteria of profitability 
often used for quick assessment of schemes (Simple 
rate of return and payback period) and (b) the 
Discounted Cash Flow of the Net Present Value 
technique.

In Section 3, its potential in the industrial 
sector is assessed using the same methods as in the 
residential case. The chapter concludes with a 
general summary and discussion.
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7.1 FUEL TARIFFS IN NIGERIA

In Nigeria most fuel tariffs are regulated by 
government or government agencies in charge of the 
service or product. Petroleum products such as 
petrol, diesel and gas fuels are regulated by the 
Nigeria National Petroleum Corporation (NNPC), 
while the electricity tariff is regulated by the 
National Electricity Power Authority (NEPA).

For consistency throughout this report, the 
economic evaluation will be based on the currency 
exchange rate 4:1 of Naira to Pounds sterling and 
the fuel tariff published in 1989 and still in 
effect during the field work (summer 1993) of this 
study. The Nigeria currency denominations are 
called Naira (N) and Kobo (K) (100 kobo is equal to
1 Naira).

There had been an increase in Nigeria of about 300% 
in the cost of petroleum products in the year 
preceding this work. Bottled gas is very scarce and 
the price is unstable. During the field work, it 
was observed that most of the households that had a 
gas cooker or wood stove, used them only as 
standby. The main form of cooking was the electric 
stove or cooker. None of the electricity generators 
observed during the field work operated on gas. 
They were either fuelled with diesel or in a very 
few cases by petrol (in residential application).
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All the industrial and commercial generators were 
observed during the survey to be of the diesel 
type.

The fuel tariffs published in 1989 and still 
current in 1993 are as follows. All following 
calculations are based on the 1993 prices.

Diesel Fuel (retail) = 80 Kobo per litre
(20 pence/litre)

Diesel Fuel (bulk) = 50 Kobo per litre
(12.5 pence/litre)

Petrol (retail) = 110 Kobo per litre
(27.5 pence/litre) 

(Source NNPC Price Book 1989)

Electricity - The tariffs applicable to the case 
studies/ i.e. residential and industrial, are as 
follows. The complete national tariffs are given in 
appendix 7a of this report.

A) Residential (applies to case study building)

Supply: Three phase supply with 3-phase meter (L3) 
Alternating current @ 50 hertz 400 volts.
Tariff per month.
i) Power demand; Minimum N30 (£7.5) plus N30 per 
kVA over 25 kVA (standing charge).
ii) Energy Charge - 14 Kobo per kWh (average)
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B) Industrial (applies to case study industry)

Supply: Three phase supply @ 33kV or 66kV with load
above 2MVA and below 2 0MVA.
Alternating current 0 50 hertz 33,000 volts or
66,000 volts.

Tariff per month
i)Power demand; Minimum N20,000 (£5,000) plus N40
(£10) per kVA over 500 kVA (standing charge).
ii) Energy charge - 44 Kobo per kWh.
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7.2 ECONOMIC EVALUATION OF CHP APPLICATION TO 
RESIDENTIAL CASE STUDY.

There are various methods of assessing the 
economics of CHP schemes, such as the two 
"traditional" criteria of profitability often used 
for quick assessment of schemes. These are (a) 
simple rate of return and (b) simple pay-back 
period, based on initial capital cost. Lilley 
suggests that in considering short pay-back 
periods, which industry usually requires. these 
concepts are often sufficient (Lilley R. , 1980) .
However, other more complex methods that make 
allowance for the time value of money like the 
Discounted Cash Flow (DCF) method are also 
considered in this report. Each method of analysis 
involves the comparison of a new or converted 
scheme with another (usually existing) scheme.

The assessment is generally put into effect by two 
methods of pricing the output from a CHP plant: (a)
by pricing the electricity produced, taking 
financial credit for the elimination of the 
auxiliary supply of heat or (b) by pricing the 
useful heat produced, assuming values for 
electricity bought or sold. For this study, method 
(a) will be adopted because the prime energy 
required is electricity. It is also the unstable 
nature of the electricity supply in Nigeria that
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compelled the installation of standby (usually used 
as the main source) electricity generators.

The residential case study economic evaluation in 
Nigeria is examined by calculating the cost of 
providing heat and electricity from the three main 
methods considered for this study. These are (i)the 
Public grid, (ii)existing standby electricity 
generating plant and (iii)a converted small scale 
CHP system. Other sources of energy such as solar 
could be considered important, however these are 
outside the scope of this thesis.

(i)The cost of electricity supplied by the public 
grid:
From table 6.3, the total average electricity 
demand over a 24 hour period was 5 61 kWh. The power 
demand was noted to be 4 5 kVA approximately. 
Assuming the demand occurs every day for 30 days 
per month, the cost of electricity for the month 
will be:

Power demand (minimum charge) = N30

Excess charge 0N3O per kVA over = N600 
25 kVA (for 4 5 kVA)

Energy charge at 14 Kobo per kWh = N2,356.20 
(for 5 61 kWh by 30 days)

Total = N2,986.20
(£746.55)
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Approximate equipment maintenance = NlOO 
cost to customer (monthly)
(for upkeep of transformer)

(ii)The cost of electricity supplied by generating 
plant :
The cost of meeting the building electricity demand 
over the same period using an ordinary generator is 
evaluated by calculating the amount of fuel 
required to keep the plant in operation over the 
period. The evaluation must also include the cost 
of maintenance and initial capital for the 
installation spread over its lifetime.

It was observed that the existing 32 kWe generator 
installed in the building is not capable of meeting 
the demand if all equipment is used at the same 
time. For example, the measured electricity demand 
profile in table 6.3 indicates the demand between 
2100 and 0200 hours is between 33 kWe and the 42 
kWe. The occupants avoid damage to the generator by 
shedding load when there is a power failure. This 
is achieved by switching off heavy duty equipment 
such as the air conditioners in some of the rooms, 
so as to reduce the load to below 32 kWe, the 
generator plant capacity.

The duty of a generator capable of meeting the 
demand is 4 8 kWe. This value is determined by 
taking into consideration the demand load plus a 
factor of safety of about 18% to cater for future 
load increments, which brings the unit up to the 
next available size. A 48 kWe plant duty will be
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used for the evaluation, because it must be able to 
meet the building demand when the public grid is 
not in operation.

The cost of operating a 48 kWe generator for the 
case study building is calculated by evaluating the 
fuel (diesel) utilised every hour to meet the 
demand. Since the measured demands vary during the 
day, the generator will automatically modulate 
because it is self excited (Synchronous). The 
actual fuel used is calculated using the modulated 
data indicated in table 7.1 below. The information 
was obtained from a typical generator manufacturer. 
Cogen Limited in the appendix 2a & 2b. However,
there may be a slight difference in fuel 
consumption between engines of the same capacity, 
because performance and efficiency depend on the 
quality of plant design by the manufacturers.

percentage
(%)

Electricity
(kWe)

Diesel Fuel 
(litre/hr)

100 48 7.04
75 36 6. 12
50 24 4 . 85
25 12 3.56

Table 7.1 Generator Unit Modulation Fuel Consumption

Since the modulation range is in stages of 25%, 
50%, 75% and 100%, the fuel demand between the
figure is calculated by interpolating between the 
given figures. For example, to obtain the average 
fuel consumed between 0700 and 0800 hours, the 
measured demand of 31 kWe is interpolated to give
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5.59 It/hr of fuel using the Gregory-Newton 
interpolation formula (Hornbeck R.W., 1975).

If applied to the electricity demand for the 
measured load over a 24 hour period, the tabulated 
result is indicated in table 7.2 below.

Time Electricity 
Demand (kWe)

Fuel Input 
Diesel (It/hr)

Cost 
Naira (N)

0700 31 5.59 4.47
0800 24 4 .85 3.88
0900 15 3.88 3.10
1000 12 3.56 2 . 85
1100 6 2 . 92 2.34
1200 5 2 .81 2 .25
1300 4 2 .70 2 .16
1400 4 2 . 70 2 . 16
1500 6 2 . 92 2.34
1600 19 4 .31 3.45
1700 24 4 .85 3.88
1800 21 4.53 3.62
1900 20 4 .42 3.54
2000 28 5.27 4 .22
2100 33 5.80 4 . 64
2200 42 6.58 5.26
2300 40 6.43 5.14
2400 39 6.35 5.08
0100 38 6.27 5.02
0200 35 6.01 4 .81
0300 30 5.49 4 .39
0400 27 5.17 4 . 14
0500 28 5.27 4 .22
0600 30 5.49 4.39
Total 561 114 .17 91.35

Table 7.2 Generator Demand Fuel and Cost over 2 4 hour
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The operational costs of meeting the electricity 
demand of the building by an ordinary generator 
over a month can be seen to be N2,740.50 (£685.13).
The average monthly maintenance (inclusive of 
routine, conditional and breakdown maintenance) 
costs is N110.67 (£27.67) and installation
(including the supply of engine and accessories) 
cost is NB4,000 (£21,000), (Cogen Limited).

(iii)Cost of electricity supply by a small scale 
CHP system;
For this evaluation, it is assumed that the
existing 32 kWe standby generator plant is 
converted to a small scale CHP system. It is 
possible to use a lower capacity small scale CHP 
system compared to an ordinary generator for the 
same building, because as established in chapter 6, 
the heat energy that would otherwise be wasted in 
the generator plant, can substitute for heat
produced electrically. As shown in table 6.4, the 
load required is for combined air conditioning and 
hot water service and "Others". "Others" represents 
the electrical load for other services in the
building that require electrical power.

The modulated value of electrical demand is
calculated by interpolating as in the case of the 
standby ordinary electrical generator. The derived 
values for a 32 kWe converted diesel small scale 
CHP plant is indicated below in table 7.3.
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percentage
(%)

Electricity
(kWe)

Diesel Fuel 
(litre)

100 32 5.78
75 24 5.02
50 16 3.98
25 8 2 . 92

Table 7.3 CHP Plant Modulation Fuel Consumption

If the measured electrical demand over the 24 hour 
period discussed in chapter 6, is supplied by the 
converted small scale CHP plant, the over-all costs 
of operation for each hour, will be as shown in 
table 7.4.

The operational cost of generated electricity over 
a month is N 1 ,713.90 (£428.48). The average
maintenance cost is similar to that of an ordinary 
generator of N110.67, while the installation cost 
is approximately N150,200 (£37,550), (Cogen
Limited).

The installation cost indicated above excludes the 
cost of adapting the air conditioner and the hot 
water cylinder to utilise the recovered heat from 
the converted small scale CHP plant. The estimated 
cost for the adaptation is about N218,000 
(£54,500). (See appendix 6d for details of the cost 
evaluation and price breakdown).
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Time Electricity 
Demand (kWe)

Fuel Input 
Diesel (It/hr)

Cost 
Naira (N)

0700 8 2 . 92 2.34
0800 7 2.79 2.23
0900 5 2 .52 2 . 02
1000 10 3 . 19 2.55
1100 8 2 . 92 2.34
1200 9 3.05 2.44
1300 9 3 . 05 2.44
1400 9 3.05 2.44
1500 9 3 . 05 2.44
1600 9 3.05 2.44
1700 10 3.19 2 .55
1800 12 3.45 2.76
1900 12 3.45 2 .76
2000 8 2.92 2 .34
2100 7 2.79 2 .23
2200 8 2 . 92 2.34
2300 8 2 . 92 2.34
2400 8 2.92 2.34
0100 8 2 . 92 2.34
0200 8 2 . 92 2.34
0300 8 2 . 92 2.34
0400 7 2 . 79 2 .23
0500 8 2.92 2 .34
0600 7 2 . 79 2 .23
Total 202 71.41 57 .13

Table 7.4 CHP Plant Fuel and Cost over 24 hours
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The summary of the operational, maintenance and 
installation costs for options a, b, and c are 
shown below in table 7.5.

O p t i o n  a : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  p u b l i c  g r i d .
O p t i o n  b : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  g e n e r a t o r .
O p t i o n  c : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  c o n v e r t e d

CHP SYSTEM.

Option a 
(N)

Option b 
(N)

Option c 
(N)

A) Operational cost 2,986.20 2,740.50 1,713.90
B) Maintenance Cost 100.00 110.67 110.67
C) Installation Cost 0 84,000 150,200
D) Adaptation cost 0 0 218,000
E) Addition of C 6 D 0 84,000 368,200
Note: Operation and maintenance costs are monthly 
Table 7.5 Economic Comparison of Options a, b, & c

EVALUATION:

Simple Economic Assessment Method;
The two simple economic assessment methods 
considered are Simple Rate of Return and Simple Pay 
Back period. These are expressed as follows:

Simple Rate of Return = (Annual Return) * 100
(Invested Capital)

(1)

Simple Pay Back Period = (Invested Capital)
(Annual Return)

. . (2)

(Horlock, J.H., 1987)
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The annual energy cost Me of a site with "demand" 
heat load Ql met conventionally by a boiler of 
efficiency tib using fuel price Pf can be given by 
equation (3), if the electrical demand Ed / is met by 
power bought from the grid at price Tg and the 
maintenance cost is Çm.

Mo = [(SdTe)+ Qi,Pf + Ç„,]H  (3)
na

where H=12 for no of months 
(if each month's load is the same)

If the conventional scheme is replaced with a CHP 
system of efficiency y\cg, producing electrical power 
Scg and heat Qcg and if the fuel price is Peg and 
maintenance cost ĉg r the energy cost Meg is given 
by;

Meg ~ [ (GogPeg) QcgPcg ĉg] H........ ...... (4)
^cg

Assuming Qcg < Ql

where H=12 for no of months

The money saved as a result of replacing the 
existing scheme with a small scale CHP system is 
Am.

AM = Me - Meg  (5)

If Ac is the additional invested capital for the 
generator or new CHP scheme, depending on which
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plant is the new scheme. The Percentage Rate of 
Return (PRR) and the Pay Back Period (PBP) are :

PRR = Am  * 100  (6)
AC

PBP = Ac  (7)
Am

In the case study building and indeed for most 
residential buildings in Nigeria, the heating is 
provided by electrical power. The fuel for 
electrical power and hot water service heating is 
the same (electricity).

From table 7.5, Me is the monthly operating cost for 
option a, (N3,086) . The value is multiplied by 12 
to obtain the cost of meeting the annual site 
demand through the public grid. The operating cost 
is the production fuel cost plus the maintenance 
cost.

Meg is the annual operational cost for the 
alternative scheme for the source of electrical 
power. Take the ordinary generator case as an 
example :

Meg for existing generator is N 2 ,851.17 * 12
= N34,214.04

from equation (5) AM = Me - Meg
AM = (N3,086.20*12) - (N2,851.17*12)

= N2,820.36
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Ac is N84,000, i.e. the invested capital for the 
alternative source, which in this case is the 
generator.

From equation (6) , the simple percentage rate of 
return for the generator is;

PRR = Am  * 100 
Ac

= N 2 ,820.36 * 100 
N84 ,000 

= 3.36%

From equation (7), the simple pay back period for 
the generator is;

PBP = Ac
Am

= N84,000.00 
N2,820.36 

= 29.78 yrs.

If the above examples of simple rate of return is 
applied to the case of the converted CHP plant, 
the percentage return will be 10.08%, and the pay 
back period 9.92 years.

When the costs for the adaptation equipment 
required to make use of the recovered heat is 
added, the simple rate of return is 4.11% with a 
pay-back of 24.32 years for CHP plant.
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System Rate of Return 
(%)

Pay Back Period 
(Years)

Generator 3.36 29.78
CHP 10 . 08 9.92
CHP + Adaptation 4 .11 24 .32
Table 7.6 Returns of various applicable schemes

From the above evaluation, the CHP system option is 
the most attractive with a pay-back period of 9.92 
years. Although, it is not a real option, because 
without the adaptation kit facility to dump excess 
heat whenever the thermal load is reduced, the unit 
stands the risk of being overheated. In addition 10 
years is not attractive to investors in small scale 
schemes like the residential situation, because the 
life of the most small plant are usually less than 
that pay-back period. However, in the Nigerian 
case, the necessity of providing an alternative 
source of electricity will make it attractive, 
especially when the alternative scheme (generator) 
is almost three times worse than the CHP case. The 
options available for the provision of stable 
electricity is b or c, i.e. the use of an ordinary 
standby generator or a small scale CHP system 
respectively.

The above evaluation indicates that the small scale 
CHP option is more economically attractive than the 
generator scheme. It will be more beneficial in a 
new building where the decision on type of air 
conditioners will be for absorption chiller units 
compatible with CHP systems. This will prevent the
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extra expenses required to convert or renew the 
vapour compression air conditioning units already 
present in most Nigerian homes.

However, the CHP option may not be attractive 
because the initial capital investment required is 
about twice that of the generator scheme. Another 
disadvantage is the need to convert existing 
building services equipment such as the vapour 
compression air conditioners and electric hot water 
cylinder to absorption chiller air conditioner and 
indirect hot water cylinder respectively. If the 
additional costs of the adaptation equipment is 
included in the converted CHP scheme, the initial 
capital invested will increase the pay back from 
9.92 to 24.32 years. This makes the CHP option less 
attractive, although it is still better than the 
generator option at 29.78 years.

Discounted Cash Flow (DCF);
Discounted cash flow called the Net Present Value 
method is another technique for evaluating the 
economic benefit of various options. The Net 
Present Value, like the simple economic assessment 
methods is used for these assessments because, it 
takes into account the extra capital, AC, invested 
at time zero, that leads to immediate annual money 
savings AM in the first year mainly from the 
reduced use of fuel. In addition, the Net Present 
Value assumes that the money saved each year is 
invested at the end of that year.
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These savings may be discounted back to time zero 
to give the net present value as;

NPV = Am  - Ac  <8)
fAP

where; AM = money saved
Ac = invested capital 
fAP = Annuity present 

worth factor

= i (1 + i)"  (9)
[(l+i)"-l]

where i = interest rate over 
period N (years)

N = Life of project
(Horlock J.H., 1987)

For example, using the NPV analysis on the existing 
standby generator gives the following result, 
taking an interest rate of 5% for illustrative 
purposes.

Am = N2,820.36 
Ac = N84,000 

assuming i = 5%
N = 10 years

from eq. (9) fAP = (0.05)(1+0.05) 10

[(1+0.05)^°-!]
= 0.13

Therefore from equation (8)

NPV = N2,820.36 - N84,000
0. 13 

= -N62,305
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This makes the Net Present Value of the ordinary 
electrical generator to be -N62,305, which 
indicates that the actual cost to the investor at 
time zero is N62,305 as against N84,000, if 
electricity from the public grid is used.

The Net Present value of the converted small scale 
CHP system, when applied to the same building, 
using the above procedure is given by;

NPV = 15,139.56 - 15,200 
0.13 

= -N33,741.85

The actual installation cost of the small scale CHP 
system to the investor is N33,741.85, after taking 
into consideration all the benefits over the 
period, N, of 10 years.
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7.3 ECONOMIC EVALUATION OF CHP APPLICATION TO 
INDUSTRIAL CASE STUDY.

The economic evaluation of the industrial 
application of the small scale CHP system is 
calculated by considering the cost of providing 
heat and electricity to the case study site 
(Cadbury Limited). The considered energy source 
options are (i)Public grid, (ii)Existing standby 
generator and (ii)Converted small scale CHP system.

At the moment, the company's electricity is 
supplied by the installed diesel generators, 
because the grid power supply is unstable and has 
been severed from the company. The cost of 
providing the supply by public grid is evaluated 
for this study by applying the appropriate tariff 
obtained from the National Electricity Power 
Authority in charge of the public grid to the 
demand required by the company.

(i)The cost of electricity supplied by the public 
grid:

From table 5.1 on page 129, the total electrical 
demand of the company on a typical day over a 24 
hour period is 64.91 MWh. The cost of supplying 
this electricity from the grid over a month will 
be :
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a) Power demand (minimum charge) N20,000
plus N40/kVA over 500 kVA (02.98MVA) N99,200

b) Energy charge @ 44 Kobo per kWh N856,812
(for 64.91 Mwh * 30 days)

Total = N976.012
or £244,003

(ii)The cost of electricity supplied by the 
generator plant:

Since 1981 Cadbury's electrical power has been 
supplied continuously by the existing diesel
generators. This decision was made because of the 
frequent damage to Cadbury's equipment by the 
unstable public grid supply, also leading to 
interruptions and delay in the production
processes. According to the plant records obtained 
during the field work, the average daily diesel 
fuel consumption is 16,350 litres. The daily 
consumption is measured by a fuel meter installed 
to the 600,000 litre diesel reservoir tank that 
feeds the generators. The reading is transmitted to 
the control room, and logged by the duty technician 
at the beginning of each of the 3 work shifts.

The company buys diesel fuel at the bulk rate 
tariff of 50 Kobo pèr litre. The capital cost of a
IMW diesel generator at the time of the field work
in 1993 was as follows:
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MATERIALS COSTS
Naira (N)

Diesel Engine and Dynamo 1,240,000
Hydraulics and Pumps 120,000
Installation and Commissioning 170,000

Total = Nl,530,000 
or £382,500

The maximum power demand at the company is 
approximately 3MVA. This can be provided by 3 of 
the 5 generators in the plant house. Although 
Cadbury's plant house contains 5 generators, 4 are 
capable of meeting the load, including the 
provision of standby facility and a factor of 
safety of 20%. The standby facility and factor of 
safety are necessary in the case of a faulty engine 
or when any one of them is undergoing maintenance. 
In order to make the availability of equipment 100% 
certain, the installed capacity is assumed to be 
4MVA for this evaluation. This can be met by 4 out 
of the 5 generators at the company. The Cadbury's 
plant is oversized for the existing load.

The total capital cost for the 4 generators was 
N6,120,000 (£1,530,000).

It is normal practice to evaluate the maintenance 
cost as 7% of fuel cost (Horlock J.H. Pp 177) . In 
the case of Cadbury's, in-house technical staff 
carry out all maintenance works to the plant, 
however, since they also carry out other duties in 
the premises, their salary cannot be totally
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allocated to the maintenance cost. It is therefore 
considered accurate enough to use the above 
approximate proportion of the fuel value, as the 
maintenance cost.

From the above assessment the costs are as follows;

Operational cost over a month = N245,250
Average Maintenance cost/month = N17,167.50
(0 7% of fuel cost)
Installation and commissioning costs = N6,120,000

(iii)Cost of electricity supplied by the small 
scale CHP system;

The production cost of electricity supplied by a 
converted small scale CHP system can be evaluated 
by calculating the operational cost of the total 
power generated over a 24 hour period by a CHP 
system. The total power that would be generated by 
a CHP system can be obtained by summing up the 
demand values indicated in table 5.8 on page 153. 
The table indicates the amount of electricity that 
would be required, if the heat recovered from the 
existing generator is used to supplement the heat 
required in the factories as against dumping it 
into the atmosphere. The supplementary heat is 
currently provided by electric boilers situated at 
various factory locations on the premises. Some of 
the recovered heat could be used to operate 
absorption chillers proposed for the "Dry-mix" 
factory and the "Finished Goods" store.
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The total electricity that would be generated over 
the 24 hour period (similar to the generator 
method) is 49.14 MWh. The diesel fuel that would be 
required is evaluated to be 12,377.74 litres. Using 
the same diesel bulk rate tariff as for an ordinary 
generator, the electricity production cost is 
estimated as follows;

Operational cost over a month =
Average Maintenance cost/month =
(@ 7% of fuel cost)
Engine and dynamo Installation and = 
commissioning costs

N185,666 
N12,996.6

N6,120,000

Additional cost for conversion as a CHP system;

MATERIALS

a) Heat Exchangers
b) Tanks and Heater Batteries
c) Booster Pumps
d) Valve & Pits construction
e) Pipeworks (MTHW)
f) Additional Controls

Total =
(PSA, SPONS, 1984)

COSTS
(N)

N9,600 
N60,000 
N16,000 
N18,000 
N l ,440,000 
N180,000 
Nl,723,600

The summary of operational, 
installation costs of options 
indicated in table 7.7.

maintenance and 
a , b and c are
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Option a 
(N)

Option b 
(N)

Option c 
(N)

A) Operational cost 976,012 245,250 185,666
B) Maintenance Cost 0 17,167 12,996
C) Installation Cost 0 6,120,000 6,120,000
D) Adaptation cost 0 0 1,723,600
E) Addition of C & D 0 6,120,000 7,843,600
Note: Operation and Maintenance costs are monthly 
Table 7.7 Economic Comparison of Options a, b, & c

O p t i o n  a : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  p u b l i c  g r i d . 
O p t i o n  b : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  g e n e r a t o r . 
O p t i o n  c : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  c o n v e r t e d

CHP SYSTEM.

EVALUATION:

Simple Economic Assessment Method;
Using the simple economic assessment methods as in 
equations (1) and (2) on page 210.

For the existing generator (Option B)- 
Me = N976,012 * 12 months 

= Nil,712,144 
M e g  = (N245,250 + N17,167.5) * 12

= N3,149,010

A m  = Me - M eg
= Nil,712,144 - N3,149,010 
= N8,563,134
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While Ac is the additional invested capital for the 
battery of generators = N 6 ,120,OOP.

Rate of Return (PRR) = Annual Return(AM) * 100
Invested Capital(AC)

= N8,563,134 * 100
N6,120,000

« 140%

The Pay-back Period (PBP) = Invested Capital(AC)
Annual Return(AM)

= N6,120,000 
N8,563,134

(Option B) = 0.7 years (8^ months)

For the small scale CHP system (Option C)-
Me = Nil,712,144
Meg = (N185,666.08 + N12,996.6) * 12

= N2,383,952.16

A m  =  M e  -  M e g

= Nil,712,144 - N2,383,952.16 
= N9,328,191.84

The additional invested capital AC = N 7 ,843,600

The Rate of Return (PRR) = AM * 100
Ac

= N9,328,191.84 * 100 
N7,843,600

» 118%
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The Pay Back Period (PBP) = AC
Am

= N7,843,600
N9,328,191.84

(Option C) = 0.84 yrs (10 months)

The above evaluation indicates that the existing 
generator plant has a more attractive economic 
return than a small scale CHP system, because their 
pay-back periods are 0.71 years and 0.84 years 
respectively. This is made possible by the 
excessive cost of electricity if supplied by the 
public grid, because of the expensive tariff for 
industries. The immense savings made when consumers 
generate their own electricity, make the CHP and 
Generator schemes very attractive. The high initial 
cost of the CHP scheme gives the generator option 
a slight advantage over the CHP scheme.

In reality the electricity tariff through out each 
year, is discriminatory against large consumers as 
can be observed in the NE PA published tariff (see 
appendix 7a) . Since the authority is having
difficulty in generating enough power supply to 
meet the country's demand, the tariff is
deliberately set-up to discourage industries with 
heavy duty machinery from using the grid.

The conventional scheme at Cadbury is the existing 
generator plant not the public grid as in
residential case. The proposed alternative is the 
CHP option. Instead of three options, the options 
will be reduced to two, i.e. options B and C. If
the same evaluation is carried out on options B and

225



c, while making the generator the conventional 
scheme, the result is as indicated in table 7.8 
below.

OPTION B 
(N)

OPTION C 
(N)

a) Operating cost (monthly) 245,250 185,666
b) Maintenance Cost (monthly) 17,167 12,996
c) Addition of a & b 262,417 198,662
d) Additional Installation Cost 0 1,723,600
Table 7.8 Costs summary of Options b & c

O p t i o n  b : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  g e n e r a t o r . 
O p t i o n  c : B u i l d i n g  e l e c t r i c a l  d e m a n d  s u p p l i e d  b y  a  c o n v e r t e d

CHP SYSTEM.

Applying the Simple Economic Assessment methods 
gives the following result:

Me = N262,417 * 12 
= N 3 , 149,010 

M e g  = N2, 3 8 3 ,  952 
Am  = M e -  M e g

= N765,057.84

Ac = Nl,723,600
Therefore, PRR = AM * 100

Ac
= 44.3%

also PBP = Ac 
Am

= 2.25 years
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From the evaluation, it can be seen that Cadbury 
will recover the invested sum within 2^ years, if 
the existing generators are converted to small 
scale CHP.

Discounted Cash Flow Method (DCF);
The Net Present Value (NPV) technique is used to 
determine the economic benefit of alternative 
options at the company, taking the public grid and 
the generator as the conventional scheme 
independently as the existing electrical power 
source. The NPV for the ordinary generator plant 
and small scale CHP systems are determined as 
follows :

Generator Plant Option -

NPV = Am - Ac from equation (8>
f  AP

Assuming an interest rate of 5% and the life of the 
plant as 10 years.

Am = N8,563,134 
Ac = N6,1 2 0 , 0 0 0
f AP — 0.13 

when applied to equation (8) ,

NPV = N59,750,261

CHP System Option -

For CHP system, AM = N 9 ,328,191.94
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Ac = N7,843,600 
f AP ~ 0.13

when applied to equation (8)

NPV = N63,911,721

It can be seen from the above examples that when 
the public grid is taken as the base for 
comparison, the Net Present Value (NPV) of 
alternative schemes such as the generator plant or 
CHP system is almost ten times the invested sum 
over ten years at time zero. The high economic 
advantage is made possible by the excessively 
expensive tariff imposed on big consumers NEPA.

A more realistic evaluation is to compare the 
generator plant option with the small scale CHP 
system.

Am  = N765,057.84 
Ac = Nl,723,600 
f̂ AP — 0.13

When applied to equation (8)

NPV = N4,161,460.31

Table 7.9 below shows the various net present 
values (NPV) expected with various interest rates 
and plant lives of the small scale CHP scheme, when 
existing generator plant is taken for comparison.
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I.R.
(%)

Life N 
(years)

T ap NPV
(Naira)

5 10 0 . 13 4 ,161,460
10 10 0 . 16 3,058,012
15 10 0.20 2,101,689
5 15 0.10 5,926,978
10 15 0.13 4,161,460
15 15 0 . 17 2,776,740
5 20 0.08 7 ,839,623
10 20 0 . 12 4,651,882
15 20 0.16 3,058,012

Table 7.9 NPV at various Interest Rates and Life

For a plant life of 10 years, the interest rate 
would have to be as much as 43%, in order to have a 
zero net present value for the application of a 
small scale CHP scheme at Cadbury Limited.

The above economic evaluation indicates that the 
application of a small scale CHP system at 
Cadbury's would be very attractive economically, 
because the net present value is positive. This 
means the value of the scheme at zero time, when 
the installation is completed, is worth more than 
the initial invested capital at that time zero.

In addition, the simple economic assessment methods 
reveal a pay back period (PBP) of 2H years, and 
44.4% rate of return for the CHP scheme.

It is recommended that the generator units of 
similar industries be converted to CHP system. In
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addition, new industries should consider investing 
in the installation of the system.

The application of CHP system in residential 
building is not recommended due to the long term
return of the investment and the high initial
investment required compared to that of generator 
unit, currently used as the alternative source of 
electricity in existing buildings. However, the
installation of CHP system in new building would be 
more cost effective because the initial cost of 
adaptation (N218,000) could be assimilated to the 
building services cost, since space cooling 
equipment will be required with or without the CHP. 
Therefore, instead of the installation of 
conventional vapour compression air conditioner to 
the new building, a compatible absorption chiller 
type can be installed instead. This will eliminate 
the extra cost needed to adapt CHP system to a new 
building as it will be required in existing one.
Although absorption chiller form of air 
conditioning are usually about 10% more expensive 
than equivalent conventional vapour compression 
type / the extra cost is often quickly recovered in 
lower operational cost of absorption chiller unit 
(York Ltd 1990).

230



CHAPTER 8 - CONCLUSIONS

This chapter outlines the results of the various 
analyses and observations that evolved from the 
research work.

In Section 1, a summary of the thesis is given, 
including the decision making of each option on the 
application of CHP systems in Nigeria. Suggestions 
for further work are made in this section.

Section 2 discusses the inferences and comments on 
the results. This section also makes
recommendations on how to improve the existing 
Nigerian electricity power stations based on the 
result of the investigations of this study.
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8.1 THESIS SYNOPSIS

In this thesis, part I described a typical small 
scale CHP system and gives details on the
characteristics of Nigeria, relating to the
application of the system. Part II investigated the 
various CHP system options which could be applied 
in Nigeria. Part III investigated the economic 
viability of the various options.

PART I
The capacity range of small scale CHP systems
considered in this work was between 15 to 800 kWe
with sometimes a 1 MWe unit considered for communal 
applications. The mode of operation is the burning 
of fuel to produce electricity (about 23-28% of the 
fuel's calorific value) and various grades of heat 
(about 55-62% of fuel calorific values). The 
electricity to heat ratio was noted to vary with 
respect to engine size. This could be from 1:4 for 
small engines (25 kWe) to 1:1 in larger engines (1 
MWe) at optimum operation. As noted at the 
beginning of this thesis, the primary role of a CHP 
system is the production of electricity, while the 
recoverable heat, usually in the form of hot water, 
can be used for other purposes such as space 
heating, domestic hot water and industrial 
processes. The recovered energy makes it possible 
to obtain a higher efficiency from the system than
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is possible from conventional fossil fuel 
electricity power stations.

In Nigeria, the existing electricity power stations 
feeding the national grid comprise of the following 
percentage of total national capacity: Hydro (33%) ,
Gas turbine (40%), Steam turbine (25%) and Diesel 
generator systems (2%). The average reliability of 
the hydro, gas & steam turbine and diesel were
noted to be 82, 4 9 and 96% respectively (NE PA
review 1992).

The characteristics of Nigeria as a typical 
developing tropical country were investigated in 
respect to her climate and its effect on the
operation of a CHP plant. It was noted that, 
although the use of small scale CHP systems would 
be new to the country, similar systems such as
standby electricity generator units have been in
operation in the country for many years. It was 
observed during the field work that the use of 
generator units as an alternative to the grid is a
common practice, because of the unstable and
erratic supply from the grid.

Nevertheless, it is possible that the lack of CHP 
systems in the country could be due to climatic
factors. This is because in most developed
countries where small scale CHP systems are used, 
most of the recovered heat is utilised for space 
heating. Nigeria however is based in the tropics, 
and does not require space heating but cooling. 
However, Nigeria could make use of CHP for its
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industry and for absorption chilling in cooling of 
buildings, but to the author's knowledge no 
industry with such installation was found during 
the field study.

The styles of residential buildings in Nigeria can 
be classified as (a) Vernacular Architecture, (b) 
Colonial Tropical Architecture and, (c) Modern 
Tropical Architecture. It was observed that the use 
of small scale CHP systems could only apply to the 
Colonial and Modern Tropical style buildings. This 
is because vernacular styled buildings in Nigeria 
are usually not installed with all relevant 
building services facilities to make it compatible 
with a CHP system. It was also observed that most 
of such buildings were not connected to the public 
grid, because the occupants could not afford the 
cost of modern amenities.

In Nigeria most office buildings were noted to be 
of either a low rise type, or a high rise form of 
construction that reflects a prestige identity of 
modern tropical architecture. These commercial 
buildings are adaptable, because they have already 
been installed with modern building services 
including boilers for domestic hot water and 
standby generator units.

The other relevant factor investigated in Nigeria 
is the electricity supply and its tariffs. These 
were examined in order to determine if CHP systems 
have potential in Nigeria. It was discovered that 
the need for an alternative source of electricity
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to individual premises is an economic necessity 
because the grid is extremely unreliable. For 
example, in 1993 the "installed" capacity of the 
national grid was 5,876 MW, while the "available" 
capacity was 2,704 MW. According to NEPA, the 
required capacity for the country in the same year 
to provide a more stable supply was 14,000 MW. In 
order to make up for the shortfall, the use of 
individual standby generator units has become 
common practice. It was observed during the survey 
that a large number of industries have completely 
severed their electricity supply from the national 
grid and rely solely on generators.

PART II
Three options were considered in this study. The 
first considered the application of CHP systems in 
a communal arrangement to complement the existing 
grid, while the remaining two considered the 
application on an owner operated basis to 
industrial and residential premises. The second and 
third options may be similar to the current use of 
standby generator units in Nigeria, except that CHP 
systems could operate at higher overall efficiency 
with the possible reduction in the use of fuel.

Communal CHP system
The electricity generated by the existing power 
stations is transmitted through high tension cables 
across the country to individual premises. About 
40% of the power generated is lost during the 
distribution processes (see appendix 4b) . As of 
1990, the total NE PA network power lines (33kV,
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llkV and 415 Volts) were 14,367 km, 17,504 km and 
49,653 km respectively (NEPA review 1990). With the 
proposed communal CHP stations the loss is reduced, 
because the communal stations would be located at 
the existing sub-station within the community 
closer to the point of use. Most communal stations 
would be within five miles of the premises to be 
supplied as against as much as 400 miles between 
some current power stations and the point of use. 
The savings of up to 40% due to losses in 
distribution and transmission of electricity by the 
grid plus the advantage in basic efficiency of CHP 
systems over existing power stations, gives CHP a 
clear advantage over the current method.

The use of CHP Communal substations in the district 
stations was analysed. The number and capacities of 
existing district stations were noted to be 15 
district stations of various capacities. Since the 
existing national capacity needs to be increased 
from 5,800 to 14,000 MW to meet the demand on the 
grid, as suggested by NEPA, this study took as its 
basic concept that the increment should be in the 
form of CHP Communal stations. These stations could 
be used to complement existing electricity power 
stations feeding the grid and provide some thermal 
energy.

This idea could be implemented by decentralising 
the existing district stations, and increasing thetn 
in number from 15 to 40 as indicated in figure 4.2. 
Each station could be further broken down into the 
equivalent sizes of existing sub-stations. Any of
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the sub-stations with enough thermal and electrical 
demand could be converted to a CHP communal sub
station. The result of the comparative analysis 
(see table 4.7) indicated that 27 district stations 
out of the 40 could have the potential of being 
installed with at least one CHP communal sub
station. Some of these district stations with the 
potential for a CHP system may have the capacity of 
being installed with several CHP Communal sub
stations .

A detailed analysis (measured electrical and 
thermal site capacity) of a typical industrial 
communal sub-station called Moore Plantation was 
carried out at the Ibadan district station. This 
analysis conducted at the estate concluded that the 
recoverable heat from a CHP Communal station would 
meet the evaluated 8.3 MWth of heat required by 
various industries in the estate (currently 
produced by electricity) with a 5 MW excess. The 
heat would be produced in the process of generating 
the 7.97 MW of electricity required by the estate. 
The estate's electricity requirement could be 
reduced from 15.5 MW to 7.97 MW, if communal CHP 
system is applied to the sub-station.

The advantage of CHP system over existing grid 
network is that, in order to supply the 15.5 MW 
electricity to the Moore Plantation sub-station, 
the power stations located at remote part of the 
country could be required to generate more than 
38.75 MW of electricity (Moore Plantation is about 
250 miles from the nearest power station), because
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of the 40% (average) loss in distribution (shown in 
NEPA data of appendix 4b). The benefit of a 
communal CHP system in this particular case is that 
it produces process heat, reducing the amount of 
required generated electrical energy from 38.75 to 
1,91 MW (i.e. 20%).

Owner Operated Applications (Industrial &
Residential)
In the case of individual applications, two case 
studies of owner operated CHP systems were carried 
out. These were Cadbury Nigeria Ltd for the 
industrial application and a residential house 
located at 19 Oguntunga Street in Lagos.

The electricity and thermal simulation profile of 
the industrial case study showed that the existing 
generator units could provide most of the thermal 
energy required in Cadbury if converted to small 
scale CHP. However, the heat requirement will need 
to be supplemented from other sources at 0900, 
1800, and 0400 to 0600 hours (see table 5.8).

In practice, the industrial application has the 
capacity to modulate because of the battery of CHP 
units usually installed as against a single unit 
usually found in the residential cases. This is 
because some of the units can be shut down, while 
the remaining units in operation are matched with 
the required load. Late model single units can 
modulate with appropriate system controls. The 
advantage is usually partly undermined by a loss in 
efficiency of the unit whenever its operation is
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below the optimum level due to reduction in load 
demand as indicated in appendix 2a.

The residential electricity and thermal analysis 
profiles indicated in table 6.5 on page 184 show 
the operational pattern of the CHP system required 
to meet the electricity load of the building. The 
status indicated that the engine will be overheated 
between 0900 to 1500 hours and at 1800 hour, 
because of no heat demand since most residential 
buildings are lightly occupied at that time of the 
day. In order to operate CHP systems in residential 
buildings, a method of dumping excess heat should 
be incorporated in the system to guarantee 
continuous operation of the system round the clock. 
Some energy will be lost whenever this mechanism is 
activated. It should be noted that the generator 
unit currently at the house, capable of providing 
equivalent electricity and heat will dump all the 
heat generated through its radiator. According to 
table 6.4, the total electrical base load plus air 
conditioning and domestic hot water required over 
24 hours is estimated at 565 kWe (B.E.L + A.H.L for 
24 hour). Using the 1:1.88 electrical/heat ratio of 
equivalent 45 kWe size generator unit (see appendix 
2b) , the approximate heat that will be lost over 
the 24 hour period is 1062 kWth, while the heat 
lost over the same period by an equivalent CHP 
system will be 91 kWth. Nevertheless, it must be 
noted that the thermal energy saved may look 
attractive, that savings will only be achieved if 
the units are operated for 24 hours. Power failures 
from the grid may not always be that long. In
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addition, the additional cost of converting the 
standby generator unit to a CHP unit (including 
compatible air conditioning system) would make it 
less attractive.

The review of the environmental implications of 
each application revealed that, because the 
communal case is slightly located away from the 
communities served, a limited area will be affected 
by the pollution from the sub-stations. Since the 
owner operated cases will be nearer to the premises 
served, there is a possibility of noise and exhaust 
fume pollution. This was confirmed by the survey of 
residential and commercial buildings in Nigeria, 
where 98% of those interviewed complained of noise 
pollution either from their own generator unit or 
that of a neighbour, 87% complained of fire risks, 
and 71% of exhaust fumes (see appendices 8a to 8i) .

It can be argued that careful planning could 
prevent or at least reduce the effect of generator 
or CHP engine exhaust noise and fumes. The 
difficulty in most Nigerian cities is that the 
majority of buildings occupy most of the allocated 
plot, leaving very little area for housing the 
generator unit. In most cases the generator units 
are installed within a 2 metre distance of the 
building, making it impossible to disperse the 
noise and fumes before reaching the windows of 
nearby rooms.
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PART III
The third part of the thesis considered the 
economic analysis of small scale CHP systems with 
respect to typical premises in Nigeria. In this 
analysis, NEPA's electricity tariffs and fuel 
availability in Nigeria were considered. It was 
observed during the survey that pipe borne gas 
(natural, methane or biogas) used in operating most 
otto engine CHP systems in developed countries is 
not available in Nigeria. The only available gas is 
bottled natural gas, and this is mostly used for 
cooking. The widely available fuel for an 
endothermie engine is petrol or diesel, which is 
currently used in the operation of standby 
electricity generator units in the country.

According to the result of the questionnaire survey 
for this study, diesel generator units are 
preferred in Nigeria by owner operators. Therefore, 
a diesel fuelled small scale CHP system is very 
likely to be favoured for individual application in 
Nigeria. Similarly in the communal application, the 
diesel type is more likely because of the large 
size range available for small scale CHP systems 
(up to 1 MWe) . These are mostly made from diesel 
fuelled industrial engines. The unavailability of 
pipe borne gas in Nigeria will make the diesel 
fuelled CHP system more convenient to operate. Even 
if LPG was used, the volume required will be much 
more to that of the diesel. [Diesel oil calorific 
value per volume is 746,900 Btu/cu.ft, higher than 
gas of 994.7 Btu/cu.ft (Baumeister, T .)].

241



The two methods of economic analysis used were (i) 
the "traditional" Simple Economic Assessment 
(simple rate of return and simple pay-back period) 
and (ii) Discounted Cash Flow (DCF) of the Net 
Present Value (NPV) technique. Please note that in 
the NPV analysis method, any option with the 
highest NPV value, is the most attractive to the 
investor. The two methods were applied to the 
residential and industrial case studies. 
Comparisons of the following sources to the 
premises were considered: (a) the grid, (b) the
existing standby electricity generator units and 
(c) a converted small scale CHP system, taking into 
account the costs of electricity and heat required 
for the building for 24 hour a day, over a year.

The monthly operation and maintenance costs for 
each option were calculated to be N 3 ,086.20, 
N 2 ,851.17 and Nl,824.57 respectively in the 
residential case study. The running and maintenance 
costs for the generator unit and CHP system are 
cheaper than that of the grid. However, the initial 
cost of the installation of the former may make it 
unattractive.

Table 7.6 on page 214 shows the simple rate of 
return and simple pay back period for residential 
application of a CHP system. The pay back period of 
the CHP system of 9.92 years is the most 
attractive. This only applies to the case of a new 
CHP system, domestic hot water tanks and air 
conditioners and not to an existing building with a 
different type of equipment for cooling and
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providing domestic hot water. This is because no 
conversion costs will be incurred for a new 
installation as against converting the current 
system to be compatible with a CHP system. When the 
initial cost of existing plant is considered in the 
overall evaluation, the converted CHP system option 
becomes less attractive, because the pay back 
period increased to 24.32 years. Nevertheless the 
CHP option is shown by the analysis to be more 
attractive than the ordinary generator option of 
2 9.78 years payback.

The 10 year pay back is not attractive to investors 
of small scale CHP schemes in residential situation 
in developed countries. This is because the life of 
the plant may only be a little over the pay back 
period. However, in Nigeria the necessity of
providing an alternative source of electricity 
could justify the installation of CHP systems, 
considering the alternative scheme (generator unit) 
is almost three times worse than the CHP case.

The Net Present Value (NPV) operates like the 
simple economic assessment methods discussed above, 
but also takes into account the extra capital Ac 
invested at time zero, that leads to immediate 
annual money savings Am in the first year. The 
result for the residential case shows that the NPV
for the generator and CHP options are -N62,305 and
“N33,741 respectively. This means the actual 
initial installation cost of the generator is
N62,305 as against N84 ,000 and that of a small 
scale CHP system is N33,741.85 as against N150,200
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to the investor of the case study building after 
taking into consideration all the benefits from the 
system over a period of 10 years.

In addition, when the technique is applied to the 
industrial case study of Cadbury Nigeria Ltd the 
following result was obtained: Monthly operation
and maintenance costs options (a) the grid, (b) 
generator units, and (c) CHP system are N976,012, 
N262,417 and Nl98,662 respectively (see table 7.7). 
The high cost of electricity supply through the 
public grid is due to the unfavourable industrial 
tariff in Nigeria. The high tariff is used by NEPA 
to discourage heavy duty electricity power users 
from using the grid because of low "available" 
electricity capacity of the grid.

Moreover, the simple economic assessment indicates 
a pay back period of 0.71 years and 0.84 years for 
existing generator units and small scale CHP system 
respectively. This means the generator unit case is 
more attractive than that of a small scale CHP 
system for Cadbury. The review of the analysis 
result shows that the initial cost of the CHP 
scheme gives the generator option a slight 
advantage over the CHP system. This is because in 
order to apply the CHP option, the installation of 
the district heating type pipework will be required 
by Cadbury for the distribution of the recovered 
heat in the form of hot water. The added cost of 
such pipework will be a disadvantage to the CHP 
case, over the ordinary generator case that wastes 
the heat.
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If the grid option is not considered, because the 
company has already severed the electricity supply 
from the grid, the generator option that is the 
current practice will be used as the base figure in 
the analysis calculation. When this is considered, 
the CHP system option pay back increases to 2.25 
years. This is because the excessive gain over the 
grid cost (high industrial tariff) is no longer 
applicable.

When the Net Present Value (NPV) method is applied, 
the result showed that the NPV for the generator 
plant option is N59,750,261 as against the CHP 
option of N63,911,721 assuming an interest rate of 
5% and the plant life of 10 years. This means the 
owner operator would have gained the above sums at 
time zero, if the benefits over the next 10 year 
period is taken into account. These figures reflect 
the excessive NEPA tariff on industries. A more 
realistic evaluation is the comparison of the NPV 
for the generator unit option as a base option 
(similar to simple economic assessment above) 
against the CHP system option. The result of such a 
comparison is N4,161,460. Table 7.9 shows the 
various NPV results at different interest rates and 
plant life.

The above economic analysis indicates that the 
application of a small scale CHP system at Cadbury 
would be attractive economically, shown by the 
positive Net Present value with high figures at
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various interest rates applied by most financial 
institutions.

Suggested valuable future research that evolved 
from the above positive research might include:

(i) A survey of all current NEPA communal sub
stations in all the districts, and the analysis of 
those that can be converted to small scale CHP 
communal sub-stations. This will identify other 
sub-stations with the potential for conversion to a 
communal CHP stations.

(ii) The environmental effects of noise and fume 
(exhaust or fuel) pollution on the premises of the 
owner operator of electricity generator units and 
small scale CHP system in Nigeria. The health 
hazards associated with the operation of 
endothermie engines near a residential premises 
will be identified.

(iii) Detail study of the effect of power failure 
on the road traffic of affected communities in 
Nigeria. This is because it was noted during the 
survey that power failure tends to encourage people 
to leave home for a more comfortable area with 
electricity supply.

(iv) The advantages and disadvantages of 
electricity power generation from the following 
types of thermal power stations; (a) Steam Turbines 
(Rankine Cycle), (b) Gas Turbines (Brayton Cycle) 
and (c) Endothermie Engines (Diesel or otto Cycle).

(v) The Financing implications nation-wide of
employing small scale CHP systems in Nigeria, in
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both the communal or owner operated format. It is 
less likely for the government of a developing 
country such as Nigeria to provide a direct 
incentive for the users of CHP system. A study of 
other possible financial resources may improve the 
chances of effecting the scheme. An example is the 
co-operative financing of communal CHP sub-stations 
for communities with appropriate potential for the 
project. In addition, individual financing by 
commercial banks could be applied to owner operated 
CHP system schemes.

247



8.2 A CHP STRATEGY FOR NIGERIA.

During the review part of this study, it was noted 
that the prime objective in developed countries for 
the installation of small scale CHP systems is the 
economic advantage over other systems. The second 
consideration is the environmental advantage of the 
lean burn capability usually noted of CHP systems. 
In Nigeria, the prime objective is the ability to 
provide an alternative source of electricity. It 
was observed that most middle/upper income people, 
commercial and industrial organisations are able to 
provide this alternative source by the use of 
standby electricity generator units. The result of 
the analysis techniques used in this work confirmed 
that the application of small scale CHP systems has 
a good potential in Nigeria. This is because they 
provide the alternative source of electricity power 
required in Nigeria, as well as the added advantage 
of good economic and environmental performance.

In addition, they could help bring about 
electricity self sufficiency to the Nigerian grid, 
when applied in communal form, although, this 
potential may be limited. For example, in the 
analysis of CHP application in a communal form, it 
was found that 27 districts out of the possible 40 
have the potential to benefit from such 
application. However, several communal sub-stations 
may be required for each district. The potential of
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non-qualified district station may change depending 
on the growth of development of the district.

Although, the analysis and the survey indicated a 
good CHP system potential in the owner operated 
application (individual application), the economic 
technique used, indicated a good CHP potential only 
in the industrial sector. The initial capital 
required for the installation of CHP systems in 
residential buildings makes it unattractive (10 
year pay back period). Notwithstanding, because the 
service is essential, most current users of standby 
generator units confirmed (see survey result in 
appendix 8) they would either install a new CHP 
system or convert the existing generator unit in 
their premises, whenever the technology becomes 
available in Nigeria.

The poor performance of the grid in Nigeria could 
be due to lack of expertise in the technology found 
in most of the country's power stations. This study 
revealed the average "available" capacity of the 
hydro, gas & steam turbine and diesel electricity 
power stations were 82%, 49% and 96% respectively
(see table 8.1). Despite the high reliability of 
the diesel power stations indicated in their 96% 
availability, NE PA continues to decommission all 
the diesel stations that have gone past their 
serviceable life and to replace them with less 
reliable gas and steam turbines that require 
foreign expertise for operation and maintenance. 
This could be one of the major contributory factors 
to the annual decline in the grid total electricity
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availability (see table 8.1 below and appendices 4a 
to 4c).

STATION TYPE YEAR TOTAL INSTALLED 
CAPACITY (MW)

TOTAL AVAILABLE 
CAPACITY (MW)

%

Hydro 1989 1700 1400 82
Steam/Gas Turbine 1989 3437 1039 30
Diesel Generator 1989 50 50 100
Hydro 1990 1700 1253 74
Steam/Gas Turbine 1990 4208 1825 43
Diesel Generator 1990 50 46 92
Hydro 1991 1700 1440 85
Steam/Gas Turbine 1991 3808 2953 78
Diesel Generator 1991 43 41 95
Hydro 1992 1700 1463 86
Steam/Gas Turbine 1992 4156 1825 44
Diesel Generator 1992 25 24 96
(Source; NEPA)
Table 8.1 Resources Installed/Available Capacities

As illustrated in appendix 4A, despite the annual 
increment in "installed" capacity (i.e. the
commissioning of new power stations), the
"availability" has remained between the 2500 to 
3500 MW level over the last 10 years (1984 - 1995,
columns 5E & 8E) . If these diesel power stations
were retained or better still converted to CHP
communal stations, the higher availability could 
contribute to an improvement in the grid.

The technology required in Endothermie engines
(petrol or diesel engines) has been mastered in
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Nigeria to the level that the units are overhauled 
by local expertise and parts are manufactured in 
the country. Since most small scale CHP systems are 
endothermie engines, the use of CHP systems in
diesel power stations and CHP communal sub
stations, will create a more manageable network to 
maintain and at a lower cost. Such practice will be 
an advantage over current practices of high 
technology turbine engines, that usually require 
the importation of foreign technical experts to 
maintain, costing more in time and foreign
exchange.

From these considerations it can be seen that small 
scale Combined Heat and Power systems can be
conveniently applied to a developing tropical
country such as Nigeria, to complement the existing 
grid, and achieve good results from both an
economic and environmental point of view.

The economic feasibility must however, be carefully 
estimated, taking into account the daily/hourly 
load of the building, the maintenance and 
management costs, and the high investment cost of 
substituting a conventional system with a CHP 
system.

The owner operated investor and the Nigerian 
government should note that small scale CHP systems 
are environmentally friendly from two viewpoints 
(i) Reduced fuel consumption and (ii) reduced 
emissions of carbon dioxide, sulphur dioxide and 
oxides of nitrogen into atmosphere. Also they would
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be easier to maintain because the expertise is 
readily available locally.

It was observed that the overall scope for small 
scale CHP system is very wide in Nigeria. It can 
successfully supply cheaper, cleaner energy to 
residential, commercial buildings, and industrial 
processes. This is because CHP system can generate 
energy more efficiently than current methods 
adopted in the country. The move towards the use of 
CHP system would reduce the environmental impact of 
energy supply. Other attractive advantages are the 
reduction in energy costs and greater independence 
from power distribution networks.

The best way forward is for the government to begin 
the dissemination of an education programme on the 
use and advantages of small scale combined heat and 
power systems. The government can introduce 
incentives to encourage the use of small scale CHP 
systems by individuals. This could be as guaranteed 
loan through commercial banks and a reduction in 
import duties on CHP units to reduce the purchase 
price. The government can also make NE PA to 
purchase excess electricity exported to the grid 
from CHP system at a more attractive tariff than 
conventional power stations.

In addition, NE PA could begin the conversion of 
existing sub-stations that have the potential for 
communal CHP station in an incremental bases.
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The author of this study suggests that the Nigerian 
government should give a directive to NEPA to begin 
communal CHP station schemes in dense industrial 
and commercial areas. The scheme will help the 
country towards attaining the required 14 GW 
electricity installed capacity required to provide 
adequate power supply to the grid. In addition the 
increase in efficiency due to the use of CHP system 
will reduce the required installed capacity 
proposed by NEPA, because some of the electrical 
energy demand could be substituted with the thermal 
energy recoverable from the CHP system as shown in 
the Moore Plantation case study. The thermal energy 
supply to each industry should be measured through 
the use of heat meter, to determine the energy 
consumed by each company. However, NEPA should make 
the heat energy tariff very attractive to encourage 
the heavy duty energy users to switch from the use 
of electricity to thermal energy for industrial and 
commercial processes.

In the owner operated case, a generator to CHP 
system conversion kit should be developed, 
manufactured and supplied to the market through a 
government agency. This kit should be sold at an 
attractive price to owner operated generator users. 
New users should be encouraged to purchase a small 
scale CHP system instead of ordinary electricity 
generator. Moreover, the government should conduct 
pilot schemes around the country, backed by intense 
publicity to encourage current generator users to 
convert their unit to a more efficient small scale 
CHP system.
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After a certain period when enough communal CHP 
stations have been installed to the grid to provide 
adequate electricity^ the incentives in the form of 
subsidy could be gradually withdrawn. In addition, 
the NE PA tariff should be brought down to a level 
comparable to that of the developed countries, in 
order to aid the industrial development of the 
country. Electricity heavy duty/Bulk purchaser such 
as industries should be offered a more attractive 
tariff, because this will also aid the economic 
growth of Nigeria.

At the international level, the Overseas 
Development Administration (ODA) and other United 
Nations Agencies could begin an initial pilot 
scheme of the three cases considered in this 
thesis. This can be effected by the award of grants 
to scientists/Engineers to apply this study to 
developing tropical countries. It will help these 
countries towards self sufficiency in the 
generation of electricity.

Clearly nowadays, it is critically important that 
all nations address the problems of dwindling 
fossil fuel resources, environmental pollution and 
global warming. One way in which Nigeria could 
contribute to the solution of the issue is for the 
country to adopt the CHP options in the various 
ways investigated in this thesis.
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APPENDIX 1

The flowchart for the schematic plan o f this research
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APPENDIX 2

Load performance and efficiency for various size units o f small scale combined 
heat and power systems



APPENDIX i A

PART LOAD PERFORMANCE EFFICIENCY

MODULATING 
RATE (%)

35
kWe

55
kWe

90
kWe

145
kWe

185
kWe

0 0 0 0 0 0
40 11 22 36 66 89
60 18 33 54 95 126
80 25 44 72 124 163

100 35 55 90 145 185
MODULATED ELECTRICAL OUTPUT FOR VARIOUS SIZE CHP

OUTPUT
(%)

ELECTR.
(kWe)

THERMAL
(kWth)

FUEL
(Th/hr)

FUEL
(kWth)

100 48 90 6. 15 179
75 36 85 5 146
50 24 72 3.8 113
25 12 50 2.7 80

MEASURED MODULATED OUTPUT FOR A 4 8KWe CHP

OUTPUT
(%)

ELECTR.
(kWe)

THERMAL
(kWth)

FUEL
(Th/hr)

FUEL
(kWth)

100 70 114 8 . 53 250
75 52 109 6.43 188
50 35 99 4 . 88 142
25 26 80 2.46 110

MEASURED MODULATED OUTPUT FOR A VÛKWe CHP

(Source : Cogen Systems Limited)



APPENDIX-

TYPICAL CHP ELECTRICITY/HEAT RATIO

ENGINE 
SIZE (kWe)

FUEL INPUT 
(kW)

ELECTRICAL 
OUTPUT (kW)

HEAT 
OUTPUT (kW)

ELECT/HEAT
RATIO

26 95 26 49 1:1.90
32 116 32 57 1:1.78
38 135 38 67 1:1.76
48 179 48 90 1:1.88
56 202 56 103 1:1.84
70 250 70 114 1:1.63
90 300 90 140 1:1.56
110 379 110 185 1:1.68
150 497 150 236 1: 1.57
220 730 220 355 1:1.61
300 955 300 445 1:1.48
400 1380 400 637 1:1.59
600 1984 600 945 1:1.58
800 2697 800 1251 1:1.56

SOURCES: - PETBOW COGENERATION LIMITED 
COGEN SYSTEMS LIMITED 
COMBINED POWER SYSTEMS LIMITED 
NE I ALLEN LIMITED
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APPENDIX 3

Energy reserve & production, and annual weather conditions o f Nigeria.



NIGERIA
Energy

Electricity
Capacity (1987) 41040 1000s kilowatts
Production (1987) 9,905 million kilowatt-hoursConsumption (1987) 14,260 million kilowatt-hours
Consumption per Capita 90 kilowatt-hours

Coal
Reserves (1987) 169 million metric tons
Production (1987) 145 1000s metric tons
Consumption (1987) 100 1000s metric tons
Consumption per Capita 0.0 metric tons

Natural Gas
Reserves (1989) 2,476 billion cubic meters
Production (1988) 3,800 million cubic meters
Consumption (1987) 3,700 million cubic meters
Consumption per Capita 34 cubic meters

Crude Petroleum
Reserves (1989) 16,000 million barrels
Production (1988) 496 million barrels
Consumption (1987) 50 million barrels
Consumption per Capita 0.5 barrels
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APPENDIX 4

The national grid load and capacity data for NEPA
Pictures o f typical power stations and Moore plantation industrial estate



TABLE LOAD AND CA P ACITY  FORECASTS (MW) W ITH GRID INSTALLED AND AVAILABLE CAPACITIES 1970 -  2002

(1)
YEAR ENDING  

31ST 
DECEMBER

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000 
2001 
2002

(2)
TOTAL GRID 

MAXIMUM  
DEMAND

886
1095
1181
1323
1448
1434
1532
1708
1726
1051
1952
2003
2219
2246
2302
2422
2501
2545
2500
2632
2603
2738
2799
2065
2935

(3)
ISOLATED
MAXIMUM
DEMAND

(4)
NEPA 

NATIONAL 
MAX DEMANt^ 
(4) = (2)+ (3)

097 
1107 
1193 
1326 
1451 
1438 
1536 
171 1 
1730 
1855 
1955 
2012 
2223 
2246 
2302 
2422 
2501 
2545 
2500 
2632 
2683 
2730 
2799 
2065 
2935

(5)
TOTAL GRID 

INSTALLED CAPACITY

1529
1806
1922
2108
2769
ZS5Z
3172
3640
4110
4548
4559
5308
5958
5551
5881
5876
5876
5876
"5756
5600
5600
5490
5490
5490
5490

E + P

1529
1006
1922
2108
2769

3172
3640
4110
4548
4559
5308
5958
5551
5001
5876
5876
5876375F
5660
5660
5550
5048
6064
6444

(6)
TOTAL GRIC 

AVAIL, c a p a c it y

1400
1052
1005
1949
2024181̂
2290
2694
3240
3646
2919
2072
2910
4435
3312
3552
3822
4062

4160
4160
4050
4050
4050
4050

E+P

1400
1852
1805
1949
2024

2290
2694
3240
3646
2919
2072
2910
4435
3312
3552
3822
4062

4 220 
4220 
4110 
4408 
4624 
5004

(7) 
DESIRED  

GRID RESERVE 
CAPACITY 

((7 )=0 .3 5 *(2 )

310
383
413
463
507

_5I1Z
536
598
604
648
683
701
777
706
834
848
875
091
906
921
939
958
900

1003
1027

(8)
GRID FIRM 
CAPACITY 

(0) =  (6 ) - (7 )

1090
1469
1392
1406
1517-tail
1754
209626)6
2998
2236
21171
2133
3649
247827042947
3171

3239
3221
3092
3070
3047
3023

E + P

1090
1469
1392
1406
1517

-1311
1754
2096
2636
2998
2236
2171
2133
3649
2478
2704
2947
3171

3299
3281
3152
3420
3621
3977

(9)
ACTUAL RESERVE 

CAPACITY 
(9) = (6 ) - (2 )

514
757
624
626
576

_az@
758 
986 

1514 
1795 

967 
869 
691 

2189  
930 

1130 
1321 
1517

1528 
1477 
1312 
1251 
1105 
1115

E + P

514
757
624
626
576

758 
906 

1514 
1795 

967 
869 
691 

2109  
930 

1 130 
1321 
1517 
1G5T 
1508 
1537 
1372 
1609 
1759 
2069

(1 0 )
EXCESS ( + ) OR 
SH O R TFA LL(-) 
N RESERVE

= (9J-(Z)____
E___ E + P _

204 204
374 374
211 211
163 163
69 69

-1 2 3 - 1 2 3
222 222
380 308
910 910

1147 1147
284 204
160 168

- 0 6 - 8 6
1403 1403

96 96
202 202
446 446
626 626
74o 748
607 667
530 590
354 414
271 629
102 756

00 1042

N.D E -  EXISTING POWER STATIONS 
E + P =  EXISTING AND PROPOSED POWER STATIONS

O l C l . U l  -  II  HSOdO>l,I  ♦
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TA MET: NA i IO N  A L  T:NERGY S A L E S . LOSSE S. G E N E R A T IO N  A N D  M A X I M U M  D E M A N D  FO R E C A S T S

(11)

G R O W T H  

IN  M A X I M U M  

D E M  A N  D( S')

(I)
Y E A R  E N D IN G  

3 IS T .D E C E M B E R

(2)

E N E R G Y  S A L E  

R +C +SLH  

(G W H )

(3)
E N E R G Y  SALES  

L A R G E  L O A D  

( G W H )

(4)

T O T A L

E N E R G Y

S A L E S (G W H )

(3) 

A N N U A L  

S A LE S  

G R O W T H  %

(6)

LOSSES

%

(7)

E F F IC IE N C Y

%

(«)
T O T A L  E N E R G Y

G E N E R A T IO N

D E M A N D ( G W H )

(9)
L O A D

F A C T O R

%

(10)

N A T I O N A L

M A X I M U M

D E M A N D ( M W )

1978 4078 81 4159 - 88.13 4719 60.06 897 -

1979 3799 125 3924 -5.65 36.96 63.04 6225 64.19 1107 23.41

1980 4434 219 4653 18.58 34.85 65.15 7142 68.34 1 193 7.77

1981 5364 263 5627 20.93 28.06 71.94 7822 67.34 1326 11.15

1982 5458 458 5916 5.14 30.94 69.06 8566 67.39 1451 9.43

,  1983 5573 533 6106 3.21 29^2_ _______ 70.08 8713 69.17 1438 -0 .9 0

1984 4925 534 5459 -10 .60 39.59 60.41 9036 67.11 1537 6.88

1985 5615 534 6149 12.64 41.05 58.95 10431 69.55 1712 1 1.39

1986 6868 507 7375 19.94 31.49 68.51 71.03 1730 1.05

1987 6929 542 7471 1.30 33.68 66.32 69.32 1855 7.23

1988 6660 542 7202 -3 .6 0 37.88 62.12 67.69 1955 5.39

1989 8006 548 8554 18.77 33.24 66.76 72.70 2012 2 .92

1990 7357 513 7870 -8 .00 41.54 58.46 M j 69.14 2223 10.49

1991 7441 470 7911 0.52 44.16 55.84 T O » 72.01 2246 1.03

1992 8288 429 8717 10.19 41.24 58.76 71.09 2382 6.06

1993 8687 426 9113 4.54 38.61 61.39 69.97 2422 1,68

1994 9218 441 9659 5.99 35.99 64.01 68.88 2501 3 .26

1995 9609 458 10067 4.22 33.37 66.63 ___67.77 _______ 2545 1.7(,

1996 9988 476 10464 3.94 30.74 69.26 15109 66.64 2588 1.6')

1997 10369 495 10804 3.82 28.12 71.88 15114 65.55 2632 1.70

1998 10766 515 11281 3.84 25.50 74.50 15142 64.43 2683 1.94

1999 11 178 537 11715 3.85 22.87 77.13 15189 63.33 2738 2.05

2000 1 1606 561 12167 3.86 20.25 79.75 15256 62.22 2799 2.23

2001 12047 585 12632 3.82 17.63 82.37 15335 61.10 2865 2.36

2002 12502 612 13114 3.82 15.00 85.00 15428 60.01 2935 2 .-14

* R + c i s L M  =  T H E  S U M  O E T H E  R E S ID E N T IA L ,C U M M E K C IA L ,S T R E E T  L IG H T IN G  A N D  IN D U S T R IA L  E N E R G Y  SALES

, M0®A)
I



TABLE COMPUTATIONS OF THE RATIO OF GRID INSTALLED. AVAlLAIiLE.AND FIKM CAPAClTll-S TO GRID MAXIMUM p iiM AND.

YEAR ENDING  
1ST. DECEMBE

TOTAL GRID 
M A X IM U M  
DEM AND

TOTAL GRID 
INSTALLED  
CAPACITY

TO TA L GRID  

A VA ILA B LE  
CAPACITY

GRID FIRM  

CAPACITY 1 2 3
EXCESS (+) OR 

SHORTFALL (-) 
IN RESERVE

E E+P E E+P E E+P E E+P E E+P E E+P E E+P

1978 886 1529 1529 1400 1400 1090 1090 1.725 1.725 1.580 1.580 1.230 1.230 204 204

1979 1095 1806 1806 1852 1852 1469 1469 1.649 1.649 1.691 1.691 1.341 I.34 I 374 374

1980 1I8I 1922 1922 1805 1805 1392 1392 1.627 1.627 1.528 1.528 1.178 1.178 211 211

I98I 1323 2108 2108 1945 1949 I486 I486 1.593 1.593 1.470 1.473 1.123 1.123 163 163

1982 1448 2769 2769 2024 2024 I5 I7 I5I7 I.9 I2 1.912 1.397 1.397 1.047 1.047 69 69

1983 1434 2852 2852 I8 I3 I8 I3 I3 I I I3 I I 1.988 1.988 1.264 1.264 0.914 0.914 -123 -123

1984 1532 3172 3172 2290 2290 1754 1754 2.070 2.070 1.494 1.494 1.144 1.144 222 222

1985 1708 3640 3640 2694 2694 2096 2096 2 .I3 I 2 .I3 I 1.577 1.577 1.227 1.227 388 388

1986 1726 4 II0 4 II0 3240 3240 2636 2636 2.381 2.381 1.877 1.877 1.527 1.527 910 910

1987 I85I 4548 4548 3646 3646 2998 2998 2.457 2.457 1.969 1.969 1.619 1.619 1147 1147

1988 1952 4559 4559 2919 2919 2236 2236 2.335 2.335 1.495 1.495 1.145 1.145 284 284

1989 2003 5308 5308 2872 2872 2171 2171 2.650 2.650 1.433 1.433 1.083 1.083 168 168

1990 2219 5958 5958 2910 2910 2133 2133 2.684 2.684 I.3 I1 1.311 0.961 0.961 -86 -86

I99I 2246 5551 5551 4435 4435 3649 3649 2.471 2.471 1.974 1.974 1.624 1.624 1403 1403

1992 2382 5881 5881 3312 3312 2478 2478 2.468 2.468 1.390 1.390 1.040 1.040 96 96

1993 2422 5876 5876 3552 3552 2704 2704 2.426 2.426 1.466 1.466 1.116 1.116 282 282

1994 2501 5876 5876 3822 3822 2947 2947 2.349 2.349 1.528 1.528 1.178 1.178 446 446

1995 2545 5876 5876 4062 4062 3 I7 I 3 I7 I 2.308 2.308 1.596 1.596 1.245 1.245 626 626

1996 2588 5756 5756 4242 4242 3336 3336 2.224 2.224 1.639 1.639 1.289 ' 1.289 748 748

1997 2632 5600 5660 4160 4220 3239 3299 2.127 2.150 1.580 1.603 1.230 1.253 607 667

1998 2683 5600 5660 4160 4220 3221 3281 2.087 2.109 1.550 1.572 1.200 1.222 538 598

1999 2738 5490 5550 4050 4 I I0 3092 3152 2.005 2.027 1.479 1.501 1.129 1.151 354 414

2000 2799 5490 5848 4050 4408 3070 3428 1.961 2.089 1.446 1.574 1.096 1.224 271 629

2001 2865 5490 6064 4050 4624 3047 3621 1.916 2 . I I6 1.413 1.613 1.063 1.263 182 756

2002 2935 5490 6444 4050 5004 3023 3977 1.870 2.195 1.379 1.704 1.029 1.355 88 1042

N.B
1 DENOTES THE RATIO OF GRID INSTALLED CAPACITY TO GRID M A X IM U M  DEM AND W ITHOUT AND WITH PROPOSED STATIONS
2 DENOTES TH E RATIO OF GRID AVAILABLE CAPACITY TO GRID M A X IM U M  DEM AND W ITHOUT AND WITH PROPOSED STATIONS
3 DENOTES TH E RATIO OF GRID FIRM CAPACITY TO GRID M A XIM U M  DEMAND W ITHOUT AND WITH PROPOSED STATIONS.

( j S O O / L C G  V M  ^
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      Proposed Medium Cemperalure
Hot Water Two-Pipe System

A section layout of the Moore Plantation Industrial Estate Ibadan



APPENDIX 5

Cadbury’s site plan layout
Typical daily energy requirements and electrical power generated. 
Proposed layout o f Industrial application o f CHP system.
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OfiDBURY PO VÆFI STATION II
T IN E (HRS:, 700 800 900 1000 1100 1200 1300 1400 1500 11:00 1700 1800

R ffi 44 35 39 33 33 35 34 34 33 30 32 32
YELLOW 41 33 37 32 32 33 32 32 32 29 30 30

ENGINE 1 BUJE 42 34 38 33 33 34 33 33 32 29 31 31
L.V.G.1 K V 11 11 11 11 11 11 11 11 11 11 11 11

PE. 0 £ 0 0.£C 0 92 0 9 4 0 9 4 o;33 0 9 3 0 9 3 0 92 0 93 0 9 2 0 9 2
M.W. 0.70 0.60 0 6 6 0 6 0 0.60 0 61 0 6 0 0.60 0.60 0 9 5 0 5 6 0 5 6

TOTAL POVÆR GENERIC.TED BY ENGINE 1 W E R  24HR PERIOD - MWH 14.83

RB3 38 30 38 38 32 32 34 31 36 32 36
YELLOW 37 29 37 37 311 31 34 31 36 32 36

ENGINE 2 B ID E 37 30 38 38 32 32 34 31 36 32 36
L.V .G .2 K V. 11 11 11 11 11 11 11 11 11 11 11

PE. 0 £ 0 0 9 2 0 9 0 0 9 0 0 9 3 0.93 0 9 2 0.94 0 9 0 0 9 4 0 9 2
M.W. 0£T7 0 6 0 0 6 8 0 6 8 0 j30 0.60 0 6 3 0.60 Oj34 0 9 0 0.65

TOTAL POV,ER GENEFIATED [T7 ENGINE 2 W E R  24HR PERIOD - MWH 9 25

R ffi 43 35 38 38 38 38 38 42 42 38 39 34
YELLOW 37 31 34 34 34 34 34 36 37 34 35 30

ENGINE 4 B ID E 43 35 38 39 39 39 39 42 42 39 40 35
L.V.G.4 K V. 11 11 11 11 11 11 11 11 11 11 11 11

PE. 0 9 2 0.02 0 9 2 0 92 0 9 2 0 9 5 0 95 0 91 0.92 0 97 0 917 0.93
M.W. 0.73 0.60 o m 0 63 0 63 0.70 0.10 0.70 0.71 0.72 0.70 0 6 5

TOTAL POVÆR GENEFlATED BY ENGINE 4 W E R  24HR PERIOD - MWH 1628

RB) 60 55 54 57 57 59 59 59 60 60 57 50
YELLOW 64 58 57 60 60 62 62 63 63 64 60 54

ENGINE 5 B ID E 63 58 57 60 60 62 62 63 63 63 60 54
L.V .G .5 KV. 11 11 11 11 11 11 11 11 11 11 11 11

PE. 0 £ 4 0.04 0 9 4 0J>4 0.94 o;32 0.C2 0 9 4 0.95 O.SM- 0.93 0.95
M.W. 1.11 1.00 IJOO 106 1.06 103 1.03 103 1.10 1.10 1.05 100

TOTAL POVÆR GENERATED BY ENGINE 5 W E R  24HR PERIOD - MWH 25.14

TOTAL POVÆR N. W. 2 5 4 2.87 2 91 2 97 2 97 2 94 2.93 3 0 2 3.01 3 01 291 2 8 6

31
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1 1

62
54
54

52
54
54
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41 11
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41
41
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44  11
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44 
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43
43
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1 1

43
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1 1

35
34
34
1 1
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34  11

40
35
40
11

40
35
40
1 1

40
35  
40  11

59
63
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1 1

60
64
64
1 1

60
64
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1 1

60
64
64
1 1

60  
64  
64 11

61
64
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1 1

62
64
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1 1

62  
64  
63  11

1.10 1.10 1.10
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CADBURY P O V/ E H STATION E NGI NE  NO.  1 
HEAT FROM C OOL IN G TO WE R  MJLC!iun.r-_mim

TIM E i;HRS)  
A M B I E N T T E M P . O C O  
T O WE R  F L O W C Q  
T O WE R  RETURN C Q

700 800 000 1000 1 100 12C0 1300 14C0 1500 1800 1700 1800 1000 2000 2100 2200 2300 24CD 100 200 300 400 500 600
27 28 28 28.5 30 31 5 32 5 33 33 33 32 32 31 30 30 20 2 8 5 28 28 27 27 27 26 5 28 5
39 38 38 37 38 38 38 38 37 38 36 36 36 36 35 35 38 5 30 30 38 38 38 38 38
75 74 74 74 74 74.5 74 5 74 74 74 74 74 74 74 74 74 75 76 75 74 5 74 74 73 5 73 5

8 0  

7 0  

c3T605______-riL:]
5 0

4 0

E— '
c=>—,
Zi-T-i

3 0

20

  0" -0 -<:> !► _

71'JCI POO IK fl 130:1 1500 IM l 1P0:I 2100 231X1 100 300 500
800 lO'Xl 120] 140] lOiXi ISO] 2i]0] 220:1 240] 200 400 600

A M B IE N T  T E M P .

T IM E  (H R S )  

T  O W E R F L O W  TE  M P .
 T O W E R  R E T U R N  T E M P .

E N G I N E  1 - JACXiST W A T E R



CPD BU FI Y PO//ËR STATIŒj B-J G H E N 0.1 
Fi EAT E FIO M E>»i.-UJ ST iG*i. S

u m m .-A ia .

TINE(HFlS;i 700 800 OCD 1000 1 100 la jo læ o 1400 1500 lœ o 1700 læ o UÜO 2000 2100 2200 2 :00 2400 100 200 300 400 500 600
AMBIB-JTTEMP. ("C) 27 28 28 20 .30 32 3.3 33 3.3 33 32 32 31 30 30 28 20 28 28 27 27 27 27 27
CYLWDEFI 1 EXE .AU ST 275 2œ 3C0 2i:o 2G0 2œ 2 i:d 2i:)0 260 2C0 2œ 2(0 255 255 250 250 2 /Xi 275 275 2 ,0 2(G 260 2(G 265
CYLWDER 2 EXHAUST 270 2.50 250 255 255 255 255 255 255 255 255 255 2% 250 250 250 2 /0 270 270 270 2i:G 2C0 260 2 (0
CYLl-JDER 3 EXHAUST 200 255 255 2i-5 21)5 265 2i:G 2C5 275 275 2 /5 2,70 2 70 205 265 260 2æ 250 280 27() 270 270 2 ,0 270
CYLWDER 4 EIxH.au ST 255 245 245 245 245 245 245 245 2.55 250 250 250 250 250 250 250 250 250 250 250 245 245 240 240
C YI./'JDER 5 EXJH.au ST 200 2G0 2œ 2C0 265 265 2G5 265 265 265 265 2 ij5 265 2rO 265 2iO 250 250 250 2!:G 2tO 270 265 265
CYLIHDËR G EXJHAUST 2£0 2fO 2G0 2C5 265 265 2i:G 21:5 2C0 2l:0 2 (0 2iO 2iO 2iO 2 ij0 2.55 2æ 250 250 28() 2tO 2,-0 265 265
AVE G. EXHAU ST TE MP. >'X) 278 255 2fô 2 æ 25!] 25!:' 250 250 262 261 261 2(0 2%i 257 25",' 254 274 27Y: 276 273 2ÜH 263 261 261

300

250

S
150

100

50

j j I i. _L L 1 L J  L

iw 'CCI iicrj iLï.n vjxj r-xn ixci aiœ 2ïo lotj x.c:i stw 
vxi locci latrj i40::i i«;rj lacrj arcci -rxrj iitrj aïi -«rj (o:i

T IM E  ("HRS'l
A M B IEN T TEMP.

E N G i m  1 -  E X H A U S T  TO W .

AVE G. E X H A U  ST TE MP.



CADBURY POWER STATION ENGINE N 0.4  
HEAT FROM OIL COOLER 

MEDIUM -  AIR

TIME (HRS) 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 100 200 300 400 5(
AMBIENT TEMP. (X ) 27 28 28 28.5 30 31.5 32.5 33 33 33 32 32 31 30 30 29 28.5 28 28 27 27 27 26
COOLER FLOW TEMP. 52 50 50 48 50 52 52 52 52 52 51 50 48 48 46 44 50 50 50 50 50 50 J
COOLER RETURN TEMP. 86 82 82 80 84 86 86 86 90 90 86 84 80 78 76 74 82 82 82 80 80 80 i

100

90 

^  80 
W
C4 70

60

ë  50S
PQ 40 

30

20

♦ ♦

J  I I I I I I I I L J  I

700 900 1100 1300 1500 1700 1900 2100 2300 100 300 500
800 1000 1200 1400 1600 1800 2000 2200 2400 200 400 600

TIME (HRS)
. AMBIENT TEMP. , TEMP. AFTER COOLER

^ TEMP. BEFORE COOLER
E N G IN F  4



E x h a u s t  Gas  
@ 300 d e g  C

EH

1 b a r  
80  d e g  C P r im a r y  R e t u r n CP From Thermal 

S u b s ta t i o n
7 5  d e g  C 

5 b a r D i s t r i c t
H e a t in g
R e t u r n

^  9 4  d e g  CP r im a ry

I n j e c t i o n
Mechanism

S e c o n d a r y
Flow

110 d e g  C ^

S e c o n d a r y  
C i r c u i t

80 d e g  C ^  S e c o n d a r y  R e t u r n

110 d e g  C
5 b a r  To Thermal 
S u b s ta t i o n

CP -  C i r c u l a t i o n  Pump 
HE -  H e a t  E x c h a n g e r  
□J -  Oil J a c k e t  
WJ -  W a t e r  J a c k e t

H LV  -  High L imit  V a l v e  
CV -  C o n t r o l  V a l v e  
EH -  E x h a u s t  H e a t  E x c h a n g e r  
CHP -  C o n v e r t e d  CHP Unit

>D
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Return  W a te r  PipeFlow W a te r  Pipe

C o n c r e t e  T r e n c h

P r e - i n s u l a t e o l  S t e e l  Pipe

@ 130 deg C @ 63 deg C

CROSS-SECTION OF BURIED DISTRICT HEATING PIPES

>D
Vm2
(7



MV

IVFrom Plant  
Room ---------

SECONDARY
CIRCUIT

100-110 Oleg C

HWS Supply a t  
—  60 deg C 

To F a c to r y  a n d /o r  
O ff ic e  Block

HLV
TERTIARY
CIRCUIT

CV

BY-PASS

Cold Feed 
At 24 deg C

DRV
OP

DRV
OP Hot 

W ater  
Tank 

(C a lor if  1er)
To Plant 
Room

6 5 -7 5  deg C

IV
H LV  -  High Limit C o n t r o l  V a lv e  
CV -  C o n t r o l  V a lv e  
MV -  M o to r is e d  V a lv e d
I V  -  Is o la t in g  V a lv e
DRV -  Double  R egu la t in g  V a lv e
□P -  O r i f ic e  P la t e

SIMPLIFIED LAYOUT OF THERMAL SUB-STATION
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2 5  kW e
3 - p o r t  v a l v e

90 oieg C
A b s o r p t io n
C h i l le r

CHP
Dynamo

72
deg

R a d i a t o r

H o t

CHP ANTI OVER-HEAT MECHANISM

W a t e r
Tank

(A
H
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ZONE B =  625 k W  
Z O N E C  =  350 k w  
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ZONE F  =  800 k w
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APPENDIX 6

Proposed equipment layout and costs of adaptation kit for 
residential application of CHP system



C assette  Unit

/1\/N To Absorption 
Chiller/CHP UnitPur

6 oIeg C

Wall Unit
Chilled W ater  
Storage Tank

ALL  WATER FAN COIL UNIT AIR CONDITIONER 
COUPLED WITH ABSORPTION C H IL L E R /C H P  UNIT

Tjmzg
X



12 deg C

From Fan Coil Units

10 deg C
10 deg C

A b so rp t io n
Chiller

6 deg C
6 deg C \/C o m p re sso r  

R e f  r e g e r a t io n  
Unit

Dual Chiller  
Tank Unit

deg
\/

CHP

To Fan Coil Units

DUPLEX CHILLER PLANT SYSTEM
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25 kWe
4 5  kW L o a d

12 d e g  C5 6  kW C a p a c i ty 10 d e g  C90 d e g  C
A b s o rp t io n
C h il le r

CHP
Dynamo

To Fan Coll U nits

6 deg

8 deg C
72
d e g

C h illed  W a t e r  
S t o r a g e  T a n k

20 kW L oad

HWS S up p ly  a t  
—  60 deg  C

Cold F e e d  
A t  24  d e g  C

H o t
W a t e r
Tank

SIMPLIFIED PLANT LAYOUT
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APPENDIX 6 ^

CHP Plant Adaptation Kit for the Residential
Case study Building

SYSTEM Naira Sterling

a) Absorption Chiller (80 kW) 168,000 42,000
b) Fan Convector (18 no.) 36,000 9,000
c) 455 litre Indirect Hot Water 

Service Cylinder (20 kW)
2,400 600

d) Chiller Pipework and Valves 10,400 2 , 600
e) Hot Water Service Pipework 

and Valves
1,200 300

TOTAL 218,000 54,500

(Sources :Spons, PSA, British Gas)



APPENDIX 7

Details of NEPA electricity tariff
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NATIONAL ELECTRIC 
POWER AUTHORITY

E L E C TR IC ITY  TARIFF:

This booklet is published as a convenient answer to many 
day-to-day questions which are received from electricity 
consumers concerning electricity tariff.
Further information on the different electricity rates appli
cable to the various classes of consumers can be obtained 
from the Manager of any of the Authority’s Undertakings.

E LE C T R IC IT Y  H EA D Q U A R TER S  
24-25, M A R IN A ,
P.M.B. 12030,
LAGOS.

Effective from June 1st 1989 and applicable throughout the 
country.



D E F IN IT IO N S

1. Consumer:
Any person or corporate body supplied with electricity 
by the National Electric Power Authority (NEPA).

2. Residential (Domestic) Consumer:
A  consumer who uses his premises exclusively as a 
residence —  house, flat or multi-storeyed house —  is 
defined as a residential (domestic) consumer.

3. Commercial consumer:
A consumer who uses his premises for any purpose 
other than exclusively as a residence or as a factory for 
manufacturing goods, is defined as a Commercial 
consumer.

4. Industrial Consumer:
A consumer who uses his premises for manufacturing 
goods is defined as an Industrial Consumer.

SC H ED U LE A: LO W  VO LTA G E  
D O M E S T IC  TA R IFF
SING LE PHASE SUPPLY W IT H  S ING LE  
PHASE. M ETER  (L I)

Availability of Service
Applicable to every Residential (domestic) consumer 
whose load does not exceed 60 Amp (Approx. 12kw) 
and whose premises would normally be connected to 
the Authority’s single phase 230 Volts supply.
Hours of Service: 24 hours.
Current, Frequency, Voltage and Phase

Alternating Current, 50 Hertz, 230 Volts, Single phase.

TA R IFF  PER M O N T H  
Part (a): Fixed Charge

Range of Monthly Fixed Charge
Consumption L I:  Single Phase Meter

0 —  400 K W H * 2
ABOVE 400 K W H US

Part (b): Energy Charge
First 400 kwh at 6 kobo per Kwh
All Over 400 kwh at 18 kobo per kwh

Determination of the Fixed Charge
The Fixed charge is based on the range of monthly 
energy consumption since Maximum Demand Meters 
are not installed. An appropriate size of the demand 
limiting circuit breakers will be installed to control the 
indiscriminate increase in power demand without prior 
approval by the Authority as required by law.



Minimum Charge
The Minimum Charge shall be N2 per month 

Contract Termination
The agreement can be terminated by the consumer or 
the Authority on giving three days notice.

2. TH R E E  PHASE SUPPLY W IT H  TH R E E  PHASE  
M E TE R  (L2)

Availability of Service
Applicable to every residential (domestic) consumer 
whose load exceeds 12kw and is connected to the 
Authority’s 3 phase supply without M D  meters.

Hours of Service: 24 hours 
Current, Frequency, Voltage and Phase 
Alternating Current, 50 Hertz, 400 Volts, Three phase, 3 
pr 4 wires as required.

Tariff Per Month 

Part (a): Fixed Charge

Range o f Monthly Fixed Charge

Consumption L2: Three phase meter

0 —  400 kwh # )0
Above 400 kwh N30

Part (b): Energy Charge
First 400 K W H  at 8 kobo per Kwh
All over 400 kwh at 20 kobo per kwh

Determination of the Fixed Charge
The Fixed charge is based on the range of monthly 
energy consumption since Maximum Demand meters 
are not installed. An appropriate size of the

demand —  limiting circuit breakers will be installed to 
control the indiscriminate increase in power demand 
without prior approval by the Authority as required by 
law.

Minimum Charge
The Minimum charge shall be # 1 0  per month.

Contract Termination
The agreement can be terminated by the consumer or 
the Authority on giving three days notice.

3. TH REE PHASE SUPPLY W IT H  TH R E E PHASE  
M D  M ETER  (L3)
A VA ILA B IL ITY  OF SERVICE
Applicable to every residential (domestic) consumer 
whose load exceeds 12 KW  and is connected to the 
Authority’s three phase supply with M D  meters.

Hours of Service: 24 hours 
Current, Frequency, Voltage and Phase
Alternating Current, 50 Hertz, 400 Volts, Three phase 
3 or 4 wires as required.

Tariff per month 

Part (a): Fixed Charge
The fixed charge is M30 per month

Part (b): Power Demand Charge
First 25 KVA  or less No charge (minimum power
demand). All over 25 K VA  at #30  per K VA  or part
thereof

Part (c): Energy Charge
First 100 kwh at 6 kobo per kwh
Next 300 kwh at 8 kobo per kwh
Next 600 kwh at 12 kobo per kwh
Next 1000 kwh at 18 kobo per kwh
All over 2000 kwh at 25 kobo per kwh 

5



Determination of the Maximum Demand
The Authority shall install Maximum Demand meter in 
the consumers’ premises. Maximum Demand meter will 
be read monthly at the scheduled meter reading date. 
The Maximum Demand is the highest single reading of 
the Demand meter established during the billing period.

Minimum Charge
The Minimum charge shall be #30 per month. 

Contract Agreement
The agreement can be terminated by the consumer or 
the Authority on giving three days notice.

SC H ED U LE B: L O W  VO LTA G E N O N -D O M E S T IC  
TARIFF

1. SING LE PHASE SUPPLY W IT H  SING LE PHASE 
M E T E R  (L4)
Availability of Service
A small commercial or industrial (non-domestic) con
sumer premises with an induction motor or welding 
apparatus below 3HP rating will be connected to the 
Authoritys single phase supply with single phase meter 
and whose load does not exceed 15KW.

Hours of Service: 24 Hours 
Current, Frequency, Voltage and Phase
Alternating Current; 50 Hertz, 230 Volts, Single phase.

Tariff Per month
Part (a): The Fixed Charge
The Fixed Charge is # 1 0  per month 
An appropriate size of demand limiting circuit breaker 
will be predetermined based on the details of all 
electrical appliances in the premises at the time of 
application, and installed to control the indiscriminate 
increase in power demand without prior approval by 
the Authority as required by law.

Part (b): Energy Charge: All kwh at 30 kobo per kwh. 
Minimum Charge
The minimum charge shall be MIO per month.

Penalty charge for welding apparatus
All welding apparatus connected at the {n’émises will be 
billed at an additional charge of #10  {)er K V A  or part 
thereof input to the machine f>er month unless the 
welding apparatus is connected through a motor- 
generator set.



Contract Termination
The agreement can be terminated by the consumer or 
the Authority on giving three days written notice.

2. TH REE PHASE SUPPLY W IT H O U T  M A X IM U M  
D EM A N D  M ETERS (L5)

Availability of Service
Applicable to small commercial and industrial (non 
domestic) consumer who cannot be connected to the 
Authority’s single phase supply but connected directly 
through three phase meters (without any Maximum 
Demand meters) and with load not exceeding 45 K VA .

Hours of Service; 24 Hours.
Current: Frequency, Voltage and Phase 

Alternating Current, 50 Hertz, 400 Volts, Three-phase, 
3 or 4 wires as required.

Tariff Per Month
Part (a): The Fixed Charge
The Fixed Charge is # 3 0  per month.
An appropriate size of the demand limiting circuit 
breaker will be predetermined based on the details of 
all electrical appliances in the premises at the time of 
application and installed to control the indiscriminate 
increase in power demand without prior approval by 
the Authority as required by law.

Part (b): Energy Charge
All kwh at 35 kobo per kwh.

Minimum charge
The minimum charge shall be # 3 0  per month.

Penalty for welding Apparatus
All welding apparatus connected at the consumer 
premises will be billed at an additional charge of #10
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per kva or part thereof input to the machine per month, 
unless the welding apparatus is connected through a 
motor-generator set.

Contract Termination
The Agreement can be terminated by the consumer or 
the Authority on giving thirty days written notice.

3. C O M M E R C IA L  CO NSUM ERS O N  TH R E E  
PHASE SUPPLY W IT H  TH R E E  PHASE M A X I
M U M  D E M A N D  (KVA) M ETERS A ND ENERGY  
(K W H ) M ETERS W IT H  LO A D  BELO W  500 KVA  
(Lb)

Availability of Service
Applicable to medium non-domestic (Commercial) 
consumers with load below 500 K V A

Hours of Service: 24 Hours.

Current, Frequency, Phase and Voltage
Alternating Current, 50 Hertz, 400 Volts, Three phase, 3 
or 4 wires as required.

Tariff Per Month 
Part (a): Fixed charge

The fixed charge is #30  per month.

Part (b): Power Demand Charge
All K V A  at #30  Per K VA  or Part thereof.

Part (c) Energy Charge 
All K W H  at 45 kobo per kwh.

Determination of Maximum Demand 

The Authority shall install Maximum Demand meter 
in the consumer’s premises. Maximum Demand 
meter will be read monthly at the scheduled meter 
reading date. The normal power Demand is the



highest single reading of the demand meter estab
lished during the billing period.

Minimum Charge
The minimum charge is N30 per month.

Capital Contribution and Minimum Annual Revenue 
Agreement
A consumer whose power demand is such that the 
Authority must build new or extend existing facilities 
to meet such power demand may be required to either 
pay a capital contribution and/or guarantee the 
Authority’s a Minimum Annual Revenue.

Contract Termination.
The Agreement can be terminated by the Consumer 
or the Authority on giving three months written 
notice.

IN D U S T R IA L  CONSUMERS ON TH R E E PHASE  
SUPPLY W IT H  TH REE PHASE M A X IM U M  
D E M A N D  (KVA) M ETERS W IT H  LO A D  BELOW  

500 KVA (L7)
Availability of Service
Applicable to medium non-domestic (Industrial) con
sumers with load below 500 K VA.

Hours of Service: 24 Hours.
Current, Frequency, Voltage and Phase
Alternating current, 50 Hertz, 400 Volts, Three phase, 3 
or 4 wires as required.

Tariff Per month 
Part (a) Fixed Charge
The fixed charge is #30  per month

Part (b) Power Demand Charge
First 50 K VA  or less FREE. All over 50 K VA  at #30
per K VA  or Part thereof.
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Part (c) Energy charge 
All kwh at 45 kobo per kwh.

Determination of Maximum Demand
The Authority shall install maximum demand meter in 
the consumer’s premises. Maximum demand meter will 
be read monthly at the scheduled meter reading date. 
The normal power demand is the highest single reading 
of the demand meter established during the billing 
period.

Minimum charge
The minimum charge is # 3 0  per month.

Capital Contribution and Minimum Annual Revenue 
Agreement
A  consumer whose power demand is such that the 
Authority must build new or extend existing facilities 
to meet such power demand may be required to either 
pay a capital contribution and/or guarantee the 
Authority a Minimum Annual Revenue.

Contract Termination
The Agreement can be terminated by the consumer 
or the Authority on giving three months written 
notice.
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SCHEDULE C H IG H  VO LTA G E TARIFF
1. LARGE TH R EE PHASE SUPPLY AT 6.6KV OR  

I IK V  (H I)  W IT H  LO A D  ABOVE 500 KVA AND  
BELO W  2 M V A

Availability of Service
Applicable to large industrial/commercial con
sumers (High Voltage Consumers) whose load 
exceeds 500 K VA  and below 2 M VA .

Hours of Service: 24 Hours 

Current, Frequency, Phase and Voltage 
Alternating Current, 50 Hertz, Three phase. The 
Voltage of Supply is 6,600 Volts or 11,000 Volts.

Tariff Per month
Part (a): Power Demand Charge
First 125 K V A  or less #4375 (minimum power 
demand charge).
All over 125 K V A  at #35  per K V A  or part thereof.

Part (b) Energy Charge
All kwh at 45 kobo per kwh.

Determination of Maximum Demand 
The Authority shall install maximum demand meter 
in the consumer’s premises. Maximum Demand 
meter will be read monthly at the scheduled meter 
reading date. The normal power demand is the 
highest single reading of the demand meter estab
lished during the billing period.

Minimum Charge
The minimum charge shall be #4375 per month.

Capital Contribution and Minimum Annual Revenue 
Agreement
A consumer whose power demand is such that the 
Authority must build new facilities to meet such

.1

power demand may be required to either pay a capital 
contribution and/or guarantee the Authority a 
Minimum Annual Revenue.

Contract Termination
The Agreement can be terminated by the Consumer 
or the Authority on giving three months written 
notice.

^ 2 .  TH R E E  PHASE SUPPLY AT 33KV O R 66KV (H2) 
W IT H  LO A D  ABOVE 2M VA  A N D  B ELO W  20M VA

Availability of Service
Applicable to large industrial/commercial con
sumers (High Voltage Consumers) whose load 
exceeds 2M V A  and below 20M VA.

Hours of Service: 24 Hours 
Current, Frequency, Phase and Voltage 

Alternating Current, 50 Hertz, Three phase. The 
voltage may be 33,000 Volts or 66,000 Volts.

Tariff Per Month
Part (a) Power Demand Charge
First 500KVA or less #20,000 (minimum power 
demand charge)
All over 500KVA at # 4 0  per K V A  or part thereof.

Part (b) Energy charge
All Kwh at 44 Kobo per Kwh

Determination of Maximum Demand

The Authority shall install maximum demand meter in 
the consumer’s premises. Maximum Demand meter 
will be read monthly at the scheduled meter reading 
date. The normal power demand is the highest single 
reading of the demand meter established during the 
billing period.
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Minimum Charge
The minimum charge shall be N20,000 per month.

Capital Contribution and Minimum Annual Revenue 
Agreement
A consumer whose power demand is such that the 
authority must build new facilities to meet such 
power demand will be expected to either pay a capital 
contribution and/or guarantee the Authority a 
minimum annual revenue.

Contract Termination
The Agreement can be terminated by the Consumer 
or the Authority on giving three months written 
notice.

3. TH R E E PHASE SUPPLY AT 132KV (H3) W IT H  
LO A D  ABOVE 20M VA

Availability of Service
Applicable to large industrial/commercial consumers 
(High Voltage Consumers) whose load are above 
20M VA.

Hours of Service: 24 Hours

Current, Frequency, Phase and Voltage
Alternating Current, 50 Hertz, Three phase. The 
voltage of supply is 132KV.

Tariff Per Month

Part (a) Power Demand Charge
First 2000KVA or less #110,000 (Minimum Power 
Demand Charge).
All over 2000KVA at #55 per K V A  or part thereof.

Part (b) Energy charge 

All Kwh at 41 Kobo per Kwh
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Determination of Maximum Demand
The Authority shall install maximum demand meter in 
the consumers’ premises. Maximum Demand meter 
will be read monthly at the scheduled meter reading 
date. The normal power demand is the highest single 
reading of the demand meter established during the 
billing period.

Minimum Charge
The minimum charge shall be H I  10,000 per month.

Capital Contribution and Minimum Annual Revenue 
Agreement
A consumer whose power demand is such that the 
Authority must build new facilities to meet such 
power demand will be expected to either pay a capital 
contribution or guarantee the Authority a minimum 
annual revenue.

Contract Termination
The Agreement can be terminated! by the Consumer 
or the Authority on giving three months written 
notice.

TH R E E PHASE SUPPLY AT 330K V  (H4) W IT H  
LO A D  ABOVE 50M VA

Availability of Service
Applicable to large commercial and industrial con
sumers (High Voltage Consumers) whose loads are 
above 50M VA.

Hours of Service 24 Hours

Current, Frequency, Phase and Voltage
Alternating Current, 50 Hertz, Three phase. The 
Voltage of supply is 330KV.
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Tariff Per Month

Part (a) Power Demand Change

First 5000KVA or less #300,000 (Minimum Charge). 
All over 5000KVA at #60  per K VA  or part thereof.

Part (b) Energy Charge
All Kwh at 38 Kobo per Kwh 

Determination of Maximum Demand
The Authority shall install maximum demand meter in 
the consumer’s premises. Maximum Demand meter 
will be read monthly at the scheduled meter reading 
date. The normal power demand is the highest single 
reading of the demand meter established during the 
billing period.

Minimum Charge

The minimum Charge shall be #300,000 per month.

Capital Contribution and Minimum Annual Revenue 
agreement

A consumer whose power demand is such that the 
Authority must build new facilities to meet such power 
demand will be expected to either pay a Capital 
Contribution or guarantee the Authority a Minimum  
Annual Revenue.

Contract Termination

The Agreement can be terminated by the consumer or 
the Authority on giving six months written notice.

16

SCHEDULE D: STR EET L IG H T IN G  TA RIFF  
Availability of Service

Applicable to all street lighting installations the energy 
consumption of which shall be metered. Street lighting 
fittings, lamps and other associated equipment shall 
remain the property of and be maintained by the 
sponsor of any street lighting installation.

Tariff Per Month 
Energy Charge
All Kwh at 45 Kobo per Kwh 

Capital Contribution
I f  the Authority has to build new or extend existing 
power supply facilities to meet the power demand 
requirement of a street lighting installation, a capital 
contribution equal to 100% of the capital outlay shall 
be payable once by the sponsor of the scheme.

Contract Termination
The Agreement can be terminated by the consumer or 
the authority on giving at least one month written 
notice.
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NOTES OF SERVICE REG U LA TIO N

VO LTAG E OF SUPPLY

1.1 Only domestic consumers with electrical load of 15/ 
45KVA and below shall be supplied at 230/400 Volts 
without M .D . meter.

1.2 All consumers whose load exceeds 45KVA and below 
500KVA shall be supplied at low voltage with M .D . 
meters,

1.3 All consumers whose load exceeds 500KVA and below 
2000KVA shall be supplied at 11,000 Volts.

1.4 All consumers whose load exceeds 2000KVA and 
below 20.000KVA shall be supplied at 33000 Volts or 
66000 Volts depending on the available voltage of 
supply and the size of the load.

1.5 All consumers whose load are 20,000 K VA  and above 
shall be supplied at 132,000 Volts.

1.6 All consumers whose load are 50,000 K VA  and above 
shall be supplied at 330,000 Volts.

2. SECURITY DEPOSITS
All prospective consumers and any existing consumer 
disconnected for non-payment of electricity bills will 
now pay a security deposit so as to reduce their 
indebtness to the authority. The security deposit to be 
demanded by type of supply and meter is shown in the 
schedule below:-

No. Type of Supply and Meter Security 
Deposit (N )

1. Single phase supply with 5A or
25A etc Single phase meter 100

2. Three phase supply with 25A or
50A etc Three phase meter 300
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No. Type o f Supply and Meter Security
Deposit

3. Three phase supply having three 
phase CT operated meter 1,000

4. All consumers supplied and 
metered at 6.6KV or 11K V 2,000

5. All consumers supplied and 
metered at 33kV 10,000

6. All consumers supplied and 
metered at 132kv 100,000

7. All consumers supplied and 
metered at 330kv 500,000

3.0 C O N N EC TIO N  FEES
Any new consumer served shall pay to the Authority 
fixed charges per metering point which shall be in 
addition to the excess service charge or metering 
contribution and/or capital contribution which the 
Authority might demand. The new rates of connection 
fees for various types of supply are stated below:-

3.1 C O N N EC TIO N  FEES A T LO W  AND M E D IU M  
VO LTAGES

No. Type of Supply Connection Fees

1. Single phase #100.00 plus excess
overhead service and

metering
charge where
applicable
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No. Type o f Supply 4
Connection Fees

2. Single phase 
underground 
service and 
metering

N200.00plus 
excess service 
charge where 
applicable

3. Tliree phase- 
overhead service 
and metering

N300.(X) plus 
excess service 
charge where 
applicable

4. Three phase 
underground 
service and 
metering

N400.00plus 
excess service 
charge where 
applicable

3.2 C( 
HI

5.

)N N E C r iO N  FEES  ̂
G H VOLTAGES

6.6/1 Ikv supply.

IT  H IG H  AND EXTRA

N2,000.00plus  ̂
capital contribution

6. 33/66kv Supply M5,000 plus
capital
contribution

132kv Supply #26,000 plus 
capital contribution

8. 330kv Supply #100,000 plus 
capital contribution

PAYM ENTS O F ARREARS BY IN C O M IN G  
CONSUM ERS
Whenever any consumer of electricity supplied by the 
Authority leaves the premises where such electricity has 
been supplied to him without paying the charges for 
electricity or meter rental due from him, the Authority 
shall be entitled to recover from the next tenant the 
arrears left unpaid by the former tenant unless the 
incoming tenant has, before consuming electricity, given 
notice to the Authority requiring the meter to be read, or 
has given notice of the date of commencement of his 
tenancy where no meter is supplied. Section 26 of NEPA  
Decree No. 24 of 1972.

SPECIAL M ETER  R EA D IN G  CHARGE
Where a consumer requests the Authority to take a 
special meter reading outside the normal meter reading 
period, the consumer shall pay the Authority a fee of ten 
Naira (N10,00).

R E-C O N N EC TIO N  FEE AFTER DISCONNEC
T IO N  FOR N O N -P A Y M E N T  O F ACCO UNT
Where an installation has been disconnected by reason 
of non-payment o f account, the charge for reconnection 
are as foliows:-

where disconnection is from the miniature circuit 
breakers or output, only N20.00 (Twenty Naira) will 
be charged.

(6^where disconnection is from the service pole, N50 
(Fifty Naira) will be charged.

R E-IN SPEC TIO N  FEE
There shall be no charge for inspecting the electrical 
wiring installation of the prospective consumer’s 
premises. A reinspecting fee of N-10.00 (Ten Naira) is
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however charged for reinspecting a completed repair/ 
rectification of a defect discovered in the electrical 
wiring installation of the premises.

8. D ISC O N N EC TIO N  AND RE-CO NNECTIO N  
FOR C O N SU M ER ’S C O NVENIENCE
There shall be no charge for disconnection and re
connection at consumer’s request either for remodelling 
of his house, or for reinforcement and/or extension of his 
interior wiring, or for temporary non-occupancy. How
ever, where such a re-connection involve the shifting of 
the meter position, a re-connection fee of #50.00 will be 
payable by the consumer in addition to the cost of mater
ials for the shifting of the, meter position.

9. D ISC O N N EC TIO N  OF SERVICE
The Authority reserves the right to discontinue its ser
vice for the following reasons:-

9.1 For non-payment of bill, provided the bill remains 
unpaid 14 days after the date of dispatch of the bill as 
shown on the bills.

9.2 For failure of the consumer to fulfil his contractual 
obligations for power supply service provided by 
Authority.

9.3 Without notice in the event o f unauthorised use of elec
tric service or tampering with Authorty’s equipment.

9.4 For failure of the consumer to provide and install cor
rective equipment reasonably necessary in the opinion 
of the Authority to eliminate interference where the 
consumer’s use of electric service interferes with system 
voltage and/or stability and adversely affects other con
sumers.

10. D ISC O N TIN U A N C E OF SUPPLY

Not less than 30 clear days (3 days for residential con
sumer and commercial/industrial consumer on single
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phase supply) notice in writing shall be given to the 
Authority by the consumer before quiting the premises 
and in default of such notice the consumer shall be liable 
to the Authority for all accounts until such notice is 
received or until the Authority accepts an application 
for supply to the same installation from another con
sumer. The Authority reserves the right to discontinue 
supply of electricity when other consumers are being 
connected or when the Authority’s mains or apparatus 
are being tested or repaired or in case of failure of supply 
through accident, fire, flood, tempest, breakdown of 
machinery or any unavoidable cause.

11. C O N T IN U IT Y  O F SERVICE
The Authority shall as much as possible try to ensure 
that power supply is reliable and continuous but cannot 
guarantee 24 —  hours uninterrupted power supply 
service, the consumer is therefore advised to install suit
able protective equipment if such occurrence might 
damage his apparatus connected to the Authority’s 
supply.

12. R ESPO N SIB ILITY  FOR A U TH O R IT Y ’S 
APPARATUS
The consumer shall insure and keep insured against 
damages or destruction by fire and shall be solely 
responsible for the safe custody of one meter and other 
apparatus belonging to the Authority installed in his 
premises, and shall not damage; alter, or remove the 
same, or obliterate or remove any such marks, words or 
numbers thereon, or permit any such damage, alter
ation, removal or obliteration. Without prejudice to the 
other provisions o f these regulations the consumer shall ' 
make good any such damage or reimburse the Authority 
to the extent of any loss the Authority may sustain by 
reason of any break of these Regulations.
The consumer shall forthwith give notice to the 
Authority o f any breakdown, failure, loss, injury or
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13.

14.

15.

16.

damage of or to the meter or any apparatus belonging to 
the Authority installed in his premises.

INCREASE OF LO A D  A ND A LTE R A TIO N  OF  
PRESENT IN S TA LLA TIO N
Every consumer shall notify and obtain approval of the 
Authority before
( i)  installing or having installed any additional elec

tric lines, wires, fittings, apparatus and appliances.
( ii) altering his present electrical installation.

ACCESS TO  PREMISES
As a condition of taking power supply service, 
authorised employees of the Authority shall have access 
to the consumer’s premises at all reasonable hours to 
install, inspect, read, repair or remove its meters and to 
install, operate and maintain the Authority’s property 
and to inspect and determine the connected electrical 
load. In this respect, an authorised employee shall carry 
identification and shall display it upon request.

N O N  L IA B IL IT Y  OF T H E  A U T H O R IT Y
The Authority will not be liable for any loss or damage 
occasioned to any person or property, whether 
belonging to the consumer or not, arising out of any 
defects in or accident to the wiring installation or by the 
use of the electricity supplied or any apparatus used in 
connection therewith, whether or not such wiring instal
lation or apparatus belongs to the Authority or through 
any fault arising on the Authority’s system or for any 
cause beyond its control.

R EV IS IO N  OF TERM S, TA RIFF, ETC.
The Authority may from time to time, giving notice to 
the consumer in writing or by public notice amend or 
alter any of the above Regulations of supply or its scale 
of charges and such amendments or alterations shall 
take effect as from the date specified in the said notice.

24

:î|îÿ A,:- t . .

m m i

V

/ . .

iiSl:

■•smm

m m m -

%. ..



APPENDIX 8

Typical sample survey questionnaire and result carried out at various 
communities in Nigeria for the application of CHP system.



APPENDIX 8A

SAMPLE QUESTIONNAIRE

My name is Solomon Olatoye. I am a post graduate research student o f the University 
College London in England. This questionnaire is required to enhance my survey in the 
application o f Combined Heat and Power System to a tropical developing country such as 
Nigeria.

Please answer the question as much as you can. Highlight any that might be difficult to 
understand, and I will explain when I return to collect the questionnaire. Also indicate if 
you will like to be interviewed. This will also provide an opportunity for you to add any 
comment you wish to include. You can also write your comment and include it with the 
questionnaire. I can assure you every comment will be evaluated and put to use where 
relevant. I thank you in anticipation o f your co-operation.

PLEASE FILL THE DOTTED LINE OR TICK THE BOX WHERE APPROPRIATE

1) Name: (optional)..................................................................................................

Address: (optional).................... ...........................................................................

Telephone: (optional).......................................

2) Type or use of Building. Commercial O  Residential O

3) Total number o f rooms in the building.

4) Total number o f people in the building.

5) Do you have electrically operated hot water boiler providing hot water service in the 
building?

Yes U No U
6) If  yes to item 5; How Many Boilers 

Total Boiler Ratings



7) What type o f control is installed to your hot water boiler?

Clock Timer O  Thermostat [U  Manual O

8) Is your building Air conditioned?

Yes □  No □

9) If  yes to item 8, what type(s) is/are installed to your building?

DX Coil D Central D
Total Power Ratings if known; DX C o il............... Central ...............

(DX Coil is either a “Window Unit” type or “ Split Unit” type Air Conditioner)

10) What period o f each day do you operate your air conditioners:

A M  P.M.

a) 1 2 - 3  □  e) 1 2 - 3  □

b ) 3 - 6  □  f ) 3 - 6  □

c) 6 - 9  □  g) 6 - 9 □

d) 9 - 12 □  h) 9 -1 2  □

11) Do you experience electricity power failure from the public grid in your area?

Yes □  No □

12) If  yes to the above question, how much o f a disruption is caused to your activity;

Low Disruption Q  Medium Disruption O  High Disruption O

13) Is your building installed with a standby generator?

Yes □  No □



Other O

14) If yes to item 10, please indicate type(s);

Diesel O  Petrol O  Gas O

Also indicate total power ratings if known;

Diesel Petrol Gas Other

15) Please answer the following questions about your generator if you know it:

(i) Hour run per week -
(ii) Days per week generator was on
(iii) Logged Average Weekly kWh

16) How do you get your generator fuel supply to your premises?

Supplier Q  Self EH

17) Indicate your current monthly average generator fuel cost:

a) Up to N200 □ b) N200 - N500 □

c) N 500-N 1,000 □ d) N1,000 - N3,000 □

e) N3,000 - N6,000 □ f) N6,000 - N10,000 □

g) Above N  10,000 □ h) Do not Know □

18) What is your current average monthly electricity bill?

a) Up to N200 □ b) N200 - N500 □

c) N 500-N 1,000 □ d) N l,000-N 3,000 □

e) N3,000 - N6,000 □ f) N 6,000-N 10,000 □

g) Above N 10,000 □ h) Do not Know □



19) Whom do you consider is responsible for the poor service of Public grid?

NEPA □  THE GOVERNMENT D  BOTH D  NOT SURE D

20) If called upon, are you prepared to contribute towards more investment in NEPA 
that will guarantee regular power supply from the grid.

Yes □  No □

21) If yes to item 20, what percentage of your current spend on generator fuel are you 
prepared to contribute.

a) Up to 10% □ b) Up to 25% □
c) Up to 50% □ d) Up to 75% □
e) Up to 100% □ f) Over 100% □
g) Not sure □

22) If your answer to item 20 is no, which of these body do you expect to fund the extra 
investment require to achieve this level of service?

NEPA □  THE GOVERNMENT O  BOTH □  NOT SURE □

23) Do you believe the decentralisation of NEPA will improve on the current service in 
electricity supply from the grid?

Yes O  No O  Not Sure O

24) Are you prepared to participate in a Community controlled power generating station, 
in an effort to improve services?

Yes O  No O  Not Sure O

25) If a more efficient electricity generating set (CHP system) is introduced to the 
Nigerian market, which of the following are you prepared to do to your exiting unit?

Renew it O  Upgrade it O  Do nothing O



26) If a high temperature hot water capable of being used to generate domestic hot 
water service and cooling by an absorption chiller is made available to your 
premises, are you to tap into it and pay for the use if the rate is competitive?

Yes O No [I] Not Sure O
27) If yes to item 26, are you prepared to invest on the equipment that will provide the 

services (Hot water and Cooling)?

Yes O  No O  Not Sure O

28) Have your electricity supply been disconnected in the past year?

Yes □  No □

29) If yes to item 28, which of the following was the cause?

(i) Non payment □
(ii) Illegal Connection □
(iii) System Overload □
(iv) Non Compliance with 

Corrupt NEPA official
□

(v) Become Independent □
30) Do you use system power protection for your equipment against power failure?

Yes □  No □

31) If yes to item 30, which of the following system(s) do you use?

(i) Un-interruptable Power Supply System (UPS) O

(ii) Power (voltage) Stabilizer O

(iii) ELCB (Circuit Breaker) O

(iv) Others (name) ...........................................  O



32) Have suffered damage to your equipment as a result of unstable electricity supply 
from the public grid?

Yes □  No □

33) If yes to item 32, did you report it to NEPA?

V e s D  No □

34) Which of the following do you consider a disavantage to operating an electricity 
standby generator:

(i) Noise □

(ii) Fire Risk □

(iii) Exhaust Fumes □

(iv) Fuel Fumes □

(v) Manual Start/Stop of Engine □

(vi) Operation and Maintenance Costs □

(vii) Transportation of Fuel □

I of the following do you consider a disadvantage tc 
Derates an electricity generator?

(i) Noise □

(ii) Fire Risk □

(iii) Exhaust Fumes □

(iv) Fuel Fumes □



36) Do you sometimes have to leave home when there is power failure (Residential)?

Yes □  No □

37) If yes to item 36, which of the following places do you go?

(>) Social Club □
(ii) Health Club □
(iii) Sport Ground □
(iv) Visit Friend or Relative with electricity 

power supply in their area
□

(V) Visit Friend or Relative with/without 
electricity supply in their area

□
(vi) Take a long drive/ride in a vehicle □
(vii) Other .................. □

38) Has there been an accident in your premises directly related to power

Yes □  No □ Not Sure O

39) If yes to item 38, indicate type of accident:

(i) Fire Related □
(ii) Damage to Building □
(iii) Damage to Equipment □
(iv) Personal Injury [%[

(v) Other O



40) Will you like an indepth discusion/interview on this subject? 

Y e s D  No □

41) If yes to item 39, Please complete item 1 of this questionnaire to allow me to make 
an appointment with you at your convenience. Thank you.

Please do not write below this line

Category

A) Size and use of building [1-4]

B) Domestic hot water [5-7]

C) Space Air Conditioning [8 - 10]

D) Electricity power disruption [11 - 12]+ [36- 39]

E) Standby generator [13-17]+ [34-35]

F) Public grid [18 -23] + [28 - 33]

G) Small scale CEDP system [24 - 27]



SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Bodija 
Ibadan 
Residential 
44 Premises 
Upper/Middle Class

1 Name: 100% Address: 100% Tel: 60%
2 Commercial: 0 Residential: 44
3 Ave. Rooms: 6
4 Ave. # People: 4
5 Yes: 90% No: 10%
6 Ave. # Boilers: 1 Ave, Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 90% No: 10%
9 DX: 100% Central: 0% Ave.DX Rtg: 2.5 HP Ave. Central Rtg: 0
10 (a): 60% (b): 0% (c): 25% (d): 25% (e): 0% (f): 75% (g): 90% (b): 100%
11 Yes: 100% No: 0%
12 Low: 0% Medium: 36% High: 64%
13 Yes: 82% No: 18%
14 Diesel: 68% Petrol: 32% Gas: 0% Other: 0%
15 (i): N/A (ii): 6/wk (iii): N/A
16 Supplier: 0% Self: 100%
17 (a): 18% (b): 72% (c): 10% (d): 0% (e): 0% (f): 0% (g): 0% (h): 0%
18 (a): 0% (b): 54% (c): 27% (d): 19% (e): 0% (f): 0% (2): 0% (h): 0%
19 NEPA: 72% Govt: 18% Both: 10% Not Sure: 0%
20 Yes: 72% No: 28%
21 (a): 0% (b): 0% (c): 18% (d):0% (e): 14% (f): 23% (g): 45%
22 NEPA: 14% Govt: 14% Both: 72% Not Sure: 0%
23 Yes: 90% No: 10% Not Sure: 0%
24 Yes: 100% No: 0% Not Sure: 0%
25 Renew: 28% Upgrade: 72% Do Nothing: 0%
26 Yes: 95% No: 5% Not Sure: 0%
27 Yes: 100% No: 0% Not Sure: 0%
28 Yes: 5% No: 95%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 0% (ii): 100% (iii):0% (iv): 0%
32 Yes: 95% No: 5%
33 Yes: 0% No: 100%
34 (i): 100% (ii): 95% (iii): 90% (iv): 55% (v): 90% (vi):100% (vii): 100%
35 (i): 100% (ii): 95% (iii): 95% (iv): 18%
36 Yes: 95% No: 5%
37 (i): 54% (ii): 77% (iii): 36% (iv): 90% (v): 55% (vi): 90% (vii): 36%
38 Yes: 14% No: 86%
39 (i): 95% (ii): 95% (iii): 95% (iv): 28% (v): 0%
40 Yes: 14% No: 86%
41



SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Government Reservation Area - Malali
Kaduna
Residential
42 Premises
Middle Class

1 Name: 71% Address: 71% Tel: 30%
2 Commercial: 0 Residential: 42
3 Ave. Rooms: 5
4 Ave. # People: 5
5 Yes: 80% No: 20%
6 Ave. # Boilers: I Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 90% No: 10%
9 DX: 100% Central: 0% Ave.DX Rtg: 2.5 HP Ave. Central Rtg: 0
10 (a): 60% (b): 0% (c): 25% (d): 29% (e): 0% (f): 71% (g): 100% (h): 100%
11 Yes: 100% No: 0%
12 Low: 43% Medium: 52% High: 5%
13 Yes: 80% No: 20%
14 Diesel: 62% Petrol: 38% Gas: 0% Other: 0%
15 (i): N/A (ii): 6day/wk - (üi): N/A
16 Supplier: 0% Self: 100%
17 (a): 10% (b): 86% (c): 4% (d): 0% (e): 0% (f): 0% (fi): 0% (h): 0%
18 (a): 10% (b): 86% (c): 4% (d): 0% (e): 0% (f): 0% (g): 0% (h): 0%
19 NEPA: 80% Govt: 0% Both: 10% Not Sure: 10%
20 Yes: 90% No: 10%
21 (a): 0% (b): 0% (c): 15% (d):0% (e): 43% (f): 14% (g): 28%
22 NEPA: 17% Govt: 17% Both: 33% Not Sure: 43%
23 Yes: 33% No: 24% Not Sure: 43%
24 Yes: 76% No: 10% Not Sure: 14%
25 Renew: 25% Upgrade: 33% Do Nothing: 42%
26 Yes: 76% No: 10% Not Sure: 14%
27 Yes: 90% No: 10% Not Sure: 0%
28 Yes: 0% No: 100%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 0% (ii): 100% (iii):0% (iv): 0%
32 Yes: 76% No: 14%
33 Yes: 0% No: 100%
34 (i): 100% (ii):100% (iii): 76% (iv): 24% (v): 24% (vi):100% (vii): 100%
35 (i): 100% (ii): 100% (iii): 76% (iv): 17%
36 Yes: 47% No: 53%
37 (i): 5% (ii): 10% (iii): 0% (iv): 42% (v): 47% (vi): 29% (vii): 0%
38 Yes: 0% No: 100%
39 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
40 Yes: 28% No: 72%
41



APPENDIX 8D
SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Marina 
Lagos Island 
Commercial 
20 Premises 
Not Applicable

1 Name: 100% Address: 100% Tel: 100%
2 Commercial: 20 Residential: 0
3 Ave. Rooms: 46
4 Ave. # People: 120
5 Yes: 100% No: 0%
6 Ave. # Boilers: 8 Ave. Pwr Rating: 6kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 100% No: 0%
9 DX: 70% Central: 30% Ave.DX Rtg: 4 HP Ave. Central Rtg:420
10 (a): 15% (b): 15% (c): 35% (d): 100% (e):100% (f): 100% (g): 80% (h): 25%
11 Yes: 100% No: 0%
12 Low: 10% Medium: 30% High: 60%
13 Yes: 100% No: 0%
14 Diesel: 90% Petrol: 10% Gas: 0% Other: 0%
15 (i):35/wk (ii): 6day/wk - (iii): N/A
16 Supplier: 60% Self: 40%
17 (a): 0% (b): 0% (c): 0% (d): 20% (e): 30% (0: 40% (g): 10% (h): 0%
18 (a): 0% (b): 0% (c): 10% (d): 25% (e): 40% (f): 10% (g):15% (h): 0%
19 NEPA: 5% Govt: 5% Both: 90% Not Sure: 0%
20 Yes: 100% No: 0%
21 (a): 0% (b): 0% (c): 5% (d):0% (e): 45% (f): 30% (g): 20%
22 NEPA: N/A Govt: N/A Both: N/A Not Sure: N/A
23 Yes: 80% No: 10% Not Sure: 10%
24 Yes: 90% No: 5% Not Sure: 5%
25 Renew: 80% Upgrade: 20% Do Nothing: 0%
26 Yes: 100% No: 0% Not Sure: 0%
27 Yes: 90% No: 10% Not Sure: 0%
28 Yes: 0% No: 100%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 80% (ii): 90% (iii):40% (iv): 0%
32 Yes: 35% No: 65%
33 Yes: 100% No: 0%
34 (i): 100% (U):60% (iii): 80% (iv): 85% (v): 20% (vi):100% (vii): 100%
35 (i): 100% (ii): 80% (üi): 100% (iv): 40%
36 Yes: N/A No: N/A
37 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A (vi): N/A (vü): N/A
38 Yes: 10% No: 80% Not Sure: 10%
39 (i): 5% (ii): 5% (iii): 10% (iv): 5% (v): 0%
40 Yes: 15% No: 85%
41



SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Dugbe Area 
Ibadan 
Commercial 
18 Premises 
Not Applicable

1 Name: 100% Address: 100% Tel: 100%
2 Commercial: 18 Residential: 0
3 Ave. Rooms: 24
4 Ave. # People: 35
5 Yes: 78% No: 22%
6 Ave. # Boilers: 4 Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 89% No: 11%
9 DX: 84% Central: 16% Ave.DX Rtg: 4 HP Ave. Central Rtg: 100
10 (a): 15% (b): 15% (c): 35% (d): 100% (e):100% (f): 100% (g): 80% (h): 15%
11 Yes: 100% No: 0%
12 Low: 11% Medium: 34% High: 55%
13 Yes: 100% No: 0%
14 Diesel: 100% Petrol: 0% Gas: 0% Other: 0%
15 (i): 30/wk (ii): 6day/wk - (üi): N/A
16 Supplier: 0% Self: 100%
17 (a): 0% (b): 0% (c): 27% (d): 55% (e): 18% (f): 0% (2): 0% (h): 0%
18 (a): 0% (b): 30% (c): 30% (d): 40% (e): 10% (f): 0% (2): 0% (h): 0%
19 NEPA: 6% Govt: 6% Both: 88% Not Sure: 0%
20 Yes: 100% No: 0%
21 (a): 0% (b): 0% (c): 15% (d): 0% (e): 55% (f): 15 (2): 15%
22 NEPA: N/A Govt: N/A Both: N/A Not Sure: N/A
23 Yes: 100% No: 0% Not Sure: 0%
24 Yes: 100% No: 0% Not Sure: 0%
25 Renew: 88% Upgrade: 12% Do Nothing: 0%
26 Yes: 100% No: 0% Not Sure: 0%
27 Yes: 94% No: 0% Not Sure: 6%
28 Yes: 0% No: 100%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 66% (ii): 100% (iii): 28% (iv): 0%
32 Yes: 23% No: 77%
33 Yes: 0% No: 100%
34 (i): 100% (ii):100% (üi): 88% (iv): 66% (v): 15% (vi):100% (vii): 100%
35 (i): 100% (ii): 100% (üi): 66% (iv): 30%
36 Yes: N/A No: N/A
37 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A (vi): N/A (vii): N/A
38 Yes: 11% No: 89% Not Sure: 0%
39 (i): 100% (ii): 50% (iii): 50% (iv): 50% (v): 0%
40 Yes: 27% No: 73%
41



APPENDIX 8F

SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Ajegunle Area 
Lagos 
Residential 
56 Premises 
Working Class

1 Name: 60% Address: 40% Tel: 0%
2 Commercial: 0 Residential: 56
3 Ave. Rooms: 3
4 Ave. # People: 7
5 Yes: 4% No: 96%
6 Ave.# Boilers: 1 Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 7% No: 93%
9 DX: 100% Central: 0% Ave.DX Rtg: 1.5 HP Ave. Central Rtg: 0
10 (a): 0% (b): 0% (c): 0% (d): 0% (e): 0% (f): 0% (g): 100% (h): 100%
11 Yes: 100% No: 0%
12 Low: 0% Medium: 20% High: 80%
13 Yes: 11% No: 89%
14 Diesel: 0% Petrol: 100% Gas: 0% Other: 0%
15 (i): N/A (ii): 7day/wk ' (iii): N/A
16 Supplier: 0% Self: 100%
17 (a): 10% (b): 0% (c): 0% (d): 0% (e): 0% (f): 0% («): 0% (h): 0%
18 (a): 61% (b): 18% (c): 0% (d): 0% (e): 0% (f): 0% (g): 0% (h): 21%
19 NEPA: 72% Govt: 10% Both: 14% Not Sure: 4%
20 Yes: 43% No: 57%
21 (a): 0% (b): 0% (c): 50% (d):0% (e): 0% (f): 0% (g): 50%
22 NEPA: 7% Govt: 86% Both: 7% Not Sure: 0%
23 Yes: 28% No: 22% Not Sure: 50%
24 Yes: 92% No: 8 Not Sure: 0%
25 Renew: 0% Upgrade: 100% Do Nothing: 0%
26 Yes: 8% No: 78% Not Sure: 14%
27 Yes: 100% No: 0% Not Sure: 0%
28 Yes: 64% No: 36%
29 (i): 0% (ii): 0% (iii); 0% (iv): 100% (v): 0%
30 Yes: 78% No: 22%
31 (i): 0% (ii): 100% (iii):0% (iv): 0%
32 Yes: 42% No: 58%
33 Yes: 0% No: 100%
34 (i): 100% (ii): 92% (iii): 0% (iv): 0% (v): 0% (vi):100% (vii): 100%
35 (i); 100% (ii): 100% (iii): 57% (iv): 57%
36 Yes: 42% No; 58%
37 (i): 0% (ii): 0% (iii): 0% (iv): 7% (v): 21% (vi): 0% (vii): 92%
38 Yes: 0% No: 100% Not Sure: 0%
39 (i); N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
40 Yes: 46% No: 54%
41



SURVEY ANALYSIS CHART
APPENDIX 8G

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Surulere 
Oshodi-Lagos 
Mixed 
44 Premises 
Middle Class

1 Name: 100% Address: 100% Tel:
2 Commercial: 12 Residential: 32
3 Ave. Rooms (C): 16 Ave. Rooms (R): 6
4 Ave. # People(C): 24 Ave. # People(R): 5
5 Yes: 82% No: 18%
6 Ave. # Boilers: 2 Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 100% No: 0%
9 DX: 100% Central: 0% Ave.DX Rte: 3 HP Ave. Central Rtg:
IOC (a): 0% (b): 0% (c): 0% (d): 60% (e): 100% (f): 100% (g): 60% (h): 0%
lOR (a): 60% (b): 25% (c): 25% (d): 0% (e): 0% (f): 75% (g): 90% (h): 100%
11 Yes: 100% No: 0%
12 Low: 0% Medium: 0% High: 100%
13 Yes: 95% No: 5%
14 Diesel: 76% Petrol: 24% Gas: 0% Other: 0%
15 (i): N/A (ii): 7day/wk (iii): N/A
16 Supplien 0% Self: 100%
17 (a): 19% (b): 33% (c): 38% (d): 5% (e): 0% (f): 0% (g): 0% (h): 5%
18 (a): 35% (b): 55% (c): 5% (d): 5% (e): 0% m: 0% (g): 0% (h): 0%
19 NEPA: 82% Govt: 14% Both: 4% Not Sure: 0%
20 Yes: 72% No: 28%
21 (a): 0% (b): 0% (c): 19% (d): 0% (e): 27% (f): 0% (g): 54%
22 NEPA: 9% Govt: 27% Both: 64% Not Sure: 0%
23 Yes: 90% No: 10% Not Sure: 0%
24 Yes: 100% No: 0% Not Sure: 0%
25 Renew: 14% Upgrade: 82% Do Nothing: 4%
26 Yes: 95% No: 5% Not Sure: 0%
27 Yes: 72% No: 9% Not Sure: 19%
28 Yes: 14% No: 86%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 18% (ii): 100% (iii): 0% (iv): 0%
32 Yes: 100% No: 0%
33 Yes: 0% No: 100%
34 (i): 100% (ii): 91% (iii): 77% (iv): 45% (v): 86% (vi):100% (vii): 91%
35 (i): 100% (ii): 63% (iii): 95% (iv): 14%
36 Yes: 100% No: 0%
37 (i): 77% (Ü): 54% (iii): 27% (iv): 77% (v): 27% (vi): 68% (vii): 41%
38 Yes: 23% No: 77% Not Sure: 0%
39 (i): 9% (Ü): 5% (iii): 18% (iv): 0% (v): 0%
40 Yes: 27% No: 73%



APPENDIX 8H
SURVEY ANALYSIS CHART

COMMUNITY/ZONE:
DISTRICT/TOWN:
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Ahmadu Bello Way 
Kaduna 
Commercial 
26 Premises 
Not Applicable

1 Name: 100% Address: 100% Tel: 100%
2 Commercial: 26 Residential: 0
3 Ave. Rooms: 32
4 Ave. # People: 50
5 Yes: 56% No: 44%
6 Ave. # Boilers: 2 Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 69% No: 31%
9 DX: 100% Central: 0% Ave.DX Rtg: 4 HP Ave. Central Rtg:0
10 (a): 0% (b): 0% (c): 78% (d): 100% (e):10% (f): 100% (g): 0% (h): 0%
11 Yes: 100% No: 0%
12 Low: 12% Medium: 74% High: 8%
13 Yes: 100% No: 0%
14 Diesel: 87% Petrol: 13% Gas: 0% O ther 0%
15 (i):N/A (ii): 4day/wk (iii): N/A
16 Supplier: 0% Self: 100% '
17 (a): 0% (b): 0% (c): 14% (d): 39% (e): 0% if): 0% (2): 0% (h): 47%
18 (a): 0% (b): 0% (c): 12 (d): 9% (e): 30% (f): 0% (2): 0% (h): 47%
19 NEPA: 70% Govt: 4% Both: 0% Not Sure: 26%
20 Yes: 87% No: 13%
21 (a): 0% (b): 0% (c): 14% (d):0% (e): 30% (f): 0% (2): 56%
22 NEPA: 0% Govt: 78% Both: 8% Not Sure: 14%
23 Yes: 26% No: 30% Not Sure: 43%
24 Yes: 61% No: 15% Not Sure: 26%
25 Renew: 70% Upgrade: 17% Do Nothing: 13%
26 Yes: 83% No: 4% Not Sure: 13%
27 Yes: 70% No: 9% Not Sure: 21%
28 Yes: 0% No: 100%
29 (i): N/A (Ü): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 26% (ii): 100% (iii): 0% (iv): 0%
32 Yes: 87% No: 13%
33 Yes: 0% No: 100%
34 (i): 100% (ii):96% (iii): 70% (iv): 26% (v): 17% (vi):100% (vii): 70%
35 (i): 100% (ii): 70% (in): 35% (iv): 13%
36 Yes: N/A No: N/A
37 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A (vi): N/A (vii): N/A
38 Yes: 0% No: 100% Not Sure: 0%
39 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
40 Yes: 13% No: 73%
41



SURVEY ANALYSIS CHART

COMMUNITY/ZONE;
DISTRICT/TOWN;
TYPE:
PROCESSED NO.: 
CLASSIFICATION

Victoria Island 
Lagos Island 
Mixed 
48 Premises 
Upper Class

1 Name: 70% Address: 55% Tel:
2 Commercial: 20 Residential: 28
3 Ave. Rooms (Q : 35 Ave. Rooms (R): 10
4 Ave. # PeopIe(C): 65 Ave. # People(R): 5
5 Yes: 100% No: 0%
6 Ave. # Boilers: 4 Ave. Pwr Rating: 3kW
7 Timers: 0% Thermostat: 100% Manual: 0%
8 Yes: 100% No: 0%
9 DX: 60% Central: 40% Ave.DX Rt̂ g: 4 HP Ave. Central Rtg:210
IOC (a): 20% (b): 20% (c): 60% (d): 100% (e):100% (f): 100% (g): 100% (h): 40%
lOR (a): 85% (b): 21% (c): 14% (d): 7% (e): 0% (f): 57% (g): 100% (h): 100%
11 Yes: 100% No: 0%
12 Low: 0% Medium: 17% High: 83%
13 Yes: 100% No: 0%
14 Diesel: 88% Petrol: 12% - Gas: 0% O ther 0%
15 (i): 50/wk (ii): 7day/wk (iii): N/A
16 Supplier: 25% Self: 75%
17 (a): 0% (b): 4% (c): 8% (d): 33% (e): 42% (f): 13% (g): 0% (h): 0%
18 (a): 4% (b): 4% (c): 42% (d): 29% (e): 17% (f): 4% (g): 0% (h): 0%
19 NEPA: 71% Govt: 17% Both: 12% Not Sure: 0%
20 Yes: 36% No: 64%
21 (a): 0% (b): 0% (c): 33% (d): 17% (e): 42% (f): 4% (g): 4%
22 NEPA: N/A Govt: N/A Both: N/A Not Sure: N/A
23 Yes: 75% No: 17% Not Sure: 8%
24 Yes: 42% No: 33% Not Sure: 25%
25 Renew: 67% Upgrade: 25% Do Nothing: 8%
26 Yes: 96% No: 0% Not Sure: 4%
27 Yes: 96% No: 4% Not Sure: 0%
28 Yes: 0% No: 100%
29 (i): N/A (ii): N/A (iii): N/A (iv): N/A (v): N/A
30 Yes: 100% No: 0%
31 (i): 50% (ii): 100% (iii): 25% (iv): 0%
32 Yes: 75% No: 25%
33 Yes: 8% No: 92%
34 (i): 83% (Ü): 67% (iii): 92% (iv): 42% (v): 33% (vi):100% (vii): 75%
35 (i): 100% (ii): 67% (iii): 92% (iv): 33%
36 Yes: 8% No: 92%
37 (i): 8% (ii): 8% (iii): 0% (iv): 0% (v): 0% (vi): 4% (vii): 0%
38 Yes: 8% No: 67% Not Sure: 25%
39 (i): 8% (ii): 8% (iii): 8% (iv): 8% (v): 0%
40 Yes: 16% No: 84%
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