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Abstract Both Climate change and energy poverty will impact on the collective health, security and economy of Nigeria
and make it impossible for the country to attain the MDG Goals. To ensure improved access to energy, while at the same time
safeguarding the ecosystem will require energy efficiency initiatives targeted at large-scale implementation of efficient
lighting technologies. Compact Fluorescent Lamps (CFLs)are a direct substitute forincandescent light bulbs which is widely
used in Nigeria. The paper aims to evaluate the energy and cost savings using compact fluorescent lamps substitute for
incandescent light bulbs University campus. The retrofitting exercise lasted for one month between 4pm to 7pm daily. No
CFL bulb was given to occupant for personal installation, to ensure that all the points were installed to avert possible
reinstallation with incandescent bulbs. Results of post audit evaluation showed that peak loads for the sampled quarters
dropped reasonably while energy consumption bills also dropped. In the Professorial quarter money saved is M62,954.58 per
month, in A quarter 86% of energy was saved while N224,109.46 money was saved in one month. In B quarter N333,777.45
energy consumption cost was saved in one month. To ensure that the benefits of CFLs are sustained, the study suggests the
need for awareness and adequate sensitization of the public on the environmental and economic importance of CFLs through

implementation of policies and measures to overcome co mmunication barriers.
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1. Introduction

The electricity supply—demand gap in less developed
countries (LDC) is increasing rapidly as a result of the fast
growing demand for electricity to meet socio-economic
growth, increasing urbanization, generation capacity deficits,
and fuel supply issues. It has been estimated that more than
half of the world’s population lives in rural areas, almost 90
percent of them, approximately 3 billion, in developing
countries. Out of these, nearly 1.6 billion are without access
to energy ([11; [2]; [3])

As a result, the Wlzorld Bank and other regional bodies
including ECOWAS have increased its efforts to imp lement
cost-effective supply and demand-side energy efficiency
options that will reduce the need for electricity generation
and peak capacities ([4]; [5]; [6]). From a lens of
demand-side, energy-efficiency measures, energy-efficient
lighting technologies offer one of the most promising
solutions to help close the supply-demand gap in many
developing countries. In these countries, lighting is the most
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important use of electricity in the domestic sector, and the
evening lighting loads contribute significantly to the local
electric utility’s peak load ([7]). Although the use of modemn,
energy-efficient lighting technologies has been increasing
over the last several years, particularly in the commercial
sector, most of the lighting in the residential sector in
developing countries continues to come in the form of
traditional incandescent bulbs, which are very energy
inefficient when compared to linear fluorescent tube lights
(FTLs) and newer lighting technologies such as compact
fluorescent lamps (CFL) and light-emitting-diode (LED)-
based systems ([7]).

From a climate policy perspective, reducing lighting
energy consumption by raising the efficacy of lighting
systems can be an important means of CO, abatement. The
higher the efficacy, the lower the energy required to deliver a
given amount of light, and — depending on the carbon
intensity of the electricity generation fuel mix— the lower the
greenhouse-gas emissions ([8]).

Globally incandescent lamps are estimated to have
accounted for 970 TWh of final electricity consumption in
2005 and given rise to about 560 Mt of CO, emissions.
About 61% of'this demand was in the residential sector with
most of the rest in commercial and public buildings. If
current trends continue incandescent lamps could use 1610
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TWh of final electricity by 2030 ([8])

The Compact Fluorescent Lamps (CFL) with integrated
ballast ([9]) was developed as an alternative to the
incandescent light bulb specifically for this purpose. CFLs
consume a 1/4th to 1/5th of the energy used by incandescent
light bulbs to provide the same level of light. About 25% of
energy consumed by CFLs is converted to visible light
compared with just 5% for a conventional incandescent lamp.
CFLs also have much longer lifetimes with rated life spans of
5,000 to 25,000 hours compared to 1,000 hours on average
for incandescent lamps ([10]).

The efficacy of lighting systems vary significantly from
sector to sector, ranging from as low as 20 Lumens/Watt
(In/W) in the residential sector to as high as 80 Im/W in the
industrial sector. From a technological perspective, the low
efficacy achieved in the residential sector is to a large extent
due to the important role of incandescent lamps, which are
characterized by very low energy efficiency ([11]).

Nigeria faces the complex problems of climate change and

energy poverty in form of energy poverty and climate change.

It is estimated that currently, 15.3 million households lack
access to grid electricity; and for those connected to the
national grid, supply is erratic at best. Per capita electricity
consumption has been less than 150KWh per annum. Rural
areas suffer the most electricity deprivation ([12]).
Significant portions of its population and economy are tied to
activities that are climate sensitive, such as rainfed
agriculture, livestock rearing, fisheries, and forest products
extraction. The northern Sahel zone and the heavily
populated coastal areas are particularly vulnerable to climate
change.

Both Climate change and energy poverty will impact on
the collective health, security and economy of Nigeria and
make it impossible for the country to attain the MDG Goals.
To ensure energy access, while at the same time
safeguarding the ecosystem will require energy efficiency
initiatives targeted at large-scale imp lementation of efficient
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lighting technologies. Compact Fluorescent Lamps (CFLs)
are a direct substitute for incandescent light bulbs which is
widely used in the country. In most developing country
including, Nigeria however, there has been low awareness
and use of CFLs. Lack of clear incentives to reduce energy
consumption and consumers rigid behaviour are often key
issues that need to be addressed when deploying CFLs on a
large scale ([13]; [14]). The aim of the study is therefore to
examine the cost and energy emission implications of
retrofitting CFLs in residential quarters within the University
of Benin, Nigeria.

2. Research Methodology

2.1. Study area

The study area is University of Benin, Benin City, Edo
State. The selected areas were divided into a number of
single Project areas including Professorial (P), Senior Staff
“A” and “B” quarters of the University of Benin, Ugbowo
Campus (Plates. 1-3). Each Project area has boundaries
defined by the location of the service transformer.

2.2. Pre-Survey

An on-site survey was conducted for all the residence in
the selected quarters. During the survey, a structured
questionnaire was administered to the beneficiaries to obtain
information on:

1. House types (i.e., single-family detached, single-family
attached apartments, etc.)

2. Use area or roomtypes (i.e., living room, kitchen, etc.)

3. Lighting Energy Audit ie. incandescent wattages,
fixture and bulb types. Energy audit involved consultation
with residents to define the retrofitting approach and date
and duration of retrofitting exercise.

Plate 1. A Professorial quarter of the Senior Staff quarters ofthe University of Benin
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Plate 3. A typical “’B’’ quarters ofthe Senior Saff quarters of the University of Benin

Initial information on use area or room types, existing
lighting types and number of lighting points were determined
using a structured questionnaire. This was complemented
with field counts of actual lighting points and types. A total
number of 156 questionnaires were administered in the
selected quarters, 15 in the Professorial quarter, 51 in A
quarterand 90 in “B” quarters including their Boy’s quarters.
The process lasted for four weeks and took place during
week days between moming and evening hours to enable full
participation of residents.

2.3. Retrieval of Incandescent Bulbs

At the commencement of the project, all the incandescent
bulbs were retrieved. These bulbs were taken to the
BioEnergy and Environmental Forensic Laboratory,
National Centre for Energy and Environmental for analysis
and computation of the amounts of energy and billing cost
savings.

Table 1. Compositions of Quarters and Statistics of Retrieved
Incandescent Bulbs

o P A B
Composition of Quarter Quarter Quarter Quarter
No of Flat 15 48 85
No of Rooms/flat 5 4 4
No of Boys Quarters 15 48 85
No of Rooms/Boys 15 3 3
quarter
No of Lighting points
(Toilets/bathroom 440 1,518 2212
etc inclusive)

2.4. Replacement of CLFs

The replacement exercise lasted for one month between
4pmto 7pm daily in order to allow household occupants of
full participation. No CFL bulb was given to occupant for
personal installation. This is to ensure that all the points were
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installed to avert possible reinstallation with incandescent
bulbs. Effort was made to ensure that replaced CLFs was
equal the number of incandescent bulbs retrieved. However
there where houses in which retrofitted CFLs were either less
or more due to technical reasons resulting from the lighting
points.

2.5. Voltage Reading

Average daily voltage usage estimated in each quarters
was taken using clamp meter at peak periods when
household occupants were at home and all their appliances
were switched on. This was done twice daily with readings
taken between the hours of 6am and 8pm. Readings were
taken from the Professorial, “A” and ‘’B’’ quarters service
transformers for two weeks and data on KVA, KWH
BILLING were generated using the formulas below:
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KVA=V3xV xI

Where: KVA is “kilo-volts/ampere”

V is voltage and I is current

KWH=KVA X Power factor x30 X 24 X
Diversity Factor

REVENUE = KWH x 9.4 +2469 4+ 185 X
Vat(0.05)

2.6. Estimation of Energy Saving

Energy saved was determined using energy smart saving
calculator (General Electric Model).

3. Results and Discussion

Wattage
of CFLs
installed

5614

Figure 1. Variations between No of Inc bulbs replaced
with CFLs in Professorial quarter

Table 2.

Figure 2. Variation in energy wattage between CFLs & 1
ncandescent bulbs in Professorial quarter

Monthly Energy saving in Professorial Quarter

INCANDESCENT LIGHT BULBS

COMPACT FLOURESCENT LAMPS INST ALLED

=36.62 x 7.2Hrs (Ave. Daily Use)
=263.664 KWh/Day
=263.664 x 30 days
=9,909.92 KWh (Monthly)
=9909.92 x94

EST. Lighting Bill per Month
=2N74,353.25

RETRIEVED
WATTS 40 60 100 200 5 8 14 18
PIECES 59 161 194 26 0 9 251 74

WATTS 2360 9,660 19,400 5,200 0 768 3514 1332
TOTAL WATTAGES:  36,620W g;ﬁﬁg&“gﬁcgl Vf;‘:::lw N
36,620 /1000 KWh (Kilo Watt Hour) s 614 KW ° o
=36.62 KWh ’

=5, 614 x 72Hrs (Ave. Daily Use)
=40.4208 KWh/Day

=40.4208 x 30days

=1,212.624 KWh (Monthly)
=1,212.624x94

EST. Lighting Bill per Mon th
=N11,398.67

ENERGY SAVED: 31,006 w
MONEY SAVED: N62,954.58
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In Professorial quarter, a total number of a total of 36, 620watts of incandescent bulbs (440) was replaced with 5, 614 watts
of CFLs (421) (Figs 1 and 2). The sequence of replacement was 161 60watts incandescent bulbs with 8watts of 96 CFLs, 194
100watts incandescent bulbs with 251 14 watts CFLs and 26 200watts incandescent bulbs with 74 18watts CFLs. After the
replacement 31, 006watts ofenergy was saved in the professorial Quarter giving 85% of energy saved. Calculation ofenergy
saved in “’Professorial’’ quarter after replacement of incandescent bulbs with CFLs was 31,006 KWh while money saved was
N62, 954.58 in one month (Table 2).

In “A” quarter, a total of 128,520watts of 1,469 incandescent bulbs was replaced with 18,143 watts of 1,518 CFLs in the
order of 40watts of 175 incandescent bulbs replaced with Swatts of 137 CFLs, 60 watts of 652 incandescent bulbs with 8
watts 416 of CFLs and 200 watts of 172 incandescent bulbs with 18 watts of 155 CFLs. A totalof 110,377watts ofenergy was
saved in the replacement exercise in “’A’’ quarter, resulting in =N224,109.46 money saved (Figs. 3-4) and Table 3.

18143wa
tts

H No of ® Wattage of
Incandescent CFLsinstalled
Retrieved

B No of CFLs B Wattage of
Replaced Incadescent

Retrieved

Figure 3. variation between no of retrieved Inc. bulbs
and replaced CFLs in “A” quarter

Figure4. Variation in energy wattage between CFLs &
incandescent bulbs in“A” quarter

Table 3. Monthly Energy saving in “A” Quarter

INCANDESCENT LIGHT BULBS RETRIEV ED

COMPACT FLOURESCENT LAMPS INSTALLED

WATTS 40 60 100 200
PIECES 170 565 386 165

WATTS 7,000 39,120 48,000 34,400

5 8 14 18
137 404 717 63
685 3328 11,340 2,790

TOTAL WATTAGE:  128,520W

128,520/ 1000 KWh (Kilo Watt Hour)
=128.520KWh
=128.520 x 7.2Hrs (Ave. Daily Use)
=925 .344KWh/Day
=925.344 x 30 days
=27,760.32 KWh (Monthly)
=27,760.32x94

EST. Lighting Bill per Month

=260, 947. 01

TO TAL WATTAGE: 18,143W

18,143/1000 KWh (Kilo Watt Hour)

=18.143 KWh
=18.143 x 7.2Hrs (Ave. Daily Use)

=130.6296 KWh/Day

=130.6296 x 30days

=3,918.888 KWh (Mon thly)

=3918.888x94

EST. Lighting Bill per Month

=N36.837.55

ENERGY SAVED: 110,377 w
MONEY SAVED: 2224,109.46

In ©’B’’ quarter, a total of 190,880watts 0f2,205 incandescent bulbs were rep laced with 26,490watts of 2,212 CFLs. 150 of
40watts of incandescent bulbs was replaced with 442 of Swatts of CFLs , 993 of 60 watts was replaced with 200 of 8 watts of
CFLs , 871 0f 100 watts of incandescent bulbs were replaced with 1,386 of 14 watts of CFLs and 191 of 200 of incandescent
bulbs were replaced with 182 of 18 watts of compact fluorescent lamps. A total of 164,390watts was saved in the process
while which resulted in N333, 777.45 money saved (Figs 5-6) and (Table 4).
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H No of
Incandescent
Retrieved

B No of CFLs
Replaced

26490wat
ts

B Wattage of
CFLsinstalled

B Wattage of
Incadescent
Retrieved

Figure 5. Variation between no of retrieved Inc. bulbs
and replaced CFLs in “B” quarter

Figure 6. Variation in energy wattage between CFLs and
incandescent bulbs in “B” quarters

Table 4. Monthly Energy saving in “B” Quarter

INCANDESCENT LIGHT BULBS

COMPACT FLOURESCENT LAMPS

WATTS 40 60 100 200

190,880/ 1000 KWh (Kilo Watt Hour)
=190.880KWh
=190.880 x 7.2Hrs (Ave. Daily Use)
=1,374 336 KWh/Day
=1,374336 x 30 days

5 8 14 18
PIECES 15 993 871 191 442 200 1386 182
WATTS 6,000 59,580 87,100 38,200 2210 1,600 19404 3,276
TOTAL WATTAGES: 190,880 W TOTAL WATTAGES: 26 490W

26,490/1000 KWh  (Kilo Watt Hour)
=26.490KWh
=26.490 x 7 2Hrs (Ave. Daily Use)
=190.728 KWh/ Day
=190.728 x 30 days

=41,230.08 KWh (Monthly) =5,721.84 KWh (Monthly)
=41230.08x94 =572184x94
EST. Lighting Bill per Month EST. Lighting Bill per Month
=MN387,562.75 =54, 785.30
ENERGY SAVED: 164390 W

MONEY SAVED: N333,777.45

Figure 7 shows average number of CFLs retrofitted per household. From the figure, it can be observed that the highest
numbers of CFLs were installed as security lights at these quarters. This was followed by Living rooms, security post,
bedrooms and hallways while the least were installed in the kitchen, bathroom, toilets, stores and garage.

In Figures 8 and 9, variations in energy wattages between the sample quarters and percentage ofenergy saved are shown. In
Fig 8, highest number of incandescent bulbs prior to retro fitting was highest in “B” quarter followed by “A” quarter. This is
corresponded with replaced CFLs and consequently energy saved (Fig. 9). The very high usage of incandescent bulbs in B
quarter can be attributed to number housing units in this quarter. More so, “A” and “B” record very high influx of students
residents leaving in the Boy’s quarters.
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12~
10 ~

Average Number of CFL Retrofitted
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House Compartment

M P Quarter
M A Quarter

M BQuarter

Figure 7. Average number of CFL retrofitted per household Compartments

250000 ~

200000 ~

150000 -~

Wattage

100000 - M Incand
B CFL

50000

P A B

Quarters

Figure 8. Variations between Incandescent Bulbs and CFLs wattages

Figure 9. Percentage Energy saved from respective quarters

4. Conclusions

Climate change has immediate implications for the
sustainability of communities in Nigeria and the health and
well-being of individuals and their economies. Creative
responses based on sound research, shared knowledge and
the engagement of people at all levels is required to meet this
critical challenge. There is great potential for minimizing
energy wastages and improving residential lighting energy
efficiency through the replacement of incandescent bulbs
with CFLs. Substituting incandescent lamps with Compact
Fluorescent Lamps (CFLs) can thus be an effective means to
improve residential sector lighting efficacy since greater
percentage of incandescent light bulbs are used at residential
sector. More importantly using CFLs in place of has the
potentials to reduce system load as shown in the study
results.

The study showed that tremendous amount of energy was
saved while wastages were minimized in the sampled
quarters. This reduction was as a result of the replacement of
incandescent bulbs with CFLs. To ensure that the benefits of
CFLs are sustained, there is need for awareness and adequate
sensitization of the public on the environmental and
economic importance of CFLs through implementation of
policies and measures to overcome communication barriers.
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