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A  major  focus  of  existing  literature  on  energy  conservation  is  the  modelling  and quantification  of  energy
savings  and  the  corresponding  carbon  dioxide  emissions  from  lightings.  While  many  studies  have  estab-
lished  theoretical  frameworks  concerning  these  issues,  very  little  documentation  exists  relating  to  energy
savings  and  emission  levels  in  students’  hostels.  This paper  considers  the  lighting  efficiency  improvement
of  four  University  of  Lagos  halls  of  residence  for the  purpose  of  quantifying  energy  saving  and  the mini-
mization  of carbon  dioxide  that  can  be  made.  Compact  fluorescent  lamps  are  considered  alternatives  to
the current  primary  usage  of conventional  fluorescent  and  incandescent  bulbs.  The  existing  electricity
arbon dioxide emission
ompact fluorescent lamps

consumption  data  obtained  from  energy  audit  are  used  in combination  with  conversion  factors  to  esti-
mate  the  annual  CO2 contributed  to  the atmosphere  by lighting  in  each  of the  buildings.  The  result  of  the
study  shows  that  over  45% reduction  in carbon  dioxide  emission  can be  achieved.  There  is  a  lot  individ-
uals  can  do  to  reduce  the  emissions,  for example,  using  energy  saving  appliances,  turning  off  appliances
when  not  in  use,  less  use  of  fossil  fuels,  are  simple  measures  that  can be adopted  to  reduce  annual  carbon
footprint,  improve  economic  growth,  enhance  environment,  health  and  save  the  planet.
. Introduction

The need to reduce carbon dioxide emission has now become
verybody’s concern. This is because its adverse effects are being
xperienced worldwide [1]. One very obvious way to contribute
o the fight against green house gas emission is to employ energy
fficiency and conservation practices.

Energy efficiency is the use of technology that requires less
nergy to perform the same function. Energy efficiency involves
sing technology to reduce the amount of energy used [2].
xamples include using more efficient lighting, better building
anagement, more energy conserving windows, or more fuel effi-

ient automobiles. A compact fluorescent light bulb that uses less
nergy to produce the same amount of light as an incandescent light
ulb is an example of energy efficiency. Energy conservation is any
ehaviour that results in the use of less energy. Energy conservation

nvolves behavioural changes, such as switching off lights, utiliz-

ng daylight to reduce the need for artificial lighting, turning down
hermostats or switching off computers when not in use, to reduce
nergy consumption. The decision to replace an incandescent light
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bulb and normal fluorescent tube with a compact fluorescent lamp
is an example of both energy efficiency and conservation (tech-
nology may  provide an option but it is up to society or individual
to adopt it). The combination of energy efficiency and energy con-
servation offers the greatest energy saving, cost savings and CO2
reduction in related energy consumption emission [3–11].

Efficiency and conservation are key components of energy
sustainability [12]. Sustainability as a concept encourages every
generation to meet its energy needs without compromising the
energy needs of the future generations. It focuses on long term
energy strategies and policies that ensure adequate energy to meet
today’s needs, as well as tomorrow’s.

Some of the benefits attributed to energy efficiency and conser-
vation include reduction in energy consumption, operating cost,
duration of lighting fixture replacement, the heat generated by the
incandescent lamps and improvement in energy performance of
buildings [13–15]. Others include participation in the global energy
sustainability and contribution to the fight against greenhouse
gases [16].

Human activities like rise in the use of fossil fuels for electric-
ity consumption, transportation, deforestation, industrialization,

landfills, interference with the natural water or carbon cycles, have
increased the amount of green house gases and thus the carbon foot
print of individuals and organizations. Therefore every individual is
contributing to the phenomenon of global warming caused by the
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Nomenclature

CO2 carbon dioxide
TPD total power demand (W)
SW system wattage (W)
kWh  energy consumption
CFL compact fluorescent lamps
DLI distance learning institute
n number of lamps
Fd demand factor
TOE tonnes of oil equivalent
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reen house effect. The effect is already being felt in many parts of
he world [17,18].

A total carbon footprint/emission quantification would include
nergy related emissions from human activities – that is, from heat,
ight, power and refrigeration and all transport related emissions
rom cars, freight and distribution. By measuring the carbon foot-
rint, the energy consumer gets a better sense of what impact and
he lifestyle that deserve the greatest attention [19].

More than 40% of final energy consumption in developing
ountries is due to the residential and tertiary sector, the major part
f which is buildings [20]. Worldwide, buildings account for almost

 third of final energy consumption and are an equally important
ource of CO2 emissions [21]. Inappropriate energy use and increas-
ng concern for climate change calls for new and improved methods
or the prediction of building energy consumption. This is especially
mportant in design of new-built and refurbishment of low energy
nd net-zero energy buildings where there are high uncertainties
n the estimation of collected energy and used energy [22].

Building energy performance assessment is crucial to ascertain
he efficiency of energy use in buildings and is the basis to make
ny decision for enhancing energy efficiency. In order to assess the
nergy performance of existing buildings quantitatively, the energy
se of the assessed buildings should be quantified first. The quanti-
ed energy use will be then used to compare with the assessment
riteria to determine the energy performance quantitatively [23].

The Kyoto protocol (an international agreement adopted in 1997
n Kyoto, Japan) of United Nations Framework Convention on Cli-

ate Change aims at globally and collectively reduce greenhouse
as emissions by 63.9% of the 1990 levels by 2012. Nigeria emitted

 total of 77.75 million tonnes of carbon dioxide in 2009 compared
ith the 100.16 million tonnes emitted in 2008, thus ranks the 46th

n world carbon dioxide emission list. Energy efficiency is essential
n addressing the future management of climate change adaptation
trategies [10,24].

University of Lagos electrical services are supplied by Power
olding Company of Nigeria (PHCN) with a peak power demand
f some 6 MW and average daily energy consumption of
4,726.63 kWh  from incoming feeders. Two sets of 1 MW diesel
enerating sets consuming 140 l/h generate standby power when
he PHCN supply fails. The consumption on PHCN and each of gen-
rating sets supply contribute 93.41 tonnes of CO2 daily and 0.3752
onnes of CO2 per hour respectively.

The University community is flooded with conventional light
ulbs (incandescent and fluorescent) installed to provide illumi-
ation. There is therefore, a need to gradually move away from

he present inefficient practices towards achieving green society –
nvironmental friendly and less harmful in its energy production
nd usage. Unconsciously to the users, many of these light bulbs
re left on in class rooms, outdoor lighting, and apartment building
ildings 61 (2013) 318–322 319

hallways. In Nigeria, the majority of these light bulbs are powered
by burning fossil fuels in electric generators.

According to University of Lagos Students Information Hand-
book 2009–2011 [25], 9031 students are currently accommodated
in the University’s 15 halls of residence. The capacities in the Halls
under study are Erastus Akingbola 108, Mariere 450, King Jaja 630
and Moremi 885. The halls are also of different ages; the latest
Erastus Akingbola was  built in 2006, King Jaja 1974, while Mariere
and Moremi were built in the early/late 60s. Energy efficiency and
Sustainability were not critical issues at the time these buildings
were constructed for use. It is therefore necessary to consider how
they can be retrofitted to be in line with present ideas of energy
conservation [26].

The occupants of these buildings have a high degree of con-
trol over electricity use with the choice of switching off appliances
when not in use, even though they do not have an immediate eco-
nomic incentive for conservation, they do not pay for electricity.
However, with sufficient level of awareness on this subject through
jingles, research publications, hand bills, wall bills on energy saving
tips, regular monitoring and display of energy consumption data
and charts on bill boards, they are likely to make decisions that
are beneficial to the environment, by letting them know their cur-
rent resource use and the associated problems, thus motivating and
empowering them morally or ethically to conserve these resources
[27,28].

The paper focuses on reducing the carbon dioxide emission in
the atmosphere and uses a survey of four buildings within Uni-
versity of Lagos, Nigeria as a test case. It compares the present
electricity consumption of four halls of residence within Univer-
sity of Lagos with proposed efficient measures and illustrates how
consumers can estimate the carbon footprint in tonnes of oil equiv-
alent on the kilowatts of energy consumed. Light bulb/lamp is the
only energy consuming device considered. This work compares
the present carbon dioxide contribution of the inefficient status of
these buildings and proposes carbon emission saving strategies the
University could adopt to minimize greenhouse gases. This study
will help students and other members of the University community
to understand how small, daily activities have a big impact on the
environment.

Lighting is a large and rapidly growing source of energy demand
and greenhouse gas emissions. In 2005 grid-based electricity con-
sumption for lighting was 2650 TWh  worldwide, which was about
19% of the total global electricity consumption [13]. Global elec-
tricity consumption for lighting is distributed approximately 28%
to the residential sector, 48% to the service sector, 16% to the indus-
trial sector, and 8% to street and other lighting. In the industrialized
countries, national electricity consumption for lighting ranges from
5% to 15%, on the other hand, in developing countries the value can
be as high as 86% of the total electricity use [29].

Switching from traditional light bulbs (called incandescent) to
CFLs is an effective, simple change that everyone can make right
now. Efficient lighting has been found in several studies to be a cost
effective way  to reduce CO2 emissions [30,31]. Making this change
will help in using less electricity at home and prevent greenhouse
gas emissions that lead to global climate change. A companion
paper titled Energy (Lighting) Audit of four University of Lagos
Halls of Residence [32] has discussed the cost implication of this
retrofitting.

2. Methodology
Data for the study was  collected through library research
including surfing Internet, the use of questionnaires and personal
interviews on students (occupants), management of the halls’ facil-
ities, shop owners and daily energy consumption data from the
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niversity’s service area. The occupants of each room represent a
espondent in this study. In Erastus Akingbola Postgraduate Hall,
aja Hall, Mariere Hall and Moremi Hall, a total number of 67, 188,
43 and 189 questionnaires were administered.

The existing electricity consumption data obtained from
etrieved questionnaires are used in combination with conversion
actors to estimate the annual CO2 contributed to the atmosphere
y lighting in each of the buildings.

The following assumptions are made

. The halls of residence are occupied for an average of 300days in
a year (both Full-time and DLI).

. The average duration of energy use in halls of residence is
15 h/day, while the average duration of energy used in the anal-
ysis of the 3rd floor System Engineering building is 8 h.

. Compact Fluorescent Lamps (CFL) of 18 W is to replace both
the normal fluorescent tubes and incandescent bulbs currently
installed.

. The demand factor of 100% is used because the University pro-
vided one power switch for each of the rooms.

. The occupants (at least four persons per room) of these rooms
do not leave at the same time, as they are from different depart-
ments and faculties.

The existing lighting fittings are basically the 2 ft and 4 ft fluo-
escent tubes, with few incandescent types. These existing fixtures
hich are much larger with poor reliability require more mainte-
ance, proper alignment and takes time to install. The proposed
igh quality CFLs on the other hand are electronics, require less

maintenance, less installation cost, and require little or no tech-
ical replacement skills. In addition, they are brighter to enhance

isibility and readability, have longer life-span of up to 10,000 h
5years) (based on 5 h daily use) and help take step towards easing
he threat of global climate change [28]. Based on the above advan-
ages, the 18 W CFL as shown in Fig. 1 is used for all analysis in this
tudy.

.1. Theory

TOE = Total Watts × 1 kW × 1 ton of oil equi
1000 Watts × 

Annual tonnes of CO2 emitted by ligh

= Total Watts × 1 kW × 1.25 × 10−3 ton
1000 Watts ×
.1.1. Energy consumption from lighting
The system wattage (SW) of each room computed depends on

he type of lighting fitting as provided by the manufacturer and the
umber of lighting points. The total power demand (TPD) in kW for

able 1
ummary of the carbon footprint of the current and proposed luminaire.

Serial no. Variables 

1 Total power demand (W) Existing 

Proposed 

2 Annual oil equivalent of the energy
consumption (tonnes of oil equivalent)

Existing 

Proposed 

3 Annual carbon dioxide emission to the
atmosphere (tonnes of CO2/year)

Existing 

Proposed 

4  Savings in CO2 emission % 
Fig. 1. 18 W compact fluorescent lamp.

each building was estimated. TPD is the amount of electricity being
pulled out of the power grid at any given moment. TPD is calculated
as follows,

TPD = SW
1000

× n × Fd (in KW) (1)

where n is the number of lamps used in any particular room and
Fd is the demand factor. Fd is the assumed average percentage of
available lighting used at a building’s peak time. For a building of
the type under consideration, the demand factor is taken as 100%
i.e. all the lights are always switched on.

The conversion factors in [33] and the BP Statistical Review of
world Energy 2010 [34] (Appendix A) are used to obtain the tonnes
of oil equivalent of the total wattage as:

t × light duration × days in the year × 1 year
0 kWh  × 1 day × 1 year

(2)

The annual CO2 emitted by the energy consumed on lighting to the
atmosphere is obtained as in [35].

CO2 light duration × days in a year × 1 year
Wh  × 1 day × 1 year

(3)

All these calculations are performed for each of the four buildings.
The energy consumption is given in Eqs. (2) and (3).

2.2. Results

The summary of the results of the carbon dioxide emitted by
energy consumption in lighting use is presented in Table 1. It shows
existing and proposed total power demand, annual oil equivalent
of the energy consumption carbon dioxide emission and savings

due to inefficiency and efficiency respectively.

With the total power demand and average of 15 h of lighting
use in these halls of residence per day, Jaja releases the highest of
carbon dioxide into the atmosphere; possibly because it has the

Erastus Akingbola
Postgraduate Hall

Jaja Hall Mariere Hall Moremi Hall

6270 12,882 11,442 11,364
3384 6624 3762 5760
2.35 4.83 4.07 4.26
1.27 2.48 1.41 2.16
35.27 72.26 60.99 63.92
19.04 37.26 21.16 32.4
46.0 48.4 65.3 49.3
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Fig. 2. The results of the annual energy consumption and carbon dioxide emissions due to lighting use in the buildings.

Table 2
Summary of estimated savings in wattage, energy consumption and carbon dioxide emission with the implemented energy efficiency measure.

Fluorescent tubes Compact fluorescent lamps (CFLs)
Estimation of energy consumption Estimation of energy consumption

Items Quantity Units Items Quantity Units

Total wattage 1.152 kW Total wattage 0.772 kW
Overall  daily hour of use 8 h Overall daily hour of use 8 h
No  of working days in a year 250 Days No of working days in a year 250 days
Oil  equivalent of the energy consumption 0.192 Tonnes of oil equivalent Oil equivalent of the energy consumption 0.129 Tonnes of oil equivalent
CO2 emitted to the atmosphere 2.88 Tonnes of CO2 CO2 emitted to the atmosphere 1.93 Tonnes of CO2
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Savings in CO2 emission 

y the measure taken in this floor alone, CO2emission has been reduced by almost 

idest structure and highest number of corridors that necessitated
he present power demand. This is followed by Moremi, Mariere
nd Erastus Akingbola hall in that order. The percentages of CO2
aved respectively are 48.4, 49.3, 65.3 and 46.0.

Opportunity for lowering the carbon dioxide level is highest in
ariere hall possibly because it is the oldest of all the halls and it

s compact physically.
Fig. 2 presents the pictorial differences in total power demand,

nnual oil equivalent of the energy consumption, carbon dioxide
mission and savings.

An actual implementation of the exercise carried out for the
alls of residence is discussed using the 3rd floor of the System
ngineering building, Faculty of Engineering University of Lagos
s an example. The building is presently occupied by the National
entre for Energy efficiency and Conservation (NCEEC), which had

nitially been equipped with conventional fluorescent tube lighting.
able 2 summarizes the estimated savings in total wattage, energy
onsumption (for 8 h per day) and carbon dioxide emission with
he implemented energy efficiency measure.

. Conclusion

The only measure considered in this study in reducing the
arbon dioxide emission in the four halls of residence within Uni-
ersity of Lagos is through energy efficiency and conservation in
ight retrofitting, that is, replacement of in-efficient light bulbs with

igh quality energy saving lamps (CFLs) resulting on the average of
ver 45% in the buildings.

There is a lot these and other energy consumers can do to reduce
he emissions, for example, using energy saving appliances at home,
33%

less use of vehicles that utilize fossil fuels, using less electricity
or using CFLs, lighting control and daylight are some of the sim-
ple things that can be practiced to reduce annual carbon footprint.
Every enlightened individual can thus help in economic growth,
save environment, health and the planet by reducing carbon foot-
prints.

The result can be replicated in all our Universities especially
the first and second generation. One can easily imagine the huge
savings in energy that will accrue on the campuses.

The results of this study have provided driving forces towards
conducting this same survey on all buildings within and outside the
University. This will make useful data available for further research
in this and allied studies.

Appendix A.

Conversion factors (taken from [33,34])
1 kW = 1000 W
12,000 kWh  = 1 tonne of oil equivalent
1 l = 2.68 × 10−3 tonnes of CO2

1 kWh  = 1.25 × 10−3 tonnes of CO2
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