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Abstract: This paper presents the result of an electrical energy audit conducted at the students’ hostels 
of the Federal University of Technology Minna, Niger State, Nigeria. The aim was to ascertain the 
electrical energy consumption pattern, calculate the amount of electrical energy consumed, spot areas 
of waste and find measures to curb such waste. A walk-through audit and investigation through 
questionnaire and oral interviews was used to gather required data. SPSS and Microsoft Excel 
software packages were used to analyze the data. Electric cooking element ranked top in energy 
consuming loads, followed by lighting and fan loads. This was due to the use of unregulated hot plates 
and poor user habits in the hostels. Electricity bill was estimated based on the connected load. Possible 
energy saving options were highlighted, resulting in a 38% savings on electricity bill. 
 
Keywords:  Energy audit, Diversity factor, Duty cycle, Consumption pattern, Energy saving, SPSS. 
 

 
1. INTRODUCTION 

“Engineering is the science of economy and 
conservation of energy stored up by nature for 
the use of man.  It is the business of 
engineering to utilize this energy to the best 
advantage, so that there may be the least 
possible waste” (Willard, 1908). Energy for 
obvious reasons is regarded as the prime mover 
of any economy, and the engine of growth 
around which all sectors of the economy 
revolve. Thus it becomes imperative that its 
development, management, and improvement 
must have predetermined plans and strategies 
that are capable of driving the economy 
towards a sure path of sustainable development 
(Aderemi, et al., 2009). In general, energy 
efficiency in Nigeria is very poor both in 
domestic and commercial usage (Awah and 
Okoro, 2010). Electrical energy utilization in  

Nigeria is far from being efficient (Otegbulu, 
2011).  A lot of energy is wasted in Nigeria 
because households, public and private offices 
and industries use more energy than is actually 
necessary to fulfill their needs (CREDC, 2009).  
Most Nigerians are unconscious of the energy 
they waste. Often, many people use wrong 
appliance for carrying out certain activities. An 
example is in using electricity for heating 
which wastes about 80% of the input energy 
(Awah and Okoro, 2010).  The energy crises of 
1973 gave birth to energy audit. Since then, 
interest in energy audits has increased as a 
result of growing understanding of human 
impact upon global warming and climate 
change (Akpama et al, 2009). Energy used to 
heat and cool homes, as well as the electricity 
used for lighting and appliances, contributes to 
20% of greenhouse gas emissions that cause 
global warming (Anonymous, 2008). 
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    An energy audit can be defined as an analysis 
 of building or equipment, which identifies how 
and where that building or equipment can 
reduce energy consumption and save energy 
costs. Energy audit attempts to balance the total 
input of energy with its use (Suresh, 2009). 
Energy audits are meant to determine the 
energy consumption of an industry or 
organization at different process lines with a 
view to generate energy improvement options, 
to prevent energy wastage, to estimate the cost 
of energy improvement, calculate payback and 
evaluate the various options (Okoro et al, 
2008).          Energy Audit is an effective 
energy management tool. By identifying and 
implementing the means to achieve energy 
efficiency and savings, not only can energy 
savings be achieved, but also equipment/system 
services life can be extended and indoor quality 
could be improved. All these mean savings in 
money and possibly improve productivity. 
Based on the principle of “The less energy is 
consumed, the less fossil fuels will be burnt”, 
both the buildings and the power generation 
companies will generate relatively less 
pollutants and by-products. Therefore, all 
parties concerned contribute to conserve the 
environment and to enhance sustainable 
development  

Energy audits have been conducted in 
various commercial and residential buildings, 
plants, government offices and in tertiary 
institutions. In 2001, an investigation on the 
end-use efficiency of electrical energy by 
households in Lagos Metropolis, Nigeria, 
revealed that the cause of waste of energy 
resulted from two factors (Otegbulu, 2011); 

a) The use of inefficient technologies or 
equipment 

b) Behavioral pattern of consumers. 
In Aalto University, Finland, an interactive 

web-based guide for energy consumption 
efficiency was built, using data from a carried 
out survey. The application combined the 
ability to calculate energy consumption as well 
as give advice on energy saving measures. It 

operates on a feedback technique where inputs 
from the user were used to generate a yearly 
electric energy consumption audit and 
personalized saving potential advices (Zenebe, 
2010). 
      In South Africa, the relationship between 
environmental awareness and electricity 
consumption behaviours amongst students in 
tertiary institutions was conducted in the 
Rhodes University residential system (Aletia et 
al, 2007). In India, an energy audit of the Indian 
Institute of Technology (IIT), Bombay campus 
was conducted with the support of some 
students from the Energy Science and   
        Engineering Department (Chikku et al, 
2008). Energy audits have also been conducted 
in some Universities in Nigeria, among which 
are University of Lagos (Adekunle et al, 2008), 
Cross River University of Technology, Calabar 
(Akpama et al, 2009), Michael Okpara 
University of Agriculture, Umudike (Awah and 
Okoro, 2010) and the University of Nigeria, 
Nsukka (Okoro et al, 2008). 

The objectives of this investigation include 
the following: 

 To ascertain the present electrical 
energy consumption pattern in the 
students’ hostel of Federal University of 
Technology, Minna, Nigeria. 

 To calculate the amount of electrical 
energy consumed in the hostel. 

 To spot areas of waste and find out 
reason for such waste.          

 To find feasible and low cost measures 
to curb the waste. 

 
2. MATERIAL AND METHOD 

The steps and procedures used in obtaining 
and analyzing the data include: 

i. Physical Inspection: This includes the 
walk-through audit of the hostel 
facilities and observation of end-user 
habits of the students. This is important 
so as to get a clear picture of load 
consumption pattern. 
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ii. Data Collection: Data was collected by 
physical counting of lighting and fan 
points, socket outlets and some 

electrical appliances   in the hostel. The 
average usage time was also noted. The 
number of rooms and students in each 

room was obtained for all the blocks of hostel 
buildings. 

iii. Questionnaire Structuring and 
Administration: The questionnaire was  
structured to cover the following area; 
Respondents’ awareness of energy conservation 
and its benefits, electrical energy consumption 
pattern in the hostel and the energy saving habits 
of the respondents. In administering the 
questionnaires, two sampling methods used are; 
Stratified sampling and Simple random sampling. 
The hostel population was divided into two major 
strata- the male and the female students. The 
questionnaire was then administered to each 
group using simple random sampling.  

A total of four hundred and thirteen (413) 
questionnaires were distributed, covering well 
over thirty percent (30%) of the entire hostel 
population.  

iv. Data analysis: Data gathered was  
analyzed using Statistical Package for Social 
Sciences (SPSS) and Microsoft Excel software 
packages.  
 
2.1 Load Classification and Estimation 

Based on end-use, the connected loads in the 
hostel were grouped into five classes namely; 

i. Lighting and fan 
ii. Water heating 

 
iii. Cooking  
iv. Refrigeration 
v. Others  

Electric usage is measured in Kilowatt-hours      
          (KWh) = P (KW) x t (hr.)                        (1) 
In estimating the electricity consumption, the 
following load reducing factors were used. 

 Diversity factor: This is the probability 
that a particular piece of appliance will 
come on at the time of the facility’s peak 
load (Barnley, 2012). 

 Duty cycle: This is a ratio of the operating 
time of an appliance to the total time the 

appliance is on. It is usually applied for 
appliances with thermostats which do not 
actually consume energy for the whole 
‘ON’ period. For example, the best 
estimate of the duty cycle for all properly 
working refrigerators seems to be fifty 
percent (50%) (Cavallo, 2000). 
 

2.2. Description of Case Study (Hostel Blocks) 
The students’ hostel in the main campus 

comprises of eight (8) blocks, (blocks A to G and 
the Shehu Aliyu hostel). Blocks A and B are male 
hostels while the others are female hostels. Table 
1 gives a full description of the various blocks in 
the hostel.  
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Table 1: Description of Students’ Hostel                  

 
 

3. RESULTS 
The results obtained are presented in Table 2, Table 3, Fig.1, Fig. 2, Fig. 3, Fig.4, Fig.5, Fig. 6, Fig. 7, 
Fig 8, Fig. 9, and Fig.10  
 
Table 2: Consumption of electricity in each block per month in kWh 

        
Table 3: Electricity bill per month for the hostel  
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Fig. 1: Electricity consumption per month 
 

 
Fig. 2: Consumption in KWh per month of each 
block for the five classes of load 
 

 
Fig. 3: Lighting and Fan Consumption for Each 
Block 
 

 
Fig. 4: Consumption for heating water in each 
block 

 
Fig. 5: Consumption for cooking in each block 
 

 
Fig.6: Consumption by refrigerators in each block 
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Fig. 7: Consumption by other appliances in each 
block 

 
 
Fig. 8: Contributions of each block to the energy 
used for cooking in the hostel 

 

Fig. 9: Electricity consumption by other 
appliances 
 

 
Fig. 10: Per capita consumption for each hostel 
block 
 

4. DISCUSSION 
The chart in fig. 1 shows that a large 

percentage of electricity consumed in the hostel is 
used for cooking, followed by that used for 
lighting and fan. From fig. 2, it is evident that the 
male hostels (blocks A and B) consume more 
energy than the female hostels especially for 
cooking. The other results are discussed under the 
following heading. 

 
4.1 Lighting and fan 

It is a credit to the hostel managers that most 
of the bulbs are Compact Fluorescent Lamp 
(CFLs) hence much energy savings as regards the 
type of lamps. However, response from the 
questionnaires administered and a walk-through 
audit of the hostel shows that external light bulbs 
are left on during the day and students leave light 
bulbs in their rooms on even when they are out 
for lectures. The questionnaire shows that 82% of 
respondents agree that light bulbs are left on 
during the day. If lighting and fans in the rooms 
are put off when they are not needed and external 
light bulbs put on only at night, it will reduce the 
‘ON’ hours of light bulbs to an average of 7hours 
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from 10hours daily, leading to about 30% savings 
in energy consumed for lighting and fan. 

 
 
4.2 Water heating 

From fig. 4, we can see that blocks A and B 
use more electrical energy for water heating than 
other blocks. This is majorly due to the large 
numbers of the occupant in the blocks. 

 
4.3 Cooking 

This is the activity that consumes the most 
amount of electricity in the hostels. Figure 8 show 
the contributions of each block to this total 
amount. It can be seen from this figure that blocks 
A and B, which are both male hostels, have the 
highest percentage. From a walk-through 
inspection of the hostel, it was observed that the 
male students use more unregulated hot plates 

than the regulated ones. The unregulated hot 
plates have a duty cycle of one (1), and hence 
keep draining current even when the element is 
red-hot. This leads to waste of a lot of electrical 
energy and subsequent damages of cables and 
socket outlets. Using only regulated hot plates 
will greatly reduce the energy used for cooking 
from 19,166.4(kWh) to 5,702.4(kWh), resulting 
in a saving of 13,464kWh. 

 
4.4 Refrigeration 
This accounts for only 3% of the monthly 
electricity consumption. There are 55 refrigerators 
in the hostel and 51 of these are in the female 
hostel. Options for saving energy here lies mainly 
on the user habits, i.e ensuring the refrigerator 
door is tightly closed after use and putting it off 
when it is empty will help in saving energy. 

 4.5 Others 
This is consumption by appliances not 

considered in the above four (4) classes. Figure 
9 shows these appliances and their 
contributions to the total electricity 
consumption. Energy can be saved if students 
practice energy saving habits. These include: 

 
i. Putting off appliances when not in 

use. 
ii. Disconnecting laptops and phones 

from electricity supply when they 
are fully charged. 

iii. Completely turning off appliances 
that will not be used for a long time, 
instead of leaving it on standby 
mode. 

4.6 Per Capita Consumption 
The energy consumption per student  for a 

month in each hostel block is shown in figure 
10. The male hostels have a higher per capita 
consumption. The average per capita 
consumption for all the hostel blocks is 
31.57KWh per month. 

 

4.7 Potential Savings 
Savings from lighting and fan = 3,130.98KWh 
Savings from cooking = 13,464KWh 
Total KWh savings = 16,594.98KWh 
Total savings cost = 16,594.98(KWh) x 
N11.20K                                  = N185, 863.78K 
Comparing this amount with the total monthly 
electricity bill of N489, 942.12K, this amounts 
to a 38% savings in electrical energy cost for 
the hostel.  
      Fig. 11 and 12 shows graphically the 
consumption in KWh and cost before and after 
energy saving measures are implemented. 
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Fig. 11: Consumption in KWh before and after 
saving measures 
 

 
 
Fig. 12: Total consumption and cost before and 
after saving measures. 
 

5. CONCLUSION 
Electrical energy audit was conducted 

for the eight (8) blocks of students’ hostel at the 
permanent site of the Federal University of 
Technology, Minna. Major classes of load were 
lighting and fan, cooking, refrigeration, water 
heating and others. Considerable amount of 
waste was discovered in both cooking and 
lighting and fan categories. Recommended 
savings measures results in about 38% savings 

on electricity bill, which amounts to N185, 
863.78K per month. 

The following recommendations are hereby 
made based on the findings of this study. 

i. Awareness on energy saving habits and 
their benefits should be created, through 
mediums such as the hostel notice 
board, the Student Union Government 
(SUG) and the University’s FM radio 
station can be used to pass this 
information. 

ii. Inefficient appliances such as electric 
hot plate that are not allowed in the 
hostel should be listed in the hostel rules 
and regulations and given to students 
before they are admitted into the hostel. 

iii. The external lighting should be 
controlled automatically using light 
sensing devices such that they are off in 
the day time and on at night. 

iv. The university should set up an energy 
audit committee with representatives in 
each hostel. These representatives 
should ensure energy saving habits for 
areas such as common room, kitchen, 
toilet and bathroom. These 
representatives could be among the 
porters or security personnel so as to 
avoid any cost in hiring new staffs. 

v. The University’s metering system 
should be decentralized to enable 
effective monitoring of consumption 
pattern for each block of building in the 
school. 

vi. As a preventive measure, the University 
management should ensure that 
architectural designs for future 
structures take full advantage of natural 
daylight. This will eliminate the need 
for interior lighting during the day. 

vii. Electrical energy audit should be 
conducted for other parts of the 
institution to uncover areas of waste and 
potential savings. 
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