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Abstract 

Electricity audit is an important step to study and analyze the 

electrical power consumption of the various electrical and 

electronic appliances. In this paper, we show the steps of an 

electrical audit by investigating the electricity consumption at 

our University campus. Significant electricity savings can be 

achieved if the current lighting system is replaced by an 

energy efficient light emitting diode (LED) type fixtures. 

Energy saving can also be achieved not only from retrofitting 

of lighting fixtures but using more energy efficient air 

conditioners (ACs) and other appliances, configuring the 

sleeping mode cycle of laboratory and office computers, and 

more importantly behavioral changes in the campus electrical 

usage practices. Reducing electricity consumption is useful 

not only to minimize the campus electric utility cost but also 

reduces the campus carbon footprint, a result of non-

renewable (coal, petroleum and natural gas) electrical energy 

sources achieving in effect green and sustainable 

environment. 
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Introduction 
The demand for energy and energy consumption is rapidly 

increasing due to the increase in population, increase in the 

production and use of millions of electrical and electronic 

appliances, building of several industries, construction and set 

up of several institutions and all in all, the rapid economical 

and technological growth in the world that we are witnessing 

in this 21st century. The source of energy is either renewable or 

non-renewable, where non-renewable energy sources (fossil 

fuels) such as coal, crude oil (petroleum) and natural gas 

account the largest percentage of world’s energy source 

compared with renewable sources such as solar, wind and 

water [1], [2]. The non-renewable energy sources are getting 

depleted from time to time due to excessive use for energy 

production and the trend is towards renewable energy sources 

as they are abundantly available and environmental friendly 

with no greenhouse gas emissions. Energy in the form of 

electricity is one of the major contributions of energy usage in 

our practical daily life. A proper use and management of our 

electricity usage is essential to save energy, the scarce resource 

in our world, and in doing so we also achieve reduction of 

greenhouse gas emissions if the source is especially non-

renewable energy source, which is the current reality where 

nearly 80% of the world’s energy source are fossil fuels [3]. 

Therefore, an energy consumption audit such as electricity 

audit is essential to study, evaluate and monitor our energy 

consumption and implement appropriate energy saving 

mechanisms. 

Energy consumption is one of the largest contributor to 

greenhouse gas emissions and therefore impacting weather and 

climatic conditions of our environment. Carbon dioxide (CO2), 

nitrous oxide (N2O), and methane (CH4) are the three most 

widespread greenhouse gases. The higher our electricity 

consumption, the higher the greenhouse gas emissions. Recent 

studies shows that six Gulf Cooperation Countries (GCC) 

countries (Kingdom of Saudi Arabia (KSA), Kuwait, Bahrain, 

Oman, United Arab Emirates (UAE) and Qatar) contribute 

significantly to the global CO2 emissions, and that the majority 

of their emissions are concentrated in the energy extraction and 

conversion sectors, mainly from oil drilling and electricity 

production [4]. Greenhouse gas emissions from electricity 

consumption are calculated by multiplying the amount of 

electricity consumptions by the emission factor, which is often 

the amount of greenhouse gas emissions in Kilograms (Kg) per 

Kilowatt Hour (KWh). As an example, the emission factor for 

UK grid electricity in 2009 is 0.48322 kgCO2 per kWh 

generated [5]. This means there is a significant amount of 

greenhouse gas emissions from every sector: private, 

government, commercial and industrial sectors including our 

households. The world is also experiencing a significant 

population and economic growth resulting in an increase in 

energy consumption, which in turn results increase in 

greenhouse gas emissions. Therefore, shifting to renewable 

sources like solar power is becoming necessity not only to 

meet the world’s increasing energy demand but also to reduce 

greenhouse gas emissions and create a green and sustainable 

environment. Renewable energy sources like, photovoltaic 

solar energy seems to have made a promising impression in the 

GCC countries like UAE due to the existence of mostly sunny 

weather conditions throughout the year, and thus nowadays 

there is a great focus to expand the photovoltaic technology in 

such countries [6]. It is apparent that switching to renewable 

energy is a viable primary solution to solve the problems that 

arise from using nonrenewable energy sources, the second 

alternative is to reduce the rate and amount of energy 

consumption from nonrenewable sources. 

A proper energy management is essential in order to limit our 

energy consumptions. Among others, energy and/or electricity 

audit is the first step to monitor and control our energy 

consumption and then utilize energy saving techniques. In 

recent days, campus energy audit has been done in several 

colleges and Universities [7]-[10]. In the study, data was 

collected and energy consumption per day, week and month 

were estimated. Areas of energy wastage were identified and 

behavioral change and cost-effective measures were suggested 

in order to improve energy efficiency and use. 
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This paper presents a study of the energy consumption of 

campus buildings at American University of Ras Al Khaimah 

(AURAK). The objective of the energy audit is to investigate 

the current electricity usage in the campus and to recommend 

energy efficient cost effective measures that are useful to 

minimize energy consumption. Utilization of appropriate 

energy efficiency measures is essential not only to reduce 

campus energy consumption cost but also reduces the carbon 

footprint of the campus so as to achieve green and sustainable 

environment. The energy audit is carried out on campus 

buildings which comprise, classrooms, faculty offices, 

laboratories, computer laboratories, administrative offices, 

sport facilities, outdoors and other rooms. The audit is done by 

gathering data about the different available electrical and 

electronic appliances throughout the campus and collecting 

monthly electric bills from the campus facility department. 

 

 

Methodology 
The main objective of this project is to make electricity audit 

inside the campus, analyze data, and recommend mechanisms 

to reduce energy consumption so as to achieve low electricity 

cost and create sustainable campus environment. The 

following steps were executed in order to achieve our target. 

 Meetings with facility department:-The campus logistic 

and facility department was contacted to know campus 

electricity distribution, electricity appliance information 

and electricity billing information. 

 Data Collection: Identify campus buildings and make an 

inventory of campus electrical and electronic equipment 

types by walk-through visits (class rooms, offices, 

laboratories, library, student centers, outdoors, Gym and 

recreational places, etc…). The electrical and electronic 

appliances include: lighting devices (indoor and outdoor 

fluorescents and bulbs), computing devices (desk top 

computers, lap top computers, printers, projectors, etc…) 

laboratory electrical equipment, heating and cooling 

devices (air conditioners, fans, refrigerators), alarm and 

sensor devices that may use electricity supplied by electric 

utility authority and other miscellaneous equipment like 

water pumps, water sprinklers, etc…. 

 Data Analysis:-Identify rated power of electrical 

appliances and estimate the daily usage in hours inside the 

campus, compute power consumption per day, per week, 

per month, per year by taking into considerations working 

days, weekends, holidays. Use a power meter device 

wherever necessary to measure the power consumption of 

appliances. Compare theoretical electric consumption 

calculations with electricity bill information. 

 Recommendations:-Identifying power saving technical 

measures and usage behavioral measures that help reduce 

consumption of power and report writing of the results and 

findings of the audit. 

 

 

Aurak Energy Usage Scenario 
The ten months energy usage of the AURAK campus was 

collected from the Electric Authority billing information of 

the campus. The campus have several building blocks (A 

block, B block, C block (old and new), D block, E block, F 

block, Gym and Auditorium, Cafeteria, etc…). Figure 1 

shows the total monthly energy consumption and billing data 

for the ten months (January 2015-October 2015). This data 

excludes the consumption of the students’ residential 

buildings (hostels). The month of September shows the 

highest energy/power consumption about 193,879 kWh and a 

bill amount of 82,851 AED (UAE Dirhams). In general the 

summer hot seasons (May-September) show higher energy 

consumption and prices. In July summer session, number of 

student, faculty and staff number reduces and hence relatively 

reduced energy consumption compared to the other summer 

months. 

 

 
 

Figure 1: AURAK monthly energy consumption and bill 

 

 

Building Energy Audit 
As described in the methodology section, a step by step energy 

can be done by identifying the type and number of electrical 

appliances in any of the building blocks. In this section, we 

show the steps of auditing for building block B, which consists 

of most of the class rooms, the labs and some of the faculty 

staff. It is to be noted that a comprehensive energy audit for the 

whole campus requires sufficient time, accurate and sufficient 

data for all the existing electrical and electronic appliances and 

devices. The methodology of auditing for building B can also 

be applied to other building blocks. In this building, different 

types of lights, air conditioners (ACs), computers, projectors , 

printers, routers water cooler, laboratory devices and 

equipment, etc… are identified and their power consumption is 

determined using their specifications and power measuring 

instrument. 

In order to estimate the amount of energy (KWh) consumed by 

each electrical appliance, firstly, the amount of working hours 

of each appliance per day is estimated. The period from 

January 2015-October 2015 (ten months) is considered. There 

are a total of 304 days: 195 working days, 23 non-working 

(official day-off) days, 44 Fridays and 42 Saturdays. The 

amount of operating hours for each appliance is estimated from 

day to day observations. For instance, it is estimated that the 

ACs are switched on for about 6 hours during working and 1 

hour during non-working days respectively. The corridor lights 

are on for about 15 hours, 10 hours, 4 hours during working 

days, non-working days and Fridays respectively. The total on-

work, off-work, Saturdays, and Fridays working hours for each 

appliance is determined for the ten months period. In this way, 
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the average working hours and the average energy 

consumption per day for each appliance is estimated. The 

effective energy consumption of the air conditioning devices 

(ACs) is estimated taking into consideration 60% active period 

(duty cycle) during their switched ON periods. Table 1 shows 

the list of appliances with the estimate of their average daily 

working hours and energy consumption in kWh. 

 

Table I. list of appliances in building B and their average 

daily power consumption 

 

No. Load Type Type/Model Unit power(W) Quantity

Average 

working 

hours/day

(KWh)/day

1 corridor light stack lamp 36 6 12.34 2.67

2 corridor light fluorescent(4x18) 72 67 12.34 59.52

3 class light fluorescent(4x18) 72 108 4.06 31.59

4 office light fluorescent(4x18) 72 94 4.06 27.50

5 outdoor light fluorescent(1x36) 36 15 5.13 2.77

6 split unit AC York/H20A030A78A 3,200 67 4.06 566.15

7 split unit AC MDV/36CR 4,579 3 4.06 33.48

8 split unit AC MDV/24CR 2,705 1 4.06 6.59

9 split unit AC Carrier/38daj024 2,800 1 4.06 6.83

10 split unit AC General/18APT 2,270 1 4.06 5.53

11 split unit AC AFTRON/1811C 2,900 3 4.06 21.21

12 split unit AC TRANE/18sboora 1,750 2 4.06 8.53

13 split unit AC TRANE/24sboora 2,750 8 4.06 53.63

14 split unit AC TRANE/30KB00GA 2,970 4 4.06 28.96

15 split unit AC Klimaire/18-C3HEZ 2,162 2 4.06 10.54

16 split unit AC Klimaire/24- 2,904 2 4.06 14.16

17 Laptop 75 15 3.99 4.49

18 Computer 100 91 3.99 36.28

19 Data show 256 20 3.42 17.52

20 fridge 100 2 24.00 4.80

21 cooler water 560 2 24.00 26.88

22 routers 200 8 2.57 4.11

23 physics Lab. Devices & Equipments 590 1 1.28 0.76

24 ECE Lab Devices & Equipments 600 1 1.35 0.81  
 

 

The average energy consumed per day is approximately 

975.28KWh. There are on the average 30.4 days per month for 

the ten months, hence the total kWh consumption for the 

overall ten months is 296485.3 kWh, which is approximately 

29648.53 kWh per month. 

 

Figure 2 shows the total monthly energy consumption and 

billing data for the ten months (January 2015-October 2015) 

for building B. Like the energy consumption of the whole 

AURAK campus shown in Fig 1, the energy consumption is 

high in the hot seasons starting from May and reaching 

highest in September since it is the beginning of the academic 

year with the highest presence of the University population 

(Faculty, staff and students). 

 

 
 

Figure 2: Building B monthly energy consumption and bill 

 

From Figure 2, the ten months energy consumption of the bill 

for building B is 290400 kWh, which is an average energy 

consumption of 29040 kWh per month nearly the same as the 

energy consumption calculated from the energy audit of 

building B as discussed above. The percentage error between 

the value of the energy consumption from the bill and the 

energy Audit result is about 2% showing a strong agreement 

between the two scenarios. 

From the energy audit, we can categorize the total energy 

consumption distribution into three as lighting, cooling 

(consumed by air conditioners) and energy consumed by other 

appliances like computers, printers, Lab equipment and other 

electrical and electronic appliances. Figure 3. Shows the 

energy consumption distribution by type of electrical 

applications. As expected, cooling (air-conditioning) takes the 

highest proportion of energy usage (about 77%) of the 

building, Lighting accounts the second highest proportion of 

energy consumption (13%) and the energy consumption of 

other electrical appliances (computers, Lab equipment, 

projectors, printer, router, etc…) is about 10%. 

 

 
 

Figure 3: Energy consumption distribution of building B 

 

 

Recommendations to Improve Energy Efficiency 
The campus energy usage or consumption can be improved by 

identifying and implementing power saving technical measures 

or identifying usage behavioral measures that help reduce 

consumption of energy. Among the technical solutions, 

electricity consumption can be significantly reduced by 

retrofitting energy efficient light emitting diodes instead of the 

current fluorescent lamps, use of energy efficient or energy 

STAR appliances and power saving electronics. As an 

example, let us consider the case of replacing the 269 normal 

T8-fluorescent lamps shown in Table 1 by an equivalent 

luminous intensity (lumen) T8-light emitting diode (LED) 

tubes. Table II shows the comparison of the normal fluorescent 

and LED tube. The local market price of the normal T8- 

fluorescent lamp is about 3 AED per piece, whereas the market 

price of an equivalent LED tube is 10 AED per piece. 

Considering the 4 hrs/day lighting time of the fluorescent tubes 

the yearly kWh consumption of the 269 tubes is 7069.32 kWh 

for the standard tubes and 3927.4 kWh for the LED tubes. The 

LED tube consumption is about 55.56% of the standard T8 

tube. There is about 3141.92 kWh yearly energy saving from 

replacing the current 269 fluorescent tubes with the equivalent 
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LED tubes. Considering the local electric service provider 

electric energy consumption billing rate 0.43 fils/kWh, the 

total yearly cost of energy for the standard tube 3039.81 AED 

and for the LED tube is 1688.78 AED, a saving of 1351.03 

AED in replacing the 269 fluorescent lamps with their LED 

equivalents. Using the local market price, the capital cost of 

purchasing the 269 standard tubes is about 807 AED and the 

cost of purchasing the led tubes 2690 AED. The capital cost of 

the LED tubes is 1883 AED more than the cost of the standard 

tubes, however this cost can be easily compensated from the 

LED energy saving benefits in less than one and half year. 

 

TABLE II. Comaprison of standard T8-fluorescent tube and 

T8-LED tube 

 

Model Standard T8 

Fluorescent tube 

Equivalent T8 - 

LED tube 

Power consumed ( Watt ) 18 10 

Luminous (lm/W ) 59 100 - 111 

Approximate Lifetime 

(hrs ) 

13,000 50,000 

Bulb lifetime in years at 

4 hours/day usage 

8.9 years 34.25 years 

 

 

Considering the life of the tubes as shown in Table II, the 

LEDs life time is about 3.85 times longer than the standard 

tubes. This means, the standard tubes need to be replaced 

approximately four times during the 34.25 years life time of 

the LEDs. Using this fact, the overall capital cost and energy 

cost of the standard fluorescent tubes is 107, 341.50 AED. The 

overall capital cost and energy cost from using the equivalent 

LED tubes is 60, 530.70 AED, an overall saving of 46, 810.80 

AED compared using the standard tubes. 

The use of the LED lighting is advantageous in reducing the 

carbon emissions (carbon footprint) as a result of their low 

energy consumption as compared to the standard incandescent 

lamps and fluorescent tubes. If we consider the previous 

example, a yearly saving of 3141.92 kWh from the use of the 

LED tubes amounts to a yearly reduction of 1518.24 Kg CO2 

emission considering 0.48322 kgCO2 per kWh [5] if using a 

fossil fuel energy source. This has a significant impact in 

keeping our environment green and sustainable. Moreover 

LED lamps and tubes used for lighting don’t contain toxic 

elements whereas most standard fluorescent tubes contain 

noxious chemicals such as mercury that contaminates the 

environment when disposed of in landfill waste. The disposal 

of such standard fluorescent tubes has to also be arranged 

through a registered and known waste carrier and mayn’t be 

easily achieved at any time and place. Therefore, switching to 

LED lighting avoids the cost and time implications required 

for waste disposal and helps at the same time to protect the 

environment from being contaminated with toxic waste like 

mercury. 

In addition to the retrofitting the existing traditional lighting 

with the LED lighting, the following are additional 

mechanisms that can help to reduce the energy consumption 

inside the University campus: 

 Setting the temperature of the existing window AC remote 

controllers at reasonable temperature to minimize energy 

consumption. If possible, replace the current air 

conditioning (AC) units with latest and more energy-

efficient AC units. 

 Use the AC units when required and turn them off in 

empty classrooms and when people are not in their offices. 

 Install a central AC with programmable thermostat that 

can adjust the temperature settings according to the 

weather conditions so that energy can be saved especially 

in peak hours. 

 Turnoff lights when not needed, for example, when people 

are not in class rooms, laboratories and offices. 

 Turnoff computers when people are not using them for 

longer periods instead of leaving them in switched on 

conditions. 

 Installation of an automatic light intensity electronic 

controller system that avoids unnecessary electrical power 

wastage and provides illumination based on the physical 

presence of a person and the required level of lighting at 

the desired location [11], [12]. 

 Use of motion sensors in corridors, toilets and other 

necessary locations where light can be illuminated based 

on the presence of persons. 

 Adjust the sleep-mode (hibernate mode) of computers in 

campus specially the computers in the laboratories and 

class rooms: avoid leaving them unnecessarily in active 

mode for longer period to minimize their energy 

consumption. 

 

 

Conclusions 
The aim of this paper is to show the necessity of campus 

energy audit in order to identify energy saving mechanisms 

and increase the awareness of energy conservation among the 

campus community. The AC units consume the highest 

proportion of energy inside the campus and more efficient AC 

units are recommended to reduce the energy consumption. 

LED lighting fixtures are recommended to replace the current 

traditional fluorescent lamps so as to minimize the energy 

consumption and avoid environmental contamination as result 

of waste disposal of traditional fluorescent tubes. The campus 

community habit of operating and using electrical and 

electronic appliances also affects the total amount of the 

energy consumption inside the campus and behavioral 

changes are recommended to reduce energy consumption. 

Reducing energy consumption has a significant impact 

towards reducing the carbon footprint and achieving a 

sustainable and green environment. By applying energy audit, 

identifying energy saving techniques and spreading energy 

awareness among the campus community can help to 

minimize the energy consumption of the campus and at same 

time make our environment sustainable and furthermore, we 

aspire to become an example to the rest of the locality and the 

region around. 
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