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ABSTRACT 

 
Malaysia is endowed with abundant supplies of non-renewable energy resources, especially oil and gas. 
However, its current oil and gas reserves are expected to be depleted within the next few years. As of 1 January 
2007, PETRONAS (Malaysia’s national oil company) reported that oil and gas reserves in Malaysia amounted 
to 20.18 billion barrels equivalent. The government estimates that at the current production rates, Malaysia will 
be able to produce oil up to 18 years and gas for 35 years. Thus, if new oil fields are not found, Malaysia will 
have its oil depleted around 2030.Malaysia has actively participated and involved in key conventions regarding 
environment and sustainable development, such as Montreal Protocol and Kyoto Protocol. University Putra 
Malaysia (UPM) as one of the largest universities in Malaysia should try to make its energy consumption as 
efficient as possible and Faculty of Engineering may be the pioneer in this regard. As the result of this study we 
can see that only for generating the required electricity for the eight lecture rooms at faculty of engineering 
about RM 45 per day is the cost of Co2e emissions. In this study authors will calculate the cost of Co2e Emitted 
to Generate the Required Electricity for the Lecture Rooms in the Faculty of Engineering of Universiti Putra 
Malaysia. 
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1. INTRODUCTION 
 

Energy crisis and global warming are two main topics that have attracted several researchers in recent 
years. As the total amount of fossil fuels in the world is decreasing and the problems caused by global warming 
are increasing, the importance of       renewable energy sources has remarkably raised and developed new 
concepts like green energy, green economy, green industry etc. 

Issues regarding Greenhouse Gas (GHG) emissions and improper wastes management which threatens 
biological diversity and climate change have always been linked to energy related developments such as 
generation, distribution and management of energy resources. Climate change refers to a secular trend that 
produces a long term significant change in the average climatic conditions( Owusu-Sekyere J.D. et.al, 
2011).Malaysia has actively participated and involved in key conventions regarding environment and 
sustainable development, such as convention on biological diversity, Basel convention on the control of trans-
boundary movements of hazardous wastes and their disposal, Montreal Protocol on substances that deplete the 
ozone layer and Kyoto Protocol to the United Nations Framework Convention on Climate Change, to name a 
few. Montreal Protocol and Kyoto Protocol are two key involvements. 

Malaysia’s development is tied to three key national policy frameworks: New Economic Policy (NEP), 
1971–1990; National Development Policy (NDP), 1991–2000; and National Vision Policy (NVP), 2001–2010. 
The framework for providing energy development is mainly tied to National Energy Policy 1979, National 
Depletion Policy 1980 and Fuel Diversification Policy (Four Fuel Diversification Policy 1981 and Renewable 
Energy as the Fifth Fuel Policy 2000). The Four Fuel Diversification Policy 1981, identified the country’s 
energy mix as oil, natural gas, coal and hydro power. Due to increasing oil price and environmental degradation, 
in 2001, the government of Malaysia introduced the Fifth Fuel Policy, adding renewable resources into the 
energy mix with important concerns placed on sustainability and efficiency (Hashim H., Ho W, 2011). 
Decisions which are based on Sustainability will help future generation in reaching to a well environment and 
success economic.(Nazarpour M, Sadighi M, 2011). 

Since then, the government of Malaysia started placing emphasis on energy efficiency (EE) in industrial 
and commercial sectors as well as residential in domestic sectors, the utilization of renewable energy (RE) by 
promoting new RE resources such as biofuel, landfill gas, mini-hydro, solar, etc. and sustainable development of 
all energy resources (Chua S, Oh T, 2010 and Shafie S et.al., 2011). 

Five key programmes implemented in energy development towards EE and the promotion of utilization of 
RE are as followings (Chua S, Oh T, 2010):  
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 Malaysian Industrial Energy Efficiency Improvement Project (MIEEIP) 
 Small Renewable Energy Power Programme (SREPP)  
 Malaysia Building Integrated Photovoltaic Technology Application (MBIPV) Project 
 Building Energy Efficiency Programme (BEEP) 
 Green Building Index (GBI) 

 
Energy Audit is a way to recognize the energy problems and helps organizations to make their buildings 

energy efficient. Energy audit can be carried out in different ways and with different goals. It can be done to 
reduce the electricity bill, or to reduce the GHG emissions. The goal of this study is to estimate the Cost of Co2e 
Emitted to Generate the Required Electricity for the Lecture Rooms in the Faculty of Engineering of Universiti 
Putra Malaysia. Many efforts have been done to calculate the carbon footprint of different places such as the 
work by Ozawa-Meida L, et.al. (Ozawa-Meida L, et.al., 2011) and Master thesis of Yi J.L.J  (Yi J.L.J, 2012) but 
the novelty and scientific contribution of this paper is to calculate the CO2e.emitted to generate the electricity 
used in Faculty of Engineering lecture rooms for both essential electricity and misused electricity and to 
calculate the cost of emissions as well. 

The remainder of the paper was organized is follows: in Section 2, the applied methodology is described, 
section 3 is devoted to calculations and results and section for will describe the conclusions.  
 

2. METHODOLOGY 
 

Emissions from the use of electrical equipment or appliances are calculated directly from the grid 
electricity emission factor and the total kWh annual electricity use.  

Generally the steps for calculating carbon dioxide equivalent (CO2e) are shown as below:- 
 Step 1: determine activity/consumption data in each sector (kWh used, km travelled and cost spent). 
 Step 2: derive associated GHG emission factors (kg CO2e/kWh used, kg CO2e/km travelled or kg 

CO2e/passenger kilometer and kg CO2e/cost spent). (L. Ozawa, 2011) 
 Step 3: multiply activity/consumption data by the associated emission factor to estimate the emissions 

in kg CO2e for each sector and add up to determine the overall carbon footprint (L. Ozawa, 2011). 
 

Therefore the basic formula below is used for calculating CO2e: 
-CO2e = Electricity used (kWh) x Emission factor (kgCO2/ kWh) 
The electricity emission factor in Malaysia is 0.509 kg CO2/kWh, which adapted from Energy Information 

Administration (Jenny Liew, 2012).Referring to step 1, a one weak visual observation was conducted in order to 
collect the raw data for further analysis. Therefore DK3, DK7 and DK8 were chosen as the sampling locations. 
The usage or utilization of each electrical appliance in these DKs were monitored and recorded.  

Table 1 shows the averages of data gathered from observation: 
 

Table 1.The averages of data gathered from observation 
Class Occupancy Rate/day 5 Hours 
Number of On Lightings/h 12 
Air Conditioner in use time 11 Hours 
Projector In use time 8 Hours 
Computer In use time 8 Hours 

 
As the normal working hours of the DKs is from 9 a.m. to 9 p.m., so the ratio of using the class and 

appliances will be as shown is Table 2. 
 

Table 2.In use time percentage 
Average Class Occupancy Rate 42% 
Average No. of On Lightings/h 67% 
Air Conditioner in use time 92% 
Projector In use time 67% 
Computer In use time 67% 

 

As the result of Table 1 and Table 2 we can calculate the wasting time percentage as shown in Table 3 and 
Figure 1. 
 

Table 3.Wasting Time Percentage 
Appliance Wasting time 

Percentage (%) 
Lightings 37.5 
Air Conditioners 54 
Projector 37.5 
Computer 37.5 
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Figure 1: In use time and Wasting Time Comparison Charts 

 

 

 
 

3. RESULTS 
 
Considering the tables and charts above, we can see that in the low peak period (1pm until 2pm and 5 pm to 

9 pm) although there are no people in classes but some of the electrical appliances were not switched off. So this 
simple aspect can cause the increase of electrical consumption directly. 

Back to the further analysis and calculation for total CO2e in DKs, the amount of electrical energy (EC) 
consumed by an appliance can be determined by using the following formula: 

EC = Nax Pr x Du            (1) 
Where Na = the number of appliances of a particular type,  
Pr = the average power rating of a unit in watt,  
            Du= the duration of usage of a unit in hours. 
For simplifying the calculation steps, the Pr value for each electrical appliance can be referred on table 4, but 

for air-conditioners we will use the date from industry and consider 11 KW input power for each class. 

In Use 
Time

41.5%

Wasting 
Time

58.5%

0%
20%
40%
60%
80%

100%

Occupency Rate

Class Occupency

In Use 
Time, 
62.5%

Wasting 
Time, 
37.5%

0%
20%
40%
60%
80%

100%

Lightings

Lightings

45%

55%

0%

50%

100%

A/Cs

Air 
Conditioners

65%

35%

0%
20%
40%
60%
80%

100%

Projectors

Projectors

63%

37%

0%
20%
40%
60%
80%

100%

Computers

Computers

10 



Shahmohammadi et al., 2013 

Table 4.the duration of usages for appliances and average power (Saidur R, 2006) 

 
 
Using the abovementioned formula and data in table 4, table 5 shows the energy using and energy wasting from 
each appliance. 
 

Table 5.Energy Using and Energy Wasting from Each Appliance 
Appliance Energy Consumption 

(kWh) 
Energy Wasting (kWh) 

Lights 0.36 0.135 
Air-conditioners 121 66 
Computers 0.8 0.3 
Projectors 0.8 0.3 
Total 122.96 66.735 

 
The amount of CO2e can be calculated by multiplying electrical consumption value with emission factor 

(0.509kgCO2/kWh). Table 6 indicates the amount of Co2e in each DK while the chart is drawn in logarithmic 
scale. 
 

Table 6.Amount of emitted Co2e per DK 
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As shown above about 62.5 kg Co2e is emitted for generating the electricity of each DK from which about 

54% (34 kg Co2e) is being emitted for wasting energy. 
According to (Epstin et.al. 2011) the cost of every one ton of Co2e for country is USD 30 (RM 90). So the 

estimated cost of effects from 8 DKs in UPM Faculty of Engineering can be calculated as follows: 
Estimated Total Cost of Co2 Emission=Emitted Co2e amount to generate the power for each class*Number 

of classes*Cost of Co2 emission per ton     (2) 
Using equation 2 we will have the following results: 

 
Table 7.Estimated Daily Cost of Co2 Emission in all 8 Dks 

 
 

Table 7 shows the total cost of Co2e emitted to generate the required electricity for all DKs is about RM 
45/day from which about RM 25/day is paid by the country not for benefiting from electricity but also for 
wasting electricity. The biggest share is for Air-conditioning system. This point must be considered that this 
amount is only for CO2e emissions and does not include other factors and costs for electricity that make the 
total cost of electricity to be much higher. 
 

4. CONCLUSION 
 

Considering Malaysia has actively participated and involved in key conventions regarding environment 
and sustainable development, such as convention on biological diversity, Basel convention on the control of 
trans-boundary movements of hazardous wastes and their disposal, Montreal Protocol on substances that deplete 
the ozone layer and Kyoto Protocol to the United Nations Framework Convention on Climate Change, 
University Putra Malaysia (UPM) as one of the largest universities in Malaysia should try to make its energy 
consumption as efficient as possible and Faculty of Engineering may be the pioneer in this regard. Since the air-
conditioning system has the biggest share in energy use, so it might be the first thing to be improved. It can be 
seen that only in 8 DKs there is about RM 25 per day cost of Co2e emissions that even does not benefit the 
students and all of it, is being wasted because of poor energy efficiency programs in UPM.Furthermore, the cost 
of electricity which is being wasted is not considered in this paper and clearly is more than cost of Co2e 
emissions.   
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