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Abstract 
One of the fastest growing trends in the field of innovations is energy efficiency. This area can contribute to 
the sustainability development of the country by reducing the energy intensity of the economy. Energy and 
environment plays a key role in achieving the desired economic growth for the country. Worldwide 
industries use 40 percent energy for material and consumption protection to fulfil human needs. One of the 
approach in order to reduce the emission of greenhouse gases to the environment is by conserving energy. 
This could be executed by implementing energy management especially in office buildings. Energy 
management can also increase the efficiency of energy in the building. This study focus on the performance 
indoor environment and energy management system implementation in office building. Energy 
management is one of the contemporary challenges, thus study adopts an exploratory approach by using a 
tool developed by UNIDO called EnMS or Energy Management System. Findings show that by 
implementing indoor environment and energy management can reduce electricity consumption up to 30%. 
However, the awareness on energy management in Malaysia is still very low. The lack of awareness towards 
energy conservation among users can be enhanced by implementing indoor environment and energy 
management. Therefore, serious initiatives by the organization are needed to promote the effectiveness of 
indoor environment and energy management. 
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INTRODUCTION 
The World Energy Outlook projected world 

primary energy demand would grow by 1.6% per year 
from 2006 to 2030. The energy usage in developing 
countries like Malaysia is expected to increase due to 
economic expansion which will exhaust the limited 
energy resources. The energy crisis also will increase the 
gap between demand and supply of energy. Today’s 
world is looking for energy solution and alternative due 
to the threat of energy shortage, sky rocket energy price, 
unsecure of energy supply and the issue of enormous 
wastage. The world community should think globally 
and act locally to solve this issue by creating a long-term 
programme in order to optimize the limited source of 
energy (Anandarajagopal et al. 2011). 

Malaysian Government has highlighted that energy 
efficiency is one of the important elements in its energy 
policy framework. One proven method in managing 
energy efficiency is through indoor environment and 
energy management. Energy management helps to 
improve environmental quality and maximize profits by 
minimizing energy demand. Reducing energy demand 
helps to reduce cost. For Malaysia, the industrial sector 
is the second largest consumer of energy. Until 2013, 
the buildings had consumed 40% of world’s energy and 
this shows a 30% increment in energy consumption 
from the past 30 years. Factors like population growth, 
increasing demand of services provided by buildings 
and increase level of human comfort along with increase 
of time spent in the building assure that this upward 
trend in energy demand will continue. Rahman et al. 
(2010) stated that almost 42% of total annual energy 
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consumption is associated with building sector. Study 
conducted on energy usage in most of the building 
indicate that office buildings are the highest energy 
consumption about 70-300 kWh/m2 per annum; 10-20 
times that of residential buildings (Wai et al. 2011).  

However, the optimization energy potential for each 
office building is different depending on various factors 
based on location, climate, building type and 
construction. Therefore, energy performance is closely 
related to indoor environment and energy management 
where good energy performance will help to enhance 
and increase the effectiveness of indoor environment 
and energy management. Indoor environment and 
indoor environment and energy management is defined 
as the judicious and effective use of energy to maximize 
profits and to minimize energy demands, and simplified 
as “foresighted, organized and systematic production, 
distribution and use of energy under ecological and 
economical target setting”. The ISO 50001 indoor 
environment and energy management standard 
mandates that organizations or companies have 
sustainable indoor environment and energy 
management systems in place, have completed a 
baseline survey of energy use, and have made a 
commitment to continuing the improvement of energy 
performance. This standard requires necessities for an 
indoor environment and energy management system, 
involving a systematic approach for continually 
improving energy efficiency and energy performance 
but it does not govern any specific performance criteria 
with respect to energy even though the standard applies 
to all organizations. If building energy efficiency is 
improved by 22%, 45 million tonnes of CO2 can be 
saved, nearly 14% of the agreed total savings of 330 
million tonnes (Loganthurai et al. 2012). 

METHODOLOGY 
One of the fastest growing trends in the field of 

innovations is energy efficiency. This area can 
contribute to the sustainability development of the 
country by reducing the energy intensity of the 
economy and contribute to enhancing the 
competitiveness of goods and services. A study on the 
effectiveness of energy efficiency is chosen to be studied 
in depth to further understanding the benefits of indoor 
environment and energy management. The study has 
been conducted at Sarawak Energy Berhad (SEB) 
building as shown in Fig. 1 located in Kuching which 
was built and completed in 2010. This is the first 
certified green building and awarded with the GBI 
rating system in Sarawak, Malaysia (Saidur et al. 2009, 
Spyropoulos and Balaras 2011). 

This study is conducted on the housekeeping aspect 
mainly on lighting system for the purpose of energy 
efficiency improvement. The electricity bills 
consumption from 2012 to 2014 has been analysed 
thoroughly. The building was installed with 290 units 
of digital power meters to obtain readings for the whole 
building. Digital power meter efficiently records all 
energy use of the SEB building. Monthly readings of 
energy usage are recorded for monitoring purposes. 
The data is then analysed using the Indoor environment 
and energy management System (EMS) tools developed 
by UNIDO for monitoring works and to enhance the 
utilization of energy in the building. The analysis by 
EnMS provides the life cycle cost data when indoor 
environment and energy management is implemented 
by the organization (Kok et al. 2013, Rahman et al. 
2010). 

 
(a) Sarawak Energy Berhad (SEB) building 

Fig. 1. Map of OMU Pond I and sampling station (Anonymous 1975) 
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(b) Building orientation 

 
(c) Thermal comfort and natural ventilation in the building 

 
(d) Natural lighting 

Fig. 1 (continued). Map of OMU Pond I and sampling station (Anonymous 1975) 
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RESULTS AND DISCUSSION 

Electricity Consumption in the Building 
Fig. 2 shows the cost of energy consumption in 

Ringgit Malaysia (RM). Fig. 3 indicates the electricity 
consumption (kWh) from 2012 to 2014 for all 
appliances for SEB building. Energy consumption cost 
increased about 18.6% in 2013 compared to 2012. 
However, the electricity consumption for SEB building 
decreased from 4,272,055 Kwh to 4,045,178 Kwh in 
2014 by 5.3% (Iwaro and Mwasha 2010). 

Referring to both Fig. 2 and 3, the reduction total 
consumption in 2014 compared to 2013 was due to the 
new policy implemented by the property department 
which focused on energy practise and housekeeping 
awareness where the staff were required to switch off 
their computers when they are not in use during lunch 
break and before leaving the office for the day. The 
orientation towards implementing paperless also 
contributed to energy usage reduction. The monitoring 
on air-conditioning system performance also 
contributed to the reduction of energy usage (Iwaro and 
Mwasha 2010, Wei et al. 2001). 

Implementation of Energy Saving on Lighting 
System 

The normal fluorescent lights had been replaced 
with Compact Fluorescent Lamp (CFL) in the new 
headquarters. The selection of CFL was made due to its 
benefits to conserve energy and to reduce cost. On 
average, the lighting appliances in the building 
consumed about 30% out of its total energy 
consumption. The efficiency of energy in the building 
can still be optimized by changing the current CFL to 
ENERGY STAR Qualified LED bulb. According to 
LED light bulb makers, Switch Lighting, an Energy 
Star-certified LED light bulb signifies reliability and 
performance as well as energy-saving performance. By 
changing the current CFL bulb to ENERGY STAR 
Qualified LED bulb, it would only use 15-20% of the 
energy used by an incandescent bulb and it would last 
up to 40 times longer. 

Life Cycle Cost for Lightings 
Fig. 4 shows the life cycle cost for option 1 – using 

the current LED bulb (Non-ENERGY STAR 
Qualified) and option 2 – using ENERGY STAR LED 
bulb. The simulation result shows the life cycle cost of 
lighting appliances which is projected for 10 years, by 
changing the current CFL bulb to ENERGY STAR 

 

Fig. 2. Total Consumption (RM) for SEB Building 

 

Fig. 3. Total Consumption (Kwh) for SEB Building 
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Qualified LED bulb. The discount rate of 10% is an 
incentive given by the government for certified green 
building in Malaysia. The savings inflation is the 
minimum saving projection for each year which is a 
minimum 3%. As shown in Fig. 5, Option 2 provides 
better life cycle cost compared to Option 1. On average, 
the implementation of Option 2 can help to reduce the 
operational cost by 33.8% (Müller et al. 2013). 

Comparison of energy consumption by CFL and 
ENERGY STAR qualified LED 

Fig. 6 shows the comparison of energy consumed by 
CFL bulb and ENERGY STAR Qualified LED bulb. A 
significant reduction can be seen upon the 
implementation of ENERGY STAR Qualified LED 
bulb by more than 30% (Chiu et al. 2012, Eicker 2009). 

 

Fig. 4. Life Cycle Cost for Electricity Consumption for Lightings 
 

 

Fig. 5. Comparison of Life Cycle Cost for Option 1 and Option 2 

 

Fig. 6. Comparison of the Total Electricity Consumption by CFL and ENERGY STAR LED 



 
 
Ibrahim et al. 
 

 
92  Ekoloji 27(106): 87-94 (2018) 
 

Implementation of energy saving air-conditioning 
system  

The air-conditioning system in SEB building is a 
centralised unit system that had been installed with two 
(2) air handling unit (AHU) of 11kW for every floor 
level. Sarawak Energy building uses the air chilled water 
plant. All AHU units are located in a specific AHU 
room on every level. Centralized air-conditioning 
systems are set at 24˚C to cater for the building’s high 
cooling demand with extended but stable 10 operation 
hours from 7 am to 5 pm during week days. This system 
is preferred by the management team due to the 
system’s controllable operation and it also can be 
scheduled via a building management system. The 
efficiency of energy in SEB building using inverter air-
conditioning system that allows energy savings of up to 
69%. 

Life Cycle Cost for Air-Conditioning System 
The life cycle cost based on simulation result of AC 

system with inverter which is projected for 10 years The 
discount rate of 10% is an incentive given by 

government for certified green building in Malaysia 
with the average saving inflation for each year which is 
a minimum of 3%. Fig. 7 shows the life cycle cost for 
option 1 – using the conventional air-conditioning 
system and option 2 – using air-conditioning system 
with inverter. As shown in Fig. 8, changing the current 
AC system to air-conditioning system with inverter 
helps to reduce the operational cost by 18.5%. 

Comparison of Energy Consumption by Non-
Inverter Air-Conditioning System and Inverter 

Air-Conditioning System 
Fig. 9 shows the comparison of energy consumed by 

conventional air-conditioning system and air-
conditioning with inverter system. A reduction of 38% 
could be observed upon the changing of the current 
system to the inverter system (Holloway 2015). 

 

Fig. 7. Life Cycle Cost for Electricity Consumption for Air-Conditioning System 
 

 

Fig. 8. Comparison of Life Cycle Cost for Option 1 and Option 2 
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CONCLUSION 
Based on the data simulation, it is proven that 

practicing indoor environment and energy management 
helps to increase the life cycle cost more than 20% in 10 
years. ENERGY SAVER certified LED bulb helps in 
reducing the operation’s life cycle cost by 30%. 
Although the initial cost of changing the current LED 
bulb to ENERGY SAVER LED bulb is higher, the 
operational cost for the long run is lower as ENERGY 
SAVER LED bulb can last up to 15 years meanwhile the 
normal LED bulb lasts only up to 3 years. The 
application of air-conditioning system with inverter also 
helps to reduce energy consumption by 38%. It is also 
beneficial in long term as inverter air-conditioning 
system lasts longer due to its smart inverter technology 
which creates a smoother and more stable operation. 
However, the awareness on indoor environment and 
energy management in Malaysia is still very low. The 
lack of awareness towards energy conservation among 
users can be enhanced by implementing indoor 
environment and energy management. Initiatives need 
to be taken in direction of realizing the importance of 
indoor environment and energy management as it 

contributes to beneficial outcomes for the organization. 
The organization should proof that indoor 
environment and energy management can help in 
reducing the impact of energy costs of the organization 
especially in terms of operational and maintenance cost 
(McMoham 2015). 

Indoor environment and energy management shall 
be implemented in a continuous daily process, not 
merely as a one-off project. It needs to be part of day to 
day habits. This is the part where energy savings and 
energy performance improvements are actually made. 
Therefore, in an organization where energy 
consumption matters, the suggestions and 
recommendations mentioned earlier could help in 
reducing costs and consumption. Generally, in the 
greenhouse gases era, all buildings especially 
commercial and offices should implement indoor 
environment and energy management as it benefits the 
organization in many ways. Besides, it also helps to 
reduce or slow down the greenhouses gases and at the 
same time, promotes healthier lifestyle (Sivakumar et al. 
2011). 
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