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Abstract— As developing countries including Malaysia, are now 

moving towards sustainable development is in line with the Ninth 

Malaysia Plan, 9th MP, the development should be built to meet 

current and future needs for achieving sustainability of economic 

development, social and environmental responsibility for the 

prosperity without compromising the future generations‘ needs. Over 

the past five years, there has been a move away from constructing 

new buildings to refurbishing older and historic ones. Thus, the 

purpose of this paper is to review and evaluate the approach for the 

refurbishment of lighting as well as the existing energy efficiency 

policy and measures in Malaysian historical building for the energy 

efficiency improvement in the future. The paper takes the form of a 

review of literature. The main sources of this literature research are 

based on the articles, journals, and internet search. This study 

perhaps can add to the breadth of knowledge of lighting performance 

in the historical building from the perspective of energy efficiency. 

This study offers new and valuable insights to Malaysia in achieving 

optimum energy efficiency, saving in financial as well as reducing 

environmental impact.  
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I.  INTRODUCTION  

ATTERNS of energy consumption vary between different 

industries, buildings and sites. It is because the duration 

and nature of the period of occupation will affect the 

energy consumption. Usually, a building that is experienced 

high usage led to high energy consumption. The energy 

efficiency measures should be carried out in order to improve 

overall energy efficiency performance of the buildings. It 

should be noted that energy saving is not only about cost 

reduction or concern about the environmental issues or 

economic growth but also increase the competitiveness for the 

industry [1] [2].  

Electricity is used for running the plant, lighting and other 

equipment in the building. Lighting consumption depends on 

the purpose of the building, use of daylight, illumination 

levels for certain areas and the hours of usage [3]. 

It means that the energy consumed in the buildings mainly 

related to cooling, heating and lighting. In Malaysia climate, 

the air conditioning and lighting are the major energy 

consumers in the buildings. 
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Hence, it will incur very high costs if the energy is not 

managed properly.  

The buildings, both residential and commercial, have 

contributed between 20% and 40% towards energy 

consumption for developed countries and exceeded the other 

major sectors: industrial and transportation. The increased of 

the energy consumptions are due to the population growth, 

increasing demand for building services and comfort levels, 

together with the rise in time spent inside buildings, assure the 

upward trend in energy demand will continue in the future 

[4]. Moreover, the lighting is one of the potential area to 

improve the energy saving in the buildings [5].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

In fact, the energy use in buildings is reflected by energy 

consumption in the residential and commercial sectors [4]. 

For these reasons, energy efficiency in buildings is today a 

prime objective for energy policy at regional, national and 

international levels. Thus, this paper presents evaluation of 

the lighting performance of Malaysian historic building 

through energy efficiency refurbishment.  

II. HISTORICAL BUILDINGS IN MALAYSIA 

Heritage buildings or historic buildings are also known as 

old buildings. According to Malaysian practice, Salleh and 

Ahmad [6] categorized that buildings with the age of 50-year 

or more could be called as historic buildings. The historic 

buildings are important assets of a nation‘s cultural resources. 

In hot and humid countries, the all year round regime of 

heavy rains and hot temperatures contributes to the 

inconsistent fluctuations of indoor climate and it does 

eventually create changes on the systems used on historic 

buildings.  

The heritage buildings basically represent the most visible 

aspect of our past history and culture. Like other countries in 

the world, Malaysia also has a rich legacy of heritage 

buildings with great craftsmanship and architecture quality. 

Kamal, Wahab, and Ahmad [7] found that around 39,000 of 

historic buildings built between 1800 and 1948 throughout the 

country so-called ‗pre-war buildings‘. However, there are 

20,787 of the ‗pre-war urban buildings throughout Malaysia. 

The highest numbers of historical buildings are in Penang, 

follow by Perak, Johor, Malacca, Kuala Lumpur and other 

state. 

The heritage buildings have certain characteristics that are 

remarkable and unique. The older buildings or historic 

buildings were influenced by the British architecture since 

Malaysia was under the British rule for many years. For 

instance, the British historic buildings can be classified into 

several architectural styles consisting Moorish, Tudor, Neo-

Classical and Neo-Gothic [8]. These buildings are forms of 

impressive historic features and heritage of the past work of 
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man. Therefore, it is important to conserve and preserve 

heritage buildings because these buildings provide a sense of 

identity and continuity in the fast changing world for the 

future generations [9]. Moreover, Yaacob [10] found that 

many buildings in Malaysia are under used or wrongly used 

by the occupants thus encourage these buildings to be 

dilapidated. The lack of maintenance and attention from the 

responsible parties and together with the social problems 

among the society can lead to the vandalism and abuse that 

increased the rate of wear and tear of buildings.  

Most of Malaysia‘s historic buildings have been 

demolished in 1970s and large scale of urban development 

nowadays continues threaten the pre-war buildings and also 

deteriorating due to age, neglect and higher maintenance costs 

[7]. In fact, the heritage building conservation in Malaysia is 

still considered as new and infant [7] [10]. There are various 

authors or scholars defined heritage building conservation in 

many ways based on their scope of study and focuses. The 

conservation refers to the activities to maintain the character 

of the heritage buildings that include the work of preservation, 

restoration, reconstruction and adaption. 

According to Harun [11], the conservation is a technical 

activity towards the historical buildings that involved physical 

action to preseve the fabric and material of the heritage 

buildings. It means that the conservation is a process the 

prevent decay and to prolong the life of the heritage buildings. 

This argument is in line with Bernard [12] mentioned that the 

conservation is the action taken to prevent decay and it 

embraces all actions in order to prolong the life of the cultural 

and national heritage for benefit of the future generations. The 

definition of the conservation is quiet easy to understand but 

the conservation is always known as renovation in real life. 

The wrong perception and misunderstanding on conservation 

leads to the no changes on the public attitude towards the 

local building conservation.  

III. ENERGY USE AND ENERGY EFFICIENCY 

PERFORMANCE IN BUILDING 

Energy is a key component in Malaysia‘s economy, as the 

development and utilisation of energy resources have 

contributed, and will continue to the industrialisation of the 

economy, the socio-economic welfare of the people and 

exports earnings. The development of the energy efficiency 

policy of residential and commercial sectors at the national 

level is the result of increasing energy demand in these 

sectors. Hence, it is important to indicate the existing energy 

use and overall energy efficiency performance in the 

buildings. 

A. Building and Energy Use 

The Director General of the Ministry of Energy, 

Telecommunication and Post, Malaysia, stated that energy 

demand was growing faster than the nation‘s GDP. Then, the 

Deputy Minister of Energy, Telecommunication and Posts, 

Malaysia, announced that the country needed an additional 

1000 MW of energy per year, and by the year 2005 the energy 

requirements would be 16300 MW. Expansion in the 

manufacturing and transport sectors increased the final 

consumption of commercial energy, which grew at an average 

annual rate of 4.7 per cent, from 29,699 ktoe in 2000 to 

38,284 ktoe in 2005 [13]. The transport sector was the largest 

energy consumer, utilizing 40.6 percent of the total final 

commercial energy demand in 2000, followed by the 

industrial sector at 38.4 per cent and the residential and 

commercial sector at 13 per cent. 

In the residential sector, the energy used for air 

conditioning, refrigeration and lighting is 8%, 26% and 25% 

of the total energy consumption, respectively. Meanwhile, air 

conditioning and lighting are the major energy consuming 

operations in the commercial sector with 38-52% and 18-52% 

of the total consumption respectively [13]. This means that 

shopping complexes and offices, including converted 

historical buildings, consume more energy for lighting and air 

conditioning than any other type of building. 
 

 

Fig. 1 Breakdown of energy consumption in the building sector 

(%) 

IV. EVALUATION OF EXISTING BUILDING 

REGULATION IN MALAYSIA 

To date, there are no regulations or by-laws that govern the 

use of energy in the building sector. However, in 1989, the 

Ministry of Energy, Communications, and Multimedia 

Malaysia (MECM) formerly known as the Ministry of Energy, 

Telecommunications and Posts (METP), produced Malaysian 

Guidelines for Energy Efficiency in Buildings. It is not 

mandatory for builders to adopt the measures in the guidelines. 

These guidelines were based upon the Singapore guidelines, 

which in turn were based on ASHRAE 75 standards [14] [15]. 

The guidelines set out minimum standards in the following 

areas: minimization losses in electrical power and distribution 

equipment; design of energy efficient lighting system; design 

of an efficient air conditioning system; design criteria of the 

building envelope; and design of a good energy management 

system. 

A. Malaysia uniform building by-laws (UBBL) 

The Malaysia Uniform Building By-Laws (UBBL) were 

produced in 1984 and cover the following areas; submission of 

plans for approval procedures; space, light and ventilation; 

temporary works in the building operation; structural 

requirements and fire prevention requirements. This document 

is 15 years old and the Department of Electricity and Gas 

Supply (JBEG), which is under the purview of METP, is 

planning to include energy efficiency requirements and 

renewable energy applications in buildings in the UBBL. The 

department is currently preparing a proposal to the METP to 

use the Malaysian Guidelines for Energy Efficiency in 

Building as a reference document. It is worth observing that a 
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lot of information and research is required regarding all 

aspects of energy efficiency, and that the use of daylight in 

buildings to reduce energy consumption for interior lighting is 

of paramount importance. 

B. Energy efficiency regulations 

Over numerous years, Malaysia has embarked on many 

initiatives to respond to the energy challenge. Rahman and Lee 

[16] stated that Malaysian government has implemented the 

energy efficiency program for the sustainable economic 

development. The energy efficiency covers the efficiency of 

power generation, transmission and distribution of electricity 

and various end-uses of energy.  

In Tenth Malaysian Plan (10
th

 MP), the government also 

focuses in promoting the energy efficiency to encourage the 

productive use of energy. The energy efficiency measures will 

be intensified to harness energy savings potential and reduce 

Malaysia‘s carbon emissions and dependence on fossil fuels. 

Intrinsic barriers to energy efficiency that pose challenges in 

capturing this opportunity will also be addressed. The National 

Energy Efficiency Master Plan, 2010 will be a holistic 

implementation roadmap to drive efficiency measures across 

sectors with a target to achieve cumulative energy savings of 

4,000 kilo tonnes [17].  

There are several of initiatives to drive energy efficiency 

efforts across the sectors such as residential, township, 

industrial, and building [17].The Energy Efficiency 

Regulations have yet to be enacted, but efforts to prove that 

energy efficiency can be achieved cost-effectively are ongoing. 

This is to convince the public and users who will be affected 

by the Energy Efficiency Regulations that energy efficiency 

does not impose a cost penalty on energy users. In fact, it 

creates wealth over the medium to long-term, through the 

reduced energy costs of daily business. The Government of 

Malaysia is committed to the promotion of energy efficiency 

and renewable energy for a cleaner environment for future 

generations [18].  

V. LIGHTING ENERGY EFFICIENCY 

Lighting is a substantial energy consumer and a major 

component of the services cost.  Nevertheless, the use of 

electricity for lighting is generally inefficient. Consequently, 

there is potential to improve the energy efficiency of lighting 

systems throughout the world. The energy consumed by a 

lighting installation depends upon the power consumption of 

the luminaries and the length of time for which they are 

switched on [19]. A reduction on either of this will reduce the 

energy consumption. There is considerable potential for energy 

and cost savings in existing buildings, with many examples of 

savings in the range of 30%-50% having been achieved [20]. 

Even though lighting is not the largest energy consumption, 

reduction in lighting would leads to reducing of cooling load 

as well as global warming and greenhouse effect. With 

abundant of sunlight, it is an advantage for Malaysia to 

achieve sufficient illumination for substantial periods in 

buildings, avoiding the need to use electric lighting in which of 

course would have significant on energy consumption. 

Therefore, there is every need to try to limit and if appropriate 

reduce the amount of energy used by lighting in buildings.  

A very energy efficient lighting system will not be a good 

advertisement for energy saving if people do not like it. On the 

other hand, an increasing level of environmental awareness in 

society may result in people disliking energy wasteful systems. 

A compromising approach would need to be adopted, which 

balance the needs of energy efficiency and aesthetics. 

A. Energy Efficiency Techniques  

Lighting is an important issue as it directly affects the 

wellbeing, productivity and satisfaction of the occupants. It is 

also a major consumer of energy and can generate high 

maintenance and running costs. The use of artificial lighting 

not only consumes energy but dissipates waste heat into the 

building space, which contributes to heating or cooling (as in 

the case of Malaysia) load. However, the effective use of 

daylight can drastically reduce heating, cooling and lighting 

energy required to condition buildings. Annual operating 

costs and equipment cost can also be reduced. 

 

1. Daylight  

Bodart and De Herde [21] discussed the evaluation of 

lighting energy savings on global energy consumption in office 

buildings through an integrated approach combining the 

daylighting and the thermal aspects. Their results suggest that 

the potential of energy savings by integrating the daylighting 

availability in the electric lighting management is high. 

Furthermore, it is found that daylighting can reduce artificial 

lighting consumption from 50% to 80. On field study 

measurements, Galasiu, et al. [22] showed that under clear sky 

and without blinds both lighting control systems reduced the 

lighting energy consumption on average by 50–60% when 

compared to lights fully on from 6 AM to 6 PM. These 

savings, however, dropped by 5–45% for the dimming system, 

and by 5–80% for the automatic on/off system with the 

introduction of various static window blind configurations. 

However, energy is not saved by daylighting; energy is 

saved by dimming down or switching off electric lights that 

are not needed because of daylight. Daylighting often reduces 

air conditioning energy requirements as well because the 

internal cooling load from the lights is reduced. This additional 

cooling load savings benefits buildings with large cooling 

loads as long as the daylighting apertures have proper sun 

control to avoid excessive solar heat gain [23]. 

Many new energy-efficient electric lighting technologies, 

such as rare-earth fluorescent lamps, high-frequency 

electronic ballasts, or occupancy sensors, have significantly 

reduced lighting power requirements. The daylighting can 

lower electricity demand charges, which can be more 

expensive that the energy usage cost. Modern building energy 

management control systems can dim lights to shave peak 

demand or in response to load shortage signals from the 

electric utility. Peak load reductions realized through 

daylighting reduce demand for power when supplies are often 

met by less environmentally friendly power sources. 

Daylight allows people to continue working on some tasks 

during power outages. This argument for using daylighting is 

becoming less convincing as offices and businesses 

increasingly rely on electricity for running computers, copiers, 

and other office equipment. Nonetheless, if daylighting can 

remove electric lighting from back-up generators, more power 
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will be available during power interruptions for critical 

business machines. 

Several daylight evaluation tools are used in building 

design, including design guides, manual and computer 

calculation and visual simulation programs, and scale and 

full-scale models or mockups. These tools can:  

(1) Determine the illuminance levels from daylight at 

specified points for specified sky conditions. 

(2) Predict annual daylight energy savings under alternative 

control strategies. 

(3) Analyze light distribution within the space. In some 

cases, high luminance ratios may be desired for dramatic 

effects or for establishing architectural hierarchies; in others, 

more uniform lighting may be the objective. 

(4) Predict the location and time of direct sun within a space. 

These sun/shade studies are useful in evaluating shading 

devices and planning for visual and thermal comfort and for 

the preservation of art and materials. 

(5) Aesthetically evaluating the interaction of light and the 

proposed space. Designers use representation to formulate 

their strategies and to communicate their design intentions to 

clients. 

2. Occupants Perception 

Several surveys have documented that people believe that 

daylight is superior to electric light in its effects on people. 

The assessment of the occupants‘ opinion of the building 

internal environment can be obtained through their responses 

to the questions asked in the questionnaire. With a increasing 

awareness of the role of the indoor environment on occupants‘ 

productivity and efficiency, there is increased interest in 

obtaining feedback from occupants and this is often obtained 

by using a questionnaire [24][24][26]. Besides, 

Kamaruzzaman et al. [8] mentioned that the outcomes from 

the questionnaire should assist in identifying particular aspects 

of the environment that require adjustment and improvement, 

and aim to provide a better internal environment for the 

occupants. Cuttle [27] conducted a survey via personally 

administered questionnaires in England and New Zealand to 

investigate the perceived attributes of windows. Heerwagen 

and Heerwagen [28] surveyed occupants of an office building 

in Seattle, USA, in winter and summer. 

B. Lighting Simulation 

Building simulation aims to imitate the real physical 

conditions in a building by creating a mathematical model that 

(ideally) represents all energy flow paths in a building as well 

as their interactions. Advances in simulation techniques and 

computing facilities have led to the development of very 

advanced building simulation tools.  

Hensen and Hand [29] discussed about a gap between 

sophisticated simulation tools and building design 

professionals. The performance of the simulation does not 

depend on sophisticated simulation tools alone but also the 

user understanding the whole simulation. Hong et al. [30] 

discussed the state-of-art on the development and application 

of computer-aided building energy simulation by addressing 

some crucial questions in the field. MacDonald et al. [31] in 

his paper discussed the uncertainty in building thermal 

simulation. The proposed of approaches of analysing the 

uncertainties, using statistical techniques and error analysis of 

the fundamental equations methods. Pedrini et al. [32] 

described a methodology for building energy modelling and 

calibration in Brazil. The approach included simulation from 

building design plans and documentation, walk-through and 

audit, and end-use energy measurements. 

VI. METHOD 

This study is only limited to the four historical buildings in 

Malaysia focusing on British Colonial ones. These buildings 

have been refurbished and this is presumably being done 

without considering energy efficiency, especially with respect 

to lighting. Most of these buildings are owned by the 

government and the cost of maintaining these buildings is 

high. 

There are several approaches used in collecting the 

information for this study through various sources such as 

printed materials and electronic media. The questionnaire 

survey is used in order to assess the occupant‘s perceptions of 

their indoor environment. This questionnaire deals with 

general occupant details and aspects of the internal 

environment, as well as occupant comfort level in the 

buildings while interview with person responsible for lighting 

in the building are facilitating the empirical study by 

providing additional information related to the study.  

VII. CONCLUSION 

As conclusion, the strategies to measures effective energy 

savings for the Malaysian historic buildings are essential for 

the lighting energy efficiency. This study establishes a 

systematic approach for the refurbishment of lighting in 

Malaysian historical buildings to increase the energy 

efficiency. This study may provide useful information to 

Malaysia for achieving optimum energy efficiency, savings in 

monetary terms as well as reducing environmental impact. 
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