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ABSTRACT

Malaysia is heavily reliant on fossil fuels for electricity production but aims to reduce carbon emission intensity
by 45% by 2030 and achieve net zero carbon emission by 2050. As residential buildings are one of the major
energy consumers, achieving net-zero energy in homes is essential. This paper reviews the development of Net-
Zero Energy Homes (ZEHs) globally and evaluates their relevance to Malaysia’s tropical climate. A narrative
review approach was used to examine ZEH definitions, energy consumption factors, and green retrofitting
strategies. The findings highlight the need for tailored policies and design standards suited to the local climate and
socio-economic conditions. Recommendations are proposed to guide future development and policy actions for
achieving energy-efficient residential housing in Malaysia.
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1. INTRODUCTION

The global climate is drastically changing. The Intergovernmental Panel on Climate Change (IPCC) 2018
report urged to limit the global warming within 1.5°C to avoid catastrophic effects on the ecosystems (Hoegh-
Guldberg et al., 2018). Since 2010, the global energy consumption has doubled due to higher heating and cooling
demands, resulting increased demand for fuels, especially natural gases. Therefore, energy-related CO2 emissions
soared 1.7% to a historic high of 33.1 Gt CO2 (IEA, 2019). Current policies are estimated to cause global energy-
related CO2 emissions to peak by 2025, at 37 billion tonnes (Gt) annually, which then will decrease to 32 Gt
annually by 2050. The outcome will be a 2.5 °C rise in the global average temperatures by 2100. To ensure the 1.5
°C stabilisation in the rise in global average temperature, the annual CO2 emissions should be reduced to 23 Gt by
2030 and to net zero by 2050 (International Energy Agency, 2022).

In 2021, the building sector consumed about 135 EJ of energy, or 30% of global final energy consumption.
Electricity accounted for 35%, which 6.5% used for space cooling. Buildings contributed 27% of total energy
sector emissions with 8% from direct emissions, while 19% are produced by electricity and heat consumed in
buildings (IEA, 2022). Most carbon emission (80-90%) is produced during the operating stage of a building
(UNEP-SBCI, 2010). For instance, a high-rise residential housing block in Hong Kong in showed 85.82% of GHG
are contributed by operating energy (Yim et al., 2018). Typically, embodied GHG emissions in buildings is
approximately 20-25% of overall life cycle GHG emissions. However, it can reach 45-50% for highly energy-
efficient buildings and over 90% in extreme cases (Rdck et al., 2020).

Malaysia’s urbanization rate increased to 24.4 million (75.1%) in 2020 as compared to 19.5 million (70.9 %)
in 2010, with urban households reaching 6.3 million (76.6%) (Department of Statistics Malaysia, 2022). This
caused increased energy consumption in residential buildings, primarily due to usage of modern home appliances
(Hassan et al., 2014; Suratman et al., 2018). Globally, residential buildings accounted for 21.2% of total final
energy consumption in 2021. In Malaysia, residential buildings contributed 5.2% of the final energy consumption
which include fossil fuels and electricity in 2018 (Energy Commission, 2020a). The residential sector consumed
33,322 kWh of electricity (21%) out of the total annual national electricity consumption in 2019 (Energy
Commission, 2020b).

Net-Zero Energy homes (ZEH) are increasingly becoming more popular to achieve building energy
efficiency in many countries (Berry et al., 2014). Musall et al. (2010) discovered that over 280 residential net zero
energy buildings in USA, Canada, Europe and the UK adopt key strategies for energy reduction such as passive
solar strategy, good insulation, energy efficient appliances and photovoltaics panels. Studies shown that energy
savings level and performance of ZEH can be maintained in cold climates (Berry et al., 2014).

While significant progresses have been made in the development and implementation of ZEHs in temperate
and cold climate regions, limited attention has been given to their applicability in tropical climates. Most existing
studies and policy frameworks are designed for regions with distinct seasonal variations, which differ greatly from
the year-round heat and humidity experienced in tropical countries like Malaysia. This lack of contextualised
research and policy guidance presents a critical gap in the literature. Therefore, this study aims to address this gap
by reviewing global ZEH strategies and assessing their relevance, adaptability, and challenges in the Malaysian
context.

This paper begins by introducing the evolution and definition of Zero Energy Building (ZEB) and then the
development of net zero energy homes. The net zero carbon goal, the established ZEB standards for residential
buildings as well as the existing efforts to develop ZEBs in Malaysia are explored. This paper also discusses on
the factors affecting residential building energy consumption. Conclusively, this paper provides perspectives and
recommendations for advancement and retrofitting of existing residential buildings towards achieving ZEH.

The aim of this research is to comprehensively review and analyse the present state of ZEH development in
the global context and the applicability in Malaysia. By identifying the factors influencing residential energy
consumption and evaluating green interventions for retrofitting existing homes, this study seeks to provide insights
and recommendations for policymakers, practitioners, and scholars to facilitate the transition towards building and
retrofitting sustainable high-rise and landed residential buildings in Malaysia.

The objectives of this study are: (1) to identify terms and definitions of ZEBs and ZEHs in the global and
Malaysia context; (2) to investigate the factors influencing residential building energy consumption; (3) to identify
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green intervention features for retrofitting of existing residential buildings; and (4) to identify the challenges in the
implementation of ZEHs in Malaysia and propose potential pathways for future development.

2. METHODOLOGY

This study adopts a narrative review methodology to synthesise current knowledge on the development of
ZEHs and their applicability in Malaysia. A narrative review is considered appropriate due to the interdisciplinary
nature of the topic, which encompasses energy policy, building design, climate adaptation, and socio-economic
considerations. Unlike a systematic review, which requires narrow and highly specific research questions, the
narrative approach allows for broader exploration and contextual analysis, which is crucial for emerging fields
such as ZEHs in tropical regions.

The literature search was conducted using Scopus and Web of Science databases. Keywords used in the
search included: “Net-Zero Energy Homes”, “Zero Energy Buildings”, “residential energy consumption”, “green
retrofit”, and “energy efficiency in tropical climates”. The search was limited to peer-reviewed journal articles,

conference papers, and policy documents published between 2006 and 2023.
The inclusion criteria were:

» Publications related to residential buildings or homes.
» Articles addressing energy efficiency, renewable energy, or retrofitting in the building sector.
» Studies relevant to tropical or Southeast Asian climates.

The exclusion criteria were:

» Studies focused solely on commercial or industrial buildings.
* Articles not written in English.
* Publications lacking empirical or technical content.

After removing duplicates and irrelevant titles, 93 publications were selected for full-text review and thematic
analysis. The findings were categorised into five key areas: ZEH definitions and evolution, global and local
standards, factors influencing energy consumption, green retrofit strategies, and challenges and opportunities in
the Malaysian context.

3. TERMS AND DEFINITIONS

The concept of a “net zero energy house” was first introduced in Belgium in 2009 and it is being revised for
consistency with inadequacy and new issues every year (Mlecnik et al., 2011). The earliest definition and
classification of NZEB is identified by Torcellini et al. (2006), which the primary definitions of NZEBs consists
of net zero site energy, net-zero source energy, net-zero energy costs and net zero emissions. An NZEB is defined
as “a residential or commercial building with greatly reduced energy needs through efficiency gains such that the
balance of energy needs can be supplied with renewable technologies” (Torcellini et al., 2006). Furthermore,
another foundational publication classified the NZEB definitions by the type of renewable resources: (1) footprint
renewables; (2) on-site renewables; (3) imported renewables; and (4) off-site purchased renewables (Pless &
Torcellini, 2010).

To achieve a NZEB, significant reduction in energy consumption is needed while maintaining the quality of
indoor and outdoor environments as well as incorporating renewable energy to offset the remaining energy
consumed by the building operation. The generation and consumption of renewable energy is a crucial element in
the planning and design stage of a ZEB. However, priority should be given to minimizing the energy consumption
by passive and active design approach. For example, implementation of energy-efficient active systems, and
utilization of energy management systems that optimize building energy performance (ISO, 2021).

The International Organisation for Standardization (ISO) have introduced a three-tiered nomenclature for
ZEBs as illustrated in Figure 1 to accommodate the limitations of achieving a NZEB immediately due to regional
and climatic circumstances, high initial investments, etc (ISO, 2021).

https://ejournal.um.edu.my/index.php/JSCP/index 135



Journal of Surveying, Construction and Property (JSCP) Volume 16, 2025 Issue 1
e-ISSN: 1985-7527

ZEB-ready

"building that prospectively achieves net ZEB through
enhanced insulation suited to building use and climate, exterior
surface and shading for suppressing the load, high-efficiency
energy-conservation equipment and optimization of energy
consumption by data integration and verification"

\. J
( )\
Nearly ZEB (nZEB)

"building that almost achieves net ZEB, with an annual primary
energy consumption of almost zero using renewable energy
while meeting the criteria of ZEB-ready"

. J

Net ZEB (NZEB)

"building with zero or negative net annual primary energy
consumption while meeting the criteria of ZEB-ready"

Figure 1: Three-tiered nomenclature for ZEBs (Source: ISO, 2021).

4. NET ZERO ENERGY HOMES

Globally, the majority of the zero energy buildings are low rise buildings (Lin et al., 2020). Wu and Skye
(2021) reviewed that among NZEBs, residential NZEBs constitute the majority and are primarily concentrated in
Europe and North America. Li (2018) verified that for residential buildings achieving net -zero energy
consumption, the highest number of storeys typically does not exceed three, with energy solely supplied by
photovoltaic panels installed on the roof. Pettit et al. (2015) summarized the ten crucial principles for designing
ZEHs as follows, namely:

Prioritize design for both comfort and functionality;

Establish a building enclosure that is airtight;

Implement controlled ventilation systems;

Incorporate insulation that exceeds current energy code requirements;

Ensure effective control of water and moisture movement within the building enclosure;
Optimize building orientation for maximized renewable energy production;

Choose efficient mechanical equipment;

Choose efficient lighting, plumbing fixtures, and appliances;

Utilize energy modelling to forecast total building energy consumption, determine on-site renewables
sizing, and identify high-impact enhancements to energy efficiency; and

10. Develop project plans that coordinate and oversee the commissioning of systems.

LA NR WD =

5. ZEB STANDARDS FOR RESIDENTIAL BUILDINGS

In 2016, the European Commission have published its benchmark thresholds for primary energy across the
European Union based on four main climatic zones: (a) Mediterranean; (b) Oceanic; (c) Continental; (d) Nordic.
The recommended benchmark values for single family houses are summarized in Table 1. Based on the
recommended benchmark values, the countries in milder climates are anticipated to have both the lowest net
primary energy requirements and the highest portion of renewables. To summarize, the benchmark range by the
European Commission with reference to the primary energy threshold including supplied from renewable sources
is 50 to 90 kWh/m?/year for single family houses (BPIE (Buildings Performance Institute Europe), 2021).
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Table 1: Recommended benchmark values for single family houses in the EU

Climates in the Net primary Energy supplied Primary energy Renewables
European Union energy from renewable threshold including as % of total
(kWh/m?/year) energy sources that supplied from primary energy
(kWh/m?/year) renewable sources (based on mid-
(kWh/m?/year) point)

Mediterranean 0-15 30 50-65 87%
Oceanic 15-30 35 50-65 61%
Continental 20-40 30 50-70 50%
Nordic 40-65 25 65-90 32%

(BPIE (Buildings Performance Institute Europe), 2021)

The ISO/TS 23764:2021 Methodology for Achieving Non-residential ZEBs that outlines the annual energy
consumption of a ZEB and renewable energy supply can be used as a reference for designing nearly zero energy
homes (nZEH) in Malaysia as it is applicable to all climate zones.

In the Malaysia context, there are limited standards for nearly zero energy residential buildings. Lojuntin
(2022) stated that the energy consumption to achieve zero energy consumption for new non-residential buildings
should be targeted to be at least 50% lower than the baseline as per minimum energy consumption stated in
MS1525. MS1525:2019 states that the Building Energy Intensity (BEI) Benchmark for office building is 200
kWh/m?/year (Department of Standards Malaysia, 2019). Besides, the total energy reduction should consist of
energy efficient measures that contribute minimum 50% reduction from the baseline energy. MS2680:2017
outlines the guidelines on the design, selection of materials and electrical appliances and efficient use of energy
including the application of renewable energy in new and residential buildings.

The requirements for the energy efficiency criteria for certified green residential buildings by Green Building
Index (GBI) Malaysia are outlined in Table 2. The requirements by GBI Malaysia can be used as a reference to
design a nZEH in Malaysia.

Table 2: Energy Efficiency Criteria by GBI Malaysia

GBI Energy Efficiency Description Requirements
Code Criteria
EE1 Minimum Energy Establish minimum e OTTV <50
Efficiency Performance energy efficiency (EE) e RTTV <25

performance to reduce e Roof U-value < 04 W/mK
energy consumption in (Lightweight),
buildings, reducing CO» e Uvalue < 0.6 W/mK
emission to the (Heavyweight).
atmosphere.

EE2 Renewable Energy Consumption of Low rise residential buildings:
renewable energy to 20% to 100% or 1kWp to 5 kWp
offset energy cost and of total electricity consumption is
promote green energy use.  generated by renewable energy.

EE3 Advanced Energy To provide a thermally e OTTV:<46 W/m?

Efficiency Performance comfortable environment e Lightweight Roof U-value: <
Based on OTTV & RTTV  to reduce the consumption 0.35 W/m2K
of air-conditioning in e Heavyweight Roof U-value: <
residential building, 0.5 W/m2K
thereby reducing CO»
emission.
EE4 Home Office and To encourage dual use Multiple use type developments,
Connectivity spaces and working from  OR High-Speed Internet access
home, thereby available at homes > 1MB/s.
discouraging commuting,
and reducing CO2
emission
(GBI, 2010).
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Table 3 provides a comparative overview of international and Malaysian standards related to ZEBs and
ZEHs. The European Union (EU) benchmarks offer specific primary energy thresholds that vary by climatic zones,
emphasising a high share of renewable energy integration. Similarly, the ISO/TS 23764:2021 provides a flexible,
climate-adaptive methodology applicable across regions, although it is primarily targeted at non-residential
buildings. In Malaysia, the MS1525:2019 serves as the main guideline for non-residential energy performance,
while MS2680:2017 outlines design strategies for residential buildings, focusing on energy efficiency and passive
design. Additionally, the Green Building Index (GBI) provides residential-specific performance criteria, including
renewable energy targets and envelope performance benchmarks. Unlike EU standards, Malaysian standards are
less prescriptive, often serving as voluntary or advisory guidelines, which highlights the need for more robust,
enforceable standards tailored to local residential building conditions.

Table 3: Comparison of International and Malaysian ZEB/ZEH Standards

Standard/ Region Building Primary Renewable Key Notes
Guideline Type Energy Energy
Threshold Requirement
EU ZEB European Single- 50-90 High share: upto  Climate-specific
Benchmarks  Union family kWh/m?*year 87% in thresholds for
(BPIE, 2021) residential ~ (varies by Mediterranean Mediterranean,
climate zone) zones Oceanic, Continental,
Nordic
ISO/TS International Non- Not specified Encourages onsite  Defines tiered
23764: residential ~ (flexible, RE, prioritising approaches to
2021 buildings climate- energy reduction ~ accommodate
adaptive) climate/investment
constraints
MS1525:2019 Malaysia Non- BEI: <200 Encouraged but Focuses on passive
residential ~ kWh/m?/ not mandatory design and minimum
buildings year (office HVAC efficiency;
buildings) references ASHRAE.
MS2680:2017 Malaysia Residential No fixed BEI, RE use Provides voluntary
buildings but design encouraged (e.g.,  guidelines on material
guidance given ~ PV), with selection, envelope
recommendations  design, and RE
on appliance integration
efficiency
GBI Malaysia Malaysia Low-rise OTTV <50, 20-100% Includes points for RE,
(Residential residential RTTV <25 electricity offset high insulation, and
New by RE (1-5 kWp  shading; scoring-based
Construction typical PV range)  system.
Guide)

6. EFFORTS TO DEVELOP NEARLY TO NET ZERO ENERGY BUILDINGS IN

MALAYSIA

The Malaysian government have introduced many policies and plan to commit to reduce greenhouse gases
emissions by 45% by 2030 compared to 2005 levels and to be a carbon-neutral country by 2050 in the Paris
Agreement (UNDP, 2023).

The Green Technology Application for the Development of Low Carbon Cities (GTALCC) is an ongoing 5-
year national project that is funded by the Global Environment Facility (GEF), conducted by UNDP Malaysia in
conjunction with the Ministry of Energy, Science, Technology, Environment and Climate Change. The project
aims to provide policy support to promote integrated low carbon urban development; create awareness and
institutional capacity development as well as encourage low carbon technology investments and demonstration
projects in cities. The GTALCC project is aimed to generate greenhouse gases emissions reduction of 346,442-
ton CO2-eq by the completion of the project (GTALCC, 2022).
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The Sustainable Energy Development Authority (SEDA) Malaysia have introduced the ZEB Facilitation
Programme that has the objective: “to promote the adoption of super low carbon green building by using alternative
method focusing purely on sustainable energy practices, starting with advanced energy efficiency (EE) measures
in reducing overall energy demand or consumption and offsetting the balance of minimum energy needed by using
on-site renewable energy (RE)” (SEDA Malaysia, 2019). SEDA Malaysia have introduced the Sustainable Low
Carbon Building Assessment by using UNEP-SBCI Common Carbon Metric or CIDB’s CIS20-GreenPASS as an
assessment tool to evaluate the achievement of initiatives on sustainable energy low carbon buildings in Malaysia
(SEDA Malaysia, 2021).

The Kuala Lumpur Climate Action Plan 2050 (KLCAP2050) was introduced in 2021 by the Kuala Lumpur
City Hall (DBKL) to facilitate the achievement of carbon-neutral city by 2050 (Kuala Lumpur City Hall, 2021b).
The KLCAP2050 have introduced the development of a Near Zero Emissions Building (nZEB) roadmap that
outlines the minimum requirements, timeframes for periodic performance rating assessments and implementation
considerations (Kuala Lumpur City Hall, 2021b). DBKL will ensure that the Low Carbon Building (LCB)
Checklist specifications in incorporated into the One Stop Centre approval process. DBKL envisions that 75% of
Kuala Lumpur’s building will meet the checklist’s standards by 2025 while targeting more than 30% of all
buildings to meet minimum energy consumption targets before 2050. (Kuala Lumpur City Hall, 2021a).

To achieve a near zero energy building scenario in 2040, the Energy Efficiency and Conservation Act
(EECA) 2024 was gazetted in November 2024 and came into force on 1 January 2025 (Suruhanjaya Tenaga, 2025).
The act establishes mandatory standards for energy performance, including comprehensive building energy codes,
energy intensity labelling, and minimum energy performance standards for appliances across both residential and
commercial sectors. Under EECA, the Energy Commission is empowered to enforce these standards, require
energy audits, and register energy managers and auditors. It also mandates revisions to existing standards, such as
MS1525 and MS2680 to align with updated Building Energy Intensity (BEI) targets needed to realize the
near-zero-energy objective. Figure 2 summarizes the conceptual model of near zero energy building to be
implemented in Malaysia which comprises of three main aspects: construction, operations, and maintenance
(Ministry of Energy Green Technology and Water Malaysia, 2017).

MAINTENANCE

] "
%5 s
= ]
= =
=2 =
OPERATIONS %E a CONSTRUCTION
= =
Energy Materials
Water Energy
W_aS_te: ] Waste: Construction
Emissions Erosion

Figure 2: Conceptual Model of Near Zero Energy Building
(Source: Ministry of Energy Green Technology and Water Malaysia, 2017)

7. FACTORS INFLUENCING RESIDENTIAL BUILDING ENERGY CONSUMPTION

Energy efficiency is the capability of a building to provide adequate comfort conditions with minimum
energy (Bektas Ekici & Aksoy, 2011). Yu et al. (2011) identified seven categories influencing building energy
consumption: (1) climate; (2) building characteristics; (3) occupants’ characteristics; (4) building systems; (5)
occupants’ behaviour; (6) social and economic factors; and (7) indoor environmental quality. Furthermore, Fathi
et al. (2015) identified that building services, building envelope, climate, and human factors as the key contributors
to energy consumption. Kim et al. (2022) highlighted that residential energy consumption factors, emphasizing
energy use information, occupancy rates, and indoor environment parameters such as temperature and humidity.
In a nutshell, the scope of this study focuses on human factors, passive design factors and active design factors as
summarized in Figure 3, to comprehensively address building energy efficiency.
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Human Factors
*Occupants' behaviour

*Green purchasing pattern
* Thermal comfort

Occupants’
monitoring

Occupants’
control

Indoor
environment
quality

Active Design Factors Passive Design Factors

* Air-conditioning systems
*Lighting
*Plug loads

*Building orientation
*Building envelope
*Building size
*Shading

Figure 2: Factors affecting energy consumption in buildings. (Source: Author, 2024)
7.1  Human Factors
7.1.1  Occupants’ behaviour

Building occupants’ behaviour has a significant influence on the building energy consumption. Previous
studies have proved that electricity is wasted due to occupant’s negligence and lack of awareness (Chakraborty &
Pfaelzer, 2011; Lindelof & Morel, 2006; Mann & Becerik-Gerber, 2012; Masoso & Grobler, 2010). In addition,
Lindel6f and Morel (2006) as well as Pan et al. (2017) discovered that the impractical design of switches
contributes to occupants’ reluctance to switch off building systems when they are not in use.

7.1.2 Thermal Comfort

The American Society of Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) Standard 55
defines thermal comfort as “that condition of mind which expresses satisfaction with the thermal environment”
(ASHRAE Standard 55, 2017). Table 4 shows the 7-point thermal sensation scale which is based on the human
body’s heat balance. Thermal balance will be achieved when the internal heat production of human body is
equivalent to the loss of heat to the environment. In a moderate environment, the thermoregulatory system of the
human body will try to modify skin temperature and secrete sweat to maintain heat balance (ASHRAE Standard
55,2017; ISO 7730:2005, 2005).

Table 4: 7-point thermal sensation scale

+3 Hot

+2 Warm

+1 Slightly warm
0 Neutral

-1 Slightly cool
-2 Cool

-3 Cold

(ISO 7730:2005, 2005)

In Malaysia, buildings equipped with air-conditioning and mechanical ventilation (ACMV) system adhere
to the Malaysian Standard (MS) 1525 code, referencing the ASHRAE Handbook. The MS1525:2019 specifies
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ideal thermal comfort conditions: relative humidity between 50% to 70%, room temperature within 24°C to 26°C
and air velocity maintained within 0.15 m/s to 0.50 m/s (Department of Standards Malaysia, 2019). Despite this,
studies show that Malaysians tend to prefer cooler indoor environments, even when within the bounds of thermal
comfort (Aliagha & Cin, 2013; Taib et al., 2022).

7.1.3  Adaptive Behaviour

Building occupants often adapt to thermal discomfort though behavioural adaptations (Indraganti et al.,
2013). de Dear and Brager (1998) categorized these behavioural adjustment into: (1) personal (e.g., removing
clothes); (2) technological (e.g., turning on an air-conditioner); and (3) cultural responses (e.g., having a siesta in
the heat of the day). Nicol et al. (2012) outlined the five basic types of adaptive actions such as: regulating the rate
of internal heat generation; regulating the rate of body heat loss; regulating the thermal environment; selecting a
different thermal environment; and modifying physiological comfort conditions.

However, such adaptive behaviour can lead to increased building energy consumption. Studies in Malaysia
revealed that the most common adaptive actions among building occupants are switching on the air-conditioning
system and adjusting the set-point temperature of air-conditioning to achieve thermal comfort (Damiati et al.,
2016; Zaki et al., 2017).

7.2 Passive Design Factors

Sustainable building design substantially lowers energy demand. Factors like building orientation, shape,
and the ratio of external surface to building volume have a significant impact on energy demand (Pacheco et al.,
2012) The building envelope, comprising elements separating the indoor and outdoor environment, plays a
significant role in energy consumption, as it influences the indoor heat accumulation (Azis, 2021; Sadineni et al.,
2011). Passive design strategies, such as well-designed facades with sun shading devices, site planning, and
efficient daylighting strategies based on sun movement, are crucial in maximizing daylight and optimizing thermal
comfort (Department of Standards Malaysia, 2019). Adopting adaptive passive designs, such as external shading
devices and cool roofs, has shown a 33% reduction in cooling demand during summer, significantly impacting
building energy consumption (De Masi et al., 2021).

7.3  Active Design Factors

Birkha Mohd Ali et al. (2021) found that in Malaysian institutional buildings, air-conditioning system were
the largest electricity consumers at 34%, followed by lighting (18%), server racks at 17% and other appliances
(7%). Similarly, Tahir et al. (2015) observed that air-conditioning system consumed the most energy at 51%,
followed by lighting system (34%), plug load at 8% while other office appliances at 7% in his study on three
Malaysian government office buildings.

Comparatively, Kim et al. (2011) discovered in their study that HVAC systems had the most significant
impact on building energy consumption compared to other elements such as lighting efficiency, control systems,
and building construction materials. The rising demand for space cooling due to climate change has amplified the
need for electricity capacity, which can be expensive to maintain for peak demand periods. Moreover, global CO,
emissions from cooling have tripled since 1990, reaching 1,130 million tonnes (Mt) (IEA, 2018).

8. GREEN INTERVENTION FEATURES FOR RETROFITTING OF EXISTING
RESIDENTIAL BUILDINGS

To optimize energy consumption in existing residential buildings, integrating passive designs retrofits is
crucial. These retrofits are effective in mitigating heat gain from the exterior environment as well as eliminating
heat from the interior. Additionally, incorporating green design features further enhances energy efficiency by
generating renewable energy to reduce the reliance on energy supply from the grid. Besides, green design
interventions can also reduce indoor temperature, utilize daylight and water recycling. The summary of retrofit
strategies for passive design and active design features are illustrated in Table 5.
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Table 5: Passive design and green design features.

Design Functions Retrofit strategies  Energy/temperature Citations
features reduction
Passive Reduce heat  Apply tint films on 7.5-19% Somasundaram et al.
design gain from the glazing (2020); Babalagama and
features exterior Pathirana (2021). Shaik et
environment al. (2022); Li et al. (2023)
Additional shading 2.6 -652% Chan (2015); Alhuwayil et
for balcony al. (2023); Shamseldin
(2023)
Additional shading 3% -22%, Ghosh and Neogi (2018);
for windows/doors Jie and Sheng-xia (2011)
Babalagama and Pathirana
(2021)
Additional shading 20 -25% Aathaworld (2017); Rossi et
to the main facade al. (2022); KE Outdoor
Design (2023)
Insulation in the roof 40 —-50% Budaiwi et al. (2002).
Ran et al. (2017); Meddage
et al. (2022)
Eliminating Turbine ventilator in Reduce indoor Lien and Ahmed (2012);
heat from the roof temperature by Jadhav et al. (2015); Al-
interior 8.08°C to0 9.58°C Obaidi et al. (2016);
environment Chia et al. (2017)
Green Renewable Photovoltaic panels 20.45 — 60% Sarasook (2020); Xiang and
design energy Matusiak (2022); Panicker
features source et al. (2023); Malay Mail
(2023).
Reducing Green walls 52 -65% Chen et al. (2013);
indoor Pirouz et al. (2020);
temperature Palermo and Turco (2020);
Widiastuti et al. (2020);
Carlucci et al. (2023);
Daylighting Skylight roofs Reduce lighting Robertson (2003);
strategy energy consumption  Al-Obaidi et al. (2014).
Reducing Green roofs 14.7-49% Volder and Dvorak (2014);
solar heat Al-Yasiri and Szabo (2021);
gain (Azis, 2021)

9. NET ZERO ENERGY HOMES: CHALLENGES AND THE WAY FORWARD

Abdellah and Masrom (2018) found that the challenges to implement ZEBs in Malaysia are cost, technical
and technologies, and government policy. Renewable energy technologies such as the PV system that are available
in Malaysia is costly and the construction industry practitioners does not prioritize these technologies in
construction projects. Besides, the availability of some technologies needed for nZEBS in Malaysia are limited
while lack of government enforcement on sustainability in construction also act as the barrier for nZEBs concept
to be successful in Malaysia (Abdellah & Masrom, 2018).

The construction of a ZEB can be costly. However, Marszal et al. (2011) argues that the operation costs for
ZEBs are lower due to low energy consumption and generation of renewable energy on site. Silva et al. (2016)
proved that the ZEB renovation facilitates decrease of 73% in annual energy demand. The renovation cost of a
ZEB is 65% more than the maintenance cost, but it has the lower lifetime costs as compared to a conventional
building. Besides constructing ZEBs, the existing buildings should also be taken into consideration in developing
the ZEB concept as they are accountable for the existing energy consumption of the building sector. Thus, existing
buildings are seen to have great potential to be retrofitted into ZEBs. However, retrofitting existing buildings faces
the challenge of restricted technical solutions especially in dense urban areas or for multi-story buildings (Marszal
etal., 2011).
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10. DISCUSSIONS

This review contributes by consolidating global knowledge on ZEH strategies and contextualising it for
Malaysia’s tropical climate and residential building sector. It identifies that while there is increasing policy
attention on energy efficiency in buildings, existing Malaysian frameworks, such as MS1525 and MS2680, are
primarily advisory and not extensively enforced, especially for residential applications. A significant
implementation gap exists due to the absence of enforceable regulations, targeted financial incentives, and
comprehensive energy codes tailored specifically for the residential sector.

Moreover, end-user challenges are often overlooked in national strategies. Many homeowners lack
awareness or technical knowledge of retrofitting options, and the high upfront cost of renewable energy
technologies remains a key barrier. Additionally, there are limited financial mechanisms such as tax rebates, low-
interest green loans, or feed-in tariff schemes that directly target individual homeowners. Without addressing these
user-level concerns, ZEH adoption will remain limited to Malaysians.

The findings suggest that Malaysia must prioritise clear, enforceable policy frameworks, supported by
financial incentives and awareness programmes tailored to households. As such, Malaysians are encouraged to
participate in the national energy transition, enabling a wider adoption of ZEH concepts nationwide.

11. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

A ZEB is a residential or commercial building with greatly reduced energy needs through efficiency gains
such that the balance of energy needs can be supplied with renewable technologies. To achieve zero energy
building, significant reduction in energy consumption is needed while maintaining the quality of indoor and
outdoor environments as well as incorporating renewable energy to offset the remaining energy consumed by the
building operation. The generation and consumption of renewable energy is a crucial element in the planning and
design stage of a ZEB. However, priority should be given to minimizing the energy consumption by passive and
active design approach.

Globally, majority of the ZEHs are low-rise residential buildings. The maximum storeys for a net zero energy
home are three storeys when it is solely powered by solar energy. Although Malaysia has a vision to achieve net
zero carbon, the existing policies is still lacking on developing and retrofitting ZEHs as residential buildings is the
dominant building type in Malaysia. The major factors influencing residential building energy consumption are
human factors which include occupant’s behaviour, thermal comfort, and adaptive behaviour to achieve thermal
comfort. Passive design factors like the building orientation, shape and shading devices. Active design factors
include the energy consuming systems, dominant by air-conditioning, followed by lighting, and lastly other
appliances.

To retrofit existing residential buildings into ZEHs through passive design retrofits, it is recommended to
incorporate features such as tint films, shadings, green walls, and turbine ventilators. These additions function to
reduce heat gain from the exterior environment as well as eliminating heat from the interior environment. Skylight
roofs can significantly reduce lighting energy consumption by maximizing daylight entry. In aspects of active
design, photovoltaic panels can reduce the monthly energy consumption as much as 60%. The challenges to
develop nZEBs in Malaysia are cost, technical and technologies, and government policy. Besides constructing
ZEBs, the existing buildings should also be retrofitted into ZEBs as they are accountable for the existing energy
consumption of the building sector.

For future research, a comparative analysis can be carried out between Malaysia and ZEHs in other countries
with similar climatic conditions to identify best practices in ZEH implementation in Malaysia. Besides, assessment
on the effectiveness of the ongoing zero energy building policies in Malaysia can be conducted to identify gaps of
improvement. Exploration of emerging technologies such as building simulation programmes and energy
management system in residential buildings could further enhance energy efficiency and reduce cost in ZEH
development.
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