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Foreword

Malaysia's energy transition is unfolding in real time, scrambling to meet the country’s commitment
to achieving net zero emissions by 2050. Alongside this is the pressing need to strengthen energy
security and support economic growth, all of which will require a significant expansion of renewable
energy infrastructure over the coming decades. Solar power is expected to sit at the centre of

this transition.

At first glance, the proposition appears straightforward. Malaysia possesses considerable solar
potential, receives strong year-round sunlight and has increasingly positioned renewable energy as
a pillar of national development planning. Yet beneath this optimism lies a more difficult question,
one that this paper confronts directly: where will all of this infrastructure actually go?

Challenges with large-scale solar deployment is often discussed through the lens of the cost
associated with the photovoltaic panels itself, overlooking the fact where land is among the
most finite and contested of resources. The same spaces identified for future solar deployment
may also be needed for housing, industrial expansion, transport infrastructure, agriculture, and
environmental conservation. As Malaysia's electricity demand accelerates — driven in part by the
rapid growth of energy-intensive sectors such as data centres — these pressures will only become
more pronounced.

The challenge herein does not simply involve physical space and the lack thereof. Geographical
and spatial realities such as terrain conditions, flood risks, ecological sensitivities and proximity
to existing grid infrastructure all shape whether a site can realistically support large-scale solar
development. Muddying the waters and adding a further layer of complication are the attendant
complexities of land governance — where differing state-level priorities and approval processes can
complicate federal-level energy planning objectives.

None of this, however, diminishes the importance of renewable energy expansion. Rather, it
underscores the need for greater realism and strategic coordination in how the transition is
approached. Calling for the large-scale deployment of solar energy is easy but unpacking its
implementation vis-a-vis spatial and governance constraints may be a different story altogether.

Itis in this context that the paper was written. Its intention is not to argue against solar development,
but to encourage a more grounded conversation about how Malaysia can pursue decarbonisation
while managing the competing demands placed upon its land, infrastructure and long-term
development priorities.

Datuk Prof Dr Mohd Faiz Abdullah

Executive Chairman
Institute of Strategic & International Studies (ISIS) Malaysia
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Executive summary

e Malaysia has formalised its commitment to achieving net-zero greenhouse gas
emissions by 2050 through the Twelfth Malaysia Plan and the National Energy
Transition Roadmap (NETR). To meet the target of 70% renewable energy capacity,
solar power is projected to contribute approximately 58% of the national generation
mix. While Peninsular Malaysia possesses a vast technical solar potential of 269
GW, the transition from roadmap to reality introduces a critical land-energy
nexus challenge.

o This land use challenge is further intensified by an unprecedented surge
in electricity demand, driven by Malaysia's rapid emergence as a premier
regional data centre hub. With cumulative live capacity expanding at a
compound annual growth rate of 55.6% since 2019, data centres have
become a dominant driver of new energy requirements. Since these facilities
are exceptionally electricity-intensive, analysis suggests that incorporating
this data centre growth could push future installed capacity requirements to
nearly twice the levels projected under the NETR-aligned demand scenario.

e Results from the Regional Sustainable Energy Transition Planning model
indicate that meeting the electricity demand under a Data Centre Expansion
scenario would require approximately 1,500 km? of cumulative land for solar
development by 2050. This requirement corresponds to 82% of the total bare
land currently identified in Peninsular Malaysia. This poses a significant strategic
challenge, as the same land is vital for future housing, industrial expansion
and infrastructure. Furthermore, a geographical mismatch exists between
data centres and the suitable land available for large-scale solar deployment.

o The amount of land realistically deployable for solar development is substantially
smaller than the amount of undeveloped land that may appear available from a
purely spatial perspective. Technical viability is limited by the need for flat terrain
and proximity to existing grid infrastructure; remote or fragmented sites often
require prohibitive additional investment. Furthermore, climate-related risks,
particularly flooding, which accounts for 85% of Malaysia's natural disasters, and
ecological concerns, such as human-wildlife conflict, further reduce the pool of
viable development sites.



Even when technically suitable land is identified, the mobilisation process
remains administratively complex because land administration and development
approvals remain under state jurisdiction. This results in considerable variation in
regulations, land title conversion requirements and approval procedures across
different states. The varied governance structure reflects a potential disconnect
between national renewable energy ambitions and state-level economic priorities.
Decisions regarding land allocation are often influenced by local industrial or
tourism targets, meaning that technically suitable land may not be prioritised
for renewable energy development under existing local planning frameworks.

Malaysia must adopt four strategic recommendations. First, retired solar
photovoltaic sites should be “repowered” by upgrading ageing facilities with
modern technology to reuse established land and grid infrastructure. Second,
land use efficiency should be enhanced through technological innovation by
rewarding high-yield solar modules in future procurement rounds. Third, floating
solar development should be scaled up by utilising water bodies, such as
reservoirs and ex-mining lakes, through integrated spatial planning. Finally, dual-
land use and agrivoltaic systems should be promoted by allowing solar generation
and agricultural production to coexist, ensuring that energy expansion does not
compromise national food security or local livelihoods.



1. Introduction

Malaysia has committed to achieving net-zero greenhouse gas emissions by 2050, a target
formalised in the Twelfth Malaysia Plan.! Since then, the country has progressively strengthened
its renewable energy and decarbonisation agenda through major national policy frameworks,
including the Malaysia Renewable Energy Roadmap (MyRER),? the National Energy Policy 2022-
20402 and the National Energy Transition Roadmap (NETR).* Under the NETR, Malaysia targets
70% renewable energy capacity by 2050, with solar energy projected to contribute approximately
58% of that total installed capacity.® These developments reflect a strong national commitment
towards accelerating low-carbon electricity generation.

According to the Sustainable Energy Development Authority inits MyRER portal, Peninsular Malaysia
possesses substantial solar energy potential at approximately 269 GW, supported by favourable
solar irradiation throughout the year.® However, transitioning from this technical potential into actual
large-scale deployment necessitates addressing significant spatial and land use implications,
particularly for ground-mounted solar systems that require extensive land areas.

These land use challenges are intensifying, alongside the rising electricity demand in Peninsular
Malaysia. Such a trend has been accelerated by the country’s rapid data centre development. As
one of the fastest-growing data centre markets in Southeast Asia, Malaysia has seen the cumulative
live capacity of data centres expand rapidly since 2019.72 As data centres are highly electricity-
intensive and operate continuously, their growth directly dictates the scale of renewable energy
deployment required. Given that solar power is projected to remain as the dominant source of future
renewable capacity additions under the NETR, when additional electricity demand from accelerated
data centre growth is incorporated, land use pressure is expected to intensify further, increasing
competition with industrial development, agriculture, housing, environmental conservation and
other strategic land uses.® The challenge is further exacerbated by the geographical mismatch
between major electricity demand centres and land availability.

Consequently, future solar energy expansion can no longer be assessed solely from an electricity
generation perspective but must also account for spatial limitations and land use competition.
This policy paper presents an evaluation of land use implications of large-scale solar deployment
under two future electricity demand scenarios for Peninsular Malaysia: (i) an NETR-aligned demand
scenario and (i) a data centre expansion scenario, which accounts for additional electricity demand
growth from the digital economy.

Specifically, this policy brief examined the following:
e The scale of future solar capacity expansion required under both scenarios
o Thecorresponding land requirements associated with large-scale solar deployment
under both scenarios



e Land use challenges associated with large-scale solar development
o Potential strategies to reduce land use pressure and improve land use efficiency

The findings are translated into actionable policy recommendations aimed at supporting Peninsular
Malaysia's long-term energy transition, while balancing renewable energy expansion, land use
sustainability and future economic development needs.

2. Solar expansion and emerging demand pressures in
Peninsular Malaysia

Malaysia's solar policy landscape has evolved significantly over the past decade, transitioning from
an early-stage support mechanism into a more competitive and market-oriented ecosystem aligned
with the country’s broader energy transition agenda. This evolution provides a strong foundation
for future solar capacity expansion under the country’s energy transition pathway. Yet, emerging
demand pressures coming from rapid data centre growth are prompting greater adoption of solar
power. The following subsections present an outline of the evolution of solar capacity expansion
and an examination of how new demand centres are reshaping Peninsular Malaysia's electricity
needs.

2.1Evolution of solar market development in Peninsular Malaysia

The evolution of Peninsular Malaysia's solar market development can be broadly categorised into
three key phases: Phase 1: initial market seeding to reduce investment risks and stimulate early
adoption; Phase 2: competitive scaling through utility-scale and distributed solar programmes; and
Phase 3: aligning solar development with net-zero ambitions through long-term roadmaps, market
liberalisation, and market-based procurement frameworks. Each phase and its associated policy
instruments are discussed in detail.

Phase 1: Market seeding (2011-2015)

Malaysia's early solar deployment efforts were anchored by the introduction of the Feed-in Tariff
mechanism under the Renewable Energy Act 2011." This mechanism played a foundational role
in developing Malaysia's domestic solar industry by reducing investment risks and establishing
early technical and institutional capabilities to stimulate early market participation. At a time when
solar photovoltaic (PV) technologies were relatively costly, the Feed-in Tariff provided guaranteed
premium tariff rates for renewable electricity supplied to the grid. Following this, as global solar
costs declined, policy focus shifted towards more competitive and market-oriented procurement
instruments.



Phase 2: Competitive scaling (2016-2020)

The second phase marked a transition towards scaling solar deployment through competitive and
market-based mechanisms. Since 2016, various programmes, such as the Large-Scale Solar (LSS)
programme,” the Net Energy Metering (NEM) programme™ and the Self-Consumption scheme,™
have formed the backbone of solar deployment in Peninsular Malaysia. The LSS programme is a
government-led initiative designed to support large-scale solar power deployment in Peninsular
Malaysia through a structured competitive bidding process managed by the Energy Commission.™
Since the first round of LSS bidding in 2016, the LSS bidding quotas have increased from 354 MW
in LSS1 to approximately 2 GW in the most recent LSS5+ in 2025." This has provided a structured
pipeline for large-scale solar capacity, contributing significantly to 6,028 MW of solar capacity
growth in Peninsular Malaysia.”

In parallel, distributed solar adoption has been supported through the NEM scheme. Executed by
the Ministry of Energy and Natural Resources and regulated by the Energy Commission, with the
Sustainable Energy Development Authority Malaysia as the implementing agency, NEM 1.0 allowed
consumers to install rooftop solar for self-consumption, and excess electricity can be exported
to the grid to offset electricity bills at displaced costs.” While initial uptake under NEM 1.0 was
limited, reforms under NEM 2.0 in 2019 introduced a one-to-one offset mechanism, allowing excess
electricity to be offset at retail tariff rates. This significantly improved the financial attractiveness of
rooftop solar installations. This momentum continued after NEM 3.0 was introduced in 2020, which
expanded quota allocations from 500 MW to 1,950 MW and introduced more targeted structures
for different consumer segments, including the NEM Rakyat programme, the NEM GoMEn
(Government Ministries and Entities) programme and the NOVA (Net Offset Virtual Aggregation)
programme.™®

Complementary mechanisms, such as the Self-Consumption scheme, introduced in 2017, allow
households to generate and use electricity from self-installed solar PV systems to offset electricity
bills. In addition, the solar leasing scheme introduced in 2019 under the Supply Agreement for
Renewable Energy (SARE) expanded access to rooftop solar through third-party ownership and
solar leasing arrangements. By reducing upfront investment barriers, SARE accelerated commercial
and industrial rooftop solar adoption, while enabling broader private sector participation.

Phase 3: Net-zero alignment with market liberalisation (2021-present)

Following earlier developments, Peninsular Malaysia's solar adoption initiatives direction has
increasingly evolved beyond renewable energy promotion towards broader decarbonisation and
market transformation objectives. In 2021, MyRER was introduced, which established a more
coordinated long-term strategy for scaling renewable energy deployment across the country.
The roadmap targets renewable energy to contribute 31% of national installed capacity by 2025
and 40% by 2035." Solar energy was identified as a key driver of this transition, supported by
assessments indicating substantial deployment potential across Peninsular Malaysia, including
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approximately 94.9 GW of ground-mounted solar potential, 37.4 GW of floating solar potential and
5.2 GW of rooftop solar potential.

This policy direction was further reinforced through the launch of the NETR in 2023, which positions
solar power as a central pillar of Malaysia's long-term energy transition pathway.?® Under the NETR,
solar is projected to contribute approximately 58% of total installed capacity in support of the
national target of achieving 70% renewable energy capacity by 2050.

Parallel to these strategic roadmaps, Malaysia introduced several market liberalisation mechanisms
aimed at expanding corporate and community adoption of renewable electricity. In 2022, the
Corporate Green Power Programme (CGPP) was introduced to enable corporate consumers
to participate in a virtual power purchase agreement (VPPA) with solar developers. Under this
programme, corporate consumers can procure renewable energy attributes and sustainability
benefits from dedicated renewable energy developers.?' This helps corporations meet sustainability
commitments and offset electricity consumption beyond their own on-site generation. Building on
this, the Corporate Renewable Energy Supply Scheme (CRESS) was later introduced in 2024 as
a more liberalised successor to CGPP.22 Unlike the VPPA-based structure under CGPP, CRESS
enables corporate consumers to directly purchase green electricity from renewable energy
developers through the national grid under the Third-Party Access framework guided by the New
Enhanced Dispatch Arrangement. In parallel, market-based instruments, such as the Renewable
Energy Certificate framework introduced in the same year, have enabled corporate consumers
to procure and attribute renewable electricity towards sustainability commitments. These
developments signify an important transition from centrally allocated renewable energy quotas
towards more liberalised market-based procurement structures.

Atthe community level, the Malaysian governmentintroduced the Solar for Rakyat Incentive Scheme
in 2024, providing rebates for residential rooftop solar installations under the NEM framework.?® To
promote residential solar adoption, the Community Renewable Energy Aggregation Mechanism,
launched in 2025, enables local consumers to access solar electricity from nearby rooftop systems
through the distribution network.?* In the recent call of NEM 3.0, the quota allocations have also
been expanded from 450 MW to 700 MW for the NEM Rakyat programme and from 1,400 MW to
1,700 MW for the NOVA programme.? Recent reforms have also shifted distributed solar policies
towards a stronger emphasis on self-consumption by replacing NEM 3.0 with the Solar Accelerated
Transition Action Programme.?® This programme allows the transition from one-to-one export credit
arrangements towards compensation based on the system marginal price.

Collectively, these developments demonstrate that Malaysia has established a rising ecosystem
that supports both large-scale ground-mounted solar and distributed rooftop solar deployment
across utility-scale, commercial, industrial and residential sectors. As summarised in Fig. 1, the
evolution of these initiatives reflects the progressive expansion of renewable energy programmes,
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procurement pathways and private sector participation over time, indicating growing policy
commitment and market readiness to accelerate the region’s solar adoption.

2.2 Emerging demand pressures from rapid data centre growth

While Peninsular Malaysia has established increasingly supportive solar policies and market
mechanisms over the past decades, maintaining a reliable electricity supply under rapidly growing
demand is emerging as a critical challenge for the power sector. Prior to the recent acceleration in
data centre investments, Peninsular Malaysia is projected to require an additional 14 to 15 GW of
generation capacity by 2030 to support rising domestic electricity demand.?” However, the rapid
emergence of Malaysia as a regional data centre hub is now significantly altering this outlook.

Malaysia currently represents one of the largest concentrations of proposed data centre
developments in Southeast Asia, accounting for approximately 3.4 GW, or nearly 60%, of total
projects proposed in 2026.2% Since 2019, the cumulative live data centre capacity has expanded
at a compound annual growth rate of 55.6%, with major investments concentrated in Johor and
Greater Kuala Lumpur.®

To meet corporate decarbonisation targets and carbon usage effectiveness standards, many
technology companies operating data centres have committed to sourcing electricity from
renewable energy. Carbon usage effectiveness measures the total carbon emissions per total energy
generated, which differs based on the source of energy and quantity consumed.®® Nevertheless, as
these facilities are highly electricity-intensive and operate continuously, their expansion is expected
to drive a massive increase in renewable energy demand, particularly for solar, in power systems.
In Table 1, the projected electricity demand, based on the published estimated additional demand
required to support the operation of data centres, is summarised.
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Fig. 1. Summary of evolution of solar policy and market mechanism in
Peninsular Malaysia
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Table 1. Estimated electricity demands under NETR and DCE scenarios

Kedah 814.41 94559 1,054.90 1164.21 1,273.52 1,382.83
Kelantan 374.08 43433 48454 534.75 584.95 63516
Kuala Lumpur 2,306.03 2,677.45 2,986.96 3,296.48 3,605.99 391551
Malacca 712.93 82776 923.45 1,01914 1114.83 1,210.52
ggr?]iriilan 919.98 1,06816 119164 1,315 1,438.59 1562.07
Pahang 832.88 96703 1,078.82 119061 1,302.40 1,41419
Penang 177673 2,062.90 2,301.37 2,539.84 2,778.31 3,016.79
Perak 1,38913 1612.87 1799.32 1,985.76 2172.21 2,358.66
Periis mz7 12978 144.78 159.78 174.78 189.79
s
Terengganu 473.44 549.69 613.24 676.78 740.33 803.87

Source: Estimation by authors

Note:

2 The values in brackets indicate DCE scenario projections, while all other values remain unchanged from the NETR-aligned demand scenario.

b The total electricity demand in 2025 was first obtained from the demand update published on the Single Buyer's official website.?' Future demand from 2026 to
2050 was then projected by applying a linear growth trend derived from historical national electricity generation data between 2015 and 2021, as reported in the
national energy balance.*

¢The demand trajectory for the DCE scenario then builds upon the baseline demand projection by incorporating additional demand required to support the operation
of data centres, concentrated primarily in various states, such as Johor and Selangor, based on published demand estimates.>*: 34

3. Current landscape of land use in Peninsular Malaysia

Peninsular Malaysia spans a total land area of 131,754.41 km?Z This can be broadly categorised into
four major land cover types: (1) built-up land, (2) forests, (3) agricultural land and (4) water bodies.

14



According to the latest National Land Use Information Report 2022 published by PLANMalaysia,*
forests dominate at 47.01% of total land cover, followed by agricultural land at 40.55%, built-up land
at 7.66% and water bodies at 2.79%. Among the built-up land, approximately 2,616.63 km? has been
identified as bare land, which is not classified for any specific use and is available for development.
Fig. 2 shows the land cover types in Peninsular Malaysia and the breakdown of bare land available
in each state in Peninsular Malaysia.

While large-scale deployment of renewable energy, especially solar power, requires a substantial
amount of land, unregulated expansion may exceed the total empty land available in the region,
potentially leading to conflicts with other land uses.*® In Malaysia, land use planning falls under state
jurisdiction, with each state government determining permissible land uses based on its respective
local planning and land use classifications. To allow a consistent land acquisition process for solar
development, PLANMalaysia and the Ministry of Housing and Local Government have introduced
the Garis Panduan Perancangan Pembangunan Ladang Solar (Planning Guidelines for Solar Farm
Development), which outlines preferred land categories for solar deployment.®” Under the guidelines,
industrial and agricultural lands are generally prioritised for ground-mounted solar projects, while
water bodies are prioritised for floating solar applications. Development in environmentally sensitive
areas and other restricted land categories is generally discouraged unless specifically permitted
under state-level policies. While the guidelines provide an important reference to guide solar siting,
land allocation and land use planning remain largely dependent on state-level decision-making
based on local planning considerations and economic development objectives.3®

Fig. 2. Land cover types and available bare land in Peninsular Malaysia

Land Cover in Peninsular Malaysia Bare land across each state in Peninsular Malaysia
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Source: PLANMalaysia®

Note:
Bare land is defined as built-up land that is not classified for any specific use and is labelled as empty land. This excludes forests, agricultural land and water bodies.
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4. Projected solar expansion and land use

in Peninsular Malaysia

To understand how much new electricity capacity may be needed in the coming decades and what
this could mean for land use in Peninsular Malaysia, this study applied the Regional Sustainable
Energy Transition Planning (ReSET) model*® developed by a research team at Swinburne University
of Technology Sarawak. The model was applied to examine the evolution of Peninsular Malaysia's

power system between 2025 and 2050 under two distinct future demand scenarios:

Several assumptions and planning constraints were incorporated into the model to ensure that the
projected power system expansion remained realistic and reflected actual development conditions

NETR-aligned demand scenario, which reflects electricity demand growth prior
to large-scale data centre expansion

Data centre expansion (DCE) scenario, which incorporates additional demand
associated with rapid data centre development

in Peninsular Malaysia. These include:

16

Land use intensity: A solar power plant has a land use intensity of 0.0194 km? per
MW of installed capacity.

Empty bare land availability: The total area available for power generator
deployment in each state was estimated as a weighted average of the proportion
of state-level empty bare land and the estimated total unused suitable land (1,843
km?) for renewable energy deployment identified in MyRER.*!

States suitable for large-scale solar development: States with areas less than
20 km? of empty bare land were not considered for new ground-mounted solar
development, which, in this case, are Perlis (619 km?) and Kuala Lumpur (17.58
km3).

Natural gas constraint: Natural gas plant expansion was considered for areas
adjacent to existing gas pipeline infrastructure*? and coastal water sources
required for plant cooling.

Hydropower constraint: Hydropower expansion was considered for states
where hydropower facilities already exist and are planned, which are Kelantan,
Pahang and Terengganu, due to the limited environmentally viable new hydro sites
available in Peninsular Malaysia.*®

Technology deployment rate: Under the NETR target scenario, deployment rates
were capped according to official national targets. Conversely, the DCE scenario
allows for greater solar deployment to meet intensifying demand, starting at 2 GW
annually in the initial period and increasing by an additional 2 GW every five years
between 2031 and 2050.



The ReSET model utilised the energy landscape in 2025 as the starting point to project future
capacity expansion pathways that fulfil the electricity demand through 2050 in both scenarios.
As of 2025, renewable energy contributions in Peninsular Malaysia remain relatively modest,
with solar power and hydropower contributing to approximately 6.8% and 5.4% of the total
installed generation capacity, respectively. Despite ongoing national energy transition ambitions,
the power sector continues to be heavily dependent on fossil fuels, with coal and natural gas
comprising 43.1% and 44.6% of the total installed capacity, respectively.

Moving across 2026 to 2050, as illustrated in Fig. 3, the total installed capacity under the NETR-
aligned demand scenario is projected to more than double by 2050, increasing from approximately
27,936 MW in 2025 to 66,673 MW in 2046-2050. Such expansion is primarily driven by solar PV
installation, with installed solar capacity projected to increase substantially from approximately
1,913 MW in 2025 to nearly 36,973 MW in 2046-2050. Throughout this transition, natural gas
and hydropower are expected to continue playing a supporting role in the future electricity mix,
accounting for 30.6% and 13.9% of installed capacity, respectively.

Fig. 3. Changes in installed capacity mix for NETR-aligned demand scenario (left panel)
and DCE scenario (right panel)
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Data centre growth could reshape Peninsular Malaysia's future electricity capacity needs
When additional electricity demand from data centre expansion is considered under the DCE
scenario, the total installed capacity is estimated to increase nearly twice the level projected under
the NETR-aligned demand scenario. In this expanded installed capacity mix, solar PVs continue to
dominate, accounting for close to 60% of total installed capacity, complemented by natural gas
(32.8%) and hydropower (7.4%) in 2046—2050.

To achieve the required installed capacity, Fig. 4 shows that this expansion can be supported
through the large-scale deployment of solar power generators across almost every state in
Peninsular Malaysia, with the exceptions of Perlis and Greater Kuala Lumpur, where land availability
remains limited. Other generation sources, such as natural gas, remain concentrated along the
western coastal corridor, where existing gas infrastructure, industrial demand centres and access
to cooling water provide operational advantages. On the other hand, hydropower facilities remain
concentrated in the northeastern and central regions, as illustrated in Fig. 4.

Translating the distribution of installed capacity into projected land requirements highlights the
significant land use implications of meeting the rising electricity demand under the DCE scenario.
Fig. 5 illustrates that the significant increase in installed capacity needs under the DCE scenario
requires approximately 1,500 km? of cumulative land use between 2025 and 2050. Compared with
the 730.2 km? of land use requirement under the NETR-aligned demand scenario, the analysis
shows that an additional 769.8 km? of land, double the land use under the NETR-aligned demand
scenario, is needed solely to support electricity demand attributed to rapid data centre growth. Fig.
5 illustrates the progressive breakdown of land use across each state in Peninsular Malaysia from
2025 to 2050 under the DCE scenario, highlighting the regional pressures in Peninsular Malaysia.

Overall, while the analysis highlights a substantial increase in both installed capacity and associated
land requirements under the DCE scenario, the extent to which this land demand can be realised
in practice is further shaped by implementation and planning constraints. Hence, it is important to
further examine the real-life land use planning challenges that may influence the actual deployment
of large-scale solar capacity in Peninsular Malaysia, as discussed in the next section.

18



Fig. 4. Distribution of generators in Peninsular Malaysia: (a) 2025, (b) 2026-2030,
(c) 2031-2035, (d) 2036-2040, (e) 2041-2045 and (f) 2045-2050
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Fig. 5. Total land use in each state: (a) 2025, (b) 2026-2030, (c) 2031-2035, (d) 2036-2040,

(e) 2041-2045 and (f) 2045-2050
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5. Land use challenges for large-scale solar deployment

As electricity demand continues to rise, particularly under rapid data centre expansion, the amount
of land that is realistically suitable, accessible and available for large-scale solar development is
becoming increasingly constrained. These limitations arise not only from physical land scarcity but
also from competing development priorities, climate and ecological risks, governance and approval
processes, and emerging infrastructure requirements associated with the next phase of the energy
transition. In this section, key land-use and implementation challenges that may affect the scalability
of large-scale solar deployment in Peninsular Malaysia are discussed.

5.1 Challenges of land suitability criteria

Although Peninsular Malaysia has 1,843 km? of unused suitable land available for large-scale
solar deployment, the actual amount of suitable land is substantially smaller once planning,
environmental, technical and infrastructure constraints are considered. In practice, not all empty
land can be readily converted into solar sites. The Planning Guidelines for Solar Farm Development
issued by PLANMalaysia and the Ministry of Housing and Local Government provide a structured
framework for solar siting and land suitability assessment.** Under these guidelines, ground-
mounted solar farms are generally permitted on industrial land, brownfield areas, ex-mining land
and selected agricultural land, particularly lower productivity agricultural areas classified as Class 3,
4 or 5. On the other hand, development on productive agricultural land, such as paddy cultivation
areas, environmentally sensitive areas, urban centres, permanent food production parks, and land
with ecological or historical significance, is restricted.

Beyond broader planning considerations, several technical factors further constrain the suitability
of land for large-scale solar deployment. Utility-scale solar projects typically require a relatively flat
terrain, large contiguous land parcels and proximity to substations or transmission infrastructure to
remain economically viable.*® Sites that are fragmented, unevenly distributed or located far from
existing grid infrastructure are generally less attractive, as substantial additional infrastructure
investment may be required, which increases overall project costs. In many states, particularly
those with strong industrial and economic growth, many of the strategically located sites that
satisfy both zoning and infrastructure requirements have already been utilised during previous LSS
bidding cycles.*® The remaining sites are often smaller, fragmented or located in less favourable
areas, reducing their attractiveness for future development.

Climate vulnerability affecting long-term site suitability of solar development

Climate-related risks are becoming increasingly important considerations in determining the long-
term suitability of land for solar deployment in Malaysia. According to the International Disaster
Database, floods represent Malaysia's most frequent natural disaster, accounting for approximately
85% of all recorded natural disasters since 2000.#” Malaysia has experienced, on average, one to
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two large-scale flood events annually over the same period, with major flooding events occurring
more frequently approximately every seven years.”® Certain regions in Peninsular Malaysia,
particularly Greater Kuala Lumpur and Penang, are increasingly exposed to flood hazards due to
rapid urban expansion that leads to deforestation and insufficient drainage.*® Locating ground-
mounted solar facilities in flood-prone areas may expose projects to operational disruptions,
infrastructure damage, accelerated equipment degradation and higher long-term maintenance
costs.

Consequently, land that appears technically suitable from a spatial planning and infrastructure
perspective could become increasingly vulnerable when long-term climate exposure is factored into
the planning process. Incorporating climate-risk screening and resilience assessment into future
solar planning processes may therefore further reduce the amount of land considered suitable for
large-scale solar deployment across the region.

Ecological constraints and human-wildlife conflicts in solar siting

Ecological considerations further narrow the amount of land that can be realistically utilised for large-
scale solar deployment. Solar projects located near forest reserves, ecological corridors, wetlands
and wildlife habitats may contribute to habitat fragmentation, disrupt ecological connectivity and
increase the risk of human-wildlife interactions. For instance, the Bukit Selambau Solar Park in
Kedah has encountered challenges associated with its proximity to habitats inhabited by long-tailed
macaques.® As surrounding land use changes continue to alter natural habitats, these adaptable
primates have increasingly ventured into nearby human activity areas in search of food, contributing
to rising human-wildlife conflicts. Similar concerns may emerge in other regions wherever future
solar development overlaps with ecologically sensitive landscapes or wildlife movement corridors.
As a result, when ecological safeguards, such as human-wildiife conflict considerations, are
incorporated into future solar siting assessments, the pool of deployable land is further reduced.

In summary, the interplay of planning, technical, climate and ecological constraints indicates that
the amount of land that is realistically deployable for large-scale solar development is substantially
smaller than the amount of undeveloped land that may appear available from a purely spatial
perspective. As future electricity demand continues to rise, land suitability limitations are expected
to emerge as one of the most significant structural constraints affecting the scalability of solar
deployment in Peninsular Malaysia.

5.2 Challenges of land competition
While solar energy forms a central pillar of Malaysia's long-term decarbonisation strategy, the
land required to support this transition increasingly overlaps with areas targeted for other forms

of economic development. This challenge is particularly evident in rapidly developing states,
such as Johor and Selangor, where rising electricity demand is occurring alongside accelerated
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logistics development, urban expansion and large-scale data centre investments. These sectors
frequently compete for the same strategically located land areas that are most suitable for solar
deployment, particularly sites with good transportation access, grid connectivity and a relatively
flat terrain.

This growing scarcity of strategically located land has encouraged several states to explore
alternative land-use approaches for solar energy deployment, including the use of plantation land
and brownfield sites. For instance, the Kedah state government has announced plans to utilise
selected oil palm plantation areas for solar energy development as part of its broader renewable
energy ambitions.?' Such developments illustrate how increasing land competition is beginning to
reshape renewable energy planning and land allocation decisions in Peninsular Malaysia.

This indicates that future solar expansion will increasingly need to compete with other strategic land
uses. As a result, without more integrated land use planning and alternative deployment strategies,
land competition may become one of the key limiting factors affecting the pace and scalability of
Malaysia's renewable energy transition.

5.3 Challenges of land governance and administrative processes

Even when technically suitable land is available, the process of securing and mobilising land for solar
development remains administratively complex and varies significantly across states. In practice,
solar developers often rely on land agents, private networks or independent searches to identify
potential sites suitable for solar project developments. Information relating to land ownership, zoning
classifications and future development plans is not always readily accessible. Although national
guidelines for solar siting have been introduced, land administration and development approvals
remain under state jurisdiction.® This results in considerable variation in regulations, approval
procedures, land title conversion requirements, and administrative practices across different
states in Peninsular Malaysia. Consequently, sites that initially appear technically feasible may later
encounter ownership disputes, zoning incompatibilities or unforeseen planning restrictions. As a
result, the amount of land that can be realistically mobilised for solar deployment is often a mere
fraction of what appears technically suitable from a purely spatial perspective.

The varying land governance across each state also reflects a broader disconnect between
national renewable energy ambitions and state-level development priorities. While national policies,
such as the NETR, position solar energy as a key pillar of Malaysia's long-term energy transition,
decisions relating to land allocation and zoning remain largely influenced by state-level economic
and development priorities. In some cases, land suitable for solar deployment may already be
earmarked for industrial expansion, urban development, tourism or agricultural activities under
existing state and local development plans. Such challenges are expected to become increasingly

23



significant as Peninsular Malaysia accelerates both economic development and decarbonisation
efforts simultaneously.

These governance and administrative bottlenecks suggest that future solar energy expansion
will require stronger coordination between federal and state governments, greater transparency
in land-related processes and more integrated spatial-energy planning frameworks. Without such
improvements, institutional and administrative barriers may continue to constrain the efficiency and
scalability of large-scale solar deployment in Peninsular Malaysia.

5.4 Challenges of integrated solar-battery deployment

As energy from solar PVs remains inherently intermittent, increasing attention is placed on battery
energy storage systems (BESSs) as a key enabling technology for higher renewable energy
penetration. Energy storage enhances grid flexibility, manages solar variability, supports peak
demand balancing and improves system reliability. In Malaysia, this direction is gaining momentum
through a series of emerging national and regional initiatives.

Through the Energy Commission, the government has introduced the Malaysia Battery Energy
Storage System programme, a national BESS procurement initiative targeting the commercial
operation of four projects by 2026.5® In parallel, the World Bank Group has committed support to
the Southern Johor Renewable Energy Corridor, with a plan to integrate approximately 4 GW of
solar PVs and 512 GWh of battery storage near Malaysia's southern border with Singapore.®* At
the utility and distribution levels, several pilot and demonstration projects are already underway.
Tenaga Nasional Berhad has initiated Malaysia’s first 400MWh utility-scale BESS project, operated
by Grid System Operator and overseen by the Energy Commission.®® In parallel, a Community
Energy Storage System has been deployed in collaboration with Sime Darby Property Berhad at
the City of EImina's llham Residence, totalling approximately 0.4 MW of capacity across pilot sites.>®
These developments reflect the growing recognition of BESSs as a central component in enabling
large-scale renewable energy deployment in Malaysia.

Depending on system design and configuration, utility-scale BESS facilities are estimated to require
approximately 0.00012-0.0004 km?/MW of installed capacity.?” While the physical footprint of the
battery units themselves is relatively small, the necessity for strategic positioning near substations
and transmission hubs means that the integration of solar PVs with BESSs may further intensify
competition for strategically located land, further complicating the spatial planning for further
complicating the spatial planning for large-scale solar deployment.
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6. Summary of key findings and recommendations

To address the land use challenges associated with large-scale solar deployment identified in the
previous section, a set of recommendations to reduce land use challenges in Peninsular Malaysia
is proposed in this section. These recommendations focus on expanding alternative deployment
pathways to improve land use efficiency, while balancing energy transition objectives with
competing spatial, environmental and development constraints.

Recommendation 1: Repower retired solar PV sites

An alternative strategy for land preservation is the “repowering” of existing solar sites. Repowering
is the process of upgrading or replacing ageing solar generators to extend the operational life of
an established facility. It has increasingly gained attention in various countries, such as Italy®® and
the United States.® Rather than developing new greenfield projects, repowering involves replacing
or upgrading existing solar power generators to extend their lifetime on the same site.®® This
approach enables developers to extend project lifetimes, enhance performance and utilise existing
infrastructure, which reduces development costs® and increases land use efficiency.®? In this study,
solar repowering was analysed by assuming that land occupied by existing solar plants reaching
the end of their operational lifespan is immediately available for the redevelopment of new solar
projects, allowing new solar capacity on the same site.

The analysis shows that deploying new solar plants on retired solar sites reduces total land use by
21.95 km? relative to the DCE demand scenario without repowering. This reduces land use intensity
from 0.01998 km?/MW to 0.01969 km?/MW, demonstrating a reduction in land use intensity of
0.0003 km?/MW (equivalent to 1.4% reduction). While this reduction may appear modest in the
near term, the benefits would compound significantly over a longer planning horizon. Preliminary
estimates suggest that if all existing solar sites were repowered with new capacity additions, up to
37.06 km? of land could potentially be reused, which may reduce the need for new land and lower
the land use intensity to 0.01887 km?/MW for the same amount of installed capacity. Nevertheless,
it is worth noting that this analysis conservatively assumes that the new solar panels installed at
repowered plants are associated with the same efficiency compared with that of the retired solar
panels. When modern PV modules with higher efficiency (i.e., greater output per unit area) are
deployed, this could further reduce the land use intensity.®®

Recommendation 2: Enhance land use efficiency through technological innovation

At present, most existing photovoltaic systems operate below their theoretical efficiency ceiling,
known as the Shockley-Queisser limit, which restricts the potential output of solar technology,
such as single-junction crystalline silicon solar cells, to approximately 33%.54 As installation density
grows, improving conversion efficiency becomes a central strategy for reducing land use. Recent
laboratory advancements have demonstrated that theoretical efficiency potentials between 50%
and 60% are achievable by inhibiting light conversion to heat at low temperatures.®® These findings
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indicate that future generations of solar modules could deliver nearly twice the energy output within
the same spatial footprint, substantially easing land pressure associated with the expansion of
large-scale solar projects.

This trend underscores the need to strengthen domestic research and innovation to support the
transition towards higher-efficiency photovoltaic technologies. In Peninsular Malaysia, the Solar
Energy Research Institute at National University Malaysia has already established a foundation in
advanced energy conversion systems, advanced solar thermal technology and advanced solar
cells. With targeted funding and strategic coordination, the institute and other national laboratories
could expand their research into emerging cell architectures and/or system designs that can
enhance solar energy conversion efficiency.

On top of that, partnerships between research institutions, the private sector and international
technology developers could also accelerate the localisation and commercial application of
advanced photovoltaic innovations. International experience provides useful reference points. In
the United States, the Department of Energy’s Solar Energy Technologies Office funds research
and development in high-efficiency photovoltaics, agrivoltaics and solar-plus-storage integration.®®
These initiatives demonstrate how consistent public funding, coupled with structured technology
transfer, can rapidly scale emerging innovations from laboratory research to industry deployment.

From a policy standpoint, Malaysia's future large-scale solar procurement rounds should consider
integrating technology-based performance criteria that reward projects achieving higher energy
yield per hectare. Incorporating such parameters into the LSS evaluation framework would mark
a transition from capacity-driven expansion to productivity-based deployment. Doing so would
not only optimise land utilisation but also position Malaysia's solar sector to adopt advanced
technologies that strengthen long-term competitiveness and sustainability.

Recommendation 3: Scale up floating solar development

Malaysia has already begun charting a clear pathway towards floating solar PV deployment as part
of its broader renewable energy expansion strategy. In the latest LSS5+ bidding cycle, a dedicated
500 MW quota was allocated for floating solar projects, signalling strong policy recognition of
floating solar technology'’s role in diversifying deployment options.®” Within this allocation, 200 MW
has been tendered for development at the Chereh Dam in Kuantan.®® In parallel, Cypark Resources
Berhad is expected to develop a large-scale floating solar project at Tasik Kenyir in partnership with
Tenaga Nasional Berhad (TNB), forming part of TNB's broader 2.5GW Hybrid Hydro-Floating Solar
initiative.®®

From aregulatory perspective, floating solar deployment is also formally supported under Malaysia's

planning framework. The Planning Guidelines for Solar Farm Development issued by PLANMalaysia
and the Ministry of Housing and Local Government provide guidelines for floating solar siting.”® This

26



includes suitable water bodies, such as abandoned mining lakes, ex-mining ponds and hydro
reservoirs. These developments are, however, subject to environmental safeguards, with exclusions
for environmentally sensitive areas, such as coastal zones, water catchments and drinking water
reserves. Collectively, these regulatory references constitute a foundation for the expansion of
floating solar PVs across Peninsular Malaysia.

The attractiveness of floating solar deployment lies primarily in its ability to expand renewable
energy capacity without competing for scarce terrestrial land resources. By utilising existing water
bodies, floating solar deployment reduces pressure on land availability, while also offering potential
co-benefits, such as reduced water evaporation and improved panel efficiency due to cooling
effects.” Globally, early adopters, such as Japan and Indonesia, have demonstrated the technical
and economic viability of this technology. As highlighted by the World Economic Forum, Japan has
become one of the leading countries in floating solar deployment, driven by limited land availability
and the presence of numerous reservoirs and artificial water bodies suitable for development.”

In Malaysia's context, these developments suggest that floating solar PVs can play a strategically
important role in alleviating land constraints associated with large-scale solar deployment. Given the
growing competition for suitable land illustrated under the DCE scenario, floating solar deployment
offers a complementary pathway that can reduce pressure on terrestrial sites, while still supporting
national renewable energy targets. To further accelerate deployment, Malaysia could strengthen
this trajectory by expanding dedicated floating solar quotas in future LSS bidding cycles. On top of
that, the identification and mapping of suitable water bodies should be prioritised to expedite the
land acquisition process for floating solar adoption.

Recommendation 4: Promote dual-land use and agrivoltaic systems

A more integrated approach to land utilisation can be achieved through dual-use development
models, commonly referred to as agrivoltaics. This concept enables the simultaneous use of the
same land area for both solar energy generation and agricultural production. By providing partial
shading, solar panels can help reduce heat stress on crops and livestock, improve microclimatic
conditions and enhance resilience against drought conditions.” In addition, agrivoltaic systems
can improve land use efficiency by maintaining agricultural output, while generating renewable
electricity, with additional co-benefits reported in terms of reduced water demand and improved
farm productivity through better land management practices.”*”®

The concept has been operationalised in Japan through a practice known as “solar sharing”, which
integrates solar panels with active agricultural land use.” Developed by the Japanese entrepreneur
and agricultural machinery engineer Akira Nagashima and first introduced in 2004 in Chiba
Prefecture, Japan, the approach is designed to address land scarcity by enabling simultaneous
food and energy production on the same plots of land. This is particularly relevant in Japan, where
approximately two-thirds of the land area is mountainous and the availability of flat, arable land is

27



limited, creating strong competition between agricultural, urban and energy uses. Estimates
suggest that if solar sharing were expanded to cover an additional 10% of Japan's approximately
4.77 million hectares of agricultural land, it could potentially supply up to 37% of the country's
electricity demand.” This highlights the significant system-level contribution that dual-use land
strategies can offer when scaled effectively.

In Malaysia's context, agrivoltaics presents a complementary pathway to conventional ground-
mounted solar deployment, particularly in areas where agricultural land overlaps with high-solar-
potential regions. By enabling co-location of food and energy production, this approach could help
alleviate land competition pressures, while enhancing rural productivity and climate resilience. To
further support its adoption, Malaysia may consider developing targeted regulatory frameworks,
pilot-scaling demonstration projects and introducing incentive mechanisms that encourage
integration between agricultural stakeholders and renewable energy developers. Financial
incentives, including tax credits, land lease discounts or soft loans under the Green Technology
Financing Scheme, can be targeted to encourage adoption by landowners and plantation operators.
Pilot projects co-developed with the Department of Agriculture or the Malaysian Palm Oil Board
would be essential to provide the performance data needed to establish a blueprint for a land-
efficient, decentralised energy future.
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