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1. Executive Summary  

1.1. Background 

As the world grapples with climate change, there is a strong call for renewable energy to replace fossil 

fuels for our energy needs. According to the International Energy Agency (IEA), the growth in renewable 

energy was accelerated by the shock in global energy markets in 2022. Renewable energy is expected to 

be the largest source of energy generation by 2027 (Nadiq, 2022). In addition to the need to ramp up 

production for renewable energy, there is also a need to provide an infrastructure and storage hub for 

renewable energy.  

 

Singapore, with the aspiration to become a pivotal energy hub in the Asia-Pacific (APAC) region, has 

allocated substantial funding and resources to develop a comprehensive energy ecosystem, with a 

particular emphasis on expanding its solar capacity. As Singapore strives toward its ambitious target of 

achieving net-zero emissions by 2050, it must address a range of challenges spanning geographical, 

regulatory, implementation, and technical aspects. 

 

1.2. Research Objectives 

In this study, our team aims to examine Singapore's current status in the realm of renewable energy, with 

a specific emphasis on solar energy and Energy Storage Systems (ESS). Through our research, we seek to 

pinpoint the significant challenges Singapore faces and offer a comprehensive strategic roadmap, to guide 

the nation toward a more sustainable future. 
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1.3. Research Methodology 

Our study features both primary and secondary research. Primary research involves surveys and 

interviews with industry professionals and secondary research encompasses a thorough literature review 

of policy papers, research papers, news articles, consultant reports etc., of 12 countries within the Asia-

Pacific (APAC) region. Through this comprehensive analysis of their renewable energy landscapes, 

regulatory developments, challenges, and ESS solutions, we aim to draw parallels between Singapore and 

these countries, identifying best practices that Singapore could potentially adopt. 

 

1.4. Recommendations 

Our team has analysed three potential renewable energy growth scenarios: slower growth than projected, 

expected growth, and growth surpassing expectations. We have developed tailored recommendations for 

each scenario to optimise outcomes. 

 

In the event that renewable energy growth is lacklustre, Singapore can explore financial incentives to 

boost solar installations on privately-owned buildings. Given the land constraint, floating solar in remote 

sea areas could also be a potential solution. In this scenario, the need for ESS is less pertinent. Should 

renewable energy growth continue as forecasted, ESS would be necessary to manage the intermittency of 

energy generated by renewables. Hence, second-life Electric Vehicle (EV) batteries could be repurposed 

and incorporated in solar rooftop PVs. To further facilitate an efficient usage and distribution of renewable 

energy, Singapore can look into implementing Virtual Power Plants (VPPs). In the last scenario where 

renewable energy growth exceeds forecasts, smart metering is a possible solution to turn consumers into 

prosumers, enhancing energy efficiency.  
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2. Introduction 

Climate change and global warming pose significant threats to humanity, demanding urgent action to 

mitigate their detrimental effects. This imperative for change is fuelling global transformations, 

particularly in sectors responsible for the highest carbon emissions. At the forefront of this global 

movement are pivotal agreements like the Paris Agreement and the United Nations 2030 Sustainable 

Development Agenda. These agreements share a common objective - to limit the global temperature 

increase to 1.5 degrees celsius above pre-industrial levels by focusing on substantial reductions in 

greenhouse gas emissions. These international efforts are dedicated to forging a more sustainable future 

for all. 

In alignment with this global momentum to address the impending challenges of climate change, 

Singapore has embarked on an ambitious trajectory. Singapore has set ambitious targets and made 

substantial investments in renewable energy, with a particular emphasis on solar power. However, as 

Singapore ramps up its solar energy capacity, it confronts formidable challenges rooted in its unique 

geographical constraints. These challenges amplify concerns regarding the cost-effectiveness and broader 

commercial viability of renewable energy projects within the nation. 

This study seeks to provide a comprehensive evaluation of Singapore's current state of renewable energy 

and propose potential solutions to address the critical issues it faces. Through meticulous analysis and 

research, we aim to offer valuable insights and strategies that can contribute to Singapore's sustainable 

energy transformation. 
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3. Research Methodology 

Primary research will involve the implementation of surveys and in-depth interviews conducted with four 

industry experts, selected for their backgrounds in either operational or investment roles. These experts 

represent prominent organisations, including Gurīn Energy, Enedis, Total Energy, Macquarie Capital and 

Singapore Power. The survey questions are meticulously designed to facilitate a nuanced understanding 

of the challenges confronting Singapore and to evaluate the feasibility of our proposed recommendations. 

The secondary research component of our methodology consists of an exhaustive literature review 

conducted across 12 countries situated within the Asia-Pacific (APAC) region. These countries encompass 

Australia, China, India, Indonesia, Japan, Malaysia, New Zealand, the Philippines, South Korea, Singapore, 

Thailand, and Vietnam. This comprehensive analysis delves into the respective renewable energy 

landscapes, regulatory frameworks, challenges, and prevailing energy storage solutions (ESS). The 

research's overarching aim is to discern parallels between Singapore and these nations. Employing a 

comparative framework, we endeavour to identify and recommend best practices that Singapore could 

potentially assimilate into its renewable energy strategy. 
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4. Overview of Renewable Energy in Singapore  

4.1. Current State of Singapore's Renewable Energy 

4.1.1 Singapore’s Current Energy Mix 

Although Singapore only contributes to 0.1% of global carbon emissions (Prime Minister’s Office Singapore, 

2022), Singapore is no outlier to this global aspiration, and is making significant progress towards the goal 

of carbon emission reduction. Furthermore, Singapore has pledged to achieve net zero emissions by 2050. 

With the energy sector accounting for 40% of Singapore’s total emissions (EMA, 2023), Singapore has 

made this sector a focus for its decarbonisation efforts.  

 

The majority of emissions from the power sector in Singapore stems from the production of energy by 

burning Liquified Natural Gas (LNG). LNG is regarded as a cleaner energy source compared to oil and coal 

as it is more efficient. It produces 30% less carbon dioxide than oil and 40% less than coal per unit of energy 

generated (National Grid, 2023). Hence from 2000-2022, the percentage of energy generated from LNG 

rose from 19% to 95% in Singapore. Coal and oil currently make up 1.2% and 1% of Singapore’s energy 

generation.  

 

 

Figure 4.1.1: Energy Mix in Singapore (EMA, 2023) 

 



 

 11 

Of the remaining 2.8% of energy generated, 1% is by solar and 1.8% is by biomass and municipal waste. 

Although LNG is considered to be a cleaner source of energy as compared to oil and coal, production of 

energy from LNG still produces carbon dioxide. As part of Singapore’s plans to achieve net zero, Singapore 

plans to increase the share of renewable energy in its total energy production and reduce the share of 

energy generated by LNG. More specifically, Singapore plans to produce 2.0 gigawatt-peak (GWp) of solar 

energy by 2030, which would make up 3% of total energy demand. This would be enough to power 

350,000 households in Singapore annually (Tan, 2020).  

 

4.1.2 Singapore’s Energy Framework 

Singapore adopts two frameworks to guide its policy and decision making when it comes to energy. The 

first framework is the Energy Trilemma. The Energy Trilemma asks the question of how Singapore can 

obtain energy which is 1. secure and reliable 2. affordable 3. environmentally sustainable. A single source 

of energy would not be able to fulfil all three criteria and thus Singapore has a mix of energy sources which 

are highlighted in the Four Switches Framework.  

 

The Four Switches refer to the four main sources of energy which Singapore plans to utilise to ensure that 

the energy mix fulfils the Energy Trilemma. The four switches include 1. Natural Gas 2. Solar energy 3. 

Regional power grids 4. Emerging low-carbon alternatives. Combined, these two frameworks help 

Singapore set its goals and guide policy decisions when it comes to the energy mix.  
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Figure 4.1.2: Energy Trilemma and Four Switch Framework (Ministry of Trade and Industry, 2023) 

 

1. Natural Gas — LNG, being the cleanest form of fossil fuel, will continue to be the main source of fossil 

fuel for Singapore in the foreseeable future while Singapore looks to scale up the other 3 switches.  

2. Solar — Solar is Singapore’s most viable source of renewable energy given the constraints. Moreover, 

solar is the cheapest source of renewable energy (IRENA, 2022). 

3. Regional Power Grids — Singapore recognises that its limited land size is a major constraining factor 

in the scale up of solar PV. To continue its trajectory to net-zero by 2050, Singapore has signed 

multiple agreements with neighbouring countries to import low-carbon sources of electricity and 

plans to import 30% of its total electricity demand from neighbouring countries by 2035.  

4. Low-Carbon Alternatives — Singapore continues to explore other sources of renewable energy 

generation such as geothermal energy and hydrogen cells as a means to store energy. 
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4.1.3 Structure of the Energy Market in Singapore 

 

 

Figure 4.1.3: Flow of Electricity and Money in Singapore (EMA, 2023) 
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Stakeholders Examples Role / Details 

Power  
Generation 

Companies 

• Tuas Power Generation, 

Senoko Energy, Keppel 

Merlimau Cogen etc. 

• Power generation companies compete to generate 

and sell electricity in the wholesale electricity 

market every half-hour. 

Energy Market 

Authority 
- 

• Statutory board under the Ministry of Trade and 

Industry  

• Oversees Singapore’s electricity and gas sectors 

Energy Market 

Company 
- 

• Operates and administers the wholesale electricity 

market (WEM) owned by the Singapore Exchange 

(SGX)  

SP Group - 

• Operates and maintains the power grid  

• Delivers electricity island wide and provides 

services i.e., metre reading, data managing and 

facilitating customer transfers between retailers 

Electricity  
Retailers 

• Seraya Energy, Keppel Electric, 

Pacific Light Energy, Sembcorp 

Power etc. 

• Electricity retailers buy electricity in bulk from the 

WEM  and compete to sell electricity to 

consumers  

Consumers 
• Households, buildings, 

factories etc.  

• 1) Contestable consumers purchase power from 

retailers of choice at the market rate 

• 2) Non contestable consumers purchase power 

from SP Group at a fixed regulated tariff 

Table 4.1.1: Key Stakeholders in Singapore's Energy Market 
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4.1.4 Power Grid in Singapore 

SP Group owns and operates Singapore's power grid and electricity network. This includes the 

transmission and distribution of electricity and the power lines and substations needed. Singapore’s 

electricity grid consists of more than 20,000 km of underground cables interconnecting more than 9,800 

substations in the transmission and distribution networks (National Climate Change Secretariat, 2011). 

The power grid in Singapore is one of the most reliable and robust in the world with intelligent components 

installed in numerous segments of the generation and transmission network (NTU & SPECS, 2019). Based 

on a benchmarking report in 2020, customers in Singapore experienced an average of 0.15 minute of 

electricity interruption (SP Group, 2023). SP Group is fully owned by Singapore’s investment fund, 

Temasek which is fully owned by the Singapore Government.  

 

4.1.5 Policies to Incentivise Renewable Energy Investment in Singapore 

According to world bank, Singapore has the least developed incentive mechanism and regulatory 

support systems for renewable energy amongst ASEAN countries (ASEAN Centre for Energy, 2020) 

 

There are no clear subsidies or incentives given by the government or the EMA for renewable energy 

projects such as solar PV installation. Moreover, unlike many other countries, Singapore does not have 

Feed-in Tariffs (FiTs) for solar energy. FiTs refer to an additional price that a power producer receives for 

supplying renewable energy to the grid. FiTs are viewed by the government to be an inefficient way of 

scaling up solar PVs in Singapore as it distorts the market and increases costs for consumers (EMA, 2023). 

Furthermore, the EMA believes in pricing energy correctly so that it sends the right signal to consumers 

and producers.  
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Instead of providing incentives or subsidies to investors and projects, Singapore chooses to work closely 

with the industry and invest heavily in R&D with the hopes that the technological and economical aspect 

of renewable energy becomes commercially viable and thus making renewable energy adoption a natural 

consequence. This is as opposed to providing subsidies and financial incentives which obscures the true 

cost and leads to suboptimal outcomes.  

 

4.2. Solar Energy Trend in Singapore 

The growth of installed solar capacity in Singapore has been facilitated by falling costs of PV. Between 

2010 to 2018, the cost of generating 1Wp has fallen by more than 80% and is expected to continue falling 

(NUS & SERIS, 2020), further assisting the growth of solar PV in Singapore. Although solar is the most viable 

renewable energy in Singapore, it is not land efficient. Therefore, its scale-up is fundamentally limited by 

Singapore’s land constraints (National Climate Change Secretariat Singapore, 2022). A study conducted by 

Solar Energy Research Institute of Singapore (SERIS) estimated that the total usable area for solar PV 

deployment is 36.8 km2. This area includes roof-tops, building facades, land, reservoirs for floating PV and 

infrastructure PV such as roads and canals. It is estimated that this would have the potential to generate 

up to 8.6 GWp of solar energy, meeting 10% of total energy demand in 2050.  
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Figure 4.2.1: Difference Between Off-Grid and On-Grid Solar 

 

An on-grid solar PV is one which is connected to the power grid and is able to supply the grid with excess 

solar energy. As such, on-grid solar PVs do not require an ESS to absorb excess energy generated. In the 

case where solar energy generation is not sufficient to meet the demands of the load, energy will be drawn 

from the grid to make up the excess demand. An off-grid solar PV is one which is not connected to the 

power grid and thus is not able to supply excess energy to the grid. An ESS is then required to absorb 

excess energy to be used at a later time.  

 

In Singapore, most solar panels involve a grid-tied set up. The installation of solar panels for commercial, 

industrial or residential use is overseen by the EMA and requires approval by other regulators such as the 

Urban Redevelopment Agency (URA) and Singapore Civil Defence Force (SCDF). Given that most solar 

panels are grid tied, excess energy generated by solar is distributed to other loads efficiently, hence no 

wastage of energy occurs and ESS for capturing excess energy is not needed. Furthermore, ESS requires 

more initial and operating cost which may offset savings from drawing electricity from the grid.  
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4.3. Challenges of Renewable Energy Generation in Singapore 

Singapore is at a disadvantage when it comes to renewable energy generation. With just 734 km2 area of 

land, a high urban density, low wind speeds, flat land and a lack of geothermal energy, Singapore’s ability 

to harness renewable energy such as wind, tidal, geothermal and hydro are all limited. Singapore’s 

alternative-energy disadvantaged status is officially recognised by the United Nations Framework 

Convention on Climate Change (UNFCCC) (UNFCCC, 2018). Given these limitations, carbon reduction in 

Singapore is expected to be more difficult in Singapore than it is in other countries with more abundant 

natural resources. With these constraints, and with sunshine all year round, solar energy is viewed as the 

most viable source of renewable energy generation in Singapore and is one of the key switches in the Four 

Switch Framework. While Singapore is actively exploring alternative sources of renewable energy such as 

geothermal and hydrogen energy, currently, no energy is being produced from these sources. 

 

Figure 4.3.1: Growth of Installed Solar Capacity in Singapore (EMA, 2023) 
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Installed capacity for solar energy in Singapore has risen exponentially over the past 10 years. As of end 

2022, Singapore’s total installed capacity for solar energy stood at 820 MWp (EMA, 2023), just above the 

halfway mark of the 1.5 GWp target by 2025 and 40% of its 2.0 GWp goal by 2030. Despite the challenges, 

Singapore has become one of the most solar-dense cities in the world, having multiplied its solar capacity 

by more than seven times since 2015 (Economic Development Board, 2022)  

 

4.4. Energy Storage Systems (ESS) in Singapore 

Solar energy is categorised as an intermittent generation source (IGS). Solar energy relies on sunlight for 

generation, meaning that no solar energy production would occur at night and during times of cloud cover. 

This is unlike conventional sources of energy generation such as the burning of oil, gas and coal which can 

be called upon to increase energy output at any given time. Additionally, if solar energy is not consumed 

immediately, then the excess energy goes unused and is essentially wasted. To address solar intermittency, 

therein lies the need for ESS to capture excess solar energy for storage and usage at a later time. Due to 

the low amounts of solar energy produced and the high energy demand in Singapore, virtually no solar 

energy is currently wasted. However, with the increase of solar energy feeding the grid, the intermittent 

nature of solar could have a noticeable impact on grid reliability such as fluctuations in voltage and power. 

Thus, with the forecasted growth of solar energy generation in Singapore, ESS becomes more essential in 

managing the intermittency.  

 

Besides helping to address solar intermittency, ESS brings further stability to the power grid. Other 

benefits include (EMA, 2023): 

• Shifting of peak electricity load to off-peak periods, helping to manage electricity prices. 

• Provides ancillary services to the market by regulating and reserving energy, contributing to grid 

stability and reliability. 
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• Swiftly responds to power fluctuations within the grid, ensuring a reliable and consistent energy 

supply. 

 

There are four existing ESS projects in Singapore with a combined storage capacity of 296.9 MW. 

Figure 4.4.1: Existing ESS Projects in Singapore 

 

All four projects are collaborations between the EMA and a private company, with the cost of the project 

borne by both parties.  The U.S. Energy Information Administration reports that battery storage costs fell 

72% between 2015 and 2019 and is expected to continue declining (Sinclair Digital, 2023). This was 

primarily driven by an increase of EV adoption which led to the mass production of batteries, particularly 

lithium-ion batteries. Research from the IEA in 2017 showed that Lithium-ion batteries are the dominant 

technology for ESS given its costs, longevity and efficiency. This is also the primary reason that all four 

projects utilise lithium-ion batteries.  

 

Despite significant cost reduction, at the moment, the cost of lithium-ion ESS is still relatively high when 

compared to other technologies, which makes commercial viability challenging (EMA, 2018). A separate 

study found that the average payback period for an ESS system that is involved in energy arbitrage - buying 
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and absorbing energy when prices are low and selling and injecting energy into the grid when prices are 

high - in Singapore, is 20 years (Low, 2018). This excludes financing, operational and maintenance costs.  

 

Thus, at the current time, subsidies and partnerships would be required in order to incentivise 

participation from the private sector when it comes to ESS.  
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5. Literature Review of Renewable Energy Landscape in APAC  
 

5.1. Vietnam 

5.1.1. Overview 

As Vietnam pivots towards environmental sustainability, renewable energy has assumed a pivotal role 

within the nation’s energy portfolio. The government of Vietnam aims to have biomass, solar, 

hydroelectric, and wind energy constitute 48% of the country's installed capacity by 2030, with a further 

target of increasing this to approximately 63% by 2050.  

 

Solar power, due to its cost-effectiveness, reliability and sustainable nature has rapidly gained prominence 

in Vietnam’s energy market (Rapid Transition Alliance, 2023). As of 2021, Vietnam has emerged as the 

ninth-largest economy in terms of solar capacity, boasting approximately 17.6 gigawatts (GW) 

(International Trade Administration, 2022). 
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Figure 5.1.1: Vietnam’s Solar Capacity Standing (IRENA, 2022) 

 

In line with Vietnam’s substantial commitment to expanding its solar capacities, the government has 

devised a plan for $135 billion investment into the power grid. This aims to enhance grid infrastructure, 

transmission lines, and substations to accommodate the increasing deployment of solar energy (Yen, 

2023). In addition, the Vietnam Environment Protection Fund (VEPF) encourages renewable energy 

generation by providing subsidies for renewable electricity produced when production costs are more 

than the sale price (Mitchell & Seibert, 2019). Moreover, renewable energy development projects may 

qualify for corporate income tax and import tax benefits, including a 10% rate for 15 years, a 4-year 

corporate income tax exemption, and a 50% tax base reduction for the following 9 years (Bui & Vu, 2020). 

 

Furthermore, the government has also taken steps to bolster residential solar capacity. Currently, there 

are 101,000 rooftop solar systems installed across resident, commercial and industrial buildings. As part 

of Vietnam’s ambitious solar deployment goals, the government envisaged 50% of office and residential 

buildings to be self-sufficient in energy production by 2030, collectively providing a total development 

capacity of 2,600MW (Yen, 2023). Behind Vietnam’s remarkable development in solar energy capability 

lies its natural advantages, including 1,600 to 2,700 sunlight hours and an average direct normal irradiance 

of 4-5 kWh per sqm per day (Das, 2018). These factors contribute to an estimated economic solar potential 

of 380GW (McKinsey, 2022). 
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Figure 5.1.2: Vietnam’s Economic Solar Potential (Mckinsey, 2022) 

 

5.1.2. Policies and Regulatory Development 

Vietnam adopts a top-down approach to energy market regulation, characterised by active participation 

of multiple government entities in the solar sector. Among these entities, the Ministry of Industry and 

Trade of Vietnam (MOIT), serves as the central regulator responsible for overseeing the power sector. 

  

Figure 5.1.3: Actors in PDP, PPA and COD of Vietnam Solar Power (Riva Sanseverino et al. 2020) 
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One of the pivotal policies instituted by the Vietnamese government is Resolution 55, which stands as a 

comprehensive framework guiding the rapidly evolving energy sector. Beyond establishing specific 

quantitative targets for 2030 and 2045, Resolution 55 also encourages participation from the private 

sector to foster a diversified, and transparent energy market mechanism (Nguyen, 2022). 

 

In the context of solar energy, Vietnam has introduced FIT2, a pricing system at $8.38 cents/kWh 

exclusively for rooftop solar projects. Ongoing discussions centre on the possibility of further discount or 

incentives to stimulate greater adoption of solar energy (Nguyen, 2022). Major discussion revolves around 

the potential implementation of a lower FIT3 at $5.2 to $5.8 US cents/kWh. Coupled with Vietnam’s 

broader Solar Power Development Plan, the country aspires to generate as much as 18.9 GW of solar 

energy (Nguyen, 2022).  

 

However, in the realm of energy storage solutions (ESS), while Vietnam’s National Power Transmission 

Corporation has initiated investigation and piloted projects related to ESS, there has yet to be any 

regulatory development and supportive policies dedicated to the deployment of ESS.   

5.1.2. Key Challenges  

Vietnam faces significant challenges in the efficient allocation of its energy resources. Despite a substantial 

installed capacity, renewable energy output only accounts for 11.9% of the total mobilised output in the 

system in 2022. The discrepancy is primarily attributed to the delay in transitioning the pricing mechanism 

from FIT2 to potentially FIT3 (Trang, 2023). Even in cases where the new FIT prices have been issued, they 

have been subject to multiple cancellations before officially taking full effect, signalling a highly ineffective 

top-down management approach in Vietnam’s energy market. 
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In addition, Vietnam’s grid infrastructure has not kept pace with the increasing solar energy adoption. 

Currently, the oversupply of electricity poses a major threat to the security of national grid, especially at 

times of low economic activities when demand plummets (Nguyen, 2021). At noon time especially when 

solar energy production peaks but demand remains low, solar farms were compelled to cease operation. 

For instance, in 2020, energy regulators in Vietnam ordered a total reduction of 365 million kWh of solar 

power due to grid overload in central provinces like Ninh Thuan and Binh Thuan. As a result, solar energy 

development faced a bottleneck, rendering many solar projects financially unviable and leading to 

wasteful curtailment (Nguyen, 2021).   

 

Furthermore, Vietnam’s solar power development plan exhibits a narrow focus on areas with favourable 

solar potential (Riva, 2020). This could have a detrimental impact on the orientation of connecting solar 

power projects to the national power system in the short run and the possibility of sustainable and 

synchronised development across the country in the long term (Riva, 2020). Notably, there has been over-

investment in areas such as Ninh Thuan, Binh Thuan and Khanh Hoa where grid-overload issues persist, 

significantly undermining efficiency of solar development projects and power transmission development.  

 

5.1.3. Energy Storage Solutions   

Vietnam’s ESS is currently in its nascent stages, with no clear governance framework and regulatory 

development. Nevertheless, there have been notable strides in experimenting with ESS solutions. For 

instance, Vietnam’s VinES Energy Solutions has partnered with renewable energy company SolarBK to 

promote the integration of battery storage with rooftop solar PV (Colthorpe, 2023). In addition, efforts 

have been dedicated to the first pilot deployment of large-scale BESS technology at the 50MWp Khanh 

Hoa solar PV plant (Colthorpe, 2023). 
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Despite these initiatives, challenges in ESS persist in Vietnam. This is primarily due to high cost of storage 

and innovation, especially for batteries with up to 4 hours of energy discharge per charge-discharge cycle. 

The high cost acts as a disincentive for investors, and government subsidies emerge as a crucial factor to 

propel further development in the field of ESS.  

  

5.2. India   

5.2.1. Overview  

The deployment of renewable energy has emerged as a critical imperative for India, not only to enhance 

energy security, but also to spur economic development. Based on the International Energy Agency (IEA) 

(Jain, 2023), India’s installed solar energy capacity will reach 71 GW in 2023, constituting 34% of India’s 

total installed renewable capacity. Within this renewable energy mix, India’s primary focus has been on 

solar power, with a total installed capacity of 62 GW by end 2022 (Government of India, 2023). Moving 

forward, the installed solar capacity is anticipated to continue expanding under the national solar mission 

to at least 450 GW by 2030, with further goals to raise solar power output to 1,689 GW by 2050 and an 

ambitious 5,630 GW by 2070 (IEA, 2021).  
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Figure 5.2.1: Evolution of India’s Electricity Capacity in the Stated Policies Scenario (IEA, 2021) 

 

One of the pivotal drivers behind the surge in solar energy in India has been the influx of foreign 

investments. In Q3 2023, India attracted $251 million foreign investments (Rakesh, 2023). A noteworthy 

example of such investment is the Pavagada Solar Park in Karnataka, which stands as the world’s largest 

solar park with a total capacity of 2GW, backed by investors such as Softbank and Adani (Blackridge 

Research, 2023). Furthermore, to fully tap on the expanding renewable capacity, India has launched the 

green energy corridor project to optimise the transmission infrastructure for renewable energy (Jain, 

2023).  

  

Beyond conventional solar farms, India has been pioneering cutting-edge renewable technology. For 

instance, India houses the world’s largest floating solar plant in Kerala leveraging its leading floating solar 

technologies, expected to generate 7.5 Lakh units of electricity annually (Shewali, 2017). In June 2023, 

India launched the Mission on Advanced and High-Impact Research, which aimed to facilitate domestic 

research, development and demonstration of the latest and emerging technologies in the power sector. 

The areas of studies include alternatives to lithium-ion storage batteries and green hydrogen for mobility 

(pib.gov.in, 2023). 

5.2.2.  Policies and Regulatory Development  

In India, the ownership of power generation is divided, with 30% owned by the state government and 25% 

by the central government. The remaining 45% is privately owned, delivering electricity to either state or 

privately owned distribution companies. State regulators exercise full control over electricity transmission, 

distribution, retail and tariff setting.   
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The Indian government has adopted a proactive stance in establishing ambitious goals for the 

development of India’s solar energy. Aside from the flagship national solar mission, India leverages its 

expertise in constructing solar cities, parks, and floating solar facilities. Approval and operation of 59 solar 

parks, with a combined capacity of 40 GW nationwide, underscore India's commitment to solar energy 

expansion (Suchadra, 2023).   

  

In terms of solar energy storage, though most states currently lack a regulatory framework for battery 

storage, India has been making steady progress in creating a market for ESS (WBCSD, 2022). Key policy 

barriers currently include a lack of provision for storage in energy policies, and targeted support for early 

adopters of storage technologies. 

 

5.2.3. Key Challenges   

India currently faces limitations in the readiness of its grid infrastructure. Distribution companies in India 

have struggled to integrate renewable energy back to the grid, leading to curtailment of renewable energy 

output.   

 

Furthermore, the distribution of solar energy facilities in India exhibits significant variability across states. 

The penetration rate of solar energy varies considerably, with some states having a much higher share of 

solar and wind energy compared to the national average of 8.2% (IEA, 2021).  
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Figure 5.2.2: Solar and Wind Capacity in India’s Renewable-rich States (IEA, 2021) 

 

Consequently, leaders in certain states find themselves in the position of needing to export a significant 

amount of power to other states. This situation poses challenges for the effective integration of renewable 

energy into the grid.  

  

While India has been ramping up rooftop solar systems, there is a need for heightened focus on monitoring 

and management. To achieve this, it is essential to register connection nodes for individual rooftop solar 

assets at both the state and national levels. This registration process enhances data visibility and 

contributes to more efficient electricity deployment. 

 

5.2.4. Energy Storage Solutions  

According to KPMG, India's effective and reliable integration of renewable energies necessitates the 

deployment of 38 GW of four-hour battery storage (Shukla, 2022). Therefore, India has adopted a 

comprehensive approach to bolster its energy storage capabilities. At the governance level, India has 

launched the national energy storage mission, with a robust target of 40 GW storage capacity by 2025 

(Jain, 2023). The government has also been actively promoting innovative technologies such as time-of-
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use tariff to monitor power consumption and storage. In 2023, India’s Ministry of Power released pumped 

storage hydro development guidelines, addressing requirements for variable storage and ancillary services 

(Ingram, 2023).  

 

Among various energy storage mechanisms, battery storage stands out as the most cost-efficient option, 

particularly when situated in proximity to solar plants. India has therefore initiated several large-scale 

battery projects. Most notably, Phyang Solar PV-Battery ESS and AES-Mitsubishi Rohini Battery storage 

system have been developed with storage capacity of 50,000 kWh and 10,000 kWh respectively. The 

government also provides businesses setting up battery storage facilities totalling 4,000 megawatt hours 

(MWh) with subsidies of 37.6 billion rupees ($455.2 million) and intends to provide large-scale battery 

manufacturers with subsidies totalling $2.5 billion (Singh & Bello, 2023). 

 

 

 Figure 5.2.3: Levelized Cost of Storage Comparison (IEA, 2021) 
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5.3. Australia   

5.3.1. Overview  

Australia stands as one of the most mature economies in terms of renewable energy readiness, with 35.9% 

of its electricity generation sourced from renewable sources (Clean Energy Council, 2023). With over 3.52 

million PV installations, Australia boasts a solar capacity of 32.1 GW (Australia PV Institute, 2023). The 

nation’s total renewable energy capacity stood at 45.5GW in 2022 (Statista, 2023).  

  

Similar to Vietnam, Australia is naturally endowed with abundant supply of solar resources. The 

combination of a dry climate and Australia’s latitude contributes to exceptional solar energy production 

potential. Till date, Australia possesses the highest solar radiation of any continent, averaging 58 million 

PV solar radiation annually (Australia Trade and Investment Committee, 2023).    

  

Australia has been an early leader in the adoption of rooftop solar systems with the highest penetration 

of household solar PV installation globally. One in three households have installed solar panels, accounting 

for 25.8% of Australia’s total renewable energy generation (IEA, 2023). As the cornerstone of Australia’s 

renewable energy success, the government continues to encourage households to install rooftop solar 

panels. In 2022 alone, 310,000 rooftop solar systems were integrated to the grid, augmenting the energy 

capacity by 2.7 GW (Clean Energy Council, 2023).  
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 Figure 5.3.1: Australia’s Energy Market Segmentation (AEMO, 2022) 

 

Unlike other energy markets, Australia’s energy system consists of two wholesale electricity markets, the 

National Electricity Market (NEM), which operates in eastern and south-eastern Australia, and the 

Wholesale Electricity Market (WEM), which operates in Western Australia. This paper focuses primarily on 

Australia’s NEM, as it serves as the primary deployment area for solar energy facilities.  

 

5.3.2. Policies and Regulatory Development  

NEM’s electricity market is primarily overseen by three entities: the Australian Energy Market Operator 

(AEMO) responsible for regulating energy generation, Australian Energy Regulator that approves the 

regulatory investment test for transmission and sets network price, and Australian Energy Market 

Commission (AEMC) that designs the overarching regulatory framework.  

 To facilitate the seamless integration of solar energy into the power grid, the Australian government has 

allocated substantial funding to transmission projects.  For instance, the government has earmarked $75 



 

 34 

million for the design and approvals phase of the Marinus Link project and provided over $250 million in 

underwriting support for the VNI West project.  

 The Australian government has introduced clear incentives for both private sector stakeholders and 

residential battery storage adoption. At the regional level, New South Wales (NSW) has initiated the 

Emerging Energy Program, allocating $75 million in funding to subsidise energy storage projects within the 

state. Additionally, eligible homeowners and businesses can benefit from a subsidy of $450 per kWh of 

usable battery system capacity, up to a maximum of $6,000 (Solar Quotes, 2023).  

  

To encourage renewable energy R&D, the government adopts an R&D Tax Incentive (RDTI) program to 

support Australian industry-based R&D (KPMG, 2021). In addition, the government has allocated $15 

billion to initiate the National Reconstruction Fund (NRF) to offer funding for projects which could 

“diversify and transform the industry and economy” in a few priority areas including renewables and low 

emission technologies (Australian Government, 2023).  
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5.3.3. Key Challenges   

 

Figure 5.3.2: Challenges Faced by Australia’s Energy System (AEMO, 2022) 

 

With the widespread adoption of solar energy, which is highly dependent on weather conditions, the task 

of dispatching energy becomes fraught with uncertainty and challenges. While AEMO has dedicated 

efforts to project potential shortfall in electricity supplies across regions, challenges including variable 

behaviours of the different solar generators as well as lag between detection and remediation leads to 

instances of energy short-fall (AEMO, 2022). Nevertheless, AEMO has outlined a comprehensive plan to 

systematically address this issue.   

  

In addition, the high demand for infrastructure in Australia, driven by the proliferation of solar generating 

facilities, underscores the need for investment in infrastructure development. Despite substantial 

investment in infrastructure, certain areas continue to face limitations due to outdated infrastructure with 

thermal constraints and system strength issues (AEMO, 2022). Additionally, Australia’s transmission lines 
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are often located in areas traditionally associated with fossil-fuel electricity generation sites and therefore 

far from renewable sites. This mismatch implies that regions with ideal weather conditions may lack the 

transmission infrastructure to capture renewable energy.  

 

Australia’s adoption of residential solar PV has also encountered technical bottlenecks. NEM, for instance, 

has faced an increase in contingency size due to solar PV disconnection in response to major system 

disturbances. To date, an effective governance structure has yet to be established to formalise a pathway 

for power system security and ensure consistent compliance with technical performance standards across 

all residential solar PV installations (AEMO, 2022).  

  

5.3.4. Energy Storage Solutions    

Australia has emerged as a front-runner in the field of energy storage solutions, with the support of 

substantial government funding initiatives. By the end of 2020, the country had 16 large-scale battery 

projects under construction, collectively representing an impressive 595 MW of new capacity (Solar 

Emporium, 2023). Households continue to be incentivized to adopt residential solar batteries. Overall, 

battery storage capacity is expected to increase 28% by 2032 (Hazarika, 2023). This is contributed by 

market players such as ShineHub who were very good at selling solar and batteries, particularly 

overcoming the obstacles associated with selling batteries. Compared to the industry average of 13%, 70% 

of ShineHub's solar systems are sold with batteries. Then ShineHub acquired the skills necessary to 

manage a battery fleet. After establishing a solid customer and income base, ShineHub created their own 

hardware-free, vendor-neutral VPPs software that controls batteries directly. To maximise the potential 

of market integration, they subsequently built ties with networks and merchants. When clients of 

ShineHub participate in their VPP, AusGrid now pays 45c/kWh for that event (energystorageforum, 2020). 
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Figure 5.3.3: Australia’s Projected Energy Storage Capacity (Wood Mackenzie, 2023) 

  

The integration of batteries into VPPs has been a key initiative the Australian government is working on. 

This strategic move involves the collection of data from each battery unit and leveraging artificial 

intelligence to analyse demand and supply patterns. As VPP matures, AEMO could yield better outcomes 

for both local and regional electricity grids and facilitate a more efficient energy market pricing system 

(Clean Energy Council, 2023).  In the future, rooftop solar and batteries are likely to be replaced by solar 

and EVs because they have two benefits over stationary storage. Firstly, EVs have bigger batteries. The 

majority of EVs have six to ten times the capacity of small-scale batteries (electric trucks and buses have 

much more capacity). Secondly, they are mobile as they can be driven to charge from various sites. 

Therefore, the EV and V2G (Vehicle to Grid) is seen as a game changer for ESS (Kuiper, 2022).  

 

Additionally, Australia has a well-developed smart metering system to effectively track and manage energy 

usage across the nation. Smart metres are Internet of Things (IoT) facilities to monitor real-time energy, 

water, and natural gas consumption. Smart metres replace traditional analog metres and offer improved 

efficiency, accuracy (Jantti et al., 2022). Working in synergy with VPPs, smart metres help to implement 
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demand response programs: households utilise batteries to store excess energy generated on rooftop 

solar and VPP consolidates thousands of households with rooftop solar batteries. Through smart metres, 

households can see real-time prices and consumption patterns, and choose to discharge extra energy 

stored in their own batteries into the wholesale market when price is favourable, establishing a “prosumer” 

scheme (Kaur, 2021). With greater transparency of metering information coupled with appropriate 

incentives, smart metering can help increase energy efficiency, change consumers’ behaviour and reduce 

emission (Jantti et al., 2022). This year, the Australian Energy Market Commission (AEMC) has made plans 

to enhance the framework for smart metering, aiming to ensure 100% of consumers have smart metres 

by 2030. This is expected to contribute $507 million for the national electricity market (Packham, 2022).   

 

5.4. Malaysia  

5.4.1. Overview  

In 2022, the total renewable energy capacity in Malaysia amounted to approximately 9.0 GW. The capacity 

of renewable energy in the country has increased by more than 3 GW since 2013. As of 2023, Malaysia's 

energy landscape is primarily dominated by fossil fuels, accounting for a substantial 95% share of the 

country's energy mix over the past decade. Estimates from the International Renewable Energy Agency 

(IRENA) indicate that renewables presently contribute to only 5% of Malaysia's energy mix with 

hydropower and solar making up the majority (Tachev, 2023). 
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Figure 5.4.1: Malaysia Electricity Generation by Source (Ember, 2023) 

 

Malaysia's favourable geographical location near the equator provides abundant solar resources, which 

drives the growth in Solar PV. The declining costs of solar PV technology have improved its cost 

competitiveness, making it increasingly attractive for investors and energy consumers. Therefore, 

Malaysia has effectively stimulated investment in renewable energy, with a particular focus on solar PV. 

This investment has played a crucial role in nurturing the entire value chain industry, encompassing the 

manufacturing of renewable energy equipment, its installation, and the subsequent generation of energy 

(Bernama, 2023). 

 

Malaysia has an advantage given its proximity to Singapore. Using the ASEAN grid interconnection effort, 

renewable energy trade seeks to place Malaysia at the centre of the regional power trade. Singapore is a 

low-hanging fruit because it has several RE100 MNCs in the region and doesn't have enough land to 

support renewable energy generation. RE100 is a global movement involving businesses who are 

committed to using 100% renewable energy throughout their operations (Editor, 2023). Crucial to 

Malaysia's successful renewable energy export venture is the establishment of a robust infrastructure 

and seamless integration with Singapore's power grid, estimated to cost an astounding US$143 billion 
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encompassing funding for new renewable energy generation sources, grid infrastructure reinforcement, 

ESS integration, and operational expenses to ensure a smooth and efficient energy transfer (Kaur Kawan 

Singh, 2023). For the future development of renewable energy, Malaysia has pilot projects aimed at 

improving the conversion of biomass into energy and designating Sarawak as a green hydrogen 

development hub (Guild, 2023). 

 

5.4.2. Policies and Regulatory Development  

The Malaysian government's energy policy involves several significant parties. The Economic Planning Unit 

(EPU) of the Prime Minister’s Department focuses on petroleum energy and privatisation of electricity 

supply. The Ministry of Energy, Green Technology, and Water (MESTECC) oversees electricity supply, 

energy efficiency, and renewable energy, while the Ministry of Rural Development works on rural 

electrification. The power and natural gas industries are governed by The Energy Commission (EC) (AGEP, 

2019). 

 

The Malaysian government has implemented supportive policies and incentives to foster renewable 

energy development. To reduce monthly electricity costs, consumers are encouraged to install renewable 

energy sources, such as rooftop solar installations. The government introduced initiatives like the FiTs 

scheme, which evolved into the Net Energy Metering (NEM) program. FiTs and tax incentives encourage 

investment in solar PV projects by providing stable and long-term contracts for renewable energy 

producers. Under NEM, consumers can offset their energy consumption with energy generated from their 

solar panels (Lau et al., 2022).  

 

Energy storage becomes essential for realising VPPs within the grid system for commercial and industrial 

consumers with larger-scale solar generation. The Net Offset Virtual Aggregation (NOVA-VPP) program 
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allows excess stored energy to be exported back to the grid, enhancing control over energy dependency 

(Ditrolic Energy, 2022). Malaysia has also introduced a virtual power purchase agreement (VPPA) 

programme, which is between a solar power producer with a BESS system and a corporation (Skrine, 2022).  

 

5.4.3. Key Challenges   

Despite the promising growth, Malaysia faces several challenges in meeting its renewable energy targets. 

Firstly, the targets set by Malaysia’s government are unrealistic. The government's targets of achieving 31% 

renewable capacity by 2025 and 40% by 2035 may be difficult to attain, given the current growth trend, 

which suggests achieving only 12.1% renewable capacity by 2025 and 22.7% by 2035 (Energy, 2023). 

Solutions include setting more achievable targets and implementing robust policy support. Malaysia 

should look to create partnerships to enable technology transfer to improve efficiency of renewable power 

plants. A detailed policy with a clear roadmap and strict implementation measures is required for 

renewables growth. 

 

Secondly, there is a lack of large-scale renewable projects for Malaysia. Malaysia struggles to attract 

investment in large-scale renewable projects due to a sluggish economy and unclear policy. Enhancing 

infrastructure availability, grid capacity, stability, and flexibility are crucial for scaling up renewables and 

connecting with neighbouring countries. Streamlining project approval processes and enhancing the 

financial environment by introducing both new and existing mechanisms such as Power Purchase 

Agreements (PPAs) and tariff adjustments (Tachev, 2023). These measures aim to facilitate and encourage 

large-scale renewable projects. Malaysia should establish a transparent electricity market and effectively 

launch renewable energy projects to establish a robust track record. Currently, the lack of such a track 

record makes financial institutions cautious. Building a strong foundation of successfully implemented 
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renewable energy projects will attract more funding and expand local industry expertise, positioning the 

country as an appealing destination for both investors and project developers. 

 

5.4.4. Energy Storage Solutions  

Due to its equatorial location, Malaysia boasts some of the highest solar power potential in the world. As 

a result, the government has taken a more active role in identifying regions that would benefit from the 

development of solar power, particularly BESS in Malaysia. Companies like Citaglobal Genetec have 

launched Malaysia's first locally developed BESS to address large-scale energy storage and portability 

needs, aiding in rural electrification and grid integration (Chong, 2023). As Malaysia increases its 

renewable energy penetration into the grid, there is a growing need for BESS to balance and stabilise the 

grid.  

 

Malaysia is exploring the repurposing of retired EV batteries as energy storage solutions. This approach 

can lower costs and enhance energy storage capabilities, contributing to grid stability. A recent MIT study 

has identified specific parameters for second-life batteries to attain commercial viability: 1) The reuse 

project should have a long project life, exceeding 16 years ; 2) After 16 years of operation in the second-

life application, these batteries should still retain at least 60% of their initial capacity; 3) The cost of spent 

batteries should be less than 60% of new batteries. Leading automakers are investigating uses for retired 

EV batteries rather than disposing of them. Reusing retired EV batteries for various purposes, such as 

solar-powered kiosks, portable chargers, household energy storage, and portable battery banks for EVs, is 

the goal of projects like BMW Group Malaysia's RE:GENERATE program in Malaysia. This strategy fits with 

the expanding market for Second-Life Energy Storage Systems (SLESS), where old EV batteries are given a 

second chance at aiding the grid integration of renewable energy sources (Lee et al., 2023). Overall, as EV 

usage rises, battery technology develops, and the demand for sustainable grid solutions grows more 
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pressing, the possibility of second-life energy storage in Malaysia and other nations is anticipated to 

expand. 

 

However, research on SLESS in Malaysia is still in its early stages due to slow adoption of EVs and grid-

integrated ESS. The current market design for ESS is less accommodating for distribution networks, despite 

the government's push for renewable energy. To accelerate ESS adoption, energy storage policies can be 

introduced to encourage investment in research and development, provide incentives, and enhance 

energy security. 

 

5.5. New Zealand 

5.5.1 Overview  

In 2022, New Zealand’s total renewable energy capacity amounted to approximately 8.1 GW. As of 2022, 

renewable energy sources already account for approximately 87% of the net electricity generation mix, 

setting a strong foundation for further expansion (MBIE, 2023). The government has set ambitious targets, 

including achieving 100% renewable energy generation by 2030 and net-zero emissions by 2050. One of 

the key drivers of this growth is the government's commitment to transforming the country into a green 

economy, with a substantial share of renewables in its total primary energy consumption. In 2022, New 

Zealand has allocated 2.7% of the government budget for renewable energy development (New Zealand 

Government, 2022). 
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Figure 5.5.1: Distribution of Electricity Generation in New Zealand in 2022, By Source (Lee et al., 2023) 

 

The transformation of New Zealand's power system is driven by four key factors: 

• Decarbonization of the Electricity Industry: This involves reducing greenhouse gas emissions by 

increasing the use of renewable generation sources like wind and solar PV while reducing reliance 

on gas and coal-based generation. 

• Decarbonization of the Wider Economy: New Zealand seeks to reduce fossil fuel usage by 

increasing electrification across various sectors, including process heat and transportation. 

• Distribution: The adoption of Distributed Energy Resources (DER), such as solar PV, EVs, batteries, 

and smart appliances, is growing throughout the power system. 

• Digitization: As the volume of data and the complexity of managing energy resources increase, 

digital tools become essential for effective management (Transpower New Zealand Ltd, 2021) . 
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Figure 5.5.2: Timeframe and Priority for the Opportunity or Challenge for the Transformation 

(Transpower New Zealand Ltd, 2021)  

 

5.5.2 Policies and Regulatory Development  

The Minister of Energy and Resources oversees a wide range of markets for energy, including those for 

electricity, gas, liquid fuels, and resources (such as minerals and oil). The regulatory steward of the 

resources and energy markets is the Ministry of Business, Innovation and Employment (MBIE). Its main 

responsibility is to advise the minister or government on energy and resource policy. The Commerce 

Commission oversees regulating competition. The scope of its authority includes economic regulations on 

natural monopoly infrastructure services, such as power grids, gas pipelines, telephones, and airports. The 

Electricity Authority manages the electricity industry and enforces market rules, while state-owned 

enterprise Transpower owns and operates New Zealand’s national electricity transmission system (IEA, 

2023). 

 

The Emissions Trading Scheme (ETS) is one of the major factors encouraging investment in renewable 

energy projects in New Zealand. ETS requires companies to track and report on their greenhouse gas 

emissions. It also requires companies to provide the government one "emissions unit" (often referred to 

as a NZU) for every tonne of emissions they produce. The scheme limits the amount of NZUs that are 
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available to emitters and businesses can buy and sell units from each other (Ministry for the Environment, 

2023). The scheme significantly increases businesses’ interests and investments in renewable energy 

projects as they need to follow the government's requirement by reducing the emission unit of their 

businesses. Furthermore, MBIE established funds for community-based renewable energy projects, 

including grants for the development costs of projects, and fund implementation costs. This initiative 

focuses on low-income communities and/or insecure access to energy. 

 

In the realm of energy storage solutions (ESS), New Zealand has government initiatives such as The NZ 

Battery Project. Private sector investments in this realm are also noteworthy, with Meridian Energy's 

100MW Ruakākā Battery BESS currently under construction and expected to be operational by the third 

quarter of 2024 (Trixl, 2023). However, New Zealand should increase policy focus and support on ESS to 

enhance participation from individual, commercial and industrial consumers. 

 

5.5.3 Key Challenges   

Despite New Zealand's high proportion of renewable electricity, challenges persist, particularly concerning 

the electricity system's heavy reliance on hydropower, which accounts for over 50% of generation. The 

main challenge is the "dry year problem" when hydro inflows are low, and backup from fossil fuel 

generation is required. One cannot forecast when or how long a "dry year" will persist, but they often 

linger for a few months. As a result of rain being frozen into ice and snow, they are more likely to happen 

during the winter months when hydro lakes receive less water (IEA, 2023). The need for electricity to heat 

homes and other buildings is rising at the same time as this. 
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Figure 5.5.3: Renewable Energy in Electricity Generation in New Zealand, 2005-2021 (IEA, 2023) 

 

To address these challenges and further promote renewable energy, New Zealand has partnered with U.S. 

investment firm BlackRock. Together, they have established a NZ$2 billion fund to accelerate investments 

in green energy projects, including solar, wind, green hydrogen, and battery storage. This partnership is 

part of New Zealand's broader efforts to achieve a 100% renewable electricity supply, estimated to require 

significant investments totaling NZ$42 billion (Brockett, 2023). 

 

5.5.4 Energy Storage Solutions  

New Zealand has approved the development of its largest planned BESS, with a capacity of 100MW. This 

project, led by Meridian Energy, is set to enhance grid stability by smoothing supply and demand 

fluctuations (Colthorpe, 2022). It will charge during off-peak hours and discharge during periods of high 

demand, facilitating the power generated on the South Island to be utilised in the northern. 

 

To address the dry year problem without relying on fossil fuel, the government initiated the NZ Battery 

Project in 2020. The initiative will offer thorough guidance on the commercial, technical, and 

environmental viability of various energy storage facilities. The term "NZ Battery" refers to the way the 

proposed solution, whether it involves pumped storage or another method, will store energy for the New 
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Zealand power grid in a way similar to a battery. In order to reach 100% renewable electricity and support 

the decarbonization of the larger energy system, the first phase will assess the most effective way to 

address New Zealand's dry year electricity storage challenge. It will include a thorough evaluation of 

potential dry year solutions, such as the Lake Onslow Pumped Hydro Project (which preliminary studies 

determined to be technically feasible). It is designed to thoroughly study demand-side options, coupled 

with smaller pumped storage options, and alternative technologies (IEA, 2023). The government's decision 

to proceed with the second step, which would involve engineering design and preliminary work on a 

selected solution, will depend on the outcomes of the first phase. Construction would take place in the 

final phase, assuming Cabinet approval. The project's feasibility studies are anticipated to be finished in 

2023, and solutions should be in place by the 2030s. 

 

5.6. Philippines 

5.6.1. Overview 

The Philippines, alongside Indonesia, boasts one of the highest concentrations of geothermal power 

generation in Asia and possesses the world's third-largest installed geothermal power capacity at 1,918 

megawatts (MW), trailing only the United States. The country's total renewable energy capacity stands at 

7.1 GW, with over half of it (4.3 GW) coming from hydropower and an additional 896 MW from solar 

energy (Tachev, 2022). The demand for solar energy is expected to surge in the near future due to a 

significant pipeline of approved and under-development projects. 

 

Aligned with its National Renewable Energy Program (NREP) 2020-2040, the Philippines aims to have 

renewables contribute 35 percent of power generation by 2030 and 50 percent by 2040. This entails a 75 

percent increase in geothermal capacity, a 160 percent expansion in hydropower capacity, raising wind 

power capacity to 2,345 MW, and incorporating an additional 277 MW of biomass power. Despite these 
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goals, the country's transition to renewables has witnessed a declining trend, with renewable energy 

accounting for just 26 percent of power generation in 2022, down from 34 percent in 2008 (Chipman Koty, 

2023). 

 

 

Figure 5.6.1: Power generation by sources in the Philippines (Maguire, 2023) 

 

In a move to boost its renewable energy sector and meet long-term climate targets, the Philippines has 

opened up renewable energy to full foreign ownership. Foreign investors can now hold 100 percent 

equity in the exploration, development, and utilisation of solar, wind, hydro, and ocean or tidal energy 

resources (Chipman Koty, 2023). The government recognizes the need for substantial investments, 

estimated at US$120 billion by 2040, to achieve its renewable energy objectives. Furthermore, the 

Philippines is developing a renewable energy model for developing countries that can provide electricity 

as reliably as coal or natural gas. Virtual synchronous generator (VSG) technology was designed to juggle 

large amounts of renewable energy in this project (Shiga & Shigeno, 2023). 
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5.6.2. Policies and Regulatory Development  

The National Power Corporation is a government-owned and controlled corporation in the Philippines 

with the responsibility to manage water resources for power generation, to maximise the use of other 

power-generating assets, and to deliver electricity to all of the country's rural areas by the year 2025 (NPC 

2023). In the Philippines, power generation is not regarded as a public utility operation, therefore potential 

owners do not require a congressional franchise to run a power generation business. To make sure that 

the requirements outlined in the Electric Power Industry Reform Act of 2001 (EPIRA) are fulfilled, the 

Energy Regulatory Commission (ERC) must issue a certificate of compliance to interested parties in order 

to regulate power generation (Department of Energy, 2023). The ERC is also in charge of power abuse or 

anti-competitive behaviour. The transmission system in the nation is run and maintained by the National 

Grid Corporation of the Philippines (NGCP). NGCP is a private corporation which ensures that power is 

transmitted across the archipelago in an efficient and reliable manner (NGCP, 2023). However, 40% of 

NGCP’s shares are owned by China’s State Grid Corporation. Following worries expressed by some of the 

country's politicians about China's access to the country's power infrastructure, the Philippines is stepping 

up security procedures to safeguard its energy sector from foreign intervention, according to its national 

security adviser (Reuters, 2020). 

 

Renewable energy development in the Philippines is primarily governed by the Renewable Energy Act, 

which provides a variety of incentives such as a seven-year income tax holiday and FiT scheme for eligible 

renewable energy developers. The government also introduced a net metering system to promote usage 

of renewable energy. A net metering is a system that is suitable for distributed generating. A distribution 

grid user that uses net metering has a two-way connection to the grid, is only charged for his net electricity 

consumption, and is given credit for any total contribution to the electricity grid (Natalie, 2023).  
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The combination of renewable energy and energy storage is considered as the most feasible collaboration 

that could undermine the dominance of traditional fossil fuels in the energy mix. The Philippines 

Department of Energy (DOE) has introduced new draft market rules and policies for energy storage 

(Murray, 2023). This follows the recent allowance of 100 percent foreign ownership of renewable energy 

assets. The DOE aims to be more adaptable and change the legal framework governing the investment 

and deployment of energy storage technologies in the nation.  

 

5.6.3. Key Challenges   

In the first half of 2021, 17 power-generating companies in the Philippines experienced unplanned 

shutdowns, exceeding their allowable outage periods. This led to manual load dropping measures to 

maintain grid stability. Rolling blackouts, typically confined to hot months when hydropower supply is 

limited, extended into July, causing disruptions in education and work for many. Renewable energy offers 

a solution by ensuring electricity access for all and reducing costs for consumers. Despite progress in 

electrification, around 2 million people in the Philippines still lack access to electricity (Apanada & Kaldjian, 

2021). Decentralised, decarbonized power generation systems that avoid the need for expensive 

transmission networks in remote areas can contribute to total electrification. 

 

Access to capital is still a major issue. Only a few local banks now lend money to renewable energy projects 

in the area. In addition, funding has significantly decreased in recent years. For instance, they experienced 

a $77% decline of $300 million in 2019. According to the International Renewable Energy Agency, some of 

the biggest problems involve expensive upfront and technological expenses, and complexity of the 

regulatory environment (Tachev, 2022). Renewable project developers face significant difficulties because 

of the regulatory environment's complexity, processes' fragmentation, and lengthy permit application 

timelines. The nation has a fragmented permitting system, and different agencies are in charge of issuing 
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these permits. This system may cause delays in obtaining necessary licences, costing project developers a 

lot of money. Although the Energy Virtual One-Stop Shop, or EVOSS platform, created by the government 

has addressed this issue, much work remains (Aboitiz Renewables Inc., 2023). Streamlining regulatory 

processes and timelines is essential to attract investment and expedite project development. 

 

Any investor, regardless of nationality, wants policy certainty, which is probably lacking in the Philippines. 

Investor perception of unclear government signals and policies is evident (Garcia, 2023). Government 

should be proactive in removing barriers to investments rather than passively waiting for them to happen.  

 

5.6.4. Energy Storage Solutions  

Over the past few years, power companies in the Philippines have been developing large-scale battery 

storage infrastructure. The Philippines has inaugurated the San Miguel Corporation’s (SMC) BESS, a 

significant step toward energy security and innovation. This 1000 MW BESS facility positions the 

Philippines as a leader in energy storage. Moreover, A 49 MW BESS project at a floating diesel power barge 

has just been finished, according to current news from Aboitiz Power (Colthorpe, 2022). The Philippines' 

major power companies are competing with one another for operational efficiency at their power 

generation fleets, which is enhancing the development of the battery storage market.  

 

In the Philippines, it is against the law for generation companies to own more than 25% of the installed 

capacity nationwide or more than 30% of the installed generation capacity on each of the island country’s 

grids (Colthorpe, 2022). As major generation companies are presently the first investors in large-scale 

battery storage in the Philippines, they may be hindered from implementing battery storage if it implies 

that threshold will be exceeded. The Philippines Department of Energy (DOE) and authorities are reviewing 

the ownership regulations for grid-connected ESS. 
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There is also a growing recognition of the need to redefine energy storage and facilitate investment in 

grid-connected ESS. The DOE classified at least four energy storage technologies, including BESS, 

Compressed Air Energy Storage Systems (CAES), Flywheel Energy Storage Systems (FESS), which are 

expected to enhance the country’s ESS capacities in the near future (VELASCO, 2023). 

 

5.7. Thailand 

5.7.1. Overview 

Thailand is ranked no. 4 in Asia and no. 3 in ASEAN (after Singapore and Malaysia) and is considered a 

“Leader” by the World Economic Forum in its Energy Transition Index, an index which ranks countries on 

the performance of their ability to incorporate renewable energy into the grid. Additionally, Thailand, the 

largest producer of solar energy in Southeast Asia, aims to increase the proportion of renewable energy 

used to produce electricity to 50 per cent in 2050, up from 20 per cent in 2021 (Economic Development 

Board, 2022)  

 

Historically, similar to most other Southeast Asian countries, energy generation in Thailand has mostly 

been produced by burning fossil fuels. Aligned with the global aspiration of net-zero, Thailand has affirmed 

their commitment for renewable energy to make up at least 30% of power generating capacity by 2037, 

up from the current 14.9% in 2022. This 14.9% of renewable energy generation can further be broken 

down to 30% biomass, 25% hydropower, 24% solar, 13% wind and 8% waste and geothermal.  
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Figure 5.7.1: Breakdown of Thailand’s Energy Market (IRENA, 2020) 

 

Thailand has a relatively diverse installed renewables base, not relying on a single primary generation 

source such as hydropower or solar like many regional neighbours (Modi & Lackovic, 2021). Recent 

expansion has focused on wind and solar technologies, with impressive annual growth of 89% and 83% 

respectively over the last decade. 

 

While future projections show notable headwinds for wind power, solar is predicted to increase sevenfold 

from 2,633 MW in 2021 to 14,864 MW in 2037. The Ministry of Energy’s (MOE) Power Development Plan 

2023 (PDP23) outlines that solar offers the clearest opportunity for significant renewable energy 

development.  
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Solar presents the most attractive path for financial institutions and investors, driven by the government's 

overarching commitment to advancing renewable energy at a national level. Additionally, it is bolstered 

by various incentives designed to attract and reward investors. 

 

5.7.2. Policies and Regulatory Development 

 

 

 

Figure 5.7.2: Structure of Thailand’s Power System (Energy Regulatory Commission, 2012) 

 

The energy sector in Thailand is governed by the Ministry of Energy and Managed by the National Energy 

Policy Council (NEPC). NEPC’s main objective is to develop and suggest national energy policies to the 

government. The Energy Policy and Planning Office (EPPO) is responsible for drafting energy related 

policies for the NEPC. The energy sector in Thailand is regulated by the Energy Regulation Commission 

(ERC), an independent entity which reviews tariffs, issues licences, approves power purchases and reviews 

energy market conditions.  

 

The energy market in Thailand follows a single-buyer model. State-owned utility, Electricity Generating 

Authority of Thailand (EGAT), allows limited private sector participation in electricity generation while 
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maintaining control over system planning and pricing. EGAT owns and manages the majority of the 

nation’s electricity production capabilities, as well as the entire transmission infrastructure. EGAT sells all 

the power it generates to two state-owned enterprises, namely the Metropolitan Electricity Authority 

(MEA) and the Provincial Electricity Authority (PEA) who distribute power to the end users. EGAT sells 

power to these entities at a regulated rate set by the EPPO.  

 

The government has allowed the private sector to engage in renewable energy power generation. The 

small power producer program allows private developers to build, own, and operate renewable energy 

power projects and to enter into power purchase agreements with EGAT. Under a separate program for 

very small power producers, private firms generating less than 10 MW of renewable energy can sell power 

to MEA or PEA. Small and very small power producers using renewable energy are eligible for a FiT on top 

of the wholesale electricity price. 

 

EGAT has realised the importance of integrating future renewable electricity generators into the power 

grid development plan. As stipulated in PDP 2015, EGAT has the obligation to purchase all the electricity 

generated from renewable energy sources (IRENA, 2017). This requires EGAT to upgrade and expand its 

transmission networks to be capable of accommodating a growing share of renewable energy (Asian 

Development Bank, 2016).  

 

The Thai government has developed The National Energy Plan, or NEP (2018-2037), is a long-term energy 

plan that provides strategic energy directions and guidelines by combining top-down and bottom-up 

methodologies, with the goal of reaching 50% renewable energy share of all energy types by 2050 

(Praiwan, 2022).  
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The Thai government also supports renewable energy investment projects through The Board of 

Investment (BOI) for tax incentives and The Energy Conservation Promotion Fund (ENCON) for project 

financing. The ENCON fund is funded by levies imposed by the government on petroleum products. These 

incentives were developed to encourage investment in utility scale renewable energy-related projects as 

well as to incentivize individual companies to invest in generating electricity through renewable means 

like solar energy for their own use (The Nation, 2023).  

 

It is one of the biggest non-budgetary funds (in terms of its annual budget) for the promotion of renewable 

energy and energy conservation in Asia-Pacific (United Nations Development Programme, 2012). These 

funds are controlled by the Thai government and provide for a wide range of solutions such as R&D, 

working capital, grants and subsidies for investment in energy conservation programs in both public and 

private sectors (United Nations Development Programme, 2012). Although the fund provides for a diverse 

range of solutions, there are specific programmatic instruments to target particular beneficiaries as 

different beneficiaries have distinct characteristics and objectives. The Energy Efficiency Revolving Fund 

(EERF) and the Energy Service Company (ESCO) Fund are two notable components under ENCON Fund 

which aim to improve access to finance, targeting the key barrier in energy efficiency and renewable 

energy projects in Thailand (Wang et al., 2013). They worked well to boost involvement among commercial 

banks and the private sector in the space of energy efficiency. 

 

5.7.3. Key Challenges   

Thailand faces three key challenges when it comes to renewable energy implementation. The first 

challenge is a fragmented authoritative structure which leads to poor planning, policy uncertainty and 

discontinuity. There is poor coordination amongst the several institutions at the top. The PDP which was 
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launched in 2018 was supposed to span from 2018-2037 but has since undergone several revisions due to 

changes in energy policy (Praiwan, 2022). 

 

Another challenge for Thailand is that they are lagging behind in solar adaptation. While Thailand is highly 

rated by the World Economic Forum (WEF) on its renewable energy transition potential, as of 2021 it was 

ranked last out of the 16 countries tracked in HIS-Markit’s Clean Power Additions Rankings – Renewable 

Additions Index (RAI). The RAI tracks renewable energy power project capacity under development in Asia 

Pacific. Only 3% of its planned energy capacity expansion in 2021 was comprised of renewables (Tractus, 

2022). So, while the potential is there, Thailand is still falling behind in its implementation of solar energy 

generation. 

 

Lastly, Thailand’s energy market is largely government owned. Thailand could benefit from liberalising 

their energy market by attracting much needed investment and competition which could see renewable 

energy technology get adopted more rapidly.  

 

5.7.4. Energy Storage Solutions  

Although Thailand is a regional leader in renewable energy, its use of energy storage is nascent. EGAT 

undertook some studies on the potential for energy storage and is piloting three battery energy storage 

installations. In May 2020, The Asian Development Bank (ADB) signed a loan with Lomligor Company 

Limited to finance a 10 MW wind power plant - the first private sector initiative in Thailand to integrate 

utility-scale wind power generation with a battery ESS capable of storing just 1.88 MW (Asian 

Development Bank, 2020). However, ESS is widely seen as a vital technology to allow for greater use of 

intermittent renewable energy (such as wind and solar) within electricity grids. Thailand would have to 
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increase its ESS capacity to facilitate its goal of having 30% of its energy generated by renewable sources 

in 2037.  

 

5.8. Japan 

5.8.1. Overview 

In order to achieve Net-Zero GreenHouse Gas emissions by 2050, Japan actively expands the introduction 

of renewable energy. The Japanese government aims to increase the country’s renewable power 

generation target from the previous 22%-24% to 36%-38% by 2030 (GlobalData Energy, 2022). Specific to 

solar power, the Japanese environment and trade ministries published the target to achieve 108GW of 

solar power capacity by 2030, up-scaling its previous 64GW target by 1.7 times (Rai-Roche, 2021). In the 

realm of battery storage, Japan has aimed to construct 3 to 4 GW of storage capacity by 2030 (Spherical 

Insights, 2023). Japan has also aimed to bolster its battery manufacturing infrastructure and operations 

both locally and globally and achieve full commercialisation of solid-state batteries by 2030. In the long 

term, the government aims to achieve carbon neutrality by 2050. 

 

Unlike many countries, Japan has limited renewable resources. The cost of generating renewable energy 

is approximately twice as high as in many European countries (Rana, 2020). In terms of solar power, its 

high price level is due to the relatively high installation and building costs, and the cost of modules and 

inverters (IRENA, 2021). To incentivize renewable energy production, Japan introduced FiTs in 2012, 

leading to rapid progress in renewable energy projects.  

 

As a result, Japan emerged as a leader in solar energy in the early 2000s and has since maintained 

installations of approximately 5 GW per year (HUTCHINS, 2023). By 2022, Japan has built 74 GW of solar 

PV installation capacity and solar PV accounted for 10% of total power generation (Ohbayashi, 2022). Solar 
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PV power has grown substantially, surging from 0.4% of overall power generation in 2011 to 6.0% in 2018 

(Clifford Chance, 2021). 

 

Besides energy production, power grid infrastructure is another essential element in promoting renewable 

energy development. Japan’s power system has sufficient capacity to accommodate a larger proportion 

of renewables than is currently provided for in the government’s 2030 targets, while still maintaining grid 

stability (Merk et al., 2018). 

 

5.8.2. Regulatory development 

The energy industry in Japan is regulated by the Ministry of Economy, Trade and Industry (METI). METI 

aims to create responsible energy policy, overcome resource scarcity, foster competition in the private 

sector, and leverage energy-saving and environmental technology. 

 

To enhance solar energy generation, the Japanese Ministry of the Environment has announced a budget 

of ¥300 million for solar power generating projects developed on farms, reservoirs, and garbage disposal 

sites (Bhambhani, 2022). As part of the ¥116.2 billion subsidies, the metropolitan government is promoting 

the installation of solar panels on buildings by lowering the initial installation cost (KYODO NEWS, 2022). 

 

In a concerted effort to bolster its renewable energy storage development, the government has enhanced 

its storage battery industry strategy. First, it seeks to strengthen the manufacturing infrastructure for 

liquid lithium-ion batteries through substantial investments, the procurement of resources, and the 

establishment of a domestic manufacturing base. It would subsidise up to half the costs of mine 

development and smelting projects of Lithium and rare-earth metals to support battery development 

(Nikkei Asia, 2023). Japan provides up to $1.8 billion in subsidies for storage battery and chip projects 
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(Leussink, 2023). Second, it aims to expand the global presence of prominent companies by strategically 

establishing overseas operations utilising Japanese technology (Zissler, 2023). Lastly, Japan aims to achieve 

full-scale commercialisation of all-solid-state batteries by 2030 so as to maintain its technological 

leadership (METI, 2022). 

 

5.8.3. Key Challenges 

With the accelerated construction of solar PV panels, there is less land available for solar power projects 

and solar is beginning to compete with agriculture and other industries. To overcome the limited land size, 

Japan has shifted its focus on rooftop solar. It plans to increase solar power prices on corporate building 

rooftops from fiscal 2024 to stimulate renewable energy investment. The plan proposes 12 yen per kWh, 

20-30% higher than open land solar power rates (Nikkei Asia, 2023). In addition, it has started to develop 

floating solar systems. Led by SolarDuck, Tokyu Land, and Everblue, Japan would complete its first offshore 

solar farm with 88kW capacity by 2024. Generated electricity will be transported by autonomous vessels 

for urban consumption (Lee, 2022).  

 

In the realm of energy storage, Japan’s supply chain vulnerabilities become apparent, notably 

stemming from the concentration of essential mineral reserves and manufacturing capacities in 

specific global regions. In the context of lithium-ion batteries, the dominating storage technology, 

crucial raw materials like lithium and cobalt, and manufacturing capacity, are highly concentrated in 

a few countries (Zissler, 2023). This poses substantial concerns regarding energy security. 
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Figure 5.8.1: Lithium-Ion Battery Manufacturing Capacity by Country in 2022 (%) (Zissler, 2023) 

 

In order to secure manufacturing infrastructure for materials and cells, the regulatory bodies have set 

quantifiable targets to spur the development of battery manufacturing both locally and globally. Japan’s 

2022 Battery Industry Strategy aims to increase domestic battery and battery material manufacturing 

capacity to 150 GWh, while globally targeting 600 GWh annually by 2030 (Zissler, 2023). To achieve these 

goals, the government intends to invest a total of 3.4 trillion in public-private partnerships to provide 

financial support. This includes permitting the Japan Oil, Gas, and Metals National Corporation to provide 

up to 75% of the funding for vital raw material procurement initiatives (Zissler, 2023). In addition, 

emphasis would be placed on strengthening international collaboration, cultivating a skilled workforce, 

and attaining significant recycling rates for lithium and cobalt, all of which contribute to the sustainable 

production of batteries. 

 

5.8.4. Energy Storage Solutions 

Japan’s stationary battery market is set to surge from ¥1 trillion in 2019 to ¥7 trillion by 2030, a 16-fold 

increase. A prime example of this growth is the GS Yuasa-Kit Toyotomi Substation project, Japan's largest 

China, 78.5%

Poland, 6.3%

USA, 5.8%

Hungary, 3.4%

Japan, 1.1% Rest of the World, 5.0%



 

 63 

ESS, featuring a 240,000 kW lithium-ion battery system with a 720,000 kWh capacity (Power Technology, 

2023). 

 

 

Figure 5.8.2: Stationary Use and In-vehicle Battery Market Size (GWh) (Kidmo et al., 2020) 

 

The Japanese government has taken proactive steps to promote battery storage adoption. Power utilities 

are required to make their infrastructure accessible to externally operated ESS. Moreover, the 

government provides subsidies covering as much as 50% of the cost of battery storage systems, which 

seek to increase the cost competitiveness of battery storage solutions relative to other energy storage 

methods (EBUCHI, 2022). Specifically, the cabinet aims to reduce the cost of industrial-grade stationary 

batteries to one-fourth by 2021 from the level of 240,000 yen ($2,100) per kilowatt-hour in fiscal 2019 

(TSUGE, 2022). Moreover, Japan transitioned from 20-year flat subsidies to premiums in April 2022, 

spurring battery investment by creating opportunities for price arbitrage in the electricity market (Zissler, 

2023). In addition, a vanadium redox flow battery's lifespan in Japan could potentially extend to 200,000 

cycles, greatly exceeding the industry standard of 10,000 cycles (Hu et al., 2017). 
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Furthermore, Japan has initiated its inaugural commercial utility-scale BESS project this year. These 

projects, featuring 2 MW capacity and a 4-hour duration, were granted government subsidies in 2021 and 

have now commenced commercial operations (Colthorpe, 2023). This development, which enables energy 

trading and participation in power markets, represents a significant milestone in Japan's pursuance of 

renewable energy development. 

 

5.9. Indonesia 

5.9.1 Overview 

Indonesia is an equatorial archipelago nation with year-round sunshine. The nation's unique combination 

of latitude, longitude, geographic diversity, seasonal changes, and temperature allows a consistently high 

amount of solar radiation to enter the atmosphere (Kabir et al., 2017). Indonesia also enjoys cost-

competitiveness of battery productions and it can produce batteries for up to 8% less than China with its 

abundant nickel-cobalt reserves, low labour costs, and affordable electricity (Bloomberg, 2020). As a result, 

the nation holds vast potential for renewable energy. 

 

From the current level of a renewable mix of 10%, Indonesia has set goals to more than quadruple and 

reach 23% of renewable energy in the whole mix by 2025 and attain net zero emissions by 2060 (Zhu & 

Wijaya, 2023). In terms of solar energy, Indonesia has a significant potential to produce a capacity of more 

than 207 GW (Tambunan, 2020). The country also intends to contribute to the production of green 

hydrogen, targeting a generation capacity of 328 MW between 2031 and 2035 (Hydrogen Indonesia, 2022). 

 

Through government-led renewable energy initiatives, the country had successfully installed 12,736.7 MW 

in EBT electricity Plants (PLT), including 322.6 MW from solar electricity as of the first half of 2023(Chandak, 

2023). Regarding power grid infrastructure, the government plans to expand renewable energy 
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integration and increase its capacity for variable power from renewable sources from 5 GW to 28 GW 

(Chandak, 2023). 

 

 

Figure 5.9.1: Solar Capacity Addition Plan in RUPTL 2021-2030 (Bagaskara et al., 2022) 

 

However, despite incentives and regulations, solar energy generation has progressed more slowly than 

expected. Indonesia's solar deployment has only reached 0.2 GWp* by Q3 2022, with a contribution of 

power output of less than 1% (Bagaskara et al., 2022). Potential hindrances to solar expansion include 

delays in planned capacity additions, a lack of solar auctions, and a preference for partnering with 

regulators over open auctions in floating solar projects (Bagaskara et al., 2022). As a result, the 

achievement of the 23% renewable energy target by 2025 is at risk. 
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Figure 5.9.2: Indonesia Primary Energy Mix 2011-2022 (Bagaskara et al., 2022) 

 

5.9.2 Regulatory development 

In Indonesia, the Ministry of Energy and Mineral Resources (MEMR) is the major regulatory body in charge 

of developing and enforcing regulations for renewable energy. On the other hand, Indonesia’s electricity 

market is fully controlled by state-owned National Electricity Company (PLN). It has full powers over 

transmission, distribution, and supply of electricity. 

 

Specific to solar power, Indonesia is temporarily loosening rules that are impeding its growth, enabling 

solar projects to use imported supplies up until 2025. This action is intended to hasten the nation's switch 

to cleaner energy sources and is consistent with its goal of achieving net-zero emissions by 2050. This shift 

is a component of a bigger agenda for policy reform from the draft investment plan for the $20 billion Just 

Energy Transition Partnership (JETP), an initiative sponsored by President Jokowi in partnership with US 

President Joe Biden and other developed nations (The Straits Times, 2023). 

 

To incentivise investment in renewables, the government adopts several measures including tax 

holidays, tax allowance, and import duty facilities. Investors may enjoy a corporate income tax cut up to 

100% for 5-20 years based on investment amount (Asia Development Bank, 2020).  
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However, there is an absence of specific regulatory frameworks for energy storage. 

 

5.9.3 Challenges 

Despite established targets for the development of renewable energy, the slow policy and regulatory 

improvements has led to stagnant investment growth. This problem has been significantly exacerbated by 

delays in the stipulation of the New and Renewable Energy Bill and the Presidential regulation on 

renewable energy tariffs (Bagaskara et al., 2022). Investments in renewable energy were just under 35% 

of the objective as of Q3 2022, totalling USD 3.97 billion (Bagaskara et al., 2022). This has resulted in the 

slow expansions of both renewable energy sources and batteries. The recent adoption of Presidential 

Regulation (PR) 112/2022 has been crucial in promoting investment in solar energy. It provided clarity on 

the procurement process and the electricity purchase price mechanism for renewable power plant 

projects (IESR, 2021), which could potentially encourage investors to participate in solar power investment. 

 

 

Figure 5.9.3: Energy Sector Investment Realisation vs Target (Tampubolon et al., 2021) 
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The investment in grid-connected PV systems has also been significantly hampered by the lack of 

government incentives. Potential investors are deterred from investing in these projects due to the 

lengthy 17.6-year duration needed for a return on investment (Tarigan et al., 2015). Indonesia has 

implemented a FiT policy to create a higher selling price of electricity produced by solar PV, encouraging 

the development of solar power. These tariffs are established using PLN's marginal production costs for 

power and include a predetermined return rate for investors (Hasan & Wahjosudibjo, 2014). These 

financial incentives for solar energy production are crucial in luring solar power investments and have 

been effective in spurring the growth of distributed grid-connected PV systems. 

 

5.9.4 Energy Storage Solutions 

With its extensive archipelago of more than 13,000 islands, Indonesia faces unique difficulties in the design, 

development, and administration of power networks. Due to geographic constraints, a seamless linkage 

of every large power network to a single national grid is not feasible. Off-grid systems with BESS are being 

used as a solution to this problem. These BESS applications use solar energy to give rural places a 

dependable 24/7 electrical supply (Tampubolon et al., 2021). 

 

Additionally, BESS development is accelerated by international partnerships. Notably, private businesses 

inked three agreements in October 2021 to export solar energy from Indonesia's Riau Islands to Singapore. 

The agreements aim to provide electricity from 8.67 GW solar power coupled with 12 GWh BESS to 

Singapore (Tampubolon et al., 2021). Such collaborations are encouraging a wider deployment of battery 

storage technologies throughout Indonesia's energy sector. 
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Lastly, due to the high expense of producing electricity from Li-ion batteries for utility-scale solar PV, the 

authority would begin to examine redox-based batteries made of vanadium or cerium (13 cent per kWh 

for lithium, while only USD 3.5 cent per kWh for redox). 

 

5.10 China 

5.10.1 Overview 

China is the world’s largest power generator. Its renewable energy sector is undergoing rapid growth. 

President Xi is committed to achieve carbon neutrality before 2060 (Climate Action Tracker, 2023). In 2021, 

China has set an ambitious goal for renewable capacity, which includes wind, solar, hydro and nuclear 

energy, to exceed fossil fuel capacity by 2025 (Wu, 2022). So far, they have marked an early achievement 

of this target: as of June 2023, China’s non-fossil fuel energy sources make up 50.9% of the country’s power 

capacity (Reuters, 2023). In the first half of this year, the country’s installed capacity of renewable energy 

has surpassed 1.32 billion kilowatts. 

 

The growth is especially strong in solar and wind production capacity. According to a report by Global 

Energy Monitor, China is set to double its capacity and produce 1200 GW of energy through wind and solar 

power by 2025, reaching its 2023 goal ahead of time. As of 2023 Q1, China’s utility-scale solar capacity has 

reached 228GW, more than the rest of the world combined (Hawkins & Cheung, 2023). Bloomberg 

forecast on China’s solar capacity this year has risen from the previous estimate of 129GW to 154GW 

(Bloomberg News, 2023). Beside solar energy, the stride in wind capacity is also huge, with combined 

onshore and offshore capacity as of June 2023 surpassing 310GW, twice of 2017 level and at similar level 

as the next top seven countries combined (Hawkins & Cheung, 2023). It is expected to add another 371 

GW of wind capacity before 2025, increasing the global wind fleet by about half (Hawkins & Cheung, 2023). 
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However, it is interesting to note that installed thermal capacity still takes up more than half of the total 

installed capacity as of April 2023, reaching 1,345 GW, 51% of the share of installed capacity (Dong et al., 

2023).  

 

 

Figure 5.10.1: China National Installed Capacity as of April 2023 (National Bureau of Statistics of China, 

2023) 

 

Technological advancement serves as one main driver for China’s energy capacity expansions. One prime 

initiative would be offshore floating solar panels, where solar panels are installed at a distance from 

shores. China has successfully built solar farms in the Yellow Sea, around 30 kilometres off the coast. 

While systems made to resist 10-metre swells may take up to three years to be refined in China, with 

continued research and investment, ocean-based solar panels capable of managing waves up to 4 

metres might become commercially viable within a year (Bloomberg, 2023). However, the harsh marine 

environment’s implications for the reliability of components and devices remains one specific problem 

to be addressed (Jiang et al., 2023). 
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Figure 5.10.2: China’s Floating Solar Power Platform at Bohai Bay (Xu, 2023) 

 

Apart from leading the renewables production, China is also the leader in energy storage market, with 

favorable policies and an open window for foreign investors (Wu, 2022). Haitong Securities expects China 

to have a total renewable energy storage capacity of 97 GW, with with a 49.3% compound annual growth 

rate from 2023 to 2027, citing data from China Energy Storage Alliance (CNESA) (Haitong Securities, 2023).  

 

5.10.2 Policy and Regulatory development 

China has been investing heavily in renewable energy space and contributed to more than 90% of the 

global increase in energy investment since 2021 (Dong et al., 2023). These investments are used in in 

ramping up renewables production capacity, building large wind, solar and hydro plants, and giving out 

financial incentives to meet a target of peak carbon emissions before 2030 (IEA, 2023).  

 

Over the past decade, the government has been giving generous incentives in the renewable energy sector 

to boost private sector participation, such as FiTs for various renewable energy sources, wind and solar 
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subsidies, tax incentives including reduced income tax and value-added tax rates for renewable energy 

companies and projects, and electrical vehicle incentives (China Dialogue, 2022).  

 

On the regulatory side, the government implemented various policies to develop the renewables market. 

FiT for solar and wind energy has been a key policy in China’s financial framework to promote renewable 

energy (Song et al., 2023). Although China ended FiT for solar and wind projects in 2021, as projects 

became increasingly cost-competitive with other energy sources, it still serves as a great case study for 

other countries to learn from. Implementation wise, the national price regulator NDRC set different FIT 

rates for varied renewable projects, which reflect different costs to tap into these resources (China 

Dialogue, 2022). The pricing formula is a cost-based model, considering the regional average project cost 

and a fixed internal rate of return (IRR) at usually 8% (China Dialogue, 2022). Price signals sent via FiT 

policies have provided stable returns for renewable energy projects, driving long-term growth for China’s 

renewable energy market (Song et al., 2023), serving as a major driver behind the early take-off of 

renewables installations.  

 

Additionally, it introduced Renewable Portfolio Standards in 2019, which requires some provinces and 

cities to source a certain percentage of energy from renewables, which serves to create a demand for 

renewable energy (Bu & Zhang, 2020). In a joint statement posted in May 2022, the authorities allowed 

energy companies to buy and sell electricity directly in China’s power markets, opening doors for more 

profitable energy storage investment (China Briefing, 2022). The authorities also called for provincial 

authorities to create price mechanisms that can entice power companies to participate in the market 

(China Briefing, 2022). 
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Furthermore, China has been welcoming foreign investors in the field of renewables. According to current 

effective Catalogue of Industries for Encouraging Foreign Investment 2020 Version and the proposed 2022 

draft, foreign investors are generally not restricted to access this sector while R&D and application of large 

energy-storage technologies are especially encouraged for foreign investment (Zhou, 2022). Moreover, 

the government is also actively promoting international cooperation through joint R&D, standards setting, 

and infrastructure construction.  

 

Most recently, in 2022, China has established specific targets and roadmaps for renewable energy 

development via the 14th “Five-Year Plan” on Modern Energy System and Renewable Energy 

Development respectively (Jing, et al., 2022). The Plan emphasises the link between China’s climate 

commitments, energy transition, and energy supply security; establishes detailed targets for primary 

energy mix, power generation rate, electrification rate, and more; and represents a shift from the previous 

focus in the 13th FYP on air pollution control (Zhou, et al., 2022). Achieving the targets can reduce up to 

2.6 gigatons of carbon emissions annually, equivalent to almost a quarter of China’s total carbon emissions 

in 2020 (Zhou, et al. 2022). 

 

Apart from setting targets, the plans highlight the following key implementation actions: 1) Increase solar 

and wind power generation in China’s renewable-abundant West and distributed generation for local 

consumption along the East Coast; 2) Expand off-shore wind; 3) Develop energy storage of big hydro 

systems; 4) Optimise renewable layout in different regions, and establish new technologies and business 

models; 5) Integrate renewable centres and microgrids in rural areas for poverty alleviation and rural 

revitalization (Zhou, et al., 2022). 
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5.10.3 Key Challenges 

Although China’s renewable sector has seen substantial growth, the blistering pace of plant installation 

has not been matching up with the usage capacity, which has led to a significant portion of renewable 

energy produced being wasted (Wu, 2022). Almost 12% of power generated by wind turbines in Inner 

Mongolia in 2022 was wasted because the grid could not absorb it, along with 10% of solar power in 

Qinghai (Economic Information Daily, 2022). In sunny and windswept but sparsely populated Gansu 

province, the utilization rate of wind and solar power could drop below 90% this year from nearly 97% in 

2021 (Bloomberg News, 2022). 

 

Another major challenge along the energy transition journey is the grid inflexibility in transferring energy. 

The Kela plant is located in the sparsely populated west side of China, where more than three-quarters of 

coal, wind and solar power is generated. However, the majority of energy consumption is located in the 

east side. Transporting energy thousands of miles across the country results in inefficiencies (Hawkins & 

Cheung, 2023). Outdated electricity grid added to the uncertainty in power supply especially during 

extreme weather. In recent years, record heatwaves and drought crippled hydropower stations, resulting 

in power crunches that brought factories to a halt (Reuters, 2022).  

 

In addition, although some renewable technologies in China are mature, most are not yet commercially 

competitive. For example, despite an over 40% decline over the past years, the cost of offshore wind 

remains more than double that of onshore wind. Others, such as CCUS and green hydrogen, are still in 

development stages (Xu, 2023). 

 

Furthermore, policy uncertainties in renewable energy might undermine investor confidence and 

insufficient economic incentives may crowd out private sector participation. There are still many loopholes 
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during the implementation of China’s renewables subsidy policies, such as fragmented and uncertain 

institutional policies, lack of procedural regulations and delayed subsidy fundings (Song et al., 2022). 

 

5.10.4 Energy Storage Solutions 

Most investments on ESS have been concentrated on batteries and the government has set the tone to 

support all forms of batteries, including sodium-ion, novel lithium-ion, lead-carbon, and redox flow. 

Overall, the installed capacity of renewable energy storage (mostly in the form of batteries) reached 12 

GW as of May 2023 (Hayley, 2023). Lithium-ion BESS in China is widely deployed and highly 

commercialised, which led to significant cost reduction and performance improvements (Bian, 2023).  

 

 

Figure 5.10.3: Cumulative Installed Capacity (MW%) of Electric Energy Storage Projects Commissioned 

in China as of June 2023 (China Energy Storage Alliance, 2023)  
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On the policy front, the integration of ESS and renewable energy such as solar PV and wind was given 

priority. Development of ESS in distributed microgrids and distribution and transmission was also given 

attention. The government has been exploring cost recovery mechanisms to support the development of 

stationary energy storage powered by wind and solar energy, by incorporating electrochemical and 

compressed-air energy storage into ancillary services in the power market (NEA, 2021). Establishing 

connection between stationary energy storage projects and the power market helps to reduce financing 

burden on power grid companies (Bian, 2023).  

 

Building upon those developments, China’s 14th Five-Year-Plan 2022 for Energy Storage calls for a wider 

ecosystem of government and private entities to build the energy storage sector and emphasises the role 

of market forces, including generation utilities and independent service providers, in investing in storage 

projects (NDRC & NEA, 2022). More specifically, the plan outlines collective development of various new 

energy storage technologies, including compressed air, hydrogen, battery, and thermal energy, aiming to 

be self-sufficient in the key areas of renewables storage (Wu, 2023). It also sets out ambitious targets for 

the development of 30GW from non-pumped hydro energy storage technologies as well as their 

commercialization and large-scale implementation by 2030. Following the plan, more than 20 provinces 

have announced plans to install ESS over the past year, with combined capacity over 40 GW (Wu, 2023). 

 

This year, to avoid power outages that heavily affected the nation last year, China is trying to improve 

flexible power transmission in its grid system. Facing decreased output from hydropower plants, the 

government has rationally optimised power transmission between provinces to send more power to the 

drought-stricken southwest (Hayley, 2023).  
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5.11 South Korea 

5.11.1 Overview 

Electricity demand in Korea is forecasted to increase by 31% by 2035 and 113% by 2050 compared to 2020 

levels (Park et al., 2023). This year, the new president Yoon Suk-yeol has revised Korea’s emission target. 

The country's total reduction target kept unchanged at 40% of 2018 levels and plans to secure spaces to 

capture and store 1 billion mt of CO2 by 2030 (Yep & Lee, 2023). However, as of 2022, electricity 

generation was still heavily reliant on coal and LNG and less than 10% was generated from renewables 

(Statista, 2023). 

 

 

Figure 5.11.1: Distribution of Power Generation in South Korea in 2022 (Statista, 2023) 

 

The government has been committed to increasing renewable energy supply in the energy mix and 

developing its nascent hydrogen industry, with priority being energy security. In July 2020, they passed a 

Green New Deal as part of the pandemic recovery package, which was a remarkable move for green energy 

Coal , 32.5%

Nuclear, 29.6%

LNG, 27.5%

Renewable and others, 9.4%
Hydro, 0.6% Petroleum, 0.3%
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transition (IEA, 2020). They have set a goal of net-zero by 2050 and cutting greenhouse gas emission by 

40% by 2030 (Tachev, 2023).  

 

However, looking at the current energy mix, the country is likely to be still reliant on fossil fuel by 2030. 

Without robust plans and concrete short-term milestones, the country faces high risk of not reaching its 

emission targets (Tachev, 2023). 

 

 

Figure 5.11.2: South Korea’s Overall Rating Being Highly Insufficient (Climate Action Tracker, 2023) 

 

Most of the renewable energy in Korea is in the form of solar energy. With cutting-edge technology, it has 

become the only country to compete with China in high efficiency-based advanced solar energy market 

(Lee, 2022). It has successfully developed Perovskite solar cell material in 2021 and broke the record 

efficiency of 25.2%. Korea is investing heavily to develop tandem solar cell technology targeting above 30% 

efficiency (Lee, 2022). 
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5.11.2 Policies and Regulatory Development 

Back in 2020, Korea has launched the 5th Basic Plan on Renewable Energy, with a goal to move into the 

low-carbon economy and deploy 84.4 GW renewable energy facilities by 2034 to create the ecosystem 

incorporating renewable energy as main power source (Lee, 2022). Ultimately, the country is aiming to 

have renewable energy account for 25.8% of total energy mix by taking a long-run strategic view (Climate 

Policy Database, 2022). 

 

 

Figure 5.11.3: South Korea 5th Basic Plan on Renewable Energy - December 2020 (Lee, 2022)  

 

Earlier this year, South Korea’s Ministry of Trade, Industry and Energy (MOTIE) finalised the bulk of its 10th 

Basic Energy Plan (Tachev, 2023). One of the highlights in the Plan is to prioritise a shift back to nuclear 

energy (World Nuclear News, 2023). This removes former President Moon Jae-in’s policy, which was 

implemented after Japan’s 2011 Fukushima Daiichi accident (World Nuclear News, 2023). MOTIE listed a 
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few priorities in the plan, including developing a stable electricity supply for energy security, achieving a 

more balanced energy mix, focusing on coal and ammonia co-firing and blue hydrogen to reduce emissions, 

accommodating renewable energy storage through an investment of about USD 36 billion and expanding 

the grid (Tachev, 2023). 

 

Another key initiative the government has been implementing since 2019 is the global RE100 (Renewable 

Electricity 100%) - a volunteer campaign promoting using renewable energy to produce electricity in the 

private sector, led by the Carbon Disclosure Project under the leadership of MOTIE (RE100, 2023). It has 

encouraged implementation of the Korean-style RE100 for domestic companies by way of renewable 

energy procurement including green premium, Renewable Energy Certificate purchase, third party Power 

Purchase Agreement, and self-generation (Lee, 2022). Due to the high dependency of industries on trade, 

RE100 implementation has been seen as a necessity rather than an option for companies. As of May 2022, 

more than 369 companies volunteered to participate in the campaign. The number of participating 

companies are on the rise year after year (Lee, 2022).  

 

5.11.3. Key Challenges 

Despite the government’s efforts to develop RE, Korea’s current power system reliability and electricity 

maintenance standards do not address system inertia issue (Park et al., 2023). System inertia is a measure 

of a power system’s ability to resist frequency disturbances. Lack of system inertia can lead to unreliable 

frequency in power supply and cause generators to trip, leading to power outages (Linaro et al., 2023). 

 

Congestion and delays in grid interconnection pose another challenge. In Korea, regions with abundant 

renewable energy resources and the areas with high electricity demand are far apart. Existing transmission 

capacity is limited, which can lead to severe congestion on the transmission system without significant 
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reinforcement (Park et al., 2023). In Korea, delays in grid interconnection are common, and most of them 

are due to bottlenecks in planning and implementation processes, rather than technical difficulties 

(Noorfatima, 2021). 

 

Furthermore, high costs is a key barrier for renewable energy deployment in Korea. High costs are mainly 

due to expenses related to land, financing, and corporate taxes. Korea’s levelized cost of energy for 

renewable energy is only second to Japan. Lack of Korean tax incentives, combined with high capital 

expenditure requirements, multi-criteria procurement auctions, renewable energy certificate surpluses, 

and mandates for local sourcing of materials and components can severely affect the economic feasibility 

of renewable energy systems (Park et al.,2023).  

 

5.11.4. Energy Storage Solutions 

The development of South Korea's ESS was primarily driven by the 5th Renewable Energy Plan. Increasing 

transmission deferral projects by KEPCO and MOITE, renewable energy targets, growing demand for 

rooftop solar solutions, and energy security issues all contribute to the rising demand for energy storage 

market over the past years (World Bank Group, 2020). South Korea deploys various energy storage 

solutions, including mainly pumped hydro and electrochemical batteries.  

 

With rivers flowing west and south, South Korea has leveraged on its geographical advantage to build 

hydro power ESS. In 2021, the capacity was 1789 MW of pure hydropower and another 4700MW of 

pumped storage (BlackRidge, 2023). However, most hydropower plants were built 40-50 years ago, and 

require maintenance and modernising work to improve performance. The government is also undertaking 

new pumped storage power plant projects, for example, Korea Hydro and Nuclear Power, where the 

government plans to complete construction in 2031 (BlackRidge, 2023).  
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On top of pumped hydro, lithium-ion battery ESS has also seen remarkable growth in Korea in recent years, 

with conglomerate Korean companies like LG Chem, Samsung SDI and SK Group accounting for more than 

80% of total lithium-ion battery ESS market (BlackRidge, 2023). One key development took place in 2018, 

where New Renewable Portfolio standards and FiTs for solar rooftops boosted demand for ESS in 

industries, commercial and residential buildings (Kwon, 2020). The strong battery manufacturing base has 

been a solid support for battery ESS in Korea, and most lithium-ion battery ESS built in the last 10 years. 

Companies and governments are supporting R&D on batteries to improve performance, efficiency, safety 

and output. Most recently, in August 2023, South Korea launched a competitive solicitation for large-scale 

ESS on Jeju Island (Colthrope, 2023). This project is expected to open up a “central contract market” for 

battery energy storage. 

 

 

 

 

 

 

 

 

 

 



 

 83 

6. Synthesis of Literature Review 

6.1 Governance and Policy Making  

Countries Short and long-term objectives 
Objectives are quantifiable and 

achievable 
Players Involved 

Singapore • Short-term: Singapore plans 

to deploy 2 GWp of solar 

energy by 2030 which would 

account for 3% of total energy 

demand To accommodate 

this, Singapore planned to add 

200 MW of ESS by 2025 

• Long-term: Singapore has also 

pledged their commitment to 

net-zero by 2050 

• Objectives are quantifiable 

and achievable 

• Frameworks and plans put in 

place look robust and provide 

assurance that targets will be 

met 

• Energy Market Authority 

(EMA) 

• Ministry of Sustainability 

and the Environment 

(MSE) 

Thailand • Short term: National Energy 

Plan (2018-2037) was 

developed to help achieve 

targets 

• Long term: Thailand has 

affirmed their commitment 

for renewable energy to make 

up at least 30% of power 

generating capacity by 2037 

• Objectives are quantifiable 

and achievable as the Thai 

government has developed 

The National Energy Plan, or 

NEP (2018-2037) 

• However, the fragmented 

authoritative structure has led 

to inefficient planning and 

multiple revisions of the NEP 

as policies keep changing 

• Ministry of Energy 

(MOE)  

• National Energy Policy 

Council (NEPC)  

• Energy Policy and 

Planning Office (EPPO) 

• Energy Regulation 

Commission (ERC) 
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• Electricity Generating 

Authority of Thailand 

(EGAT) 

Vietnam • Short-term: In its Solar Power 

Development Plan, Vietnam 

aims to build rooftop solar 

panels on 50% of office and 

residential buildings by the 

end of the decade. Wind, 

solar, hydropower, and 

biomass will make up 48% of 

Vietnam's installed capacity 

by 2030 

• Long-term: Wind, solar, 

hydropower, and biomass will 

make up 63% of Vietnam's 

installed capacity by 2050 

• Objectives are quantifiable 

and achievable 

• However, there hasn't been 

any regulatory advancement 

made specifically for the 

implementation of ESS 

• Ministry of Industry and 

Trade of Vietnam (MOIT) 

• Electricity and 

Renewable Energy 

Authority in Viet Nam 

(EREA) 

India • Short-term: India has an 

ambitious goal of increasing 

its solar capacity by six times, 

to 450 GW, by 2030. It has 

launched the national energy 

storage mission, with a robust 

target of 40 GW storage 

capacity by 2025 

• Objectives are quantifiable, 

with a target of 40 GW 

storage capacity by 2025. 

• Key policy barriers currently 

include a lack of provision for 

storage energy policies and 

targeted support for early 

• Ministry of New and 

Renewable Energy 

• National Institution for 

Transforming India (NITI) 

Aayog 
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• Long-term: India aims to 

increase the capacity of solar-

based energy to 1,689 GW by 

2050 and 5,630 GW by 2070 

adopters of storage 

technologies. 

Australia • Short-term: NA 

• Long-term: Australia aims to 

generate 82% of their power 

from renewable energy by 

2030 (up from 35.9% in 2023) 

• Australia is of the most 

developed countries in 

renewable energy generation 

and have achieved most of 

their previous targets  

• Targets are quantifiable but 

not achievable. There is 

criticism regarding their goal 

of achieving 82% of 

renewable energy generation 

by 2030 

• Australian Energy 

Market Operator 

(AEMO) 

• Australian Energy 

Market Commission 

(AEMC) 

Malaysia • Short-term: The government's 

targets of achieving 31% 

renewable capacity by 2025 

• Long-term: Target to achieve 

40% renewable capacity by 

2035 

• Targets are quantifiable  

• Targets are not achievable 

due to lack of detailed policy, 

clear roadmap and strict 

implementation measures 

• Economic Planning Unit 

(EPU) of the Prime 

Minister’s Department 

• Ministry of Energy, 

Green Technology, and 

Water 

• Energy Commission 

Philippines • Short-term: NA 

• Long-term: Aligned with its 

National Renewable Energy 

• Targets are quantifiable 

• Investor perception of unclear 

government signals and 

• National Power 

Corporation 
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Program (NREP) 2020-2040, 

the Philippines aims to have 

renewables contribute 35% of 

power generation by 2030 

and 50% by 2040 

policies is evident, which 

restrains the country from 

achieving the goals 

• Energy Regulatory 

Commission (ERC) 

• National Grid 

Corporation of the 

Philippines (NGCP) 

New Zealand • Short-term: New Zealand has 

short-term objectives such as 

leveraging DER to build and 

operate the future grid, 

balancing renewable 

generation to be achieved in 3 

- 7 years 

• Long-term: The government 

has set ambitious targets, 

including achieving 100% 

renewable energy generation 

by 2030 and net-zero 

emissions by 2050 

• Targets are quantifiable and 

achievable 

• The NZ Battery Project is 

an  initiative that will offer 

thorough guidance on the 

commercial, technical, and 

environmental viability of 

various energy storage 

facilities. The project's 

feasibility studies are 

anticipated to be finished in 

2023, and solutions should be 

in place by the 2030s 

• Minister of Energy and 

Resources 

• Ministry of Business, 

Innovation and 

Employment (MBIE) 

• Commerce Commission 

• Electricity Authority 

Japan • Short-term: Its renewable 

power generation target 

increased to 36%-38% and its 

solar power capacity target 

rose to 108GW by 2030 

• Long-term: It aims to achieve 

carbon neutrality by 2050 

• Both renewable energy 

generation and storage 

objectives are quantifiable 

and achievable. Japan has 

aimed to construct 3 to 4 

gigawatts of battery storage 

capacity by 2030 

• Ministry of Economy 

• Trade and 

Industry(MEIT) 

• The Japanese Ministry of 

the Environment 
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Indonesia • Short-term: Indonesia has set 

goals to more than quadruple 

and reach 23% of renewable 

energy in the whole mix by 

2025 

• Long-term: The country aims 

to attain net zero emissions 

by 2060 

• Targets are quantifiable 

• However, goals are unlikely to 

be achieved given Indonesia’s 

slow progress in renewable 

energy development 

• Ministry of Energy and 

Mineral Resources 

(MEMR) 

• State-owned National 

Electricity Company(PLN) 

China • Short-Term: By 2025, 

Renewable capacity to exceed 

fossil fuel capacity (Already 

achieved in 2023) 

• Updated NDC targets by 

2030: 

o Peaking carbon dioxide 

emissions by 2030 

o Lower carbon intensity by 

65% from the 2005 level 

o Cut share of non-fossil 

fuels in energy 

consumption to 25% 

o Increase forest stock 

volume by around 6 billion 

cubic metres in 2030 from 

the 2005 level 

• Highly quantifiable, with 

established targets and 

roadmaps in 14th “Five-Year 

Plan (FYP)” 

• Energy-related NDC targets 

are achievable, current 

progress set to overachieve 

targets 

• Current policies but are not 

yet sufficient to ensure China 

meets its carbon intensity 

target 

• Unable to counter growing 

energy demand and reduce 

dependence on fossil fuels 

• National Energy 

Administration (NEA) 

under National 

Development and 

Reform Commission 

(NDRC) 

• Ministry of Commerce 

• Chinese Renewable 

Energy Industries 

Association (CREIA) 

• State Grid Corporation of 

China 

• Sinohydro 
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o Increase the installed 

capacity of wind and solar 

power to over 1,200 GW 

• Long-Term: Achieve carbon 

neutrality by 2060 

South Korea • Short-Term: Share of coal in 

power production lowered to 

19.7% by 2030; LNG's share in 

power cut to 22.9% in 2030; 

Renewable sources 

responsible for 21.6% of 

power generation by 2030 

• Long-Term: Renewable 

sources responsible for 30.6% 

of power generation by 2036; 

LNG's share in power cut to 

just 9.3% in 2036 

• Highly quantifiable but largely 

not achievable 

• Looking at the current energy 

mix, the country is likely to be 

still reliant on fossil fuel by 

2030 

• Lack of robust roadmap to 

reduce reliance on fossil fuel 

• Ministry of Trade, 

Industry and Energy 

(MOTIE) 

• Korea Electric Power 

Corporation (KEPCO) 

Table 6.1.1: Overview of Renewable Energy Governance and Policy Development in APAC 
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6.2 Financial Incentives 

Countries Subsidies to R&D Subsidies to Implementation Policy incentives for investors 

Singapore • EMA provides grants to 

catalyse R&D of innovative 

technologies and solutions. 

Examples include R&D grants 

for solar, ESS, smart grid and 

other renewable energy 

• No subsidies for private sector 

to promote renewable energy 

but has taken proactive steps 

to introduce regulation when 

technologies become 

commercially viable 

• No policies, tax 

incentives or feed-in 

tariffs for renewable 

energy projects or 

investments 

Thailand • Thailand provides subsidies 

for every step of renewable 

energy  

• The ENCON fund is funded by 

levies on petroleum products. 

• The fund provides for both 

R&D programs, 

implementation and project 

financing 

• Small and very small power 

producers using renewable 

energy are eligible for a FiT on 

top of the wholesale 

electricity price 

• The Thai government 

also supports renewable 

energy investment 

projects through (BOI) 

• Incentives to encourage 

investment in renewable 

energy-related projects 

as well as to incentivize 

individual companies to 

invest in generating 

electricity through 

renewable means 

Vietnam • Subsidies for renewable 

energy R&D is lacking 

• The VEPF provides subsidies 

for renewable electricity 

produced from solar when 

• FIT3 can potentially be 

implemented at a lower 

price of $5.2 to $5.8 US 

cents/kWh. 
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production costs are more 

than the sale price 

• Corporate income tax 

and import tax benefits 

are available for projects 

in Vietnam that involve 

the development of 

renewable energy 

sources. 

India • Subsidies for renewable 

energy R&D is lacking 

• India plans to offer businesses 

establishing 4,000 MWh of 

battery storage facilities 

subsidies amounting to 37.6 

billion rupees ($455.2 million) 

and intends to provide 

substantial subsidies totaling 

$2.5 billion to large-scale 

battery manufacturers 

• There is generally a lack 

of accessible, flexible 

financing options and tax 

exemptions in renewable 

energy  

Australia • Generous subsidies for R&D 

• R&D tax Incentive (RDTI) 

program to support Australian 

industry-based R&D 

• National Reconstruction Fund 

(NRF) to offer funding for 

projects in a few areas 

including renewables and low 

emission technologies 

• Substantial funding to 

transmission projects, e.g. $75 

million for  Marinus Link 

project, $250 million for the 

VNI West project 

•  Emerging Energy Program - 

$75 million to subsidise 

energy storage projects 

• Lack of clear incentives 

for investors 
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Malaysia • Subsidies for renewable 

energy R&D is lacking 

• Net Energy Metering (NEM) 

program: consumers can 

offset their energy 

consumption with energy 

generated from their solar 

panels 

• FiTs and tax incentives to 

encourage solar PV 

projects investment 

• The government 

provides stable and long-

term contracts for 

renewable energy 

producers 

Philippines • Subsidies for renewable 

energy R&D is lacking 

• Incentives such as a seven-

year income tax holiday and 

FiTs scheme are eligible for 

renewable energy developers 

• The government also 

introduced a net metering 

system to promote usage of 

renewable energy 

• Foreign investors can 

now hold 100% equity in 

the exploration, 

development, and 

utilisation of solar, wind, 

hydro, and ocean or tidal 

energy resources 

New Zealand • There is no government 

subsidy for new electricity 

generation in New Zealand 

since renewable energy is 

already cost-competitive in 

the country 

• MBIE established funds for 

community-based renewable 

energy projects, including 

grants for the development 

costs of projects, and fund 

implementation costs 

• This initiative focuses on low-

income communities and/or 

insecure access to energy 

• The Emissions Trading 

Scheme (ETS) requires 

companies to track and 

report on their 

greenhouse gas 

emissions 

• EST increases businesses' 

investments in 

renewable energy 
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projects as they need to 

follow the government's 

requirement by reducing 

the emission unit of their 

businesses 

Japan • Generous subsidies for R&D 

• The government would 

provide two initiatives to 

expedite R&D and promote 

the use of hydrogen over the 

next ten years with up to ¥370 

billion ($3.4 billion) from its 

green innovation fund 

• Budget of JPY 300 million for 

solar power generating 

projects developed on farms, 

reservoirs, and garbage 

disposal sites 

• Subsidies to promote 

installation of solar panels on 

buildings by lowering the 

initial installation cost 

• Subsidies for storage battery 

and chip projects 

• In 2022, the ministry has 

implemented a fixed FiT 

of ¥ 10 -11/kWh for PV 

systems depending on 

their power capacity  

which will be valid for 20 

years 

Indonesia • Subsidies for renewable 

energy R&D is lacking 

• FiT policy to create a higher 

selling price of electricity 

produced by solar PV 

• Tax holidays, tax 

allowance, and import 

duty facilities. 

• Investors may enjoy a 

corporate income tax cut 

up to 100% for 5-20 

years based on 

investment amount. 
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China • Generous subsidies for R&D 

• Various subsidy programs, e.g. 

National and Provincial 

Programs to fund for research 

projects, 863 Program to fund 

R&D for various sectors 

including renewable energy, 

Clean Energy Development 

Fund to support R&D projects, 

and  

• Various government grants 

for R&D 

• FiT to provide guaranteed 

payments to RE project 

developers for electricity they 

generate 

• Tax incentives 

• Top Runner Program which 

encourages deployment of RE 

technologies by providing 

additional subsidies 

• FiT to provide revenue 

stability for investors 

• Tax incentives 

• Encouraging foreign 

investment in large 

energy-storage 

technologies through 

Catalogue of Industries 

for Encouraging Foreign 

Investment 

South Korea • Generous subsidies for R&D 

• Korea Institute of Energy 

Technology Evaluation and 

Planning offers financial 

support for R&D projects in RE 

sector 

• MOTIE’s RE R&D programs 

providing grants and other 

support for RE projects 

• Tax incentives for businesses 

involving in RE R&D 

• Green premium to encourage 

implementation of the 

Korean-style RE100 for 

domestic companies by way 

of renewable energy 

procurement 

• Renewable Portfolio 

Standards (RPS) 

• Renewable Energy Certificate 

(REC) System 

• FiT 

• Tax incentives 

Table 6.2.1: Overview of Financial Incentives for Renewable Energy in APAC 
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6.3 Technology 

Countries 
Renewable Energy Technology 

Implemented 

Renewable Energy Storage 

Technology Implemented 

New Renewable Energy 

Technology Under 

Development 

Singapore • Solar: Floating and rooftop 

solar panels 

• Biomass and municipal waste 

used for energy generation 

• Lithium-iron phosphate (LFP) 

batteries  

• R&D for hydrogen fuel 

cells  

• Geological study for 

potential geothermal 

energy generation 

Thailand • Wind 

• Hydro  

• Solar 

• NA • R&D for hydrogen fuel 

cells  

Vietnam • Hydroelectricity 

• Wind  

• Solar 

• Biomass 

• Large-scale BESS with LFP 

Batteries 

• Integration of battery storage 

with rooftop solar PV 

• Geothermal energy and 

tidal energy are at a very 

early stage 

India • Solar 

• Wind 

• Hydro 

• Large-scale BESS with LFP 

Batteries 

• Mission on Advanced 

and High-Impact 

Research: aim to 

facilitate indigenous 

research, development 

and demonstration of 

the latest and emerging 
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technologies in the 

power sector 

Australia • Solar: Rooftop solar 

• Wind 

• Hydro 

• Geothermal 

• Bioenergy 

• Marine 

• Large-scale BESS with LFP 

Batteries 

• Rooftop Solar 

• Virtual Power Plant (VPP) 

• Smart Metering System 

• Pumped Hydro 

• Sun Cable Project 

(ongoing development): 

will be the world's 

largest solar farm 

• Concentrated Solar 

Thermal (CST) 

Technology: at early 

stage of development 

Malaysia • Hydro 

• Solar 

• Wind 

• Large-scale BESS with LFP 

Batteries 

• Pilot projects aimed at 

improving conversion of 

biomass into energy  

• Designating Sarawak as a 

green hydrogen 

development hub  

Philippines • Hydro 

• Solar 

• Wind 

• Large-scale BESS with LFP 

Batteries 

• Virtual synchronous 

generator (VSG) 

technology which is 

designed to juggle large 

amounts of renewable 

energy  

New Zealand • Hydro 

• Geothermal 

• Large-scale BESS with LFP 

Batteries 

• The adoption of 

Distributed Energy 
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• Solar Resources (DER), such as 

solar PV, EVs, batteries, 

and smart appliances 

Japan • Solar: Floating and rooftop 

solar panels 

• Wind 

• Geothermal 

• Hydropower 

• Biomass 

• All-solid-state and Liquid 

Lithium-ion batteries 

(researchers have created a 

safer lithium-ion battery by 

substituting water for the 

volatile organic solvent) 

• Flow battery 

• Sodium-Sulphur (NaS) 

Batteries 

• Offshore Sea-based 

Floating solar panels by 

Q1 2024 

• Space-based solar power 

Indonesia • Solar: Floating and rooftop 

solar panels 

• Geothermal 

• Hydropower 

• Biomass 

• Wind 

• Large-scale BESS with LFP 

Batteries 

• Pumped Storage Hydropower 

• Flow battery 

• Lead-Acid Batteries 

• Green hydrogen 

production with 

estimated generation 

capacity of 328 MW 

between 2031 and 2035 

China • Hydroelectric power plants 

(largest component of RE 

production) 

• Wind power plants (second 

largest component of RE 

production) 

• Solar  

• Large-scale BESS with LFP 

Batteries 

• Expansion of Solar PV: 

Set to reach over 700 

GW by 2024 and 

increase to close to 900 

GW by the end of 2025 

• Expansion of Wind and 

Solar Capacity: Set to 
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produce 1,200 gigawatts 

of energy through wind 

and solar power by 2025 

South Korea • Hydroelectric power plants 

• Wind power plants  

• Solar  

• Large-scale BESS with LFP 

Batteries 

• Building-Integrated PV 

(BIPV) with rebates 

system 

• Hydrogen industry is 

building infrastructure to 

tap into hydrogen such 

as hydrogen cars and 

fuel cells, while adding 

infrastructure for green 

hydrogen production 

Table 6.3.1: Overview of ESS Technology Development in APAC 

 

6.4 Key Insights from Secondary Research  

Based on the literature review, we identified a few best practices across the APAC countries, which 

Singapore can reference and learn from. We categorised the synthesis of best practices and applicability 

to Singapore into three major aspects: Governance and Policy Making, Financial Incentives, and 

Technology. 

 

6.4.1 Governance and Policy Making 

In New Zealand, a thorough feasibility study for the NZ Battery Project is conducted before placing 

solutions in the 2030s. The process consists of 3 parts. It starts with feasibility studies of potential solutions 
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and identifications of options worth further evaluation. The government then designs a detailed business 

case of selected options and makes final investment decisions. Lastly, preferred options or solutions will 

be fully implemented by the 2030s. The process of strategy formulation is essential for promoting 

informed decision-making and ensuring the smooth implementation of long-term sustainable renewable 

energy initiatives. 

 

Similar to New Zealand, frameworks and targets that are set out by the EMA are clear, realistic and 

achievable. Singapore was ranked top for government effectiveness in policy making and implementation 

by the World Bank in 2021 (Ministry of Finance, 2023). Its clear guidelines for sustainable implementations 

make it possible for stakeholders to execute plans effectively and facilitate straightforward monitoring of 

progress.  

 

Japan, on the other hand, has successfully used a top-down, centralised strategy to address the technical, 

environmental, and business aspect of developing battery storage systems. Japan is concentrating its 

technological efforts on developing and improving battery production technologies to compete globally. 

In order to expand its market, the nation is aggressively supporting the development of all-solid-state 

batteries, which are thought to be next-generation technology, through joint efforts between the 

government, business, and academic community. The goal is to reach full-scale commercialization by 2030 

to tackle intensified global competitiveness. To encourage battery storage investments from developers, 

the government implemented RE feed-in premiums, as opposed to the prior 20-year flat subsidies. 

Furthermore, Japan prioritises environmental concerns, carrying out sustainability studies that include 

estimating carbon footprints, evaluating and reducing supply chain risks, and promoting reuse and 

recycling (METI, 2022). This thorough and well-rounded approach contrasts with Thailand which has a 
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fragmented authoritative structure and the nation’s energy policies, planning and implementations are 

contradictory (Sirasoontorn & Koomsup, 2016). 

 

Like Japan, the EMA is involved in every aspect of renewable energy projects from seeding R&D, selecting 

private companies to execute renewable energy projects and regulating the industry. This shows 

Singapore’s well-rounded governance and policy making when it comes to renewable energy. Its multi-

faceted planning and decision-making not only guarantees effective policy implementation and execution 

but also empowers the successful achievement of energy targets. 

 

6.4.2 Financial Incentives 

The use of financial incentives can be explored to stimulate the renewable energy and ESS sector in many 

other countries. Financial incentives can be used into three main segments: renewable energy R&D, 

renewable energy implementation, and renewable energy investment. One common incentive across 

many APAC countries is FiTs. In particular, China’s use of FiTs - successes in FiTs have spurred investment 

into renewable energy projects by providing price certainty and a cost-based compensation. This provides 

a good model for other countries to learn from.  

 

However, Singapore and New Zealand are the only 2 countries that do not implement FiT for renewable 

energy. FiTs may not be applicable in this context primarily because FiTs would have to be applied to the 

whole market, distorting the price of energy and would likely lead to higher energy prices for consumers. 

The EMA views FiT as an increased cost to consumers and distorts energy markets, sending the wrong 

price signals to consumers and investors. Furthermore, FiT is a highly costly policy, and Singapore has 

made great progress in solar energy without the use of FiTs. In Singapore, the gap in solar installation only 

lies in privately owned buildings and not the entire market. New Zealand, on the other hand, avoids FiTs 
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as the country already has abundant renewable energy and does not need to incentivise uptake and does 

not want to place upward pressure on electricity prices (Stone, 2013). 

 

Additionally, it was observed that, in countries with successful renewable energy development schemes, 

governments were generous in providing subsidies, grants and other incentive programs to incentivise 

private sector participation. Notably, Thailand’s ENCON fund provides a successful case study which could 

be replicated in Singapore’s context. It provides fundings for a wide range of solutions such as R&D, 

working capital, grants and subsidies for investment in energy conservation programs in both public and 

private sectors. With specific programmatic instruments to target particular beneficiaries, this initiative 

worked as an effective initiative for Thai development.  

 

On the contrary, Singapore has less developed incentive mechanisms for renewable energy amongst 

ASEAN countries. The EMA chooses to instead support R&D programs through grants such that renewable 

energy technologies become economically viable and thus adopted. Where projects are not commercially 

viable, like in the case of ESS, EMA partners with private companies via the Accelerating Energy Storage 

for Singapore (ACCESS) Programme. The breakdown of costs of ESS projects between the private company 

and EMA is not publicly available. Singapore’s financial incentives are mainly focused on R&D rather than 

project subsidies and implementation incentives. Singapore can learn from Thailand ENCON fund to 

provide funds for a comprehensive range of solutions in RE and establish specific programmatic 

instruments under each category.  
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6.4.3 Technology  

China has been a global leader in the adoption of floating solar due to the rapid growth in its floating solar 

industry over the past few years. One notable example is offshore solar farms in the Yellow Sea, around 

30 kilometres off the coast. With 95% of energy contributed from fossil fuels, Singapore has the obligation 

to improve renewable energy generation and floating solar is a viable measure given land scarcity in the 

country. While Singapore has built a massive floating solar farm at Tengeh Reservoir, offshore floating 

solar farms is a potential development that could enable Singapore to utilise locations out at sea to provide 

renewables (Lin, 2021). Offshore space offers opportunities for cities like Singapore with a high population 

density and limited land to tap solar energy. These areas are exposed to the sun and have low risks of theft 

or vandalism, which could be considered for Singapore to enhance renewable facilities.  

 

Australia is advanced in renewable energy development and ESS. The country is creating ESS based VPPs 

models. By improving customer outcomes and supporting local and regional electricity grids, the 

incorporation of VPP will play a vital role in the transition to renewable energy. This model is an innovative 

approach to managing and optimising distributed energy resources, including energy storage, in a way 

that benefits both individual energy system owners and the broader energy grid. VPP is specifically 

beneficial to Singapore as it could be used to balance energy fluctuations brought by solar intermittency 

at different sites. While maintaining the stability of the power system, it allows the integration of more 

distributed and sustainable energy sources, including solar power, into Singapore's energy mix.  

Residential solar panels and batteries, being an important part of Australia's VPP system, is an excellent 

example for Singapore to learn. In land-constrained Singapore, rooftops provide the most readily available 

space for the rollout of solar panels (Bandera & Gorman, n.d.) Moreover, Australia has developing 

technologies such as Vehicle to Grid (V2G), which is a new form of distributed energy. As EVs are gaining 

popularity in Singapore, V2G technology has the potential to add to Singapore's energy diversity. Lastly, 
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synergizing with VPP, Australia’s smart metering system provides a good reference for other countries. 

Smart metres provide real-time prices and consumption patterns, whereby households can be incentivised 

to cut down on usage during peak hour, or even discharge extra energy into the electricity market to earn 

financial return. This helps increase energy efficiency. Australia serves as a good example whereby smart 

metering is well incorporated into the electricity market and works in tandem with VPP. Smart metering 

can be part of Singapore’s broader efforts to enhance energy efficiency, reduce energy consumption, and 

promote sustainability. 

  

Malaysia is a leading country in renewable energy and energy storage development in Southeast Asia.  It 

has developed cutting edge technologies such as recycling of EV batteries. Prominent automakers such as 

BMW Group Malaysia are assessing the uses of retired EV batteries for energy storage purposes. Recycling 

could reduce the need for mining and extracting new resources, helping conserve valuable metals and 

minerals in Singapore. Reusing EV batteries can reduce the cost of the ESS project and improve the 

environment by lowering battery waste and carbon emissions. Lastly, as Singapore is striving to achieve a 

circular economy, recycling and reusing EV batteries can help the country reach the goal by reusing 

resources and minimising waste. 
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7. Synthesis of Primary Research 

7.1 Overview of Singapore’s Renewable Energy and ESS Solutions 

Singapore's energy landscape remains predominantly reliant on gas and fossil fuels. Although significant 

efforts have been directed towards the development of renewable energy sources, Singapore's limited 

wind resources and scarcity of available land have positioned solar energy as the most viable option. 

Despite its potential, solar energy still constitutes a relatively modest fraction of the overall energy output 

in the country. Nevertheless, Singapore distinguishes itself with its technological advancements in the 

renewable energy sector, boasting Technology Readiness Level (TRL) of 6 to 7. This achievement is 

exemplified by the adoption of highly efficient PV modules and cutting-edge innovations like floating solar 

panels. 

 

 

Figure 7.1.1: Technology Readiness Level for Renewable Energy Development 

 

Looking ahead, Singapore possesses the capacity for further expansion of its renewable energy 

infrastructure, benefiting from a robust and stable power grid, ongoing exploration of battery systems 

deployment, and favourable over-capacity conditions within the power supply sector. In addition, 

Singapore is also seen as a trusted market player for investors due to the government's commitment for 

renewable energy. However, the key challenge lies in the practical deployment of these resources. 
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7.2 Policies and Regulatory Development 

While the government has established revenue support schemes for renewable energy projects, the 

bidding process is fiercely competitive. Although some banks actively provide financing, their interest is 

limited when it comes to supporting purely green initiatives lacking commercial or financial viability. For 

projects such as ESS, constrained by Singapore's limited renewable capacity and growth potential, securing 

funding becomes highly challenging. To effectively address this issue, it is crucial to enhance government 

involvement and institute targeted financial incentives to catalyse private sector investments in renewable 

energy initiatives. For instance, government entities such as GIC and Temasek could play a pivotal role by 

leading in financing Singapore's ESS projects. Furthermore, the government could establish renewable 

energy financing targets for banks, encouraging them to prioritise projects that contribute to sustainable 

impact rather than focusing solely on financial returns. 

 

7.3 Current ESS Solutions and VPPs 

Both ESS and VPPs represent indispensable initiatives as Singapore progresses in its pursuit of renewable 

energy capacity. However, due to the current scale of Singapore's energy storage solutions, their primary 

role remains mitigating demand-side issues that may result in intermittent energy shortages, often caused 

by factors like grid congestion. 

 

While Singapore has established a transparent policy and a well-developed legal framework to support 

such advancements, questions persist regarding the sustainability of storage solutions, primarily due to 

the limited financing available for battery projects. 
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7.4 Evaluation for Potential Recommendations  

Installing batteries alongside rooftop solar panels appears to be a technically viable solution for the future. 

Similar projects have been successfully implemented by SKYE Renewables in Australia. Moreover, 

advancements in rooftop solar technology, such as those developed by companies like Solar AI 

Technologies, have the potential to significantly enhance the effectiveness of rooftop battery storage. 

However, its commercial viability faces significant challenges within the current Singapore energy market. 

Singapore's energy pricing structure, which maintains consistent volume and prices of electricity 

throughout the day, does not allow for pricing arbitrage and hence represents limited revenue incentive 

for project operators. Additionally, the initial expenses associated with installing batteries on rooftops can 

be substantial. 

The concept of reusing EV batteries holds promise, especially considering the rapid growth of the EV 

sector, which is expected to thrive for the next five years. Up to 60% of EV battery capacity can be 

repurposed for other applications in the industry. 

Another potential initiative to enhance the effectiveness of rooftop and EV battery storage involves the 

installation of smart metre systems. These systems would empower customers to actively participate in 

energy management, shifting the initiative from investors to consumers. Such an approach could become 

more commercially viable through the implementation of proper pricing mechanisms. For instance, 

customers could pay higher rates during periods of high demand and lower rates during periods of low 

demand. Energy providers could then capitalise on this pricing structure by storing energy during low-

demand periods and releasing it at a premium during high-demand intervals. This offers lucrative potential 

for energy providers to invest in battery technology. However, the adoption of such solutions would 

require Singapore to further liberalise its energy market, allowing for energy trading and arbitrage—a 

model successfully demonstrated in the United States. 
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8. Recommendations 
 

Scenario Solution Time Horizon 

Deployment of renewable 

energy is slower than expected, 

leading to no demand for ESS 

Financial incentives for privately owned buildings to 

install solar PVs and R&D to explore offshore floating 

solar in remote sea areas 

Short term 

Deployment of renewable 

energy is on track, leading to 

demand for ESS 

Installation of rooftop battery and recycling of EV 

batteries 

Short to 

medium term 

Deployment of renewable 

energy is faster than expected, 

leading to high demand for ESS 

Development of an efficient market through 

encouraging smart metering adoption and establishing 

VPP 

Long term 

Table 8.1: Possible Scenarios for Singapore's Renewable Energy Landscape 

 

8.1 Provide Financial Incentives for Privately Owned Buildings to Install Solar PVs 

Singapore saw wide scale adoption of solar PV on public buildings and public housing since 2014 as a result 

of the SolarNova program. The SolarNova program was launched in 2014. The programme is a Whole-Of-

Government effort led by the EDB and HDB to accelerate the deployment of PV systems on government 

owned buildings in Singapore (Housing Development Board, 2023). This programme aggregates demand 

for solar PV across government agencies to achieve economies of scale, driving the growth of Singapore’s 

solar industry. Additionally, HDB offers solar developers a percentage of the initial start-up funding as an 

incentive, and eventually, the town council purchases the solar system at the end of the lease (Chen, 2022). 
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However, incentives for solar PV implementation in commercial buildings have been neglected, leading to 

lower penetration rates. A study by SolarAI in 2020, found that buildings owned by private companies 

have by far the most untapped rooftop solar potential of 1,379 MW (Chew, 2020). This represents 50% 

more than the current total installed solar capacity of Singapore as of 2022.  

 

 

Figure 8.1: Identified Rooftop Solar Capacity (MW) in Singapore (Solar AI Technologies, 2022) 

 

Besides rooftop PVs, building integrated photovoltaics (BIPV) can also be a potential solution to maximise 

this potential. BIPV are photovoltaic materials that are used to replace conventional building materials in 

parts of the building envelope such as the roof, windows, or facades (Strong, 2016).  

 

However, currently, 30% of private building owners in Singapore view these installations unfavourable (Oh, 

2023). The main reasons cited were high upfront costs for installations, high maintenance costs, a lack of 

government incentives to support the adoption of such technology, and a lack of clear revenue and 

business models for BIPV. Moreover, building owners estimated that BIPVs would only add 1-3% of value 

to their buildings, not sufficient enough for them to add solar PVs to their buildings.  
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In Singapore’s context, from the primary and secondary research in this report, it is evident that cost is a 

key issue in private companies’ decision to adopt renewable energy. Upfront costs and payback period are 

two key metrics which these companies look at to aid their decisions. Unfortunately, Singapore’s current 

financial incentives are mainly focused on R&D rather than project subsidies and implementation 

incentives. As mentioned in section “Key Insights from Secondary Research”, we recommend Singapore 

to reference Thai’s ENCON fund which provides fundings for a wide range of solutions in energy 

conservation programs in both public and private sectors, with specific programmatic instruments to 

target particular beneficiaries. By adapting to Singapore’s context, incentives to reduce the upfront cost 

for these companies could boost solar PV adoption in privately owned buildings. Similarly, the source of 

this non-budgetary fund in Singapore could originate from levies on petroleum or carbon taxes - which 

are already used to support decarbonisation efforts, the transition to a green economy (National 

Environment Agency, 2023).  

 

8.2 Construction of Offshore Floating Solar Panel to Spur Energy Generations 

Due to its limited land area, Singapore's ability to harness solar energy has been constrained. Even though 

there is room for growth in the adoption of rooftop solar panels, solar PV installations on rooftops must 

be carefully considered in light of other important urban features, such as green spaces, water storage 

facilities, and crucial infrastructure (Gorman & Bandera, 2022). These elements limit the area that can be 

used for rooftop PV construction. To address this challenge, floating solar panels present a viable 

alternative, boasting up to a 13% increase in efficiency compared to land-based systems given the cooling 

effect of water. The 5 MW-peak system situated on the Strait of Johor is a notable illustration of floating 

solar innovation in Singapore. With a potential yearly output of almost 6 million kilowatt-hours, this facility 

is one of the biggest floating solar farms in the world.  
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Despite the existence of near-shore and in-land floating solar systems, Singapore has not yet created an 

offshore sea-based solar farm. Remote sea areas typically lack competing interests like shipping or 

recreation compared to near-shore space and offer limitless potential for solar energy generation (Hooper 

et al., 2021). By conducting additional research and development in this area, Singapore will be able to 

better utilise its marine area, increasing its total potential to generate solar energy. 

 

8.3 Installation of Recycled EV Batteries on Rooftop Solar 

The primary challenge in Singapore's solar energy deployment has long been land constraints. To maximise 

available space for the expansion of solar energy infrastructure, rooftop solar installations have emerged 

as a viable and immediate solution (Gorman, 2022). According to the 2020 SERIS report, the total usable 

rooftop area for PV deployment amounts to approximately 13.2 square kilometres. Through collaborative 

efforts among various stakeholders, 8,400 HDB blocks have already joined the SolarNova program, 

committing to the installation of rooftop solar energy systems (EMA, 2023) 

 

 

Figure 8.2: Rooftop Solar Panels 
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To address the challenges posed by solar intermittency, Singapore has taken proactive steps by investing 

in ESS. One notable example is the deployment of a 285 MWh Sembcorp ESS on Jurong Island, which has 

the capacity to meet the electricity needs of approximately 24,000 four-room HDB households for a full 

day. However, as Singapore's solar energy capacity continues to expand, the cost-effectiveness of building 

more batteries on Jurong Island comes into question, as transmitting energy from there to HDBs could 

result in significant power losses. Case studies from India have shown that co-locating battery storage with 

solar generation sites can offer a more cost-effective solution. 

Therefore, in the short to medium term, it may be practical to consider installing batteries at rooftop solar 

sites to optimise the efficiency of ESS. Australia serves as a primary case study in this regard, with around 

180,000 households already equipped with battery systems (Mercer, 2023). Given Singapore's current 

lower solar energy capacity, installing a battery at each residential block should suffice to address 

intermittency issues. Furthermore, the utilisation of AI solutions, such as those offered by Solar AI 

Technologies, which are capable of assessing the solar potential of rooftops, can aid in better estimating 

the required storage capacity before implementation. 
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Figure 8.3: Rooftop Solar ESS Mechanism 

 

While this solution has proven to be technically viable, achieving commercial viability remains a significant 

challenge. In addition to the government subsidies mentioned earlier, the recycling of EV batteries 

emerges as a key initiative to reduce costs. Malaysia provides notable case studies where the repurposing 

of used EV batteries has been heavily implemented. These activities help in building a circular ESS 

ecosystem that not only optimises used batteries for second-life applications but also recycles End-of-Life 

(EOL) ESS units to recover valuable resources for the economy. In Singapore, the feasibility of this solution 

is further supported by the fact that the EMA has already initiated a pilot program in collaboration with 

GenPlus to efficiently repurpose EV batteries for ESS applications (EMA, 2022). To repurpose used EV 

batteries for second-life purposes (such as grid-related applications) in Singapore, facilities and expertise 

would need to be developed to evaluate the current condition of these batteries and refurbish them to 

be fitted into new modules. 
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8.4 VPP System 

A VPP is a network of decentralised, medium-scale power generating units as well as flexible power 

consumers and storage systems. In general, the goal is to connect distributed energy resources so that 

they may be tracked, forecasted, optimised, and traded for power (next kraftwerke, 2023). The 

deployment of distributed energy resources (DERs), such as solar panels, BESS and EVs has increased in 

response to environmental concerns about energy generation and the cost-competitiveness of renewable 

energy sources (Clean Energy Council, 2023). These DERs are intended to supplement conventional power 

plants that produce electricity centrally. 

 

 

Figure 8.4: VPP Illustration (next kraftwerke, 2023) 
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Singapore is still at the preliminary stage of VPP development. The EMA and Sembcorp Industries 

(Sembcorp) have jointly awarded a grant to Nanyang Technological University to develop Singapore’s first 

VPP in 2019 (Chan, 2019). Stakeholders’ participation is important to build a VPP system. Singapore case 

is as below: 

VPP Stakeholders Singapore Case 

Energy Producers and Generators: These could be 

conventional power plants or sources of renewable 

energy like solar, wind, hydro, etc. They provide the 

energy supply that powers the VPP 

Singapore has centralised renewable generators. To 

promote VPP, we need to have distributed energy 

resources such as solar panels, BESS and EVs to act as 

renewable generators 

VPP Operators: The organizations accountable for 

overseeing and running the VPP. Within the VPP, they 

combine, optimise, and synchronize the distributed 

energy resources (DERs) to guarantee grid efficiency 

and stability 

There are no VPP operators in Singapore currently 

Grid Operators and Utilities: These entities hold the 

accountability for maintaining the grid's operation. To 

make sure the VPP's contributions comply with both 

grid requirements and laws, they keep tight 

collaboration with VPP operators 

SP Group: owns and operates Singapore's electricity 

network. 

EMC (Energy Market Company) serves as the Market 

Operator for Singapore's wholesale electricity market, 

which is known as the National Electricity Market of 

Singapore (NEMS) 

Regulatory Bodies and Government Agencies: These 

organizations supervise and control VPP activities, 

making sure that energy market policies, safety 

requirements, and environmental laws are followed 

Energy Market Authority: In order to promote more 

innovative concepts like VPP and to turn residential 

consumers into prosumers, there are ongoing 
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discussions between EMA and EMC to develop 

regulatory standards and improve market mechanisms  

Energy Storage Providers: Producers and managers of 

ESS that are connected into the VPP. They also offer 

software and hardware support for technical issues 

Singapore needs to have a market leader of battery 

providers such as Tesla and LG Chem  

Table 8.2 Key VPP Stakeholders in Singapore 

 

In order to enhance the development of VPP, Singapore can learn from other countries by first increasing 

the deployment of distributed energy resources. The country is indeed making significant progress as the 

EMA and Singapore Institute of Technology (SIT) are partnering to develop and test-bed Singapore's 

largest Vehicle-to-Grid (V2G) technology to provide grid services (SIT, 2023). Furthermore, new regulations 

need to be introduced to promote VPP business models by creating demand via policies (e.g., ESS is 

required for secondary supply in buildings) and allowing residential ESS owners to become prosumers 

(Energy Market Authority, 2019) (SOMASUNDARAM, CHIAM, & Ming Chou, 2020). 

 

Although there is a substantial market possibility, the current problems primarily relate to the commercial 

obstacles. Businesses that can overcome these obstacles will find a big reward on the other side. Based 

on the case study of Australia, the best way to start selling VPPs is to utilise the available data and sell 

batteries into the most lucrative market opportunities. Besides developing regulatory standards for ESS 

and VPP, Singapore needs solar power developers to break into the market, build customer base and lead 

the development.  
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8.5 Expansion and Improvement of Smart Metering System  

In the future, when Singapore ramps up production capacity for renewable energy and renewable energy 

gets highly incorporated into the power grid, we propose a more efficient energy management system 

with smart metering. Singapore has implemented beyond 500,000 smart electricity across the country and 

is set to complete all 1.4 million meters for households by 2024 (SP Group, 2023). However, Singapore is 

still in a nascent stage of smart metering development. When more renewable energy is available in the 

market, a more efficient energy management system would be required to improve energy efficiency and 

reduce emission.  

 

With reference to Australia’s smart metering system, we propose the following changes to current smart 

metering system: 

1) Expansion of current scale of smart metering to cover buildings across the nation. This would help 

with carbon emission objectives as more consumers can make informed choices about the usage 

of electricity and be incentivised to cut their usage.  

2) Establishment of prosumer scheme whereby consumers have the option to sell stored energy into 

the wholesale market when prices go up. The potential to gain financial return from participating 

in energy trading would incentivise them to save energy and ease pressure on the power grid. 

Price restrictions may be set for individual retailers in the market based on market dynamics and 

associated trading regulations.  

3) Synergy with VPP proposed above, whereby VPP aggregates the power of several rooftop solar 

units and pools together to serve the power grid. Individual smart metres can integrate with the 

VPP in the electricity system to reflect the real-time demand, supply and prices in the general 

wholesale market. Consumers can then make their decisions for energy usage or trading 

accordingly. This would make the demand response program more robust.  
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Figure 8.6: Illustration of Smart Metering System (Mbungu et al., 2020) 
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9. Discussion and Conclusion 

This study aims to examine Singapore's current status in the realm of renewable energy, specifically solar 

energy and ESS, examine key challenges faced by Singapore and propose a thorough strategic roadmap to 

steer our nation towards a sustainable future. 

Through comprehensive literature review, we have identified the following key bottlenecks to Singapore 

renewable energy development: the constraint of limited available land, the absence of financial 

incentives linked to solar panel deployment and ESS, and a lack of efforts to scale up ESS to address the 

escalating intermittency issues accompanying the growth of solar capacity. 

To address those issues and introduce potential recommendations, we have conducted a holistic 

landscape study of renewable energy and ESS solution of other countries in APAC and expert views from 

industry professionals, our recommendations include enhanced government incentives, R&D in floating 

solar technologies, installation of recycled EV batteries on rooftop solar, integrated into VPP system, and 

a more efficient energy market in the long run. This set of recommendations addresses both cases of low 

and high demand for ESS dependent on the progress of solar energy roll out.  

Nevertheless, it's important to acknowledge that our research has leaned heavily on literature reviews 

and expert interviews, and as such, it may lack a deep technical perspective. While our recommendations 

have been primarily drawn from best practices in other countries that have proven to be both technically 

and commercially viable, their applicability within Singapore's unique context deserves further 

investigation. Future research should, therefore, aim to delve deeper into the technical implementation 

aspects of these recommendations. This may require on-the-ground fieldwork and a more thorough 

understanding of the specific requirements necessary to make these recommendations feasible in 

Singapore's local context. 
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Furthermore, future research endeavours could also broaden the profile of primary research interviewees. 

Presently, the focus has been mainly on experts and industry professionals. However, considering that 

renewable energy initiatives and ESS solutions in Singapore have often been driven from the top-down, 

involving government stakeholders in our research could provide valuable insights, particularly from a 

financial feasibility perspective. This broader engagement with relevant stakeholders, including those 

from the EMA, would contribute to a more comprehensive understanding of the challenges and 

opportunities within Singapore's renewable energy landscape. 
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Appendix 1: Primary Research Questionnaire and Purpose of Design 

 

1) To understand overall renewable landscape in Singapore 

-  How mature is Singapore’s renewable energy development, both in terms of technology and 

scale as compared to other key players in the APAC region? 

(To help us better position Singapore among other APAC countries in terms of readiness of 

renewable development) 

 

- Could you elaborate on the latest technologies currently being employed by Singapore in the 

realm of solar energy generation and storage? What are some of the weaknesses of those 

technologies and are there any emerging technologies that would serve to address those 

weaknesses? 

(To help us cross check Singapore’s latest ESS technologies and R&D initiatives) 

 

- What are the key challenges or bottlenecks faced by Singapore in solar energy storage? What 

are some key initiatives put forth to address those challenges? 

(To help us identify pain points)  

 

- Do you think the Singapore government is doing enough to promote energy storage initiatives, 

in terms of both regulatory development and financial incentives to spur deployment of energy 

storage facilities? 

(To double check if there has been an issue from top down) 

 

2) To understand the current solutions 

- Based on our preliminary research, Singapore has been tackling renewable storage challenges 

through implementing VPP and installing large-scale batteries in Jurong Island? How would you 

evaluate those initiatives?  

- Do you anticipate any challenges in implementing those initiatives or areas in the realm of 

Singapore’s energy storage that have yet to be adequately addressed?  

(To evaluate the current solutions and see if there are holes we could poke and address) 

 

3) To evaluate our solutions 

- Based on the current landscape, our team is thinking of proposing a solution of installing 

batteries in commercial and residential buildings next to where solar panels have been installed. 

The batteries used could be recycled from electrical vehicle batteries for ease of implementation 

and sustainability purposes. We have seen successful case studies from Japan’s EV batteries 

recycling and Australia’s residential energy storage initiatives. The key reason behind this 

recommendation is to 

- Overcome challenges in geographical constraint. 

- Reduce transmission loss and reliance on batteries situated far away from the 

households and city centres.  

- More efficient energy management in case of energy supply shortage  
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- Collecting more accurate energy storage data for VPP to be more accurate in projecting 

energy needs 

In your expert opinion, do you consider these initiatives to be viable for Singapore’s energy 

storage needs? What are some foreseeable challenges associated with these solutions and do 

you have any constructive comments to enhance the robustness of our proposed 

recommendations? 

(To evaluate our proposed solutions and see if there are any issues we need to better address)  

 

4) Investment Considerations  

- How investable do you think the above solution is at present, and in a few years’ time (~3 years 

and 5 years moving forward) and why? 

(To evaluate our how feasible our proposed solutions are) 

 

- How much does it cost to develop a battery for residential usage, commercial usage and 

industrial usage respectively, and how long does it take to break-even on those projects?  

(To gather some data for cost analysis) 

 

- What are some key risks and mitigations for investing into ESS projects?  

(To understand risks and mitigations that we could address)  

 

- Are there any key challenges you foresee that may affect the attractiveness and investability of 

Singapore’s ESS market? How do you think the different stakeholders could work together to 

overcome these challenges 

(To better inform our top-down strategies) 
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Appendix 2: Responses to Primary Research  

 

RP: Engineering Manager at Gurīn Energy 

YM: Project Development, Enedis 

PC: Business Development at Total Energy 

AS: Principal Investments Analyst at Macquarie Capital 

 

1) To understand overall renewable landscape in Singapore 

- How mature is Singapore’s renewable energy development, both in terms of technology and 

scale as compared to other key players in the APAC region? 

 

RP: Due to its geographical location, Singapore has only a few options for renewable energy 

development, in this case, the lowest-hanging fruit here is the Solar PV Renewable system. 

 

In terms of technology, generally, Singapore has exhausted/explored most of the options 

available at the moment. Though I personally think the country can do more to impose the 

requirement for renewable energy implementation on buildings and available lands/reservoirs. 

Specifically on the technology of Solar PV systems deployed in the past few years, we see 

continuous improvement in the efficiency of the PV modules, therefore there will be more 

opportunities for repowering / upgrade of technologies on the existing PV systems in coming 

years. 

 

In terms of the scales, from the point of view of the operator/ developer, Singapore does have a 

lot of room for scaling up renewable development, unlike other countries in the region.  

This is due to strong grid stability conditions, exploration of battery systems deployment, as well 

as healthy over-capacity conditions on the power supply. We knew Singapore is ready to receive 

more renewable energy deployment.  

 

YM: If you are referring to the development and deployment of renewable energy, Singapore 

really doesn't have a big hand to play. Solar is by far the biggest solution, and it is still going to be 

a small fraction of our renewable energy. Wind and geothermal are going to be trivial at best. 

 

For solar, solar panels in the market are pretty standard stuff, although the specs have been 

improving over the years a little. Things like floating solar and solar panels on the side of 

buildings is where Singapore is a frontrunner in. Pretty understandable I must say as most places 

don’t have a need to do these things. 

 

In APAC, Singapore in my opinion is doing well in our capacity for renewable energy 

development but it's not something we can compare with say Vietnam and Malaysia and Laos, 

whose situations are all massively different. It may not be meaningful to draw such a 

comparison. But Singapore has the advantage in terms of how technologies are, given the 
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research intensity in cutting-edge solutions (say TRL 6-7ish) – but actual deployments is another 

issue. 

 

PC: 95% of Singapore’s energy came from gas or fossil fuels and Singapore is undergoing a major 

transition to adopting more renewable energies. Unfortunately, Singapore faces significant 

limitations in the lack of wind and land. To resolve this, Singapore has been pushing forth 

rooftop solar and electricity imports, but had limited progress.  

 

Other countries in SEA also do not have huge renewable energy adoption. In Indonesia, <5% of 

power comes from renewable energy. Malaysia mainly taps on hydro renewables and Vietnam 

suffers from poor top-down management in energy regulation.  

 

AS: Due to its limited land resources and the availability of less expensive energy options, 

Singapore is having difficulty developing its renewable energy sector. This situation might alter, 

though, if banks decide to make investments in the future.  

 

Furthermore, policies, which include measures like taxes to increase demand and incentives for 

infrastructure development, have a substantial impact on the supply and demand of renewable 

energy. In Singapore, businesses like Sembcorp and Keppel are actively involved in renewable 

energy efforts. 

 

Instead of exclusively depending on government initiatives, private investments can hasten 

growth. The adoption of renewable technology by private firms is influenced by the state of the 

market and availability of funding. Due to the intense rivalry in the industry, profitability is a 

problem, but for private developers, access to cash and understanding of economical 

construction techniques are crucial. Private participation may also be discouraged by high 

entrance fees, which can cost over a billion USD to build just one megawatt. Overall, there are a 

few companies in the market, but they are not sufficiently advanced to make the development 

workable. 

 

 

- Could you elaborate on the latest technologies currently being employed by Singapore in the 

realm of solar energy generation and storage? What are some of the weaknesses of those 

technologies and are there any emerging technologies that would serve to address those 

weaknesses? 

 

RP: Solar energy technology is highly interrelated to PV module technology.  Currently, most 

Solar PV projects in Singapore are based on p-type polycrystalline, and p-type Mono PERC, while 

people are now using n-type PERC as well as n-type ABC modules, and moving forward with HJT 

modules in the near future.  
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For storage, what we have now is just Jurong Island 100MW BESS deployment based on 280Ah 

battery cells, next year onwards the mainstream manufacturing will be going with 314Ah battery 

cells, as well as 340Ah in the near future.   

 

- What are the key challenges or bottlenecks faced by Singapore in solar energy storage? What 

are some key initiatives put forth to address those challenges? 

 

RP:  Land shortage is currently the most significant bottleneck. Singapore is trying to adust this 

by utilising all the roof surfaces and lands/reservoirs. 

 

PC: PC: Due to low renewable energy capacity, particularly in solar, the growth potential of 

batteries is still constrained. Banks are hesitant to lend money to electricity businesses due to 

their lack of maturity. Commercial viability and project feasibility are important requirements for 

bank financing. 

 

- Do you think the Singapore government is doing enough to promote energy storage initiatives, 

in terms of both regulatory development and financial incentives to spur deployment of 

energy storage facilities? 

 

RP: It could be better. Some countries made it compulsory to have solar PV deployment on their 

buildings.  

 

PC: Singapore government is willing to provide revenue support. However, the bidding process is 

competitive. In terms of subsidies, Singapore has granted a low interest rate for renewable 

energy project and banks are heavily involved to provide financing. For banks to consider 

financing a renewable project, the project needs to be commercially and financially viable. Pure 

green movement does not lead to investment. 

 

2) To understand the current solutions 

- Based on our preliminary research, Singapore has been tackling renewable storage challenges 

through implementing VPPs and installing large-scale batteries in Jurong Island? How would you 

evaluate those initiatives? 

 

RP: It is not new, and unavoidable. People in Europe have been doing it for years. The large-scale 

battery deployment in Jurong Island is intended for different purposes, not specifically to 

manage the intermittency of the renewable supply. That initiative is needed, but it is not 

essential given Singapore's grid condition.  

 

YM: There are two issues with this interpretation. The first is that a VPP is not a storage thing it’s 

an idea. The idea is that through distributed resources, the resources can mimic the functional 

output of a power plant. These resources can include small generators, solar panels, battery 

storage etc. it doesn’t really matter as long as to the grid, it feels like a power plant instead of an 
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assortment of stuff. The second is that it seems like energy storage is deployed for renewable 

energy storage. This is only partially true (in fact, I’ll say less than partially). Singapore doesn't 

have a big share of renewable energy (~<5%) and we face less challenges than countries like 

Germany who face a lot of storage problems with huge renewable energy proportions. For 

Singapore, I expect at least as many problems to come from demand side and grid congestion as 

compared to renewable energy eneration. In a sense that energy Storage is a solution 

fundamentally to solve the issue that energy is not generated and used at the same space and 

time, and that is not exclusive to solar generation. 

 

For VPP and large-scale batteries deployed, they are definitely good initiatives. I have not done 

evaluations as to whether they are sufficient. I also do not know the business use of those 

batteries in the grid context, which is another thing (i.e., whether they are open participants in 

the energy market, or are they balancing and ancillary services that are under Singapore Power). 

Now you see what I mean by energy topics getting complicated pretty fast – now we are 

entering the arcane world of energy markets. 

 

I think that the concept of installing batteries in residential buildings is an interesting one and 

there are a lot of things to explore, but there is a lot of work you need to be prepared to do to go 

through technicalities if you all want to take this project deep enough to be a legitimate 

evaluation as a potential energy solution. That’s why I asked about how many MCs or how long 

you have to do this because if you are working on a short time frame on a steep learning curve, 

you will need to control the scope and depth of this project. 

 

At this juncture, I think it is important to write down and keep a record of key assumptions as 

you think of it. For example, 3 of which come off my mind when I had a brief look through: 

 

Assumption 1: Energy storage of renewable energy in Singapore is a problem. 

Assumption 2: Recycled batteries can be used in residential buildings. 

Assumption 3: Energy losses in transmission and distribution is significant. 

This way, it makes it clear what you know, and what you think you know. Not all assumptions 

can be well verified at the end of the day, but it’s important to be aware. Simple questions may 

not have simple answers. 

 

PC: Batteries are expensive. However, the growth trajectories do not seem to be optimistic as 

there has been very limited growth potential for batteries. Banks are reluctant to finance power 

companies as there’s limited return and Singapore’s renewable landscape is simply vast different 

from countries like Australia with drastically more solar energies. 

 

- Do you anticipate any challenges in implementing those initiatives or areas in the realm of 

Singapore’s energy storage that have yet to be adequately addressed?  

(To evaluate the current solutions and see if there are holes we could poke and address) 
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RP: It is not new, I don't see there will be an issue in implementing it, given the demand for 

renewable largely exceeds the supply available.  

 

PC: Besides limited land and solar resources, we are good at transparent policy, well developed 

legal framework, good for investment  

 

3) To evaluate our solutions 

- Based on the current landscape, our team is thinking of proposing a solution of installing 

batteries in commercial and residential buildings next to where solar panels have been installed. 

The batteries used could be recycled from electrical vehicle batteries for ease of implementation 

and sustainability purposes. We have seen successful case studies from Japan’s EV batteries 

recycling and Australia’s residential energy storage initiatives. The key reason behind this 

recommendation is to 

- Overcome challenges in geographical constraint. 

- Reduce transmission loss and reliance on batteries situated far away from the 

households and city centres.  

- More efficient energy management in case of energy supply shortage  

- Collecting more accurate energy storage data for VPP to be more accurate in projecting 

energy needs 

 

In your expert opinion, do you consider these initiatives to be viable for Singapore’s energy 

storage needs? What are some foreseeable challenges associated with these solutions and do 

you have any constructive comments to enhance the robustness of our proposed 

recommendations? 

 

RP: Yes, technically in the future. However, I don't see how it will be commercially viable, as 

there isn't a difference in electricity for different times in Singapore residences and commercial 

buildings. Energy supply into BESS is priced the same as exported energy from BESS - Round Trip 

In-efficiency. On top of that, there isn't any leasing model which is available for grid-support 

facilities. The reuse of EV batteries is a good idea, indeed, 60% remaining capacity must be up-

cycle for better use in the industry, it could be a booming industry in the next 5 years. 

 

PC: The main difficulties are the commercial feasibility of solar technologies, which is impacted 

by things like electricity costs and implementation expenses. It is also important to consider how 

many rooftops there are in Singapore and what percentage of those are appropriate for rooftop 

solar.  (It is worth looking into Australia’s case and businesses like SKYE Renewables and Solar AI 

Technologies). Large-scale utility projects are constrained by land restrictions, although 

initiatives like JTC's are noteworthy. The government has advanced rooftop solar initiatives, 

providing a good example. 

 

AS: Since renewable energy projects sometimes call for substantial financial investments, one 

potential obstacle would be the absence of investor demand for such projects. In addition, the 
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sensibility of developers' abilities to carry out these projects is crucial taking into account 

variables like permit. Finding out whether these investments offer decent returns is another 

important factor, with factors like the Internal Rate of Return (IRR) and the speed at which 

capital can be recovered reflecting the level of risk involved. Lastly, it is crucial to identify 

potential risks, comprehend worst-case situations, and thoroughly assess the counterparty's 

capacity to fulfil financial commitments to investors. 

 

To enhance the robustness of the proposed solution. One feasible option is to capitalise on 

customer demand by establishing a smart metre system integrated with battery storage. This 

idea leverages pricing dynamics, in which customers are prepared to pay more during periods of 

high demand and less during periods of low demand. Energy providers can increase rates at peak 

times and subsequently arbitrage energy costs by utilising battery storage technology, providing 

lucrative potential for battery investments. A further suggestion would be to investigate 

methods that encourage the more effective use of energy resources already at hand, hence 

lowering a nation's dependence on renewable energy sources. 

 

How practical is smart metering in Singapore? How can we incentivise market? 

 

AS: We need to analyse several factors for investment in smart metres in Singapore. Firstly, 

government policy is needed to liberate energy market space and allow energy trading. 

Secondly, we need to provide opportunities for companies to make money by selling renewable 

energy during peak time and through arbitrage. Both factors are not available right now in 

Singapore. The U.S. is doing great by liberalising electricity markets. 

 

Since a large portion of renewable energy would be imported in the following decades. Is 

there a need to store the energy which was imported? 

PC: Singapore does not need to store energy imports from overseas. Solar works 25% of time 

and requires storage to operate for 75% of time. Solar is limited to sun shining and its supply 

level is very volatile. When we import renewable energy from overseas plants the battery is next 

to that plant from other countries. When we import energy - meaning we get batteries from 

other countries, Solar energy is already stored in that battery.  

 

 

4) Investment Considerations  

- How investable do you think the above solution is at present, and in a few years’ time (~3 

years and 5 years moving forward) and why? 

 

AS: In terms of renewable energy, costs are always concerns for investors. In certain 

geographies, financing is easier. Still need to convince people to invest using the framework 

mentioned, which includes questions about demand, execution and returns. As capital for 

supplies has decreased, the demand side is very important and we need to get the right 

customers. 
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- How much does it cost to develop a battery for residential usage, commercial usage and 

industrial usage respectively, and how long does it take to break-even on those projects?  

 

 

- What are some key risks and mitigations for investing into ESS projects?  

 

PC: Cost could become a big thing. Government needs to step in to subsidise and make ESS 

projects commercially viable.   

 

- Are there any key challenges you foresee that may affect the attractiveness and investability 

of Singapore’s ESS market? How do you think the different stakeholders could work together 

to overcome these challenges 

 

PC: In the realm of Bank financing, government entities (such as GIC, Temasek, etc.) have to back 

up this kind of project. When projects go bust, the government pays back.  Investment through 

Bayfront infrastructure may be possible. Another incentive for storage development would be to 

ask banks to reach a target of financing in RE. 

 

AS: Investors of renewable energy do not perceive Singapore as a big market, but Singapore is 

seen as a trusted and solid market player for investors due to the government's commitments 

for renewable energy. Singapore is lagging behind Korea and Japan in terms of incentives. In the 

next five years, people care more about the demand side and getting the right customers as the 

supply side is saturated.  

 

- From your experience, what are some trends you see in the renewable energy sector? Is it 

being more widely adopted and are costs getting cheaper to a point where it is comparable to 

conventional energy?  

PC:  RE 100: company committed to decarbonisation through electricity source; willing to pay 

premium for energy source 

 


