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ABSTRACT 

 

The importance of increasing renewable energy production to facilitate a 

sustainable energy transition has been well-discussed and reinforced worldwide. In land- 

and resource-scarce and tropical Singapore, solar has been deemed the most feasible 

renewable energy technology for the country moving forward. Previous studies have 

focused on assessing the feasibility of various solar technologies. This paper instead 

analyses the rooftop solar power production potential of existing high-rise residential 

buildings in Singapore, and thus contributes to reaching the national solar goal using 

geographic information system geospatial imagery.  

 

For this study, the chosen focus area is the south of Jurong East in Singapore. 

Results show that solar deployment on all available public high-rise residential building 

rooftop areas in the focus area will be able to generate a total potential solar peak power 

and annual solar energy output of 2-megawatt peak and 2.8-gigawatt hour per year 

respectively. This equates to meeting the energy demand of 679 public residential 

apartments in the focus area and meeting 0.18% of the national solar goal of reaching 1.5-

gigawatt peak by 2025. In an urban context, the use of geospatial analysis has been 

presented to benefit urban planning especially with regards to the integration of rooftop 

solar photovoltaic systems. 

 

Keywords: Sustainable Development, Energy Transition, Urban Development, Solar, 

Geographic Information System, High-Rise Residential Buildings, Singapore  
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BIPV Building-Integrated Photovoltaics 

GIS Geographic Information System 
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kWh/kWp/year Kilowatt hour per kilowatt peak per year 
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ktoe Kilo tonne of oil equivalent  
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CHAPTER 1. INTRODUCTION  

 

Located just 1 degrees (°) north of the equator (Kosorić et al., 2019), Singapore is a highly 

urbanised (Singapore Green Plan 2030, 2021c) island-city nation the size of 728 square 

kilometre (km²) (Singapore Green Plan 2030, 2021c). According to 2020 data, tropical 

Singapore has a population size of 5.69 million and hence a very high population density 

of 7,810 people per square kilometre (people/km²) (Singapore Department of Statistics, 

2020a). This makes Singapore the third most densely populated country in the world, 

coming in only after Macao and Monaco (Ritchie, 2019). Singapore’s unique combination 

of natural geographical constraints, namely limited land and sea space and natural 

resources, limits the country’s options for renewable energy (RE) and poses a great 

challenge when it comes to achieving net-zero emissions (Singapore Green Plan 2030, 

2021c).  

 

As a small country, Singapore does not have the right conditions for large-scale 

deployment of renewable energy sources (RESs) (Singapore Green Plan 2030, 2021c). 

However, according to the Energy Market Authority (EMA), Singapore has an average 

annual solar irradiance of 1,580 kilowatt hour per square metre per year (kWh/m²/year) 

(EMA, 2021d) and this makes small-scale solar or wind farms remaining feasible 

alternatives that can pave the way for cleaner energy (Singapore Green Plan 2030, 2021c). 

In such a tropical and urban landscape, solar energy can hence be seen to have the highest 

potential to be one of Singapore’s alternative energy source.  
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Figure 1: URA planning regions (URA, 2021d). 

 

Around 13.1% of total solar photovoltaic (PV) installed capacity in Singapore is located 

in residential areas, of which are found spread over the five Urban Redevelopment 

Authority (URA) planning regions: West, North, North-East, Central and East (Figure 1) 

(EMA, 2021c). 
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Figure 2: Location of the HDB towns and developments (HDB, 2021b). 



 4 

As illustrated in Figure 2, there are 24 Housing & Development Board (HDB) towns in 

Singapore (HDB, 2021b). As of 2020, 78.7% of Singapore’s population live in such HDB 

public housing dwellings which are in the form of high-rise residential buildings 

(Singapore Department of Statistics, 2020b).  

 

The Singapore Green Plan 2030 published by the Singapore Government in 2021 sets a 

national target of using 15% less energy in HDB towns through measures which include 

the deployment of solar energy (Singapore Green Plan 2030, 2021a). Given that such solar 

deployment efforts include installation on HDB building rooftops (Singapore Green Plan 

2030, 2021a), solar integration in HDB buildings can play a role in not only meeting the 

national solar target but to also help achieve sustainable building solutions. It is hence also 

evident that there is a higher amount of national interest towards rooftop solar PV rather 

than other alternatives such as building-integrated photovoltaics (BIPV). As such, this 

paper will only focus on the more common rooftop solar PV despite other alternatives 

such as BIPV. Given Singapore’s recently announced national solar goal, the objective of 

this paper is to hence provide an up-to-date investigation of the rooftop solar power 

production potential of existing HDB buildings, which can then contribute to meeting 

Singapore’s latest established solar goal. 

 

 
 

Figure 3: 3D modelling of all the HDB buildings in Singapore by the Urban Analytics Lab 

(Biljecki, 2019).  

 

The method chosen for this study is the use of a Geographic Information System (GIS) 

known as QGIS, which is a free and open-source cross-platform desktop GIS application. 
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The selection of GIS to conduct this study is due to the rise and increasing significance of 

geospatial technology in Singapore according to the Singapore Land Authority (SLA) 

(SLA, 2019). As quoted by Ms Indranee Rajah, Minister in the Prime Minister’s Office 

and Second Minister for Finance and Education, at the inaugural Singapore Geospatial 

Week in 2019, “geospatial information and technology is critical to Singapore’s 

economic and social development” (SLA, 2019). For example, the Urban Analytics Lab 

at the National University of Singapore (NUS) released a three-dimensional (3D) city 

model of all the HDB buildings in Singapore in 2019 (Figure 3) (Biljecki, 2019). 

Developed by combining different open datasets, this 3D geoinformation open data model 

can be used to carry out spatial analyses (Biljecki, 2019).  

 

1.1 AIM 

 

This study sets out to estimate the total rooftop solar PV potential of existing HDB 

buildings in Singapore, and consequently how many apartments it can supply. The paper 

also aims to evaluate how much that solar potential contributes towards reaching 

Singapore’s national solar target. Therefore, this paper addresses six out of the 17 

Sustainable Development Goals (SDGs) designed by the United Nation (UN): SDG 7 – 

Affordable and Clean Energy, SDG 9 – Industry, Innovation and Infrastructure, 11 – 

Sustainable Cities and Communities, 12 – Responsible Consumption and Production, 13 

– Climate Action and 17 – Partnerships for the Goals. 

 

1.2 RESEARCH QUESTION  

  

Given the above-mentioned research problem and purpose of this study, the research 

question (RQ) formulated for this thesis is:  

 

RQ: What is the rooftop solar power production potential of existing public housing 

buildings in Singapore? 
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CHAPTER 2. BACKGROUND 

 

According to the 2020 World Energy Trilemma Index, Singapore ranks 40th globally when 

considering the criteria energy security, energy equity, environmental sustainability and 

country context criteria respectively (World Energy Council, 2020). Singapore performs 

particularly weak in terms of energy security1 (World Energy Council, 2020). Under the 

energy security dimension, there are two main categories: security of supply and demand 

and the resilience of energy systems (World Energy Council, 2020).  

 

In fact, the outbreak of the coronavirus (COVID-19) pandemic has only reinforced the 

need for greater energy security and independence in a country as heavily dependent on 

energy imports as Singapore. As countries pursue more nationalistic agendas in order to 

protect their citizens and economies (World Energy Council, 2021), this can result in price 

increases and supply disruptions which will impact Singapore. This can be due to 

fluctuating prices from international trade from for example oil price volatility or highly 

volatile geopolitical uncertainty during the post-COVID recovery period (World Energy 

Council, 2021).  

 

Relating this back to Singapore, HDB buildings and towns can play a role in increasing 

Singapore’s energy security. Moving forward, local solar production by HDB buildings 

will help diversify Singapore’s energy supply.  

 

2.1 CONTEXT 

 

According to data from the International Energy Agency (IEA), the total final energy 

consumption in Singapore in 2018 was 19,931 kilo tonnes of oil equivalent (ktoe) (IEA, 

2021b). This is mostly made up by the non-energy use2 and the industry sector. The 

 
1 Energy security reflects the ability of a country to meet current and future energy demands reliably, and to 

also withstand and respond to system shocks with minimal disruption to supplies (World Energy Council, 

2020). 
2 Refers to the non-energy use industry (IEA, 2021a). 
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breakdown by sector was: 38.81% non-energy use (7,736 ktoe), 35.34% industry (7,043 

ktoe), 12.72% transport (2,535 ktoe), 9.46% commercial and public services (1,886 ktoe), 

3.53% residential (704 ktoe) and then 0.14% non-specified (27 ktoe) (IEA, 2021b).   

 

 
 

Figure 4: Energy consumption sources for Singapore’s residential sector (IEA, 2021a). 

 

On the other hand, total electricity consumption in Singapore in 2019 was 51.7 terawatt 

hour (TWh) (EMA, 2021a). The breakdown by sector was: 41.5% industrial-related (21.4 

TWh), 37.3% commerce and services-related (19.3 TWh), 14.9% households (7.7 TWh), 

5.8% transport-related (3 TWh) and 0.5% others (0.3 TWh) (EMA, 2021a). The IEA also 

states that the residential sector’s energy consumption in 2018 was accounted for by 87% 

electricity, 8% natural gas and 4% oil products (Figure 4) (IEA, 2021a). 

 

When it comes to electricity generation, Singapore is heavily reliant on natural gas which 

is considered the cleanest fossil fuel energy resource (Singapore Green Plan 2030, 2021c). 

According to data from the EMA, natural gas accounted for a large 95.6% of Singapore’s 

fuel mix for electricity generation in 2019 (EMA, 2021b). This is followed by other energy 

products such as municipal waste, biomass and solar, coal and lastly petroleum products 

which is mainly in the form of diesel and fuel oil (EMA, 2021b). The fuel mix for 

Electricity
88%

Natural Gas
8%

Oil Products
4%

Energy Consumption of the Residential Sector
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electricity generation, which is made up of 97.2% fossil fuel resources and only a meagre 

2.8% of low-carbon sources, has also not fluctuate much over the last few years. As such, 

given that the energy supply of the residential sector in Singapore runs almost entirely on 

electricity generated largely from non-renewable natural gas, solar can be seen as a 

strategy to generate a greater share of clean electricity. With the integration of solar, 

Singapore will be able to generate low carbon cooling & energy production and pave the 

way for a sustainable energy transition (SET). 

 

In IEA’s 2020 World Energy Outlook forecast scenarios, solar has been coined as the 

centre of all electricity generation technologies currently available (IEA, 2021c). With 

supportive policies and maturing technologies, cheap access to capital in leading markets 

has led to renewables growing rapidly (IEA, 2021c). In particular, solar is expected to be 

rapidly deployed until 2040 due to the sharp cost reductions over the past decade that has 

resulted in solar projects offering “some of the lowest cost electricity ever seen” (IEA, 

2021c). In fact, solar PV is currently consistently cheaper than new fossil fuel-fired plants 

in most countries (IEA, 2021c).  

 

According to the International Renewable Energy Agency (IRENA), there was a record 

increase of more than 260-gigawatt (GW) of global renewable energy capacity in 2020 

(IRENA, 2021). This made up more than 80% of all new electricity capacity added, with 

solar and wind accounting for 91%3 of new renewables (IRENA, 2021). This was partially 

attributed to the net decommissioning of fossil fuel power generation and the negative 

trend of fossil fuel expansion4 in mainly Europe and North America (IRENA, 2021). As 

of the end of 2020, although hydropower still accounts for the largest share of global 

renewable generation capacity (2,799 GW) at 43% (1,211 GW), both solar and wind have 

been expanding exponentially over the past five years (IRENA, 2021). Globally, 

cumulative installed solar energy capacity in 2019 was 586 GW (Our World in Data, 

 
3 Expansion of 127 GW and 111 GW of new solar and wind capacity respectively (IRENA, 2021). 
4 Total fossil fuel additions dropped from 64 GW in 2019 to 60 GW in 2020 (IRENA, 2021). 



 9 

2021). The main contributors were China (205 GW), followed by the United States of 

America (USA) (62 GW), Japan (62 GW), Germany (49 GW) and then India (35 GW) 

(Our World in Data, 2021).  

 

 
 

Figure 5: Installed capacity and number of grid-connected solar PV systems (EMA, 2021c). 

 

In recent years, the EMA has reported rapid solar PV growth which provides a positive 

solar outlook for Singapore (Figure 5). The data from EMA shows that, by the end of the 

first quarter (Q1) of 2020 in March, total grid-connected solar PV installed capacity was 

384.1-megawatt peak (MWp) (EMA, 2021c). The 4,116 solar PV installations by the end 

of Q1 2020 are accounted for by four stakeholders: private sector, town councils and 

grassroots units, public service agencies and residential (Table 1) (EMA, 2021c).  
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Table 1: Installed capacity and number of grid-connected solar PVs by user type by end of Q1 
2020 (EMA, 2021c). 

 

 User Type 

Private 

Sector 

Town Councils and 

Grassroot Units 

Public Service 

Agencies 

Residential 

Installed Capacity 

(MWp) 

202.3 

(52.7%) 

148.3 

(38.6%) 

20.4 

(5.3%) 

13.1 

(3.4%) 

Number of PV 

Systems 

(installations) 

471 

(11.4%) 

2,199 

(53.4%) 

138 

(3.4%) 

1,308 

(31.8%) 

 

2.2 NATIONAL PLANS 

 

In order to not only get an insight into the direction that Singapore is taking but also the 

efforts taken so far to achieve a SET, an introduction to Singapore’s latest national plans 

and goals is necessary. This is especially since any developments when it comes to 

sustainability can be observed to be facilitated through a largely top-down approach in 

Singapore. In this subchapter, various relevant national plans with regards to solar 

deployment in Singapore are introduced. This comprehensive background information 

collated lays a strong foundation for understanding the motivation behind investigating 

solar power production potential of HDB buildings.  

 

2.2.1 MASTER PLAN 2019 

 

The URA is the national urban planning authority of Singapore which has the goal of 

factoring in and balancing economic, social and environmental aspects when it comes to 

urban development in Singapore (URA, 2021e). The long-term approach taken in the 

planning process for land use in Singapore is done in two segments: the Concept Plan, and 

the Master Plan (MP) (URA, 2021e). The MP which is reviewed every five year 

establishes Singapore’s overall development pace (URA, 2021e) and translates the broad 
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strategies of the Concept Plan into detail plans (URA, 2021f), guiding Singapore’s 

development in the medium term over the next 10 to 15 years (URA, 2021b).  

 

Master Plan 2019 (MP19) focuses on planning and developing strategies to create 

“inclusive, sustainable, and green neighbourhoods with community spaces and amenities 

for all to enjoy” (URA, 2021c). One of the six themes presented is “A Sustainable and 

Resilient City of the Future”. When it comes to the energy aspect of addressing climate 

change, Singapore has pledged to reduce the country’s emissions intensity by 36% from 

2005 levels by 2030 by: (1) reducing energy use; (2) increasing energy efficiency; and (3) 

moving towards renewables and cleaner fuel (URA, 2021a). 

 

2.2.2 “4 SWITCHES” 

 

The EMA’s main goals are “to ensure a reliable and secure energy supply, promote 

effective competition in the energy market and develop a dynamic sector in Singapore” 

(EMA, 2021e). Hence, EMA has an essential role in exploring low-carbon energy options 

and enabling a transition to a cleaner and more efficient energy mix that is also affordable 

and reliable (EMA, 2019). In 2019, it was announced that this will be realised by 

harnessing “4 Switches”: natural gas, solar, regional power grids and low-carbon 

alternatives (EMA, 2019).  

 

As the 2nd Switch, solar has been identified as one of the four key energy sources 

promising for this transformation. The goal is to reach a 2-gigawatt peak (GWp) of solar 

installed capacity by 2030, and a nationwide deployment of a target energy storage system 

(ESS) capacity of 200-megawatt (MW) beyond 2025 (EMA, 2019). Coupled with energy 

storage, local solar production will provide greater energy security. Solar panels will be 

deployed over available spaces such as rooftops, reservoirs and offshore spaces (EMA, 

2019). Whilst Singapore is expected to continue relying heavily on natural gas, solar is 

still set to grow and contribute to cleaner power generation (EMA, 2019).  
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2.2.3 BCA GREEN MARK SCHEME 

 

The Building and Construction Authority (BCA) Green Mark Scheme (GMS) is a green 

building rating system in Singapore guiding “the design, construction and operation of 

buildings towards increased energy effectiveness and enhanced environmental 

performance” (BCA, 2017). The Green Mark (GM) Super Low Energy (SLE) 

certification programme includes categories such as SLE and Zero Energy (ZE) Buildings 

(BCA, 2021). To achieve high GM scheme award ratings, the integration of solar energy 

can be a steppingstone for improving building energy performance and greening buildings. 

This creates a sustainable built environment, promotes environmental sustainability and 

also paves the way for the decarbonisation of the building sector. 

 

2.2.4 HDB GREEN TOWNS PROGRAMME 

 

As stated by the HDB and Ministry of National Development (MND), with more than one 

million flats in around 10,000 HDB blocks island wide (HDB, 2017), HDB is the largest 

driver for the installation of solar PV systems today (MND and HDB, 2020). In 2019, 

HDB announced a solar target of 540 MWp with an aim for 70% of HDB blocks to have 

solar panels installed by 2030 through the SolarNova Programme5 (MND and HDB, 

2020). In return, this could potentially generate 648-gigawatt hour (GWh) of clean energy 

annually (powering 135,000 4-room HDB dwelling units) and reduce carbon emissions 

by 324,000 tonnes per year (tonnes/year) (MND and HDB, 2020). Currently, on average, 

the solar energy generated by a typical HDB block is sufficient to meet the energy demand 

for the common services (for example: lifts, lights and water pumps) (MND and HDB, 

2020). 

 

 
5 Jointly led by HDB and the Economic Development Board (EDB), the SolarNova Programme launched in 

2014 promotes and aggregate demand for solar PV across government agencies so as to leverage economies 

of scale, and accelerate the deployment of solar in Singapore (HDB, 2021c). The SolarNova Phase 1 tender 

was launched in 2015 whilst the latest Phase 6 tender was launched in 2021 (HDB, 2021c). 



 13 

In fact, in order to facilitate wide-scale installation of solar panels, HDB rolled out an 

initiative for the implementation of solar-ready roofs for all future HDB blocks that will 

enable easy mounting (HDB, 2017). As of 2017, this initiative will apply to HDB blocks 

with at least 400 square meter (m²) of open roof space (HDB, 2017). However, older HDB 

blocks would require additional retrofitting and construction works since the amount of 

available rooftop space is limited by the existing design and layout. As such, more time 

will be needed to assess the optimum placement for solar panels for older HDB buildings 

(HDB, 2017). This new approach to solar panel installation reduces the amount of time 

needed for installation by 38% and is less labour-intensive (HDB, 2017). 

 

Additionally, as announced in 2020, “The HDB Green Towns Programme is a 10-year 

plan to make HDB towns more sustainable and liveable by 2030.” (MND, 2021). In order 

to reduce energy consumption, measures include the installation of solar panels and smart 

light-emitting diode (LED) lighting (MND, 2021). Currently, the estimated 5,500 HDB 

blocks either fitted with or have been identified for solar panel installations is supplying 

more than 50% of HDB blocks with clean energy nationwide (MND and HDB, 2020).  

 

2.2.5 SINGAPORE GREEN PLAN 2030 

 

In February 2021, the Singapore Government published the Singapore Green Plan 2030. 

The Green Plan introduces a nationwide ten-year living plan built on the sustainability 

efforts from previous decades aimed at building a more sustainable future (Singapore 

Green Plan 2030, 2021d). It also aims to advance Singapore’s national agenda on 

sustainable development and strengthen the country’s commitments under the UN’s 2030 

Sustainable Development Agenda and Paris Agreement (Singapore Green Plan 2030, 

2021d). Additionally, the Green Plan’s firm and ambitious action plans seek to achieve 

long-term net zero emissions as soon as possible (Singapore Green Plan 2030, 2021d).  

 

The Green Plan is made up of five pillars, of which the second pillar is “Energy Reset”. 

The goal under this pillar is to “use cleaner energy and increase our energy efficiency to 
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lower our carbon footprint” (Singapore Green Plan 2030, 2021a). For the housing sector 

specifically, key targets include using 15% less energy in HDB towns (Singapore Green 

Plan 2030, 2021a). The measures to meet these goals include the widespread use of smart 

LED lights and solar energy (Singapore Green Plan 2030, 2021a). Moreover, when it 

comes to development of green energy in Singapore, it includes tapping into green 

electricity imports from the Association of Southeast Asian Nations (ASEAN) region and 

beyond (Singapore Green Plan 2030, 2021a). 

 

The installed capacity of solar PV in Singapore has been steadily increasing in recent years 

(EMA, 2021c). However, it is still a long way from the Green Plan’s 2030 green energy 

goal for solar deployment to be five times that of today (Singapore Green Plan 2030, 

2021a), increasing to 1.5 GWp by 2025, and at least 2 GWp by 2030 (Singapore Green 

Plan 2030, 2021b). Since total installed capacity of solar PV in Singapore is only around 

384.1 MWp as of the end of Q1 2020 (EMA, 2021c), there is still a great increase needed 

in order to meet the national solar goal. Given the “Energy Reset” goals for the housing 

sector, solar deployment can be seen to be vital in meeting those goals and facilitating a 

SET.  
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CHAPTER 3. LITERATURE REVIEW 

 

This literature review introduces existing peer-reviewed scientific research previously 

conducted on the topic of solar integration in Singapore.  

 

3.1 ROOFTOP SOLAR PHOTOVOLTAICS 

 

Kosorić et al. establishes a general model for the integration of PV into existing HDB 

buildings in Singapore and also identifies possible challenges and benefits (Kosorić et al., 

2018). For rooftop PV systems, an East-facing module tilted from 10 to 15° is considered 

optimal for energy generation (Kosorić et al., 2018). Upon investigating a typical HDB 

building in Clementi, a strong correlation between sun irradiation and the consistent 

electricity consumption in Singapore throughout the year was discovered (Kosorić et al., 

2018). As such, Kosorić et al. mentioned that the Singapore power system can benefit 

largely from PV systems (Kosorić et al., 2018).  

 

On the other hand, Saber et al. investigates the performance of different solar cell types, 

namely silicon wafer and thin film, in tropical Singapore using simulation-based energy 

yield prediction (Saber et al., 2014). Having been installed at sites such as rooftops, 

façades, car park shelters and railings, the criteria evaluated were various degree of 

shading, orientation and inclination with respect to annual energy yield (Saber et al., 

2014). Saber et al. concluded that the orientation of low-slope rooftop PV does not affect 

annual energy yield although east-oriented modules can produce slightly higher energy 

(Saber et al., 2014). Also, poly-crystalline modules were deemed the most productive type 

of solar cell for low-slope rooftop PV for Singapore’s climate (Saber et al., 2014).  

 

Another finding was that the median cover and type of precipitation in Singapore is around 

90% and mainly afternoon thunderstorms respectively (Saber et al., 2014). In another 

study, Zhang explores solar radiation reconstruction at sub-hourly intervals based on 

various cloud cover categories (fair, partly cloudy, cloudy, overcast and rainy) unlike the 
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usual generation of daily or monthly average value based on the regression of historic 

records (Zhang, 2014). 

 

Poon et al. conducted a parametric study on the relationship between urban morphology 

and annual average irradiance on both rooftop and façade (Poon et al., 2020). Poon et al. 

argues that careful urban planning from early design stages on a neighbourhood scale can 

have a significant impact on solar PV electricity generation in urban Singapore and ensure 

effective deployment (Poon et al., 2020). By examining 10 urban morphology parameters, 

the results showed that, in general, sky exposure performance indicators have the strongest 

correlation with building irradiance (Poon et al., 2020). The tool introduced in this study 

is meant to aid in assessing initial solar irradiance estimations (Poon et al., 2020). 

However, it was pointed out that such a methodology is unable to be easily replicated and 

directly applied to other contexts (Poon et al., 2020). 

 

3.2 BUILDING-INTEGRATED PHOTOVOLTAICS 

 

For a tropical country with high outdoor temperature and solar heat gain, it is of particular 

importance for building façades in Singapore to have good thermal performance (Ng, 

Mithraratne and Kua, 2013). This is especially since buildings consume large amounts of 

energy largely for cooling loads and combatting heat gain (Ng, Mithraratne and Kua, 

2013). Therefore, there is an identified need to improve the energy balance of buildings 

through measures such as increasing the energy efficiency and performance of building 

façades (Ng, Mithraratne and Kua, 2013). This will in turn, decrease the amount of cooling 

and hence size of air-conditioning system required (Ng, Mithraratne and Kua, 2013). 

 

In this regard, despite the highly urbanised landscape and limited rooftop space of 

Singapore, there is still an untouched potential with the large façade areas of skyscrapers 

(Lu et al., 2019). There is the possibility for BIPV to be integrated into surfaces such as 

the rooftops and façades of buildings in order to generate on-site clean solar energy. 

Compared to rooftop solar PV integration, BIPV façade systems harness solar energy on 
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“typically under-utilised vertical spaces”, directly utilising the “existing potential of 

buildings without requiring additional space” (Tablada et al., 2020). As such, high-rise 

buildings such as HDB buildings in tropical Singapore can be deemed to be particularly 

suitable for the rapid deployment of BIPV. 

 

Lu et al. conducted a questionnaire survey that ultimately indicated the relevant barriers 

and drivers for greater adoption of BIPV in Singapore (Lu et al., 2019). The main barriers 

were long-term payback period6, high upfront cost, and low energy conversion efficiency 

(Lu et al., 2019). From an economic perspective, the cost of BIPV in Singapore is 

significantly higher compared to bigger countries (Lu et al., 2019). On the other hand, the 

main drivers for broader acceptance of BIPV were on-site generation of clean energy 

bundled with economic benefits, GM certification, and avoidance of carbon dioxide (CO2) 

emissions (Lu et al., 2019).  

 

On the other hand, the results of a study by Ng, Mithraratne and Kua investigating the 

potential for semi-transparent BIPV to increase building energy efficiency suggest that 

BIPV module integration on building façades show potential regardless of orientation in 

Singapore given the country’s highly diffuse skylight conditions (Ng, Mithraratne and 

Kua, 2013). In fact, BIPV units outperform current window types commonly available in 

the market and other commonly used glazing systems (Ng, Mithraratne and Kua, 2013). 

Hence, BIPV windows can also potentially replace conventional windows or building 

façade materials (Ng, Mithraratne and Kua, 2013). 

 

Overall, the rate of adoption of BIPV in Singapore so far has been moderate despite a wide 

range of BIPV technologies available on the PV market (Lu et al., 2019). This could 

potentially indicate that further research is still required on the feasibility of integrating 

solar PV into building façades.  

 

 
6 The pay-back period for BIPV systems in Singapore has been estimated by various studies to be 10 or 15 

years with government incentives and subsidies, and up to 53 years without such support (Lu et al., 2019). 
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CHAPTER 4. METHODOLOGY AND METHOD 

 

Bolwig et al. explains that a quantitative approach can provide a future-oriented 

perspective (Bolwig et al., 2019). Therefore, a quantitative research design was employed 

in this study to investigate the potential for rooftop solar power production in HDB towns. 

As highlighted in Chapter 2. Background, the approach that Singapore adopts is mostly 

top-down. Therefore, in order to uncover the complexities and challenges that the 

aggregate perspective and economic-oriented view of top-down approaches promote, a 

bottom-up approach can provide a more detailed analysis on a localised level (community 

or region) (Karjalainen et al., 2014). Hence, solar energy quantitative research has been 

chosen to generate a realistic estimation of the total solar potential from rooftop solar PV 

installations on a micro-scale.  

 

4.1 SELECTION OF FOCUS AREA 

 

When it comes to the selection of a specific HDB town, it was based on two criteria.  

 

1. Appropriately sized area to fit the scope of the study 

2. HDB towns with little to no existing rooftop solar PV installed currently 

 

To start off, the area had to be small enough to make this research feasible and limit the 

number of buildings found within the scope. This was followed by a pre-screening using 

mapping tools to identify HDB towns with little to no existing rooftop solar PV installed 

so far so as to be able to gather more data to make up the results and analysis.  

 

Moreover, whilst the western region of Singapore has by far the highest solar PV installed 

capacity (46.4% of the total installed capacity) by the end of Q1 2020, this is corresponded 

mostly by non-residential solar installations (32% of total non-residential solar PV 

installations) (EMA, 2021c). There are in fact very few residential solar installations in 

the West compared to the other four regions. The total solar installed capacity found in the 
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West is hence largely attributed to the fact that non-residential panels in Singapore have 

significantly higher installed capacity compared to residential solar PV systems (EMA, 

2021c). As such, there is an identified opportunity for greater residential deployment of 

solar installation in the West.  

 

Therefore, based on the two criteria and the identified opportunity for greater residential 

solar deployment in the West, the Jurong East HDB town was selected (refer back to 

Figure 2). Jurong East has 24,122 dwelling units under management and an estimated 

resident population of 75,400 (HDB, 2021b). There are 231 existing HDB blocks found 

in the entire Jurong East HDB town (HDB, 2021a). 

 

 
 

Figure 6: Focus area – south of Jurong East (HDB, 2021a). 
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In order to further limit the scope, the focus area was narrowed down to the south of Jurong 

East, which has a total of just 54 existing HDB blocks (Figure 6) (HDB, 2021a). The two 

residential precincts located in the focus area are known as Teban Gardens (left side) and 

Pandan Gardens (right side). 

 

4.2 EMPIRICAL DATA – ASSESSING SOLAR POTENTIAL 

 

The quantitative assessment of solar potential consists of four steps. The calculations 

made, in order, were: 

 

1. Estimating total rooftop area 

2. Estimating available rooftop area 

3. Estimation after checking with ratio (where applicable) 

4. Calculating total solar energy potential 

 

4.2.1 ESTIMATING TOTAL (AVAILABLE) ROOFTOP AREA 

 

For this study, QGIS was used to view, edit and analyse geospatial data obtained from 

various mapping services. It is used to estimate the total rooftop area of each HDB building 

in the focus area and also the available rooftop area for solar deployment. The mapping 

services used, namely HDB Map Services, OneMap7, Google Maps, Bing Maps and 

OpenStreetMap8, pinpoints the HDB buildings found within the focus area and are cross-

referenced with one another in satellite view to obtain best resolution mapping images, 

correct any discrepancies (Appendix A), and hence generate the most accurate 

measurements possible (Table 2). These various mapping services were selected on the 

basis that they were open source and, in the case of the Singapore-specific mapping 

services, national mapping services which can be considered reliable. The tracing of 

 
7 OneMap is the authoritative national map of Singapore developed by the SLA (OneMap, 2021a). 
8 OpenStreetMap provides free open-source geographic data such as datasets and base maps.  
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polygons will be indicative of the total available rooftop area. The graphical maps can 

then be exported in order to support this study’s results and analysis. 

 

Table 2: The uses of different map services. 

 

Method Mapping Services Used 

Pinpointing the HDB Buildings HDB Map Services, 

OneMap and Google Maps 

Cross-Referencing (Satellite) 

Mapping Images 

OneMap, Google Maps, 

Bing Maps and 

OpenStreetMap 

 

HDB buildings with the same rooftop configuration, size, and hence similar total rooftop 

area were clustered together and applied the same average total rooftop area value, which 

is the sum of total rooftop area divided by the number of rooftops found in a cluster. The 

estimations for rooftop areas were made using QGIS polygon tracing. 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎 =
𝑆𝑢𝑚 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑜𝑜𝑓𝑡𝑜𝑝𝑠
 [𝑚2]             (1) 

 

where, average total rooftop area is the average total rooftop area of each identified cluster; 

sum of total rooftop area is the sum of all the rooftop area of each HDB buildings of each 

identified cluster; number of rooftops is the number of HDB blocks found in each 

identified cluster; and m² is the unit of average total rooftop area.  

 

4.2.2 ESTIMATION AFTER CHECKING WITH RATIO  

 

Moreover, a main consideration taken in the quantitative analysis in order to improve the 

accuracy of the estimates made is the use of a realistic ratio reflecting the typical maximum 

HDB rooftop area installed with solar PV. In order to reflect a realistic ratio of available 

rooftop space to actual rooftop space installed with solar panels, QGIS polygon tracing 
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was used to obtain the estimated values needed for the ratio from a HDB building in the 

focus area with solar panels already installed. Therefore, the ratio was used as a control 

variable in this study wherever applicable to validate the accuracy of the estimates. 

Building rooftop estimations with a higher ratio were adjusted to that ratio value instead.  

 

𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑜𝑙𝑎𝑟 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎 

𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎
                (2) 

 

where, ratio is the ratio of a realistic rooftop area covered with solar PV panels to total 

rooftop area of a HDB building; solar rooftop area is the area of a HDB rooftop covered 

with solar PV panels; and total rooftop area is the total rooftop area of a HDB building.  

 

4.2.3 CALCULATING TOTAL SOLAR ENERGY POTENTIAL 

 

Based on the 2009 Handbook for Solar PV Systems in Singapore, the 667.61 m² solar PV 

rooftop system on an existing HDB building (at the Wellington Circle Precinct in 

Sembawang) annually yields 1,060-kilowatt hour per kilowatt peak per year 

(kWh/kWp/year) using mono-crystalline silicon PV modules (BCA and EMA, 2009). The 

PV system which consists of 91 solar PV panels with an efficiency of around 13.5% 

provide 75.75-kilowatt peak (kWp) power and an estimated energy output of 80,300-

kilowatt hour per year (kWh/year) (BCA and EMA, 2009). 

 

However, when it comes to solar panel efficiency, the value is from 2009 and can be 

considered outdated. Hence, a modern efficiency level with higher PV performance will 

be applied instead. According to the 2018 BCA Super Low Energy Building Technology 

Roadmap, the efficiency of modern commercially available mono-crystalline silicon PV 

modules is 17 to 19% (BCA, 2018). Therefore, the solar panels in this study have been 

assumed to be mono-crystalline silicon PV modules with an efficiency of 18%, set up with 

optimal tilt angle and solar azimuth.  
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For assessing total solar potential, it is calculated by multiplying the total available rooftop 

area of all the HDB buildings found in the focus area by the potential solar peak power 

per m² and potential annual solar energy output per m² values.  

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟 

= 𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎 ×       

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑚² [𝑘𝑊𝑝]                    (3) 

 

𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 

= 𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎 ×

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 𝑚² [𝑘𝑊ℎ/𝑦𝑒𝑎𝑟]                   (4)  
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CHAPTER 5. RESULTS 

 

The results depicted in this chapter have been divided into: (1) identification of clusters; 

(2) ratio from selected HDB building; and (3) total solar potential.  

 

5.1 IDENTIFICATION OF CLUSTERS 

 

To start off, clusters of HDB buildings with the same configuration and rooftop size have 

been grouped together. Altogether, there are 10 clusters and 18 unique buildings (Table 

3). The total rooftop area for buildings within a cluster will follow a single average 

estimation using Equation 1.  

 
Table 3: Identified HDB building clusters (Appendix B). 

 

Cluster HDB Building Average Total Rooftop 

Area (m²) ** 

1st 5, 6 (total: 2) * 1330.851 

2nd 16, 17 (total: 2) 1058.494 

3rd  19, 20, 26, 27 (total: 4) * 1289.808 

4th  21, 23, 28, 29 (total: 4) * 1083.810 

5th  31 – 33 (total: 3) 929.348 

6th  30, 36 – 38 (total: 4) 837.788 

7th  39, 40 (total: 2) * 1044.017 

8th  41, 46, 50, 54 (total: 4) * 1253.783 

9th  42, 44, 47 - 49, 51, 53 (total: 7) * 1117.824 

10th  43, 45, 52 (total: 3) 645.671 

 

Unique 1 – 4, 7 – 15, 18, 22, 24, 25, 34, 35 (total: 18) - 

 

* Clusters with a “comb-shaped” design (total: 23). 

** Using the values obtained in Appendix D.  
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Figure 7: HDB building number 20 in the focus area with a variation of the “comb-shaped” 

rooftop design (left: OneMap, right: Google Maps) (OneMap, 2021b) (Google Maps, 2021).  

 

Based on mapping images, it can be observed that many of the rooftops in the focus area 

have “comb-shaped” design variations (Appendix C). Of the 23 rooftops identified, an 

example is building number 20 (Figure 7). For HDB building number 20, the satellite 

images were cross-referenced since Google Maps produces a more recent imagery 

revealing existing solar panels on the rooftop which OneMap did not indicate.  

 

       
 

Figure 8: Identified HDB buildings in the focus area with tiled rooftops (QGIS Development 
Team, 2021).  

 

Moreover, given that solar PV installations at HDB towns so far have been on flat rooftops, 

this study hence excludes tiled rooftops. The available rooftop space of HDB buildings 

31, 32 and 33 is hence determined to be zero (Figure 8).   
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5.2 RATIO FROM SELECTED HDB BUILDING 

 

 
 

 
 

Figure 9: Identified buildings with existing rooftop solar installations (top: 8, bottom: 14 – 17, 

19 and 20) (yellow circle: building number 20) (Google Maps, 2021). 

 

Using latest satellite imaging from Google Maps, seven buildings located on the left side 

of the focus area have been identified to have existing rooftop solar installations (Figure 

9). They have been identified as buildings number 8, 14 – 17, 19 and 20. For these 

buildings, available rooftop area estimations will be based on the area already covered 

with solar panels. 

 

The selected reference building for calculating the ratio is building number 20 which has 

the common “comb-shaped” rooftop design. This means that the ratio of available rooftop 
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space to actual rooftop space installed with solar PV panels obtained using Equation 2 can 

be expected to be applicable and of relevance to several other buildings in the focus area.  

 

𝑅𝑎𝑡𝑖𝑜 =
472.540 

1289.808
= 0.366 

 

Using QGIS, the guiding ratio of 0.366 was obtained and will only be applied to the 

rooftops in the focus area with variations of the same “comb-shaped” design. This means 

that where the estimated 
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝐴𝑟𝑒𝑎
 is more than 0.366, the values will be 

adjusted to obtain a maximum ratio of 0.366 only instead (Appendix D).  

 

5.3 TOTAL SOLAR POTENTIAL 

 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑚² 

=
𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑜𝑙𝑎𝑟 𝑃𝑉 𝑆𝑦𝑠𝑡𝑒𝑚
=

75.75

667.61
= 0.113464 𝑘𝑊𝑝/𝑚² 

 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 𝑚² 

=
𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑜𝑙𝑎𝑟 𝑃𝑉 𝑆𝑦𝑠𝑡𝑒𝑚
×

18

13.5
=

80,300

667.61
×

18

13.5
= 160.373 𝑘𝑊ℎ/𝑚²/𝑦𝑒𝑎𝑟 

 

Using the solar peak power and adjusted annual solar energy output values from an 

existing HDB building with a rooftop solar PV system already installed and dividing it by 

the area of the solar PV system (refer back to Chapter 4.2.3 Calculating Total Solar 

Energy Potential), the potential solar peak power per m² and potential annual solar energy 

output per m² were calculated. For the latter, the efficiency level was adjusted to be 18% 

instead of the original 13.5%.  
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Using the values obtained, solar peak power and annual solar energy output in this study 

was assessed using the value 0.113464-kilowatt peak per square metre (kWp/m²) and 

160.373 kWh/m²/year respectively. 

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟 = 17,707 × 0.113464 = 2,009 𝑘𝑊𝑝 = 2 𝑀𝑊𝑝 

 

𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 

= 17,707 × 160.373 = 2,839,726 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 = 2.8 𝐺𝑊ℎ/𝑦𝑒𝑎𝑟 

 

As tabulated in Appendix D, the total available rooftop area in the focus area is 17,707 m². 

Using Equations 3 and 4, if the rooftops of all the HDB buildings in the focus area 

(excluding buildings number 31, 32 and 33) have rooftop PV panels installed, total 

potential solar peak power and annual solar energy output is 2 MWp and 2.8-gigawatt 

hour per year (GWh/year) respectively.  
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CHAPTER 6. DISCUSSION AND ANALYSIS 

 

This chapter discusses the results obtained in Chapter 5. Results and provides analytical 

findings for the study.  

 

6.1 INTEGRATION OF SOLAR ENERGY 

 

This subchapter has been further divided into two parts: (1) assessment of solar potential; 

and (2) recommendations. 

 

6.1.1 ASSESSMENT OF SOLAR POTENTIAL 

 

According to the EMA, the average monthly electricity consumption of HDB apartments 

in Jurong East in 2019 was 348.4-kilowatt hour (kWh) (EMA, 2020). This equates to 4,181 

kWh annually. With an annual solar energy output of 2.8 GWh/year, the energy produced 

can meet the yearly energy demands of approximately 679 HDB apartments.  

 

As highlighted in Chapter 2.2.5 Singapore Green Plan 2030, the Singapore Green Plan 

sets the target for solar deployment to increase from the current 377 MWp to 1.5 GWp by 

2025, and at least 2 GWp by 2030 (Singapore Green Plan 2030, 2021c). The measures to 

reach the 2025 goal includes the covering of the rooftops of HDB blocks with solar panels 

(Singapore Green Plan 2030, 2021a). Representing around 0.54% (54 out of 

approximately 10,000) of the HDB buildings found in Singapore, the 2 MWp solar peak 

power of the HDB buildings in the focus area is able to contribute 0.18% to the 1,123 

MWp increase in peak power needed to reach the 2025 goal. It is also important to note 

that there is still a need to consider the cost, time and manpower required to harness the 

maximum amount of solar energy nationwide in less than four years. Therefore, a 

reiteration that can be made based on the findings of this study is that there is indeed a 

greater need for complementary measures to meet the solar goal of HDB buildings. 
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In the long-run, local rooftop solar production will not be able to make up a large portion 

of SG’s energy mix and replace a large portion of Singapore’s dependency on natural gas 

for electricity generation. There will be a need for alternative measures to complement 

and meet the rest of the electricity demand in the HDB buildings not only in Jurong East 

but nationwide. Other than an increase in energy efficiency and savings, this can be made 

up by BIPV. The integration of BIPV on building façades is to be more relevant to the 

future of solar PV in Singapore. Therefore, building façades should also be exploited, 

despite the lower solar irradiation on their surfaces, as it is a practical and promising path 

towards promoting greater building resilience (Kosorić et al., 2019).  

 

Other measures include relying on floating solar panels on reservoirs and regional (clean) 

energy imports from neighbouring countries. In fact, located right below the focus area is 

the Pandan Reservoir where floating solar may eventually be deployed and contribute to 

meeting the buildings’ energy demand. Such alternative measures should, however, not 

deter Singapore’s progress in terms of expanding rooftop solar energy integration.  

 

6.1.2 RECOMMENDATIONS 

 

Compared to a vast majority of countries which have larger land areas, Singapore has a 

unique set of challenges and benefits as a result of geographical constraints. Rather than 

focusing on the cons, there are also pros to being a small and densely built country. 

Although land limitations can be an obstacle for further development, it can encourage 

innovation and lead to the uptake of an approach deviating from the norm. Moreover, there 

can be a distinct advantage when it comes to urban planning, and by extension the planning 

for the integration of infrastructures such as solar systems on buildings.  

 

As introduced in Chapter 4.2 Empirical Data – Assessing Solar Potential, the NUS Urban 

Analytics Lab has put together a 3D model of the HDB buildings in Singapore (Figure 3). 

Taking that as an example, it is highly possible to make detailed plans for Singapore and 

allow scrutinisation down to miniscule details. Eventually, such efforts to advance 
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geospatial technology can benefit city planning in Singapore, and this includes the 

pathway towards more widespread installation of solar PV panels on HDB building 

rooftops nationwide. The availability of rich information can lead to easier planning and 

identification of areas with the opportunity for future solar installations. It also makes it 

possible to view the solar progress of the nation as a whole and to take note of any risks 

that may arise. In fact, this can possibly even extend to the planning for green roofs and 

urban farming rooftops, which both compete with solar for rooftop space. Therefore, a 

recommendation would be for the five URA planning regions to come up with more 

detailed plans and measures in order to push for greater solar energy growth in Singapore 

and meet the national solar goal.  

 

This is especially since there is uneven solar deployment across the country, and it is 

possible to argue that the current lack of planning may be hindering the rate of adoption 

of solar energy. The creation of a more comprehensive national plan with specified goals 

for each planning area may also drive a combined and more ambitious effort towards 

creating a more sustainable future. In the long run, this strengthening of sense of 

community may also facilitate the introduction of more bottom-up approaches that can 

also result in greater acceptance and adoption nationwide. 

 

However, there should be a particular emphasis on developing through SDG 17 - 

Partnerships for the Goals on a local scale too. For a country as land- and resource-scarce 

as Singapore, collaborations with research teams are vital in facilitating a SET. For 

example, actions that can be undertaken by the BCA who drafts the nation’s MP can be to 

work on creating a base map for solar power installations. This can be through 

collaboration with research teams from local universities such as the NUS Urban Analytics 

Lab. Similar to what this paper explores, further research can be to achieve greater 

visualisation for easier planning and expansion of solar energy. In order to obtain a higher 

level of accuracy and validity of the geospatial analysis, estimations and calculation, data 
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such as exact rooftop layouts should be ideally provided by HDB in order to support 

further research conducted in this area.  

 

6.2 LIMITATIONS OF RESEARCH SET-UP 

 

As this study was conducted in Sweden, it is based entirely on data and information found 

on Singapore retrieved online. This study hence uses data obtained largely from 

governmental sources so as to ensure the validity of the data.  

 

Moreover, when it comes to quantitative research, uncertainty can come from the results 

since they are based on data which are also based on their own set of assumptions and may 

hence be inaccurate or biased. For example, estimated rooftop areas may be irrelevant if 

the spaces are eventually used for other purposes such as urban rooftop gardening instead. 

As such, in reality, the number of solar panels that can actually fit the rooftops may be less 

as a result of fixed solar panel dimensions. Hence, this study includes the use of a realistic 

ratio as a control variable in order to reflect as accurate estimations as possible. 

 

Similarly, advancements in solar technology, which is still a developing RE technology, 

can be difficult to accurately predict since it can advance non-linearly or/and very rapidly 

(Bolwig et al., 2019). Therefore, the solar panel efficiency level applied in this study was 

adjusted to more recent values so as to consider solar technology’s rapid development rate.  

 

6.3 ETHICAL CONSIDERATIONS 

 

An ethical consideration related to sustainable development and energy that needs to be 

considered when it comes to rooftop solar PV deployment on HDB buildings is cost. When 

diversifying into cleaner renewable energy to support Singapore’s progress in terms of 

tackling climate change, the expansion of solar power will entail a greater need for 

investment. Hence, there is a need to ensure that continued solar deployment does not 

result in an increase in electricity prices since it should remain affordable.   
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Also, when it comes to the resources used for solar panel production, the mining of rare 

minerals needed to build solar panels is not necessarily sustainable. As such, given that 

solar is still a maturing technology, there may be a dilemma on the appropriate rate of 

deployment given current solar panel efficiency levels. There is then also the need to 

ensure responsible sourcing of solar panels from selected manufacturers. Moreover, there 

is also the need for the responsible disposal of the solar panels when its lifetime is over. 

 

6.4 SUGGESTIONS FOR FUTURE STUDIES 

 

 

A main suggestion for future studies is to expand the scope of this study to cover all the 

HDB towns so as to conduct more in-depth research and achieve a more accurate solar 

outlook. Other than that, there are also two other suggestions: to investigate the (1) impact 

of an energy storage system; and to integrate an (2) economic perspective. 

 

6.4.1 IMPACT OF AN ENERGY STORAGE SYSTEM 

 

Whilst solar energy is the most viable source of RE in tropical Singapore, the weather can 

also be cloudy. Such unpredictable weather conditions result in solar output fluctuations 

throughout the day that bring out the intermittency of solar generation. In the face of solar 

energy’s intermittent nature, ESSs can be used to manage the mismatches between 

electricity supply and demand and thus enhance grid resilience (EMA, 2019). Hence, 

whilst this study focuses on total solar potential, further research can include investigating 

the impacts of deploying ESSs such as how it can affect the power system when handling 

variable solar energy. This provides an opportunity for residential solar power production 

to meet the electricity demand of residential HDB buildings, especially since solar energy 

has been seeing rapid growth over recent years and is set to continue increasing.  

 

Currently, excess solar outputs can be channelled back to Singapore’s electrical grid 

(MND and HDB, 2020). However, when more solar energy is eventually integrated and 

there is a larger solar power output handle, it can pose a challenge to the national grid. As 
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such, a two-part analysis will be necessary to solve solar energy’s intermittency and hence 

maximise solar: (1) total solar potential with ESS; and (2) total solar potential without 

ESS. This can be determined by creating a combined graph with the duck curve for solar9 

and a Jurong East HDB building’s daily electricity consumption (daily load curve), the 

size of the ESS needed to handle the variability of solar power and daily load fluctuations 

for each HDB building. Additionally, when the façade and BIPV becomes technically and 

economically more feasible, further research into the updated total solar potential can be 

conducted.  

 

6.4.2 ECONOMIC PERSPECTIVE 

 

This paper focuses more on the potential for solar energy to meet the demand-supply of 

HDB buildings and towns. However, it is also necessary to include a cost perspective of 

the results obtained in future studies since cost alongside technology are two main factors 

that can affect the rate of solar deployment. Whilst solar PV systems entail high capital 

costs10 which can take a long time to recover and may hence hinder widespread 

deployment (BCA and EMA, 2009), the LCOE for solar PV technology has been 

decreasing and is predicted to become more price competitive in the years to come. A 

decreasing LCOE can play a vital role in supporting the greater market and increasing 

volume within the country (Reindl, 2020). Only by factoring in the cost of solar-based 

infrastructure development can there be a more integrated perspective on solar integration 

in Singapore.  

 

In the future, when the cost of both solar and ESSs become more price competitive on the 

energy market, solar PV can become a more commercially viable RES that can compete 

with the traditional natural gas that Singapore relies on for electricity generation.   

 
9 A solar duck curve illustrates the hourly solar production within a day. 
10 The annual maintenance cost of a PV system beyond a warranty period is around 0.5% to 1% of the capital 

cost of the installation (BCA and EMA, 2009). 
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CHAPTER 7. CONCLUSIONS 

 

In this study, the total rooftop solar PV potential of the 54 HDB buildings in the south of 

the Jurong East HDB town in Singapore was estimated by conducting geospatial analysis 

of satellite imagery using QGIS. Through the installation of mono-crystalline silicon 

rooftop PV modules with an efficiency level of 18%, set up at an optimal tilt angle and 

solar azimuth, the total potential solar peak power and annual solar energy output 

estimated is 2 MWp and 2.8 GWh/year respectively. This equates to powering 679 HDB 

apartments in the focus area annually and meeting 0.18% of Singapore’s 2025 national 

solar goal. The results reinforce the need for other measures such as increased energy 

efficiency in order to decrease building energy consumption.  

 

Not only do the results contribute to the efforts of the HDB in exploring and implementing 

sustainable strategies, it also demonstrates the significant role geospatial planning can play 

in facilitating more efficient urban planning and solar integration moving forward. The 

potential benefit of using GIS to facilitate greater solar deployment can also be a lesson 

learnt for other urban cities or countries, regardless of type of climate.  

 

The focus of this study was on the small area south of the Jurong East HDB town in 

Singapore. Future work is to extend the study to cover all the HDB buildings across the 

entire nation in order to get a detailed overall picture of Singapore’s solar potential. By 

promoting collaborations between for example HDB, BCA and local research teams, this 

greater access to data can supplement the study and derive more accurate results. In 

addition, various commercially available solar technology options such as BIPV can be 

included as well when they become more feasible so as to provide an up-to-date 

assessment. Additionally, studies on both the necessary size of ESS to better manage solar 

fluctuations and ensure grid reliability for HDB buildings and overall cost can be done to 

supplement this paper. Nonetheless, this study indicated the potential for HDB solar power 

production in Singapore within its defined scope.   
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APPENDIX A. CORRECTING MAPPING IMAGE DISCREPANCIES 

 

 
 

Figure 10: Original buildings categorisation of the focus area (red – HDB, yellow – 
commercial, brown – industrial, blue – others) (QGIS Development Team, 2021). 

 

 
 

Figure 11: Corrected buildings categorisation of the focus area (red – HDB, yellow – 

commercial, brown – industrial, blue – others) (QGIS Development Team, 2021). 
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APPENDIX B. NUMBERING OF THE HDB BUILDINGS IN THE FOCUS AREA  

 

 
 

Figure 12: Numbering of the HDB buildings (QGIS Development Team, 2021). 
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APPENDIX C. BUILDINGS WITH VARIATIONS OF A SIMILAR ROOFTOP 

DESIGN 

 

 

 
 

Figure 13: Black dotted lines identifying rooftops with variations of the “comb-shaped” rooftop 

design (red – HDB, yellow – commercial, blue – others) (top: left side, bottom: right side) (QGIS 
Development Team, 2021). 
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Figure 14: Focus area HDB buildings (top: left side, bottom: right side) (yellow circle: 

identified “comb-shaped” rooftop design of HDB building number 20) (OneMap, 2021b). 
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Figure 15: Estimation of total rooftop area (purple) and rooftop solar PV installation area 

(yellow) at the chosen HDB building number 20 (QGIS Development Team, 2021).   
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APPENDIX D. RESULTS OF HDB BUILDING ESTIMATIONS 
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Figure 16: Estimation of total rooftop area (uniform purple) and available rooftop area (multi-

coloured) for the HDB buildings in the focus area (top: left side, bottom: right side) (QGIS 
Development Team, 2021).  
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Table 4: Breakdown of the focus area HDB building estimations (QGIS Development Team, 
2021). 

 

HDB 

Building 

Total Rooftop 

Area (m²) 

Adjusted Total 

Rooftop Area (m²) * 

Available Rooftop 

Area (m²) 

Checked with 

Ratio (m²) ** 

1.  988.637 - 70.174 - 

2.  446.404 - 87.474 - 

3.  1000.434 - 152.484 - 

4.  847.695 - 122.134 - 

5.  1353.579 
1330.851 

393.669 

6.  1308.122 343.382 

7.  472.832 - 69.899 - 

8.  960.443 - 177.211 - 

9.  669.412 - 519.501 - 

10.  684.786 - 502.517 - 

11.  469.430 - 84.736 - 

12.  489.840 - 64.711 - 

13.  1436.286 - 776.226 - 

14.  1289.840 - 562.572 - 

15.  1269.003 - 609.401 - 

16.  1053.397 
1058.494 

304.548 - 

17.  1063.590 312.329 - 

18.  589.748 - 478.546 - 

19.  1279.212 
1289.808 

324.015 - 

20.  1275.867 472.540 - 

21.  1107.863 1083.810 509.127 396.674 

22.  1224.854 - 950.599 - 

23.  1037.644 1083.810 557.818 396.674 

24.  793.350 - 360.264 - 

25.  671.824 - 196.999 
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26.  1306.459 
1289.808 

734.083 
472.070 

27.  1297.695 694.146 

28.  1096.378 
1083.810 

421.000 
396.674 

29.  1093.356 554.098 

30.  854.484 837.788 200.555 - 

31.  931.811 

929.348 

0 - 

32.  946.825 0 - 

33.  909.408 0 - 

34.  827.353 - 136.040 - 

35.  1126.674 - 905.146 - 

36.  838.631 

837.788 

206.798 

37.  813.209 324.121 
306.630 

38.  844.828 385.940 

39.  1043.711 
1044.017 

332.662 

40.  1044.322 494.979 382.110 

41.  1269.541 1253.783 207.932 

42.  1080.157 1117.824 246.365 

43.  669.589 645.671 411.234 - 

44.  1154.037 1117.824 258.678 

45.  637.479 645.671 200.638 - 

46.  1244.449 1253.783 442.674 

47.  1122.676 

1117.824 

371.082 

48.  1115.365 292.288 

49.  1124.999 304.712 

50.  1267.747 1253.783 519.207 458.885 

51.  1114.141 1117.824 264.187 

52.  629.946 645.671 272.094 - 

53.  1113.393 1117.824 283.609 
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54.  1233.398 1253.783 469.689 458.885 

 

* Only applicable to cluster rooftops with calculated average total rooftop area (Table 3). 

** Only applicable to rooftops with variations of the “comb-shaped” rooftop design. 


