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Energy consumption in urban areas is increasing in line with population growth and economic activity. Cities therefore 
have an important role in the energy transition process. Jakarta, a metropolitan city, has many buildings that can be used 
for the installation of distributed solar photovoltaic (PV) systems. This study aims to investigate the potential of rooftop 
solar photovoltaics (RSPV) potential in the city. Available urban rooftop space for installing distributed rooftop solar PV in 
Jakarta is evaluated by the combination of land use and building footprint analysis using a geographic information sys-
tem (GIS); consideration of the reduction in shading; and other uses. The study results show that the available roof area 
suitable for solar PV is 101,297,045 m2 (101.3 km2), 11,236,062 m2 (11.2 km2) and 14,021,862 m2 (14 km2) in residential, 
industrial and commercial zones respectively. Therefore, potential PV installation capacity based on the available roof 
area potential ranges from 16,967–21,526 MWp for residential, 1,882–2,388 MWp for industrial, and 2,349–2,980 MWp 
for commercial areas. Residential electricity potential is 19,089 GWh/year, industrial 2,454 GWh/year, and commercial 
3,062 GWh/year, with a scenario of 17.3 percent PV panel efficiency. On the other hand, with 22.8 percent PV panel 
efficiency, potential residential electricity generation is 26,239 GWh/year, industrial 3,373 GWh/year, and commercial 
4,209 GWh/year, representing an annual specific energy yield of 1,161–1,258 kWh/kWp.
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Introduction
Using rooftop solar power plants in urban areas as a 
source of electrical energy is one of the solutions for 
reducing carbon emission and easing the burden on 

traditional power grid, because of their ease of instal-
lation, which require a relatively short time, and as 
they are a source of sustainable and environmentally 
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friendly solar energy (Montealegre et al., 2022). Solar 
energy, one among other renewable energy sources, is 
a potential primary resource, which supports sustain-
able economic development, and is environmentally 
friendly (Kassem et al., 2021). (Kammen and Sunter, 
2016) suggest that integrating solar energy electricity 
in urban areas can meet the electricity needs of many 
cities if the photovoltaic (PV) technology being tested 
in advanced laboratories today becomes competitive in 
terms of cost. 

Cities can accelerate the use of renewable energy in 
three priority areas: 1) in buildings; 2) in the transport 
sector; and 3) through the creation of an integrated 
urban energy system (IRENA, 2016). Cities not only 
consume energy, but can also produce it through the 
distribution network. The increase in electrical energy 
can be generated by variable renewable energy (VRE), 
especially that sourced from wind and solar energy. 
By installing solar rooftops connected to the electricity 
network, households are not only electricity custom-
ers, but at the same time can become electricity pro-
ducers (Martin and Ryor, 2016). The increasing contri-
bution of VRE to the electrical system demands flexible 
and stable electrical system operators (Guerra et al., 
2022).

In the face of the challenges to cities of climate change 
and sustainable development, mitigation strategies 
related to increasing the penetration of renewable  
energy are increasingly attracting the attention of many 
parties. One low-carbon technology that is experienc-
ing exponential growth is PV energy. Local renewable 
power generation through rooftop solar PV systems in 
urban areas provides enormous potential for green-
house gas emissions mitigation (Mainzer et al., 2017; 
Zhang et al., 2023).

Regarding the energy transition process, Indonesia 
has also established the development of clean ener-
gy sources as a national policy directive; Government 
Regulation No. 79/2014 on National Energy Policy has 
set a target to increase the use of renewable energy in 
the national primary energy supply (PP 79/2014, 2014). 
In line with this, the Government is committed to set-
ting a total target reduction of greenhouse gas emis-
sions of 31.89 percent, an increase from the previous 
target of 29 percent, and a conditional target of up 43.2 
percent from the previous 41 percent of the business 
as usual scenario by 2030 (KLHK, 2022).

The sustainable energy development concept aims for a 
better future, in which the fulfillment of human needs is 
kept in balance with nature. Driven primarily by concerns 
over urban air quality, global warming caused by green-
house gas (GHG) emissions, and dependence on the de-
pletion of fossil fuel reserves, the transition to alternative 
energy systems is receiving serious attention. In most 
cases, energy system decision-makers need to consider 
several objectives, economic, social and environmental, 
that may be on a local, regional or global scale, so that 
energy system management can align with sustainable 
development (Bazmi and Zahedi, 2011; Olabi et al., 2023; 
Czerwińska and Pacana, 2024). Key indicators that need 
to be considered in the drive for sustainable energy in-
clude that it is carbon neutral; does not affect the quality, 
quantity or rational use of natural resources; does not 
affect biodiversity; does not result in undesirable social 
consequences; and contributes to economic develop-
ment and social justice (Singh et al., 2013).

Knowledge of the available potential roof areas is vital 
for installing solar power plants in urban areas. Sev-
eral previous studies to assess the potential of solar 
PV on urban and regional scales have been conducted 
in different regions of the world using varied methods 
(Izquierdo et al., 2008; Ordóñez et al., 2010; Wiginton 
et al., 2010; Bergamasco and Asinari, 2011; Singh and 
Banerjee, 2015; Mainzer et al., 2017; Gui et al., 2024).

Hierarchically, calculating solar energy potential for 
urban areas can be addressed in several stages, by 
estimating the physical or theoretical, geographical, 
technical, economic, and market possibilities (Izquier-
do et al., 2008; Bergamasco and Asinari, 2011; Hong et 
al., 2016; Assouline et al., 2018). Physical potential in-
cludes the total amount of energy received from solar 
radiation on the roofs of buildings, while geographical 
potential is the spatial availability of the area where to-
tal amount solar energy can be estimated, considers 
the spatial constraints and practicalities, like shading 
from other buildings or trees, roof orientation, and the 
availability of roof space. Technical potential refers to 
the electrical potential that can be generated from the 
energy, taking into account the technical performance 
of the system and the equipment used to convert re-
sources into electrical energy, such as the efficiency of 
PV modules and inverters.

Assesing the photovoltaic (PV) potential of an ur-
ban landscape is a challenging task. Factors such as 
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building elevation, urban density, and diverse urban 
morphologies, along with limited access to detailed 
data, make the evaluation more difficult. Although 
numerous methods have been suggested to address 
these challenges, they can generally be classified into 
three main categories (Schallenberg-Rodríguez, 2013; 
Byrne et al., 2015). Based on data accessibility and con-
sideration of the scope of the study area, these cate-
gories described as follows: 1) sample methodology; 
2) multivariate sampling-based methodology; and 3) 
complete census methodology. Melius et al. (2013) re-
viewed previous related studies and presented a new 
method for estimating rooftop suitability for PV, while 
Castellanos et al. (2017) distinguished the methodolo-
gy for identifying and calculating rooftop solar energy 
potential into three categories: 1) low-level methods, 
2) medium-level methods, and 3) high-level methods. 
Assouline et al. (2018) further reviewed several meth-
ods to estimate the potential of PV rooftop solar power 
plants on regional and national scales, namely phys-
ical/empirical, geostatistical, constant values, sam-
pling, GIS/LiDAR, and machine learning. 

The widespread adoption of rooftop solar photovoltaic 
(RSPV) systems is essential for promoting the transi-
tion to renewable energy sources across society. Low-
ering the costs of such systems enables significant de-
carbonisation of buildings through the increase in their 
adoption and deployment. When combined with ener-
gy-efficient building envelopes and technical systems, 
RSPV can achieve net-zero grid electricity consumption 
at the building level (Kapsalis et al., 2024). The poten-
tial for rooftop PV in urban areas can be applied to resi-
dential, industrial, commercial, Government, and other 
buildings. In addition to technical potential (generated 
electrical energy) and the environment, economic per-
formance is essential for deploying and adopting PV 
solar system technology (Rose et al., 2016). Because 
variable renewable energy is site-specific, the potential 
of each region can differ (Miyake et al., 2024).

Yue and Huang (2011) evaluated solar energy combined 
with land use analysis, allowing potential exploitation 
of such energy, considering the limitations of local land 
use conditions. Their assessment of solar energy po-
tential focused on solar water heaters and photovoltaic 
systems in the roof areas of buildings in Taiwan. Singh 
and Banerjee (2015) calculated the potential of rooftop 
solar PV for the Indian city of Mumbai. Their research 

used publicly available land use data with a high level 
of granularity, domain-based imagery analysis, and GIS 
from satellite imagery samples to estimate the values 
of the building footprint area ratio. Horan et al. (2020) 
conducted a study of the potential of rooftop solar PV 
for industrial and commercial building zones in cities 
in Ireland, while Kutlu et al. (2022) calculated the tech-
nical potential of rooftop solar photovoltaics that could 
be generated from residential, public and commercial 
buildings in the city of Ankara, Turkey. Using geospatial 
modelling and considering the local context, Hasan et 
al. (2024) reevaluated  the geographical and technical 
potential for solar PV in Bangladesh. A comprehensive 
exclusion model and a system-specific suitability mod-
el were employed to identify appropriate locations and 
calculate the potential for rooftop PV, ground-mounted 
PV, floating PV, and agrivoltaic systems.

Indonesia has high solar radiation potential. Jakarta, 
as a metropolitan city, has many buildings that could 
be used to locate rooftop solar PV installations. Howev-
er, the amount of rooftop solar PV installed capacity is 
still small, and not as expected. The aim of this study is 
to assess the electricity potential that could be gener-
ated from rooftop solar PV in Jakarta, especially in res-
idential, industrial and commercial areas. The results 
could be used as a reference for stakeholders to cre-
ate appropriate strategies to increase solar PV system 
deployment as an environmentally-friendly technology 
energy source in Jakarta. By making the transition to-
wards renewable energy sources, cities can contribute 
to reducing CO2 emissions and thus support the net 
zero emissions commitment made by the Indonesian 
government and its efforts to overcome the problems 
of climate change.

Methods

A. Study location
This study was conducted in Jakarta, Indonesia, located 
between latitude  6°12’ south and longitude 106°48’ east, 
with a land area of 660.98 km2. Jakarta province consists 
of five administrative city areas and one administrative 
regency, namely South Jakarta Municipality, with an area 
of 144.94 km2. East Jakarta has an area of 185.54 km2; 
Central Jakarta 47.56 km2; West Jakarta 125.00 km2; 
North Jakarta with an area of 147.21 km2; and the Kepu-
lauan Seribu Administrative Region 10.73 km2.
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Based on data from the Central Statistics Agency of 
DKI Jakarta Province, the total population of Jakarta 
in 2023 was 10,672,100, with a population growth rate 
from 2023 to 2020 of 0.38 percent. Jakarta is the most 
populous province in Indonesia, with population den-
sity reaching 16,165 people per km2 in 2023 (BPS DKI 
Jakarta, 2024).

In addition to being the location of the provincial Gov-
ernment and central Government, Jakarta is also the 
business centre of Indonesia. Residential, commercial 
and industrial buildings require a considerable elec-
trical energy supply; in 2023, the amount of electricity 
sold was 36,992,354,101 kWh, used by 5,225,077 cus-
tomers, of whom 92 percent were households.

B. Solar insolation data
Local solar radiation data for estimating solar radia-
tion on inclined surfaces were obtained from the Me-
teorological, Climatological, and Geophysical Agency’s 
website (BMKG, 2022). The data included the average 
monthly solar radiation; hours of bright sunshine (sun-
shine duration); and clearness index in Jakarta from 
2011 to 2020, as shown in Table 1. The duration of bright 
sunshine or sunshine is one of several elements con-
sidered in climatology; the World Meteorogical Organ-
ization (WMO) defines this the length of time the sun 
shines brightly on the earth’s surface, calculated from 
sunrise to sunset, and measured by the power of the 

sun when exceeding 120 W/m2. This is different from 
peak sun hours, which are defined as the number of 
hour in the day when the intensity of the sunlight (solar 
irradiance) reaches an average of 1,000 Watts of energy 
per square meter of surface area. There are various 
ways to measure sunshine duration, including direct 
measurement with sunshine duration recorders; the 
pyrheliometric method, which uses direct irradiance 
from pyrheliometers; and pyranometric algorithms, 
which utilise the global irradiance from pyranometer 
(Wu et al., 2016). The most common device used to 
measure sunshine duration is the Campbell-Stokes 
Recorder. 

Global Horizontal Irradiance (GHI) is the total irradiance 
from the sun on a horizontal surface of the earth. It is 
the sum of Direct Normal Irradiance (DNI) and Diffuse 
Horizontal Irradiance (DHI). DNI is the level of radiation 
on a surface that is constantly perpendicular (normal) 
to the direct solar beam, while DHI is the terrestrial 
irradiance received by a horizontal surface which has 
been scattered or diffused by the atmosphere. These 
three measures are related by the expression GHI = 
DHI + (DNI x cos θ), where θ is the solar zenith angle 
(Pinna and Massidda, 2020). The amounts of GHI and 
DNI vary due to variations in geographical location and 
local climate effects.

Throughout the year in Jakarta, the highest solar radi-
ation intensity takes place in August, September and 

Table 1. Long term average of Global Horizontal Irradiation (GHI) in Jakarta from 2011 to 2020

Month GHI (kWh/m2) Bright Sunshine Duration (hour) Clearness Index Average temperature (°C)

January 3.70 3.50 0.3470 27.7

February 4.35 4.32 0.4050 27.4

March 4.67 5.10 0.4443 28.0

April 4.72 5.94 0.4784 28.7

May 4.31 5.90 0.4765 29.2

June 4.01 5.72 0.4670 28.7

July 4.30 6.22 0.4891 28.4

August 4.98 7.10 0.5251 28.4

September 5.61 7.85 0.5490 28.6

October 5.26 6.60 0.4957 28.9

November 4.77 5.39 0.4485 28.7

December 4.22 4.12 0.3993 28.1
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October, with sunshine duration of around 7.85 hours 
per day in September and a clearness index of 0.549. 
In comparison, the lowest solar radiation intensity is 
in January and December, with bright sunshine dura-
tions of 3.5 and 4.12 hours, and a relative temperature 
throughout the year of around 28.4°C.

CV. Solar radiation estimation on inclined surfaces
Calculating solar radiation on inclined surfaces is 
the key to analysing solar PV systems (Schallen-
berg-Rodríguez, 2013). (Mousavi Maleki et al., 2017) 
state that solar radiation measurements on oblique 
surface are rare; at weather stations, horizontal surfac-
es are used to measure global solar radiation. Never-
theless, to obtain optimal solar radiation results on the 
surface of the collector, solar PV panels are installed 
on an inclined surface, with inclined surface radiation 
calculated from global horizontal radiation measure-
ment results.

Since estimation models are greatly influenced by  
latitude, finding the most accurate model for specific 
regions is vital. In addition, since the number of solar 
radiation incidents on PV panels is also greatly influ-
enced by the angle and orientation of its installation, 
finding the optimal tilt angle for receiving maximum 
solar radiation on photovoltaic modules is the cheapest 
and most effective method (El-Sebaii et al., 2010; De-
main et al., 2013; Khatib et al., 2015; Matius et al., 2021).

In calculating the level of solar radiation on the earth’s 
surface, it is generally necessary to consider the con-
stant of solar radiation and two parameters of the lo-
cation where the solar radiation is received, namely 
the solar declination angle and the sunset angle. The 
earth’s rotation on its axis contributes to variations in 
the intensity of solar radiation received on its surface, 
while the atmosphere and effects of climate change 
also both dampen and change the condition of solar 
energy sources.

The monthly average daily solar radiation incident on 
a tilted surface (HT) consists of three components, 
namely: direct (beam) solar radiation incidence on a 
tilted surface (HB); diffuse solar radiation incidence on 
a tilted surface (HD); and reflected solar radiation on a 
tilted surface (HR) (Duffie and Beckman, 2013; Mousavi 
Maleki et al., 2017; Wang et al., 2018).
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where Hb and Hd are beam and diffuse solar radiation 
on a horizontal surface; Rb is the ratio of the average 
beam radiation received by the tilted surface to that 
on a horizontal surface; KT is clearness index; H is the 
global horizontal irradiation obtained from meteoro-
logical stations; and HO is the average daily extrater-
restrial radiation on a horizontal surface.

For surfaces in the southern hemisphere, the PV solar 
panel surface faces the equator with γ = 180°.
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where δ is the declination angle of the sun; N is the Ju-
lian day of the year; ϕ is the latitude of the location; β is 
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Reflected radiation on an inclined surfaces (𝐻𝐻�) can be calculated by equation (12) (Liu and Jordan, 1961): 55 
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where ρ is a measure of surface reflectivity, known 
as the albedo factor. Depending on the object’s com-
position, albedo values vary from 0.1 (asphalt) to 0.9 
(snow). A commonly used assumption is ρ = 0.2 (Schal-
lenberg-Rodríguez, 2013).

D. Estimated building location in Jakarta
The method to estimate rooftop potential was devel-
oped from a technique adopted in several previous 
studies (Yue and Huang, 2011; Singh and Banerjee, 
2015; Horan et al., 2020). Based on a review of pre-
vious research, this study utilised OSM building foot-
print vector layers consisting of polygons to estimate 
the footprint of residential, commercial and industrial 
buildings in the Special Capital Region of Jakarta Prov-
ince by intersecting the building footprint layers with 
vectors layers produced by the base map from the Hu-
man Settlements, Spatial Planning and Land Affairs 
Office of DKI Jakarta Province, which is accessible via 
the Jakarta Satu website (Jakarta Satu, 2021). The 
map represents residential, industrial and commercial 
land use. Analysis was performed using intersection 
geoprocessing tools and basic statistics in QGIS 3.16 
to identify the footprint of the three types of buildings. 
The roof area of the building is assumed to be equal to 
its ground area.

As an output example, screenshots of QGIS applica-
tions for building footprint in urban area and land use 

polygon for residential, industrial, and commercial 
zones for the city of Jakarta are shown in Fig. 1.

E. Roofing usage correction factor
Assessment of PV potential on buildings starts with de-
termination of the total roof area. However, not all the 
roof area is suitable for the installation of rooftop solar 
PV power plants. Many factors influence the proportion 
of available roof space. Several considerations when 
estimating the potential roof area, such as the number 
and height of buildings, population density, and con-
struction typology, affect the usable surface area. Cor-
rection or utilisation factors also need to be considered 
to determine the available roof space for installing PV 
systems, such as building orientation, roof inclination, 
location, shadow, and cultural heritage considerations, 
together with Heating, Ventilation and Air Conditioning 
(HVAC) installations, water reservoirs, and roof ter-
races (Schallenberg-Rodríguez, 2013). Several studies 
have identified a relationship between population den-
sity and roof area (Lehmann and Peter, 2003; Wiginton 
et al., 2010; Hasan et al., 2024). International Energy 
Agency (IEA) (2016) devised a generic method by per-
forming linear regression in 1600 cities to determine 
the linear relationship between population density and 
the roof area available for locating PV solar panels.

According to Gutschner et al. (2002), the total roof 
area must be reduced or corrected based on architec-
tural and solar suitability to obtain a suitable roof for 
installing PV panels. Architectural suitability includes 
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together with 0.9 for industrial and 0.6 for commercial buildings in the Canary Islands. Horan et al. (2020) 44 
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limitations caused due to construction restrictions 
(elevators, HVAC, etc.); protected building status (his-
torical reasons); and shadow effects. Solar suitability 
refers to the calculation of the relative amount of solar 
radiation that the surface of a solar panel can receive 
depending on the inclination, orientation and distance 
between the PV panels. The term ‘utilisation factors’ 
refers to solar-architectural suitability.

Several studies have been conducted to determine the 
value of the reduction fraction of the use of different 
types of roof. Vardimon (2011), in research on Israel, 
determined a roof utilisation factor value of 0.3–0.5, 
while Schallenberg-Rodríguez (2013) set a utilisation 
value of 0.35–0.48 for flat roofs and < 0.11 for pitched 
roofs, together with 0.9 for industrial and 0.6 for com-
mercial buildings in the Canary Islands. Horan et al. 
(2020) examined the decarbonisation potential of in-
dustrial and commercial zone buildings in Irish cities, 
determining utilisation factors 0.4 and 0.5 respectively. 
Our study refers to several previous studies to esti-
mate the reduction factor for available roof space, ad-
justed according to climate considerations and building 
construction typology in Jakarta. 

Housing is categorised into four major types: detached 
houses, semi-detached houses, terraced houses, and 
apartments, as per the land use map of Jakarta. Roof 
construction commonly used in housing in the city are 
gable roofs and hip roofs, with an inclination rates of 
30°, together with a small number for flat roofs. To 
simplify the estimated potential reduction of solar PV 
due to building orientation, it is assumed that houses 
with pitched roofs face north or south, while apart-
ments, and industrial and commercial  buildings are 
considered to have flat roofs. 

Simulation results with different roof inclination sce-
narios in the study area were obtained using SAM 
software; with a change in the orientation of installed 
solar panels, the potential will decrease by around 10 
percent, while a difference in the slope of the roof will 
have an effect of approximately 12 percent, compared 
to optimal conditions (Gilman et al., 2018).

Furthermore, the correction factors due to shading 
and surrounding building construction were deter-
mined respectively at 0.64, 0.49, 0.36, 0.49, 0.86, 0.6 for 
large residential, medium residential, small residen-
tial, apartments, industrial buildings, and commercial 
buildings. The distance between solar panels needs to 

be considered based on the specified slope angle so 
that shading, which can cover the arrays of the solar 
modules, does not occur, so the Ground Coverage Ra-
tio (GCR) value must be calculated. Byrne et al. (2015) 
determined GCR to be 0.8 for a 5° tilt angle; in this study 
this value was set at 0.85 for surface latitude angles.

F. Energy potential estimation
The electrical energy generated from rooftop solar 
power plants in Jakarta was calculated by considering 
their technical characteristics, including the perfor-
mance of the equipment used to convert resources into 
electrical energy. The output of electrical energy from 
solar photovoltaic panels was calculated using the fol-
lowing equation:
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(Schallenberg-Rodríguez, 2013; Mansouri Kouhestani et al., 2019). 25 
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Based on Louwen et al. (2017), 𝜂𝜂� is 98% and 𝜂𝜂�� 98.29%, and these values were adopted for this study. 32 
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between 800–1000 Wm–2. 42 
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The building layer intersection with the land use layer in the 44 sub-districts in Jakarta indicated a total area 48 
value of the residential, industrial and°ommercial building footprints of 197,482,182 m2, 15,370,810 m2, and 49 
29,457,693 m2 respectively. According to the analysis of the estimated proportions from spatial data on land use 50 
in Jakarta, the percentage of land for each house type classification in the residential zone is: large 13 percent, 51 
medium 37 percent, small 48 percent, and flats/apartments 2 percent. Therefore, by multiplying the total area of 52 
residential buildings by the proportion of each type of housing, the area of large houses is 25,391,041 m2, of 53 
medium 72,099,714 m2, of small 95,418,844 m2, and of flats/apartments 4,572,583 m2. 54 

The potential roof area for locating PV panels was calculated by multiplying the value of the roof area of the 55 
building by the roof utilisation factor, which is 0.64 for large houses, 0.49 for medium, 0.36 for small, and 0.49 56 
for flats/apartments, 0.86 for industrial, and 0.6 for commercial. The utilisation factor was multiplied by the 57 
distance threshold between solar modules arrayed in buildings with flat roofs, such as apartments, industrial and 58 
commercial buildings. A threshold of 0.85 was determined for installing a surface latitude slope. 59 

The roof utilisation factor determined in this study was higher than that in the study conducted by Widodo et 60 
al. (2020), which estimated the available roof coefficient at around 0.125 and 0.15 for residential areas in the city 61 
of Semarang, Indonesia. In addition, Sihotang and Okajima (2017) employed available roof coefficients of 0.58, 62 

(13)

where EPV is output of electrical energy from solar panels 
per year (kWh/year); HT, mean is average daily of solar en-
ergy radiation at an inclined surfaces (kWh/m2/day); A is 
available potential roof area (m2); ηPV is solar module effi-
ciency at standard test conditions (STC) (%); and  PR is per-
formance ratio calculated using equation (14) (Schallen-
berg-Rodríguez, 2013; Mansouri Kouhestani et al., 2019).

 

6 
 

estimated potential reduction of solar PV due to building orientation, it is assumed that houses with pitched roofs 1 
face north or south, while apartments, and industrial and commercial  buildings are considered to have flat roofs.  2 

Simulation results with different roof inclination scenarios in the study area were obtained using SAM 3 
software; with a change in the orientation of installed solar panels, the potential will decrease by around 10 percent, 4 
while a difference in the slope of the roof will have an effect of approximately 12 percent, compared to optimal 5 
conditions (Gilman et al., 2018). 6 

Furthermore, the correction factors due to shading and surrounding building construction were determined 7 
respectively at 0.64, 0.49, 0.36, 0.49, 0.86, 0.6 for large residential, medium residential, small residential, 8 
apartments, industrial buildings, and commercial buildings. The distance between solar panels needs to be 9 
considered based on the specified slope angle so that shading, which can cover the arrays of the solar modules, 10 
does not occur, so the Ground Coverage Ratio (GCR) value must be calculated. Byrne et al. (2015) determined 11 
GCR to be 0.8 for a 5 tilt angle; in this study this value was set at 0.85 for surface latitude angles. 12 

 13 
F. Energy potential estimation 14 

 15 
The electrical energy generated from rooftop solar power plants in Jakarta was calculated by considering 16 

their technical characteristics, including the performance of the equipment used to convert resources into electrical 17 
energy. The output of electrical energy from solar photovoltaic panels was calculated using the following equation: 18 

 19 
𝐸𝐸�� = 𝐻𝐻�,���� × 𝐴𝐴 × 𝜂𝜂�� × 𝑃𝑃𝑃𝑃 × 365             (13) 20 
 21 

where 𝐸𝐸�� is output of electrical energy from solar panels per year (kWh/year); 𝐻𝐻�,���� is average daily of solar 22 
energy radiation at an inclined surfaces (kWh/m2/day); 𝐴𝐴 is available potential roof area (m2); 𝜂𝜂�� is solar module 23 
efficiency at standard test conditions (STC) (%); and 𝑃𝑃𝑃𝑃 is performance ratio calculated using equation (14) 24 
(Schallenberg-Rodríguez, 2013; Mansouri Kouhestani et al., 2019). 25 

 26 
𝑃𝑃𝑃𝑃 = 𝜂𝜂�� × 𝜂𝜂��� × 𝜂𝜂�  x 𝜂𝜂��            (14) 27 
 28 

where 𝜂𝜂�� is thermal efficiency of the solar panels (%); 𝜂𝜂��� is efficiency of the inverter (%); 𝜂𝜂� is losses due to 29 
the accumulation of dust or dirt on the surface of the solar panels (%); and 𝜂𝜂�� is losses due to mismatched module 30 
parameters (%).  31 

Based on Louwen et al. (2017), 𝜂𝜂� is 98% and 𝜂𝜂�� 98.29%, and these values were adopted for this study. 32 
𝜂𝜂�� can be calculated using equation (15) (Singh and Banerjee, 2015): 33 

 34 
𝜂𝜂�� = 1 + 0,01𝑃𝑃𝑃𝑃𝑃𝑃(𝑃𝑃� − 𝑃𝑃���) (15) 35 
 36 
(𝑃𝑃� − 𝑃𝑃�)°𝑃𝑃 = �(�������)°�

��� �𝐺𝐺�  (16) 37 
 38 

where 𝑃𝑃𝑃𝑃𝑃𝑃is power temperature coefficient (%/C); 𝑃𝑃��� is temperature of the solar module in standard test 39 
conditions (25°C); 𝑃𝑃� is solar module photovoltaic cell temperature (°C); 𝑃𝑃� is average values of ambient air 40 
temperature (°C); 𝑁𝑁𝑁𝑁𝑃𝑃𝑃𝑃 is nominal operating cell temperature (°C); 𝐺𝐺� is solar irradiation (Wm–2), with value of 41 
between 800–1000 Wm–2. 42 

 43 
Results and Discussion 44 

 45 
A. Estimated residential building roof area 46 
 47 

The building layer intersection with the land use layer in the 44 sub-districts in Jakarta indicated a total area 48 
value of the residential, industrial and°ommercial building footprints of 197,482,182 m2, 15,370,810 m2, and 49 
29,457,693 m2 respectively. According to the analysis of the estimated proportions from spatial data on land use 50 
in Jakarta, the percentage of land for each house type classification in the residential zone is: large 13 percent, 51 
medium 37 percent, small 48 percent, and flats/apartments 2 percent. Therefore, by multiplying the total area of 52 
residential buildings by the proportion of each type of housing, the area of large houses is 25,391,041 m2, of 53 
medium 72,099,714 m2, of small 95,418,844 m2, and of flats/apartments 4,572,583 m2. 54 

The potential roof area for locating PV panels was calculated by multiplying the value of the roof area of the 55 
building by the roof utilisation factor, which is 0.64 for large houses, 0.49 for medium, 0.36 for small, and 0.49 56 
for flats/apartments, 0.86 for industrial, and 0.6 for commercial. The utilisation factor was multiplied by the 57 
distance threshold between solar modules arrayed in buildings with flat roofs, such as apartments, industrial and 58 
commercial buildings. A threshold of 0.85 was determined for installing a surface latitude slope. 59 

The roof utilisation factor determined in this study was higher than that in the study conducted by Widodo et 60 
al. (2020), which estimated the available roof coefficient at around 0.125 and 0.15 for residential areas in the city 61 
of Semarang, Indonesia. In addition, Sihotang and Okajima (2017) employed available roof coefficients of 0.58, 62 

(14)

where ηth is thermal efficiency of the solar panels (%);  
ηinv is efficiency of the inverter (%); ηd is losses due to 
the accumulation of dust or dirt on the surface of the 
solar panels (%); and ηmm is losses due to mismatched 
module parameters (%). 

Based on Louwen et al. (2017), ηd is 98% and ηmm 
98.29%, and these values were adopted for this study. 
ηth can be calculated using equation (15) (Singh and Ba-
nerjee, 2015):
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where PTC is power temperature coefficient (%/°C);  
Tstc is temperature of the solar module in standard test 
conditions (25°C); Tm is solar module photovoltaic cell 
temperature (°C); Ta is average values of ambient air 
temperature (°C); NOCT is nominal operating cell tem-
perature (°C); Gs is solar irradiation (Wm–2), with value 
of between 800–1000 Wm–2.
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Results and Discussion

A. Estimated residential building roof area
The building layer intersection with the land use  
layer in the 44 sub-districts in Jakarta indicated a total 
area value of the residential, industrial and commercial 
building footprints of 197,482,182 m2, 15,370,810 m2, 
and 29,457,693 m2 respectively. According to the anal-
ysis of the estimated proportions from spatial data on 
land use in Jakarta, the percentage of land for each 
house type classification in the residential zone is: 
large 13 percent, medium 37 percent, small 48 percent, 
and flats/apartments 2 percent. Therefore, by multiply-
ing the total area of residential buildings by the propor-
tion of each type of housing, the area of large houses 
is 25,391,041 m2, of medium 72,099,714 m2, of small 
95,418,844 m2, and of flats/apartments 4,572,583 m2.

The potential roof area for locating PV panels was 
calculated by multiplying the value of the roof area of 
the building by the roof utilisation factor, which is 0.64 
for large houses, 0.49 for medium, 0.36 for small, and 
0.49 for flats/apartments, 0.86 for industrial, and 0.6 
for commercial. The utilisation factor was multiplied by 
the distance threshold between solar modules arrayed 
in buildings with flat roofs, such as apartments, indus-
trial and commercial buildings. A threshold of 0.85 was 
determined for installing a surface latitude slope.

The roof utilisation factor determined in this study was 
higher than that in the study conducted by Widodo et al. 
(2020), which estimated the available roof coefficient 
at around 0.125 and 0.15 for residential areas in the 
city of Semarang, Indonesia. In addition, Sihotang and 
Okajima (2017) employed available roof coefficients of 
0.58, 0.43 and 0.78 for void rate, shadow rate, and fa-
cility rate respectively, in relation to their photovoltaic 
power potential analysis in Makassar City, Indonesia. 

Based on the computed results of multiplying the 
building roof area value by the roof utilisation factor, 
it was found that the potential roof space available 
for installing solar rooftop PV in residential, industrial 
and commercial areas of Jakarta was 101,297,045 m2 
(101.3 km2), 11,236,062 m2 (11.2 km2) and 14,021,862 m2 
(14 km2) respectively, as shown in Table 2. These re-
sults indicate that in the city, roof space in residential 
areas has the most significant potential for the deploy-
ment of rooftop PV, equal to 80 percent of the total roof 
area in residential, industrial and commercial areas. 
Assuming that this potential was fully realised for the 

installation of solar PV, it would significantly contrib-
ute to the application of renewable energy in the city,  
encouraging the achievement of the target of reducing 
carbon emissions from the energy sector. 

The estimated available roof area for installing rooftop 
solar PV was calculated in more detail based on the 
administrative areas at the sub-district level in Jakarta 
for each land use zone. Furthermore, Table 2 shows the 
results regarding potential roof availabity for solar PV 
in residential areas spread across 44 sub-districts in 
Jakarta, ranging from 100,054 m2 in Kepulauan Seri-
bu Utara sub-district, to 5,022,332 m2 in Duren Sawit 
sub-district. In the industrial zone, the largest availa-
ble roof area is in Cakung sub-district, with an area of   
2,695,160 m2, while in the commercial zone, the largest 
is in Cengkareng sub-district, at 1,152,967 m2.

Widodo et al. (2020) estimated the potential electricity 
production from rooftop solar PV systems in residen-
tial areas and calculated the potential for CO2 mitiga-
tion in the city of Semarang, Indonesia. Their results 
show that the area of   residential roofs spread across 
16 sub-districts in the city of Semarang ranged from 
412,987.50 m2 to 2,083,387 m2.

Horan et al. (2020) found that a small number of large 
industrial and commercial buildings in Irish cities and 
regions, representing only 4 percent of the sector’s 
facilities, accounted for 38 percent of their decarbon-
isation potential. To obtain more accurate calculation 
results which do not require intensive computation, 
estimation of available roof areas for the installation of  
PV can be made by integrating GIS with machine learn-
ing, which will contribute to estimation of the potential 
of large-scale rooftop solar PV (Gassar and Cha, 2021).

B. Solar radiation potential
Calculation of solar radiation on an inclined surface 
is carried out using equation 1–13. In this study, esti-
mates were carried out for several tilt angle conditions, 
namely for tilt angles according to surface latitude, 13°, 
15°, and 30° facing north. Solar panels must be placed 
in the right orientation and tilt angle to obtain the most 
optimal solar energy at the study location.

The calculation results from our study show that for the 
Jakarta region, the optimal value of annual solar radia-
tion on an inclined surface is obtained if the solar panels 
are installed with a fixed tilt angle configuration of a lat-
itude angle of around 6° facing north (equator); the val-
ue declines with increasing tilt angle. These results are 
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Table 2. Area of potential residential rooftops for solar PV in Jakarta

Sub-District Area
Total roof area (m2) Available roof area (m2)

Residential Industrial Commercial Residential Industrial Commercial

Kep. Seribu Selatan 258,260 - 2,487 107,357 - 1,184
Kep. Seribu Utara 240,692 - 81 100,054 - 39
Gambir 1,270,590 11,776 1,117,130 662,955 8,608 531,754
Sawah Besar 1,501,600 35,554 781,740 730,057 25,990 372,108
Kemayoran 3,228,810 2,258 775,274 1,482,233 1,651 369,030
Senen 1,506,230 628 451,319 723,112 459 214,828
Cempaka Putih 2,071,930 29,837 312,984 1,154,729 21,811 148,980
Menteng 2,176,140 2,648 436,037 1,401,749 1,936 207,554
Tanah Abang 1,833,240 16,454 885,596 869,535 12,028 421,544
Johar Baru 1,415,610 1,300 104,326 705,982 950 49,659
Penjaringan 6,342,500 2,413,640 1,277,320 3,527,922 1,764,371 608,004
Tanjung Priok 6,902,620 1,949,690 973,491 3,443,500 1,425,223 463,382
Koja 4,555,300 241,766 581.,44 2,147,383 176,731 276,910
Cilincing 6,210,600 1,539,490 1,871,830 2,871,199 1,125,367 890,991
Pademangan 2,170,550 736,298 629,610 1,125,950 538,234 299,694
Kelapa Gading 4,442,840 501,010 954,274 2,505,490 366,238 454,234
Cengkareng 7,792,470 349,316 2,422,200 3,584,951 255,350 1,152,967
Grogol Petamburan 4,469,390 38,021 653,533 2,252,227 27,793 311,082
Taman Sari 1,669,570 27,534 738,376 771,646 20,127 351,467
Tambora 2,674,160 64,444 611,241 1,220,975 47,109 290,951
Kebon Jeruk 7,167,190 73,882 955,945 3,951,352 54,008 455,030
Kali Deres 7,420,010 1,877,020 1,111,630 3,289,411 1,372,102 529,136
Palmerah 3,451,870 5,199 402,622 1,737,954 3,800 191,648
Kembangan 7,558,560 148,042 717,341 4.216.659 108,219 341,454
Tebet 4,244,520 46,999 416,804 2,113,216 34,356 198,399
Setia Budi 2,308,340 42,333 666,164 1,194,993 30,945 317,094
Mampang Prapatan 3,125,560 - 517,028 1,806,699 - 246,105
Pasar Minggu 7,251,780 52,050 588,969 4,075,136 38,049 280,349
Kebayoran Lama 6,677,650 49,971 931,562 3,642,792 36,529 443,424
Cilandak 5,966,470 12,649 599,419 3,108,539 9,246 285,323
Kebayoran Baru 3,895,390 - 742,539 2,201,698 - 353,449
Pancoran 3,564,460 23,980 399,291 1,923,555 17,529 190,063
Jagakarsa 8,520,390 8,040 291,627 4,307,167 5,877 138,814
Pesanggrahan 4,849,850 52,382 337,204 2,643,986 38,291 160,509
Matraman 2,607,330 8,151 323,098 1,236,687 5,958 153,795
Pulo Gadung 5,541,830 137,038 598,280 2,926,773 100,175 284,781
Jatinegara 4,763,710 70,821 454,839 2,413,801 51,770 216,503
Kramat Jati 5,596,430 51,504 485,194 2,593,194 37,649 230,952
Pasar Rebo 4,417,620 226,354 193,690 2,147,027 165,465 92,196
Cakung 9,431,050 3,686,950 1,489,600 4,483,114 2,695,160 709,050
Duren Sawit 9,370,840 156,430 945,639 5,022,332 114,350 450,124
Makasar 4,446,340 40,331 158,254 2,289,607 29,482 75,329
Ciracas 5,643,920 596,940 367,342 2,848,988 436,363 174,855
Cipayung 6,927,970 42,080 183,019 3,733,358 30,760 87,117
Total 197,482,182 15,370,810 29,457,693 101,297,045 11,236,062 14,021,862
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consistent with the study of Soulayman and Hammoud 
(2016),  who found that the optimal tilt angle is a func-
tion of latitude coordinates. In addition, solar radiation 
data from NASA also shows that tilt surface latitude 
gives the best results (NASA POWER, 2022). Calculation 
of monthly average solar radiation at various tilt angle 
configurations in Jakarta can be seen in Table 3. 

Setiawan and Setiawan (2017), who investigated solar 
panel optimisation in three cities in Indonesia using 
system advisor model (SAM) software, found that the 
optimal slope angle for Jakarta was 11°. The optimum 
angle for installing solar panel arrays can be achieved 
in the range of 0°–15°, with an average annual solar 
radiation of 4,559 kWh to 4,574 kWh per square meter. 

Alhough in ideal conditions solar panels are installed 
with a slope according to the surface latitude, in real 
situations pitched roof panels are installed following the 
slope of the available roof. In general, the typology of 
residential roofs in Jakarta is gable. This form of hip 
roof has a certain angle of inclination, generally a slope 
angle of around 30°, which was used for estimation in 
this study.

Technical potential 
The angle of inclination in a solar energy system is an 
essential parameter for capturing the maximum solar 
radiation that the panels receive. The solar radiation is 
site specific to each location, depending on the daily, 

Table 3. Monthly average solar radiation on tilted surfaces in Jakarta (kWh/m2/day)

Month
Tilt Angle

Horizontal surface (0°) Surface Latitude 13° 15° 30°

January 3,697 3,575 3,383 3,319 2,715

February 4,350 4,272 4,121 4,067 3,506

March 4,672 4,679 4,621 4,592 4,200

April 4,716 4,827 4,891 4,895 4,741

May 4,308 4,494 4,649 4,680 4,733

June 4,014 4,227 4,417 4,459 4,601

July 4,300 4,509 4,690 4,729 4,836

August 4,976 5,135 5,248 5,267 5,198

September 5,607 5,662 5,649 5,629 5,268

October 5,257 5,195 5,051 4,996 4,395

November 4,766 4,627 4,401 4,325 3,589

December 4,221 4,064 3,825 3,747 3,017

Yearly average 4,574 4,606 4,579 4,559 4,233

monthly or yearly solar path. The optimal inclination 
angle is crucial for obtaining maximum energy produc-
tion from the PV system (Yadav and Chandel, 2013). 

The estimation of electric potential in this study was 
based on two scenarios: assessment using multi-crys-
talline silicon solar modules with efficiencies of 17.3 
percent and 22.8 percent. The electrical parameters of 
the two types of panel as the basis for calculating elec-
trical potential can be seen in Table 4. Electrical output 
performance was obtained from tests conducted by the 
manufacturer under standard test conditions, at a cell 
temperature of 25°C, solar irradiance of 1000 W/m2, 
and air mass of 1.5 (AM 1.5) spectrum (Odeh, 2018). 
The technical specifications for the calculations in Table 
4 were used to estimate solar rooftop PV power poten-
tial in Jakarta. 

The potential PV installed capacity from the available 
roof area in Jakarta ranged from 16,967–21,526 MWp 
for residential buildings, 1,882–2,388 MWp for indus-
trial, and 2,349–2,980 MWp for commercial. Mathe-
matical equations (14–17) were used to calculate the 
electrical potential of rooftop solar PV power plants 
in Jakarta. The residential building zone figure was 
19,089 GWh/year, the industrial 2,454 GWh/year, and 
the commercial 3,062 GWh/year, with a scenario of 
17.3 percent PV panel efficiency. With 22.8 percent PV 
panel efficiency, the electrical generation potential in 
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Table 4. Electrical parameters of solar PV modules

Parameter Unit
Rated Value

Risen Energy RSM72-6-325P Sun Power SPR-A-425 G-AC

STC Power Rating, Pmax Wp 335 425

Technology Multi-c-Si Mono-c-Si

Dimensions (Length x Width) mm 1956 x 992 1835 x 1016

Number of cells 72 66

Maximum Power Voltage, Vmp V 37.65 41.2

Maximum Power Current, Imp A 8.90 10.2

Open Circuit Voltage, Voc V 42.20 48.4

Short Circuit Current, Isc A 7.71 11

Module efficiency % 17.3 22.8

NOCT °C 45 46.4

Power Temperature Coefficient %/°C -0.39 -0.29

Lifespan years 25 25

Table 5. Available roof space, potential installed capacity, solar PV electricity generation

Building Type
Available roof space 

(km2)

Potential installed capacity (MWp) Potential yearly electricity generation (GWh)

Module 17.3 Module 22.8 Module 17.3 Module 22.8

Residential 101.30 16,967 21,526 19,089 26,239

Industrial 11.24 1,882 2,388 2,454 3,373

Commercial 14.02 2,349 2,980 3,062 4,209

residential buildings was 26,239 GWh/year, in industri-
al 3,373 GWh/year, and in commercial 4,209 GWh/year, 
as shown in Table 5. This represents an annual specific 
energy yield for residential, industrial and commercial 
areas of 1,161–1,258 kWh/kWp. 

A comparison between monthly electricity consump-
tion by customers of the State Electricity Company in 
2023 and the potential electricity generated by rooftop 
solar power power plants from residential, commercial 
and industrial building in Jakarta is shown in Fig. 2. The 
potential electricity production that could be achieved 
by utilising the entire residential roof area for install-
ing PV is significant. The proportion of PV electricity 
generated from residential building rooftops would be 
around 78 percent of the total PV electricity generated 
from the three zones.

Overall rooftop solar PV electricity generated annually 
would contribute the equivalent of around 67 percent 
of Jakarta’s total electricity consumption in 2023, with 
17.3 percent efficiency solar modules. The lowest figure 

of 57 percent corresponds to January and the highest of 
79 percent to September, when solar radiation intensity 
reaches its maximum value. If a 22.8 percent efficient 
module were used, it could contribute 91 percent of 
Jakarta’s total electricity consumption, with the lowest 
proportion of 79 percent in January and the highest of 
109 percent in September, as shown in Fig. 2. Even with 
seasonal changes in sunlight, increasing the efficiency 
of rooftop photovoltaic systems dramatically increases 
energy generation. Particularly in the months with the 
most sunshine, efficient rooftop PV systems have the 
capacity to match or even surpass monthly electricity 
usage.

However, there are inconsistencies in the results 
shown in Fig. 2 and Table 1. Table 1 shows that the 
value of sunshine duration for June is higher than for 
November; however, it is the other way around for PV 
potential in Fig. 2. There may be several factors that 
influence this, but it is most likely that the distance 
from the sun to the earth and the declination angle are 
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Fig. 2. Comparison of electricity consumption by customers of the State Electricity Company with the potential of electricity generated from 
rooftop solar PV in Jakarta

the main contributors. The angle has a maximum val-
ue of 23.45° on June 22 and a minimum of –23.45° on 
December 21–22, which will affected by the distance 
from the earth to the sun. The geographical location 
of Jakarta is close to the equator, namely at coordi-
nates latitude  –6° 12' south and longitude 106° 48' 
east, meaning that in August to October the intensity of 
solar radiation tends to increase as the sun approaches 
the equator. On the other hand, in June and July the 
intensity of solar radiation tends to decrease as the sun 
moves further away from the equator.

The details of the geographical distribution of the 
potential for rooftop solar power generated by each 
sub-district in Jakarta are listed in Fig. 3. This infor-
mation shows the areas’ potential for rooftop solar PV, 
from the lowest value of around 100 GWh per annum, 
to the highest of around 1,600 GWh per annum, with 
17.3 percent solar module efficiency. The electrici-
ty output will be greater if solar modules with higher 
efficiency are used. From the calculation results, the 
potential electricity generated from distributed rooftop 
solar PV installed on the roofs of available residen-
tial, industrial and commercial buildings could provide 
power to customers, replacing the electricity supplied 
by the State Electricity Company. The map in Fig. 3 
highlights significant variations in rooftop PV electric-
ity potential across different urban zones. Areas with 
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higher potential, especially those marked in red, are 
prime candidates for solar energy projects. This finding 
could be beneficial for all stakeholders in planning and 
optimising the development of rooftop PV systems to 
maximise energy generation and efficiency in Jakarta.

Several similar studies have been conducted in Indone-
sia. Widodo et al. (2020) aimed to provide a quantitative 
analysis of the potential for electricity production from 
rooftop solar photovoltaic systems in residential areas 
and to estimate their potential for CO2 mitigation. Their 
study found that the residential roof areas across 16 
districts in Semarang city ranged from 412,987.50 m2 
to 2,083,387 m2, with an average annual solar energy 
potential of 44,051–222,222 MWh/year. This low-car-
bon electricity could have accounted for 40.87 percent 
of the city’s total electricity consumption in 2018 and 
reduced CO2 emissions by 1,394 tons per year.

Sihotang and Okajima (2017) conducted a study of 
the potential of PV systems in the Makassar region, 
Indonesia. Their results show that from the 13.8 km2 
area available for residential PV systems it was esti-
mated that there was a potential installation capacity 
of 2,044 MW. The total areas available for large-scale 
PV systems in and outside Makassar were19.3 km2 
and 231.3 km2, estimated to have installed capacities 
of 851 MW and 10,179 MW respectively. Even though it 
corresponds to a smaller area, the electricity potential 
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Fig. 3. Geographical distribution of electricity solar rooftop potential in Jakarta based on sub-district

per km2 produced by the residential area is greater than 
that of others, at around 44 MW per km2, as residential 
rooftop PV systems can be installed using the available 
roof area and do not require special land. This figure 
is lower when compared with the estimation results 
in this study, which showed that the rooftop solar PV 
electricity potential capacity in residential areas per km2 
was 58 MW/km2, while that from residential, industrial 
and commercial areas was around 73 MW/km2. In ad-
dition, Tarigan (2020) analysed policies for solar rooftop 
photovoltaic systems in Indonesia, based on the Min-
istry of Energy and Mineral Resources Regulation No. 
49 of 2018, focusing on their implementation in the 
residential sector. Their simulation results indicate that 
average total solar irradiation on horizontal surfaces in 
Surabaya ranged from 4.82 kWh/m2 to 6.81 kWh/m2, 
with a daily average of 5.54 kWh/m2. A 3 kWp rooftop PV 
system in Surabaya produced approximately 4,200 kWh 
annualy, averaging 11.67 kWh per day. 

Singh and Banerjee (2015), in their study of Mum-
bai City, India, concluded that the electrical potential 

of large-scale solar PV implementation could provide 
12.8–20 percent of the average daily electricity demand, 
reaching 31–60 percent of morning peak load demand 
during different months by using medium efficiency 
solar panels. In addition, Ayodele et al. (2021) found 
that the city of Ibadan in Nigeria had a total roof area 
of approximately 49.54 square kilometers, with around 
7.54 square kilometers available for rooftop PV deploy-
ment. This area had a maximum installation capacity of 
1734.8 MWp at an optimal fixed tilt of 11°, which could 
generate approximately 6.67 TWh of electricity annually.

The results of a study conducted by Byrne et al. (2015) 
show that the technical potential of deploying distrib-
uted rooftop solar PV could supply around 30 percent 
of the annual electricity consumption of Seoul, South 
Korea. In addition, Gagnon et al. (2016) estimated the 
technological potential of photovoltaic (PV) systems 
deployed on rooftops in the continental United States. 
They found that small buildings (< 5,000 ft2) could sup-
ply 25 percent of electricity consumption, medium 
ones (5,000–25,000 ft2) 5.4 percent, and large ones  

 

10 
 

utilising the entire residential roof area for installing PV is significant. The proportion of PV electricity generated 1 
from residential building rooftops would be around 78 percent of the total PV electricity generated from the three 2 
zones. 3 

Overall rooftop solar PV electricity generated annually would contribute the equivalent of around 67 percent 4 
of Jakarta's total electricity consumption in 2023, with 17.3 percent efficiency solar modules. The lowest figure of 5 
57 percent corresponds to January and the highest of 79 percent to September, when solar radiation intensity 6 
reaches its maximum value. If a 22.8 percent efficient module were used, it could contribute 91 percent of Jakarta's 7 
total electricity consumption, with the lowest proportion of 79 percent in January and the highest of 109 percent 8 
in September, as shown in Fig. 2. Even with seasonal changes in sunlight, increasing the efficiency of rooftop 9 
photovoltaic systems dramatically increases energy generation. Particularly in the months with the most sunshine, 10 
efficient rooftop PV systems have the capacity to match or even surpass monthly electricity usage. 11 

However, there are inconsistencies in the results shown in Fig. 2 and Table 1. Table 1 shows that the value 12 
of sunshine duration for June is higher than for November; however, it is the other way around for PV potential in 13 
Fig. 2. There may be several factors that influence this, but it is most likely that the distance from the sun to the 14 
earth and the declination angle are the main contributors. The angle has a maximum value of 23.45 on June 22 15 
and a minimum of –23.45 on December 21–22, which will affected by the distance from the earth to the sun. The 16 
geographical location of Jakarta is close to the equator, namely at coordinates latitude  –6 12 south and longitude 17 
106 48 east, meaning that in August to October the intensity of solar radiation tends to increase as the sun 18 
approaches the equator. On the other hand, in June and July the intensity of solar radiation tends to decrease as the 19 
sun moves further away from the equator. 20 

    21 
 22 
 23 

 24 
25 

 26 
 The details of the geographical distribution of the potential for rooftop solar power generated by each sub-27 

district in Jakarta are listed in Fig. 3. This information shows the areas’ potential for rooftop solar PV, from the 28 
lowest value of around 100 GWh per annum, to the highest of around 1,600 GWh per annum, with 17.3 percent 29 
solar module efficiency. The electricity output will be greater if solar modules with higher efficiency are used. 30 
From the calculation results, the potential electricity generated from distributed rooftop solar PV installed on the 31 
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(> 25,000 ft2) 8.2 percent, in total contributing 39 per-
cent to national electricity-sector sales. In their re-
search, Bazan et al. (2018) examined the potential of 
electricity production from urban rooftop solar PV de-
ployment related to the mitigation of GHG emissions in 
three medium-sized cities in Peru. Their results show 
that the electricity produced in all three cities would be 
higher than the required electricity demand based on 
the historical data series assumed in the case study. 
Yue and Huang (2011) showed that solar PV and solar 
water heating systems in Taiwan had the potential to 
produce 36.1 and 10.2 TWh of electricity and thermal 
energy annually, representing 16.3 percent and 127.5 
percent of the total electricity and energy consumption 
for household water heating in 2009. Moreover, Kozlo-
vas et al. (2023) found that the potential for rooftop so-
lar PV systems in Lithuanian urban areas was 272 MW 
in relation to installations on the rooftops of apartment 
buildings; 78 MW on public buildings; and 67  MW on 
commercial buildings, while Ranjgar and Niccolai 
(2023) showed that rooftop PV in Tehran had the po-
tential to generate around 3000 GWh of solar power, 
accounting for over 14 percent of the city’s total elec-
tricity consumption. Finally, Hasan et al. (2024) provid-
ed a comprehensive picture of Bangladesh’s solar PV 
potential, with estimates of roughly 30 GWp for rooftop 
PV, 9 GWp for ground-mounted PV, 5 GWp for floating 
PV, and 81 GWp for agrivoltaic applications.

The discussion presented above reveals the vast po-
tential of rooftop solar PV systems to significantly con-
tribute to electricity generation and sustainability goals 
across different regions. The large-scale adoption 
of such systems is essential for advancing the broad 
move toward renewable energy across society. Lower-
ing the cost of RSPV systems would make it possible 
to achieve substantial decarbonization of buildings by 
increasing their adoption and deployment. Therefore, 
rooftop solar PV would be an attractive option for sus-
tainable energy production in urban areas. 

Although the results show that Jakarta has relative-
ly high electricity potential from rooftop solar PV, in-
creasing its adoption, especially amongst residential 
consumers, remains a challenge. Barriers need to be 
overcome, including socio-technical, management, 
economic and policy ones (Karakaya and Sriwannaw-
it, 2015; Setyawati, 2020). To boost the uptake of roof-
top solar PV in urban settings, the participation of all 
stakeholders, including adopters, local communities, 

business, financial institutions, governments, and in-
ternational organizations, is essential. Policy meas-
ures are also crucial in easing short-term cash flow 
challenges (Xue et al., 2024).

Conclusion
This paper has investigated the potential for electricity 
generated from the available roof area in the residen-
tial, industrial and commercial building zones of Ja-
karta. Land resources assessment has been based on 
the use of publicly available building and land-use data. 
Analysis of available roof areas was conducted using 
intersection geoprocessing tools and basic statistics in 
QGIS 3.16 to identify the building footprint of the city. 

The calculation of available roof area to install RSPV is 
carried out by taking into account roof utilization factors, 
such as roof’s type of the building, orientation, shad-
ing, and other uses. The results reveals that the roof 
areas of residential, industrial and commercial zones 
available for the installation of solar rooftop PV were 
101,297,045 m2 (101.3 km2), 11,236,062 m2 (11.24 km2), 
and 14,021,862 m2 (14 km2) respectively.

Depending on solar panels’ efficiency, a considerable 
amount of power can be generated by rooftop solar PV 
in Jakarta, which varies among residential, industrial, 
and commercial buildings. For residential areas, the 
capacity ranged from 16,967–21,526 MWp, industrial 
area 1,882–2,388 MWp, and commercial areas 2,349–
2,980 MWp. Based on 17.3 percent PV panel efficien-
cy, rooftop PV could supply 67% of Jakarta’s electricity 
needs in 2023, rising to 91% with 22.8% efficiency. The 
solar energy output is highest in September and lowest 
in January due to variations in sunlight. Increasing PV 
panel efficiency can greatly boost energy production, 
potentially exceeding monthly electricity consumption 
during peak sunlight periods. It’s a powerful step to-
wards a more sustainable self-sufficient urban future. 
With annual specific energy yield of 1,161–1,258 kWh/
kWp indicating that Jakarta has relatively good amount 
of solar radiation. 

With increasing energy demand and push for cleaner, 
renewable energy sources, rooftop solar systems can 
play a crucial role in reducing reliance on fossil fuels 
and lowering greenhouse gas emissions. Additionally, 
Jakarta’s favourable solar radiation levels enable effi-
cient energy generation throughout the year, with the 
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potential to meet a large portion of the city’s electricity 
needs. Jakarta can improve its energy security, lower 
consumer electricity costs, and advance local and na-
tional sustainability goals by putting distributed rooftop 
solar PV into place. Furthermore, this is a financially 
feasible option due to improvements in solar panel 
technology and falling costs, with potential for private 
sector investments and government incentives to has-
ten its implementation. 

In the context of national decarbonization policy, 
this study highlights the potential for technological 

deployment in each local administrative region to sup-
port national decarbonization goals, an aspect that is 
currently insufficiently addressed in Indonesia’s na-
tional planning. It should be helpful for stakeholders 
related to renewable energy development and serve 
as a reference for developing strategies and policies 
for implementing distributed solar power systems in 
Jakarta. Subsequent research could examine the eco-
nomic feasibility and levels of carbon emissions re-
duction that could be achieved in urban areas from the 
adoption and deployment of rooftop solar PV. 
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