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Abstract: To promote the widely use of solar photovoltaic (PV) technology in Hong
Kong, a study of development potential and energy incentives of rooftop solar PV
applications was conducted in this project. Since BIPV technology has the potential of
large-scale application in Hong Kong, many people, especially the policy makers are very
interested in finding answers to the following questions: (1) how much PV capacity can
be installed on the rooftop of buildings in Hong Kong? (2) how much electricity can be
generated yearly from these rooftop PV systems? (3) what potential proportion of the
total electricity is provided by PV electricity generated by rooftop PV systems? (4) what
are the main reasons that restrict the development of PV industry in Hong Kong? (5)
what kind of subsidies are suitable for PV installation in Hong Kong? (6) how to
determine the intensity of subsidy? (7) what is the environmental benefits of developing
rooftop PV systems? Therefore, this study aims to provide answers to the above questions
as well as suggestions to the local policy makers to promote the rapid development of PV
industry in Hong Kong.
Firstly, through combining airborne LiDAR data and spatially analysis, the total rooftop
area which is available for installing PV systems was estimated. A methodology of
determining the PV-suitable rooftop area using Geographical Information System (GIS)
was presented. The extraction of PV-suitable rooftop area was based on the building
footprint. Five important criteria, viz. ground features, rooftop barriers, shadow, slope
and the minimum permission area, were used to filter the area that is unsuitable for
installing PV systems during the area extraction process. The total PV-suitable rooftop
area was estimated to be 39.2 km2.
With the total PV-suitable rooftop area, the potential installation capacity of rooftop PV
systems was estimated to be 4.67 GWp with taking the reserved array distance into
account, and accordingly the annual potential energy output was predicted to be 4674
GWh, a figure which accounts for 10.7% of the total electricity used in Hong Kong in
2014. In addition, about 3 million tons of greenhouse gas (GHG) emissions could be
avoided yearly by replacing the equivalent local electricity mix.
For environmental benefits, the investigation results showed that the energy payback time
(EPBT) and the GHG emission payback time (GPBT) of different types of rooftop PV
systems in Hong Kong ranged from 1.9 - 3.2 and 1.45 - 2.3 years, respectively, both of
which are far less than the systems’ lifespan of 25 years. The energy yield ratio (EYR)
ranged from 9.4-16.2, which indicates that the rooftop PV systems could generate at least
10 times the energy requirement during the system’s lifetime.
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Although the development potential of building integrated rooftop PV systems is huge,
the development rate of PV industry is very slow in Hong Kong. Up to now, the
cumulative PV installation capacity is less than 3 MW. We found that a main reason
restricting the development of PV applications in Hong Kong is the very high installation
cost, which is about 3-4 times higher than that in Mainland China. In addition, there is
lack of specific governmental subsidy for PV installation. If appropriate subsidies are
provided by the local government and the installation cost is further reduced, PV
electricity is expected to fully compete with traditional electricity modes in the near
future in Hong Kong. Lastly, we provided some recommendations for policy makers
regarding to make effective and reasonable PV incentives and further reduce the
installation costs. In a word, the findings from this study are expected to provide a
theoretical basis for local policy makers to set reasonable energy policies, development
targets as well as subsidies for PV technology in Hong Kong.
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1. PV-suitable rooftop area
Most previous studies focused on using different methods to assess the development
potential of roof-top PV systems. The main difference between these methods is how to
evaluate the PV-suitable roof area. The commonly used methods can be classified into
three types, viz. assuming the roof area ratio per capita, establishing correlation between
the population density and roof area, as well as aided by geographic information systems
(GIS). In this project, a study of PV potential with combination of airborne LiDAR data
and spatially analysis was conducted. An insolation model was first built based on the
Digital Surface Model (DSM) of the study area with parameters of diffuse proportion and
transmissivity in 2012. The extraction of PV-suitable rooftop areas were based on the
building footprint. Shadows were masked based on the insolation model. The pixels of
steeply slope, ground features and barriers on rooftop were also filtered by the decision
tree method. Thus, the results were then vectorised and spatially joined, the PV-suitable
areas on rooftops could be determined. The rooftop extraction results using this
technology are listed in Figure 1 as an example: Figure 1 (a) shows the original image
with 25 buildings roofs; Figure 1 (b) shows the extracted results with green building
outlines; Figure 1 (c) displays the binary results of building roofs; Figure 1 (d) shows the
ground truth data. From these figures, it is seen that the method is suitable for
recognizing and extracting the rooftop area. The research results indicate that there are
233,152 buildings suitable for implementing rooftop PV systems in Hong Kong. The total
PV-suitable rooftop area was estimated to be 39.2 km2.
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Figure 1 The extracted final results of the proposed model: (a) shows the original image
with 25 building roofs; (b) shows the extracted results with green building outlines; (c)
displays the binary results of building roofs; (d) shows the ground truth data.

2. The optimum tilted angle for rooftop PV installation
The energy output of a PV system is directly determined by solar irradiation received by
the PV modules, thus such modules should be installed with the optimum orientation and
titled angle to maximize the PV system’ energy output. Most observatories, however,
only offer total solar radiation data on a horizontal plane. Thus, it is necessary to transfer
the total solar radiation on a horizontal surface into the incident solar radiation on any
sloping surface and then find the optimum tilted angle for rooftop PV installation. The
hourly total solar radiation incidence on a tilted surface, Gtt (W/m2), can be expressed as
follows:
(1)
where, Gbt is the hourly beam solar radiation incidence on a tilted surface, W/m2 ; Gdt is
the hourly diffuse solar radiation incidence on a tilted surface, W/m2; and Gr is the hourly
reflected solar radiation, W/m2. Gbt and Gr can be given by the following equations,
respectively [1].
(2)
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(3)

where Gbh is the beam radiation incidence on the horizontal surface, it can be extracted
from the total horizontal radiation of Gth (provided by the Observatory); T is the angle of
incidence; E is the slope angle of PV modules; T z is the zenith angle; Uo is the ground
reflectance.
In this study, the Perez model is adopted to simulate the diffuse solar radiation incidence
on any tilted surface. In the Perez Model, the diffuse solar radiation incidence on a tilted
surface can be calculated by equation (4) [2-3]:
Gdt
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(4)

where, Gdh is the diffuse solar radiation incidence on the horizontal surface, it can be
extracted from the total horizontal solar radiation, Gth.
In order to maximize the annual solar radiation received by the rooftop PV module, a
FORTRAN program was developed based on the above mathematic models to find the
optimum tilted angle for rooftop PV installation. The simulated solar irradiance incidence
on various tilted surfaces of south-facing orientation from 1998 to 2007 was obtained. It
is found that the optimum tilted angle for rooftop PV installation in Hong Kong is 23
degree and accordingly the average usable solar radiation is about 1333 kWh/m2Âyr
during the ten years. Thus, the potential rooftop PV system in Hong Kong is
recommended to be installed with this optimum tilted angle to maximize the annual
energy output.
3. Installation potential of rooftop PV systems
In all previous studies concerning the estimation of PV installation potential, the issue of
probably partial shading caused by the front rows of PV modules was not considered. In a
real system however, certain space has to be reserved between the front and back rows to
eliminate such partial shading effect. In this study, the array distance between the front
and back rows was determined by making sure that there is no partial shading caused by
the front row of PV modules between 9:00 AM to 3:00 PM during the winter solstice in
Hong Kong. Figure 2 shows the schematic diagram to calculate the array distance
between the front and back rows of PV modules. From this figure, it is seen that the array
distance of the PV modules installed with the optimum tilted angle (23 degree in Hong
Kong) can be calculated as follows [4]:
D = cos J u L

(5)

where, D is the reserved distance between the front and back rows; J is the solar azimuth
angle at 9:00AM during the winter solstice in Hong Kong. This can be calculated by
equations (6) and (7); L is the projection of sun light on the roof horizontal surface.
5

sin J = cos G sin Z / cos D

(6)

J = arcsin (cosG sinZ /cosD )

(7)

where G is the winter solstice solar declination; Z is the winter solstice hour angle at
9:00AM ; D is the solar altitude angle, which can be calculated as follows:
sin D = sin M sin G + cos M cos G cos Z

(8)

D = arcsin (sinM sinG +cosM cosG cosZ )

(9)

where M is the latitude of Hong Kong. The projection of sun light on the roof horizontal
surface can be calculated by equations (10) and (11).

L =H/tanD

(10)

H =W u sin E

(11)

where H is the installation height of PV module; W is the width of PV module; E is the
optimum tilted angle.

Figure 2 The schematic diagram to calculate the array distance
Thus, in order to make sure there is no partial shading between the front and back rows of
PV arrays during the winter solstice in Hong Kong, the layout of PV arrays should be
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kept at a distance of 514 mm between the front and back rows when the PV modules are
installed with the optimum tilted angle.
After taking the reserved array distance into account, installing a single standard PV
module would occupy about 2.35 m2 of the rooftop areas. The total active area of the
rooftop PV modules can be calculated by equation (12)
Aact . =

Apot.
Aoccu .

u Apv

(12)

where, Aact . is the potential total active area of PV modules; Apot. is the potential PVsuitable rooftop area in Hong Kong; Aoccu . is the installation occupancy area of a single
PV module; Apv is the area of a single PV module. For rooftop PV application, the
potential total active area of PV modules installed with the optimum tilted angle of 23e
was calculated to be 27.5 km2. Thus the potential installation capacity of rooftop PV
system is estimated as 4.67 GWp in Hong Kong. The potential of annual energy output
of rooftop PV system can be briefly estimated by the following equation:
E potential =Aact . u Goptimal uK stc u O

(13)

where E potential is the Hong Kong annual potential energy output of rooftop PV systems;
Goptimal is the annual total solar radiation received by the PV modules installed with the

optimum tilted angle, it is about 1333 kWh/m2; K stc is the PV module’s energy
conversion efficiency in standard testing conditions (STC), and the efficiency is 17%
declared by the manufacturer; O is the performance ratio of PV system, it was assumed
to be 0.75. The calculation result of E potential is about 4674 GWh for each year, which
accounts for 10.7% of the total electricity use in Hong Kong in 2014 [5]. This proportion
is much higher than the current set target for renewable energy development (3-4% on or
before 2020) in Hong Kong. Thus, according to this result, the policy makers could
develop a more positive development target for renewable energy in future and the PV
technology has the potential to meet the target. It will significantly change the current
energy structure in Hong Kong.
4. Energy and environmental benefits of PV systems
PV systems generally consume very little energy and emit little GHG during operations,
thus it appears to be completely clean and with no environmental impact. However, PV
technology does consume a large amount of energy and does emit a certain amount of
greenhouse gases during the system’s life time, such as in the manufacture of solar cells,
PV modules and the balance of system (BOS), transportation, installation, retrofitting,
and system’s disposal or recycling [6-8]. In order to thoroughly understand the energy
gains and environmental benefits of PV systems, some popular life cycle assessment
(LCA) indicators, such as the energy payback time (EPBT), greenhouse-gas payback
7

time (GPBT) and greenhouse-gas (GHG) emission rate, were used to effectively measure
the sustainability and environmental friendliness of different PV systems.
The indicator of energy payback time (EPBT) is defined as the years required for a PV
system to generate the same amount of energy (converted into equivalent primary energy)
to compensate energy used during its life cycle [9]. The EPBT calculation equation can
be presented as:
EPBT

Einput  EBOS , E
Eoutput

(14)

Einput is the primary energy requirement of PV modules during the life cycle, (MJ);
E BOS,E is the energy requirement of the balance of system (BOS) components, (MJ);

E output is the equivalent primary energy savings due to PV system’s annual electricity

generation, (MJ).
The GPBT, as shown in Eq. 15, was defined as the total GHG emissions of the PV
modules and its BOS divided by the annual GHG emissions amounts in cases of local
electricity mix power plants generating power equivalent to that of the PV system. As
with the estimation of energy requirement, it is a great challenge to estimate the life cycle
GHG emissions.

GPBT=

GHGS  GHGBOS
GHGoutput

(15)

where GHGS is the embodied GHG emissions of PV modules; GHGBOS is the embodied
GHG emission of BOS components; GHGoutput is the annual GHG emission amounts in
the cases where local mix power plants generate the power equivalent to that of the PV
system.
The energy yield ratio (EYR) can be defined by the number of times the energy input can
be paid back by the PV system over its life cycle [10]. This ratio can be calculated by
equation (16).
EYR=

E gen u L PV
E input  EBOS , E

(16)

where, Egen is the equivalent primary energy savings due to annual electricity generation
by the PV system; LPV is taken as the designed lifespan of the PV system; Einput is the
equivalent primary energy input over the life cycle; E BOS,E is the energy requirement of
the balance of system components.
Based on the data of cumulated energy requirement, the annually generated electricity
and GHG emission rate, the indicators of EPBT, GPBT and EYR of the 5 studied rooftop
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PV systems in Hong Kong, were calculated and are presented in Figure 3. From this
figure, it can be seen that in Hong Kong the EPBTs and GPBTs of the studied rooftop PV
systems installed with the optimum inclined angle range from 1.9 - 3.2 and 1.45 - 2.3
years, respectively. These statistics are all much less than their lifespans of 25 years. In
addition, every year about 2,994,560 tons of GHG emissions can be avoided by replacing
the equivalent local electricity mix with the potential PV electricity (4674GWh)
generated by rooftop PV systems in Hong Kong. Thus it appears to be possible that the
rooftop PV system can play a significant role in energy saving and reducing GHG
emission in Hong Kong.

Figure 3 EPBT, GPBT and EYR of rooftop PV systems in Hong Kong
The EYRs of the studied 5 PV systems range from 9.4-16.2, which indicates that PV
systems in Hong Kong can generate approximately at least 10 times of energy
requirement during their lifetime. Thus, PV technologies can be definitely regarded as a
sustainable energy source.
5. Installation cost and levelized cost of energy
In order to further investigate the PV systems’ installation cost in Hong Kong and
Mainland China as well as giving valuable suggestions to policy makers, project
contractors and customers, much information regarding the details of installation costs
was collected. The average PV installation cost in Hong Kong is approximately $5.6/Wp,
which is about 3 times higher than that in Mainland China ($1.37/Wp). A comparison of
average installation cost in different countries and regions, such as Mainland China,
Germany, the United States and Hong Kong, is presented in Table 1. Compared with
9

Mainland China and Germany, the main cost differences for Hong Kong are the result of
some hardware costs (except for PV module and inverter) and soft costs such as labour
costs, project permission and coordination fee, operating overhead and supply chain costs.
In addition to the relatively high installation cost, it is worth note that almost no subsidy
is currently supplied to the PV industry in Hong Kong. The main reason that the PV
industry can develop rapidly in other countries, especially Germany, is the vigorous
support and subsidies provided by the governments during its early development stage.
Local policy makers should consider paralleling this approach and providing appropriate
subsidies or preferential feed-in tariff to increase users’ enthusiasm regarding PV systems
installation.
Table1 A comparison of average installation cost of rooftop PV systems in Hong Kong
and other countries [11]
Countries & Regions
Cost items

Mainland
China

Germany

US

Hong Kong

PV module ($/Wp)

0.7

0.8

0.8

0.8

Inverter ($/Wp)

0.15

0.33

0.40

0.5

Other hardware 1 ($/Wp)

0.22

0.33

0.55

1.7

Soft costs and profit 2 ($/Wp) 0.3

0.72

3.15

2.6

Total costs ($/Wp)

2.18

4.9

5.6

1.37

Usually, a levelized cost of energy ˄ LCOE ˅ can be used to assess the economic
feasibility and completeness of an energy technology. LCOE can be thought of as the
price at which this kind of energy must be sold to achieve cost-recovery over its life cycle.
It presents as a net present value in terms of cents/kWh. The LCOE of a PV system can
be calculated according the following equation [12].

1

Other hardware includes cableˈcable connection, steel supportˈswitches, combiner boxes,
monitor system and so on.
2

Soft costs and profit include labour costs, project coordination fee, operating overhead, supply

chain costs, permitting, interconnection and inspection costs, as well as contractor’s profits.
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(1+J dr ) n
n 1 (1+J dr )
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(1+J dr ) n
n =1

Qic +¦
LCOE
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Where, Qic is the initial cost; Qo is the annual operation & maintenance cost; J dr is the
real discount rate; Rv is the residual value; Ei is the energy output of a PV system in the
first year; K dr is the PV system’s degradation rate. The LCOE of PV system is
proportional to installation costs and it decreases with the reduction of installation costs.
In this study, the LCOE of rooftop PV systems in Hong Kong was calculated. It was
about 24.1 cents/kWh, which is calculated by the current average installation cost of
$5.6/Wp. Currently, the domestic electricity price in Hong Kong is about 13.8-24
cents/kWh depending on the amount of electricity consumption [13]. While with the
price rising of fossil fuels, the domestic tariff would rise about 3-4% annually. Thus even
calculated with the current installation cost, the LCOE of PV systems in Hong Kong is
probably lower than the retail electricity price in near future.
With the costs of PV modules and inverters further decreasing, the installation cost in
Hong Kong would probably reduce to equal that in Mainland China, hence, the LCOE of
6.4 cents would fully compete, without subsidy, with other traditional energy sources. If
the environmental benefits of PV electricity, such as much lower GHG emission rates,
are considered, the advantage and competitiveness of PV electricity would be stronger.
The above findings are another encouragement to policy makers to develop related
measures or policies to further reduce the soft costs of PV systems as well as provide a
suitable subsidy or feed-in tariff.

6 Policy implication and recommendation˖
To promote the rapid development of PV industry in Hong Kong, the following
suggestions were recommended to the policy makers to set effective and reasonable PV
subsidies as well as to reduce the installation costs.
(1) Government subsidies:
The main reason restricting the development of PV applications in Hong Kong is the very
high installation cost, which is nearly 2 times higher than that in Germany and 3 times
higher than that in mainland China. The higher installation cost results in the higher
levelized cost of PV electricity (LCOE) in Hong Kong, which is more than 24 cents
USD/kWh, while the domestic tariff varies from 13.8 cents to 24 cents USD/kWh in
present in Hong Kong. In order to stimulate PV development, the government should
firstly manage to shrink the gap between the LCOE and the domestic tariff.
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According to review results of incentive policy instruments in leading countries, we
propose that the incentive policies setting in Hong Kong could follow the following
strategy. Firstly, the government provides generous investment and installation subsidies
to PV investors or users at the initial stage to increase their enthusiasm in installing PV
systems as well as expand the PV application scale. With the increasing of PV capacity,
the installation cost must go down due to the scale economic effect and thus the rate of
installation subsidy can be reduced year by year. When the PV installation capacity
reaches a certain scale and attracts wide public interest, the government can abolish the
installation subsidy and carry out the incentive of PV feed-in tariff as a replacement
because the PV feed-in tariff is more effective to stimulate the users’ enthusiasm in
responsibly operating and maintaining their PV systems. With the continuous decrease of
installation costs, the feed-in tariff subsidy can also be reduced year by year and finally
be cancelled until the PV electricity can fully compete with the traditional coal-fired
electricity without any subsidies.
(2) Reducing installation costs:
i.

ii.
iii.
iv.

Introducing more intense competition mechanisms, such as opening up the PV
companies and labour in Mainland China to install PV systems in Hong Kong, to
compress the relatively high profit margins of local suppliers and contractors.
Training workers and engineers to improve work efficiency and developing more
efficient installation methods.
Simplifying the processes of grid-connection and reducing the relevant soft costs
as much as possible.
Effectively attracting private capital and foreign investment (mainly the famous
PV suppliers or investors in Mainland China) to develop rooftop PV power
plants in Hong Kong by the way of energy management contract (EMC).
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