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FOREWORD
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UN Secretary General Antonio Guterres 
stated in 2019 that “cities are where the 
climate battle will largely be won or lost”, as 
cities account for around three-quarters of 
global final energy consumption. There have 
been encouraging signs that governments 
worldwide are becoming more ambitious in 
decarbonising their energy sectors which 
would be pivotal for cities to meet their 
carbon targets.

In November 2020, Hong Kong was 
becoming the first city in China to make a 
time-specific carbon neutrality pledge when 
the Chief Executive of Hong Kong announced 
that Hong Kong would strive to achieve 
carbon neutrality before 2050, joining 796 
municipal governments in 63 countries with 
net-zero emissions targets. 

The energy sector is the most important 
sector for Hong Kong to win the race to 
zero emissions, as electricity is Hong 
Kong's dominant source of greenhouse gas 
emissions. In the future, continued economic 
growth and population growth, as well 
as widespread electrification, will greatly 
increase the electricity demand. For this 
reason, a robust zero-carbon power system 
needs to be established as soon as possible. 

According to the latest IEA report, Net 
Zero by 2050: A Roadmap for the Global 
Energy Sector, nearly 90% of the global 
power generation will come from renewable 

energy to achieve net zero emissions. Wind 
and solar photovoltaic power generation 
will account for nearly 70%, while the rest 
will predominantly come from nuclear. 
However, due to geographical and resource 
constraints, the contribution of local 
renewable energy to Hong Kong’s energy mix 
will be limited. Therefore, Hong Kong needs 
to identify and develop alternative zero-
carbon technologies—specifically, nuclear, 
hydrogen, and CCS—on a large scale. 

This report proposes five energy mix 
scenarios to decarbonise Hong Kong by 
2050 and evaluates their climate, economic, 
environmental, health, and energy security 
impacts. Hong Kong’s efforts will contribute 
to net-zero emissions in the Guangdong-
Hong Kong-Macao Greater Bay Area 
(GBA). The collaboration will drive greater 
investment, innovation, and talent to the 
region, laying the foundation for the GBA to 
lead the global energy transition. 

Acting now is the only option. Our 
recommendations provide some solutions 
for Hong Kong towards a next-generation 
power system that fosters a cleaner, greener, 
and safer environment. World Resources 
Institute and Civic Exchange are proud to 
join the design of the greatest change that 
lies ahead. We hope this report will give 
insights into Hong Kong's future actions and 
its continued leadership in the new carbon-
neutral era.
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EXECUTIVE SUMMARY
HIGHLIGHTS

 ▪ The IPCC’s Sixth Assessment Working Group 1 Report, published in 2021, warns that if the world has any chance 
of keeping a temperature rise within 1.5°C, we need to reduce our emissions immediately, rapidly, and on a large 
scale. Hong Kong is already experiencing some climate stress, such as heatwaves, storm surges, and other 
extreme weather events. To minimise the threat of climate change, such as sea level rises which could damage 
the city’s critical infrastructure and disrupt its economy, Hong Kong needs to decarbonise as quickly as possible.

 ▪ In November 2020, Hong Kong pledged to achieve carbon neutrality before 2050, making it China’s first city 
with a time-specific carbon neutrality goal.  On 6th October 2021, the Hong Kong Climate Action Plan 2050 
was published. It set an interim target of reducing Hong Kong’s carbon emissions by 50 per cent before 2030 
compared to 2005 levels. 

 ▪ The greatest potential for reducing emissions is within the power sector, which accounted for approximately 
66 percent of Hong Kong’s total greenhouse gas emissions in 2019.  In the newly released Climate Action Plan, 
Government committed to cease coal usage for daily electricity generation by 2035, as well as increase the share 
of renewable energy to 7.5—10 per cent by 2030 and to 15 per cent gradually thereafter.

 ▪ This report is one of a number of sectoral reports under the Hong Kong 2050 Is Now initiative examining possible 
pathways to decarbonisation. It evaluates potential decarbonised power technologies and develops five energy 
mix scenarios involving different technological combinations. These scenarios consider the economic, social, and 
environmental impact of building a decarbonised power system. Our recommendations can inform Government 
planning in its pursuit of the mid- and long-term targets laid out in the Climate Action Plan.

 ▪ We have found that a decarbonised power system with a high ratio of imported nuclear energy has economic 
advantages and can reduce power system emissions by 70 per cent by 2035. In contrast, power systems with a 
high reliance on emerging technologies, such as carbon capture and storage (CCS) and hydrogen, face higher 
costs and deployment feasibility challenges. Ultimately, the future costs of these technologies will determine 
their long-term utility.

 ▪ Hong Kong should, in a first instance, be proactive in scaling up domestic wind and solar energy, as well as expanding 
waste-to-energy facilities. Given its limited land area, Hong Kong also needs to enhance regional collaboration and 
import more low-carbon energy, such as nuclear and ‘green’ hydrogen, to build a decarbonised power system.



VI WRI.org.cn

Introduction 
In her November 2020 annual Policy Address, 
Hong Kong’s Chief Executive, Carrie Lam, set 
out the Government's strategies and proposals to 
achieve carbon neutrality, promote green transport 
and energy efficiency, and pledged that the city 
would achieve carbon neutrality before 2050. 
Currently, the power sector is the primary source 
(66 percent) of carbon emissions in Hong Kong. 
Therefore, decarbonising this sector is critical for 
the city to achieve its carbon neutrality goal. 

This report analyses Hong Kong’s options in this 
regard. Based on an in-depth analysis of different 
power technologies, we developed five energy 
mix scenarios and provide recommendations for 
policymakers and power companies. 

Zero Carbon Technology Options 
for Hong Kong
We examine the feasibility, opportunities, and 
challenges for the large-scale deployment of 
renewable energy, CCS, and ‘green’ hydrogen. 
We also evaluate the possibility of developing 
joint venture opportunities with renewable 
energy and nuclear generators in Mainland 
China. Our objective is to promote regional 
collaboration on clean energy development and 
a power system that is better integrated with 
Mainland China.

Domestic renewable energy (RE): Limited by 
geographical conditions and resources, domestic 
RE can only play a limited role in Hong Kong’s 
energy mix. However, it must undoubtedly be an 
indispensable part of any future decarbonised 
power system in Hong Kong. Our analysis shows 
that domestic RE could supply up to 4 percent of 
Hong Kong’s electricity demand by 2030 and 10 
percent by 2050. Among all RE options to help 
achieve decarbonisation, offshore wind farms 
appear to have the greatest potential. 

Importing clean energy from Mainland 
China: Hong Kong should work with 
Guangdong Province, and aspire for the Greater 
Bay Area to lead efforts in China to achieve 
carbon neutrality by 2050. Nuclear energy 
is technically feasible, commercially viable, 
and an available decarbonised option. There 

is potential for Hong Kong to import more 
nuclear energy from Guangdong as part of its 
clean energy transition. Offshore wind is also a 
promising, increasingly economic and available 
option. The main power sector challenges for 
Government include negotiating with cities in 
Mainland China for clean energy resources and, 
consequently, ensuring adequate infrastructure 
for transportation and distribution. 
Government and the city’s two local power 
companies need to begin negotiations with 
Mainland China to help secure stable, adequate, 
and decarbonised energy. 

Hydrogen: Hydrogen has great potential as an 
alternative energy source in supporting Hong 
Kong’s carbon neutrality goal. The utilisation 
of low- or zero-carbon hydrogen can reduce the 
city’s carbon footprint, as well as strengthen 
its energy security, thus contributing to greater 
climate resilience. The power sector could 
benefit greatly from hydrogen’s contribution 
to grid balancing and the management of peak 
load issues, thereby enhancing the reliability 
of the power sector supply. However, as Hong 
Kong has limited ‘green’ hydrogen facilities, it 
will likely have to import from Australia, the 
Middle East or Mainland China. Currently, using 
‘green’ hydrogen to power the base load faces 
challenges due to limited supplies and high fuel 
costs. The success of utilising hydrogen in Hong 
Kong’s power sector depends on global efforts in 
‘green’ hydrogen development, deployment, and 
transportation. The delivered cost of hydrogen 
could significantly impact the power generation 
cost of electricity in Hong Kong.

Carbon capture and storage (CCS): In 2020, 
natural gas contributed 48 per cent of Hong Kong’s 
electricity generation, while coal accounted for 23 
percent. Despite Hong Kong’s plans to phase out 
all coal in the future, electricity generation from 
natural gas would still produce worrying amounts of 
emissions. If CCS technology becomes commercially 
available, it could abate the emissions of fossil-fuel 
power plants while maintaining their dispatchable 
power output to underpin local reliability in a 
flexible manner. This is of great value to Hong Kong 
because with limited renewable energy resources, 
fossil fuel-based power generation is likely to 
perform some kind of a role.
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Figure  ES-1  |   Evolution of Power Generation Mix Assumed Across Scenarios

Pathways Towards a Net-Zero 
Emissions Power System
Based on an analysis of the potential, 
feasibility, and readiness of the above 
technologies, as well as through consultations 
with stakeholders, we developed five scenarios 
to demonstrate the effects of different energy 
mixes. Figure ES-1 illustrates the energy mix of 
each scenario.

We examined the performance of the five 
scenarios in terms of cost, air pollution, and 
health risks. Table ES-1 shows that the five 
scenarios perform differently against these 
criteria and no single scenario outperforms the 
others in all aspects. Government is advised to 
consider these five options in its efforts to achieve 
its 2050 carbon neutrality goal. 

In terms of climate mitigation, the ‘Nuclear’ 
scenario has the lowest cumulative carbon 
emissions because it involves a one-time switch to a 
large-scale decarbonised energy source. The ‘Fossil 
Free’ scenario presents a pathway with the second-
least cumulative carbon dioxide emissions and will 
lead to net-zero carbon emissions by 2050. The 
‘RE+’, ‘Nuclear’, and ‘Diversity’ scenarios will all 
bring carbon dioxide emissions in 2050 to less than 
5 percent compared with today’s levels. 

From a technical readiness perspective, 
all the scenarios rely t0 a certain degree on 
early-stage technologies—natural gas-fired 
power plants equipped with CCS and ‘green’ 
hydrogen—that are not yet commercially viable. 
The ‘Natural Gas’ and ‘Diversity’ scenarios 
rely on these technologies for 50-65 percent of 
the total generation mix. The ‘RE+’, ‘Nuclear’, 

Source:  Assumption of project team.
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Note: $ represents the lowest cost compared with the other scenarios; $$$$$ represents the highest cost compared with the other scenarios.

Source: Calculation of the project team.

BENEFIT NATURAL GAS RE+ NUCLEAR DIVERSITY FOSSIL FREE 

Scenarios
Energy Mix 

in 2050 

Natural gas with CCS 65% 35% 30% 35% -

Local RE 10% 10% 10% 10% 10%

Imported RE - 30% 10% 15% -

Nuclear 25% 25% 50% 25% 60%

Hydrogen - - - 15% 30%

Evaluation 
Criteria

Feasibility -Technological 
maturity No for CCS No for CCS No for CCS No for CCS and 

hydrogen No for hydrogen

Economic competitiveness
(avg. LCOE in 2050)  $$$$$ $$$ $$ $$$$ $

Carbon and air pollutant 
emissions High Medium Low Medium Low

Associated health 
concerns High Medium Low Medium Low

Diversity Low Medium Medium High Low

Table ES-1  |  Comparison of Different Scenarios

Figure  ES-2  |    Annual CO2 Emissions under Different Scenarios 
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and ‘Fossil Free’ scenarios rely less on these 
technologies, taking up 30-35 percent of the 
total generation mix. The scenarios with a 
higher reliance on early-stage technologies 
bear greater uncertainties during energy 
transitions. In this respect, the ‘Nuclear’ and 
‘Fossil Free’ scenarios perform best as they 
leverage these technologies least. Global efforts 
in the development and deployment of CCS 
and ‘green’ hydrogen will be crucial for CCS-
equipped power plants to be commercially 
viable and for ‘green’ hydrogen production to 
the economy scale.

In terms of cost-effectiveness, increasing 
imports of nuclear energy will help Hong 
Kong achieve its carbon neutrality goal, while 
avoiding the higher costs associated with 
technologies in early-stage development. 
Estimates on the future costs of various 
decarbonised power generation technologies 
mainly centre on the future price of ‘green’ 
hydrogen and CCS technologies. The economic 
performance of the ‘Nuclear’ and ‘Fossil Free’ 
scenarios outperform the rest. 

Recommendations
It is critical for Hong Kong to take ambitious and 
decisive action now to transform to a net-zero 
carbon power system. As Government considers 
how to decarbonise the city’s power system, 
potentially adopting one of the five scenarios 
or different combinations of them, it also needs 
to understand the importance of, regardless of 
what it chooses, keeping up with technological 
and market developments. Delay in action will 
lead to a carbon lock-in, which will eventually 
lead to larger cumulative emissions. It will also 
challenge Hong Kong’s position as an important 
international financial centre. 

These are what we call ‘no-regret’ actions. 
Regardless of which pathway Government 
chooses, these recommendations should be for 
immediate implementation. Any delay will likely 
jeopardise Hong Kong’s carbon neutrality vision.

Scale-up domestic wind and solar energy. 
Many studies indicate that Hong Kong’s 
renewable energy potential could constitute up to 
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10 per cent of total energy consumption, which is 
much higher than the current Government target 
of 3-4 percent. Regardless of which pathway is 
chosen, Government should utilise domestic 
renewable energy resources as much as possible. 
To do so, Government should authorise a new 
study to examine the availability of Hong Kong’s 
renewable energy resources. In addition to the 
current Feed-in Tariff scheme, Government 
should introduce other financial incentives, such 
as fiscal and taxation mechanisms, to encourage 
both utility and non-utility companies to develop 
renewable energy technologies.

Further scale-up waste-to-energy 
facilities. Waste-to-energy (WtE) technology 
is an invaluable domestic renewable resource 
which addresses both waste management and 
greenhouse gas (GHG) emission challenges. 
Regardless of which pathway is chosen, alongside 
policies which reduce waste, Hong Kong should 
optimise WtE utilisation. Government may 
include a WtE target in the Scheme of Control 
Agreements (SCA) and request both power 
companies to develop WtE facilities at their plant 
sites. For instance, Castle Peak and Lamma Island 
are potential sites for up to three incinerators. 

However, Government needs to address residents’ 
environmental concerns, such as air pollution and 
odours. These could easily be addressed, however, 
with greater transparency and, for example, real-
time air quality monitoring during construction. 

Explore ways to enhance regional 
collaboration towards increasing imports 
of renewable and nuclear energy from 
Mainland China. Building new nuclear power 
plants and offshore wind projects are top of 
Guangdong’s energy development agenda and 
that could provide opportunities for Hong Kong 
to increase its proportion of imported clean 
energy through collaborative models, such 
as negotiating joint ventures with individual 
generators. Government may consider exploring 
the feasibility of importing renewable and nuclear 
energy from Guangdong. It should also explore 
the viability of additional interconnections 
between Hong Kong and the China Southern Grid 
to ensure reliability standards can be maintained. 

Explore the potential of large-scale 
‘green’ hydrogen utilisation. Hydrogen-
based technologies are becoming an important 
solution for a net-zero carbon society and have 



POWERING A CARBON-FREE HONG KONG: Pathways Towards a Net-Zero Emissions Power System for Hong Kong XI

the potential to satisfy Hong Kong’s peak load, 
grid balancing, and energy security issues. 
Government may consider establishing a cross-
agency taskforce group to develop a ‘green’ 
hydrogen strategy for Hong Kong. It would also 
be worthwhile to explore the potential of ‘pink’ 
hydrogen produced by nuclear power, or ‘blue’ 
hydrogen produced from fossil fuels plus CCS. 
Hong Kong power plants built after 2020 should 
also be hydrogen-ready. Government should 
consider providing subsidies for ‘green’ hydrogen 
research and development, as well as fostering 
carbon pricing to allow ‘green’ hydrogen to 
become a cost competitive alternative.

Enhance grid balancing and energy storage 
to accommodate a broader energy mix. Grid 
balancing becomes more challenging as a higher 
percentage of the energy supply moves from 
coal and gas to multiple sources. Hong Kong 
needs to look at all options, such as improving 
interconnections within the city, constructing an 
interconnection with the China Southern Grid 
that maintains Hong Kong’s current reliability, 
and increasing storage capacity. Government 
may consider conducting a study to identify 
measures to enhance grid balancing. It could seek 

investment in new sources of system reliability 
and flexibility in response to the shift from a 
dispatchable generation-dominated power system 
to one relying more on renewable power. 

Explore the possibility of CCS technology 
deployment. There is growing recognition of 
the part CSS can play in the decarbonisation 
process. It is important to ensure all fossil fuel-
based power plants built after 2020 are CCS-
ready. Retrofitting existing facilities with CCS 
technologies is costly and sometimes infeasible. 
While the future development of CCS is still 
uncertain, Government and the utility companies 
should start actively engaging in regional CCS 
development projects, including in Guangdong. 
This will help ensure better planning for future 
CCS deployment.

Continue to increase the electrification of 
Hong Kong society. Although this report focuses 
on reducing emissions from the power sector, no 
single industry’s efforts can ensure that Hong Kong 
achieves carbon neutrality before 2050. Detailed 
recommendations for the transport and building 
sectors can be found in other reports in the Hong 
Kong 2050 is Now series.
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