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Abstract 

Hong Kong is a semi-autonomous region of the People’s Republic of China. As a former British colony on 

the South China Sea, it enjoyed early exposure to international trade. Hong Kong now features a developed 

liberal economy largely based on financial services. It is also densely populated and features little indigenous 

energy resources. Currently, its power sector is 75% reliant on imported fossil fuels, with the remaining 25% 

being imported from a nuclear power plant in Mainland China. Renewables mostly consist in small-scale 

innovative pilot projects or embedded solar systems. For these reasons, the region faces strong challenges 

with respect to air pollution, energy autonomy, dependence on fossil fuels and exposure to climate change. 

Although Hong Kong is under the Nationally Determined Contribution of the People’s Republic of China, 

it has the competence to design its own energy policy. It recently adopted a climate action plan aiming at 

bringing the share of gas-fired power up to 50% of the mix by 2030 (against 27% in 2015) while bringing 

coal-fired power down to 25% (against 48% in 2015), as well as setting the framework for renewables to 

develop. This study focuses on period 2016-2030 and uses the Long-Range Energy Alternatives Planning 

(LEAP) tool to model the power system in the region. Possible scenarios are developed to assess the 

economic and environmental impacts of enhancing clean electricity generation and energy security on the 

future electricity system. “Business as usual” (BAU) extends the current trends with respect to 

socioeconomic indicators, energy demand, new power plants, and power plant retirements. “Climate action 

plan” (CAP) studies the trajectory proposed by the Government. “High renewables share” (HRS) explores 

how much renewables Hong Kong could incorporate in the power generation mix. “Fossil-free electricity” 

(FFE) questions how much more local resources Hong Kong would need for a fossil-free power system. 

Finally, “No reliance on Mainland China” (NRMC), explores the dependence of Hong Kong on Mainland 

China by modelling a hypothetical cut-off from supplies of power and fuel. Results shows that Hong Kong 

is well on track to meet its policy commitments, partly because they are rather conservative and lacking 

ambition. It is also established that there is sufficient area for renewable resources (solar PV, offshore wind, 

and waste-to-energy) to account for up to 30% of power supply – particularly in the current context of 

decreasing power demand. The low level of penetration of renewables is found to be caused by a lack of 

incentives to utility companies rather than a space constraint. Regarding energy security, a trade-off is found 

between energy independence and environmental sustainability; Hong Kong will soon have to choose 

between covering its energy needs global LNG markets, or maintaining imports of low-carbon nuclear 

power from the Chinese mainland. The cost-sustainability trade-off is also discussed. Scenario “Climate 

action plan” is found able to abate greenhouse gas emissions by 2% with respect to “Business as usual” 

while costing 3% more on the period of interest. However, the more ambitious “High renewables share” is 

found to abate greenhouse gas emissions by 10% while costing 22% more than “Business as usual”.  
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Sammanfattning 

Hong Kong är en semi-autonom region i Folkrepubliken Kina. Denna före brittiska koloni vid Sydkinesiska 

havet fick en tidig exponering för internationell handel och Hong Kong har idag en utvecklad liberal 

ekonomi till stor del baserad på finansiella tjänster. Regionen är även tätbefolkad och har små inhemska 

energiresurser. För närvarande är kraftsektorn till 75% beroende av importerade fossila bränslen, medan de 

resterande 25% genereras från ett kärnkraftverk i Kina. Förnybara energikällor består mestadels av 

småskaliga innovativa pilotprojekt eller inbäddade solsystem. Av dessa skäl står regionen inför starka 

utmaningar när det gäller luftföroreningar, energiautonomi, beroende av fossila bränslen och exponering 

för klimatförändringar. Även om Hong Kong lyder under det nationellt bestämda bidraget från 

Folkrepubliken Kina, har den behörigheten att utforma sin egen energipolitik. Nyligen antogs en 

klimathandlingsplan som syftar till att öka andelen gaseldad kraft upp till 50% av energiförsörjningen (och 

att minska kolkraften ned till 25%) fram till 2030, samt fastställa ramen för utveckling av förnybara 

energikällor. Energisparplanen syftar dessutom till att sänka energiintensiteten av Hong Kongs BNP med 

40% fram till 2025 med avseende på 2005 års nivåer. Denna studie fokuserar på perioden 2016-2030 och 

använder LEAP-verktyget (Long-Range Energy Alternatives Planning) för att modellera kraftsystemet i 

regionen. Möjliga scenarier är sedan utformade för att utvärdera de ekonomiska och miljömässiga effekterna 

av att öka ren elproduktion och energisäkerhet på det framtida elsystemet. ”Business as usual” (BAU) 

baseras på en fortsättning av de nuvarande trenderna med avseende på socioekonomiska indikatorer, 

energibehov, kraftverks driftsättningar och nedläggningar. ”Climate action plan” (CAP) undersöker den väg 

som regeringen föreslagit. "High renewables share" (HRS) undersöker hur mycket förnybar energi som 

Hong Kong kan inkludera i kraftproduktionsmixen . "Fossil-free electricity" (FFE) ifrågasätter hur mycket 

mer lokala resurser Hong Kong skulle behöva för ett fossilfritt kraftsystem. Slutligen, "No reliance on 

Mainland China" (NRMC), undersöker Hong Kongs beroende av Kina genom att modellera ett 

hypotetiskt avbrott av leveranser i form av el och bränsle. Resultaten visar att Hong Kong är på god väg att 

uppfylla sina politiska åtaganden, delvis för att de är relativt konservativa och saknar ambition. Det kan 

också konstateras att det finns tillräckligt med förnybara energiresurser för att tillgodose upp till 30% av 

elförsörjningen – vilket till stor del beror på ett minskat behov av el. Den låga genomslagsnivån för 

förnybara energikällor visar sig orsakas av brist på incitament för distributionsföretag snarare än en brist på 

markyta. Vad gäller energisäkerhet görs en avvägning mellan energi oberoende och miljömässig 

hållbarhet. Medan Hong Kong snart kommer att kunna importera sin gas från globala LNG-marknader, 

kommer det krävas ett fortsatt utnyttjande av kinesisk kärnkraft för att behålla en låg andel kolkraft i 

elproduktionen. Balansen mellan kostnad och hållbarhet diskuteras också. Scenario "Climate action plan" 

har visat sig kunna minska utsläppen av växthusgaser med 2% jämfört med "Business as usual" fastän den 

kostar 3% mer för intresseperioden. Emellertid har den mer ambitiösa "High renewables share" visat sig 

minska utsläppen av växthusgaser med 10% medan den kostar 22% mer än "Business as usual".  
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 Introduction 

 Background 

The Hong Kong Special Administrative Region of the People’s Republic of China (HKSAR) is a semi-

autonomous region and major global city.  

First traces of fishing communities in Hong 

Kong date back to 700 B.C. But a strategic 

location by the mouth of the Pearl River Delta 

has made it a gateway to Mainland China and a 

regional logistics hub. Its development was 

fuelled by trade, most notably under the British 

colonization era (1842-1997). In 1997, Hong 

Kong was handed back from the United 

Kingdom to the People’s Republic of China. It 

was agreed that for 50 years, the Region would 

keep enjoying relative autonomy under an 

agreement dubbed “One Country, Two Systems”.  

Falling within the development of global trade, Hong Kong’s economy has developed under a liberal model 

until reaching the 17th highest gross domestic product (GDP) per capita globally (CIA, 2018). Financial 

services have developed in this context, making Hong Kong the 3rd global financial centre (GFCI, 2019). 

More generally, the services sector represents 89% of the economy in value added terms. Textile and 

manufacturing activities – once a trademark of Hong Kong’s economy – are now marginal (World Bank, 

2019b). 

Because of the city’s early prosperity, it became attractive and saw strong demographic concentration. 

Today, it counts roughly 7.5 million inhabitants on a land of ~1,100 km². Because of the concentration of 

people and economic activity in the city, well-functioning infrastructure has become extremely important. 

In particular, the city’s development is inherently linked to its power system for the four following reasons. 

Firstly, the city has developed vertically, until having more skyscraper than any other city in the world. In 

Hong Kong, more people live on the 15th floor or higher than anywhere else (Davis, 2018). The city also 

sees the highest public transportation ridership rates in the world. LegCo Research Office (2016) found that 

up to 90% of daily journeys in Hong Kong are done over public transport. Trains are the main transportation 

mode, with 5.2 million passenger trips per day. With no reliable power supply for elevators and trains, the 

organisation of housing and work in Hong Kong would need to be re-thought. Secondly, Hong Kong has 

thrived economically thanks to a business-friendly environment. World-class power supply has been a 

cornerstone of this strategy (EB, 2014a). Thirdly, air pollution has become a cause of concern as it was 

described as “chronically poor” by the authorities (EB, 2013) and power generation accounts for a major 

part of it. Indeed, EPD (2017) estimates that the power sector is the second largest emitter of three major 

types of air pollution in Hong Kong (SO2, NOx and RSP). Finally, the power sector is today heavily reliant 

on imported fuels. Hong Kong’s power consumption per capita is typical of a developed country (6.29 

MWh/capita/year, halfway between France (7.70) and the UK (5.31) (IEA, 2019). However, due to its 

geography and size constraints, the island has little indigenous resources, and therefore relies heavily on 

imported fossil fuels – see Figure 1. Details on the power supply and consumption structures are available 

in sections 2.2 and 2.4 respectively. 
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FIGURE 1 – ELECTRICITY SOURCES AND END-USES ON THE HONG KONG GRID (TERAJOULES, 2018) 

(CSD (2018), CLP (2018B), HKE (2018B)) 

This dependence of the city of Hong Kong on fossil fuels brings about two issues. Firstly, fossil fuels are 

limited in quantity and will eventually become depleted, which needs to be anticipated. Secondly, fossil fuels 

contribute to anthropogenic CO2 emissions, and therefore to climate change. Hong Kong is following this 

topic closely, because it is particularly vulnerable to the evolution of climate. The region is already warm 

and humid, and exposed to typhoons and rising sea levels (HKO, 2015).  

As a part of the People’s Republic of China, Hong Kong did not sign the Paris Agreement independently 

and namely did not write a Nationally Determined Contribution (NDC). However, the Government shared 

its strategy in a non-binding climate action plan. Currently, half of the electricity generated in Hong Kong 

comes from coal-fired power plants – hence a comparatively high emission factor of 0.754 KgCO2,eq/kWh 

(Carbon Footprint, 2019)1. However, this share should vary dramatically in the years to come, with the 

retirement of plants and pro-renewable policies enacted in recent months.  

In a nutshell, Hong Kong embodies many contemporary urban challenges: a densely populated island, home 

to a developed economy, but featuring high air pollution levels and minimal indigenous resources. It has 

the policy-making competencies of a state, but the structure and challenges of a city. These factors make 

Hong Kong an interesting case to investigate, in particular the cost-sustainability-security trade-offs in the 

power sector.  

 Objective and research question 

In recent years, the Government of the Hong Kong SAR has given momentum to the debate on low-carbon 

electricity. A report has been commissioned to assess the renewable energy resources (EMSD, 2002), two 

public consultations were carried out on the evolution of the electricity mix and electricity market (EB, 2014, 

2015), and several departments of the Government adopted embedded systems as exemplary measures 

(GovHK, 2019). Despite these efforts, the Hong Kong power sector is still 75% dependent on fossil fuels 

(50% coal and 25% natural gas). Tending towards a decrease of this share seems to be reasonable on the 

mid-term – and the only physically possible option in the long term as non-renewable resources run out 

globally.  

In 2017, the HKSAR Government set the goal to reduce Hong Kong’s GHG emissions by 50 to 60% by 

2020 with respect to the 2005 level (EB, 2017a). The contribution of the power sector to this effort has not 

been clarified but it is clear that no broader objective can be met without adapting the power sector, since 

it accounts for 70% of CO2 emissions in Hong Kong (LegCo Research Office, 2016).This implies to change 

the structure of its power generation mix. Concerning renewables, there is considerable room for 

improvement. The first resource assessment report (EMSD, 2002) estimated the “physical” potential for 

 
1 Emission factors weighted based on electricity sent out by each utility per their annual reports on year 2018.  
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renewables to be above 50% of electricity demand. The Environment Bureau (2017a) estimates that 

“realisable” renewable electricity could account for 3-4% of the energy mix. Actual generation, however, 

currently accounts for less than 1%.  

Air quality targets have been tightening for years (EPD, 2012) leading to refurbishment of plants and 

lowering flue gas emissions. Beyond these marginal improvements, Hong Kong’s power sector may be on 

track for deeper, structural change. A drive for sustainability has translated into the commitment to retire 

large coal-fired units (HKE, 2018a), and new pro-renewables regulations have passed. These changes pave 

the way toward potentially significant change that is assessed in this study.  Considering the elements listed 

above, the main objective of this study is to assess the economic and environmental impacts of 

enhancing cleaner electricity generation and energy security on the future electricity system of 

Hong Kong to meet the city’s electricity demand from 2016 until 2030. 

The objective is met through answering the following questions on the 2016-2030-time frame:  

• What are the technologies’ share and the type of fuels of the electricity supply mix? (RQ1) 

• What are the total costs and the CO2 emissions of deploying the clean electricity generation 

and reducing reliance on electricity import? (RQ2) 

• What are the strategic priorities for Hong Kong’s future power system? (RQ3) 

 Scope and method 

The power system studied comprises supply, transmission and demand in Hong Kong as well as power 

trade with the mainland of China. Supply and demand are categorized by sectors and modelled separately 

using approaches such as top-down, bottom-up or hybrid, depending on data availability (see sections 3.3 

and 3.4). Demand side is broken down into residential, transports, and commercial & industrial. Supply is 

broken down to the level of generating units. Data is gathered mostly from governmental sources, 

intergovernmental organizations, utility reports or peer-reviewed papers. The Long-Range Energy 

Alternatives Planning System (LEAP) is chosen as the general modelling framework (see section 3.1).  

Within this framework, a comprehensive model is built, and several scenarios are developed. The scenarios 

are designed to provide 5 reference points in the set of possible futures in the Hong Kong SAR power 

system with respect to clean electricity generation, while shedding light on different facets of the research 

questions.  

• In the Business as usual (BAU) scenario, the system is assumed to continue the current trends.  

This scenario is designed as a forecast of the system as it stands (RQ1). 

• In Climate action plan (CAP) scenario, it is assumed that the system will evolve to abide strictly by 

commitments taken by the Government in its official climate strategy.  

This scenario and its shortcomings provide elements of answer on the strategic priorities of Hong Kong 

and what they should be (RQ3). 

• Scenario High renewables share (HRS) explores how much renewables Hong Kong could incorporate 

in the power generation mix while keeping a reasonable reserve margin, based on the available area in 

the region.  

• Scenario Fossil-free electricity (FFE) assumes Hong Kong achieves non-reliance on fossil fuels by 2030, 

and hereby studies why and how the system comes short on this goal.. 

These two scenarios (HRS, FFE) shed light on the cost and environmental gains of deploying 

renewables in Hong Kong, but also on the limits of this model (RQ2). 

• Since energy security is an inseparable part of the energy trilemma, an additional scenario, No reliance 

on Mainland China (NRMC), explores the power dependence of Hong Kong on Mainland China. This 

is done by examining the consequences of a hypothetical cut-off from mainland Chinese supplies of 

power and fuel. This scenario uses an extreme event to study the possible impact of exogenous events 

on the Hong Kong power system (RQ3).  
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For each of these scenarios, the analysis in LEAP provides a breakdown of costs, feedstock fuel volumes, 

GHG, demand and all the main power sector indicators.  

The output of the study is an assessment of different scenarios for Hong Kong’s power sector to become 

cleaner, less dependent on fossil fuels and/or less dependent on other countries. The assessment discusses 

various levels of cost, GHG abatement cost and uncertainty. On the supply side, costs considered are 

investment costs (capital expenditures), operations and maintenance costs (fixed and variable, as well as fuel 

costs). Greenhouse gas emissions are assessed using LEAP’s Technology and Environment Database, 

featuring the IPCC Tier 1 default emission factors by technology. Time span is from year 2016 to 2030, as 

2016 is the closest year for which all necessary data has been published, and 2030 is the next milestone in 

Hong Kong’s climate strategy, it is also close to the renewal date for the current framework regulation (i.e. 

2033).  

 Literature review and research gap 

As seen in introduction, the Hong Kong energy system concentrates challenges (it is representative of a 

developed economy, faces strong space constraint, fossil-fuel dependence, and energy sovereignty issues). 

For these reasons, this system has gathered considerable research interest in recent years.  

The large majority of publications pertains to fragments of the system. On the supply side, covered areas 

include offshore wind feasibility and design (Li (2000), Lu et al. (2002), Gao et al. (2014, 2015), Shu et al. 

(2015), Sun & Yang (2018)); solar power ressource and diffusion (Close et al. (2006), Lu & Yang (2010), 

Zhang et al. (2011, 2012), Li et al. (2012), Peng & Lu (2013), Wong et al. (2016), Lo et al. (2019)). The 

potential of innovative clean energy sources has been investigated as well, such as landfill gas utilization 

(Hao, et al., 2008), or hydrogen (Ni, et al., 2006). On the demand side, research has been focusing on the 

energy efficiency of buildings (Ma & Wang (2009), Fong & Lee (2012), Jing et al. (2017), Jia & Lee (2018)) 

along with high-level work on total energy demand. Further on, additional questions have been treated 

pertaining to e.g. the future of the electricity market (Lam, 2004), consumer perceptions towards smart grids 

(Hills, et al., 2012), electricity tariff (Luk, 2005) or air quality and power generation (To, et al., 2012). All 

these sector-specific articles have been produced in great numbers and this publishing trend shows a strong 

rise in interest among scholars and industry players over the course of just a few years. While this dissertation 

builds on them, both scope and methods are different.  

More marginally, a few publications have been carried out at “macro” level and are therefore most relevant 

to compare with this thesis. Ma et al. (2014) built a simulation model of the power system and studied two 

alternatives to lower carbon emissions by year 2020 (one with a stark increase in nuclear power – which was 

subsequently ruled out by the Government – and one with a stark increase in renewable energy – which did 

not happen because of higher-than-expected inertia in Hong Kong). Three years later the Government 

strategy was updated through the new Climate Action Plan 2030+, hereby rendering the paper obsolete. In 

2017, To & Lee published a retrospective study on GHG emissions from the power sector on period 2002-

2015 – some of their results are used in this thesis, such as the flattening of demand and the importance of 

LNG in short-term GHG abatement in Hong Kong.  

None of the above macro studies focused explicitly on the post-2020 timespan, and none of them used 

LEAP as a modelling/forecasting method. Furthermore, new regulation and data were made available in 

the meantime, which justify building an updated analysis. Namely the new climate strategy (2017), a new 

framework regulation and set of incentives for the power sector (2019), a new official assessment of the 

solar potential (2019) (see section 2.1.2 for more details). 

Since it appears previous research was of more specific scope or is now outdated; this study works towards 

addressing this double gap. By adopting a new method to build on and beyond previous works, it can fully 

contribute to shedding more light on the bigger picture of Hong Kong’s energy situation and perspectives.  
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 Thesis structure 

In the following parts, the study first details the current situation of the power system in Hong Kong 

(Chapter 2) and namely the players, regulatory framework and structure of demand and supply. Chapter 2 

is informative and general, so as to give a thorough introduction to the power system of Hong Kong. It 

aims at providing the useful context on which the further parts of this thesis are built. As the content of this 

chapter is not specific enough to be input in the model as such, Chapter 3 will translates this information in 

modelling terms and focuses on methods and data inputs for the model. Starting with the choice of a 

modelling framework and going forward to all the parameters, assumptions, and data sources. It lays the 

groundwork for projecting the system under the various scenarios detailed in chapter 4. These scenarios 

(BAU, CAP, HRS, FFE, NRMC) constitute possible trajectories along which the system could evolve, and 

their outputs support the conclusions of this thesis. The final chapters (5, 6) are dedicated to – respectively 

– presenting the results from a cross-scenario perspective, and drawing conclusions and policy implications 

from the analysis of all the above elements.   
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 Outlook of Hong Kong’s power system 

 System structure 

The Hong Kong power sector has deeply evolved. It went from a few isolated kilowatts for public lighting 

in the early 20th century to an interconnected system of more than 12 GW2 running on nine different fuels. 

The Environment Bureau (2017b) formulates the official objectives of the SAR’s power system as follows: 

(i) “ensure that the energy needs of the community are met safely, reliably, efficiently and at reasonable 

prices”, and (ii) “minimize the environmental impact of energy production and uses and promote the 

efficient use and conservation of energy”. This is achieved through a wide range of policy tools and actors 

detailed below.  

 Institutional context 

The actual power generation/transmission/sale activities are carried out by the private sector in the form 

of a double monopoly. The two companies – CLP Power and HK Electric – each operate a fully integrated 

business on distinct geographical areas. CLP Power covers Kowloon, Lantau, Cheung Chau, the Outlying 

Islands and the New Territories; while HK Electric covers Hong Kong Island, Ap Lei Chau and Lamma. 

However, recent policy development opened way to decentralized production, so the coming years may see 

the emergence of new actors. The Government of Hong Kong performs the main administrative and 

executive functions through several Policy Bureaus subdivided in Departments. Namely, the Electrical and 

Mechanical Services Department (EMSD) and the Environmental Protection Department (EPD) are 

responsible for regulating, monitoring, and supervising the power sector. The two other branches of The 

Government – the Legislative Council (LegCo) and the Judiciary – can have an occasional role to play in 

supervision, law-making or arbitration. Figure 2 below summarizes this structure.  

 

 

 

FIGURE 2 - ACTORS OF THE POWER SECTOR IN THE HONG KONG SAR 

When studying the relationship between these different actors, it is important to remember that Hong Kong 

has a strong tradition of non-interference of the Government in private business (Heritage Foundation, 

2019). Over the years, this has given Hong Kong its unique power utilities structure made of private 

integrated monopolies. Today, the Government has little grasp over the way each utility runs its business, 

except via the renegotiation of their framework regulation every ten years (see “SCA” below) and, very 
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exceptionally, the voting of bills at the Legislative Council. As a consequence, we see the Government taking 

the lead in innovative energy projects (pilot technology trials, energy efficiency, etc.) through publicly-run 

facilities (waste treatment facilities, landfills, reservoirs, decommissioned quarries, rooftops of public 

buildings, etc.). This trend is already noticeable as most innovative power generation projects are carried out 

on Government-run sites such as sewage treatment facilities or reservoirs (see Table 2 in section 3.3.1).  

 Regulatory framework 

Incentive-based regulation 

The performance of both utilities is monitored through a document called the Scheme of Control 

Agreement (SCA). It constitutes a delegation of public service and a framework regulation for the power 

sector. The Scheme is reviewed every 10 to 15 years.  In recent years, pressure against the terms of the 

agreement was starting to build up on the public side, due to several shortcomings (disappointing 

development of renewables3, ill-designed price signals leading to overinvestment4, no favourable framework 

for competition or independent power producers). A new version was enforced on January 2019.  

The SCA regulates namely the financials of both companies, under a common incentive-based regulation 

regime known as “rate of return regulation”. In practice, the SCA sets an “authorised rate of return” which 

caps the companies’ profits. They are not allowed to earn more than a given rate of their average fixed 

assets. The set rate of return prevents the companies from charging their customers more than a reasonable 

tariff. At the same time, it is the basis for an incentive scheme: the rate of return can be adjusted upwards 

or downwards depending on the “virtue” of each companies based on various indicators (customer 

satisfaction, renewables/energy efficiency investments, demand-side management, etc.). For instance, the 

companies are allowed to earn more off their investments if they manage to deploy large amounts of 

renewables along with demand-side management. The default rate of return was at 9.99% in the previous 

agreement (2009-2018) but decreased to 8% in the present agreement (2019-2033). The rationale behind a 

decreased rate of return is to diminish the incentive for overinvestment and to give more importance to the 

incentivizing variations on the authorized rate of return.  

The last SCA also embeds several policies inspired from international practices for the promotion of electric 

renewables; as detailed below. The main take-away message is that the current situation is more favourable 

to modern renewables than it has ever been.  

Renewable Energy Certificates  

As part of the new SCA, the utilities have been requested to set up tradable Renewable Energy Certificates 

(RECs) as an additional revenue for renewable power producers. Each kilowatt-hour of renewable power 

generated will entitle the generator to a certificate that they are free to sell on the REC market. The scheme 

is voluntary, meaning that the demand for certificates is not artificially enhanced. Therefore, this REC 

market is a way for citizens or companies to freely manifest their support to renewables or offset their 

emissions. The volume of RECs traded on these platforms directly reflects Hongkongers’ willingness to pay 

for low-carbon power; this will be a precious indicator of their climate-readiness in the years to come. For 

the first year (2019), the price is set by the utilities. The price level for now is rather ambitious with respect 

to Western REC markets (see Figure 3 below).  

 
3 A typical example of this can be seen in the delay of two offshore wind farms planned by the utilities. These 
projects are said to be in the resource assessment phase, but as industry observers such as Stuart (2017) pointed out, 
abnormally long wind data measurement periods may have been a way for the companies to delay projects they had 
no incentive to carry out.  
4 Utilities regulated through capped rate of return tend to maximize their asset base to maximize their revenues. This 
is done by overinvesting in reserve plants that eventually stay idle. This practice is commonly known as “gold 
plating”. While the recommended reserve margins are typically at 20-35%, HKE presented a reserve margin of 50% 
in 2011. 
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FIGURE 3 - PRICE EVOLUTION ON DIFFERENT VOLUNTARY REC MARKETS (CALLED GUARANTEES OF 

ORIGIN IN EUROPE). SOURCES: ECOHZ, T-REC, CLP, TLG ANALYSIS 

Incentives to feed the grid with renewables 

A Feed-in Tariff (FiT) was introduced, whereby decentralized producers of electricity will be remunerated 

for feeding the grid with renewable power. The FiT should be 3 to 5 times higher than regular tariffs 

(depending on the installed capacity). The cost of the FiT is borne by users who purchase certificates and, 

if necessary, future increases of electricity tariffs. Besides, another new policy instrument introduced was 

the possibility of net metering. Customers can now produce their own power and adjust their 

production/consumption by purchasing from or supplying power to the grid. Finally, the opening of 

electricity generation to prosumers is supported by the arrangement of standardized grid connection and 

provision of backup power supply for small embedded renewable energy systems. A limitation is that these 

arrangements concern mostly small-scale systems (1MW for the Feed-in Tariff, 200kW for the standardized 

grid connection).  

Energy efficiency 

The overall trajectory of Hong Kong with respect to energy efficiency is gathered in a report titled Energy 

Saving Plan for Hong Kong’s Built Environment 2015-2025+ and published jointly by the Environment 

Bureau, the Development Bureau and the Transport and Housing Bureau (2015). A key goal of this Energy 

Saving Plan is to decrease the energy intensity by 40% from the level of 2005 by 2025. 

To support this goal, LegCo has voted and promulgated several laws pertaining to energy efficiency. The 

Energy Efficiency (Labelling of Products) Ordinance (2008) established systematic labelling to inform 

consumers on the energy efficiency of products. More importantly, the Buildings Energy Efficiency 

Ordinance (2012) established a framework to gradually improve energy efficiency of new buildings, and the 

auditing of old ones. These policies, together with structural economic changes (discussed in section 2.4.1) 

are responsible for a decline in power intensity of GDP. 

Emission quotas 

In order to improve air quality, LegCo passed a bill called the Air Pollution Control Ordinance. This bill 

created Air Quality Objectives (AQOs) that are reviewed regularly. For power plants in particular, AQOs 

translate into technical memoranda which assign emission quotas to power plants. Each memorandum has 

set stricter limits for emissions of sulphur dioxides (SO2), nitrogen oxides (NOx) and respirable suspended 

particulates (RSP) for each licensed plant in Hong Kong (EPD, 2019a). Figure 4 below shows the evolution 

of the quotas of NOx for each plant. These caps are in absolute terms and calculated based on the 

improvement margin of power plants.  
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FIGURE 4 - YEARLY NITROGEN OXIDES EMISSION ALLOWANCES OF POWER PLANTS IN HONG KONG 

(EPD, 2019A) 

These norms have had two main effects. Firstly, they have forced utilities to invest in filtering processes and 

flue gas treatment for coal plants, sometimes justifying lifetime extension for units that received them. For 

instance, units 4 and 5 of Lamma Coal power plant, equipped with flue-gas desulfurization (FGD) in 2009-

2010. Secondly, this regulation makes new coal power plants de facto illegal, as they would be inherently 

unable to meet the emission standards of new builds. Indeed, quotas for newly built plants are close to zero 

emission of SO2, NOx and RSP starting from year 2020 (see Figure 4, on the right).  However, no control 

of CO2 emissions has been enforced so far. 

Non-binding climate commitments 

The sustainability commitments of the Government are listed in the Climate Action Plan 2030+ (EB, 

2017a). This report constitutes a non-binding follow-through in the wake of the Paris Agreement (2016)5 

and aimed at translating the latter into commitments applicable in the SAR. According to the Environment 

Bureau (2017a), progress is to be reviewed every five years (starting in 2020).  

The concrete implications for the power sector of the current plan are as follows. 

o By 2020, maintaining 25% of fossil-free electricity sources and bringing the share of gas up to 

50% (it was around 25% in 2015) while phasing down coal to 25% (50% in 2015). This namely 

means waiting for coal-fired plants’ natural retirements and replacing them with natural gas. This 

CO2 abatement strategy is referred to as “switching from coal to gas” in the rest of this thesis. 

o Working on the reliability of supply for much larger amounts of natural gas. This implies working 

on the commissioning of a new regasification terminal for liquefied natural gas (LNG), as well as 

new sourcing contracts on the international LNG market.  

o Improving the overall efficiency of plants and leverage the technology development of gas-fired 

power plants (from the 45% of current ones to potentially 60% for new ones). 

o For the government: working on harnessing the private sector forces by setting up the right 

framework for renewables. In practice, this translated into setting up a feed-in tariff and renewable 

electricity certificates.  

o For the government: promoting renewable energy by equipping official buildings with individual 

small-scale systems.  

 
5 Hong Kong is in theory included in the Chinese positions in global climate change talks. In practice, it is left aside 
(because although it has its own government, it is not a UNFCCC party) (Mayer, 2017). 
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The report’s estimate is that 3 to 4% of electricity could be sourced from renewables by 2030, and namely: 

1.5% from waste-to-energy, 1 to 1.5% from photovoltaic solar, and up to 1.5% from offshore wind. 

Public consultations in the policy-making process 

The overall strategy-making process included two large-scale public consultations over the last decade. 

Firstly, in 2014, a consultation was organized regarding the future energy mix. As decisions were needed 

regarding the post-coal era, the public was asked to weight the pros and cons of two strategies. The two 

options put forward by the Environment Bureau (2014a) were as follows: deeper integration in the 

Mainland’s grid (1); or offset the phase-out of coal by a build-up of gas-fired power plants (2). Option 2 was 

supported by most respondents and finally influenced the Government’s orientation. According to the 

summary report (EB, 2014b), arguments that weighted in included lack of environmental and tariff 

guarantees from the Mainland grid, as well as reluctance to compromise on the standards of the Hong Kong 

grid.  

Secondly, taking note of these results, another consultation was launched by the Environment Bureau 

(2015). The scope was on future market design and preparing the negotiations prior to the renewal of the 

SCA. The three main points of consultation were: introduction of competition in the power sector (1), 

structure of regulation and areas for improvement (2), and incentive mechanisms for renewables and energy 

efficiency (3). The responses were: rejection of a competitive market, reduced rate of return for utilities, and 

new incentive mechanisms. These ideas are well represented in the new SCA.  

These consultations already showed – with considerable variations depending on customer groups – the 

complexity of the relationship with the Mainland, fears of nuclear power in the post-Fukushima context, 

fears of fossil-fuels price variability. It also provided the following insight: renewable energy was advocated 

by all environmentalist groups and concerned citizens, but the business sector, represented by most 

respondents, gave a clear priority to reliability and affordability of power.  

 Electricity generation 

By the most recent account, the electricity mix in Hong Kong can be broken down as follows (in terms of 

installed capacity). 

 

FIGURE 5 - BREAKDOWN OF INSTALLED CAPACITY IN HONG KONG BY THE END OF 2018 (CSD, CLP, 
HKE, EMSD, 2019) 
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 Fossil fuels 

Coal has historically constituted the mainstay of power generation in the HKSAR, with a history of non-

reliance on the Chinese mainland: currently, all of Hong Kong’s coal is imported by sea, chiefly from 

Indonesia (CSD, 2019a). Gas and coal dominate the installed capacity with roughly three quarters of total 

generated electricity. But coal is being progressively phased down, and gas-fired power is being phased up 

to compensate. In 2018, the two utilities had to submit new development plans, and the highlight of both 

reports was the transition from a coal-based to a gas-based system – as illustrated by Figure 6. 

 

FIGURE 6 – EVOLUTION OF THE SHARE OF COAL-FIRED POWER IN THE GENERATION MIX ACCORDING 

TO THE POWER DEVELOPMENT PLANS OF UTILITIES CHINA LIGHT AND POWER (CLP, 2018) AND 

HONG KONG ELECTRIC (HKE, 2018A) 

To accompany this transition, the Government of Hong Kong in concertation with its utilities is diversifying 

its supply of natural gas. The stake is both to guarantee a greater energy autonomy and to access 

competitively priced fuel. So far, natural gas for Hong Kong was supplied through Mainland China. CLP 

Power had agreements to source natural gas from the South China Sea and from Turkmenistan through a 

West-to-East pipeline across China. HK Electric was sourcing its gas supply from the Guangdong Dapeng 

LNG Terminal in Shenzhen – and then piped to Hong Kong. As reported by a local consulting firm 

involved in the project (ERM, 2016) a terminal is on track to be commissioned in the southern waters of 

Hong Kong. The project has already undergone negotiations and environmental impact assessment and will 

take the form of a Floating Storage and Regasification Unit (FSRU). More specifically, the preliminary 

agreement signed in 2018 agreed on utilizing the MOL FSRU Challenger, of Japanese shipper Mitsui O.S.K 

Lines. The ship is to date the largest of its kind with a storage capacity of 263,000 m3 and a regasification 

capacity of 800 mmscfd. She is expected to start contributing to gas supply to Black Point Power Station 

and Lamma Power station by the end of 2020 (MOL, 2018). Given the possibility of sourcing fossil fuels 

from anywhere thanks to Hong Kong’s extensive wharf infrastructure, availability of primary sources of 

energy was never considered a constraint in the considered time span.  

 Renewables 

In order to start the debate around renewables, a report commissioned by the Electrical and Mechanical 

Services Department (2002) explored the overall potential for renewable power in Hong Kong. According 

to this report, on purely physical grounds (assuming enough storage and financing, assuming an appropriate 

policy framework, and based on the 1999 level of demand):  

o PV could provide up to 17% of total electricity demand; 

o onshore wind farms could provide up to 7% of total electricity demand; 
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o individual wind turbines in urban areas could provide up to 8% of total electricity demand; 

o offshore wind farms could provide 24% of total electricity demand; 

o energy from waste could provide up to 3% of total electricity demand; 

o other sources (fuel cells, biomass, small-scale hydro, tidal power) are expected to be able to 

account for less than 2% of total electricity demand. 

Efforts have been carried out, principally by the public sector. The Environment Bureau (2017a) notes the 

possibility to use undervalued surfaces (landfills and rooftops mainly, but also facades and reservoirs). This 

could theoretically yield a non-negligible share of total electricity but, as reported by Chang (2017) utilities 

responded with mostly scepticism.  

Furthermore, two offshore wind power plants of respectively 100 and 200 MW (EB, 2017a) have been 

under private development for several years. The realization of both projects would bring wind power to 

roughly 1.5% of yearly generated electricity. This project gathered enough interest to lead to an 

environmental impact assessment in 2009 (BMT Asia Pacific, 2006), serious consideration by both utilities 

(HKE, 2012) (power-technology.com, 2019) and a research article by Gao & Yang (2014). No update was 

published for the last five years. One of the reasons seems to have been defiance of the utilities regarding 

the outcome of the SCA renegotiation – leading both firms to temporize at the resource assessment stage 

(Cheung, 2013). 

In the framework of its climate initiatives, the Government has enabled the development of various smaller-

scale renewable projects. These pilots include: 

• a small hydro facility at the Tuen Mun (and soon Sha Tin) Water Treatment Works; 

• waste-fuelled gas turbines at the Tuen Mun Sewage Treatment Facility (with an expansion 

to come) and at the West New Territories landfill; 

• rooftop PV on various government buildings; 

• floating PV at the Shek Pik and Plover Cove reservoirs. 

The generation of power from renewable sources currently stands way below 1% of Hong Kong’s power 

demand (0.2% according to EMSD (2019b)). These pilot projects are integrated in the LEAP model built 

below. Installed capacity, totalling roughly 30 MW, is broken down as below. 

 

FIGURE 7 – BREAKDOWN OF INSTALLED RENEWABLE CAPACITY IN HONG KONG BY THE END OF 2018 

(CSD, CLP, HKE, EMSD, 2019) 
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 Other assets: nuclear and pumped storage 

CLP Power concluded in 1994 a power purchase agreement (PPA) with the Daya Bay Nuclear Power Station 

in Mainland China (CLP, 2018c). This PPA originally covered a capacity of 1380 MW (70% of the total 

output of the plant) but was re-negotiated to 1570 MW in 2018. The contract is running until 2034 and 

offtakes a fixed capacity from the power plant. To this day, this is by far the most significant low-carbon 

generation capacity in Hong Kong and provides roughly a quarter of total generated energy.  

In order to optimize the procurement of power from this PPA, CLP also owns a part of the Guangdong 

Pumped Storage Power Plant. This large-scale storage facility helps balancing the CLP grid by absorbing 

the output of Daya Bay in times of low demand in Hong Kong and provides affordable adjustment in times 

of peak demand.  

 Transmission system 

The CLP grid is effectively connected to the China Southern Power Grid, but this connection is only used 

to purchase power from Daya Bay Power Station and Guangdong Pumped Storage Power Station. The 

company used to export power to Mainland China, but these exports have been null since September 2018 

(CLP, 2019). CLP’s and HKE’s grids are linked by a 132kV line. This line is dedicated to system stability 

rather than systematic or large flows. It is neglected in the modelling.  

 Power demand 

 Commercial and industrial sector 

The commercial and industrial sectors together are the main sector of electricity consumption (112,600 

TJ/year, according to EMSD (2018)). The economy of Hong Kong has the particularity of featuring a very 

clear predominance of services, which is noticeable in the structure of electricity use by sector. Furthermore, 

the share of industry and manufacturing has been consistently decreasing over the past decade. Figure 8 and 

Figure 9 show sectoral electricity demand and value added by activity.  

 

FIGURE 8 – ELECTRICITY DEMAND BY SECTOR OVER TIME (CSD, 2019B) 
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FIGURE 9 – VALUE ADDED BY ECONOMIC ACTIVITY IN HONG KONG (WORLD BANK, 2019B) 

The main take-away message from these two graphs is that the classic GDP-electricity use relationship 

seems to be stalling. As in many developed economies, this is likely to be attributable to increases in 

efficiency and increasing dematerialization of the economy – in the context of increasing outsourcing of 

energy intensive activities. Figure 9 shows how the relative share of industry is sharply decreasing to the 

advantage of services.  

 Residential sector 

The residential sector is the second largest sector with respect to electricity consumption, with 43,100 

TJ/year. Because of the warm and humid climate in Hong Kong, air conditioners are intensely used several 

months a year and are the second largest residential load after cooking. They have been largely targeted by 

energy efficiency measures and are mentioned in every energy saving document, and are the preferred, most 

straightforward way to act on overall energy demand.  

 

FIGURE 10 - ELECTRICITY END-USES IN AN AVERAGE HONG KONG HOUSEHOLD (EMSD, 2018) 

The breakdown presented in Figure 10 above varies slightly depending on the type of household (private 

apartments, social housing, etc.). The different household consumption profiles are considered later on in 

this thesis, in order to build the most accurate projection of final electricity demand. 
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 Transportation sector 

Transportation sector is far from fully electrified and consumes only 3,000 TJ of electricity per year – much 

less than either of the two other sectors modelled in this thesis. Given the demise of electrified freight in 

Hong Kong in recent years (Wong, 2011) the choice is made to focus solely on electrified passenger 

transport – i.e. electric vehicles and public transportation. As discussed in the introduction, Hong Kong 

features very high public transport ridership rates. The journeys within the city are largely powered by 

electricity and its daily ridership of almost five million people mostly on the subway network - Mass Transit 

Railway (MTR Corporation). On a more historical note, tramways on the Island have prime cultural and 

touristic importance but cannot be considered a strategic service anymore – it was recently suggested to 

dismantle them. Electric cars have been on an exponential rise thanks to a generous incentive scheme but 

2018 saw a stalling of sales as new regulation was implemented (see Figure 24). The three most significant 

types of electric vehicles (in passenger journeys terms per Figure 11) are included in the model.  

 

FIGURE 11 – MONTHLY USE OF ALL PUBLIC TRANSPORT MODES (ELECTRIFIED ONES IN BLACK, BUSES 

AND FERRIES IN GREY) (TD, 2018) 
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Residential area and transportation infrastructure by night  

(Olympic, Kowloon) 
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 Data and Methods 

 Choice of a framework 

Energy systems analysis can be carried out through multiple tools depending on the emphasis of the research 

and the subject of study. According to Ringkjøb et al. (2018), choosing the right tool to carry out a study 

implies to consider the purpose (e.g. scenario, forecasting, back-casting), spatiotemporal resolution, 

approach (top-down or bottom-up), methodology (e.g. simulation, optimization) and desired outputs.  

Stockholm Environmental Institute’s Long-Range Energy Alternatives Planning (LEAP) is a framework 

designed to build projections of an energy system under various scenarios. It enables to monitor many 

outputs (emissions, absolute and avoided costs, etc.). There is no constraint on the geographical zone and 

the time step is typically one year. This fits the purpose and resolution of this study: assessing power sector 

pathways through scenario-making, on one region split in two sub-regions (to reflect the reality of the grid 

in Hong Kong, see explanations below) and with a one-year time resolution.  

As pointed out by Heaps (2002), another 

advantage is that LEAP is flexible in 

terms of data input. For instance, the 

breakdown of energy demand is chosen 

by the user and can be a blend of 

different approaches – based on e.g. data 

availability. This is used in this thesis by 

mixing top-down and bottom-up 

approaches in the demand modelling.  

Among the different models fulfilling the 

needs of this study, LEAP was chosen 

for its flexible yet user-friendly interface 

and its large recognition among the 

energy modelling community.  

Figure 12 provides an explanation of the 

structure of the accounting tool. This 

study does not use all of the possible 

analysis modules. For instance, statistical 

differences, stock changes and non-

energy usages are not modelled; and the 

resource analysis is done outside of 

LEAP (see section 3.3.2). The modelling 

largely uses blocks Demand Analysis, 

where the electricity demand is modelled for the main sectors detailed in section 2.4; and Transformation 

Analysis, where all power plants are modelled. Demographics and Macro-Economics are input as well to 

drive the demand, and Environmental Externalities are accounted for using the IPCC Tier 1 technology 

emission factors readily available in LEAP. 

 Important general parameters 

The main parameters of the projection are GDP and population, which is consistent with the approach of 

the Census and Statistics Department in its 2018 Hong Kong Energy Statistics Annual Report . Other major 

drivers weighing in the modelling include electricity intensity of GDP and commissioning agenda of new 

power plants / decommissioning agenda for coal power plants. The base year used for all calculations is 

2016. 

Financials 

FIGURE 12 - INTRODUCTION TO LEAP'S STRUCTURE (SEI, 
2019) 



-28- 
 

All costs are given in nominal U.S. dollars. Where applicable, the following exchange rates were used: 1 

HKD = 0.13 USD = 0.11 EUR. The GDP growth rate is a linear extrapolation of the World Bank Data 

trend. The asymptotic value of 3% per year was checked for consistency against both IMF and CEIC’s 

forecast to 2024.  

 

FIGURE 13 - GDP GROWTH IN THE HONG KONG SAR PER WORLD BANK HISTORICAL DATA AND IMF 

PROJECTION TO 2024 

Demographics  

Four different types of household are considered in this thesis – as shown in Figure 14 on the right. It is 

assumed that the size of households does not vary significantly on the modelling period, and that each type 

of household stays at the same proportion of the total number of households. The equation used to project 

the number of each type of household based on total population are detailed in section 3.4.2. The necessary 

data is taken from the Census and Statistics Department (2017a) and shown below.  

 

FIGURE 14 – MAIN DEMOGRAPHIC ASSUMPTIONS: POPULATION PROJECTION (LEFT) AND HOUSEHOLD 

SIZE (RIGHT) 

Regions 

The system was divided into two regions, which represent the distinct grids of each specific utility – HKE 

and CLP. To each region were assigned the generating capacity of the adequate utility (see section 3.3) as 

well as a distinct load shape (section 3.4.4) and a given share of total load based on the effective 

distribution of load on the base year (2016).  
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Losses 

Losses in the power system are assumed constant on this time span. For CLP, this figure stands at 3.9% 

according to its Asset Performance Statistics report (CLP, 2018a). For HKE however, this figure had to 

be determined empirically as the gap between on the electricity sales and the electricity consumption for 

both the base year and the first scenario year. The figure was found to be 10%. Overall, this figure is well 

within the typical standard of the 8 to 15% range (Schneider Electric, 2013).  

GHG Emissions  

Fuel emission factors are per the IPCC 5th assessment report. Focus is on their global warming potential 

(100-year global warming potential at point of emission) in CO2-equivalent. 

Reserve margin 

Reserve margin is calculated in LEAP as follows:  

∑ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑐𝑟𝑒𝑑𝑖𝑡𝑝𝑝 ∗ 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑝𝑝𝑝𝑝∈{𝑝𝑜𝑤𝑒𝑟 𝑝𝑙𝑎𝑛𝑡𝑠} − 𝑝𝑒𝑎𝑘 𝑙𝑜𝑎𝑑

𝑝𝑒𝑎𝑘 𝑙𝑜𝑎𝑑
 

where  

• {power plants} is the set of power plants on the Hong Kong grid,  

• capacity credit is how much of a power plant’s capacity is accounted for in reserve margin 

calculations (as a percentage of nominal capacity), 

• nominal capacity is the power a power plant is designed to generate, 

• peak load is the highest load seen in a year. 

In any case, a 30% reserve margin is considered the lower limit in the scenarios6. This accounts for the 

fact that security of supply is considered critical in Hong Kong. Variable electricity sources (such as wind 

and solar) are accounted for based on their capacity credit (see Table 6 for the generic values used). The 

Guangdong Pumped Storage Power Station is assumed to be used solely for balancing and contributes to 

release this constraint, hereby enabling higher penetration of renewables. In practice, this is modelled by 

giving it a high merit order ranking so that it is never actually dispatched, although its capacity is 

theoretically available for balancing. 

Fuel costs 

According to the industry practice, the regional energy commodity benchmarks are used as proxy for 

feedstock fuel prices. Natural gas price is assumed at the price of Japan LNG and coal price is assumed at 

the price of Australian Coal. The forecasts used are presented in Figure 15 below and sourced from the 

World Bank Commodity Markets data (2019a).  

 
6 As noted in footnote 4, the IEA recommends keeping reserve margins between 20 and 35%, but Hong Kong has a 
history of seeking high power reliability (see section 1.1). As an example, since 2010, HKE has kept its reserve 
margin close to 50% while CLP kept margin around 35%.  
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FIGURE 15 - 2030 PRICE PROJECTION FOR ASIAN COAL (LEFT AXIS) AND LNG (RIGHT AXIS) (WORLD 

BANK, 2019A) 

 Supply modelling 

 List of units  

Table 1 below constitutes an inventory of all plants operating or on track to be commissioned on the Hong 

Kong grid. The commissioning date indicates whether the plant is already operating or merely committed. 

The retirement date, when planned during the period of study (before 2030) is indicated within brackets.  

Plant Off-taker Technology Unit Capacity (MW) 

(MW) 

Historical production (kWh) Commissioning (Retirement) 

Black Point CLP CCGT 1 312 9,175,000,000 1996 

2 312 1997 

3 312 1998 

4 312 1999 

5 312 2000 

6 312 2001 

7 312 2002 

8 312 2003 

D1 550 2019 

D2 550 2022 

Castle Peak CLP Coal A1 350 15,187,000,000 1982 (2022) 

A2 350 1983 (2023) 

A3 350 1984 (2024) 

A4 350 1985 (2025) 

B1 677 1986 

B2 677 1987 

B3 677 1988 

B4 677 1989 

Lamma 

 

 

 

 

 

HKE 

 

Coal 1_1 250 7,122,000,000 1984 (2017) 

1_2 250 1984 (2018) 

1_3 250 1984 (2024) 

2_1 350 1991 

2_2 350 1991 

2_3 350 1991 

3_1 350 1995 

3_2 350 1997 
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OCGT 2_4 55 1,649,000,000 1991 (2021) 

2_5 125 1991 (2021) 

2_6 125 1991 (2021) 

2_7 125 1991 (2021) 

2_8 125 1991 (2021) 

CCGT 2_9+10_Upgrad

e 

345 2,020,000,000 2008 

Extension (L9) 335 2006 

L10 380 n/a 2020 

L11 380 2022 

L12 380 2024 

L13 380 2026 

 
Solar - 0.55 979,000 2010 

Wind - 0.7 492,000 2006 

Penny's Bay 

 

 

CLP OCGT (Diesel) 1 100 1,000,000 1992 (2027) 

2 100 1992 (2027) 

3 100 1992 (2027) 

Daya Bay 

 

CLP Nuclear  PPA part I 1377.6 11,464,000,000 1994 (2018) 

PPA part II 1574.4 2018 

Guangdong PHS CLP Pumped Hydro - 600 n/a 1994 

Rooftop PV Split Solar - 785 n/a n/a 

Tuen Mun WTW CLP Small hydro - 0.5 n/a 2017 

Sha Tin WTW CLP Small hydro - 0.5 n/a 2019 

Siu Ho Wan STW CLP Solar - 1.1 1,100,000 2016 

WENT Landfill I 

 

CLP LFG - 10 68,000,000 2019 

WENT Landfill II CLP LFG - 4 27,200,000 2019 

Tuen Mun STF I CLP Incineration - 14 n/a 2015 

Tuen Mun STF II CLP Incineration - 14 n/a 2016 

IWMF Phase 1 CLP Incineration - 60 480,000,000 2024 

TABLE 1 – LIST OF PLANTS (ACTUAL PLANTS) (SOURCES: INDUSTRIAL HISTORY HK, CLP, HKE) 

Table 2 below is the list of plants that are used in different scenarios to model the introduction of new 

renewables. These plants are either uncertain (not mentioned in utilities’ development plans) or artificially 

introduced in the model based on analysis carried out in this report. For instance, all the floating solar power 

plants are based on existing reservoirs that could theoretically host floating solar panels.  

Plant Off-taker Technology Max. Capacity (MW) Historical production (kWh) Commissioning (Retirement) 

Idle land - NENT Slopes CLP Solar 64.9 n/a n/a 

Idle land - WENT Slopes CLP Solar 106.7 n/a n/a 

Idle land - SENT Slopes CLP Solar 44.7 n/a n/a 

Idle land - Anderson Rd. CLP Solar 49 n/a n/a 

Idle land - Gen. Split Solar n/a n/a n/a 

Shek Pik Reservoir CLP 

CLP 

 

Solar 195.9 n/a n/a 

High Island Reservoir CLP 

 

Solar 1268.4 n/a n/a 

Plover Cove Reservoir CLP 

 

Solar 2289.7 n/a n/a 

Shing Mun Reservoir CLP 

 

Solar 173.1 n/a n/a 

Tai Lam Chung Reservoir CLP 

 

Solar 323.3 n/a n/a 

Floating - Gen. CLP 

 

Solar n/a 240,000 n/a 

LFG - Gen. CLP LFG 31 n/a n/a 

Incineration - Gen. CLP Incineration  400 n/a n/a 

South West Lamma HKE Wind 100 n/a n/a 

East Ninepin CLP Wind 200 n/a n/a 

Wind – Gen.  Split Wind n/a n/a n/a 

TABLE 2 – LIST OF PLANTS (HYPOTHETICAL PLANTS) (CLP, HKE, VARIOUS DEPARTMENTS) 

https://www.hkelectric.com/en/InvestorRelations/Documents/Financial%20Reports/2016/AR/2016_HKEI%20AR_E_FULL.pdf
https://www.hkelectric.com/en/InvestorRelations/Documents/Financial%20Reports/2016/AR/2016_HKEI%20AR_E_FULL.pdf


-32- 
 

 Resource assessment 

Most of the electricity generation capacity data presented in Table 1 and Table 2 was provided by utilities 

or Government sources. However, for some under-developed renewable energy sources, a resource 

assessment analysis was necessary and is presented below. 

Concerning solar resource, the three area categories detailed below are taken as a first approximation upper 

bound for the amount of solar power that can be installed on the Hong Kong territory. They are accounted 

for in different ways. Each piece of idle land, each reservoir is modelled as one potential power plant and 

commissioned at an arbitrary date depending on the scenario. The set of solar panels installed on rooftops 

are modelled as one plant whose capacity is increasing as the technology is adopted by an increasing number 

of building owners. This adoption process is modelled using take-up curves (also called technology adoption 

curves, or S-curves), where the starting point vary depending on scenarios. See section 3.3.3 for more details 

on adoption curves.  

Solar PV development on reservoirs 

Since land shortage has been cited as a major limitation to renewables development in Hong Kong (EB, 
2017a), part of the analysis was dedicated to ensuring all scenarios are realistic from a land availability 
perspective.  

Given that the current trend is to install solar on land and wind on sea, the land most immediately available7 
for solar development was quantified – starting with rooftops, idle land, and reservoirs. The available space 
is translated into potential PV capacity using an online tool developed by the Hong Kong Baptist University 
(HKBU, 2019).  

 Estimated PV panel area8  

(km2) 

Potential PV capacity  

(MWp) 

Shek Pik Reservoir 1.03 195.9 

High Island Reservoir 6.67 1268.4 

Plover Cove Reservoir 12.04 2289.7 

Shing Mun Reservoir 0.91 173.1 

Tai Lam Chung Reservoir 1.7 323.3 

TABLE 3 - INVENTORY OF THE AVAILABLE SPACE ON THE FIVE MAIN RESERVOIRS (LD, 2019) 

Solar PV development on idle land 

The idle land fit for solar power development was listed based on past Government statements (EB, 2017a).  

 Estimated PV panel area  
(km2) 

Potential PV capacity  
(MWp) 

NENT Landfill Slopes 0.06 64.9 

WENT Landfill Slopes 0.099 106.7 

SENT Landfill Slopes 0.042 44.7 

Anderson Rd. Quarry 0.046 49 

TABLE 4 - INVENTORY OF THE AVAILABLE SPACE ON THE FOUR MOST READILY ACCESSIBLE LOTS OF 

IDLE LAND (MEASUREMENTS FROM  

Solar PV development on rooftops 

 
7 Land suggested available by Government initiatives such as commissioning of reports (EMSD, 2019a), pilot 
projects (GovHK, 2019) or public announcements (EB, 2017a). 
8 The surface accounted in Table 3 constitutes the average surface of the reservoir. It is therefore an upper bound of 
the surface available for PV systems and modelling results should be understood as such. 
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Rooftops fit for solar power development has undergone an inventory by the Electrical and Mechanical 

Services Department (2019a). The results of this inventory are presented in Table 5 below. 

 Estimated PV panel area  

(km2) 

Potential PV capacity  

(MWp) 

Public housing - rental blocks 0.091 17.5 

Public housing - sale flat blocks 0.0935 17.8 

Private residential >25 storey 0.05 9.5 

Private residential ≤ 25 storey 0.7485 142.2 

Commercial 0.101 19.1 

Industrial land 0.701 134.4 

Industrial estate 0.103 20.1 

GIC9 0.4875 92.6 

NTEH10 1.716 325.1 

Cottage and temporary structures 0 0.0 

Airport 0.0365 6.9 

Total 4.128 785.0 

TABLE 5 - INVENTORY OF THE AVAILABLE SPACE FOR ROOFTOP SOLAR SYSTEMS ACROSS HONG KONG 

(EMSD, 2019A) 

Incineration 

Following two pilot projects and increasing pressure on landfill space, uptake of waste-consuming waste-

to-energy technologies can be expected. Figure 16 below gives a projection of the amount of municipal solid 

waste (MSW) available for burning and energy production.  

 

FIGURE 16 - PROJECTION OF THE AVERAGE DAILY OFFTAKE IN THE SAR'S LANDFILLS (EPD, 2019B) 

An upper bound for the potential waste-consuming technologies was established based on the projected 

2030 level of MSW disposal and the performance of the most advanced pilot – IWMF Phase I11 (EPD, 

 
9 Government, Institutional and Community Facilities. 
10 New Territories Exempted Houses – a category of houses benefitting from loosened regulations.  
11 3,000 tonnes/d for 60 MW 
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2018). Assuming wide-spread use of this technology and constant waste composition, the potential for 

power production from combustion of solid waste would be of approximately 400 MW.  

Landfill gas (LFG) 

Hong Kong features extensive and underexploited landfill gas resources. The potential for this form of 

waste-to-energy technology is assessed based on the work of Xiaoli et al. (2008). Municipal solid waste 

(MSW) can be considered the feedstock of the natural methanation process in landfills. As a consequence, 

the volume of available LFG is projected based on the expected growth in MSW on the modelling period 

(see Figure 16).  

 

FIGURE 17 – PROJECTION OF AVAILABLE LFG IN HONG KONG BASED ON AVAILABLE MUNICIPAL SOLID 

WASTE (2006-2030) 

By analogy with WENT Phase 1 LFG utilisation plant12, and assuming constant engine efficiency and gas 

composition, this amounts to a total of 31 MW considering the full available landfill gas by 2030 could be 

recovered.  

Offshore wind 

Figure 18 below represents the position and area of the two offshore wind farms currently under 

development, per the CAP. As suggested by Figure 19, the resource is fairly evenly distributed and from a 

purely resource-focused approach, more projects could be developed.  

  

 
12 4,500 m3/h for 10 MW (CLP, 2017). The plant is introduced in Table 1. 
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FIGURE 18 – 

PLANNED 

LOCATION 

OF THE TWO 

OFFSHORE 

WIND FARM 

PROJECTS 

(EB, 2017A) 

 

FIGURE 19 - 

WIND 

POWER 

DENSITY 

AROUND 

HONG KONG 

ISLAND 

(GLOBAL 

WIND 

ATLAS, 2019) 

As obvious on Figure 20 however, marine traffic and routes mobilize an important part of the limited 

space of the Hong Kong sea territory. One rough estimate is that each project could be doubled in size 

without strongly affecting the space available for marine traffic (HKBU, 2019).  

FIGURE 20 - ROUTES AND MARINE TRAFFIC AROUND HONG KONG ISLAND (SNAPSHOT) (OPEN SEA 

MAP, 2019) 

Although 

offshore 

wind is a 

common 

solution for a 

territory with 

open access 

to the sea, 

Hong Kong 

features difficulties of its own due to its role as a logistics centre and the heavy marine traffic entailed. The 

overall remaining potential is estimated to be roughly as much as the current ongoing projects, i.e. 300 MW. 

 Technology adoption curves 

The diffusion of adoption of decentralized energy production (only solar power is modelled as a 

decentralized resource in this thesis) is commonly described using a logistics (“S-shaped”) curve of the 

following expression (Rogers, 1983): 

𝑓(𝑡) =
𝐴

1 + e−α(t−t0)
 

where 𝐴 is the asymptotic level of adoption (saturation level); 𝛼 a dilatation coefficient; 𝑡0 a time offset 

variable. Although 𝐴 coefficients were determined in section 3.3.2, the pairs (𝛼, 𝑡0) remained subject to a 

judgement call in order to describe reasonable trajectories.  

This approach was applied to rooftop solar development, as the least arbitrary method to spread across time 

the commissioning of a large number of small-scale systems. Figure 21 shows three trajectories (leading to 
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low, medium, and high levels of rooftop solar in 2030). Only the “low” and “high” curves are used in the 

analysis, in scenarios CAP and HRS respectively.  

 

FIGURE 21 - THREE TRAJECTORIES FOR ROOFTOP SOLAR DEVELOPMENT IN THE SAR 

 General characteristics 

Table 6 below lists all plant characteristics that are assumed to be technology-specific (efficiency, costs, 
lifetime, etc). All dispatchable technologies were assumed to have a 100% capacity credit (LEAP, 2019) and 
all gas-based technologies were assigned a lifespan capped by the engine’s lifespan (30 years).  

TABLE 6 – TECHNOLOGY-SPECIFIC CHARACTERISTICS OF PLANTS 

The cost of nuclear power is modelled differently because the production of Daya Bay Power Station is 
being purchased through a PPA, and not operated by CLP. Given that the price of purchase negotiated in 
the PPA is confidential, and that no data was found for LCOEs of nuclear power in China, it is assumed 

 
13 For variable renewable energy sources, capacity credits are approximated at the value of capacity factors – which is 
common industry practice at low penetrations of variable renewables (Söder, et al., 2017) 
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 (IRENA, 2019) 

Merit order 
rank 
(Electricity

Map, 2019) 

Lifetime 
(years) 
(ETSAP, 

2016) 

Gas (CCGT) 60 100 92 1,100 11.7 2.97 3 30 

Gas (OCGT) 40 100 92 910 14 4.17 3 30 

Oil (OCGT) 40 100 92 910 14 4.17 4 30 

Coal (Unspecified) 45 100 92 n/a 42.8 6.8 2 40 

Nuclear (PWR) 30 100 95 n/a 91 0.56 1 n/a 

Hydro (Pumped) 75 100 98 n/a 14.9 2.46 5 100 

Hydro (Run-of-River) 45 100 98 2,250 23.2 3.5 1 30 

Solar (Photovoltaic) 15 18 18 1,210 30 0 1 25 

Wind (Onshore) 40 34 34 1,499 31.7 7.66 1 20 

Wind (Offshore) 40 40 40 4,353 90 19.7 1 20 

WTE (Landfill Gas) 30 100 92 910 14 4.17 1 30 

WTE (Incineration) 25 100 92 3,370 99.4 4.2 1 25 



-37- 
 

that nuclear power is purchased at a price of 33 USD/MWh, i.e. based on the latest available LCOE of 
nuclear power published by EIA (2019). 

Stranded costs are not modelled as they are solely determined by existing plants and this thesis is dedicated 
to the assessment of various futures for the system. Salvage values are not modelled either as they are either 
included in the capital costs (if significant decommissioning costs are expected) are treated as a bonus. 
Capital costs of coal-fired, nuclear-powered and pumped hydro storage plants are excluded from the analysis 
because it is assumed that these technologies will not be built in the modelling period. Indeed, coal and 
nuclear power are ruled out after the last public concertation, and pumped hydro requires a very specific 
setup that cannot be found in Hong Kong anymore (i.e. a reservoir higher than sea level).  

 Demand modelling 

For each of the three main sectors, the quantitative data and sources for the base year 2016 are presented 

in this section.  

 Commercial & Industrial (C&I) sector 

The development of this sector is driven by economic activity. In order to reproduce this driving factor, 

C&I power consumption is modelled on a top-down basis, indexed on the GDP. This study uses projections 

of the GDP and of the power intensity of GDP. Electricity consumption of the C&I sector is projected as 

the product of the two. While the projection of GDP is based on official estimates and presented in Figure 

13, the projection of the electricity intensity of GDP is done as follows.  

When comparing Figure 8 and Figure 9, it appears that in recent years, GDP grows steadily while overall 

electricity demand becomes flatter. This is due to the switching to more efficient processes over time (e.g. 

electrical appliances), stagnating population (largely due to the current small size and density of Hong Kong) 

and an economy increasingly based on services rather than energy-intensive industry. As a consequence, the 

power intensity of GDP shows a decreasing trend that can be fitted with an exponential function, as shown 

in Figure 22 below. This trend is consistent with recent research both at building level (Jia & Lee, 2018) and 

at regional level (Chow, 2010). These changes are structural rather than circumstantial, i.e. none is expected 

to stop in the near term. Therefore, the trend is expected to last until the end of the modelling period.  

 

FIGURE 22 – POWER INTENSITY OF GDP OVER TIME AND EXPONENTIAL FIT AND PROJECTION 

For the purpose of this graph, the fit was performed on years 2004-2017. When taking out year 2009 to 

smoothen the consequences of the 2008 financial crisis, an exponential model gives a satisfactory fit (𝑅2 =

0.99397). The resulting trend is equivalent to a yearly efficiency improvement of 4.6%. As a consequence, 

the growth rate assumed for C&I electricity consumption is: 
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𝐺𝑟𝑜𝑤𝑡ℎ𝐶&𝐼 = 𝐺𝑟𝑜𝑤𝑡ℎ𝐺𝐷𝑃 ∗ 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡𝐸𝑙𝑒𝑐𝑡𝑟𝑐𝑖𝑡𝑦 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐺𝐷𝑃 

≈ 0.03 ∗ (−0.046) 

≈ −0.14 % 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

 Residential (R) sector 

Residential power consumption was modelled on a bottom-up basis, based on energy data from EMSD 

(2018). Energy intensity of each end-use was originally given for Hong Kong as a whole, and with non-

standard housing categories14. Figure 23 represents this data as it was used in the model’s base year.  

 

FIGURE 23 - HOUSEHOLD LEVEL END-USES (ELECTRICITY) (EMSD, 2018) 

The distinction of these three main categories (public housing, subsidised sale flats, private housing) is 

relevant, to the extent that they have clearly different design and layout features resulting in different 

consumption profiles.15 It stands out from this chart that air conditioning (AC) is by far the main end-use, 

which is an important insight to have in mind when addressing energy efficiency issues.  

For the purposes of the modelling, household size, energy intensity of each end-use and end-uses of each 

household are assumed constant. The projection is done on the total number of households, by linking it 

to total population using the following equations:  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 = 𝑆ℎ𝑎𝑟𝑒𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 ∗ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

= 𝑆ℎ𝑎𝑟𝑒𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 ∗
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑖𝑧𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠
 

= 𝑆ℎ𝑎𝑟𝑒𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 ∗
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

∑ 𝑆ℎ𝑎𝑟𝑒𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 ∗ 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑠𝑖𝑧𝑒𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠
  

where Population is projected based on official forecasts from the Census and Statistics Department (CSD) 

(see section 3.2). The other factors are assumed constant and calculated for the fourth quarter of 2016 (base 

year). These non-projected factors are provided by the Census and Statistics Department (2017b) and 

summarized in Table 7 below.  

Housing 

category 

Note Number of 

households (‘000) 

Prevalence of housing 

category 

Average size of 

households 

Public 

housing 

Housing Authority Rental Flat or Housing 

Society Rental Flat 

773.3 30.8 2.7 

 
14 The demographics required to obtain per-household electricity use (categories’ definitions and census) were 
obtained by cross-use of CSD and EMSD data with the help of the latter. 
15 The descriptions of each housing category are given by the Census and Statistics Department (2017b).  
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Subsidized 

sale flats 

Housing Authority Home Ownership 

Scheme (HOS) flat 

375.6 15.0 3.0 

Private 

housing 

Private developed housing 1342.8 53.6 2.9 

Temporary 

housing 

(Neglected) 

Corridors, staircases, rooftops and places 

not intended for residential purposes, 

consistently less than 1% of residents. 

No energy consumption data available.  

15.0 0.6 N/A 

TABLE 7 - DEMOGRAPHICS OF THE DIFFERENT HOUSING CATEGORIES AT Q4 2016 (CSD, 2017B) 

 Transportation (T) sector 

EMSD (2018) evaluated the electricity consumption of the transport sector in Hong Kong for 2016 at 2,951 

TJ. The approach selected to project this figure was to assess the likely developments of each underlying 

consumption process on a bottom-up basis. Four main electricity-consuming transportation technologies 

were distinguished, along with a proxy for their activity level and an assumption regarding their energy 

intensity, as detailed in Table 8 below.  

Consumption 

process 

Unit of projection 

(UOP) 

Energy intensity 

(MWh/UOP/year) 

Justification Data 

MTR  

Light Rail 

Operated revenue car-

km 

N.A.16 Mature network with little change over the 

last years, see Figure 24 (right-hand side). 

MTR Corp. (2017) 

MTR  

Heavy Rail 

Operated revenue car-

km 

4.78 Consumption largely independent from 

passenger load. 

MTR Corp. (2017) 

Hong Kong 

Tramways 

Operated revenue car-

km 

4.95 Transition from a transportation mode to a 

tourist attraction (decreasing activity level).  

Transport 

Department (2018) 

Electric  

Vehicles 

Number of vehicles 

on the road 
1.217 Ease of take-up assumptions; availability of 

data on energy intensities. 

Assumptions, MTR 

Corp. (2017) 

TABLE 8 - CONSIDERED CATEGORIES OF ELECTRIC TRANSPORTATION TECHNOLOGIES, 
CHARACTERISTICS AND SOURCES 

 
16 Since the absolute electricity consumption of Light Rail is assumed constant, the total consumption of year 2016 is 
used for all years consumption per unit of projection is not needed. 
17 17.4 kWh/100 km (EV Database, 2019), 7,000 km/year (20km commute 200 days a year and a 1,000 km margin) 
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As a first approach, the efficiency of the different types of carriages (i.e. number of MWh/revenue car-km) 

is assumed constant over time. The impact of the number of passengers is neglected as well. Activity levels 

of each technology are projected linearly based on the trend since 2009, as shown in Figure 24 below.  

 

 

FIGURE 24 – EVOLUTION OF THE ACTIVITY LEVEL FOR DIFFERENT TRANSPORTATION MODES (PERIOD 

2009-2030, HONG KONG) 

 Load shape and Load Duration Curve 

LEAP’s default setup includes a standard load shape and load duration curve. However, this had to be 

refined to account for the local specificities. This is pivotal in systems like Hong Kong’s where the 

distinction between base load and peak plants is clear and the energy mix depends directly on the load shape.  

Hong Kong does not have a centralized publicly-run power market, and utilities do not publish detailed 

load data. As an approximation, a diurnal load shape was taken by averaging load on all the days of four 

representative weeks in Singapore18. The two cities are assumed comparable in terms of GDP structure, size 

and urban concentration, climate, electrification of transportation and means of commuting. The resulting 

diurnal load shape is shown in Figure 25 below.   

 
18 Averaging the full weeks that include the first day of each season, based on public grid data published by the 
Energy Market Authority – System Demand, Actual – (EMA, 2016). 
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FIGURE 25 – APPROXIMATED AVERAGE DIURNAL LOAD CURVE, SINGAPORE (EMA, 2016) 

THIS LOAD SHAPE WAS THEN ADAPTED TO A HONG KONG YEARLY SHAPE BY SCALING IT TO MATCH 

ACTUAL MONTHLY PEAK LOADS AS IN TABLE 9 - PEAK DEMAND FOR EACH MONTH AS MEASURED BY 

THE UTILITIES FOR YEAR 2012  

Table 9 below. The result of this scaling is 12 different load shapes – one for each month. 

 Peak demand (MW) 

Month HKE CLP 

1 1,647 4,433 

2 1,740 4,617 

3 1,836 4,835 

4 2,157 5,641 

5 2,324 6,214 

6 2,383 6,472 

7 2,432 6,598 

8 2,494 6,769 

9 2,396 6,441 

10 2,045 5,476 

11 1,933 5,116 

12 1,706 4,635 

TABLE 9 - PEAK DEMAND FOR EACH MONTH AS MEASURED BY THE UTILITIES FOR YEAR 2012 (GOVHK, 
2013) 

The daily shape and monthly scaling enable us to plot the shape yearly load for both utilities for a typical 

year – presented in Figure 26 below.  
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FIGURE 26 - HOURLY LOAD DATA ON A GIVEN YEAR FOR THE TWO UTILITIES, HONG KONG 

One of the limitations of this approach is that the shape of the load is assumed to be the same for every day 

across the year, and its level only has a resolution of 12 points per year. However, for the purpose of this 

study, this is still an improvement with respect to the default LEAP settings as seasonal variations in Hong 

Kong are captured, and daily load is closer to its likely actual shape in Hong Kong.  
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Tsing Yi Oil Depot 

(Tsing Yi, New Territories) 
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 Scenarios development 

Five scenarios are developed to assess the future of Hong Kong power system. They are designed to provide 

a somewhat comprehensive set of the possible futures for Hong Kong with respect to the development of 

a cleaner system (respectively: doing nothing (BAU), following new policy without additional efforts (CAP), 

developing renewable electricity generation as much as physically possible (HRS), reaching a mix free from 

fossil fuels by 2030 (FFE)). An additional scenario is added to study reliability of supply through its most 

striking challenge: reliance on power imports (NRMC). 

The scenarios and the main assumptions are summarised in Table 10 below and developed in the following 

paragraphs.  

Scenario Main assumptions Inherits from… 

Business as usual (BAU) • Extrapolation of the current trends in 

macro-indicators (GDP, electricity 

intensity of GDP, population). 

• Retirement of power plants as planned in 

both utilities power development plans 

(PDP).  

• No significant development of renewables 

(beyond the ongoing pilot projects and 

small-scale installations).  

N/A 

Climate action plan (CAP) • Mix constituted of 25% nuclear-powered, 

25% coal-fired and 50% gas-fired 

electricity by 2020.  

• Slightly enhanced development of 

renewable energy so as to reach a share of 

three to four percent of the capacity mix 

by 2030.  

• Commissioning of the two offshore wind 

projects currently paused. 

• Ensuring that the general energy efficiency 

commitment of the “Energy Saving Plan 

for Hong Kong’s Build Environment 

2015-2025+” is met.  

 Business as usual 

No reliance on Mainland 

China (NRMC) 

End of energy supply from the Mainland in 2020. 

Namely, from year 2021 onwards: 

• no more nuclear power offtake; 

• no more gas supply through pipeline;  

• avoidance of loss of load through 

emergency diesel generators. 

Climate action plan 

High renewables share 

(HRS) 
• Ramping up of renewable energy 

capacities up to the physical maximum of 

‘easily accessible resources’, i.e. waste-to-

energy up to the maximum landfills 

output, solar photovoltaics on all idle land, 

reservoirs and rooftops.  

• Ramping up of energy efficiency on the 

demand side up to the likely maximum. 

Climate action plan 

Fossil-free electricity (FFE) • Total phase-out of fossil-fuelled electricity 

from the mix by 2030.  

High renewables share 

TABLE 10 - SUMMARY TABLE OF THE MAIN SCENARIO ASSUMPTIONS 
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 Business as usual (BAU) 

Scenario BAU is made of the projection of all the trends discussed in the analytical parts above. Concerning 

general activity indicators, GDP is assumed to stabilize at a 3% year-on-year growth until the end of the 

modelling timespan, per the consistent forecasts of the World Bank and the IMF (see Figure 13). Population 

is assumed to follow the official forecasts of the Census and Statistics Department, leading to a slowly 

stalling increase, and a population of nearly 8 million in 2030 (versus 7.3 million in 2016) (see Figure 14). 

The price of energy commodities is per the World Bank Pink Sheet (see Figure 15). Namely, the price of 

natural gas (regional benchmark: Japan LNG) is expected to rise steadily from year 2019 on until reaching 

8.5 USD/mmbtu in 2030. The price of coal (regional benchmark: Australian FOB) is expected to decrease 

steadily down to 60 USD/mt in 2030.  

Concerning the supply of power, the floor limit for reserve margin is set at 30% (section 3.2). A 

comprehensive list of the actual power plants is used, broken down at unit level (section 3.3.1). Assumptions 

regarding lifetimes and plant characteristics are retrieved form the documentation of both utilities and 

reliable international organizations. In this scenario, only actual plants are used – i.e. plants that are 

introduced in later years have effectively been committed – all plants are represented in Figure 27 below.  

 

 

FIGURE 27 – CAPACITY AVAILABLE FOR DISPATCH AT REGIONAL LEVEL (TOP: AGGREGATED HONG 

KONG; BOTTOM LEFT: HKE; BOTTOM RIGHT: CLP) – BAU 

Finally, concerning the electricity load, three sectors are differentiated. Commercial and industrial is the 

largest one, with 69% of electricity demand in 2016. Its demand is projected using a top-down approach, 

whereby demand level is linked to GDP and electricity intensity of GDP, and these two indicators are 

projected per their trends on the last decade. The residential sector (28% of demand in 2016) is modelled 

on a bottom-up basis. The driver of demand is the population, which is affected in four types of households 

with differing consumption profiles (per the data gathered by the Census and Statistics Department (section 
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3.4.2)). The relative prevalence of each type of housing, as well as the energy intensity of domestic end-uses, 

are assumed constant over the modelling timespan. At last, the transport sector (only 4% of electricity 

demand in 2016) is modelled on a bottom-up basis as well. Namely, the four most common electric 

transportation modes are analysed, and their usage level is projected based on their trends on the last decade.  

 Climate action plan (CAP) 

Scenario CAP adopts commitment as specified in the Climate Action Plan 2030+. The scenario evaluates 

the impacts of meeting Hong Kong policy objectives. These objectives are as follows: lowering the share of 

coal-fired power plants in the mix down to 25%; increasing the share of gas-fired power in the mix up to 

50% and increasing the share of renewables sources in the mix up to 3- to 4% by 2030.  

Parameter in LEAP model Operation 

Inherited from: “Business as usual” 

Additional capacity (Wind: Southwest Lamma) +100 MW (2023) 

Additional capacity (Wind: East Ninepin) +200 MW (2027) 

Additional capacity (Solar – Rooftops: Generic) +143.2 MW (2016-2030,  

logistics curve, per Figure 21) 

Additional capacity (Coal: Castle Peak A1_B4) -2*677 MW (2029) 

TABLE 11 - TECHNICAL SUMMARY OF SCENARIO CAP 

 High renewables share (HRS) 

Scenario HRS explores the effects of forcing high renewables share in the electricity mix (with respect to 

BAU). It is assumed that the maximum share of renewable electricity is determined mostly by the available 

space. The available area to install solar panels comprises idle land (decommissioned sites and landfills 

slopes), water reservoirs, and rooftops. However, reserve margin has to be satisfactory as well. It is assumed 

that the lowest acceptable level is 30%. This is close to the upper bound of the IEA-recommended values 

but, as seen in section 1.1, security of supply is considered critical in the SAR. 

Concretely, all forms of renewable electricity generation are pushed to their maximum levels in accordance 

with previous analysis (namely section 3.3.2 and Table 2) as summarized in Table 12 below: 

Technology Possible capacity in 

2030 (MW) 

Comment 

PV (Rooftop) 785 Commissioned per Figure 21 – “High” curve 

PV (Idle land) 265.3 Annual installation starting in 2020, from the smallest to the largest 

PV (Floating) 4,250.4 Annual installation starting in 2025, from smallest to largest 

LFG 31 Set to 2029 (when landfill gas is forecasted to reach its maximum level) 

Incineration 400 Split in 4 projects and commissioning spread across the modelled period 

Wind 300 Commissioned in the form of upgrade projects, two years after the assumed 

commissioning dates of currently developed projects (see section 4.2)  

TABLE 12 - SUMMARY OF THE RENEWABLES POTENTIAL 

The main outcome expected from this scenario is the assessment of how far Hong Kong can go on the 

way towards a post-oil system, while ensuring a high level of energy security, and limited sacrifices 

regarding the use of space.  

Parameter in LEAP model Operation 

Inherited from: “Climate action plan” 
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Parameter in LEAP model Operation 

Additional capacity (Wind: Generic) +100 MW (2025) 

+200 MW (2029) 

Additional capacity (LFG: Generic) +31 MW (2029) 

Additional capacity (Incineration: Generic) +100MW (2022) 

+100MW (2024) 

+100MW (2026) 

+100MW (2028) 

Additional capacity (Solar – Idle land: SENT)  

Additional capacity (Solar – Idle land: Anderson Rd.)  

Additional capacity (Solar – Idle land: NENT) 

Additional capacity (Solar – Idle land: WENT) 

+44.7 (2020) 

+47 (2021) 

+64.9 (2022) 

+106.7 (2023) 

Additional capacity (Solar – Floating: Shing Mun) 

Additional capacity (Solar – Floating: Shek Pik) 

Additional capacity (Solar – Floating: Tai Lam Chung) 

Additional capacity (Solar – Floating: High Island) 

Additional capacity (Solar – Floating: Plover Clove) 

+173.1 (2024) 

+195.9 (2025) 

+323.3 (2026) 

+1268.4 (2027) 

+2289.7 (2028) 

Additional capacity (Solar – Rooftops: Generic) +782.1 MW (2016-2030,  

logistics curve, per Figure 21) 

TABLE 13 - TECHNICAL SUMMARY OF SCENARIO HRS 

 Fossil-free electricity (FFE) 

The previous scenario, HRS, aimed at quantifying the maximum capacity of renewable energy that could be 

installed in Hong Kong based on the available space and the acceptable reserve margin. Scenario FFE, 

however, aims at quantifying how much space Hong Kong misses to have the ability to reach a fossil-free 

power system. This remains a partial assessment, based solely on space and reserve margin.  

This scenario is built by back-casting from the “ideal” outcome of a fossil-free power sector. It is assumed 

that all fossil-fuelled power plants are phased out by 2030, and from there, the amount needed from each 

kind of renewable capacity is quantified. In order to quantify the necessary effort in a way that is telling and 

easy to grasp, renewables are assumed to develop in the same relative proportions as in the previous scenario 

(e.g. the share of solar would stay the same). However, the total renewable capacity is assigned an 

“overdevelopment factor”. The scenario is built by starting from the configuration of scenario HRS and 

increasing the value of this coefficient until all fossil fuels are displaced from the mix in year 2030.   

Parameter Operation 

Inherited from: “High renewables share” 

All of the previous (Table 13) Multiplication by adjustment variable 

“Renewables overdevelopment factor” 

TABLE 14 - TECHNICAL SUMMARY OF SCENARIO FFE 

 No reliance on Mainland China (NRMC) 

Finally, scenario NRMC aims at assessing the consequences of a sudden and complete move towards energy 

independence. Currently all of the natural gas burnt in the SAR, as well as all of the imported nuclear power 

and most of the storage capacity are sourced from the Mainland. Together, they account for over 52% of 

the SAR’s electricity consumption. For this reason, the most radical change Hong Kong may undergo 

regarding energy supply would be to have its Mainland supplies suddenly cut – voluntarily or not. Unlike 

other scenarios, this one does not focus on long-term environmental sustainability, but it does shed light on 

a pivotal aspect of Hong Kong’s energy sovereignty.   
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The Hong Kong Government has already started engaging in an effort towards increased energy security. 

Indeed, a new floating storage and regasification unit (FSRU) will ensure access to global LNG markets and 

diversified sources, where gas was previously piped across China, or delivered at the Shenzhen LNG 

terminal (across the border) and piped to Hong Kong. This FSRU is assumed to be fully operational by the 

end of year 2020. Therefore, no gas will be delivered in year 2020, and any cut-off from Mainland sources 

during that period could only be coped with using emergency means such as diesel generators. For this 

reason, it is assumed that the energy independence from the Mainland would happen during year 2021 at 

the earliest, so that Hong Kong has the means to respond in an organized way.  

For the needs of this scenario, it is assumed that at the beginning of year 2021, all electricity and gas imports 

from the Mainland are stopped. Coal imports are not affected (as they are already being shipped to Hong 

Kong by sea). Natural gas supply is limited to the yearly capacity of the FSRU – this capacity is quantified 

at 282.8 PJ/year based on the default LEAP energy content for natural gas and FSRU characteristics listed 

in section 2.2.1 (800 mmscfd, or 8,269 million m3/year). A main outcome of this scenario is whether or not 

this is sufficient to satisfy the gas demand in Hong Kong.  

TABLE 15 - TECHNICAL SUMMARY OF SCENARIO NRMC 

 Sensitivity analysis 

Finally, in order to assess the merits/effects of different abatement strategies, a series of variations are 

applied to the standard (BAU) scenario. The aim is to assess the cost and GHG abatement effects of a 

marginal MW (and the associated investment) in four different mitigation strategies: switching coal for gas, 

demand reduction, and development of renewable energy (wind or solar). In order to study a clear cost 

category with impact on policy-making, it was decided to consider capital costs. Further on in this thesis, 

abatement costs are calculated by dividing total capital cost by total GHG abatement. 

To this end, four different changes are applied to scenario BAU, as summed up in Table 16 below. 

Scenario for sensitivity 

analysis 

Parameter changes in LEAP model Capacity changes 

Switching coal for gas Withdrawn capacity (Coal: Lamma) - 100 MW (2020) 

Additional capacity (Gas: Black Point 1_8) +100 MW (2020) 

Demand reduction Reduction of electricity demand (Demand: Commercial and Industrial) - 100 MW/y (2020-2030) 

Additional wind 

capacity 

Additional capacity (Wind: Lamma) +100 MW (2020) 

Additional solar PV 

capacity 

Additional capacity (Solar: Lamma) +100 MW (2020) 

TABLE 16 - TECHNICAL SUMMARY OF THE SENSITIVITY ANALYSIS 

  

Parameter Operation 

Inherited from: Climate action plan 

Total capacity (Storage: Guangdong PHS) 0 MW (2021) 

Total capacity (Nuclear: Daya Bay) 0 MW (2021) 

Available capacity for build-up (Diesel: Generic) 100 MW (if/when needed) 
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 Results and discussions 

Per the introduction, the overall aim of this thesis is to assess the economic and environmental impacts of 

enhancing clean electricity generation and energy security on the future electricity system of Hong Kong. 

To this end, this section presents the results from the modelling, structured by topic in order to answer each 

research question. These questions asked for, respectively: technologies’ shares and types of fuels in the 

future electricity supply mix; total costs and CO2 emissions of developing clean electricity generation and 

energy security; and strategic priorities for the future Hong Kong power system.  

 Electricity generation mix 

This section discusses the evolution of the electricity generation mix under the various scenarios. 

Understanding the future electricity mix (i.e. which technologies and fuels are going to be used) is the basis 

to discuss future sustainability, security and cost issues in the power system. Under scenario BAU, the 

absolute amount of nuclear energy imports remains unchanged (i.e. roughly 45 PJ per year). The system 

goes from a coal-based mix to a more balanced one. The share of renewables remains below 1% of total 

electricity generated.  

 

FIGURE 28 - YEARLY ENERGY DISPATCH AT FUEL LEVEL FOR HONG KONG – BAU 

Scenario CAP (Figure 29 below) yields the same mix as BAU in the first years, but then sees some 

development of renewables (wind power) and a progressive replacement of coal by gas – to comply with 

the objectives of the Climate Action Plan 2030+. Rooftop solar is almost negligible. Nuclear power imports, 

whose capacity is fixed in the PPA contract with the Daya Bay power station, is constant (see section 2.2.3).  
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FIGURE 29 – YEARLY ENERGY DISPATCH AT FUEL LEVEL FOR HONG KONG – CLIMATE ACTION PLAN 

(CAP) 

Scenarios BAU and CAP (Figure 28 and Figure 29 above) are similar in terms of generation mix over time. 

One major variation is the step-up of gas power in year 2029. This is due to the decommissioning of two 

677 MW units at the Castle Peak coal-fired power plant. These decommissionings are critical to reach the 

objective of a share of coal-fired power below 25%. However, it is not compatible with the private interests 

of CLP to retire two units before the end of their timespan and to pay for their replacement with new 

capacity. An additional point is that CAP ends on a mix that is not perfectly aligned with the objectives of 

the Climate Action Plan 2030+. Indeed, demand is decreasing and the power imports from Daya Bay nuclear 

power station are locked to a given PPA value, which should lead nuclear imports to be well over the 

intended 25%, which leaves less room for gas development. In a nutshell, complying with the Climate Action 

Plan 2030+ with respect to the role of coal implies unrealistic retirements, and gas does not reach 50% of 

the mix, as nuclear will account for close to 30% due to a decreasing overall demand.  

Another difference between scenarios BAU and CAP is the commissioning of offshore wind projects. This 

is a challenging objective given that it would be a first in Hong Kong, and utilities have shown little 

willingness to deliver them so far. In scenario CAP, in accordance with the actual Climate Action Plan 

2030+, it is assumed that each utility will carry out its respective offshore project before 2030. For the 

purposes of the modelling, the date was set to 2023 for HKE’s Southwest Lamma; and to 2027 for CLP’s 

East Ninepin. Either way, this corresponds to a development period of over ten years.  

Regarding the share of renewables in year 2030, the Environment Bureau (2017a) states that both offshore 

wind projects would only provide less than 1.5% of the electricity needs of Hong Kong. However, the 

simulation results indicate that the offshore wind farms should cover 2% of total electricity demand. 

Considering that already commissioned or committed Government-led projects should account for another 

2% of total generation in 2030, very little contribution comes from solar rooftop PV, which explains why 

its development appears as negligible. The Government objective of 3 to 4% of renewables in the mix could 

be reached even if the absolute amount of rooftop PV were to decrease. But considering a conservative 

take-up of the latter (Figure 21 – “Low” curve), the renewable share target would be brought to 4.3% – still 

beyond the expectations of the CAP. Considering these elements, it appears that the policy goal of reaching 

3 to 4% renewables by 2030 is rather conservative and lacking ambition. In fact, the theoretical potential of 

renewables was estimated in this study at almost 50 PJ. This is examined in scenario “High renewables 

share” (HRS). Scenario HRS was designed by developing renewable electricity up to its theoretically possible 

maximum. The outcome of HRS is presented in Figure 30 and Figure 31 below.  
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FIGURE 30 -YEARLY ENERGY DISPATCH AT FUEL LEVEL FOR HONG KONG - HRS 

 

FIGURE 31 - HIGHEST POSSIBLE PENETRATION OF RENEWABLES AND BREAKDOWN BY TECHNOLOGY – 

HRS, 2030 

Figure 31 shows that there is enough space for renewables to generate around one third of electricity (versus 

1% today). In other words, Hong Kong has a large improvement margin with respect to renewables 

development. A corollary finding is that space will become a constraint when Hong Kong aims for a 

penetration of renewables above 30% of total generated electricity. All the renewable generation 

technologies accounted for in this thesis (see Table 12) do not have the potential to replace all non-

renewable sources. Important demand-side management would also be needed. Based on Figure 31,  

demand would have to be reduced by roughly 37% from the 2030 forecasted levels to displace all fossil 

fuels. This is equivalent to 55 PJ, i.e. more than the consumption of the residential and transportation sectors 

combined.  

Under scenario “Fossil-free electricity” (FFE), it was assumed that space in Hong Kong was not constrained. 

All renewable capacity additions of scenario HRS were multiplied with an “overdevelopment factor” which 

was adjusted until displacing all fossil-fuelled power plants by 2030. It was found that a fossil-free power 

sector would require to install 2.5 times more renewables than in scenario HRS. This would practically mean 

that additional space would need to be reclaimed from the sea or from forests, national parks, maritime 

routes, etc.  
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FIGURE 32 – YEARLY ENERGY DISPATCH AT FUEL LEVEL FOR HONG KONG – FFE 

 Demand and energy intensity 

Results show that demand is expected to be on a slightly but consistently decreasing slope. This is driven 

by a decreasing trend in electricity intensity of GDP and a bleak GDP growth, causing overall electricity 

consumption of C&I to decrease (see section 3.4.1). Due to the maturity of the infrastructure and the density 

of population in an already well-urbanised area, transportation and housing expansion do not compensate 

the decrease in C&I electricity consumption. This trend is consistent with what can be observed in other 

developed countries (e.g. the UK, which has seen its electricity demand decrease since 2005). It is also 

consistent with the demand trend of the last five years which saw total demand levels stagnate.  

As discussed in section 3.4.1, electricity intensity of GDP has been found to be on an exponentially 

decreasing trend, which should lead it to decrease by almost 60% between 2005 and 2025. This would 

constitute a remarkable achievement in line with the policy objective formulated in the Energy Saving Plan 

for Hong Kong’s Built Environment, which aimed for a decrease (of overall energy intensity) of 40% on 

the same time span (see section 2.1.2).  

 

FIGURE 33 - ELECTRICITY INTENSITY OF GDP AND POLICY TARGET - BAU 
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As a consequence, all scenarios see a demand decreasing at a steady rate of 0.64% per year, driven by the 

contraction of the electricity consumption of services/the commercial sector. On top of this phenomenon, 

it should be noted that if GDP projections were to be reassessed,  for example due to political instability, 

further downward pressure would be applied on total power consumption. Transportation and domestic 

power consumption increase; in favour of, respectively  infrastructure development and population increase, 

but not fast enough to compensate the decrease. Model output regarding power demand by sector is plotted 

in Figure 34 below.  

 

FIGURE 34 – YEARLY ELECTRICITY DEMAND BY SUBSECTOR - BAU 

 Resources and energy security 

The issue of energy dependence was exclusively discussed in scenario “No reliance on Mainland China” 

(see section 4.5 for justifications). Figure 35 below shows the consequences of this scenario on the electricity 

mix. 

 

FIGURE 35 -YEARLY ENERGY DISPATCH AT FUEL LEVEL FOR HONG KONG – NRMC 

We can see that the current trend of phasing down coal while phasing up gas endure even in this scenario. 

The main difference with all the other scenarios is that nuclear power is not supplied anymore from year 

2021 on. The reason for this is that all nuclear power is currently imported from a plant in the Mainland, as 
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discussed in 2.2.3. Figure 35 shows that the gap left by nuclear power can be filled by gas-fired power plants 

that are already present in Hong Kong, and that the required gas could be sourced from outside China. 

Indeed, the maximum offtake of natural gas is reached in year 2025, at 166 PJ, and section 4.5 showed that 

the regasification unit commissioned in year 2020 would have the capacity to supply up to 283 PJ of gas a 

year. Therefore, a key result of scenario NRMC is that Hong Kong would be able to survive a  nuclear 

phase-out by using only its own gas-fired capacity, and 60% of its FSRU supply capacity. However, the 

trajectory of other indicators may appear less encouraging. According to Figure 36 presented in next section, 

NRMC yields the highest climate impact of all scenarios. It is also the one with the lowest reserve margin 

all along the studied period.  

It is found that transitioning away from reliance on Mainland Chinese energy supplies would require several 

major trade-offs for Hong Kong. The first one would be a decrease of its overall reserve margin, i.e. the 

resilience of the system in case of failure of major units, and a diminished capacity to integrate low-capacity 

factor generation units (typically: variable renewables).The second one would be an increase of the emission 

factor of electricity generation, as Hong Kong would be deprived of its first source of low-carbon electricity: 

nuclear power. The third one would be that the amount of fossil fuels to be displaced by new renewables 

would be much larger. The fourth one would be that the use of this natural gas would cause operating costs 

to increase, which would result in less funds to be invested in cleaner power plants (see Figure 37 below). 

In a nutshell, energy independence would be at the expense of both sustainability and security of the power 

system.  

 Greenhouse gases 

The climate impact of each scenario is reflected in Figure 36 below. These results are consistent with the 

design of the scenarios; the GHG abatement is systematically consistent with the share of renewables forced 

into the system when designing the scenarios. When compared with scenario BAU on the basis of 

cumulative emissions on the whole period, GHG emission are 2% lower in “Climate action plan”, 10% 

lower in “High renewables share”, and 27% lower in “Fossil free electricity”. The one yielding the highest 

climate impact is the one that was not designed on sustainability criteria (“No reliance on Mainland China”) 

– its cumulative emissions are 14% higher than scenario BAU’s. The GHG emissions peak reached in year 

2021 in scenario NRMC is due to the replacement of all nuclear power with gas-fired power in that year. 

Emissions then decrease as further gas deployment displaces coal-fired power and renewables develop 

(marginally).  

 

FIGURE 36 - TRAJECTORIES OF GHG EMISSIONS ACROSS SCENARIOS 
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 Costs 

The evolution of each category of costs (namely fuel costs and investments) varies widely across scenarios. 

Figure 37 below gives a snapshot of these differences. The main takeaway message is that all scenarios 

follow the following intuitive rule: higher GHG abatement imply higher costs. When compared with 

scenario BAU on the basis of cumulative total costs on the whole period, scenario “Climate action plan” 

incurs 3% more expenses, against 22% more for “High renewables share” and 56% more for “Fossil-free 

electricity”. These costs are caused by the heavy investments needed to build renewable power generation 

capacity from scratch. Furthermore, scenario “No reliance on Mainland China” is about 11% more costly 

than BAU – this extra cost is mostly driven by the operation cost of gas-fired power plants, less cost-efficient 

than the existing nuclear supply that they replace.  

 

FIGURE 37 - TRAJECTORIES OF SYSTEM COSTS ACROSS SCENARIOS 

 Strategic priorities 

Numerous tools exist to address the climate impact of the power system in the medium term. Although a 

combination of all of them would yield the highest effectiveness, it is understood that choices are to be 

made regarding which should be prioritized. This section discusses these priorities, based the results of the 

sensitivity analysis set out in section 4.6. This analysis was based on scenario BAU and simulated the addition 

of 100 MW of (alternatively) demand reduction19, switching from coal to gas, additional solar power and 

additional wind power. For each of these variations on the BAU, the variation of total cumulative emissions 

was calculated. The total GHG abatement with respect to BAU for each of these strategies is plotted in 

Figure 38 below. For instance, 100 MW of wind power added in 2020 would save 1 Mt of CO2-eq. In this 

respect, the figure below gives a measure of the effectiveness of different measures, i.e. how much GHG 

emissions are effectively avoided – independently from costs.  

 
19 For costing purposes, demand reduction was assumed to be achieved through replacing old air conditioners from 
grade 3 to grade 1, which reduces consumption by 15% on average according to HKE (2015). Price difference 
averaged from 50 random occurrences on www.price.com.hk for comparable 1hp air conditionners.  

http://www.price.com.hk/
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FIGURE 38 – CLIMATE IMPACT OF FOUR WAYS TO ABATE GHG EMISSIONS - 100 MW AGAINST BAU 

In order to build a more complete analysis, Figure 39 below integrates the cost of each of these strategies 

with respect to BAU. This following graph gives a measure of the cost-efficiency of the different GHG 

abatement strategies on the model of McKinsey (2013). The relevance of developing demand reduction 

appears an uncontested. Switching from coal to gas, however, has become more expensive than developing 

solar power.  

 

FIGURE 39 - ABATEMENT COST OF FOUR WAYS TO ABATE GHG EMISSIONS - 100 MW AGAINST BAU 

The choices observed today in the actual policies of the Hong Kong Government (see section 2.1.2) are 

predominantly based on energy efficiency and switching from coal to gas. As these are the two tools 

encouraged by Figure 38, this seems to mean that the Government priorities are well aligned with an 

effectiveness perspective. However, Figure 39 suggests that from a rational capital intensity perspective, solar 

power is now a more accessible solutions to abate GHG emissions than the switching from coal to gas. 

Demand reduction still remains the most relevant abatement method. Based on these figures, a key result is 

that there may be value in re-assessing priorities to increase the cost-efficiency of current policies.  
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 Validation of results 

Unfortunately, as studied in the literature review (section 1.4), no studies are comparable to this one and 

comparison points are rare because this study builds on policies that are only several months old, and has a 

much broader scope than most other energy-related works in Hong Kong. However, one particularly 

important result can be validated by an external source. While all papers so far have projected steadily 

increasing, or slowly flattening demands in Hong Kong in the medium term (Ma et. al (2014), To & Lee 

(2017)) this thesis projected decreasing demand starting in year 2017. The official figures of the IEA, 

updated in September 2019, do show that demand in year 2017 is decreasing by 380 GWh. No fact has been 

found, in the literature or official statistics, that contradicts the results of this work.  

 Limitations and further works 

Beyond the explicit spatiotemporal limitations of this thesis, a number of limitations would require 

additional work. A few of them are discussed in this section.  

One important phenomenon which was not accounted for is the public reaction to large amounts of 

renewables. Hostile reactions (i.e. “Not in My Backyard”) have been observed in a multitude of systems 

even at low penetration; and Sovacool (2009) established that socio-technical barriers were a primary cause 

for under-development of renewables in the United States. This could well be even more significant in a 

small land such as Hong Kong’s, in a future where every rooftop, every reservoir and a good part of the sea 

area would have to be covered with solar panels and wind turbines. On the other hand, if the climate crisis 

worsens and awareness rises in the population, there could be an increased motivation to “make sacrifices” 

in terms of space use and e.g. energy security. Namely, the phenomenon known as “shifting baselines” may 

also play a role: in the middle/long term: what is unacceptable for present generations (i.e. planned load 

shedding or closing maritime routes in favour of offshore wind) may become normal for new generations 

growing up in the awareness of the climate crisis.  

Another limitation is that the acceptability of the financial effort has not been studied. In the past, the 

authorities have warned of possible tariff increase necessary to achieve the 3 to 4% renewables target. In 

futures where this share would reach up to 30% or higher, the effect on the purchasing power of households 

is yet to be quantified but this would likely demand an effort far beyond what Hongkongers may be 

expecting.  

Furthermore, a high penetration of renewables would still require much dispatchable capacity operating 

solely to keep the grid frequency within control (backup). Keeping this type of reserves has already proven 

challenging from a business model perspective. Indeed, without proper valuation of ancillary services, 

utilities may lose any incentive to keep maintaining reserves of capacity, which could cause serious risks to 

grid stability. This has already been witnessed in advanced deregulated markets such as the European one. 

In France, as of the 2000s, increasing levels of must-dispatch renewables coupled with sharper winter peaks 

led the most expensive plants to operate solely several weeks a year. This damaged the profitability of these 

plants, even though their services were more necessary for the grid than ever before. This led to the launch 

of a capacity payment scheme in 2017. This may be necessary in Hong Kong, as well as in any market that 

is going to see most of its fossil-fuel plants staying idle for most of the time.  

Finally, a scope limitation of this thesis is that it assumes the role of electricity to stay the same. In other 

words, it doesn’t account for processes switching from fossil fuels to electricity, and reciprocally. But 

electricity in Hong Kong today only accounts for only 55% of total energy end-use (EMSD, 2018). In the 

transport sector, only 3% of the energy use is based on electricity. But as the system anticipates the end of 

oil, electricity use may increase. This could add extreme pressure on the existing infrastructure. But these 

dynamics are not straightforward. For instance, considering the power sector, keeping the same activity 

level (number of passenger-km) but switching to electricity would induce increased electricity load, but 

also decrease of total energy demand, as electrical transportation modes are more efficient.   
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 Conclusion and policy implications 

The power system in Hong Kong has been modelled and projected according to 5 different scenarios. Each 

of these scenarios gave complementary information. This section concludes on the general aim of this thesis: 

“assessing the economic and environmental impacts of enhancing clean electricity generation and energy 

security on the future electricity system of Hong Kong to meet the city’s electricity demand from 2016 until 

2030”. It was first established in early chapters that enhancing clean electricity was physically possible far 

beyond the 3-4% goal advocated by the Government (see section 5.1). It was also established that it is 

politically encouraged, and that the current Climate Action Plan 2030+ is well on track to meet its goals (see 

section 5.5). But the CAP appears as conservative as it only abates greenhouse gas emissions by 2% with 

respect to the baseline (section 5.4). Therefore, further enhancing clean electricity generation also appears 

as necessary.  

On the way to cutting its climate impact, Hong Kong has been using several strategies – mainly switching 

from coal- to gas-fired power generation and lowering electricity demand. The effectiveness of each strategy 

was quantified, and the following values were found. On the study period, 3.3 million tonnes of CO2-eq 

could be saved by reducing demand by 100 MW. 1.2 million tonnes could be saved by switching 100 MW 

from coal to gas plants. 1 million tonnes could be saved by introducing 100 MW of extra solar power and 

0.8 million tonnes for 100 MW of extra wind power. Therefore, demand reduction and switching from coal 

to gas are found to be not only the Government’s priorities but also the two most effective greenhouse gas 

abatement strategies. However, simulations show that the cost of these strategies varies widely. Abatement 

of greenhouse gas emissions requires an investment of 5 USD / tonne of CO2-eq when it is achieved by 

reducing demand. This abatement cost is sensibly higher with solar power, at 31.8 USD / tonne of CO2-eq. 

The greenhouse gas abatement cost is at 40.4 USD / tonne through switching from coal to gas, and at 45.4 

USD / tonne of CO2-eq through wind power. Therefore, from a cost-efficiency perspective, this thesis 

suggests that Government policies so far are understandable but should now shift their focus from gas to 

solar power.  

Beyond these sustainability concerns, Hong Kong will have to strike a balance on different trade-offs. The 

first trade-off is between energy security on one hand, and sustainability and cost on the other. Starting from 

year 2021, it will have the capability to diversify its gas sourcing thanks to the commissioning of its first new 

regasification unit. But transitioning towards total energy independence from Mainland China would come 

at a serious cost. Namely, this would hinder the sustainability efforts started so far as greenhouse gas 

emissions would be increased by 14% with respect to the baseline – as a result of giving up on its main 

supply of low-carbon electricity: nuclear power. It would also hinder Hong Kong’s capability to integrating 

renewables and maintaining a reliable baseload in a post-oil context – because most of Hong Kong’s storage 

capacity lies across the border. The second trade-off is between greenhouse gas emissions on one hand and 

costs on the other. Results analysis showed that the higher the penetration of renewables, the higher the 

cost. As a consequence, scenario “Climate action plan”, which is found able to abate greenhouse gas 

emissions by 2% with respect to “Business as usual”, costs 3% more on the study period. But the most 

ambitious scenario, “High renewables share”, which sees a 10% GHG abatement, incurs 22% more total 

costs than “Business as usual”.  

Three general policy directions are encouraged as a result of various findings. Firstly, the transition needs to 

be scaled up and this will require private sector forces to be leveraged (at least utilities). So far, the public 

sector has been pioneering development of clean technologies through pilot projects led by various 

departments. But a significant scaling-up will require engaging both utilities through adequate regulations 

and price models. This seems well-engaged based on the content of the last Scheme of Control Agreement 

(Feed-in Tariff, Renewable Energy Certificates, incentives on the regulated rate of return, see section 2.1.1), 

but the effort will need to be intensified at the next SCA renegotiation. No matter the actual trajectory that 

the system follows, utilities are bound to see their roles change, their business models challenged, and their 

responsibilities become dissymmetric as they integrate higher shares of renewables. For instance, CLP, 

operating in the New Territories, is bound to integrate more renewables than HKE and its urban areas. 



-59- 
 

Secondly, a reflection is needed on future business models in the industry. Namely, most scenarios imply 

the displacement of large power generation units. These would become stranded assets most of the time 

(when renewables are generating) but still necessary to ensure grid stability (i.e. take over when renewables 

are not generating). These plants will need remuneration not to be shut down. A common solution is the 

setting up of a capacity payment mechanism, whereby the utilities would pass the cost of idle plants down 

to consumers – as is already implemented in many developed markets. Thirdly, the results of this thesis 

suggest that enhancing clean electricity generation should be coupled with other measures to maximise 

greenhouse gas abatement. Indeed, all abatement methods so far tend to displace the marginal fuel per the 

merit order, which is gas. While Hong Kong has, so far, chosen to actively replace coal with gas 

progressively, another option would be to make coal the marginal fuel, for instance with a carbon tax. If 

coal became the marginal fuel (i.e. the source of electricity with the highest marginal cost) it would be 

naturally displaced by utilities. And every addition of renewables or every lowering of demand would lower 

the dispatch of coal, which is more GHG-intensive than gas.   
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