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Research questions 

+ What is the estimated reduction in Hong Kong’s total electricity demand due to the projected 40% 

electricity rate increase triggered by Hong Kong’s adopted fuel mix policy? 

+ What is the estimated increase in Hong Kong’s town gas consumption due to the projected 40% 

electricity rate increase? 

+ Are Hong Kong’s electricity demands highly price-inelastic? 
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Key findings 

+ Hong Kong’s retail demands for electricity and town gas are highly price-inelastic, with a -0.0194 aggregate electricity 

elasticity estimate, and a -0.1275 aggregate town gas elasticity estimate. 

+ A 40% electricity rate increase reduces Hong Kong’s total electricity demand by only 0.81% and increases Hong Kong's 

total town gas consumption by 5.12%, chiefly because electricity and town gas are substitutes.  

+ The decremental emissions of declining electricity consumption are weakened by the incremental emissions of rising 

town gas consumption. Therefore, the net impact is only a 0.24% reduction in Hong Kong's CO2 emissions. 

+ The electricity demands' low price responsiveness has two important policy implications: 

 Hong Kong's demand-side-management should rely more on energy-efficiency improvements than price-induced 

consumption reductions.  

 Restructuring Hong Kong's electricity industry to introduce wholesale competition should consider the potential 

for large electricity price spikes and market power abuse in connection to price-inelastic electricity demands. 
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Main contributions 

+ First, it shows how to use the monthly tariff information to construct monthly energy price data by customer class that 

match the publicly available quarterly price data.  

+ Second, it presents a constant-elasticity-of-substitution (CES) system of electricity and town gas demands to 

comprehensively estimate class-specific price elasticities. This formulation is applicable to cities and regions where 

aggregate data are available but disaggregate data are either unavailable or costly to collect.  

+ Third, it documents the effects of monthly weather on Hong Kong's electricity and town gas consumption, after an 

extensive exploration of weather variables. 

+ Finally, it documents small price elasticity estimates of -0.01 to -0.02 for Hong Kong's class-specific electricity demands 

and -0.06 to -0.23 for the related town gas demands. 
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Background 

+ This presentation’s empirics are based on Woo, C.K., A. Shiu, Y. Liu, X. Luo and J. Zarnikau (2018) “Consumption effects of 

an electricity decarbonization policy: Hong Kong,” Energy, 144, 887-902. 

+ Another application of the methodology can be found in Woo, C.K., Y. Liu, X. Luo, A. Shiu and J. Zarnikau (2017)  

“Consumption effects of electricity decarbonization: Evidence from California and the Pacific Northwest,” The Electricity 

Journal, 30 (10), 44-49. 

+ Both papers are motivated by decarbonization of electricity supply that uses low-carbon resources (e.g., new natural-

gas-fired generation) and zero-carbon resources (e.g., hydro, solar and wind) to displace those with high CO2 emissions 

(e.g., aging coal-and natural-gas-fired generation). 
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Three transformative events in the world’s 

electricity industry 

+ The first event is the market restructuring to introduce wholesale competition that has triggered extensive research in 

price behavior and dynamics, forward contracts and tolling agreements, derivatives and risk management, product 

differentiation, system operation, and integrated resource planning of generators. 

+ The second event is large-scale renewable energy development, thanks to the global potential of solar and wind 

resources, as well as government policies such as feed-in-tariff (FIT), easy transmission access, renewable portfolio 

standard, low-cost financing, and tax subsidies. 

+ The third event is deep decarbonization, underscored by China’s aggressive pursuit of decarbonization through renewable 

energy development and carbon trading, which are a clean electricity future's critical components that have attracted 

extensive research attention. 
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Why Hong Kong? 

+ Hong Kong is an international metropolis with a strong economic performance that could not have been possible sans 

a superbly reliable electricity supply. 

+ Hong Kong is experiencing deteriorating air quality. The major source of local emissions, including CO2, is the 

6,608MW of coal-fired generation that accounts for 52.3% of Hong Kong's 12,625MW of total generation capacity. 

+ The Hong Kong government has recently made two important policy decisions that shape Hong Kong's electricity 

future. The first decision rejects reforming Hong Kong's electricity industry due to concerns of limited competition 

among the likely few sellers. The second decision adopts a fuel mix that will project a 40% electricity rate increase. Its 

acceptance from the public reflects the growing concerns of global warming and their willingness to pay for the cost of 

electricity decarbonization, see Cheng, Y.S., K.H. Cao, C.K. Woo, and A. Yatchew (2017) “Residential willingness to pay 

for deep decarbonization of electricity supply: contingent valuation evidence from Hong Kong,” Energy Policy, 109, 

218-227. 
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Research relevancy in other regions  

+ The first case in point is California's newly enacted renewable portfolio standard, mandating that 50% of the state's 

electricity sales be met by 2030 by qualifying renewable resources such as solar, wind or geothermal. 

+ The second case is nuclear plant retirements in Europe in the wake of Japan's 2011 Fukushima disaster, as well as the vast 

development of renewable resources in Europe and North America. 

+ The third case is China's ambitious plan to cut its greenhouse gas emissions by reducing its consumption of coal, the 

dominant fuel used in China's electricity generation. 
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Data description 

+ We estimate retail electricity and town gas price elasticities for three major customer classes: residential, commercial 

and industrial. 

+ The Hong Kong government publishes the following data: 

 Monthly electricity and town gas consumption data by customer class from the Census and Statistics Department; 

 Quarterly utility-specific tariffs by customer class for electricity and town gas in the various issues of Hong Kong 

Energy Statistics Quarterly Report or Hong Kong Energy Statistics Annual Report published by the Census and 

Statistics Department; 

 Quarterly real GDP available in Hong Kong Economic Reports; 

 Monthly weather data published by the Hong Kong Observatory. 

+ We use a newly constructed sample of monthly data for the 192-month period of January 1981 to December 2016. 
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Regression model 

+ After extensive trials of different functional forms and model specifications, we find that the following CES 

specification is an empirically plausible representation for our sample’s Data Generation Process (DGP): 

Δln(Xk /Yk) = αk Δln(Ek/Gk) + bk Δln(GDP) + Zk+ μk 

 Xk = electricity consumption (MWh) at price Ek ($/MWh) for customer class k = 1 for residential, 2 for commercial 

and 3 for industrial; 

 Yk = town gas consumption (GJ) at price Gk ($/GJ); 

 Zk = function of non-price drivers, including weather variables (ΔCDM and ΔHDM) and binary indicators; 

 μk = random error. 

+ Coefficient αk < 0 measures the marginal effect of Δln(Ek/Gk) on Δln(Xk/Yk). 

+ Coefficient bk > 0 measures the marginal effect of Δln(GDP)  on Δln(Xk /Yk).  
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Regression results 

+ The regressions have an empirically reasonable fit, with adjusted R2 values of 0.43 to 0.79. 

+ The estimates for αk are all negative and small in size, implying that electricity and town gas are substitutes and have low 

price responsiveness. 

+ The positive coefficient estimates for Δln(GDP) indicate that rising GDP tends to raise the consumption ratio. 

+ Coefficient estimates for ΔCDM and ΔHDM confirm Hong Kong’s electricity and town gas demands move with weather. 
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Own-price elasticity estimates 

+ Own-price elasticity of electricity demand of class k: εk = αk × [Gk Yk/(Ek Xk + Gk Yk)] 

+ Hong Kong’s electricity and town gas demands are highly price-inelastic. 



14 

Calculation of consumption effects 

+ Step 1: Find the change in class k’s electricity consumption:  ΔXk = εk × 40% × class k’s electricity consumption (MWh) in 

2016. As εk < 0, ΔXk < 0. 

+ Step 2: Find the change in natural gas used in electricity generation (MMBtu) due to ΔXk: Mk =ΔXk × heat rate (HR), where 

HR =7 MMBtu/MWh for a combined cycle gas turbine (CCGT). The total change in electricity generation's natural gas 

usage is M = M1 + M2 + M3. The CO2 emissions change due to M: R1 = M x K1, where K1 = CO2 emissions of burning natural 

gas = 53.2 kg/MMBtu. 

+ Step 3: Find the change in class k’s town gas consumption: Nk = hk × 40% × class k’s town gas consumption (GJ) in 2016. As 

the cross-price elasticity of natural gas consumption hk > 0, Nk > 0. The total change in town gas consumption is N = N1 + 

N2 + N3. The CO2 emissions change due to N: R2 = N x K2, where K2 = CO2 emissions of burning town gas = 59.9 kg/GJ. 

+ Step 4: Find the net CO2 emissions change R = R1 + R2. 
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Conclusion: Small net changes in CO2 emissions 
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