
China’s Energy Economy: 
Substitution possibilities, market 

integration and some possible 
environmental implications

Thursday, 13 August 2009, 12:30pm to 2:00pm
Spectrum Presentation Theatre, BP House, 20 Customhouse Quay, Wellington

Professor Les Oxley, University of Canterbury



China’s Energy Economy

Joint work with Hengyun Ma and John Gibson
“China’s Energy Economy: Technical change, factor demand 
and interfactor/interfuel substitution,” Energy Economics, 30, 
2167-2183, 2008
“Substitution Possibilities and Determinants of Energy 
Intensity for China,” Energy Policy, 2009, 37, 5, 1793-1804 
“China’s Energy Situation in the New Millennium 
Renewable and Sustainable Energy Reviews, 2009
“Gradual Reforms and the Emergence of Energy Markets in 
China: Evidence from Tests for Convergence of Energy Prices,”
Energy Policy, 2010 (to appear)
“A Survey of China’s Renewable Energy Economy” Renewable 
and Sustainable Energy Reviews (to appear)
“Integration of major fuel source prices in China: Evidence 
from the time series tests,” (typescript)



Motivations #1

My interests are broad, but main interest relates to 
determinants of economic growth 

Why do countries grow at different rates?

Historical similarities
Role of coal in British Industrial Revolution (BIR)

Coal big issue in China

Urbanisation with industrialisation (BIR)

Effects on energy usage – good (urbanisation) and bad 
(urbanisation)

Current issues 
Economic growth v environmental impacts? 

Importing carbon footprints via trade



Or simply….motivation….#2



China: Some known, knowns

Aggregate GDP $3.31 trillion in 2007
10% pa economic growth rate over two decades
Aggregate primary energy (pe) consumption

1997=961.4 mill tonnes oil equivalent (mtoe)
2007=1863.4 mtoe
OECD average growth of pe = 8.1%
World average growth of pe = 24.6%
China average growth of pe = 100%

China second largest energy consumer (after US) 
in 2008
China has around 100 years of coal reserves
China has a growing urban population -> growing 
transport congestion



China: Some less well known knowns

China’s energy efficiency is low

China’s energy intensity is high (though 
fluctuates)

0.91 toe/$1000 in 2000 prices in China

0.32 0.91 toe/$1000 in 2000 prices World

0.19 0.91 toe/$1000 in 2000 prices OECD

China’s intensity has fallen, but rising again due to 
high energy intensity capital usage

China is probably highest emitter of CO2



China: Some not so well known knowns

60% of Chinese population rural
Biomass is their main fuel source (straw, corn husks dung, 
fowl waste, wood, biogas) – mostly just burnt -> CO2

193.8 mt wood; 363.5 mt stalks; 6964.1 mcm biogas; total 
of 272.8 mt coal equivalent (2004-2008).  75.8% total rural 
energy consumption, biomass

Crop stalks account for 60% of aggregate rural energy 
consumption

China 3rd largest producer of bioethanol, 1.3 mt in 2006

Maize (3.4% total prod) and wheat (4.4% of total prod) 
used for bioethanol

Biofuels led to serious grain price increases has made China 
a net grain importer for first time



China: Some not so well known knowns

Renewable energy use (includes biomass)
2006: 8% primary energy supply renewable
Hydro: 1906 kWh in 1995; 4829 kWh in 2007

Annual growth of supply 8% pa
Contribution to electricity production: 14.7%
Actual:Potential = 50% exploited

Nuclear: 12.8 bill kWh in 1995; 62.9  bill kWh in 2007
Annual growth of supply 15% pa
Contribution to electricity production: 2%

Total exploitable renewable:
Known: 7.2 billion tonnes coal equivalent 
Currently: exploited 0.1 billion tonnes coal equivalent
Total (actual) coal stocks: 115 billion tonnes



China: Some not so well known knowns



China: Some not so well known knowns

Energy transportation is massive and 
causes significant domestic trade within 
China

Inter provincial coal shipments of 2394 mmt

Or: 1820 bill metric tonnes km

Or: 75% total rail cargo in 2006

Or: Average distance of rail transport 760 km

Coal shipped from East -> West and North -> 
South

Inflows 40% (993 mmt) and outflows 60% 
(1400 mmt)



China: Some not so well known knowns



The Good…..

Regulatory systems have changed

Prices more market orientated with a gradual 
reforms process

Some expansion of renewable fuels

Realization of (politics of) environmental 
issues

Some decline (but now increase) in energy 
intensity



… the not so good

Continued reliance (for foreseeable future) in 
use of coal (currently 75% of primary energy) 
especially to produce electricity

Importer of oil-based products growing with 
urbanization and transport needs

Rural bio-mass and effects on grain prices and 
imports and environment

SR inter-fuel substitution possibilities, low



…and the downright ugly

Coal 

without technological change

Biomass 

without technological change

Emissions

without technological change



The Good.. Some more details

Institutional changes to remove Government 
ownership and more direct links to sectors





The Good.. Some more details

Institutional changes to remove Government 
ownership and more direct links to sectors

Energy pricing that more directly relates to 
world prices and incentives



National Aggregate Energy Prices 1995-
2006



Fuel Price Changes (%)



Japan coal price v China coal price



The Good.. Some more details

Institutional changes to remove Government 
ownership and more direct links to sectors

Energy pricing that more directly relates to 
world prices and incentives

The maybe not so good – new investment still 
in coal-based inputs



Newly installed capacity by type



Shares of Aggregate Consumption by 
Sector



The not so good.. Some more details

Interprovincial coal shipments by railways are 
huge



Domestic railway coal shipments



The not so good.. Some more details

Interprovincial coal shipments by railways are 
huge

Energy intensity has declined, but now 
increasing.  Provincial differences vary.



Energy Intensity



Changes in National Energy Intensity



Energy Intensity by Province



The not so good.. Some more details

Interprovincial coal shipments by railways are 
huge

Energy intensity has declined, but now 
increasing.  Provincial differences vary.

Energy deficits across provinces



Energy Output and Deficit by Province



The not so good.. Some more details

Interprovincial coal shipments by railways are 
huge

Energy intensity has declined, but now 
increasing.  Provincial differences vary.

Energy deficits across provinces

Energy deficits - international



Exports and Imports of Energy



What has our research added #1?

We have provided new results on
Interfactor &
Interfuel elasticities of substitution &
Price elasticities of demand
What determines energy intensity

For 4 main fuel supplies
Gasoline; diesel; coal and electricty
Labour, capital and energy

Why is this useful?
Without these measures cannot inform policy
Without these measure cannot model, simulate and 
forecast the effect of changes in use including emissions 
etc



What has our research added #2?

The ‘Law of One Price’ in energy types across 
China

Are energy markets domestically ‘well 
integrated’ in terms of energy market prices?

Why is this important?

To policy makers concerned with economic reforms

To simulate, forecast and model effects of policy 
changes  



Implied Elasticities of Substitution and Price 
Elasticities of Demand for Interfactor
Substitution



Implied Elasticities of Substitution and Price 
Elasticities of Demand for Interfactor
Substitution



Implied Elasticities of Substitution and Price 
Elasticities of Demand for Interfactor
Substitution



Implied Elasticities of Substitution and Price 
Elasticities of Demand for Interfactor
Substitution



Total Own Cross-Price Elasticities of Fuel 
Demand for Interfuel Substitution



Decomposition of the Change in Energy 
Intensity



Decomposition of the Change in Energy 
Intensity

Aggregate energy intensity increased (nationally) by 
7.3% mainly be due to 2 forces:

Rising energy prices

Technological change effects (adopting energy intensive 
technologies)

Substitution and production effects small and net out

+5.6% and -6.2%

Budget effects -19.3% -> energy use as prices rise (25% 
over the period)

energy intensive technologies -> +23.7% increase

Regional effects similar



Energy Market integration: LOOP

Use time series based tests on (10 day data) 
on regional/city prices of coal, electricity, 
gasoline and diesel

Test for ‘convergence’ in energy prices
Across energy types

Spatially

Based on ‘unit root’ and cointegration methods
If pairs/combinations ‘stationary’ and/or 
‘cointegrated’ then support for LOOP

If pairs/combinations ‘non-stationary’ and/or ‘non-
cointegrated’ then no support for LOOP



Pedroni (1999) - based tests



Energy Market integration: LOOP



Summary of results..



Summary of results..



Energy Market integration: LOOP



Conclusions :Issues and possible Policy 
Directions

Unlikely that anything will prevent a significant 
increase in China’s primary energy 
consumption and electricity generation with 
consequent effects on emissions.

China’s policy makers therefore have to 
prioritize, encourage, legislate, support etc a 
range of options

Some of these challenges for the future noted 
next



Challenges and possible solutions

Some of these are “Motherhood and Apple 
Pie”, but..

Need to increase investment in energy 
industry

Economic growth requires energy intensive 
production

Need to reduce energy intensity and increase energy 
efficiency

Enhance technical innovation for demand and supply

Balance increase supply plans with conservation

Market prices might help



Challenges and possible solutions

Increase research and production of clean renewables

Biomass is renewable, but not clean

Biomass has spillover effects on food prices

Large potential, but currently dominated by coal

Transportation of energy and inputs

Currently supply of energy distant from demand, except 
electricity

Energy use to supply energy is large

Micro-production closer to source

Urbanisation will have some positive effects, but negative 
through traffic congetsion



Challenges and possible solutions

Further Institutional Reform

Need to raise energy prices to reflect real costs and 
priorities

Create independent Ministry of Energy to formalize 
commitment to coherent strategy on energy

Realize environmental and energy demand/supply 
related

Emissions policy


