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Context (1): Energy trends by region and fuel, 1965-2012 
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Note: The Charts show for each fuel the total energy consumption by region, in Million Tonnes of Oil-Equivalent.   
Source: BP Statistical Review of World Energy, 2012  
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Context (2): IPCC Fifth Assessment (AR5) Illustrated rapid rise of CO2 from 

Upper-Middle income countries (particularly China), partly due to ‘embodied’ trade 
  

High-income regions generally net 
importers, footprint significant growth 
1990-2010 

 

 

Upper-middle and lower income 
regions in general growing 
“embodied” exports to high income 
countries 

 

 

 



Context (3) 
OECD, China, and Rest of World, 1960-2014 
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Chinese emissions in context of industrial and emerging economies 
 – a view of per-capita emissions vs wealth 

 China biggest global 

emitter due to large 

population and per-

emissions high for its 

stage of econ 

development – per 

capita territorial 

emissions now match 

EU, though around 20% 

is due to production of 
exported goods 

Source: Carbon CAP www.carboncap.eu (Detailed data: Personal communication, Richard Wood, NTNU)  

http://www.carboncap.eu/
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A review of Chinese CO2 emissions projections 
 
Database assembled by Fu Sha  
National Centre for Climate Change Strategy and International Cooperation, Beijing 
 

Decomposition analysis by  
Nicholas Hughes, University College London (Institute of Sustainable Resources) 
 
Full set: 164 scenarios produced from 15 different models 
 
Mainly focusing on the most resent scenario databases published by international modelling 
comparison projects like AME, LIMITS, AMPERE, ROSE, EMF 
 
Also reviewed  some recent published single modelling studies (DDPP, 2014; New Climate Economy, 
2014; Paltsev et al, 2012; Zhang, X.et al, 2014; et al) ; but without detailed scenario outputs we do 
not include these in our metadata analysis. 
 
The full list of models and scenarios considered is given in our Supporting Online Material (SOM).  
 
In some, the data / projections for the years 2010 and 2015 were too inconsistent with the actual 
(or most recent) data and hence excluded, leaving 89 remaining separate scenarios, from 12 
different models, which provide the main dataset presented here.   
 

 



There is now a huge range of Chinese CO2 projections 
to 2030, span c 8000 to 18000 MtCO2/yr  
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Kaya decomposition: at first glance, emissions  
mostly determined by the carbon intensity of energy supply 



Analysis of non-fossil energy complicated by data & accounting  
(mainly of biomass), but > 15% non-fossil appears crucial to get 
CO2 below 10000 MtCO2.  

 

a) 

 

b) 

 



Central projections of energy demand growth (to c.150 EJ in 
2030) encompass a wide range of emissions,  
but the extremes of low or high energy consumption (100 – > 200 EJ) largely 
determine the possibilities for extremes of low or high emissions 

Role of energy demand 
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Structure of the meteoric rise in Chinese emissions, 2000-2013  

Source: Grubb et al: A REVIEW OF CHINESE CO2 EMISSION PROJECTIONS TO 2030: THE ROLE OF ECONOMIC STRUCTURE AND POLICY, Climate Policy, November 2015 
 

 Figure 4: Direct and indirect CO2 emissions from fossil fuel combustion in different end-use sectors in China from 2000 to 2013.  



… an economy unusually dependent on 
heavy industrial production 
… with industrial production unusually 
dependent on coal-based electricity 
… with  its associated inefficiencies and 
local and global environmental problems 

 

a) Total final energy 

consumption = 1.7 bn toe 

 

b) Total primary energy supply = 

2.9 bn toe 

 

 

 

 

 

 



Industrialisation uses energy  
- But profound structural changes with 

development see the share of industry 

in final demand peak and then fall  

“From Production …. 

…. to Pleasure” 

Source: A. Schafer, Structural change in energy use, Energy Policy, Volume 33, Issue 4, Pages 429–43 

- Industry rises to dominate over the 

agricultural and domestic needs of 

subsistence economies 

 

 

 

 

- By c. $10,000 per capita: relative industrial 

decline, growth in transport & services 
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The past decades of Chinese economic growth have 
been extraordinarily capital-intensive 

Figure 13: Actual and projected gross capital formation / GDP versus GDP per capita for China (black) and a selected 

group of countries (grey). Source: authors’ calculations, all historical country data based on World Bank (2015), 

China OECD projections from OECD (2014); CEPII projection is from  CEPII (2013).  



The models in the dataset appear to assume the resulting 
high intensity of industrial energy demand continues 
- though this is wholly at odds with international precedents and 
implications of ‘new normal’ economic policy 

Figure 14: Industry as a share of final energy demand versus per capita GDP in China and a 
group of countries, against projections from the scenario database for 2030 for China. Source: 
authors, based on data from Enerdata and the scenario database assessed in this paper.    



In addition, the model database GDP projections are significantly 
more optimistic than OECD or IMF projections 
(though as noted, the cross-model correlation of GDP with emissions is very weak) 

Figure 12: Difference in the GDP growth rate forecasts between the energy scenarios 

studied in this paper, and forecasts from the IMF (2014) and OECD (2014) 



Whilst understanding of consumer side hampered by poor info: 
Few of the models carry ‘bottom’ up detail on service drivers, and the few that do 
display enormous variation 

Figure 16: residential floor space  
per capita for China 2010 to 2030 

Figure 15: passenger kilometres  
per capita for China 2010 to 2030,  



1. Energy / emission trends and the China phenomenon in context 

2. A review and analysis of modeling projections  

3. A closer look at energy demand and structure  

4. Macroeconomic dimensions of energy demand  

5. Conclusions 

A review of Chinese CO2 emissions projections to 2030:  
THE ROLE OF ECONOMIC STRUCTURE AND POLICY.  

 

Michael Grubb,1 Fu Sha,2 Thomas Spencer,3 
 ZhongXiang Zhang,4 and Nicholas Hughes1   

 
In CP Journal Special Issue on Chinese Climate Change Policy, November 2015 

(All papers freely downloadable from climatestrategies.org) 

1. University College London (Institute of Sustainable Resources) 
2. National Centre for Climate Change Strategy and International Cooperation, Beijing 
3. Institut du développement durable et des relations internationales (IDDRI), Paris 
4. College of Management and Economics, Tianjin University, Tianjin, China 



A concluding retrospective:  
OECD countries saw huge energy forecasting errors, particular from eras 
with (with hindsight) fundamental structural changes  

Figure 2: Mid 1970s forecasts and outturn for year 2000 
(a) US total energy consumption  



Some conclusions … 

• No-one knows where China is going …  
(huge projections fan still debates about 2014 inventories/stabilisn, 
most recent analyses suggest 2015 maybe slight emissions decline) 

• … but it cannot be ‘extrapolation as usual’  
(the source of almost all the major historic errors in energy demand 
forecasting) 

• Radical shifts of trajectory are entirely possible 
(combination of the ‘pollution shock’ and the economic ‘New 
Normal’ – could they mark trend break equivalent to the 1970s oil 
shocks for industrialised countries?) 

• Energy / emissions modelling community needs: 
• To make far more effort to model macroeconomic structure and 

‘new normal’ implications for energy demand 

• To build in far more bottom-up detail on consumer drivers 
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