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Abstract: Two weeks before the Copenhagen summit on climate change, China officially made a pledge to cut 

its carbon intensity by 40 to 45 percent below 2005 level by 2020. The thesis has tried to look into the quality 

and quantity concern of this pledge made by the biggest CO2 emitter in the world. From the existing projections 

on China’s business as usual (BAU) scenarios to 2020, there are no unanimous conclusions showing whether 

there is additionality in China’s pledge to reduce 40-45% of its carbon intensity between 2005 and 2020. Further 

analysis on selected results, we have found scenarios of two frequently cited authorities, namely IEA and EIA 

are, to some extent, misinterpreted regarding their references/current policies scenarios. On the other hand, 

several more typical BAU scenarios, like Garnaut’s and ReMIND-R, predicted much lower than 40% reduction 

rate in the period of 2005-2020. China’s pledge seems achievable with certain extra effort, comparing with 

historical pathways of several OECD countries, including U.S., Japan, Germany, and Korea. The average period 

in these four countries to go through China’s abatement path is around 21 years. From a global prospect, China’s 

pledge is impressive but not enough to address the climate change issue. The biggest uncertainty inherited in the 

pledge is the uncertain peak year of absolute emissions. The critical movement beyond 2020 pledge is to peak its 

absolute CO2 emissions as early as possible. Such a challenging target shall be set as no later than 2030 

according to our overviews on the related literature. 
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1. Introduction 
China’s remarkable economic success over the past 

thirty years and its rising global power has been one 

of the dominating stories of the 21
st
 century.     

Since the so-called ‘open and reform’ in the late 

1970s, for more than thirty years, China has 

maintained on average about 10 percent of GDP 

(Gross Domestic Product) growth (see Figure 1, 2), 

uplifting hundreds of millions of people out of 

poverty. From one of the world poorest large 

developing countries in the 1978, in little more than 

thirty years, China has surpassed Japan in 2009 and 

became the second largest economy in the world 

(BBC, 2010). And according to the latest forecast by 

the International Monetary Fund (IMF)(2011), 

China may succeed the US to be the world largest 

economy as early as 2016. While on a per capita 

basis, China is still considerably lower than most of 

the developed countries, living standard has 

improved dramatically for the Chinese people. In 

1978, China’s per capita income of urban and rural 

households was 343 and 134 yuan respectively, and 

in 2011, these numbers has increased by about 

tenfold (NBSC, 2011a), making China one of the 

middle income countries, according to the World 

Bank categorization.  

 
Figure 1. China’s GDP (1012 yuan) from 1978 to 2009 at 

2005 constant price (Data source: China Statistical 

Yearbook 2011) 

 

China’s rapid and massive industrialization of 

course also have profound environmental and 

resource consequences and implications, ranging 

from environmental pollution, degradation, 

ecosystem destruction, to resource depletion, 

scarcity and energy security. While all of those 

challenges are demanding attention, China’s 

concerns for energy security are both fundamental 

and urgent. Globally, China’s skyrocketing energy 

consumption and related, the rapid growth of carbon 

emission has also been a critical concern in the 

context of global efforts for mitigating climate 

change, as China has become the largest CO2 emitter 

in the world in 2007 (Vidal, 2007). 

 
Figure 2. Annual GDP growth rate 1978-2010 (Data 

source: China Statistical Yearbook 2011) 

1.1. China’s energy security and 
climate change challenges 

Since the beginning of the economic reform, China’s 

energy intensity keeps subsiding for about 20 years 

(Zhang, 2003). Yet the trajectory has reversed 

around 2000 and kept creeping up until the 

implementation of energy intensity reduction policy 

in the 11
th

 FYP.  

 

China’s energy mix is comparatively stable since 

1980s whereas the energy efficiency has been 

continually improved (Figure 3). More than 90% of 

China’s annual total energy consumption comes 

from fossil fuel, about 70% of which is the most 

carbon emission intensive energy source, coal 

(NBSC, 2011b). As a result, another important 

indicator, carbon intensity of GDP (CO2 per unit of 

gross domestic product) shares a quite similar trend 

with the energy intensity trajectory (Zhang, 2010a). 

Furthermore, massive heavily carbon embodied 

industrial outputs led to substantial growth of 

China’s annual CO2 emissions by around 4 billion 

tons during 1992-2007, more than 70% of which 

occurred between 2002 and 2007 (Minx et al., 

2011).  

 

Becoming the largest CO2 emitter and second largest 

economy in the world, China, together with United 

States, plays the most crucial role in the global 

climate change mitigation effort. It is commonly 

observed that “an accelerated global annual CO2 

growth rate is seen as a consequence of the 

industrialization of China” (Olivier et al., 2011). In 

some scenarios presented by International Energy 

Agency (2010), China alone will account for nearly 

30% of global emissions by 2050.  

 

As the most populous developing country in the 

world and more than 100 million people still living 

under poverty, economic development remains 

China’s primary concern and top priority (The 
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Guardian, 2011). Thus, there are concerns about 

China’s willingness and capacity to reduce carbon 

emission, which is likely to slow down its economic 

development (Qiu, 2009). As a country with more 

than 1.3 billion population, China’s government 

usually justifies its huge emission by emphasizing 

its low per-capita CO2 emission. Yet, the recent 

rapid growing trend, even in per capita sense, of 

carbon emission in China has been alarming. 

According to a report from PBL (Olivier et al., 

2011), China’s CO2 emissions in 2010 has reached 

6.8 ton CO2/person, which is the same amount as 

Italy and exceeds some OECD countries like France 

and Spain. 

 

Being aware of the close correlation between 

economic development, energy supply and climate 

change mitigation, China became the first 

developing country to frame and implement a 

national program to address climate change in 2007 

(Xinhua, 2011). In the 11
th

 Five-Year Plan 

(2006-2010), China for the first time embodied a 

practical set of energy-security and climate-related 

policies. One of the targets in this economic 

blueprint was to cut energy intensity of GDP (energy 

use per unit of GDP) by 20%. After the 

implementation of 11
th

 FYP, the surging momentum 

of energy intensity was still magnificent even when 

export demands plunged during the time of global 

economic crisis of 2007-2009 (Carraro and Massetti, 

2011). In the last year of the 11
th

 FYP, local 

governments of several provinces even “issued a 

strict rotation of rolling blackouts for thousands of 

factories” in order to accomplish the assigned 

energy saving goal (Zhang, 2010a). With such 

irrational measures, China only achieved a 19.1% 

energy intensity reduction, with a double digit 

average annual GDP growth between 2006 and 2010 

(Lewis, 2011). 

 

In the ongoing 12
th 

FYP (2011-2015), Chinese 

government has formulated a set of more 

comprehensive mandatory goals to curb its energy 

and carbon intensity (Lewis, 2011). They are: 

 A 16 % reduction in energy intensity;  

 Raising non-fossil energy use to 11.4% of total 

energy mix;  

 A 17% reduction in carbon intensity.  

 

Since these goals are mostly intensity based in 

reference to per unit of GDP, the economic figures 

may be even “more critical for determining impacts” 

on the intensity indicators than are the energy 

consumption or the total carbon emission (Zhang, 

2010a). In other words, there are uncertainties on the 

absolute emission reduction as the intensity goal 

seems quite achievable with China’s GDP growth. 

On the other hand, the uncertainty of economic 

growth itself can make the intensity goals harder to 

accomplish. Just recently, there are more and more 

doubt if China’s economy will be on the same track 

in the next decade as it did since the beginning of 

the 21
st
 century (The Economist, 2012). Even the 

government has lowered this year’s GDP growth 

target to 7.5%, first time in eight years shy of 8% 

(BBC, 2012a).  

1.2. Research question 
Two weeks before the Copenhagen summit on 

climate change, China officially made a pledge to 

cut its carbon intensity by 40 to 45 percent below 

2005 level by 2020 (BBC, 2009). China’s pledge 

could be more than some nominal gesture in the 

climate change negotiation. Categorized as a 

 
Figure 3.  China’s Energy mix and total energy consumption (104ton standard coal equivalent) from 1980 to 2010 

(Data source: China Energy Statistical Yearbook 2011) 
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non-Annex I country according to Kyoto Protocol, 

China is not required to have any quantitative 

emission reduction commitments in the first place. 

To some extent, the commitment from a developing 

country, no matter how fast it has developed 

recently, plays a leading role in practicing the 

widely preached UNFCCC principle of “common 

but differentiated responsibility”, which requires 

countries with the capacity and responsibility to take 

the initial action to reduce carbon emission.  

 

As many other countries also have made reduction 

commitments, the focal point nowadays are shifting 

from ‘who shall do first’ to ‘how much everybody 

actually do’. As expected, China’s pledge has 

generated instant responses and analyses from all 

angles. But essentially the questions and concerns 

are around two main aspects. One is about the 

quality, i.e., whether China’s pledge is ambitious 

enough in terms of what it may take for China to 

achieve the target? The other is about the quantity, 

i.e., whether China’s pledge is sufficient enough 

according to the global emission trajectory required 

for achieving the 2 degree target? 

 

Literature on the first question has been much 

divided. Some believe that the pledge is extremely 

ambitious given current state of China’s energy and 

carbon efficiency and technology capacity (Steckel 

et al., 2011). Others claim that China’s pledge means 

not much more than a “business as usual”, especially 

given the range of policy and efforts that China has 

been making in recent years for reducing its energy 

efficiency (EIA, 2011a). More importantly, some 

suggested that since China’s carbon intensity 

declined by 50% from 1990 to 2003, long before the 

government adopted any climate-related policy, it 

may keep decreasing in the next fifteen years 

anyway (Herzog, 2007). In other words, it is not 

sure whether the 40-45% carbon intensity reduction 

definitely cannot happen during the same period of 

time without such an eye-caching pledge.  

 

Embedded in this argument is the question of 

“additionality”
1
 for climate change mitigation, that 

is, whether China’s pledge is due to the concern for 

climate change or purely national energy security 

and economic growth? The borrowed terminology in 

this thesis implicates the extra effort aiming at 

mitigating the climate change issue. This part of 

effort is essentially different from the possible 

‘no-regret’ policies. Progress with additionality, for 

example, in energy or industry sectors is not 

                                                           
1

Additionality is a technical term used more 

commonly in the context of qualification of the 

CDM (Clean Development Mechanism) projects. 

The “additionality” means that the proposed activity 

would not have occurred in absence of the project 

(Zhang and Wang, 2011). 

necessary to happen without the concern of limiting 

GHG emissions. The other type of emission 

abatement can be framed and implemented as a 

result of incentives other than climate change 

concern. In China’s case, the country has struggled 

in many ways to find plenty of energy sources 

merely to catch up with its own fast pace of 

industrialization. From the constructions of 

hydraulic power plants on almost every big river to 

the most ambitious long-term nuclear power 

developing plans, it turns to these renewable and 

non-fossil fuels partly because fossil fuel alone is 

not enough. Considering no other factors, it is 

difficult for China to claim additionality for climate 

change issue on the development of renewable 

energy. Such efforts in carbon reduction bare no 

extra cost for the country since they will be there 

anyway and cannot be deemed as additional.  

 

What also complicates the debate on additionality is 

the inherent difficulty in defining and delineating 

what constitutes as “additional” in the process of 

change, especially when the indented change is 

closely aligned with one’s own interest. In the 

context climate change, there is little doubt that 

pursuing energy security by improving energy 

efficiency and diversifying energy sources is where 

China’s strong national interest lies. Furthermore, in 

the search for sustainable development, China has 

now increasingly realized that a low-carbon 

development path is not a matter of choice but a 

must. Thus, one may rightly argue that, in terms of 

“what to be done”, there is little or no additionality 

in what China has pledged. 

 

Yet, often overlooked in the ‘additionality’ 

discussion is the ‘timing dimension’, that is, an 

‘extra pace’ of doing things is and should be part of 

the additionality. In the case of the carbon intensity 

pledge by China, the additionality is not so much 

about whether China would have done this anyway, 

but would China has done this in the pace that it has 

committed to the world?    

 

On the second question, it seems that majority of the 

literature has confirmed that the pledge could avoid 

significant amount of CO2 emissions, which will be 

a major share of world-wide mitigation efforts to 

limit global temperature within 2 degrees (Qiu, 

2009). But the concern is the implication of intensity 

target, which does not actually bend the curve of 

absolute emissions. The uncertainty beyond 2020 

regarding the current 40/45 pledge was occasionally 

discussed in literature (Gambhir et al., 2012). That 

is, even if the 2020 target is embedded with certain 

additionality and the target is successfully achieved 

by 2020, China’s gigantic absolute emission will 

most likely be creeping up despite the intensity 

reduction in the coming decade. While the second 

decade of 21
st
 century is the critical period for the 
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world to make affordable efforts to realize the 450 

ppm scenario (IEA, 2011), China’s path towards its 

goal could be yet departure from a 2 degree future. 

 

Thus, my research question can be described in two 

parts: 

 

First, does China’s carbon intensity reduction target 

have the so-called “additionality” for the climate 

change issue?  

 

By answering this question, I am trying to shed 

some light on the quality concern of China’s target. 

It is quite straightforward to display additionality by 

setting a target against BAU scenario. Developing 

countries like Brazil and Indonesia made their 

commitment in this way. Contradicting views on 

China’s pledge is mainly due to its lack of 

benchmark in comparison. So I have collected more 

than a dozen of BAU scenarios on China’s carbon 

intensity trajectory, which is the direct approach to 

test the additionality. Then I have selected several 

typical developed countries as another kind of 

benchmark. Their decreasing carbon intensity trends 

in the past decades could be repeated by China if 

carbon intensity is to converge between developing 

and developed countries. Once their carbon intensity 

fell from China’s 2005 level to the committed 40% 

reduction level in considerably more than 15 years, 

which is China’s committed period, we could argue 

that part of extra time is China’s additional effort to 

mitigate the climate change issue. 

 

Second, what is the biggest uncertainty inherited in 

China’s intensity based pledge? 

 

This question looks beyond 2020 from a global 

prospect on the quantity of China’s CO2 emissions. 

This part of my study is trying to look into the 

inherited paradox of China’s mitigation effort. That 

is, even by 2020 China manage to accomplish the 

mission embedded with additionality; its absolute 

emissions will probably grow beyond the limit of 2 

degree scenario for the world due to the uncertainty 

of its intensity based pledge. Absolute emissions 

matter more to the world in this respect, and cannot 

be assured by the intensity target. To figure out the 

uncertainty, we have collected a score of projections 

on China’s absolute emissions between 2020 and 

2030. From these results we may be able to get a 

sense of what else China needs to do aside from the 

current pledge. 
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2. Literature Review 

2.1. Studies on energy intensity 
There is abundant literature focusing on China’s 

energy and carbon intensity trends. On the topic of 

energy intensity, researchers usually look back into 

the historical data to decompose and analyze causes 

of its fluctuation over the past thirty years (Figure 

4). Thus we describe the path in a chronological 

order with related literature so that the reader may 

get an overview of China’s past energy intensity. 

 

For the period between 1980-1999, most of 

researchers agree the declining trend is mainly 

driven by technology improvement (Zhang, 2003; 

Ma, 2010; Zhao et al., 2010). Yet there are different 

opinions on what is the role of structure change. Ma 

and Stern (2008) concluded that “structural change 

at the industry and sector (sub-industry) level 

actually increased energy intensity over the period 

of 1980–2003”, while production shifts among 

sub-sectors contributed to the fall of intensity. This 

period marked China’s departure from “Soviet 

Model”, which was both structurally and 

technologically energy intensive (Carraro and 

Massetti, 2011). Different policies and extra efforts 

are required to repeat the same incremental energy 

efficiency improvement in 21
st
 century.   

 

The most common explanation for the China’s 

abrupt rallying energy intensity during 2000-2006 is 

that the scale effect, namely the rapid expansion of 

energy-intensive industry has outrun the pace of 

energy efficiency improvement (Zhao et al., 2010). 

It is worth mentioning that such intensity increase 

since 2000 vanished with changing GDP deflator. 

Ma (2010) replaced a general deflator with 

individual sector price indices, finding out that the 

trend is different if sector heterogeneity is taken into 

account. Ma and Stern (2008) also pointed out that 

there was a major change in the statistical coverage 

of industrial sub-sectors in 1998 compared to 1997, 

which could lead to discrepancy and most probably 

corrected data were undervalued. China’s energy 

and economic data quality will be further discussed 

in the following section. 

 

In last Five-Year Plan (2006-2010), China’s 

difficulty in achieving its 20% energy saving goal 

tells us two facts. Firstly, China’s self-motivated 

goal is not always low-hanging fruit, thus not 

guaranteed to be met (Zhang, 2010a). Secondly, if 

the government sets a mandatory goal, it will try to 

accomplish it by all means. Some policies dubbed 

the ‘iron hand’ not even rational (Jotzo, 2010).   

 

2.2. Studies on carbon intensity 
On the topic of carbon intensity, it is approximately 

the identical trend as energy intensity (Figure 4). 

These two indicators share a similar path mainly 

because China’s energy mix is constantly dominated 

by the most carbon intensive energy source, coal. 

Given the fixed CO2 emissions co-efficient of coal, 

which transfigure the coal consumption into CO2 

emissions, trend of China’s carbon intensity over the 

past thirty years can be explained in the same way as 

the energy intensity.   

 

Much literature put emphasis on the 40/45 reduction 

goal and its implication for the total emission in 

different scenarios in 2020 and beyond. Studies 

deemed China’s 40/45 target as BAU are mostly 

 
Figure 4.  Similar trends of Energy and Carbon intensity (Data source: China Energy Statistical Yearbook 2011) 
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based on reference scenario projections of EIA 

(Energy Information Administration) and IEA 

(International Energy Agency), which have already 

embedded China’s existing policies (Jotzo, 2010).  

 

There is a few literature that recognized China’s 

goal as more than BAU. Steckel et al. (2011) 

compared China’s 40/45 target with its ReMIND-R 

projections and came to the conclusion that the 

official target is roughly in line with a 450 ppm 

stabilization scenario. The baseline scenario in their 

model is only 24.8% reduction between 2005 and 

2020.  Stern and Jotzo (2010) used a different 

model, which is based on “the pace of technological 

change and changes in the share of non-fossil 

energy”. Their results also showed that doing 

business as usual may not push China towards the 

goal, and ambitious policies are required in the 

coming years to accomplish the carbon intensity 

goal, which is “on par with those implicit in the US 

and EU targets”. Analyzing the results of the 22
nd

 

Energy Modeling Forum exercise among several 

countries, Stern et al. (2011) found out that intensity 

targets favour the developing countries, while 

absolute reduction and common carbon prices lead 

to the lowest total costs in the European Union, 

which may justify China’s intensity based target as 

reasonable. 

 

Other literature provided us with more detailed 

suggestion on the mitigation measures if the 

emissions abatement challenge is to be met. 

Integrated policies are required to improve energy 

conservation, technological and productivity 

efficiency innovation, along with adjustment of 

energy structure (Fang and Deng, 2011). Aside from 

a BAU decreasing of 30.97% carbon intensity, the 

rest abatement may mainly come from reducing coal 

consumption in the electricity sector and 

manufacturing sector according to CGE model (Dai 

et al., 2011). Li et al. (2012) suggested that 

economic structure as well as carbon productivity 

need to be improved so as to keep the high 

contribution of low-carbon energy toward the 2020 

target. Carraro and Massetti (2011) pointed out that 

a mild level of carbon tax is much demanded in a 

post-2020 climate change mitigation formulation in 

China.  
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3. Data and Method  

3.1. Energy and carbon intensity 
data in China 

Energy and carbon intensity are calculated from two 

indicators, which are the Gross Domestic Product 

(GDP) and total energy use. They are widely 

documented by many institutions all over the world. 

In this study, GDP data over the past decades in 

China are collected by the National Bureau of 

Statistics of China (NBSC), while energy statistics 

are provided by the Statistical Communiqué of the 

People’s Republic of China on National Economic 

and Social Development (Wang and Chandler, 

2011). But deficiencies in China’s national statistical 

system make it hard to accurately gauge the energy 

and carbon intensity, which inevitably reduce the 

transparency of China’s progress towards its 

emission goal.    

 

Sector Criteria for the annual survey 

Industry (Mining, 

Manufacture, 

Electricity, Gas, 

Water) 

All state-owned and 

non-state-owned enterprises 

with annual revenue from 

principal business ≥ 5 

million RMB 

Construction 

Various ownership types with 

qualified certification and 

independent accounting 

Wholesale 
Sales ≥ 20 million RMB 

Employees (year-end)>20 

Retail 
Sales ≥ 5 million RMB 

Employees (year-end)>60 

Hotel 
Only hotels with a “star” 

rating 

Catering 
Sales ≥ 2 million RMB 

Employees (year-end)>40 
Table 1. Criteria of NBSC annual economic survey (Wang 

and Chandler, 2011) 

 

Since the economic reform, GDP growth has been 

seen as the most crucial accomplishment by Chinese 

government. GDP data collecting measures thus 

have been adjusted several times to improve its 

accuracy and credibility. Before 1998, independent 

accounting units at or above the township level were 

responsible for reporting and collecting the 

value-added in each industrial sub-sector (Sinton 

and Fridley, 2001). After 1998, data are collected 

with more comprehensive criteria (Table 1).  

Considering the service sector in China is still 

immature, a large proportion of the 

private enterprises in the tertiary industry are too 

small to be included in the annual survey. Aiming to 

solve this inadequacy, NBSC went through an  

economic census, which collects value-added data 

from all organizations, every four years since 2005 

(Wang and Chandler, 2011). A recent adjustment for 

data collecting happened in February 2012. The 

NBSC launched a new system that more than 700 

thousand enterprises all over the country can directly 

submit data to the NBSC without possible 

manipulation from the local governments (BBC, 

2012b).  

 

Energy data is also revised on the basis of national 

economic census every four year. The revisions in 

2005 and 2009 somehow have even changed its 

trend. The originally decline of total energy 

consumption between 1997 and 2001 totally 

vanished in the 2009 Energy Statistical Yearbook 

(NBSC, 2009) compared to data in earlier version.  

Looking into the details of lowered data, the notable 

discrepancy is mainly caused by the adjustment of 

coal-related data. Unlike petroleum or gas, the uses 

of coal are not metered. It is also due to the huge 

scale, as China has more than one thousand counties 

with operating coal mines (Wang and Chandler, 

2011).  

 

CO2 emissions in this paper are defined as those 

from fuel combustion. NBSC do not provide official 

annual statistics of energy-related CO2 emissions. So 

we use the data from International Energy Agency 

(IEA), which estimated the CO2 emissions in more 

than 140 countries from 1971 to 2009. As there are 

more than one approach to convert energy use into 

CO2 emissions, figures we cited from IEA are 

calculated “using both the IPCC Reference 

Approach and the IPCC Tier 1 Sectoral 

Approach”(IEA, 2011).  

 

Carbon intensity, as an indicator related to both the 

energy use and economic status of a country, could 

not be properly recorded in China without a 

sufficient data collecting systems before the 1980s. 

Although China’s government became aware of the 

importance of data quality and kept improving it 

since then, it still hampers researchers to accurately 

assess China’s progress on the emissions control. In 

this thesis, the systematical deviation from the real 

carbon intensity in China may surely be taken into 

consideration. But the core indicator in my thesis is 

the reduction rate between 2005 and 2020, which 

means abatement of carbon intensity between 2005 

and 2020 is divided by 2020 projected results. The 

error caused by data collecting systems could be 

minimized after this step. Besides, the overall trend 

of China’s intensity and absolute emissions in the 

future, which is projected by many scenarios from 

various researches, is basically unchanged with this 

level of error.  

 

When doing cross-country comparison on the 

carbon intensity, the results are sensitive on whether 

we used purchasing power parity (PPP) or market 

exchange rate (MER) as the foreign exchange rate. 

Since the PPP approach considerably raise the 
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income of developing countries, it systematically 

leads to lower energy and carbon intensity data 

(Birol and Okogu, 1997). But many studies 

including the IPCC AR4 report still chose the PPP 

approach for a comparable analysis (Steckel et al., 

2011). Thus we will refer to PPP in the rest of the 

thesis if not otherwise stated. 

3.2. Method  
This is an overview and synthesis study. The 

primary method is extensive literature review, data 

complication, and synthesis analysis guided by the 

central research questions and supported by 

discussions with experts in the related filed. There 

are basically three inter-linked stages for the thesis 

study. The first stage, from January to February, 

2012, was the ‘scoping and framing the problem’. 

This stage involved a wide screening of the key 

existing literatures on the energy and carbon 

intensities, with focus on the recent ones since 2009 

when China made its carbon intensity reduction 

pledge known to the world. I have read through 

most reports and scientific papers on the topic of 

China’s energy and carbon intensity. I have also 

scoped all related information on the websites of 

Chinese authorities such as NBSC, and agencies 

such as U.S. Energy Information Administration 

(EIA) and IEA. The outcome of the first stage was 

the clear framing of the problem and accordingly, 

the development of the core research questions for 

the thesis study. 

 

The literature overview also included the research in 

different existed models generating climate change 

scenarios. To look into the assumptions made by 

different scenarios, I have reviewed online 

documents of those models such as the WEPS+ 

model used by EIA.  

 

The second stage, from March to mid-April, was the 

‘focused review, data compilation’, and synthesis 

analysis. Centered with the central question, this 

stage involved three main analytical tasks. One was 

to summarize the existing knowledge one what do 

we know about energy and carbon intensities in 

China, including both the historical trends (1980-- 

2010) and various future projections by various 

agencies and research institutions. Among the 

various data sources, it is worth to mention and 

acknowledge the ‘China energy data’ compiled by 

Lawrence Berkeley National Laboratory
2
. For the 

various future projections, the underlying 

assumptions are examined through online 

documents of the various models such as the 

WEPS+ model used by EIA. The second task was an 

inter-country comparison on the historical energy 

and carbon intensity trajectories. The main purpose 

                                                           
2
 I would also like to thank Francis X. Johnson from 

SEI, who kindly provided me with the data.  

of the analysis is to gain a better understanding on 

the relationship between energy intensities and 

development stages, and comparing what China has 

achieved as well as what is pledged to do with that 

of the selected countries. Lastly, the uncertainty, in 

relation to intensity based pledges, of total carbon 

emissions in China and its implications for the 

global carbon budget was explored.     

 

The third stage, from mid-April to late May, was the 

‘final write-up’. In which detailed outlines, various 

drafts was produced and revised.    

 

In the following sections, a detailed account of the 

results of the above listed analyses will be 

summarized (Section 4) and discussed (Section 5).     
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4. Results 

4.1. Existing projections 
For the first part of my research question, a few 

scenarios were cited in previous sections, which had 

just given a glimpse of China’s plausible 

additionality. In the following sections, a more 

comprehensive assessment and comparison of more 

than a score of scenarios will be presented. Further 

information of each scenario can be found in the 

appendix. 

 

One possible ways to gauge the scope of the “time 

additionality” is to see what the “business as usual 

trend” (BAU) would be, and in turn, to compare the 

BAU with the 40/45 percent reduction by 2020 

pledge. If China’s 40/45 target is considerably 

higher than projected intensity reduction under 

BAU/reference scenarios, it is reasonable to claim 

China’s target not business as usual from the 

prospect of certain models with limited assessment 

criteria. The testing hypothesis is following: Without 

extra measures/efforts, the current trend, while 

leading to steady carbon intensity reduction, would 

take much longer for China to achieve the 40/45 

percent reduction on the 2005 level.  

         

Unless stated otherwise, BAU or Reference scenario 

mentioned in this thesis means the supposed picture 

of carbon emission, economic conditions etc. in the 

absence of climate change policy action. Various 

existing projections on the reference/BAU scenarios 

generated by various integrated assessment models 

and through various organizations are collected. 

(Figure 4, with some selected examples).  

4.1.1. Projections of emission reduction 
between 2005 and 2020 

Most of the models we have studied primarily 

projected emission changes in the period of 

2005-2020 and gave possible annual GDP growth as 

a general background rather than providing the 

carbon intensity data. In some cases, GDP growth 

projections are omitted. To calculate carbon 

intensity data, we need both the CO2 emissions and 

GDP figures. Thus we have to make assumptions on 

the GDP growth to make these results comparable 

with the 40/45 percent carbon intensity reduction 

pledge.  

 

We have selected five models with three 

representative assumptions on the GDP growth 

(Figure 5). One of the assumptions comes from the 

2050 China Energy and CO2 Emissions Report 

(NDRC, 2009). In the other two GDP assumptions, 

we used real annual growth from 2005 to 2010, 

which is 10% on average. From 2011 to 2020, we 

presume the average annual GDP growth at 5.6% 

and 7% respectively. The 7% is the official annual 

prediction for the 12
th

 FYP in the period of 

2011-2015, and we use it throughout the 2010s. The 

number of 5.6% was calculated according to the 

statement of quadrupling GDP in 2020 on the level 

of 2000 (People’s Daily, 2002). Annual GDP rise of 

5.6% in the period of 2011-2020 is the lowest 

growth rate if China is to expand its annual GDP in 

2020 fourfold of 2000 level. Among the three 

assumptions, NDRC predicted the highest GDP 

growth, while the growth of 10% in 2005-2010 and 

5.6% in 2011-2020 could be one of the most 

pessimistic outlooks ever given on China.  

 

 
Figure 5. Projections of Refernce/BAU scenarios of China’s total reduction in 2020 on the 2005 level adjusted to intensity 

reduction with different assumed GDP growth (Amann et al., 2008; Baer et al., 2008; Gang et al., 2009; NDRC, 

2009; Heaps,2012) 

-30% -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 

IPAC 

NERI 

Greenhouse Development Right 

LEAP 

IIASA GAINS Baseline 2005-2010 real 
growth rate; 5.6% 
annual growth in 
2011-2020 

2005-2010 real 
growth rate; 7% 
annual growth in 
2011-2020 

GDP Prediction in 
2050 China Energy 
and CO2 Emisson 
Report 
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In all five BAU/ reference scenarios, the intensity 

reduction rates have negative correlation with the 

GDP growth. The result of IPAC model developed 

by the NDRC show lowest carbon intensity cut in 

2020, while IIASAS GAINS baseline scenario 

suggested higher than 45% reduction under all three 

GDP assumption. Different from other three 

scenarios, the results of NERI have negative 

reduction rates under two GDP assumptions, which 

mean that China’s carbon intensity will increase in 

2020 compared to 2005. 

4.1.2. Projections of carbon intensity 
reduction between 2005 and 2020 

In this section, both the emission and GDP come 

from the simulated BAU/reference scenarios (Figure 

6). As can be seen in the bar chart, we have listed 21 

BAU/Reference scenarios, which projected China’s 

carbon intensity reduction rate in 2020 compared to 

the 2005 level.  

 

The first 13 columns, GTEM, IMAGE etc. are 

results in the reference scenarios of the Energy 

Modeling Forum (EMF 22) participating models 

(Tavoni, 2010). The next six columns come from the 

International Energy Outlook published by EIA and 

World Energy Outlook published by IEA. Half of 

the scenarios foresaw a less than 40% intensity cut. 

Six of the projections showed that China’s 2020 

pledge is just in line with their BAU scenarios. And 

the rest 5 scenarios even predicted that China will 

reduce more than 45% carbon intensity in 2020 

under their BAU assumptions. 

4.2. Historical trends in OECD 
countries 

To gain a better understanding on the relationship 

between energy intensities and development stages, 

an inter-country comparison on the historical energy 

and carbon intensity trajectories was carried out. 

Considering that the decreasing carbon intensity in 

developed countries in last century was long before 

raising of the climate change issues, their carbon 

emission and intensity cuts were mainly byproducts 

of the technology improvement for energy efficiency 

rather than driven by emission control. Thus, the 

paths and paces of the selected industrialized 

countries offer another base to assessment the “time 

additionality” of China’s pledge. In other words, this 

is the analysis to find out how long it took for the 

selected countries including Japan, Germany, U.S. 

and Korea, to reduce carbon intensity from China’s 

2005 level to its targeted level in 2020? If the result, 

which can be seen as a ‘historical reference pace’, is 

more than 15 years, we may hypothesize that China 

pays extra efforts on the same amount of intensity 

reduction.  

 
Figure 6.  Refernce/BAU scenarios of China’s carbon intensity reduction rate in 2020 on the 2005 level (Garnaut, 2008; 

Stern and Jotzo, 2010; Tavoni, 2010; Steckel et al., 2011; World Energy Outlook 2009,2010,2011;International Energy 

Outlook 2009,2010,2011) 
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Figure 7. Carbon intensity in OECD countries since 1971 (IEA, 2011) 
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4.2.1. OECD countries on average 

Assuming China achieve a 40% reduction in 2020 

and it is proportionally to energy related carbon 

dioxide, its carbon intensity in 2005 and 2020 are  

0.63 and 0.38 kg CO2/US dollar (2000 prices using 

purchasing power parities) respectively (IEA, 2011). 

We firstly collected carbon intensity data in all 

OECD countries divided into geographically 

different groups (Figure 7). 

 

OECD countries as a whole just reached China’s 

40% target in 2009. It took them, on average, 27 

years to reach this level of carbon intensity from 

roughly the level China was at in 2005. On the other 

hand, China’s carbon intensity in 2005 was only on 

a par with these developed countries’ in 1982. 

 

OECD countries in Asia and Oceania region, where 

China is located in, had the longest path to achieve 

China’s 2020 target. We only had data back to 1971 

when their intensity already 0.3 kg CO2/US dollar 

(2000 prices) lower than China’s 2005 level. What 

seems very interesting from the trend was that it had 

a rather rapid decline during 1970-80s, but more 

largely stable or even reversed somewhat in the 

1990s and only started to fall gain in the 2000s. 

While they are the earliest reaching China’s 2005 

level, countries including Japan, Korea and Australia 

spent 37 years, on average, to reduce two-fifths of 

their carbon intensity level in 1970.  

 

European countries had the shortest path to decrease 

carbon intensity from 0.63 to 0.38 kg CO2/US dollar 

(2000 prices). It took them roughly 23 years to reach 

such high efficient level. 

 

OECD American countries are the last group of 

developed countries that reached China’s 2005 

carbon intensity. And they have not yet reached the 

2020 level in 2009, when we have the most updated 

data on carbon intensity. So we make an assumption 

that these American countries including United 

States and Canada will decarbonize at the same rate 

as China’s average annual reduction rate from 2010 

to 2020. To be more specific, if China achieves its 

40% target in 2020, it will have an average reduction 

rate of 3.46% in this decade. We then assume OECD 

American countries’ carbon intensity will decrease 

at the same rate in the following years. It is worth 

mentioning that these countries only have a 2.39% 

reduction annually since they reached China’s 2005 

level in 1995. The results show that under such 

faster rate, OECD American countries will only 

reach the 40% target six years ahead of China.  

4.2.2. Cross-Country Comparison  

In this section, OECD countries are geographically 

divided into different groups. Some countries like 

Japan and Australia are sorted into one group 

notwithstanding their very different patterns of 

energy supplies and demands. Although the 

comparison between China and different groups of 

OECD countries has significant implication for 

analyzing China’s additionality, it is more precise 

and meaningful to gauge the gaps between China 

and specific OECD countries with typical energy 

patterns. Thus, we have selected Japan, Republic of 

Korea, Germany and United States of America as 

four typical yardsticks against which to measure 

China’s pledge (Figure 8). 

 

Same as the last section, we have assumed that 

China will reach the lower limit of its pledge in 

2020. United States of America and Republic of 

Korea, who have not yet reached China’s 2020 level 

in 2009, are presumed to decarbonize at the same 

rate China may do in 2010s. 
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Unlike other countries in the line chart, Republic of 

Korea’s carbon intensity trend fluctuated 

dramatically over the last four decades. It reached 

China’s 2005 level quite early in 1972 but soon 

peaked  at 0.73  kg CO2/US dollar (2000 prices) 

in 1980. Then it subsided in the 1980s before 

rallying again in the first half of 1990s. Since 1998, 

the overall trend kept going down despite the mild 

variation in 2000, 2004 and 2009. With the assumed 

reduction rate since 2010, it took Republic of Korea 

32 years, which has more than doubled China’s 

planned pathway. 

 

Since reaching China’s 2005 level in 1995, United 

States of America shared a similar trajectory with 

Korea in the following years. While its carbon 

intensity was slightly higher than Korea at first, their 

trends converged in 2009 and reached China’s 2020 

level in the same year of 2014. It took Americans 19 

years to go through the way.  

 

Germany spent 17 years to finish the work. Its trend 

can be separated into two phase. Before the 

reunification in 1990, its carbon intensity added up 

from western and eastern Germany kept plunging. 

After 1991, the decarbonizing rate became slower 

with minor fluctuation. 

 

Japanese did the best among four selected OECD 

countries. They were already slightly better off in 

1971 than Chinese in 2005. It took them maybe 

slightly more than 15 years to achieve China’s 2020 

level, which is almost the same pace as the Chinese 

pledge. 

4.3. China’s absolute emission 
beyond 2020 

The IPCC called for reducing GHG emissions at 

least by half before 2050. To reach this goal, the 

IPCC 4
th

 assessment report suggested that the global 

GHG shall peak no later than 2020 and decrease 

afterwards (IPCC, 2007). Considering the fact that 

China’s pledge is ‘intensity’ based, even China 

meets the 40/45 percent intensity reduction targets; 

it is not an assurance on the reduction of the 

absolute emission reduction. In other words, if 

China’s carbon emission trend since the financial 

crisis will continue, then China will still meet the 

carbon intensity reduction targets, but its absolute 

emission by the 2020 will reach an alarmingly high 

amount, depleting a significant share of the total 

global carbon budget for reaching the 2 degree 

target. This is the “paradox” and biggest uncertainty 

concerning China’s intensity based pledge. 

 

To clarify above uncertainty as well as the second 

part of my research question, we need to look into 

the absolute carbon emission beyond 2020 pledge, 

which is the crucial indicator for the climate change 

mitigation from a global prospect. Thus we have 

collected possible trajectories from 22 scenarios 

between 2020 and 2030 (Figure 9) in order to see 

when and how China’s total emission can peak, 

which is the biggest uncertainty in China’s intensity 

based pledge. 

 

In this part of study, we presented scenarios more 

than just BAU. Other aggressive low-carbon 

scenarios, which aim at realizing the 2 degree future, 

are presented to underline inadequacy inherited in 

China’s current actions. 

 

 
 

Figure 8. Cross-country comparison of carbon intensity trend (IEA, 2011) 
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Figure 9. Predicted China’s carbon dioxide emission (GtCO2) 2020-2030 (Baer et al., 2008; Blanford et al., 2008; 

Garnaut, 2008; Guan et al., 2008; Joerss et al., 2009; NDRC, 2009; IEA, 2010b; World Energy Outlook 2011, 

2011; EIA, 2011a; Heaps,2012) 
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We chose the time period of only ten years after 

2020 because 2030 is a more practical date for 

international climate change negotiations to set the 

cap on greenhouse gas emissions for the world’s two 

largest emitters in a legally binding agreement 

(Zhang, 2010a). On one hand, China’s annual 

emissions will grow in spite of the 2020 pledge. As a 

non-Annex I country, it is still unclear when China 

will join a binding agreement on emission reduction, 

maybe not out of the question before 2020. There is 

no official reduction target raised beyond the 2020 

pledge yet. On the other hand, since the U.S. 

withdrew from the Kyoto Protocol and the new 

reduction pledge subject to ratification, there is no 

nation-wide preparation for emission cut in recent 

years in the world’s biggest economy. So it is more 

difficult for U.S., compared to European Union and 

other developed countries, to fully implement 

mitigation policies within less than ten years 

(Zhang, 2010b).  

4.3.1. Business as usual after 2020 

There are ten BAU/reference scenarios all together 

in Figure 9, namely Garnaut’s, McKinsey Baseline, 

IIASA GAINS Baseline, Green Development Right, 

LEAP, Blanford’s, Guan’s, 2050 Energy and CO2 

Emissions Report: Reference, IEA 2011 Current 

Policies, IEA 2010 Current Policies, and EIA 2011 

Reference. Some of them are the same projections 

cited in previous sections; others are given here to 

provide a broader comparison.  

 

The results from Garnaut’s report (2008) is the  

highest BAU projection in 2030. Among all 22 



14 

 

scenarios, it is one of the two exceeded 20 GtCO2. It 

is roughly twice the amount of other BAU scenarios.  

 

Most of the BAU/reference predicted China’s 

emission in a range between 10 and 15 GtCO2 under 

various conditions. For example, McKinsey’s 

Baseline scenario in 2030 is 14.5 GtCO2. It 

presumed the continuation of existing energy 

policies and targets since 2009 along with constant 

technology development (Joerss et al., 2009). In 

Greenhouse Development Right (GDR) BAU 

scenario, China’s emission will be 11.96 GtCO2. 

Different from others, GDR’s method allocated 

global total emissions quota among all countries, 

which is based on the responsibility and capacity 

indicator (RCI) and distinguish differences between 

the rich big emitters and under-developing countries 

(Baer et al., 2008). 

4.3.2. Other trajectories after 2020 

McKinsey’s Frozen Technology scenario presented 

the highest possible emission in 2030. Yet, it is not a  

BAU scenario like what are previously mentioned. 

In this scenario, they assumed technologies and their 

penetration frozen at 2005 level (Joerss et al., 2009), 

which will not be a realistic situation. It set a 

benchmark rather than a projection for the 

comparison. On the other hand, McKinsey’s 

abatement scenario recommended potential 

abatement in China’s several sectors. With the 

precondition of implementation as early as 2010, 

they predicted only 7.8 GtCO2 emissions in 2030 

(Joerss et al., 2009) , which is but half amount of its 

baseline scenario. 

 

Predictions with assumed moderate mitigation 

policies, such as the IEA’s new policies scenario and 

2050 Energy and CO2 Emissions Report: 

(Enhanced) Low carbon scenario, lowered the 

amount of total emission compared to BAU 

scenarios. Yet they still displayed a slight raising 

trend till 2030. In other words, this group of 

scenarios foresaw no peaking of emissions prior to 

2030. 

 

IEA’s 450 ppm scenarios in 2010 and 2011, as well 

as Greenhouse Development Right (GDR) 2-degree 

pathway required China to peak its emission before 

2020. These three scenarios indicated that China’s 

total emissions were subsiding throughout the 

decade since 2020. According to data not presented 

in Figure 8, GDR 2-degree pathway presumed 

China’s peaking time around 2015. It also expected 

the lowest emissions in 2030 among 22 scenarios, 

which is approximately on a par with China’s 2005 

level. 
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5. Discussion 

5.1. Interpreting the existing 
projections 

Existing BAU/reference projections on China’s 

carbon intensity in 2020 presented in the results may 

provide us with several clues on its 2020 pledges. 

Firstly, the uncertainty of China’s GDP growth in 

the next decade may significantly influence the 

energy and carbon intensity trajectory. Secondly, 

some frequently cited results provided by authorities 

like IEA and EIA may be misinterpreted. Thirdly, 

there could be some level of additionality in China’s 

2020 pledge from the general picture of our results, 

which also depend on the way we interpret different 

scenarios. 

5.1.1. Uncertainty of GDP growth for 
China’s 2020 carbon intensity 
target 

Predictions on GDP are usually in the form of 

annual growth rate. For the term longer than five 

years, the prediction may be seen as a general 

prospect rather than accurate forecast since 

economists can barely predict GDP growth in the 

next quarter.  

 

From Figure 5 we can see that change of GDP 

expectations in the next ten years will substantially 

influence the results from IPAC, GDR, and LEAP. 

Assuming the GDP growth according to the 2050 

China Energy and CO2 Emission Report, all three 

scenarios will reach or exceed the upper limit of 

China’s pledge. It is worth mentioning that the total 

emission BAU prediction from IPAC model also 

came from the 2050 report mentioned above. This 

report was composed by National Development and 

Reform Commission (NDRC, 2009), which can be 

seen as an official research results from Chinese 

government. Lowering the GDP growth to a 7% 

growth in ten years, we see the results from IPAC 

and GDR falling out of the lower limit of the pledge. 

With 5.6% annual growth for the coming decade, all 

three scenarios are below 40% in 2020, bestowing 

additionality upon China’s commitment. 

 

The official BAU prediction on the GDP growth 

from NDRC seemed too optimistic compared to the 

other two sets of data considering the recent gloomy 

expectation of China’s economic growth. Despite 

the fact that decreasing domestic products would, to 

some extent, lower the overall energy demand, the 

lock-in effect of energy sectors would still keep 

China’s energy demand at a high level. On the other 

hand, China’s possible economic hard-landing in the 

coming years could spare the government less 

expense on the 2020 goal. 

 

China’s carbon intensity trajectory would very much 

depend on its GDP growth. While there are various 

projections, tremendous uncertainties remain. 

Furthermore, as will be discussed more in the 

following sections, the uncertainty of GDP growth 

will also translate into the uncertainty of the 

absolute carbon emissions in China for the coming 

years, which plays a critical role is reshaping the 

global path for climate change mitigation. 

5.1.2. Interpretations of IEA and EIA 
scenarios 

International Energy Agency (IEA) and Energy 

Information Administration (EIA) are the two most 

frequently quoted energy information agencies 

among all the scenarios presented in Figure 5. Thus 

we have referred to last’s three years projections in 

both authorities’ annual reports. 

 

BAU scenarios from IEA and EIA predicted China’s 

intensity reduction rate in 2020 in last three years 

averaged at 40.66% and 44.89% respectively. Their 

results were usually cited as the proof that China’s 

2020 pledge is going to happen anyway. Yet the 

implementations of their BAU concepts are 

substantially different from what we previously 

described. Ideally, their BAU scenarios aimed to 

“reflect existing policies and their continuation into 

the future, but exclude possible or potential future 

policies” (Jotzo, 2010). 

 

IEA has changed the name of reference scenario into 

Current Policies scenarios since 2010 (IEA, 2010b). 

In the most recent reports they featured the New 

Policies Scenarios as the central scenario. Different 

from the Current Policies Scenarios, it presumed the 

government’s most update pledges will be 

“implemented in a cautious manner” (IEA, 2011). 

The 450 Scenarios is the most decarbonized one 

among all three projections. It assumed further solid 

policy implementation to mitigate climate change. 

The scenario anticipated the peak of global carbon 

dioxide emissions before 2020 and subsiding to 21.6 

Gt around 2035. The key policy assumptions in 

different scenarios from the IEA 2011 report (Table 

2) showed that it has already taken the 2020 pledge 

into consideration in the New Policies Scenario. It is 

also noteworthy that they deemed the 45% reduction 

of carbon intensity as part of the 450 Scenario. All 

these assumptions can be interpreted as IEA’s 

recognition of the additionality in China’s 2020 

pledge.  

 

IEA assumes GDP growth remains unchanged 

among the three scenarios while they admitted that 

“the higher energy prices in the Current Policies 

Scenario could have at least temporary adverse 

impacts on GDP growth”(IEA, 2011). In this case, 

the GDP growth could be overestimated in their 

BAU projection, known as the Current Policies 
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Scenario. Then China’s carbon intensity in 2020 

could be higher compared to the current result. 

Consequently, its carbon intensity reduction rate, 

which is just around the lower limit of China’s 

pledge, could be adjusted to the level below 40% in 

their Current Policies Scenario.  

 

Table 2. Selected key policy assumptions by scenario 

(IEA, 2011) 

 

The “Reference Case” in EIA’s annually released 

International Energy Outlook only considered 

current laws and policies while it did not assume 

that China’s 2020 goal would be met (EIA, 2011a). 

Unlike the Current Policies Scenario from IEA, it 

does not anticipate policies that have not been 

implemented.  

 

One of the assumptions in EIA’s GHG model may 

lead to considerable inaccuracy in China’s case. It 

assumed that “carbon content and combustion 

factors are universally the same as the ones 

employed in the United States”(EIA, 2011b). This 

assumption make sense when the energy combustion 

technology in two countries are on the same level, 

otherwise one country’s lower energy efficiency will 

cause higher total demand and larger CO2 emissions. 

There is not much difference in the combustion of 

petroleum or gas since the final consumers, such as 

cars, of these final products are universally similar. 

In the case of coal combustion, the technology gap 

is too huge to ignore. Firstly, the coal-fired power 

plants in China are still heavily relying on traditional 

technology. The next generation of low emission 

technology like Integrated Gasification Combined 

Cycle (IGCC), which is widely applied in U.S., is 

still immature in China. There is merely ongoing 

plans to build a IGCC demonstration plant (Gambhir 

et al., 2012). Secondly, there is even lower efficient 

use of coal in China’s rural areas. Electricity is not 

available in these places and coal is people’s main 

energy source for heating. Last but not least, coal 

accounts for more than 70% of China’s total energy 

consumption, which further enlarge the gap between 

the scenario assumption and reality in China. If this 

assumption in EIA’s model is adjusted to China’s 

situation, its absolute emission in EIA’s reference 

case will be systematically higher.  

 

Every scenario has its insufficiency with certain 

assumption and simplification of the reality. That is 

why, in this thesis, we try to look into scenarios 

from different researchers as many as possible. The 

scenarios from IEA and EIA were usually not 

properly explained when used as references. With 

the above clarification, we may better understand 

the two most cited authorities’ projections before we 

can discuss the additionality in China’s pledge.  

5.1.3. Other BAU scenarios  

For the eleven scenarios in Figure 6 that projected 

higher than pledged emissions, their average 

abatement was 26.4%, while the other half showed 

an average 47.8% reduction rate. Three of the lowest 

BAU results, namely Stern and Jotzo’s, ReMIND-R, 

and Garnaut’s, predicted results even lower than 

25%.  

 

Stern and Jotzo (2010) projected the BAU scenarios 

in the prospect of technology improvement. It 

presumed China will converge to U.S. underlying 

energy efficiency level, which is similarly to our 

cross-country comparison study. Their key 

assumption was that the rate of convergence from 

2008 to 2020 is equal to the most updated rate in 

2010, and the latest rate of technical progress in 

United States (2.3% p.a.) also carries on till 2020. 

Such simplification did not consider that potential 

policy support like carbon pricing may cause faster 

technology advancement before 2020, which may 

raise China’s BAU reduction rate if this happened in 

either China or America. 

 

BAU scenario in ReMIND-R model has depicted 

“plausible future developments in a world without 

climate mitigation policy” (Steckel et al., 2011). 

Unlike scenarios presented by IEA or EIA, it 

presumes perfect foresight by all economic agents 

and considers no barrier between inter-temporal 

trade relations and capital movements. It can be seen 

as a scenario of “cost-optimal transition towards a 

low-carbon energy system” (Steckel et al., 2011). 

With the optimizing behaviors, it projected China’s 

CO2 emissions growth at 3.9% annually from 

2005-2030, which is considerably higher than 

others’ prediction like IEA’s Current Policies 

Scenario. 

 

In Garnaut’s Climate Change Review (Garnaut, 

2008), BAU scenario predicted a merely 21.2% 

intensity reduction in 2020 with the GDP growth of 

9% in the period of 2006-2015 and 6.8% in the last 

five years. In their BAU scenario, there were three 

underlying main drives of China’s emissions. First, 
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China’s economy will continue to thrive within the 

next two decades. Second, China’s economic growth 

will continue to be energy intensive. Third, China is 

more likely to depend heavily on coal without any 

progress towards sequestration of emissions from 

coal combustion. With their suggested rule of 

emissions entitlements, which increases at half the 

rate of its GDP growth, China is supposed to make a 

35% intensity reduction in the period of 2005-2020 

(Garnaut, 2011). In other words, China may even do 

more than enough in its 2020 pledge according to 

Garnaut’s estimation.  

 

While projections above can be typical among those 

projected China’s BAU scenario lower than 40% 

abatement in 2020, all of them have limitations to 

truly reflect the reality, as any models have. The 

overall balance of scenarios that projected below or 

above 40% reduction (11:11) in Figure 6 can also be 

changed if some results are excluded intentionally. 

The point in this section is not about which scenario 

is better, but any projections shall be fully 

comprehended before used as an argument for or 

against China’s pledge. BAU scenarios such as those 

from EMF 22 were not further discussed because I 

cannot find literature on rationale and assumptions 

in several of these models.  

5.2. Cross-country historical 
comparison 

Comparing the historical trends in OECD countries 

with China’s committed decarbonization path, we 

can find out that China’s 2020 pledge almost double 

the decarbonization pace as the average OECD 

countries did in the past. It is not so convenient for 

any developing countries to cut even the carbon 

intensity by 40% within 15 years. Yet the 

additionality is not too significant when comparing 

with selected countries with either similar culture 

background or economic scale. We have looked for 

some historical records of related policies in the 

time when these OECD countries went through the 

same level of intensity cut
3
. There are certain 

lessons Chinese can learn from these countries.  

5.2.1. OECD countries’ historical path 

Carbon intensity in OECD countries over the past 40 

years kept decreasing even before the raising of 

climate change issue, which could mainly be driven 

by the energy efficiency improvement. OECD 

countries in different regions had quite different 

decarbonization pathway. It suggested that carbon 

intensity, to some extent, is related to geographical 

                                                           
3

 All these historical records of policies and 

measures in the four selected countries came from 

reports, Energy Policies of IEA countries (IEA, 

2006, 2007a, 2007b, 2008) if not otherwise 

referenced. 

location. Geographical factors like sunlight hours 

and average temperature closely correlate with 

certain region’s energy consumption pattern. For 

example, solar energy is not the most suitable 

renewable energy for countries like Sweden. When 

the country enjoys most of its sunshine in summer 

time, it barely requires indoors heating. The winter 

is just the other way around when there is not much 

sunlight and huge demands for heating. So carbon 

intensity, partly the outcomes of the country’s 

energy consumption patterns and energy mix, is 

converged among geographically different groups of 

countries. 

 

The average carbon intensity of different countries is 

calculated by countries’ total CO2 emissions divided 

by sum of countries’ GDP. But energy and climate 

change policies in different countries can be quite 

different. In this regard, the results can be 

misleading as average carbon intensity trend cannot 

reflect outcomes of certain country’s energy 

efficiency and climate change mitigation policies. 

 

The four selected countries, Japan, Germany, Korea, 

and U.S., on average, has spent about 21 years to 

achieve what China has pledged to do within 15 

years (i.e., 40/45 percent reduction between 2005 

and 2020). The present carbon intensities of Japan 

and Germany are already lower than China’s 2020 

target level, while their paths were driven by 

different stimulus in different era. Korea and the 

U.S. had not reached China’s pledged carbon 

intensity as both of the countries do not have 

definite policies aiming at absolute emission 

abatement. Energy mix of these countries bears little 

resemblance to China. More diversified energy mix 

in these industrialized countries could lead to 

inaccuracy when comparing their carbon intensity 

trajectories. For example, countries that less relying 

on coal are intrinsically less carbon intensive. These 

countries can reach China’s target with less effort. 

Thus results in this section can only be seen as a 

benchmark to assess China’s pledge. 

5.2.2. Japan’s experience 

With very limited domestic natural resources, this 

small island country has achieved the highest energy 

efficiency among OECD countries. In 1970s, its 

carbon intensity was already lower than China’s 

current level, and they succeeded in reducing 40% 

of 1970’s level within 15 years. It was during the 

same time that Japan’s economy boomed just like 

what China is doing today. China could learn much 

from their neighbor’s experience. So we looked back 

as early as 1970 to see what energy policies they 

adopted in its golden age to keep the energy 

efficiency improving and carbon intensity declining. 

 

Japan’s energy policies were not driven by the 

climate change mitigation in the 1970s. It was the 
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first oil shock in 1973 drove Japanese to further 

improve the energy intensity. Since 1970s, they 

managed to cut the energy intensity by 30%. Yet the 

trend has leveled out somewhat after the mid-1980s. 

During the same time, energy efficiency of Japan’s 

major industrial sectors has become one of the 

highest among all countries. In terms of energy 

consumption per unit of production, it has improved 

by 20% in the steel industry, 52% in the 

paper-making industry, 24% in the cement industry 

and 29% in the chemical industry from 1973 to 

2005.  

 

Another impressive improvement driven by oil 

shock in the 1970s was its diversification of energy 

source in electricity generation. Before then, more 

than half of electricity was generated from oil, 

which was gradually replaced by nuclear and natural 

gas in the next 15 years. Besides, the hydro power 

was also increased since the 1970s. But it has not 

done so following the pace of overall expansion of 

electricity generation. The proportion of renewable 

energy actually declined from more than 20% in the 

1970s to about 10% in the 1990s. In the year of 

1986, which is the same year Japan has achieved the 

level as China’s 40% pledge in 2020, none-fossil 

fuel including renewable and nuclear power 

constituted more or less half of the total energy 

source in electricity generation. 

 

Japan is a world leader in the field of sustainable 

energy policies. We have found its related policies in 

three fields to realize the above progress in 1970s 

and 1980s. Firstly, Japan started to levy energy taxes 

after the end of World War II. For example, tax on 

gasoline, delivered gas oil and liquefied petroleum 

gas (LPG) for use in the fuel tanks of cars has been 

introduced continuously from late 1940s to 

mid-1960s. Revenues from these taxes were used to 

support road construction. The power source 

development tax was established in 1974 to secure 

financial resources. These revenues mainly 

contribute to improve power source locations, 

research and development on non-fossil fuels like 

nuclear power. Secondly, legislation such as the 

1979 Act on the Rational Use of Energy built up the 

cornerstone for constant energy efficiency progress. 

For households, energy efficiency requirements 

were first introduced for fridge, air-conditioners and 

cars in 1979. Meanwhile, industries were also 

constrained by energy efficiency requirements under 

the same Act. Thirdly, energy R&D is always one of 

the prime concerns of Japanese government. The 

Ministry of Economy, Trade and Industry of Japan 

founded a semi-governmental organization named 

The New Energy and Industrial Technology 

Development Organization (NEDO) in 1980. 

NEDO’s responsibilities include “development and 

promotion of new energy and energy conservation 

technologies, management of industrial technology 

R&D projects, and international co-operation 

involving joint R&D and information exchange”. 

5.2.3. Germany’s experience 

Among four selected countries, Germany is the 

other one that has already gone through 40% 

reduction level. There is certain similarity between 

China and Germany. The economic restructuring 

and modernization in China after the reform and 

opening up 30 years ago also happened in the 

eastern Germany after its reunification in 1990.  

 

Germany’s energy intensity has been constantly 

declining over time. During the time from 1990 to 

2005, the average annual improvement was 1.8%, 

much of which can be attributed to shrinking 

consumption in the transport sector. While total final 

consumption of energy has expanded by more than 

8% since 2000, absolute consumption in the 

transport sector has declined by around 6%, a 

trajectory found in very few industrialized countries. 

Aside from efficiency improvement in vehicle, the 

consumption decline can also be attributed to an 

accelerated tendency away from gasoline-fuelled 

and towards diesel-fuelled vehicles. Besides, 

biofuels’ share by energy content in total transport 

fuel consumption crept up from 0.5% in 2000 to 

4.5% in 2005. 

 

Similar to China, Germany has a rich domestic coal 

reserve. And its energy supply used to heavily 

depend on coal. In 1985, the share of coal in 

Germany’s total primary energy supply (TPES) was 

40%. It fell to less than a quarter when they reached 

China’s 40% reduction level in 2005. Currently, 

subsidies are still the main drive in Germany’s hard 

coal industry. In 2007, the annual subsidy was twice 

of the world market price on the same amount of 

coal. German government is gradually phasing out 

the coal subsidies and plans to totally eliminate it by 

2018, which lead to the mine closures and 

decreasing output. Meanwhile, ignite and coal-fired 

power plant efficiency is constantly elevating in 

Germany. As a result, total consumption of hard coal 

and lignite fell by 20% and 50% respectively, 

between 1990 and 2005.  

 

Germany also enacted electricity feed-in legislation 

as early as 1990 to foster renewable energy in the 

electricity sector. Under the law, power companies 

were obliged to compensate 65% to 85% of the 

retail price of electricity to the renewable producers.  

 

Since its reunification, energy-related CO2 emissions 

declined by more than 12% between 1990 and 2004. 

This is largely due to the decreasing emissions from 

coal-fired plants, which have dropped by about 

one-third since 1990. Some of these declines were 

balanced out by growth in emissions from natural 
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gas combustion, which increased by nearly 57% 

during the time. 

 

Germany has ratified the United Nations Framework 

Convention on Climate Change (UNFCCC) in 1993 

and the Kyoto Protocol in 2002. According to the 

agreement, Germany will reduce its GHG emissions 

by 21% before 2012 compared with the base year 

1990. This can be seen as the main drive for its 

decreasing carbon intensity between 1988 and 2005, 

which China may go through from 2005 to 2020. 

Germany’s effort to achieve its goal can be 

concluded into two categories, which are abatement 

from the EU Emissions Trading Scheme (EU-ETS) 

and abatement from the transport, household and 

small business sectors, including cross-sectoral areas 

like buildings.  

 

Apart from government oriented policies, voluntary 

pledges from industry have also become one of the 

approaches for CO2 emissions abatement and hence 

to a large amount for raising energy efficiency in the 

industrial sector. According to updated agreements 

of 1995, 1996, 2000 and 2002, industry pledged to 

reduce CO2 emissions by several measures, many of 

which are correlated with advance in energy 

efficiency. 

5.2.4. Korea’s experience  

Korea shares a similar cultural background with 

China and also experienced economic take-off 

decades ago. It is one of the parties to the UNFCCC 

and ratified the Kyoto Protocol. Yet unlike most of 

the OECD countries, Korea is classified as 

non-Annex I country and do not have mandatory 

target under the protocol. Korea’s absolute 

emissions have more than doubled since 1990. Its 

economy dipped in the late 1990 and recovered 

swiftly in the new century. Paralleled with economic 

fluctuation, CO2 emissions dropped dramatically in 

1997 and rebounded above the 1997 level within 

three years. When Korea reached China’s 2005 

intensity level in 1972, residential sector was the 

largest CO2-emitting sector, followed by the 

manufacturing industry and construction. In 2004, 

electricity and heat sector (40%) as well as transport 

sector (21%) had the largest shares of emissions. 

The Korean government has approached the task of 

energy-related GHG emissions reduction in these 

two key sectors. The policies and measures for the 

energy and transport sectors are summarized in 

Table 3.  

 

Korea is also making consecutive national plans, 

like China’s Five Year Plan, to mitigate the climate 

change issue. In Korea’s Third Comprehensive Plan 

(2005 to 2007), about 90 tasks were undertaken in 

the three major sectors with the involvement of 19 

government departments and other relevant 

organizations. The executions of these tasks are 

directly under supervision of the Prime Minister’s 

office. The first and second national plans led to a 

slow down of the GHG emissions growth rate from 

5% to 3% per year between 2002 and 2004. 

5.2.5. U.S.A.’s experience 

China and USA, together account for about 40% of 

world’s total emissions in 2011, are seen as the two 

decisive players in the international climate change 

negotiation. Yet both of them have not yet pledged 

to reduce country’s absolute emissions. Emissions of 

energy-related CO2 in United States of America 

increased by 22% between 1990 and 2005, while its 

carbon intensity has declined by 21% since 1990. 

 
Table 3. Summary of Korea’s policies and measures to reduce emissions (IEA, 2006) 
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During the same time, CO2 emissions related to total 

primary energy supply have only modestly 

decreased by 1.2%, which suggest that America’s 

energy supply has not become impressively more 

efficient and intensity abatement can be the results 

of structural change and efficiency improvement on 

the demand side. On the sectoral level, there has 

been an alteration over the past two decades from 

emissions in stationary end users to emissions from 

electricity generation. 

 

To address the challenge of the climate change, U.S. 

government is making policies focusing on reducing 

GHG emissions intensity of the country’s GDP, 

which is in the same form as China’s pledge. In spite 

of the lack of a target on the federal level, several 

States have set state-level GHG emission targets. 

According to the Cancún Agreements, the United 

States did pledge to reduce their GHG absolute 

emissions by 17% from 2005 levels before 2020 

(Elzen et al., 2012). Yet the commitment is 

conditional on passing legislation at home. 

 

In 2002, the American government has set a goal of 

18% abatement of GHG intensity in a decade. A 

historical record of 24.7% decline between 1990 and 

2005 made this target quite achievable. 

Nevertheless, a BAU projection at the time this 

target was set implied a 14% fall of GHG intensity 

between 2002 and 2012. 

 

To achieve the target, the U.S. government has made 

policies primarily in favor of the energy R&D for 

cleaner energy supply technologies like carbon 

capture and storage, non-fossil fuel including the 

renewable and nuclear energy. On the other hand, 

there are also support programmes on the improving 

end-use energy-efficient technologies. There                

are measures including a few market deployment 

support programmes, loan guarantees and 

production tax credit to motivate implementation of 

low-carbon technologies. For nuclear power plant 

projects, the authority also provides regulatory risk 

insurance. 

 

So far there is neither federal policy to embed the 

cost of CO2 emissions into the price of fossil fuels 

(carbon tax) nor carbon trading mechanism exists on 

a national level. But an implicit value for CO2 is 

provided by the tax credits for renewable energy and 

new nuclear production. To be more specific, the 

compensation were set at 15 USD/MWh as there 

were roughly 0.61 tons of CO2 emission per MWh 

of power generated, which means the embedded 

value equated to 24.5 USD/ton CO2. Besides, there 

exist state-level cap-and-trade programmes within 

America. For example, the Regional Greenhouse 

Gas Initiative (RGGI) is the first of such 

programme, which includes ten of the east coast 

states. By 2020, the program is assumed to achieve a 

35% emissions abatement compared to a BAU 

scenario (Ferrey, 2010). 

5.3. Peaking in Peking time 
The most cost-effective emission pathways for the 

world in line with a ‘likely’ chance of realizing the 2 

degree goal, approximately, peak before 2020, and, 

by that year, have emission levels of around 44Gt 

CO2 eq (UNEP, 2011). From a global prospect, 

China’s 2020 pledge is not sufficient enough despite 

the fact that there is certain additionality in its 

abatement effort. This is the same paradox for many 

other countries. With all the pledges of all countries 

implemented under strict accounting rules, there still 

will be a gap of 7 to 11Gt CO2 eq. between the 

results and the median levels consistent with a likely 

chance of achieving the 2 degree target (Elzen et al., 

2012). In this regard, the longer term beyond 2020 

can be more crucial for the achieving of 2 degree 

climate target. Assuming the higher mitigation costs 

and future technology advancing throughout this 

century, emissions of up to 51 GtCO2 eq in 2020 

could still, with a medium chance, lead to a 2 degree 

world (Elzen et al., 2012). 

5.3.1. China’s emission gap to the 2 
degree climate target 

Among China’s absolute emission projections in 4.3, 

three of the scenarios have indicated possible path 

towards 2 degree/450 ppm target, namely 2010 and 

2011 IEA 450 Scenarios, and Greenhouse 

Development Right (GDR) 2-degree pathway. Their 

predicted absolute CO2 emissions in 2020 average 

8.358 Gt. Compared to the latest IEA New Policies 

Scenario, which has taken 2020 pledge into 

consideration, the 2 degree emission trajectory is 

about 1.5 Gt lower than China’s pledge. If China 

sticks to the current pathway till 2030 according to 

the New Policies Scenario, the gap will be further 

widened to more than 4 Gt.   

 

What can China do now and beyond 2020 if the gap 

is to be narrowed sooner rather than later? Apart 

from the already existed measures, Steckel et 

al.(2011) suggested that the renewable energy will 

play a key role in their 450 ppm scenario, while 

CCS and reducing coal consumption will be 

fundamental in the 400 ppm low stabilization 

scenario. It is noteworthy that these analyses were 

based on the crucial precondition of immediate 

action on climate change mitigation and the 

presence of an international carbon market.  

 

Report from Grantham Institute for Climate Change 

(Gambhir et al., 2012) offered potential technology 

penetrations before 2050. According to their study, 

the decarbonization of electricity sector will be the 

largest part of the latent CO2 savings, while it is still 

unclear which low-emission technologies, such as 
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CCS, solar panel and nuclear, will become the most 

cost effective one beyond 2020. Energy efficiency 

elevation throughout China’s industry, transport and 

building sectors will also be crucial to narrow the 

current emission gap. In addition, several 

low-emission technologies mentioned above will not 

become economically viable without policy support. 

A reasonable long-term carbon price will be 

increasingly essential beyond 2020. 

5.3.2. China’s peaking time  

There are other concerns aside from how China can 

narrow down the gap to the 2 degree target. The 

biggest uncertainty lies in the intensity based pledge 

is the peak year of its absolute emissions. With less 

than eight years to 2020, it is more important to 

figure out when China, as the key player in climate 

change mitigation, can peak its absolute emission, 

and how much time left for China as well as the 

world to realize the 2 degree target. 

 

As can be seen from Figure 9, China’s emissions in 

three 2 degree/450 ppm scenarios from IEA and 

GDR in 2030 are the lowest among all scenarios, 

averaging at 5.74 Gt. More importantly, they all 

showed an ebbing trend between 2020 and 2030, 

which implied the peak of emission before 2020. 

After assessing China’s difficulty in realizing its 

2020 intensity target, it seems unrealistic for China 

to peak its absolute emission before 2020 according 

to scenarios of IEA and GDR. In spite of the existed 

challenges for developing countries like China, the 

mounting urgency of the climate change issue shall 

still be addressed to call for further actions from 

countries including China.  

 

The ‘lock-in’ effect in energy sectors is the major 

reason to address the issue as early as possible. 

Emitting sources that are currently in place or under 

construction can be deemed as ‘locked-in’, as they 

cannot be phased out without “stringent policy 

intervention to force premature retirements, costly 

refurbishment and retrofitting or letting capacity lie 

idle to become economic”(IEA, 2011). If there is no 

significant deviation from the New Polices Scenario 

in 2015, 95% percent of cumulative global 

emissions budget till 2035 for a 450 ppm scenario 

will be drained by the locked-in facilities 

worldwide. Ultimately, all of the headroom till 2035 

for emissions will be taken up by plants and 

facilities in place or under construction in the year of 

2017 (IEA, 2011). 

 

With such a pressing timetable, it would occur to the 

common that more than current pledge and policies 

are expected from countries like China, as it has 

both the responsibility and capability. The first and 

foremost step for China could be the peak of its 

absolute emissions. IEA and GDR scenarios showed 

that China shall peak its emission earlier than 2020. 

According to other scenarios (Table 4), the peak 

year of China’s absolute emissions varies from 2017 

to 2030. In general, the trajectory must subside no 

later than 2030.   

 
Table 4. China’s peaking time in different abatement scenarios (Gambhir et al., 2012) 
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6. Summary 
To answer the first part of my research question, 

“does China’s carbon intensity reduction target have 

the so-called “additionality” for the climate change 

issue?”, I have done some analysis on various 

existing projections of China’s BAU scenarios in the 

period of 2005-2020 as the first step. Then I have 

selected OECD countries, including Japan, Korea, 

Germany and the U.S. as the benchmark to compare 

with China’s pledged decarbonization pathway till 

2020. 

 

From the existing projections on China’s BAU 

scenarios to year 2020, there are no unanimous 

conclusions showing whether there is additionality 

in China’s pledge to reduce 40-45% of its carbon 

intensity between 2005 and 2020. Further analysis 

on selected results, we have found scenarios of two 

frequently cited authorities, namely IEA and EIA 

are, to some extent, misinterpreted regarding their 

references/current policies scenarios. Their 

predictions were largely based on existed policies, 

which make them not the real BAU scenarios in the 

sense of plausible trajectory without climate change 

policies. On the other hand, several more typical 

BAU scenarios, like Garnaut’s and ReMIND-R, 

predicted much lower than 40% reduction rate in the 

period of 2005-2020, while there were certain 

inaccuracy in the models, which is inevitable for any 

predictions. 

 

China’s pledge seems achievable with certain extra 

effort, comparing with historical pathways of several 

OECD countries, including U.S., Japan, Germany, 

and Korea. The average period in these four 

countries to go through China’s abatement path is 

around 21 years. The additional six years compared 

to China’s 15 years period can be seen as the amount 

of additionality embedded in China’s pledge. 

 

My study, in general, has recognized the 

additionality of China’s pledge, while the limitation 

is the lack of empirical evidence to support my 

conclusion. The whole thesis is based on literature 

overview and no first-hand data were available for 

the research. Another insufficiency is the 

cross-country comparison cannot be more 

comprehensive with limited time and sources. 

Decomposition analysis can be applied in this 

comparison in future researches to highlight more 

specific heterogeneous and homogeneous factors 

between different countries. 

 

For the second part of my research question, “what 

is the biggest uncertainty inherited in China’s 

intensity based pledge?”, my discussions mainly 

focus on the projections of China’s absolute 

emissions trajectories from 2020 to 2030 so that we 

may look beyond the uncertainty of intensity 

reduction. 

 

From a global prospect, China’s pledge is 

impressive but not enough to address the climate 

change issue. The biggest uncertainty inherited in 

the pledge is the uncertain peak year of absolute 

emissions. China’s absolute emissions will keep 

growing in spite of the achievement in the 40/45 

target by 2020. As the biggest GHG emitter in the 

coming decades, China needs to do more than 

setting carbon intensity targets. The critical 

movement beyond 2020 pledge is to peak its 

absolute CO2 emissions as early as possible. Such a 

challenging target shall be set as no later than 2030 

according to our overviews on the related literature. 

 

In this part of my thesis, I made discussions on the 

uncertainty of China’s pledge and tried to underline 

China’s further actions are urgently required to limit 

the global temperature increasing less than two 

degrees. Considering the urgency of the climate 

change issue, I chose the projection period till 2030. 

Future researches may analyze projections till 2050, 

which is another critical deadline for long term 

mitigation.  
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Appendix I: List of scenarios 
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Appendix II: Glossary  

 

BAU: business as usual  

CCS: Carbon capture and storage 

CDM: Clean Development Mechanism 

EIA: Energy Information Administration 

EMF: Energy Modeling Forum 

FYP: five-year plan 

GDP: Gross Domestic Product 

GDR: Greenhouse Development Right     

GHG: green-house gas 

IEA: International Energy Agency 

IGCC: Integrated Gasification Combined Cycle  

IMF: International Monetary Fund 

IPCC: Intergovernmental Panel on Climate Change 

MER: market exchange rate  

NBSC: National Bureau of Statistics of China 

NDRC: National Development and Reform Commission 

NEDO: New Energy and Industrial Technology Development Organization     

OECD: the Organization for Economic Co-operation and Development  

PPP: purchasing power parity 

RCI: responsibility and capacity indicator 

RGGI: Regional Greenhouse Gas Initiative  

TPES: total primary energy supply  

UNFCCC: United Nations Framework Convention on Climate Change 
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