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The China-in-Global Energy Model 

Tianyu Qi§†*, Niven Winchester§, Da Zhang§†, Xiliang Zhang† and Valerie J. Karplus§  

Abstract 

The China-in-Global Energy Model (C-GEM) is a global Computable General Equilibrium 
(CGE) model that captures the interaction of production, consumption and trade among 
multiple global regions and sectors – including five energy-intensive sectors – to analyze 
global energy demand, CO2 emissions, and economic activity. The C-GEM model supplies a 
research platform to analyze China’s climate policy and its global implications, and is one of 
the major output and analysis tools developed by the China Energy and Climate Project 
(CECP) – a cooperative project between the Tsinghua University Institute of Energy, 
Environment, and Economy and the Massachusetts Institute of Technology (MIT) Joint 
Program on the Science and Policy of Global Change. This report serves as technical 
documentation to describe the C-GEM model. We provide detailed information on the model 
structure, underlying database, key parameters and its calibration, and important 
assumptions about the model. We also provide model results for the reference scenario and a 
sensitivity analysis for two key parameters: autonomous energy efficiency improvements 
(AEEI) and the elasticity of substitution between energy and value added. 
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1. INTRODUCTION 

The China-in-Global Energy Model (C-GEM) is a multi-regional, multi-sector, 
recursive-dynamic, computable general equilibrium (CGE) model of the global economy. 
The model is one of the primary analysis tools developed by the China Energy and 
Climate Project (CECP), a cooperative effort of the Tsinghua Institute of Energy, 
Environment, and Economy and the Massachusetts Institute of Technology (MIT) Joint 
Program on the Science and Policy of Global Change. The primary goal of the model is 
to simulate existing and proposed energy and climate polices in China in order to analyze 
their impact on technology, inter-fuel competition, the environment, and the economy 
within a global context.  

China has recently become the world’s largest energy consumer and source of 
greenhouse gas emissions. Given the scale of China’s economy and energy system, its 
energy trends and climate policies will have a significant impact on global climate 
change mitigation; the C-GEM is a new tool to predict and study the global implications 
of this economic growth and energy use. The structure of the C-GEM is similar to other 
recursive dynamic global CGE models, such as the MIT Emissions Prediction and Policy 
Analysis (EPPA) model (Paltsev et al., 2005); however, the C-GEM differs from 
comparable models in that it utilizes a combination of China’s official data and the eighth 
release of the Global Trade Analysis Project (GTAP) data (Narayanan et al., 2012). The 
model also includes a detailed representation of energy-intensive sectors in all global 
regions, and provides China-specific estimates for the cost of advanced technologies.  

This report provides a detailed description of the C-GEM model, and will proceed as 
follows. In Section 2, we describe the theoretical basis and structure of the C-GEM model, 
as well as the construction of the underlying database. We describe the static core of the 
C-GEM model in Section 3, and dynamic extensions in Section 4. In Section 5 we 
describe the treatment of advanced technologies. Section 6 contains the model’s reference 
projection and the impact of two important sources of uncertainty—the rate of 
autonomous energy efficiency improvement (AEEI) and elasticity of substitution 
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between energy and value added. We conclude the report with a summary of our work in 
Section 7. 

2. MODEL STRUCTURE AND DATA 

The C-GEM is a CGE model with supplemental accounting for energy and emissions 
quantities. Its basic structure is derived from the Walrasian general equilibrium theory 
formalized by Arrow and Debreu (Arrow and Debreu, 1954; Sue Wing, 2004). A key 
advantage of CGE frameworks is their ability to capture policy impacts across interlinked 
sectors of the economy, including commodity and factor market interactions and bilateral 
trade relationships. CGE models are well-established tools used to undertake quantitative 
analysis of the economic impacts of energy and environmental policies (Paltsev et al., 
2005; Rausch et al., 2010). 

CGE models simulate the circular flow of goods and services in the economy within 
and between each world region, as shown in Figure 1. 

 
Figure 1. Economy-wide circular flow of goods and services in the C-GEM. 

The arrows in Figure 1 connecting the regions show the flow of goods and services 
between pairs of regional economies. Firms (producers) purchase factor inputs (such as 
labor, capital and land) from factor markets, and intermediate goods and services from 
product markets, then use them to produce final goods and services. Consumers 
(households) sell their labor, capital, and other endowments in the factor markets to 
obtain income, and purchase producers’ final goods and services from the product 
markets. Producers maximize profits from given input costs, and consumers maximize 
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utility while satisfying a budget constraint. Relative prices adjust endogenously to 
maintain equilibrium across product and factor markets.  

Households allocate income to private consumption and savings. The saving rate is 
exogenously set and fixed in each time period in the recursive-dynamic framework. 
Households in the C-GEM are assumed to be homogenous, so that one representative 
household in each region owns all the factors of production and receives all factor 
payments. Taxes, collected by governments, are imposed on most transactions as 
specified in the benchmark year data. The government in the C-GEM is modeled as a 
passive entity that collects tax revenue and recycles the money in a lump sum to each 
household as a supplement to their income from factor returns (Sue Wing, 2004). The 
expenditure of the government in each region is fully funded by households.  

International trade links the various regions; products from one region can be exported 
to the rest of the world, and imported goods can enter domestic product markets 
following the Armington assumption (Armington, 1969). However, in the C-GEM, 
international trade is limited to the product market; factors such as labor and capital 
endowments are not mobile across regions. The international capital flows that account 
for the trade imbalance between regional pairs in the base year are assumed to be reduced 
to zero in a linear fashion through 2050.  

2.1 Model Regions  

The C-GEM disaggregates the world into 19 geographic regions, as shown in Table 1 
and Figure 2. 

We aggregate the C-GEM regions on the basis of economic structural similarities, 
membership in trade blocks, and geographical relationships. According to the definitions 
used by the International Monetary Fund (IMF, 2012), regional aggregates can be 
separated into two distinct groups: developed economies and developing economies. The 
major developed economies (United States, Canada, Japan, European Union and 
Australia-New Zealand) and major developing countries (China, India, South Africa, 
Russia and Brazil), as well as major oil suppliers (primarily the Middle East region) are 
explicitly represented. In the C-GEM, we further disaggregate the major economies 
around China into individual regions (e.g., South Korea, Developed Asia and Southeast 
Asia’s developing countries). 
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Table 1. Definition of geographic regions in the C-GEM. 

Regions in the C-GEM Countries in region 

Developed Economies 

United States (USA) United States of America 

Canada (CAN) Canada 

Japan (JPN) Japan 

South Korea (KOR) South Korea 

Developed Asia (DEA) Hong Kong, Taiwan, Singapore 

Europe Union (EUR) Includes EU-27 plus countries in the European Free Trade Area 
(Switzerland, Norway, Iceland) 

Australia-New Zealand (ANZ) Australia, New Zealand, and other territories (Antarctica, Bouvet 
Island, British Indian Ocean Territory, French Southern Territories)   

Developing Economies 

China (CHN) Mainland China 

India (IND) India 

Developing South-East Asia (SEA) Indonesia, Malaysia, Philippines, Thailand, Vietnam, Cambodia, 
Laos, Southeast Asian countries not elsewhere classified 

Rest of Asia (ROA) Bangladesh, Sri Lanka, Pakistan, Mongolia and Asian countries not 
classified elsewhere 

Mexico (MEX) Mexico 

Middle East (MES) Iran, United Arab Emirates, Bahrain, Israel, Kuwait, Oman, Qatar, 
Saudi Arabia  

South Africa (ZAF) South Africa 

Rest of Africa (AFR) African countries not elsewhere classified 

Russia (RUS) Russia  

Rest of Eurasia (ROE) 
Albania, Croatia, Belarus, Ukraine, Armenia, Azerbaijan, Georgia, 
Turkey, Kazakhstan, Kyrgyzstan，European countries not classified 
elsewhere 

Brazil (BRA) Brazil 

Latin America (LAM) Latin American countries not classified elsewhere  

 
Figure 2. A map of regions represented in the C-GEM. 
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2.2 Model Sectors 

Production within each region is comprised of 20 industry sectors, shown in Table 2. 
This aggregation includes a variety of energy production sectors and energy-intensive 
industries. Among other sectors, five energy production sectors (coal, crude oil, natural 
gas, refined oil and electricity), and five energy-intensive sectors (non-metallic mineral 
products, iron and steel, non-ferrous metals products, chemical rubber products and 
fabricated metal products) are described in detail below.  

2.3 Strengths and Weaknesses of the CGE Approach 

The growing application of CGE models has drawn ever more attention to their 
strengths and weaknesses. CGE models offer a theoretically consistent framework that 
relies on transparent assumptions and calibration to observed data. CGE models also 
permit quantitative assessment of general equilibrium effects, which is essential for 
analyzing climate policies that broadly affect relative energy costs. However, CGE 
models abstract from the level of technology-specific detail that is represented in bottom-

Table 2. Descriptions of the 20 industry sectors in the C-GEM. 
Type Sector Description 

Agriculture 

Crops (CROP) Food and non-food crops produced on managed cropland 

Forest (FORS) Managed forest land and logging activities 

Livestock (LIVE) Animal husbandry and animal products 

Energy 

Coal (COAL) Mining and agglomeration of hard coal, lignite and peat 

Oil (OIL) Extraction of petroleum 

Gas (GAS) Extraction of natural gas 

Petroleum (ROIL) Refined oil and petro chemistry products 

Electricity (ELEC) Electricity and heat generation, transmission and distribution 

Energy-Intensive 
Industry 

Non-Metallic Minerals 
Products (NMM) Cement, plaster, lime, gravel and concrete 

Iron & Steel (I&S) Manufacture and casting of iron and steel 

Non-Ferrous Metals Products 
(NFM) 

Production and casting of copper, aluminum, zinc, lead, gold 
and silver 

Chemical Rubber Products 
(CRP) Basic chemicals, other chemical products, rubber and plastics 

Fabricated Metal Products 
(FMP) Sheet metal products (except machinery and equipment) 

Other Production 

Food & Tobacco (FOOD) Manufacture of food products and tobacco 

Mining (MINE) Mining of metal ores, uranium, gems and other 
mining/quarrying 

Construction (CNS) Construction of houses, factories, offices and roads 

Equipment (EQUT) Machinery and equipment, including electronic equipment 

Other Industries (OTHR) Other industries 

Services 

Transportation Services 
(TRAN) 

Pipeline transport, and water, air and land transport 
(passenger and freight) 

Other Services (SERV) Communication, finance, public services, dwellings and other 
services 
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up models. These limitations make CGE models useful for comparative statics and 
directional effects, but CGE model outputs cannot be reliably interpreted as forecasts of 
future events. Additionally, results from CGE models can be heavily dependent on 
assigned elasticities of substitution between inputs in production and utility functions; as 
such, it is prudent to implement sensitivity analyses around key elasticity parameters.  

2.4 Model Data Processing  

As a multi-regional CGE model, the C-GEM is parameterized and calibrated based on 
a balanced social accounting matrix (SAM) for each region. A SAM is an array of input-
output accounts that quantifies the flow of goods and services in a benchmark period (Sue 
Wing, 2004). The C-GEM functions based on both the Global Trade Analysis Project 
database (GTAP) (Narayanan et al., 2012) and China’s official economy and energy 
dataset. The C-GEM is formulated and solved as a mixed complementarity problem using 
MPSGE, the Mathematical Programming Subsystem for General Equilibrium (Mathiesen, 
1985; Rutherford, 1995, 1999) and the Generalized Algebraic Modeling System (GAMS) 
mathematical modeling language (Rosenthal, 2012) with the PATH solver (Dirkse and 
Ferris, 1995). The C-GEM tracks the physical flows of carbon-based fuels and resources 
in the economy through time, as well as associated emissions of carbon dioxide (CO2). 
Non-CO2 greenhouse gases are not currently represented.  

2.4.1 GTAP Dataset 
The C-GEM employs Version 8 of the GTAP dataset (GTAP 8). GTAP 8 is a global 

database that integrates national accounts of production and consumption (in the form of 
input-output tables) together with bilateral trade flows for industry sectors and 
geographic regions in 2007 (Narayanan et al., 2012). The volume of energy consumption 
and bilateral trade in 2007 are also represented in GTAP 8. Energy volume data in GTAP 
are mainly sourced from the International Energy Agency’s Extended Energy Balances 
dataset (McDougall and Lee, 2006).  

In developing the C-GEM, we incorporate the GTAP 8 dataset with GAMS using a 
modified version of GTAPinGAMS, originally developed by Rutherford and Paltsev 
(Rutherford, 2010).1 GTAPinGAMS allows a flexible aggregation of sectors and regions 
upon the 57 sectors and 129 regions included in the database; we employ this function to 
aggregate the GTAP 8 database into the 20 sectors and 19 regions described in Section 
2.1.  

                                                
 

1 The GTAP database is bundled with a model coded using the General Equilibrium Modeling PACKage 
(GEMPACK) software (Harrison & Pearson, 1996), but the database is also used with models written using 
other software. 
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2.4.2 China Dataset 
In the C-GEM, we replace the GTAP 8 economic and energy data for China with data 

from official domestic data sources in China. We source economic data from China’s 
2007 national input-output table, which provides balanced benchmark accounts for value 
added, intermediate inputs, and final consumption for 135 industry sectors (National 
Bureau of Statistics of China, 2009). These 135 sectors can be mapped to the sectoral 
aggregation in the C-GEM, with the exception of the oil and natural gas sectors, which 
are combined into one sector in China’s national statistics. As the individual 
representation of oil and natural gas is important for energy policy assessment, we have 
separated oil and natural gas into two sectors according to their value shares in the GTAP 
8 database. We then map the resulting 136 sectors to the 20 C-GEM sectors.  

We source energy volume data from China’s 2007 Energy Balance Table and China’s 
Industry Energy Consumption Table (National Bureau of Statistics of China, 2008). 
These tables contain detailed information on intermediate and final energy consumption 
for 39 industrial sectors as well as for households in 2007. The energy balance tables also 
cover most of the sectors in the C-GEM except transportation, which is grouped with 
“Storage, Postal, & Telecommunications Services.” We isolate the energy quantities in 
the transportation sector in proportion to corresponding energy quantity shares in the 
GTAP 8 database. To keep energy values and volume data consistent with China’s 
official statistics, we calibrate them using energy price information from the 2008 Price 
Year Book of China (China Price Year Book Press, 2009). In the process of merging the 
GTAP and China domestic data sources, to avoid adjusting trade balances in other 
regions, we hold fixed the GTAP 8 values for China’s energy and economic bilateral 
trade.  

Once China’s national data is used to replace the GTAP 8 data for China, it is no longer 
balanced. Thus we rebalance the revised dataset by adopting a least-squares method as 
described in Rutherford (2010), with the following formulae applied for each region r.  

, , 2
, ,, ,

, ,

min [ ( 1)f i r
f i ri fvfm vifm vdfm

f i r

vfm
vfm

vfm
− +∑ ∑  

, , , ,2 2
, , , , , ,

, , , ,

( ( 1) ( 1) )]i g r i g r
i g r i g r i g rg

i g r i g r
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− + −∑  
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, ,, , , , , ,

, , , ,, , , ,

( )(1 ) (1 )

(1 ) (1 )

i r i ri g r j i r j i rg j

j i r f i rj i r f i rj f

vdfm vxm rto vdfm rtfd

vifm rtfi vfm rtf

+ − = + +

+ + +

∑ ∑
∑ ∑

, for each i 
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(1) 

Overlined values are parameters (initial variable values), and others are variables 
adjusted in the balancing routine. vfmf,i,r is factor f input in sector i (alias set: j), region r. 
weighti,g,r is the weight used to control the deviation of variable from its initial value 
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(items related to energy production and energy use are set to be 100, others are 1; this 
procedure aims to minimize the deviation of values in the energy sector given that these 
quantities in China’s national statistics are viewed as more reliable). vdfmi,g,r is the 
domestic intermediate input from sector i to sector/activity g, where g is the union set of 
all i sectors and all activities including private consumption, government consumption 
and investment.  

For each region r: vifmi,g,r is the imported intermediate input from sector i to 
sector/activity g; ,i rvxm and ,i rvim are, respectively, the total volumes of exports and 
imports for sector i; ,i rrto is the output tax of sector i; , ,j i rrtfd  and , ,j i rrtfi are consumption 
taxes on domestic/imported intermediate goods applied, respectively, to goods produced 
in sector j, and goods used in sector i; , ,f i rrtf  is the value-added tax on factor f used in 
sector i.  

The objective function is optimized subject to market clearance and zero-profit 
conditions for each region. When applying this optimization routine, the input-output 
data balanced for each region and bilateral trade values produce a database with 
equilibrium in all markets. The balanced global economic and energy database forms the 
basis for the SAM tables that represent the energy and economic value flows for regions 
in the C-GEM.  

3. THE STATIC MODEL 

This section describes in detail the static core of the C-GEM. The static model 
captures a snapshot of the relationships of producers, consumers, government and 
international bilateral trade within the economy. These relationships are updated in each 
time period, as described in the next section. This section describes the base year (2007) 
model parameterization.  

3.1 Mathematical Formulation of a CGE Model 

The C-GEM is set up and solved as a mixed complementarity problem in which the 
equilibrium conditions are comprised of a system of weak inequalities and 
complementary slackness conditions (between equilibrium variables and equilibrium 
conditions) (Böhringer et al., 2003; Paltsev et al., 2005). 

3.1.1 Producer Behavior 
In each region r, the representative producer in sector i chooses a level of output yr,i, 

values of primary factors kr,fi, and an intermediate input xr,ji in order to maximize profit, 
subject to the characteristics of the production function ϕ  r,i, which describes the structure 
of currently available production technologies in sector i. The function of the producer’s 
decisions can be expressed as: 
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 (2) 

Where πr,i is profit, Cr,i represents the cost function for sector i in region r, pr,i is the 
price of good i, and wr,f  is the price of factor f. 

Constant elasticity of substitution (CES) functional forms are used to model the cost 
function. CES functions are frequently used to model production and consumption in 
CGE models. The constant return to scale (CRS) assumption of the CES function 
simplifies the production optimizing problem described in Equation 2. From Shepard’s 
Lemma, the demand functions for intermediate inputs xr,ji (Equation 3) and factor inputs 
kr,fi (Equation 4) for production sector i are given as follows:  

 (3) 

 (4) 

A broader discussion and detailed derivation of a CES function can be found in Pauw 
(2003) and Klump et al. (2011).      

3.1.2 Consumer Behavior 
As described in Section 1.2, the representative agent is endowed with natural 

resources, labor and capital supply in region r. Representative agents choose different 
consumption goods to maximize their welfare (Wr,i) given their level of income (Mr,i). 

 (5) 

Where Wr,i is a utility function with a CES form. Similar to production, consumption 
demand for goods dr,i is derived as follows:  

 (6) 

Where Er (pr,1, pr,2, ..., pr,i) is the unit expenditure function given pr,i , the price of good i.  

3.1.3 Modeling Equilibrium 
Three classes of equations define the equilibrium in perfectly competitive markets (an 

assumption that can be relaxed in specific applications). A model solution must satisfy 
several conditions: zero profit, where the price of output reflects the cost of inputs; 
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,
, ,

,

r i
r ji r i

r j

c
x y

p
∂

=
∂

,
, ,

,

r i
r fi r i

r f

c
k y

w
∂

=
∂

maxWr ,i (dr ,i )

s.t. Mr ,i = pr ,idr ,i
i
∑

,1 ,2 ,
,

,

( , ,..., )r r r r i
r i r

r i

E p p p
d m

p
∂

=
∂



 
 

 

 11 
 

 

market clearance, where supply equals demand; and income balance, where the income 
of an agent is equal to its expenditure.2 Detailed formulations of these conditions can be 
found in Rutherford (2010).  

3.2 Structure of Production Sectors 

3.2.1 Primary Fossil Fuel Energy Sectors 
Primary fossil fuel energy sectors are coal, crude oil and natural gas. The nested 

structure of production in the C-GEM is shown in Figure 3, where σ is used to denote the 
elasticity of substitution among inputs in a given nest. At the top of the nest, natural 
resources combine with non-resource inputs. In the sub-level of the non-resources input, 
there is a Leontief combination of non-energy intermediate inputs and a capital-labor-
energy (KLE) bundle, which is comprised of a CES structure between energy and a value-
added bundle. Capital and labor are combined using the Cobb-Douglas form of the CES 
function. The energy input bundle is further divided into a CES substitution between 
electricity and the fossil fuels bundle (coal, crude oil, refined oil and natural gas).  

  
Figure 3. The structure of primary fossil energy sectors in the C-GEM. 

3.2.2 Refined Oil Sector  
Refined oil is modeled differently from the other energy sectors. Unlike the primary 

fossil fuel sectors, the refined oil sector uses crude oil from the oil sector as a raw 
material for production. Given the lack of substitutes for crude oil in the refining process, 
oil enters as a Leontief intermediate input to the refined oil sector, as shown in Figure 4. 

                                                
 

2 In some circumstances the zero profit and market clearance conditions will not hold. Specifically, if unit 
costs are greater than the price, the commodity in question will not be produced, and if supply is greater 
than demand, the price of the associated good or factor will be zero. 
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Figure 4. The structure of the refined oil sector in the C-GEM. 

3.2.3 Electricity Sector 
The structure of the electricity sector is shown in Figure 5. The top two nests permit 

substitution among various generation technologies. Twelve types of power generation 
technologies are represented in the base version of C-GEM (as listed in Table 3). Five 
are existing technologies that produce at a large scale in the base year. Seven are 
advanced electricity generation technologies that do not operate at large scale or do not 
yet exist in the base year, but become available in later years, beginning production when 
their relative cost falls below the levelized cost of incumbent generation types.3 The 
structure of these advanced technologies will be discussed in detail in the following 
sections.  

 
Figure 5. The structure of the electricity sector in the C-GEM. 

                                                
 

3 Advanced technologies that operate in the base year (e.g., wind electricity) are included in the input-
output component of our database. Production activities specified for advanced technologies capture 
expansion of these technologies beyond those observed in the base year. 
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Table 3. Electricity technologies in the C-GEM. 

Existing Technologies Advanced Technologies 
• Coal • Wind 
• Refined oil • Solar 
• Gas • Biomass 
• Nuclear • Natural Gas Combined Cycle (NGCC) 
• Hydro • Integrated Gasification Combined Cycle (IGCC) 

 • Natural Gas Combined Cycle with Carbon capture and storage (NGCC-CCS) 
 • Integrated Gasification Combined Cycle with Carbon capture and storage 

(IGCC-CCS) 

With the exception of wind, solar and biomass electricity, we treat advanced electric 
power generation technologies as perfect substitutes for existing technologies as shown in 
the second level of the nested structure in Figure 5. We capture transition costs associated 
with scaling up each technology, which fall with an increase in their share of total 
generation. Reflecting the variability of wind, solar and biomass generation, electricity 
from these sources is treated as an imperfect substitute for electricity from other sources. 
Production structures for advanced technologies are detailed in Section 5. 

Conventional power generation consists of a Leontief combination of non-energy 
intermediate inputs and an energy-capital-labor bundle. Fossil fuels such as coal, oil and 
gas are included as imperfect substitutes for each other to avoid one fuel from taking over 
the market once its relative cost falls below that of its competitors. 

We use supplementary information to describe hydro and nuclear power options 
within the structure of the C-GEM electricity sector. We parameterize these technologies 
using information from reports by the International Atomic Energy Agency (IAEA) and 
the Nuclear Energy Agency of the Organization for Economic Co-operation and 
Development (OECD/NEA) and the International Energy Agency (IEA) (IAEA, 2008; 
OECD/NEA, 2010). The structure of the nuclear and hydro CES functions is simplified 
to focus on fuel resources, capital, labor and equipment as inputs to production.  

3.2.4 Energy-Intensive Sectors 
The model also represents five energy-intensive industry sectors: non-metallic mineral 

products; iron and steel; non-ferrous metal products; chemical, rubber and plastic 
products; and fabricated metal products. These sectors each have a common CES 
structure that includes a Leontief combination of non-energy intermediate inputs and the 
energy and capital-labor bundle (shown in Figure 6). A key feature of this production 
structure is the ability of producers to substitute among different energy sources and 
between aggregate energy and the capital-labor bundle. 
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Figure 6. The structure of energy-intensive sectors in the C-GEM. 

3.2.5 Agricultural Sector 
The agricultural sector follows a similar CES structure, and includes land in the production 

of agricultural output. As shown in Figure 7, the labor-capital bundle is located at the top 
level of the nest and trades off with the other-input bundle, which is made up of land and 
intermediate inputs. As the land input is crucial in agriculture, this structure provides 
flexibility in representing substitution between land and other inputs (e.g., machinery and 
fertilizer) following the approach of previous studies (Babiker et al., 2001; Paltsev et al., 
2005).  

 
Figure 7. The structure of the agricultural sector in the C-GEM. 

3.2.6 Other Production and Services 
The structure of the mining, food production, equipment, other industry and services 

sectors share the structure shown in Figure 8. Natural resources, mainly mineral 
resources, are a dedicated input to the mining sector. The elasticities employed in the 
production and utility functions are mainly adopted from the MIT EPPA model (Babiker 
et al., 2001) and are reported in Table 4.  
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Figure 8. The structure of other industry and services sectors in the C-GEM model. 

Table 4. Elasticities used in the C-GEM model, based on Babiker et al. (2001). 

 Description Value Remarks 
Production 

σRes_OTH Resources and other inputs 0.6-0.7 0.6 for oil and gas; 0.7 for coal 

σI_EVA 
Intermediate input and Energy-
Capital-Labor bundle 0 Applied in all sectors 

σE_KL Energy and Value-added bundle 0.1-0.5 0.1 for electricity; 0.3 for agriculture; 0.4 
for energy industry; 0.5 for other industry 

σE_NE 
Electricity and Non-electricity input 
bundle 0.5 Applied in all sectors 

σNOE Among non-electricity energy input 0.1-0.5 Different values applied across sectors  

σK_L Capital and Labor 1 Applied in all sectors 

σRE 
Wind & Solar and other electricity 
technologies 1  Applied in the electricity sector 

σO_VA Value-added and other input 0.7 Applied in the agriculture sector 

Consumption 

σCS Consumption and savings 1 Applied in all regions 

σCE Commodities and energy consumption 0.25-0.5 Different values applied across time periods 

σCT Transportation and other goods 0.5 Applied in all regions 

σc Among non-energy goods 0.3-0.6 Different values applied across regions and 
time periods 

σE Among energy goods 0.5 Applied in all regions 

σTRN 
Among public and private 
transportation 0.5 Applied in all regions 

σR_O Among fuels and other inputs  1 Applied in all regions 

σE_S Equipment and service inputs 1 Applied in all regions 

Trade 

σDM Armington elasticity between domestic 
and import goods 1-3 1 for electricity; 3 for other commodities 

σMM Armington elasticity of import goods 
among regions 0.5-6 0.5 for electricity; 6 for other commodities 
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3.3 Household Consumption 

Household consumption in the C-GEM is represented as shown in Figure 9. We use 
consumption, excluding savings, as a consistent measure for welfare accounting.4 In the 
consumption bundle, we have separated private transportation from other goods and 
services, as it accounts for a large share of direct energy use by the household in many 
regions. Private transportation refers to transportation services supplied to the household 
through the purchase and operation of passenger vehicles. Inputs to the private 
transportation sector draw from the other industry (e.g., vehicle purchases), services (e.g., 
maintenance and repairs), and refined oil sectors. Purchased transportation – which is 
supplied by the transportation industry and includes both short- and long-distance road, 
air, rail, and marine modes – is included as a substitute for private vehicle transportation.  

 
Figure 9. The structure of the household consumption function in the C-GEM. 

3.4 Structure of International Trade 

Production and consumption in each region in the C-GEM is linked through bilateral 
trade. Capturing these links allows the model to forecast how policy impacts propagate 
across regions. Trade flows in all goods, including energy products, are explicitly 
represented in the GTAP bilateral trade flow data sets for the base year 2007. All the 
other goods except crude oil are treated as Armington goods (Armington, 1969). Crude 
oil in the C-GEM is modeled as homogeneous good with a single global price, following 
its treatment in the MIT EPPA model (Paltsev et al., 2005). The Armington CES 
structure is shown in Figure 10. The top level nest captures the tradeoff between 
domestic and imported goods, including imported goods that are comprised of imports 
from different regions. Bilateral trade flows, which include export taxes, import tariffs, 

                                                
 

4 We use consumption measured as equivalent variation in constant 2007 USD as a measure of welfare. We prefer to 
measure welfare using only consumption rather than income, as including savings in welfare calculations results in 
double counting of the impact through the savings channel (i.e., under an income measure of welfare, the impact of a 
change in savings would be counted in the current period and, through changes in investment and ultimately the capital 
stock, in future periods). 
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and international transport costs, are provided by the GTAP 8 data set and are represented 
in the C-GEM.   

 
Figure 10. The Armington structure for imported goods in the C-GEM. 

3.5 Government and Investment 

As discussed in Section 1, the government in the C-GEM is modeled as a passive entity 
that collects tax revenue on intermediate inputs, outputs, and consumer expenditure and 
transfers it to the household as a lump-sum payment. Government expenditure is assumed 
to be part of final consumption and is fully funded by households. Government consumption 
decisions maximize utility subject to revenues available. Government consumption in the 
C-GEM adopts the same nested CES structure as household consumption. 

Investment in the C-GEM is represented by a sector that produces an aggregate 
investment good using inputs from different sectors which sums to the level of aggregate 
investment. Investment becomes available as new capital in the next period and drives 
economic growth.  

3.6 Emissions 

In the C-GEM, CO2 emissions are computed by applying constant emission factors to 
the fossil fuel energy flows of coal, refined oil and natural gas based on the 2006 
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse 
Gas Inventories (IPCC, 2006).5 The emission factors are assumed to remain constant 
across regions and over time. Energy-related CO2 emissions enter into a Leontief 
structure with fuel, implying that the reduction of emissions in production sectors can 
only be achieved with reductions in fuel use. In the current version of the C-GEM, only 
fossil-fuel-related CO2 emissions are projected. However, the model framework could be 
readily extended to account for other non-CO2 greenhouse gases including methane 
(CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFC) and 
sulfur hexafluoride (SF6); other pollution gases such as sulfur dioxide (SO2), carbon 
monoxide (CO) and nitrogen oxide (NOX); and non-energy related emissions of CO2.  

                                                
 

5 This inventory specifies that tons of CO2 per exajoule (EJ) are 94.6 for coal, 73.3 for oil, and 56.1 for 
natural gas. 
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4. THE DYNAMIC MODEL 

The static foundation of C-GEM was used to develop a recursive-dynamic model that 
allows assessment of energy markets and policy impacts through 2050. By solving the 
model in each period sequentially and then updating parameter values in the next period 
to reflect dynamic trends, a recursive-dynamic model assumes that economic agents 
make decisions based on information available in the current period only (Dellink, 2005). 
The dynamic process of the C-GEM is mainly driven by labor supply growth, capital 
accumulation, fossil fuel resource depletion, structural change in consumption, and the 
availability of new technologies. Here, we discuss each of these attributes.  

4.1 Labor Supply and Productivity Growth 

Labor supply in the C-GEM is driven by changes in the population and labor 
productivity in each region over time. For region r and time t, the supply of labor Lr,t is 
scaled from its base-year value Lr,0 using both the population growth rate and the labor 
productivity growth rate LPGRr,t .  

 (7) 

The population (pop) of each region in the C-GEM is specified as an exogenous long-
term trend based on United Nations data (United Nations, 2012). In all regions except 
China, for region r and period t the labor productivity growth rate LPGRr,t is estimated 
using the historical GDP growth rate and future GDP projections from the IMF (IMF, 
2012). For China’s labor productivity growth rate, we calibrate the 2010 value at 11%, 
which is comparable with recent studies (Chansomphou and Ichihashi, 2013; Kang and 
Peng, 2013), using the 2010 GDP growth rate. We assume China’s labor productivity 
growth rate is converging to 2.5%, choosing a functional form that allows current rates to 
move towards the target rate by 7% each year. The convergence speed is higher than the 
traditional 2% rate (Sala-i-Martin, 1996), as some recent review studies suggest that less 
developed countries like China are converging much faster than the 2% rate commonly 
specified (Abreu et al., 2005; Chansomphou and Ichihashi, 2013). 

4.2 Capital Accumulation 

The evolution of capital over time in the C-GEM includes both old capital carried over 
from the previous period and new capital from investment, which is described as follows: 

 
(8) 

Where is the depreciation rate in region r, ti is the time interval (5 years in the C-
GEM) and Ir,t-1 is new investment capital, which is equal to savings and is determined by 
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total national income and the savings rate. In all countries except China, we assume the 
depreciation rate remains at 5% over time; we also assume China’s depreciation rate is 
linearly converging from about 12% in 2010 (Bai et al., 2006) to 6%. We calibrate the 
initial capital stock following Bai et al. (2006) and adopt the saving rate convergence 
path similar to that recommended in OECD et al. (2013), which falls from 48% in 2010 
to 43% in 2020, 36% in 2030, 30% in 2040, and then remains constant through 2050.  

4.3 Natural Resource Supply 

All fossil fuel resources in the C-GEM are modeled as scarce resources subject to 
Hotelling valuation (Hotelling, 1931) in which unit production costs rise as resources are 
depleted. Natural resources enter at the top level of the production structure as described 
in Section 3.2, and trade off with a capital-labor-materials bundle. This substitution 
reflects the need for more capital and other inputs to recover additional fossil fuel 
resource as stocks are depleted.  

The depletion module is formulated as follows. Energy resources R in sector e are 
subject to depletion over time based on the physical production of fuel F in the previous 
period. Available energy resources Re,r,t in period t in region r can be expressed as  

 (9) 

This specification is designed to capture resource price evolution over an extended 
term. Short term, resource prices are influenced by many other factors, such as supply 
disruptions or shortages of refining capacity and are not modeled in the C-GEM. 

4.4 Energy-Saving Technological Change 

Observations of historical energy consumption, energy prices, and income growth in 
industrialized economies have exhibited a trend of energy efficiency improvement even 
when energy prices are constant or falling. Two possible explanations have been given 
for this trend: first, that productivity changes result in less energy use, and second, that 
rising incomes are accompanied by structural changes in the economy that reduce energy-
intensive activities (Schmalensee et al., 1998; Webster et al., 2008). Many top-down 
energy and climate models adopt Autonomous Energy Efficiency Improvement (AEEI) 
parameters to project exogenous improvements in energy per unit of output by sector 
(Cao and Ho, 2009). The choice of these parameters can lead to significant differences in 
the estimated costs of mitigation (IPCC, 2001). Estimation of AEEI is usually conducted 
based on historical rates of energy-intensity changes or data from bottom-up models. An 
AEEI annual growth rate of 1% is commonly selected (Sue Wing and Eckaus, 2007). 
Other studies estimate values ranging from 0.4% to 1.5% (Manne and Richels, 1992).  

The C-GEM differentiates AEEI values among different regions based on available 
literature estimates. For the developed regions, we adopt the 1% rate, as this value is 

, , , , 1 , , 1e r t e r t e r tR R Ti F− −= − ×
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mainly calibrated using data from developed regions (Grübler, 2003). For developing 
regions except China, a value of 1.5% is adopted, representing the expectation for these 
regions to have greater scope to raise energy efficiency (relative to developed regions). 
Cao and Ho (2009) suggest that a value of 1.7% will best reflect China’s current status.  

The actual path of energy use per unit of output depends on energy prices and price-
dependent adjustments. We explore the implications of alternative values for AEEI 
growth rates in Section 6.  

5. NEW TECHNOLOGIES 

The C-GEM includes a suite of advanced backstop technology variables to allow 
analysis of the potential impact of energy supply technologies that are not yet commercial, 
and may enter the economy if and when they become cost-competitive with existing 
technologies (William, 1979). The cost of each new technology depends on the equilibrium 
price of all inputs, which are endogenously determined within the CGE framework.  

Table 5. New backstop technologies in the C-GEM. 

 Technology Description 

Perfect fossil energy 
substitutes 

Shale oil Extracts and produces crude oil from oil shale 
Biofuel Converts biomass into refined oil 
Coal gasification Converts coal into a perfect substitute for natural gas 

Perfect fossil  
electricity substitutes 

IGCC Produces electricity from coal using integrated gasification 
combined cycle (IGCC) technology 

IGCC-CCS Produces electricity from coal using IGCC technology with 
carbon capture and storage 

NGCC Produces electricity from natural gas using natural gas 
combined cycle (NGCC) technology 

NGCC-CCS Produces electricity from natural gas using NGCC 
technology with carbon capture and storage 

Advanced nuclear Generates electricity from nuclear energy beyond existing 
installed plants 

Imperfect fossil 
electricity substitutes 

Wind Produces electricity from wind energy 
Solar Produces electricity from solar energy 
Biomass electricity Produces electricity from biomass energy 

We represent 11 classes of advanced technologies in the C-GEM as shown in Table 5. 
Three technologies produce perfect substitutes for conventional fossil fuels: shale oil, for 
crude oil; biomass, for refined oil; and coal gasification, for natural gas. Eight are 
electricity generation technologies: IGCC, IGCC with CCS, NGCC, NGCC with CCS, 
and advanced nuclear, which produce perfect substitutes for conventional fossil 
electricity output; and wind, solar and biomass, which are treated as imperfect substitutes 
for other sources of electricity due to their intermittency. 
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Figure 11. The structure for shale oil and biofuel production. 

Although all are described with CES production functions, new technologies for oil, 
gas, and electricity are modeled separately with different structures in the C-GEM. For 
shale oil and biofuel, the CES production structure is shown in Figure 11. In this 
structure, the resources for shale are estimated oil shale reserves. Land – the main 
resource input to biofuel production – is subject to competition between biofuel and 
agricultural production for its use as an input. Both shale oil and biofuel production 
require capital, labor, and equipment inputs. For shale oil, CO2 emissions from the 
extraction process are estimated to be 20% of the carbon content of total oil production 
(Paltsev et al., 2005), and are entered as a Leontief input at the top of the CES layer (not 
shown).  

 
Figure 12. The structure for coal gasification production. 

The CES production structure for the coal gasification technology is shown in Figure 
12. Coal, equipment, and a value-added bundle enter as a Leontief structure at the top 
level of the production structure.  

 
Figure 13. The production structure for wind, solar, and biomass electricity. 

Wind, solar and biomass electricity have similar production structures (shown in 
Figure 13). A fixed factor is introduced in the top level of CES layers to control the 
penetration of the technologies as described in McFarland et al. (2004). Like biofuel, bio-
electricity also requires land as a resource input and competes with the agricultural sector 
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for this resource. Other inputs, including labor, capital, and equipment are intermediate 
inputs, similar to the case of shale oil and biofuel. 

Advanced fossil-fuel generation technologies with CCS (IGCC-CCS or NGCC-CCS) 
share a similar production structure to that shown in Figure 14. In this CES nested 
structure, we describe the cost of electricity transmission and storage separate from that 
of electricity generation and capture. This separate representation allows for greater 
flexibility in the production structure. In scenarios where carbon emissions are taxed or 
limited by policy, carbon permits generated by the use of CCS enter in a CES nest with 
generation and capture. The base capture rate is assumed to be 95%. Substitution between 
the carbon permit input and sequestration allows deployment of additional capital and 
labor to capture a higher percentage of CO2 emissions and ultimately reduce the required 
input of carbon permits. The penetration rate of CCS technology is further controlled by a 
fixed factor at the top level of the nested structure, similar to other backstop technology 
types.  

 
Figure 14. The production structure for electricity with CCS. 

To specify the production cost of these new technologies, we first set input shares for 
each technology in each region. This evaluation is based on demonstration project 
information or expert elicitations (Babiker et al., 2001; Paltsev et al., 2005). A markup 
factor captures the increased expense of new technologies (compared to conventional 
fossil technologies), and all inputs to advanced technologies are multiplied by this 
markup factor. Estimations of markup factors for selected technologies in the C-GEM are 
shown in Table 6. The wind markup factor of 1.3 indicates that, at benchmark prices, 
wind power costs 30% more than conventional fossil electricity. Other markup factors are 
interpreted analogously.  

For all regions except China, our markup factors for each technology are mainly based 
on a recent report by the Electric Power Research Institute comparing the technologies on 
a consistent basis (Electric Power Research Institute, 2011). Cost estimates are also 
sourced from the technical database of the Global Change Assessment Model (PNNL, 
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2012a, 2012b) and the MIT EPPA model (Paltsev et al., 2005). For China, in addition to 
consulting the relevant literature (Huo and Zhang, 2012; Qiu, 2012; Wu et al., 2010) we 
collect comments from industry experts on the technology cost.  

Table 6. Markup factors for backstop technologies in the C-GEM. 

Backstop technologies Markup factors1 
Biofuels 1.0-2.4 

Shale oil 2.5-2.8 
Coal gasification 2.6 

 China Other Regions 
Wind 1.32 1.1-1.5 

Solar 
2010: 2.5 
2015: 2.0 
2020-2050: 1.53 

1.8-2.5 

Biomass electricity 1.84 1.2-1.8 
IGCC-CCS 1.555 1.52-2.1 
NGCC-CCS 2.356 1.42-1.9 

1The base price for conventional power generation is assumed to be 0.4 yuan/KWh, the nationwide 
average coal-power cost. 
2Wind power costs are based on expert elicitation based on average wind production costs (0.5-0.55 
yuan/KWh).  
3Solar PV costs in 2010 (1.0-1.15 yuan/KWh) are based on estimates from NDRC (2011). These costs 
decrease in 2015 (to 0.8 yuan/KWh) and again in 2020 (0.6 yuan/kWh). These reductions are based on 
the cost reduction target from the Ministry of Industry and Information Technology (MIIT, 2012).  
4Biomass power costs (0.7 yuan/KWh) are based on expert elicitation. 
5IGCC-CCS costs (0.65 yuan/kWh) are based on literature estimates (Rubin and de Coninck, 2005) and 
expert elicitation.  
6NGCC-CCS are based on estimates from Rubin and de Coninck (2005).  

6. MODEL REFERENCE SCENARIO IN THE C-GEM 

6.1 The C-GEM Reference Scenario 

The assumptions and parameters reported in the above sections underpin a reference 
projection of future economic activity, energy use and emissions for the 19 regions 
included in the C-GEM. In the following section, we present the reference scenario 
developed under our assumptions about labor productivity growth, exogenous changes in 
energy efficiency and new technology costs, among other factors. Projections are subject 
to a range of uncertainties; this reference scenario provides a point of comparison to other 
projections and serves as a benchmark for calculating the effects of policy interventions.  

6.1.1 Population and Gross Domestic Product 
In the reference scenario, we assign population values using the World Population 

Prospects from the United Nations (United Nations, 2012), shown in Figure 15. From 
this projection, the world’s population is projected to exceed 9.5 billion in 2050 and reach 
10.9 billion by the end of the century. Much of this growth will happen in developing 
regions, such as India and Africa. India is projected to surpass China in population to 
become the world’s most populous country by around 2020. The population of Africa is 
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also projected to grow rapidly and is estimated to double between 2010 and 2040. 
China’s population is predicted to peak at around 1.4 billion in 2035, then drop back to its 
2010 level by 2050. 

 
Figure 15. Global population prospects from the United Nations (100 million). 

Note: Developed economies include USA, CAN, JPN, KOR, DEA, EUR and ANZ as listed in Table 
1, similarly hereinafter. 

 
Figure 16 shows the gross domestic product (GDP) projections for the 19 regions in 

the C-GEM. The projection shows historical data for 2010 followed by the C-GEM 
projections for 2015 through 2050. With an annual average growth rate of 2.8%, global 
GDP triples between 2010 and 2050.  

Figure 17 details C-GEM regional GDP projections. The annual GDP growth rate for 
China is 7.5% from 2010–2015, 6.8% from 2015–2020, 4.8% from 2020–2030, and 
declines to 3.3% from 2030–2050. India is also assumed to grow very fast at an average 
of 5.4% per year. From 2010-2050, the average annual growth rate is 2.1% in the U.S. 
and 1.3% in the E.U.  
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Figure 16. World GDP projections from the C-GEM. 

 

 
Figure 17. GDP projections for regions represented in the C-GEM. 
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6.1.2 Primary Energy Consumption and Emissions  
Global primary energy consumption in million of tons of oil equivalent (mtoe) units is 

displayed in Figure 18. Global primary energy consumption is predicted to be 85% 
higher in 2050 than in 2010. In the reference scenario, around 18% of energy demand 
will come from non-fossil fuel sources, such as nuclear and renewable energy. 

 
Figure 18. Global primary energy consumption (mtoe). 

Note: Non-fossil power generation has been converted on the basis of thermal equivalence 
assuming 38% conversion efficiency in a modern thermal power station. 

Global fossil fuel-related CO2 emissions in millions of metric tons (mmt) are shown in 
Figure 19. CO2 emissions are projected to grow at an average annual rate of 1.3% from 
2010 to 2050, with industrial activity increasing globally. 

 
Figure 19. Global fossil fuel emissions (mmt). 

6.2 Sensitivity Analysis: AEEI and Input Substitution 

As previously discussed, future economic and energy projections are based on 
assumptions that are subject to significant uncertainty. It is necessary to understand the 
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importance of input parameters in determining model outcomes. Previous research has 
focused on extensive sensitivity testing using the EPPA framework (Cossa, 2004; Jacoby 
et al., 2009; Webster et al., 2002; Webster et al., 2008). Here we test two parameters that 
are identified as important in previous model sensitivity analyses: (i) the AEEI trend in 
each region over time; (ii) the substitution elasticity between the energy and capital-labor 
bundles, σE_KL.  

AEEI parameters describe exogenous trends in energy efficiency improvement by 
production sector and region. The value of σE_KL captures the difficulty in substitution 
between energy use and the capital-labor bundle, which reflects the sector- and region-
specific energy abatement cost. Both of these parameters directly influence energy use in 
the production sectors. We have developed straightforward sensitivity cases for AEEI and 
σE_KL parameters by defining low, medium, and high values for each parameter. Parameter 
input values for these three different cases are listed in Table 7. For AEEI, we change the 
value for all sectors, while for the elasticity σE_KL we tested sensitivity only in the energy-
intensive (EINT) and electricity (ELEC) sectors. Table 8a and 8b show the sensitivity of 
global total primary energy demand to alternative AEEI and σE_KL values.  

Table 7. AEEI average annual growth rates and σE_KL values in high-, mid- and low- value 
cases for sensitivity analysis. 

AEEI value   AEEI average annual growth rate σE_KL 
 Developed regions Other regions China EINT ELEC 
Low case 0.8% 1.1% 1.3% 0.375 0.075 
Medium case 1.0% 1.5% 1.7% 0.5 0.1 
High case 1.3% 1.9% 2.1% 0.625 0.125 

Through comparison of Tables 8a and 8b, we find that the AEEI and σE_KL produce 
different effects on total energy consumption. Total primary energy consumption and 
CO2 emissions are 3% higher for low AEEI growth rates and 1% higher for low σE_KL 
values than for high values of these parameters. Additionally, in the reference scenario 
(without a carbon price), energy consumption is more sensitive to AEEI values than to 
σE_KL values, as the AEEI has a more direct impact on energy consumption, while σE_KL 
can reduce the energy use indirectly by allowing capital substitution in response to a price 
or policy shock. In the future, a more exhaustive set of sensitivity tests will be conducted 
on a full range of parameters to understand the underlying drivers of model outputs. 
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Table 8a. Total primary energy consumption and CO2 emissions for the high, medium and low 
cases of the AEEI average annual growth. (Percentage changes are relative to the Medium 
case.) 

   2010 2015 2020 2025 2030 2035 2040 2045 2050 
Medium AEEI          
Total primary energy  
consumption (mtoe) 10205 11244 12332 13467 14593 15606 16464 17237 17984 

Global emissions (mmt) 29284 32127 35036 38119 41036 43476 45278 46827 48216 
Low AEEI          
Total primary energy  
consumption (mtoe) 10249 11349 12514 13747 14975 16090 17053 17931 18783 

% Change -0.4% -0.9% -1.5% -2.1% -2.6% -3.1% -3.6% -4.0% -4.4% 
Global emissions (mmt) 29430 32470 35630 39022 42251 44926 47002 48764 50294 
% Change -0.5% -1.1% -1.7% -2.4% -3.0% -3.3% -3.8% -4.1% -4.3% 
High AEEI          
Total primary energy  
consumption (mtoe) 10160 11141 12155 13200 14234 15155 15924 16608 17269 

% Change 0.9% 1.9% 3.0% 4.1% 5.2% 6.2% 7.1% 8.0% 8.8% 
Global emissions (mmt) 29138 31791 34461 37257 39892 42067 43666 45004 46207 
% Change 1.0% 2.1% 3.3% 4.5% 5.6% 6.4% 7.1% 7.7% 8.1% 
 

Table 8b. Total primary energy consumption and CO2 emissions for the high, medium and low 
cases of the σE_KL value. (Percentage changes are relative to the Medium case.) 

 2010 2015 2020 2025 2030 2035 2040 2045 2050 
Medium Elasticity          
Total primary energy  
consumption (mtoe) 10205 11244 12332 13467 14593 15606 16464 17237 17984 

Global emissions (mmt) 29284 32127 35036 38119 41036 43476 45278 46827 48216 
Low Elasticity          
Total primary energy  
consumption (mtoe) 10212 11292 12427 13605 14763 15793 16658 17437 18186 

% Change -0.1% -0.4% -0.8% -1.0% -1.2% -1.2% -1.2% -1.2% -1.1% 
Global emissions (mmt) 29310 32288 35343 38558 41560 44035 45835 47379 48747 
% Change -0.1% -0.5% -0.9% -1.2% -1.3% -1.3% -1.2% -1.2% -1.1% 
High Elasticity          
Total primary energy  
consumption (mtoe) 10195 11179 12184 13218 14238 15155 15933 16625 17288 

% Change 0.2% 1.0% 2.0% 2.9% 3.7% 4.2% 4.6% 4.9% 5.2% 
Global emissions (mmt) 29252 31909 34544 37299 39882 42042 43629 44952 46107 
% Change 0.2% 1.2% 2.3% 3.3% 4.0% 4.5% 4.8% 5.1% 5.4% 

 

7. CONCLUSION 

The China-in-Global Energy Model (C-GEM) simulates the interaction of production, 
consumption and trade among multiple global regions. As a computable general 
equilibrium (CGE) model with global coverage and energy system detail, C-GEM can be 
used to analyze the impact of energy and climate policies in scenarios under alternative 
assumptions about the availability and cost of advanced technologies. By describing the 
model structure, underlying database, key parameters and calibration, and important 
assumptions of the C-GEM, this report provides a guide for model users and a detailed 
reference to accompany studies that employ the C-GEM for policy analysis. This report 
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also provides model results for the reference scenario and a sensitivity analysis for two 
key parameters: autonomous energy efficiency improvements (AEEI) and the elasticity of 
substitution between energy and value added. While modest, the sensitivity of energy and 
CO2 emissions projections to parameter choices underscores the importance of being 
transparent about model assumptions and recognizing uncertainty in baseline projections 
when evaluating policy impacts. Policy comparisons developed using the C-GEM can 
help to inform energy and climate policy decision-making in China and around the world. 
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