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Abstract 
This paper analyzes an ambitious climate mitigation target, namely to halve global GHG (greenhouse 

gas) emissions by 2050 relative to those of 1990. Two representative socioeconomic scenarios are considered. 
A CGE (Computable General Equilibrium) model is used as the analytical tool. Although there is great 
uncertainty about the future, we could ascertain several things. 1) The emission reduction target could cause a 
GDP loss of more than 1.2% globally, with large variation among countries and regions. 2) Renewable energy 
and CCS (Carbon Capture and Storage) are fundamental technologies for achieving a great GHG emission 
reduction. 3) Asian regions cannot avoid putting as great an effort into reducing GHG emissions as other 
countries. These findings imply that such a large reduction is feasible within our scenario assumptions; 
however, technological progress and diffusion should be supported in order to make those needed 
fundamental technologies available. The regions which would suffer a large GDP (Gross Domestic Product) 
loss should be aided and an international policy framework needs to be developed with such losses 
considered. 
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1. Introduction 

 
The 4th IPCC (Intergovernmental Panel in Climate 

Change) Assessment Report concluded, with very high 
confidence, that the global average net effect of human 
activities since 1750 has been one of warming. In 
addition, it assessed the future impacts of climate change 
on the natural ecosystem and human society, within a 
large uncertainty range, to be highly significant. Reacting 
to such scientific information, some countries have been 
motivated to take mitigating measures and pledge their 
own greenhouse gas reduction targets. This movement is 
mainly being led by the developed countries, but many 
developing countries are also joining it. One of the 
frameworks for reducing GHG emissions has been the 
Kyoto Protocol and another was produced at the Group of 
Eight (G8) Summit held in Heiligendamm, Germany. At 
that summit, the G8 countries agreed to consider certain 
proposals, which included reducing global emissions by 
at least half by 2050. In 2009, COP 15 (Conference of the 
Parties to the United Nations Convention on Climate 
Change) was held in Copenhagen, at which the partici-
pants re-confirmed the necessity of long-term coopera-

tion to limit the global temperature increase to two de-
grees. What, then, does this imply for the energy system 
or macro economy? 

Although there is a range of emission pathways for 
achieving the two-degree target given the uncertainty of 
climate model parameters and feasible emissions reduc-
tion velocity, the 2050s emissions range is narrow and it 
can be interpreted as halving global GHG emissions by 
2050 relative to 1990 and being approximately consistent 
with a two-degree target and stabilization of CO2- 
equivalent concentration at 450 ppm (Rogelj et al., 2011; 
Meinshausen et al., 2009). In the last few years IAMs 
(Integrated Assessment Models) have been used to assess 
strong climate mitigation policy scenarios such as stabi-
lizing atmospheric CO2 concentration at a 450 ppm 
equivalent. Clarke et al. (2009) compiled around ten re-
search results and showed how the difficulties of climate 
mitigation differed depending on the CO2 concentration 
stabilization level (such as 450 or 550 ppm) and the 
time-path of international participation (such as whether 
developing countries’ participation could be delayed or 
not). Clarke et al. (2009) summarized the results of the 
22nd Energy Modeling Forum, EMF 22. Most of the 
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models provided solutions for a 550 ppm CO2-equivalent 
concentration target but not for a 450 ppm target. Six of 
the ten models provided feasible solutions for 450 ppm, 
but their carbon prices varied greatly. Currently, many 
model comparison projects are ongoing or finished such 
as EMF27, AMPERE (Assessment of Climate Change 
Mitigation Pathways and Evaluation of the Robustness of 
Mitigation Cost Estimates), and AME (Asian Modeling 
Exercise). These mostly argue about climate mitigation 
and its cost. The carbon price in 2050 is expected to be 
approximately 170$/tCO2eq. The Energy Technology 
Perspective (IEA, 2010) also assessed a similar scenario 
called BLUE map, which took into account only energy- 
related emissions. The emissions in 2050 would be 
14GtCO2/year, slightly higher than half of 1990’s emis-
sions. The carbon price in 2050, however, would be 
175$/tCO2. Rogelj et al., (2011) collected past IAM sce-
narios and discussed the two-degree target. Although 
they did not indicate a specific carbon price correspond-
ing to the two-degree target, they concluded that the 
emissions peak should be around 2020 and follow a 
pathway to half the current emissions by 2050. 

Asia is one of the most important regions foreseen in 
the next couple of decades to have great growth in eco-
nomic magnitude and amount of GHG emissions. We 
have not yet been able clearly to see what would happen 
to Asia in incorporating the two-degree target, although 
global studies have been conducted as we discussed 
above. Thus, this paper aims to provide insight into the 
following questions: 1) how difficult it would be to 
achieve that reduction target, and 2) what the Asian role 
would be in that reduction target. Obviously, the answers 
strongly depend on the underlying scenario assumptions 
and a huge number of future scenarios could be used to 
explore the world of 2050. To provide straightforward 
messages related to climate policy, however, we need to 
limit the number of scenarios while paying attention to 
the fundamental social dimensions in the scenarios we 
choose. This paper, therefore, focuses on two repre-
sentative socioeconomic assumptions, characterized by 
the words “advanced” and “conventional” (Kawase & 
Matsuoka, 2013). The advanced world tries to solve 
social, economic and environmental issues aggressively 
and the “conventional” world does the opposite. The 
scenarios are explained in later sections in detail. 

Section 2 describes the methodology adopted in this 
paper, the scenarios and assumptions. Section 3 shows 
the results of this analysis, and finally the conclusions are 
given in Section 4. 

 
2. Method 

 
Firstly, the scenarios are prepared, then the quantita-

tive information according to the narrative scenarios is 
inputted into a CGE model and finally the simulation 
results are analyzed. The scenarios are represented by the 
following matrix (Table 1). Two socioeconomic scenar-
ios and two climate policy assumptions have been 
adopted. The former are defined in Kawase & Matsuoka 

(2013) and the latter are defined as a non-emission 
constrained (what we call the “baseline scenario”) and an 
emission-constrained scenario (what we call the “climate 
mitigation scenario”). 

The CGE model incorporated in this paper is based on 
Fujimori et al. (2012). This CGE model is a recursive- 
type dynamic general equilibrium model, which covers 
all parts of the world, classified into 35 regions. In order 
to analyze climate mitigation policy and the energy 
demand and supply, the energy sectors, especially power 
sectors, are disaggregated in detail. Generally, CGE 
models have the advantage of being able to describe 
economic activity consistently and completely. This ad-
vantage makes it possible to calculate GHG emission 
prices and GDP losses, and is the reason we chose the 
CGE model for this analysis. Projections are from 2005 
to 2050 annually on the global scale. 

 
2.1 CGE model 

This study uses a global CGE model. This CGE 
model is a multi-region, multi-sector-type model. The 
CGE model represents the circular flow of goods and 
services in the economy associated with monetary flows. 
Production sectors input intermediate goods, including 
energy commodities, and labor, capital and land as fac-
tors. Household, government and capital formulation are 
the institutional sectors which purchase goods and ser-
vices as final demand. Their incomes are circulated from 
production factors such as labor wages, capital return and 
tax revenues. Trade flows are also described in this model 
and formulated as both exports and imports. To assess 
climate mitigation policy, energy commodities are 
treated as physical volume while other goods are ac-
counted for as monetary value. GHG emissions are 
associated with energy commodity consumption. All 
production, final demand, trade and income flows are 
formulated as mathematical equations. The model is 
solved recursively in one-year time steps. 

The world is classified into 35 geographical regions, 
within which Asian countries are classified into ten sin-
gle countries and five aggregated regions. Industry is 
classified into 32 sectors. The industrial classification is 
characterized by the energy sectors, such as power sec-
tors, being disaggregated in detail into fifteen sectors, 
since the main topic of this study is climate policy and 
energy analysis. This CGE model was developed based 
on the IFPRI’s CGE model named the “Standard CGE 
model” (Lofgren et al., 2002). The details of the model 
structure and mathematical formulas are described in 
Fujimori et al. (2012). 

Several points have been updated from Fujimori et al. 
(2012) as explained below. 
1) The capital market is assumed to be the same as in 

Table 1  Scenario matrix. 
 ADV (Advanced) CNV (Conventional)
Baseline (BAU; 
business as usual) ADV_BAU CNV_BAU 
Mitigation (MIT; 
mitigation) ADV_MIT CNV_MIT 
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ENVISAGE (The ENVironmental Impact and 
Sustainability Applied General Equilibrium (van der 
Mensbrugghe, 2008) which has only one rate of 
return on capital for each region. Only if no new 
capital is allocated to a sector (called a declining 
sector in van der Mensbrugghe (2008)), is the rate of 
return on capital lower than in the other sectors and, in 
this case, the operation ratio decreases as well. The 
details are described in van der Mensbrugghe (2008). 

2) Generally many CGE models describe fuel substitu-
tion by using the CES function (Babiker, 2001); 
ENVISAGE (van der Mensbrugghe, 2008)). However, 
the CES function does not necessarily capture the 
energy balance, though it is easy to interpret theoreti-
cally. This paper puts great weight on the energy bal-
ance of supply and demand. Therefore, we adopted 
the logit function (Clarke et al., 1993).  

3) Household consumption is formulated by the 
AIDADS (An Implicit Direct Additive Demand 
System; Yu et al., 2003) function, except for energy 
goods. Energy consumption in households is deter-
mined by income. Fuel selection is determined by the 
logit function. 

4) Transport is split into freight and passenger transport 
and includes all modes, such as cars, railways, ships 
and so on. 
 

2.2 Scenario framework 
Two different representative socioeconomic scenarios 

are assumed as mentioned above. The “ADV” is de-
scribed as a positive social system in which institutions 
tend to be designed for positively tackling various social 
issues and assisting the creation of innovative technolo-
gies. As a result, technological progress is relatively high, 
so economic growth and energy technology are also 
relatively advanced. In contrast, the “CNV” is character-
ized as slow-to-change social systems, institutions and 
technologies, hesitating to risk incurring transition costs 
to change what they are accustomed to. Governance and 
economic levels stay relatively low. Each country 
pursues short-term profits and, as a result, technical 
improvements and the economic growth rate also stay 
relatively low. The narrative scenario assumptions are 
quantified for utilization as the CGE model parameters, 
as shown in Table 2. 

The medium variant of the latest UN population pro-
spectus (UN, 2011) is provided for both scenarios as the 
population assumption.  GDP growth is assumed to be 
relatively high in ADV and low in CNV. In ADV, the 

energy service intensity (energy service per output) is 
relatively low in terms of service quantity per GDP. This 
implies that the ADV world would supposedly be using 
relatively less heavy materials such as iron and cement or 
be a less transport-oriented society while providing 
similar service levels. People in it would tend to prefer a 
low-energy lifestyle while enjoying high income. 
Energy-efficient technological development would be 
relatively more optimistic in ADV than CNV. As a result, 
the ADV scenario would have relatively low energy 
intensity. In addition, in ADV, the energy technology 
would be relatively more sensitive to energy price 
changes than in CNV. If the prices of the energy sources 
change (e.g., coal becomes quite expensive when carbon 
pricing is introduced), ADV would respond to that price 
change more flexibly. CCS technology would be una-
vailable in CNV since the CNV people may be inter-
preted as tending not to accept CCS technology, while 
those in ADV would be able to install it once the carbon 
price reached the technological cost.  

 
2.3 Quantification of narrative scenario information 

Based on the previous section, the narrative scenarios 
are quantified as input information for CGE model 
application. As mentioned above, the medium case of the 
UN’s population prospects is used for both scenarios. 
Labor endowment is changed in proportion to population 
changes. The GDP assumption is based on Kawase and 
Matsuoka (2013). In ADV the worldwide average growth 
rate is 3.27% and in CNV, 2.24%. The parameter repre-
senting total factor productivity is updated recursively 
based on accumulated capital and labor endowment, 
according to GDP assumptions. This parameter treatment 
increases capital and labor productivity for each produc-
tion sector. The mechanism of how the energy service 
demand generated is differentiated among industry, 
transport and household sectors is as follows. Passenger 
transport service demand and household energy service 
demand are determined using income and its elasticity. 
The basic parameters of income elasticity are chosen 
based on the IEA’s perspective (IEA, 2010). The freight 
transport value is generated by multiplying each sector’s 
output (e.g., steel production) and each unit’s coefficient 
(e.g., ton-km freight demand per output). ADV assumes 
that the logistics system improves so this coefficient 
shows a 2% annual improvement while CNV maintains 
this coefficient as constant. The industrial sectors’ energy 
demand is based on two factors. One is output itself (e.g., 
steel output) and the other is energy efficiency. In addi-

 
Table 2  Scenario characteristics. 
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tion, energy efficiency is improved by two factors. One is 
energy-price- driven energy technological improvement 
and the other is AEEI (Autonomous Energy Efficiency 
Improvement)1). The former, price-oriented technologi-
cal improvement, is associated with energy price elastic-
ity, while the latter is represented by multiplication with a 
coefficient. Numbers from Babiker et al. (2001) are used 
for ADV, and values 0.5% lower for CNV. The energy 
source share is determined by the logit function as ex-
plained. The parameter which represents the base year’s 
share is recursively updated in a similar way to van der 
Mensbrugghe’s (2008) method. This implicitly assumes 
that a price change triggers the relatively cheap installa-
tion of energy technology. This mechanism is applied 
only to ADV.  

 
2.4 Emission constraint 

The global GHG emissions in 2050 are assumed to be 
half the level of emissions in 1990. To ascertain the 
emission pathway to 2050, each region’s emission path-
way is predetermined for each year. While many global 
studies have only global total emission constraints, this 
study specifies each single country’s emission pathway 
since some countries’ emission targets have been already 
agreed on in the Kyoto protocol and pledged according to 
the Copenhagen Accord and they are incorporated in this 
analysis. The way to determine emission constraints is 
described below. 

Firstly, the countries participating in the Kyoto 
Protocol, which prescribed allowable emission amounts 
from 2008 to 2012, set their own targets. For the post- 
Kyoto Protocol period, many countries have pledged an 
emissions target for 2020. The pledges contain not only 
one specific target (like a 20% reduction) but also other 
options according to how other countries participate in 
their own reduction efforts. This study assumes that all of 
the conditions are satisfied and that the strongest emis-

sions constraints are assumed for all regions. For instance, 
Japan is supposed to reduce its emissions by 25% relative 
to 1990 and China, to decrease its emission intensity by 
45% relative to 2005.  

After 2020, all regions are supposed to follow allow-
able emission targets. The allowable emission amount in 
2050 equalizes per capita GHG emissions over the whole 
world, halving global emissions relative to the 1990 level. 
The emissions of 2020 and target emissions of 2050 are 
connected linearly and converted to an allowable emis-
sions level for each region. This post-2020 regime is 
based on the Contraction & Convergence (C&C) ap-
proach (Meyer, 2000). This regime has advantages in that 
it is simple, transparent, easy to understand and highly 
cost-effective, though it also has the disadvantages of 
monitoring problems in low-development countries, a 
risk of surplus emissions for Annex I countries, political 
resistance to the resource-sharing concept and so on (den 
Elzen et al., 2006).  

Emissions trading is fully allowed for all regions, 
therefore, the emission price is globally equalized through 
emission rights trading. 

 
3. Results 

 
3.1 Global BAU overview 

Global population, GDP, total primary energy supply 
(TPES) and energy-related CO2 emissions in the BAU 
cases are shown first to clarify the outline of the scenarios 
in Fig. 1. AR4 (Fourth Assessment Report of IPCC)’s 
(IPCC, 2007) nonintervention scenarios are put together 
in this figure. The four indicators show that our two 
scenarios are in the range of the AR4, ADV is located 
relatively high in the range and CNV is low. CO2 
emissions seem relatively high in the range and this is 
mainly driven by a relatively high GDP. In 2050, the GDP, 
TPES and CO2 of ADV are 1.60, 1.31 and 1.22 times as 

  
Fig. 1 Global BAU population (a), GDP (b), primary energy supply (c) and energy-related CO2 emissions (d). 
 (blue line: ADV, red line: CNV,  grey lines: AR4 nonintervention scenarios) 
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much as those of CNV. The GDP shows the largest differ-
ence whereas the other indicators are not as large as the 
GDP. This result is the consequence of the scenario as-
sumption in which the energy service demand intensity 
(per GDP) of ADV is relatively high. This causes high 
energy- intensity improvement and offsets the GDP in-
crease of ADV to some degree. 

 
3.2 GHG emissions 

Total global and Asian GHG emissions are shown in 
Fig. 2. In the non-intervention cases these gradually in-
crease for the whole simulation period. In 2050, global 
emissions are 99.0 (ADV) and 80.5 (CNV) GtCO2/year, 
which are 2.2 and 1.8 times the 2005 level, respectively. 
Looking at mitigation scenarios, the emission levels in 
2050 are exactly the same since the emissions target is 
common to both of these scenarios. The reduction rates 
from the BAU scenarios are 81% (ADV) and 76% (CNV). 
Their emission pathways, however, are slightly different. 
This is due to different assumptions until 2020. Some 
countries have declared an emission intensity target in 
accordance with the Copenhagen Pledge, and that pro-
duces different emissions in 2020, since different  
GDPs and energy efficiency have been assumed for the 
scenarios. In addition, the non-pledged countries have no 
emission constraints until 2020, so their emission levels 
then could also be different.  

The rate of increase of Asia’s GHG emissions is 
higher than that of the world total. The emissions in 2050 
are 2.6 (ADV) and 2.1 (CNV) times the 2005 level. This 
is mainly driven by the relatively high GDP growth of 
Asia. The emission reduction rates of both mitigation 

scenarios relative to the BAU scenarios are 73% and 74%, 
respectively. They do not differ much from the global 
reduction rate. The absolute amount of emissions in each 
mitigation scenario differs between the ADV and CNV 
scenarios since their emissions trading mechanisms work 
differently. Asia becomes a net importer of emission 
rights from other regions such as Africa after 2040. 

 
3.3 Total primary energy supply and power supply 

This section discusses the breakdown of the total pri-
mary energy supply and power supply to understand 
changes in energy structure. Primary energy is an 
indicator that captures the total energy system, as it is 
subsequently consumed directly by the final demand 
source or transformed to secondary energy such as 
electricity. The source of the electricity is one of the fun-
damental factors determining CO2 emissions. Figure 3 
shows the global and Asian total primary energy supply 
for all scenarios in 2050. The world total primary energy 
in 2050 BAU maintains almost the same energy mix as in 
2005 in both ADV and CNV scenarios. The same can be 
seen in the Asian figure.  

On the other hand, the mitigation scenarios show 
absolutely different energy mixes in 2050. The ADV 
scenario expands the biomass share, whereas the fossil 
fuel share, particularly coal, decreases. The total energy 
volumes of the mitigation scenarios are slightly lower 
than those of BAU, whereas the energy supply of the 
CNV mitigation scenario is apparently lower than that of 
BAU. In the ADV scenario CCS use is allowed and it 
provides an option for using fired power plants, including 
fossil fuel and biomass. Therefore, the decrease in energy 

 
Fig. 2 Total GHG emissions (left: global, right: Asia). 

 

 
Fig. 3 Global and Asian total primary energy supply (left: global, right: Asian). 
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supply is small. This tendency is clearly seen in the 
power supply structure in Fig. 4. Fired power with CCS 
appears in the ADV mitigation scenario and fossil-fuel- 
fired powers without CCS have mostly disappeared. 
Biomass CCS is also introduced at the top of the bar. The 
global and Asian shares are 17% and 15%, respectively. 

Focusing on the CNV scenario, a decrease in the 
volume of the energy supply is required, and in addition, 
the share of nuclear increases. These tendencies happen 
not only in the global figures but also in the Asian. 
Almost the same can be seen in the right-hand figure. 
From this analysis, we find that Asia is not special in the 
context of energy supply structure. Fossil-fuel-fired 
power plants should be drastically decreased and 
non-fossil fuels should take their place as major power 
sources. If CCS technology installation is allowed, fired 
power plants can be kept to some degree with CCS.  

 
3.4 GHG emission price  

The GHG emission price is shown in Fig. 5. Both 
scenarios’ emission prices take off from 2020, the year 
when strong emission constraints are introduced. The 
movements after 2030 differ sharply between the two 
scenarios. The ADV scenario carbon price is higher in 
the 2030s; however, it falls after 2040 while in CNV it 
keeps increasing. This is mainly due to availability of 
CCS technology. Once CCS technology is introduced 
and diffused in ADV, it will be able to reduce the emis-

sion price. Biomass with CCS, in particular, creates nega-
tive emissions and dramatically affects the emission price. 
On the other hand, the CNV scenario is restricted in its 
use of CCS and this scenario involves only one choice for 
reducing emissions, namely setting a high emission price. 

 
3.5 Macroeconomic responses to mitigation 

Mitigation scenarios involve changes in GDP from 
BAU. Figure 6 shows world and Asian GDP losses in the 
mitigation scenarios relative to the BAU scenarios. The 
GDP loss would increase in both ADV and CNV scenar-
ios. The global GDP loss is projected to be 1.2% and 
1.9%, respectively. The GDP loss starts to increase 
particularly from 2020 in both scenarios. Comparing the 
ADV and CNV scenarios, the GDP loss in ADV seems to 
reach saturation around 2040 while in CNV it keeps ris-
ing. An almost similar tendency to that of the GHG 
emission price can be seen (Fig. 5) and the GDP response 
seems to follow the GHG emission price. Looking at 
Asia, the tendency is similar to the global one. Asia’s 
ADV and CNV GDP losses in 2050 are 1.4% and 2.7%, 
respectively. The latter period of the Asian CNV scenario 
differs from the global one due to trends in China, and 
around two thirds of the loss comes from China in CNV. 
The trajectory also heavily depends on China’s GDP loss. 

When we look at individual regions’ GDP losses in 
Asia, they show large variation. Table 3 shows the GDP 
losses of Asian regions in 2050. For instance, in China’s 

 
Fig 4  Global and Asian power supply (left: global, right: Asian). 

 
 
 

   
 Fig. 5  GHG emission price.  Fig. 6  World and Asia GDP losses. 
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ADV and CNV scenarios they are 0.2% and 0.3%, 
respectively, with loss percentages small and almost 
unchanged. On the other hand, Thailand and Malaysia 
show more than 4% in all scenarios. Not only the degree 
of difference between the two scenarios but also the basic 
magnitude of the GDP loss itself is quite different. The 
GDP loss is generated by a complicated mechanism and 
the GHG emission price, economic structure, income 
level, emission allowance and mitigation capacity are all 
important factors. Although it is hard to identify the 
contributions of these factors, there are several tenden-
cies. One is that the developed countries, such as Japan 
and Korea, tend to have low economic losses. For these 
countries energy expenditures are relatively lower than 
other expenditures, and the effect of pricing carbon is low. 
The least developed regions like Other Oceania, Other 
South Asia, India and the Philippines also show low or 
negative GDP losses. Their emission targets are rela-
tively easier since their current emission levels are rela-
tively low. As a result, they become emission rights 
exporters. However, there are exceptions, for instance 
Other Southeast Asia. This region’s emissions are domi-
nated by land-use-change emissions and the economic 
losses are strongly dependent on them. In this paper, we 
cannot go in detail, though. Further analysis and 
identification of the factors generating GDP losses are 
needed.  

 

3.6 Decomposition of GHG emission reduction 
The decomposition of GHG emissions reduction is 

shown in Fig. 7 for the ADV and CNV scenarios2). First 
of all, reduction through use of renewable energy makes 
a substantial contribution in both scenarios. As already 
seen in the primary energy figures, biomass and solar 
energy play important roles. Non-energy-related GHG 
emission reduction is also a key reduction measure. Such 
emissions themselves comprised about 25% of global 
emissions in 2005 so their contribution to emission 
reduction would also be great. In the ADV scenario  
(Fig. 7, left), the CCS contribution appears from around 
2030, becoming a major portion in 2050. This is also 
discussed in the power supply section, and most fired 
power plants are expected to install CCS in 2050. On the 
other hand the CNV scenario is constrained in utilization 
of CCS, therefore other measures such as nuclear and 
power efficiency are substituted for that contribution. 
Focusing on the energy-end-use side, energy efficiency 
steadily contributes throughout the period after 2020. 
The contribution of energy fuel switches (coal to oil and 
gas) becomes larger in the latter period while that of 
electricity demand is larger in the former period. Fossil- 
fuel-fired power plants account for a large share in the 
former period but less in the latter. Thus, although one 
emission reduction measure for the former period is 
electricity demand decrease, it turns out no longer to be a 
reduction measure in the latter period since the power 

 
Table 3 GDP losses of Asian regions in 2050.  
 (positive values indicate losses and negative values, gains) 
 ADV CNV  ADV CNV 
China 2.3% 4.5% Thailand 5.0% 5.2% 
Indonesia 1.4% -0.6% Taiwan 2.0% 4.4% 
India 0.5% -0.4% Vietnam 1.8% -5.5% 
Japan 0.7% 1.1% Other East Asia 6.0% 2.7% 
Korea 0.6% 3.0% Other Oceania -2.7% -10.0% 
Malaysia 4.9% 9.2% Other South Asia -5.9% -6.7% 
Philippines -0.7% -7.1% Other South-east Asia 3.8% 4.6% 
Singapore 6.0% 22.7% Asia 1.4% 2.7% 
   World 1.2% 1.9% 
Negative values indicate that the region benefits from climate mitigation. This scenario analysis 
allows trading of emission allowances. Thus some countries could gain revenue by selling emission 
allowances. 

 
 

  
Fig. 7  Decomposition of Asian GHG reduction (left: ADV, right: CNV). 
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supply will already be decarbonized. 
Figure 7 illustrates Asia’s emission reduction decom-

position. In general, the figures differ little from the 
global ones. Renewable energy, non-energy-related GHG 
reduction and CCS play important roles, as do global 
reduction measures. An obvious difference between the 
global and Asian figures can be seen in emission rights 
importation (at the bottom of the measures). In 2050, 
importation in both scenarios accounts for more than 
30% of emissions. 

 
4. Discussion and Conclusion 

 
The uncertainties and limitations of this study are 

discussed in this section. Problematic points are 1) 
uncertainty in the socioeconomic scenarios, 2) contro-
versy over allocation regimes of emission allowances, 3) 
uncertain availability of CCS, including biomass CCS 
and 4) the models’ structural limitations. Firstly, the 
socioeconomic scenario includes uncertainties. The 
scenarios incorporated in this paper are simply repre-
sentative of a wide range of possible futures. There is no 
guarantee ADV will be realized, since this scenario as-
sumes a good educational system, high technology and 
low energy service demand, and these might not be 
achieved without political or institutional efforts to pro-
mote them. In addition, we arbitrarily assume CCS is 
available in ADV but not in CNV. It is possible to con-
sider scenarios in which CCS is available for both. 
Sensitivity analysis is required for the socioeconomic 
assumptions, including technological availability. The 
emission allowance allocation regimes are also contro-
versial. den Elzen et al. (2006) argued extensively about 
related concerns. Just one simple scheme called C&C is 
tentatively used in this paper. However, much deeper 
analysis would be required in order to put forth more 
useful policies and describe their relevant implications. 
As is discussed in the results in Section 3, CCS technol-
ogy is one of the most important factors, as it is expected 
to reduce CO2 emissions greatly. On the other hand, its 
technological feasibility and social acceptability are 
uncertain. Biomass CCS is also controversial since it 
would compete with food production. It is noted that this 
paper uses a top-down CGE approach. Although power 
supply technology is disaggregated, other end-use tech-
nologies are not. Thus, energy technology might not be 
fully covered and this treatment could overestimate the 
GDP loss. Thus further research is required coupled with 
bottom-up information.  

In conclusion, while recognizing these uncertainties, 
we would like to make several politically important 
points. 
1) Halving GHG emissions globally by 2050 relative to 

1990 is quite an ambitious target and would cause 
substantial changes in energy systems. The GHG 
emission price would not be low and GDP losses 
could exceed 1.2 % globally.  

2) The reduction target is feasible in both scenarios us-
ing a CGE model. However, a technologically rich 

analysis incorporating a bottom-up-type model would 
be required in order to assess energy technological 
feasibility more concretely. 

3) Renewable energy plays an important role in mitiga-
tion scenarios. CCS is also a fundamental reduction 
contributor in the ADV scenario. The emission target 
is also achieved in the CNV scenario even though 
CCS is assumed to be unavailable. Renewable energy 
such as wind and solar are substituted for the role of 
CCS in the CNV scenario but the carbon price would 
reach about 450$/tCO2. Technological progress is 
needed, particularly for those renewable energy 
source technologies, and policy should support them 
since the future cost of renewable energy sources in 
this model is assumed to decrease, rapidly based on 
IEA (2010). Otherwise, the carbon price could be 
much higher than in this analysis, even though it is 
quite uncertain whether this price would be accepta-
ble in terms of real political decisions or not.  

4) Asia is expected to be an important region in the 
world in the next a few decades. Strong emission 
reduction will force Asia’s energy systems to change 
drastically along with global ones. This implies that 
Asia cannot avoid a great effort to reduce GHG 
emissions if the global target is to be kept. The re-
duction measures are similar to the global ones. 
Emissions trading would be a net beneficial reduction 
measure for Asia. 

5) Although the average Asian GDP loss is similar to 
that of the global results, GDP losses vary greatly 
among regions. An international policy framework 
needs to be determined considering these losses. For 
instance, in this study a C&C scheme is applied, but 
other schemes considering cost aspects should be 
taken into account.  
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Notes 
 
1) AEEI is a heuristic representation of non-price-driven improve-

ments in technology that create a progressively energy-saving 
bias in technical change (Babiker et al., 2001) 

2) The technical decomposition methodology is described in 
Fujimori et al.(2012). 
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