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1. Introduction

In February 2007, the United Nations’ Intergovernmental Panel on Climate Change (IPCC) observed that the average global temperature has climbed 0.74 degrees Celsius in the ten years from 1996 and 2005, and basically concludes that global warming is escalating due to human activity.  If countermeasures are not taken, the panel warns that the temperature could climb a maximum of 6.4 degrees Celsius by the end of this century compared to the end of the 20th century. With this in mind, discussion regarding the post-Kyoto Protocol, an international framework concerning the reduction of greenhouse gases after 2013, has become animated. In January 2007, the EU independently declared that it would reduce greenhouse gases by at least 20% by 2020 (compared to the level in 1990). In May 2007, looking ahead to the G8 summit to be held in Germany in June, Prime Minister Abe and the Japanese government proposed the strategy of “Cool Earth 50”. Regarding the post-Kyoto framework, former Prime Minister Abe proposed that all of the major emitting countries including the US, China and India aim to create a framework that will accomplish a 50% global reduction by 2050.  
New administration, Democratic Party of Japan (DPJ) won 308 seats in the 480-seat Lower House and secured a significant majority and promised to reduce carbon emissions 25% below 1990 by 2020 and 80% by 2050. However, the administration has no concrete plan to achieve the target.

In this research, we have liked between top-down model and bottom-up model to simulate Japanese path to 80% carbon reduction by 2050.
2. Methodology
Dynamic GTAP-E Model with Technology Bundle
In this study, we use the GTAP-E model (Burniaux and Truong 2002) which is the standard GTAP model (Hertel 1997) but with energy substitution incorporated into the basic production structure (see Figure 1). GTAP stands for “Global Trade Analysis Project”, and the GTAP model is a global computable general equilibrium (CGE) model, developed at the Center for Global Trade Analysis, Purdue University, USA, for use in global trade analysis. With energy-substitution incorporated, the modified GTAP-E model is often used for trade-environment analysis. In this paper, we further modify the GTAP-E model to allow for the disaggregation of the electricity generation sector into various ‘technologies’ such as ‘coal-fired’, ‘gas-fired’, ‘oil-fired’, ‘hydro’, ‘nuclear’, and ‘others’. Each technology is assumed to produce a particular type of product (coal-electricity (ELYCoal), gas-electricity (ELYGas), etc.) using relatively fixed input proportions, and then combine the different electricity outputs using a constant-ratio-of-elasticity-of-substitution-homothetic (CRESH) production structure. This approach of disaggregating the production structure of an aggregate commodity such as electricity has been referred to as the “technology bundle” approach (see Figure 2)(Saijo and Hamasaki 2009).
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Figure 1 Standard GTAP-E Production Structure
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Figure 2 Production Structure for Electricity Sector

This kind of a production tree is a convenient way of representing separable, constant return-to-scale technologies. Each group of equations refers to one of the branches in the production trees. For each branch, substitution amongst inputs within the nest follows directly from the CES form of the production function for that branch.

For example, value added nest in Figure 1 is describes as follows:
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In this study, we use 9 regions and 14 sectors aggregation based on the GTAP version ６ database. Details of the aggregation are presented in Table 1.

Table 1 Categorisations of Regions and Sectors

	Regions
	Sectors

	China
	Agriculture

	India
	Coal

	Japan
	Oil

	USA
	Gas

	Canada
	Petroleum Products

	EU15
	Electricity

	Russia
	Iron and Steel

	Rest of Annex I
	Non-Ferrous Metal

	Rest of the World
	Mineral Products

	 
	Paper, Pulp and Publishing

	 
	Chemical, Rubber and Plastic

	 
	Other Manufacturing

	 
	Transport

	 
	Service


TIME-FRI Model

Figure 3 shows the structure of FRI-TIMES model. The model is focused four sectors - electricity generation, transportation, private household and commercial building. The electricity generation module provides electricity to the other three sectors. Each technology in the power and transport sectors that consumes fossil fuel emits carbon dioxide. The technology characteristics are determined so that they match the stock, generation and fuel consumption statistics in year 2001. A retirement profile is assumed for each of these generic technologies.

Since the objective is to study extreme carbon reduction in the transport sector, a rather new approach has been used in this model. Basically, the overall PKMS(Person Kilometers) and TKMS (Tonne Kilometers) demand has been structured in a way that various medium and long-term policy options can be explored in a systematic manner. The PKMS/TKMS demands are first divided into different purposes. Each purpose is then divided into different modes. Each mode is met by different technologies
Demands in private household and commercial buildings are divided into five, heating, cooling, hot water, cooking and appliances. Each demand has energy consumption data by energy type including electricity, kerosene, LPG, solar, coal and gas.

Figure 3 Overview of TIMES-FRI Model
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Linking between the Two Models

The bottom-up TIMES model is meant to be used in conjunction with an existing model GTAP-E that is based on the top-down paradigm. Figure 4 shows a possible scheme to soft-link the two models. The main driver of the TIMES model, the end-use energy service demands, will be based on the GTAP-E output.
Figure 4 Linking between the Models
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3. Experimental Design
In this research, we assume that Japan, EU, the US and Canada reduce their emissions 80% below 1990 level by 2050. The results of Japan are used to estimate the demands for TIMES-FRI model as shown in Table 2.
Table 2 Demand Generators

	Input to Demands of FRI-TIMES
	GTAP Output

	Private Household
	Number of Houses
	Number of Labour

	Commercial Building
	Floor Spaces
	Real GDP

	Transport 
	PKMS & TKMS
	Output of Transport

	Electricity Generation 
	Electricity Demand
	Generated Electricity


4. Results
Figure 5 shows emission by sectors under carbon reduction scenario. Most of emissions reduction by 2015 will be achieved by electricity sector and on the other hand, emissions in transportation increase up to 2020.
Figure 5 CO2 Emissions by Sector
(million tone of CO2)


[image: image11]
Figure 6 shows the composition of automobiles by technology type.

Figure 6 Automobile by Technology
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Figure 7 shows electricity generation by technology type. Fossil fuel supplies only 1.8% by gas power generation in 2050. Nuclear power station is the biggest supplier of electricity and generates 71.3% of total electricity demands.

Figure 7 Electricity Generation by Technology Type
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