AN INTRODUCTION of BET Model –AN INTEGRATED ASSESSMENT MODEL INCLUDING END-USE TECHNOLOGies-
     Hiromi Yamamoto, Central. Research. Institute of Electric Power Industry, Phone +81 3 3201 6601,             E-mail: yamamoth@criepi.denken.or.jp                                                                                                                            Masahiro Sugiyama, Central. Research. Institute of Electric Power Industry, Phone +81 3 3201 6601,                 E-mail: s-masa@criepi.denken.or.jp                                                                                                                                                        Junichi Tsutsui, Central. Research. Institute of Electric Power Industry, Phone +81 4  7182 1181,                        E-mail:tsutsui@ criepi.denken.or.jp 
Overview

An integrated assessment  assesment model (IAM) is a tool develop long-term mitigation scenarios considering interaction among energy systems, economy, environment, and environmental damage. We developed an IAM called BET (Basic Energy Systems, Economy, Environment, and End-use Technology Model) that is based on the optimal growth theory and includes not only energy supply technologies but also end-use technologies suc h as heat pump water heaters, air-conditioners, and electric vehicles. Using the BET model, we  conducted ON-OFF analyses about the unconventional end-use technologies and obtained the following results. The unconventinal end-use technologies can mitigate the global GDP losses in the cases with GHG constraints. These technologies are important especially in the cases with severe GHG constraints.

Methods

The developed model called  the BET model has the following  features. The structure of the BET model follows a basic structure of IAMs using an optimal growth method (Fig. 1). (Manne and Richels 1995,  Nordhaus and Boyer 2000). In the end-use module in the BET model,  final energies is converted to energy services by end-use technologies. The end-use technologies includes unconventional end-use technologes such as heat pump water heater, hybrid vehicles and electric vehicles as well as traditional end-use technologies. The production function in the BET model is based on that in the MARKAL-MACRO model, the input parameters of which are not the final energies but the energy services (Loulou et al. 2004). The BET model includes the simple climate model called the SEEPLUS model (Tsutsui et al. 2011). All the modules such as energy, end-use technologie, economy, and climate are hard-linked in the BET model. The model maximizes the sum of discounted utilities from 2000 to 2230 with a 10-year time step  using a nonlinear programming technique. The model consists of 13 regions in the world.
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Fig. 1 Outline of the BET model
Results

Using the BET model,  we conducted ON-OFF analyses about the unconventional end-use technologies that consists of heat pump water heater, hybrid freight vehicles, and electric passenger vehicles. In order to evaluate the mitigation effect of the end-use technologies  in the ON-OFF analyses, we turned the damage module in the BET off in this study. 

When GHG constraints are strict, the GDP losses are large (Fig.2). However, if the unconventional end-use technologies are available, it mitigates the GDP losses. The unconventional technologies are important especially in the 450 ppm-eq case that is the most strict case  in the study. 
When the unconventional technologies are not available, the options that reduces the GHG emissions are limited. Thus, the reduction in energy service demands in the OFF case is larger than that in the ON case (Fig.3).  In the ON case, the unconventional technologies are introduced and the reduction of the energy service demands is mitigated.
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Fig. 2 GDP losses in the world
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(a) End-use technology are off
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(b) End-use technology are on
Fig. 3 Share of end-use technologies in an automobile transportation sector

(The GHG constraint is 450 ppm-eq.)
Conclusions

We developed an IAM called BET (Basic Energy Systems, Economy, Environment, and End-use Technology Model) that is based on the optimal growth theory and includes not only energy supply technologies but also end-use technologies. Using the BET model, we  conducted ON-OFF analyses about the unconventional end-use technologies and obtained the following results. The unconventinal end-use technologies can mitigate the global GDP losses in the cases with GHG constraints. These technologies are important especially in the cases with severe GHG constraints.
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