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1. Introduction
Commercial buildings sector involves a wide variety of activities that take place in buildings such as office, retail selling, hospital, hotel, university and restaurant. It is often observed in OECD countries that, as the commercial buildings sector becomes a larger part of the economies, it uses more energy and releases more CO2 emission. The commercial buildings sector is one of the fastest growing energy consuming sectors. Japanese commercial sector releases about 16% of total CO2 emission of Japan in 2005 and continues to grow at an annual rate of about 2%/yr in the past decade. According to the governmental report on Japanese energy outlook toward 2030, the commercial buldings sector needs to control its long-term energy demand below the present level. The government promotes policy measures to encourage development and diffusion of energy efficient end-use technologies in this sector such as combined heat and power (CHP) system, electric heat pump water heater, light emitting diode (LED) lighting, building energy management system (BEMS), and also maintains and develops a regulatory framework of efficiency standards for energy consuming equipments, named Top Runner standard program.

2. End-use Energy Model
The purpose of this paper is to estimate CO2 emission reduction potential by diffusion of energy saving and fuel switching technologies in the Japanese commercial buildings sector toward 2030, using a regional and sectoral bottom-up energy model. In the model, the commercial sector is segmented into 33 customer segments by business type and by building size, e.g. office building, retail selling, hotel, hospital, restaurant, K12 school, university, research laboratory, elder care facility and theater, and the country is divided into ten regions. The potential of CO2 emission reduction is estimated taking into consideration different electricity and thermal demand characteristics among these customer segments, and different climate conditions and natural gas availability among regions. The model supposes that, a commercial building owner chooses the most cost-efficient end-use technology, given equipment costs, equipment efficiencies, utility tariffs, governmental subsidy and financial assistances, when the building is newly constructed or retrofitted. 

3. CO2 Emission Reduction towards 2030 
The CO2 emission analysis and economic assessment are performed for two cases, Reference case and Policy case. In the latter case, a portfolio of energy saving and fuel switching technologies for the commercial buildings is supposed to be deployed, such as CHP system, electric heat pump water heater, LED lighting, BEMS, induction heating (IH) cooker and district heating and cooling (DHC). Possible improvements of equipment efficiency and cost of the technologies throughout the time horizon are considered in the estimation. As example of the results, Figure 1 shows estimated CO2 emission trajectories of the Japanese commercial buildings sector during 2000-2030 for two cases when the marginal cost of reduction is allowed up to 100 thousand JPY per ton-CO2. In the Reference case, the sectoral CO2 emission decreases by 8% in 2030 compared to the 2005 level, which reflects decreasing population of Japan in the coming decades. In the Policy case, additional CO2 emission reduction, 21%, is achieved by diffusion of end-use energy saving and fuel switching technologies (13%) and lowering CO2 intensity of grid electricity (8%), compared to the 2005 level.
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Figure 1 CO2 emission reduction potential for Japanese commercial buildings sector

4. Conclusions

The figure shows that, the sectoral CO2 emission can decrease by about 30% in 2030 compared to the 2005 level. According to our economic analysis, equipment efficiency improvement of heat pump air-conditioners, introduction of CHP system with high generation efficiency and fuel switching in air conditioning and water heating are the most cost-efficient to reduce the sectoral CO2 emission. In the presentation, comparison of emission reduction costs and implications of the simulation results will be shown and discussed.










