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Overview
A SiC semiconductor device is an attractive power electronics device in high energy intensity and low energy loss. The SiC inverter is important for saving of electricity and CO2 emission. The purpose of this study is to evaluate effects of introduction of SiC inverter. The effects are to reduce energy systems cost and CO2 emission and to improve competitive strength of electric equipments including SiC inverter units. In order to achieve the purpose, the authors developed a Japan Energy Model that evaluates SiC inverter and electric equipments including SiC inverter units. The model includes a competition module in the water heater section. It calculates the share of CO2-refrigerant heat pump water heater including SiC inverter units to water heater section until 2030. The authors conducted model simulations and obtained following results. In the case of no carbon discharge cost, when SiC inverters reach 100% penetration (then the efficiency of the inverter units is improved from 94% to 99%) and the unit cost of the SiC inverter is the same as that of the conventional inverter, it will decrease the energy systems cost in Japan by 13.6 trillion JPY (that is the discounted total cost during 20 years until 2030). When the inverter efficeincy is constant at 94% and the unit cost of the inverter decreases to half, it will decrease the energy systems cost by 8.9 trillion JPY. The improvement of the efficiency of the inverter unit by one percent is equivalent to the decrease of the inverter cost by 15%. In the case of high carbon discharge cost (at 10,000 JPY/t-CO2), the efficiency improvement of the inverter will decrease more systems cost than that in the no carbon cost case. In the high carbon cost case, the improvement of the efficiency by one percent is equivalent to the decrease of the cost by 19%.
Methods
In order to evaluate benefit of development of SiC inverter and electric equipments including SiC inverters units in Japan, the authors developed a Japan Energy Model. The features of the model are as follows.

(1) The model is one region model for whole Japan. The model includes a power generation cost minimization model called as OPTIGEN. The model includes other energy systems such as oil, city gas, and LPG. 
(2) The final energy demands consist of electricity, city gas, LPG, and kerosene. Each demand is divided into three kinds such as household sector, service sector, and industry sector.
(3) The model includes costs and efficiencies of inverter systems used in electric appliances. It is assumed that the inverter will reach 80 % penetration until 2030 in the industry sector.
(4) The model is a cost minimization model of the energy systems in Japan and the model calculates between 2000 and 2030 with five year time step. The cost includes the costs of water heaters and inverter systems in electric appliances.

(5) In the model the competition in hot water supply is described using preferences of demanders.  The objective of the analysis is a competition between water heater using electricity (CO2 refrigerant heat pump water heater), city gas water heater and LPG water heater that is one of  the most competitive sector in Japan. When the market share of CO2 refrigerant heat pump water heater increases, it increases the electricity demand at nighttime in Japan. Figure 1 shows the result of the market share of CO2 refrigerant heat pump water heater. As the model is a linear programming model, the share curve approximated stair-like function that is included in the model (Figure 1).
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Figure 1 Market share curve of CO2 refrigerant heat pump water heater in Japan in the model
Results
Using the developed model the authors conducted simulations under preconditions in Table 1 and obtained the following results.

(1) In the case of no carbon discharge cost, when the efficiency of the inverter units is improved from 94% to 99%, it will decrease the energy systems cost in Japan by 13.6 trillion JPY (the discounted total cost during 20 years until 2030) (Table  2) . When the unit cost of the inverter decreases to half, it will decrease the systems cost by 8.9 trillion JPY. The improvement of the efficiency of the inverter unit by one percent is equivalent to the decrease of the inverter cost by 15 %. 
(2) In the case of high carbon discharge cost (at 10,000 JPY/t-CO2), the efficiency improvement of the inverter will decrease more systems costs than that in the no carbon cost case. In the high carbon cost case, the improvement of the efficiency by one percent is equivalent to the decrease of the cost by 19 % (Table 3).
(3) When the efficiency of the inverter units is improved from 94% to 99%, CO2 emissions a year in Japan will decrease by 32.4 Mton-C to 52.9 Mton-C (which are the amounts in 2030) that will depend on the carbon emission costs and the structure of power generation.

Table 1 Preconditions of the simulation analyses
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Table 2 Energy systems cost reduction in the cases of developments of inverter systems in Japan 

(a) Carbon cost at zero                                                (b) Carbon cost at 10000 JPY/t-CO2
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Conclusions
In order to evaluate benefit of development of SiC inverter and electric equipments including SiC inverter units in Japan, the authors developed a Japan Energy Model. The authors conducted model simulations and obtained following results. 
(1) In the case of no carbon discharge cost, when the efficiency of the inverter units is improved from 94% to 99%, it will decrease the energy systems cost in Japan by 13.6 trillion JPY (the discounted total cost until 2030). When the unit cost of the inverter decreases to half, it will decrease the systems cost by 8.9 trillion JPY. The improvement of the efficiency of the inverter unit by one percent is equivalent to the decrease of the inverter cost by 15 %. 
(2) In the case of high carbon discharge cost (at 10,000 JPY/t-C), the efficiency improvement of the inverter will decrease more systems cost than that in the no carbon cost case. In the high carbon cost case, the improvement of the efficiency by one percent is equivalent to the decrease of the cost by 19 %.
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