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Overview

It is expected that various technologies should be developed in order to build a less CO2 society by the year 2050. However, the R&D of all of these technologies involves high expenditure. Hence, a study on the cost analysis of advanced energy technologies should be conducted initially. In particular, Japan is now entering a period of population decline, and the investments in energy-related infrastructure should be done carefully. This study analyzes the cost involved in the significant reduction in CO2 emissions by employing the Japanese Hydrogen Energy Model (J-HEM) based on different technologies. In particular, the change in the cost involved in energy supply for different available vehicle technologies will be studied.
Methods

The J-HEM was developed to analyze the cost of a hydrogen energy system quantitatively. This model incorporates not only the various technologies for hydrogen production, transportation and utilization including fuel cell vehicles/cogeneration systems, but also the competitive technologies such as hybrid vehicles, plug-in hybrid vehicles, heat pump water heater and biofuels (Fig.1). These technologies are employed to minimize the total expenditure in energy supply by the year 2050 under the various constraints, such as the maximum of primary energy supply (reserves of fossil fuels), energy balance, electricity load curve, and CO2 emission.
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Fig. 1: Structure of Japanese Hydrogen Energy Model (J-HEM)
Results

Reducing energy-originated CO2 emissions in Japan by 2050 to half of the 2000 level is technologically possible. However, an additional cost of 0.6–1.6 trillion yen annually ater 2030 will be required to achieve 50% reduction targets, except for the CO2-50% (Biofuels w/o tax) case (Fig. 2). This cost corresponds to 0.1%–0.3% of GDP or 2,200–4,400 yen/t-CO2 (20–40 $/t-CO2) avoided. This cost will differ according to the available technology. Using biofuels in both transport and power generation sectors be the cheapest option in 2050. On the contrary, a hydrogen energy system will be most expensive option because it requires large investments in energy supply infrastructures (production, transportation and utilization facilities, refuelling stations, and fuel cell vehicles). Although the cost of using electrification technologies will be higher than that of using biofuels, this option is important for Japan because the potential for domestic production of biofuels is considerably limited and heavy dependence on imported biofuels may jeopardize the energy security.
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Fig. 2: Total expenditure in energy supply (all cases)
Conclusions

It has been confirmed that advanced technologies such as hydrogen energy systems or plug-in hybrid vehicles can contribute to decrease in the cost to build a less CO2 society in Japan. Although the results of this study are tentative, they evaluated the cost effectiveness of the technologies that will aid in suggesting the course of future R&D. This is an important implication for countries such as Japan and European countries that are striving hard to build a less CO2 society.

References

Y. Nagata and Y. Mori (2007) “The Role of Hydrogen to Build a less CO2 Society for Japan”, Proceedings CD-ROM of the 9th IAEE European Energy Conference, International Association for Energy Economics.

































