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Overview

Among the energy issues facing Japan, energy independence and carbon emissions are particularly important issues in terms of policy-making. Japan imports most of its fossil fuels, and as a result its energy self-sufficiency rate is a mere 4% (18% if nuclear power is included). The Fukushima Daiichi nuclear power plant disaster made the situation much worse by eliminating the nuclear option, which could have played a significant role in solving both issues for the country. Furthermore, the disaster has created a much more urgent and important objective: maintaining a reliable and economically viable energy supply for Japan’s citizens and industry, as its nuclear power plants are being shut down one by one.
This research aims to identify key factors which affect renewable energy popularisation, Japan’s carbon emissions, energy independence, and system costs. Based on these factors, we will propose a new energy system for an alternative energy era, using a detailed sub-regional electricity technology model, the Japan Multi-regional Transmission (JMRT) model. In this model, in order to reflect the characteristics of renewable energy, mesh information data of renewable energy potentials are used to calculate the realistic capital costs (including the construction costs of grids and roads to connect to the nearest existing infrastructure) and to reflect the availability factor of renewable energy in the location. In addition, we assume the use of the hydrogen cycle in the model, wherein excess supplies of electricity are used for electrolysis and stored as hydrogen, which is used in fuel cells to supply heat and electricity to commercial and private buildings and in fuel cell vehicles.
Methods

For this research, we have developed a detailed sub-regional electricity technology model, the Japan Multi-regional Transmission (JMRT) model. Japan has 10 electricity grids with weak connections between grids. In addition, there are two different electricity frequencies, 50Hz and 60Hz, with frequency converters to convert one frequency to another.
The model focuses mainly on electricity supply, and existing power stations and pumped storage data are included therein. The model assumes conventional power stations (Ultra-super Critical (USC), Integrated Gasification Combined Combustion (IGCC), Gas Turbine Combined Cycle (GTCC), and nuclear) and renewable (biomass, on-shore and off-shore wind turbine, photovoltaic (PV), geothermal and small hydro) as new technologies.

In this model, a year is divided into four seasons: Spring (March -June), Summer (July-September), Autumn (October-December) and Winter (January-February), and a day is divided into three sections: Day (8 -14hr, 16-24hr), Peak (14-16hr) and Night (0-8hr).

MOE’s renewable potential GIS data contain geological, capacity, and cost information. For example, on-shore wind turbine GIS data includes location (latitude and longitude) and wind speed. By using the GIS data, we estimated distance from road, and distance from electricity grid on a 1 km2 mesh. From these data, we calculated capacity, availability factor, investment, and operational and maintenance (O&M) cost and create a new data set.
Results

In the most reluctant case, 80% energy dependece on imports and 0% carbon reduction target, LNG thermal PowerStation will fill the electricity shortage caused by nuclear phasing out in no Nuke case. 
Even in extreme carbon constraint case, 80% energy dependence on imports and 90% carbon emission reduction, LNG with CCS will take the position of nuclear and nuclear operation has minor impacts on the usage of renewable energy under no-nuke scenario.
Annualised cost increase by 10.4% in 2020, 9.4% in 2030 and 8.4% in 2050. The increases of LNG imports dominate the total cost increase, because LNG PowerStation generates to meet the shortfall of electricity due to nuclear PowerStation stoppages. Additional payment for LNG imports are to be 20 billion US$ in 2020, 23 billion US$ n 2030 and 28 billion US$ in 2050. Nearly 100% of fossil fuel used in Japan is imports and shift to LNG will escalate the threat of energy security.

In addition to the system cost increase, no-nuke option will make harder to meet policy objectives, energy independence and carbon reductions. 

One striking point is that hydrogen consumption increase in no-nuke option compared to nuke option. Under no-nuke option, fuel cell will become competitive as electricity storage and supplier of electricity, space-heating and hot water. As the result, LNG which is used for hot water is reduced.
Conclusions

We have used a very detailed representation of the current electricity system, along with very rich data on renewable potential, to explore the interplays between various electricity options for Japan. This work could be useful for policy makers as well as modellers. Modellers, who operate at a higher level of disaggregation than what we have, can use the deployment patterns exposed here as reference. Quantitative estimates of impacts of various policy options on the primary policy objectives could be useful for policy makers.
Japan is now facing a challenge which no other country has ever faced: to raise its energy self-sufficiency ratio and reduce GHG simultaneously when most of its fossil fuel supply comes from overseas and it cannot depend upon nuclear power. Though these issues cannot be solved by existing technology, our analysis shows what needs to be done in the short run using existing technology and what direction R&D for new technology should pursue in the long run. In the short run, Japan should integrate all its electricity transmission lines and create a single grid; this would enable it to maximize the use of cheaper renewable energy sources and increase the overall efficiency of renewable energy source usage, and CCS at coal-fired thermal power stations could be better utilized as well. A Feed-in Tariff system, which assures suppliers of renewable energy sources that the energy will be purchased at a fixed price, will be introduced in July of this year in Japan to encourage utilization of renewable energy sources. However, with separated transmission networks, such a system could in fact raise the price of renewables and thus even be an impediment to the spread of renewables. 

In the long run, even with a single grid it would be impossible to achieve a stable supply of wind and solar power as provided by Mother Nature. There would be a variety of views upon the extent to which renewable energy sources can be introduced because of their technological constraints. Japan would need extra facilities to meet demand at peak times in order to achieve a sufficient supply of electricity generated from renewables. In this research, we takes hydrogen cycle as an innovative concept and the simulation results shows that hydrogen cycle will play a major role to achieve extreme carbon constraint and high energy independency towards 2050.
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