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Geothermal Energy Development for  
the Low-Carbon Society

Japan has set a goal of reducing greenhouse gas 
(GHG) emissions by 26% by 2030 and 80% by 2050 
compared with FY2013 levels, and is presently pro-
moting the intensive use of renewable energies in 
order to facilitate the realization of a low-carbon so-
ciety.  Geothermal energy is a renewable energy re-
source that is characterized by its stable power output.  
Based on the 5th Strategic Energy Plan formulated 
in July 2018, it will be necessary to increase the total 
installed power capacity in Japan from the current 
level of 550 MW to 1,550 MW by 2030.  To meet this 
challenge, the Japanese government has been sup-
porting geothermal development by setting relatively 
high prices for geothermal power generation under the 
Feed-in-Tariff (FIT) Scheme for renewable energy and 
by easing development regulations in national parks.  
Since the introduction of FIT, more than 70 geothermal 
power plants have been constructed, including binary 
geothermal power plants that use hot springs to pro-
duce an output ranging from a few kilowatts  to several 
thousand kilowatts, and the Wasabizawa Geothermal 
Power Plant, which began operation in 2019 with an 
output of approximately 46 MW.  However, geothermal 
development faces several challenges, such as high 
power generation costs and declined output for existing 
power plants, and technological development is cur-
rently underway to solve these issues.

Conventionally, geothermal development has in-
volved drilling wells from the surface of the earth into 
naturally occurring underground reservoirs of steam 
and hot water and then generating power from the 
naturally spewed steam and hot water.  Reservoirs 
range from a few hundred meters to approximately 
3,000 m below the surface of the earth.  Therefore, it 
is difficult to assess  their location and capacity using 
surface-based surveys.  In some cases, the well may not 
reach the reservoir, or additional wells may be required 
due to the depletion of produced steam and hot water, 
or scale and corrosion protection may be needed due 
to dissolved components in the steam and hot water.  
These types of challenges lead to increased develop-
ment risks and power generation costs.

One solution to these challenges involves the on-
going technical development of enhanced /engineered 
geothermal systems (EGS), which artificially recharge 
reservoir water, improve water permeability in the 
reservoir, and create reservoirs.  At the Geysers geo-
thermal power plants in the United States and the 
Larderello Geothermal Power Plant in Italy, urban 
wastewater and condensate water from power gen-
eration are injected into the reservoirs in which steam 
production has declined to restore production lev-
els.  Likewise, at the Yanaizu-Nishiyama Geothermal 
Power Plant in Japan, river water is injected into res-
ervoirs on an experimental basis.  In Germany and 
France, hydraulic fracturing is used to enlarge frac-
tures in reservoirs to increase water permeability and 
expand hot water and steam production for power gen-
eration.  In the United States in the early 1990s, reser-
voirs were artificially created in hot dry rock (HDR) to 
extract heat of 9 MW.  Japan also succeeded in extract-
ing several hundred to several thousand kilowattes of 
heat from HDR.  However, at the time, this technique 
was considered too expensive to put into practical use.  
In the United States, the University of Utah is current-
ly undertaking a demonstration project to commercial-
ize HDR power generation.

In Iceland, superheated steam at a temperature of 
450 °C and a pressure of 14 MPa was produced from 
a well at a depth of 2,100 m in 2009.  This shows that 
it is possible to generate 30 MW of electricity from a 
single well.  This achievement has attracted attention 
as a supercritical geothermal resource.  Japan has also 
identified this technology as one of the promising in-
novative methods to reduce greenhouse gas emissions 
in the “National Energy and Environment Strategy for 
Technological Innovation” formulated by its Cabinet 
Office.  Currently, research and development are being 
conducted to resist erosion and corrosion of geothermal 
materials due to dissolved components in superheated 
steam, as well as the characterization of bedrock in su-
percritical environments and drilling and heat extrac-
tion technologies.

As for ground equipment, new technologies are be-
ing put to practical use, such as hybrid power genera-
tion, in which biomass or solar heat is used to heat geo-
thermal steam to improve power generation efficiency, 
and combined power generation, in which binary power 
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der of magnitude.  In addition, Fuji Electric delivered 
one of the world’s largest power generation facilities 
(140 MW) to New Zealand.  Moreover, Japanese manu-
facturers have delivered approximately 70% of the 
world’s turbines for geothermal power plants.  Japan 
has also been using its technology in this field to con-
tribute to geothermal development in developing coun-
tries.

Japan has been blessed with many geothermal re-
sources and the technology to develop them.  In addi-
tion to power generation, it should be noted that the hot 
water used during the geothermal power generation 
process can be reused in regional development, such as 
in local heating and cooling, agriculture, and fishery.  
It is our hope that geothermal development in coopera-
tion with local communities will contribute to achiev-
ing a low-carbon society.

generation is performed using the hot water produced 
during the power generation process.  Moreover, a 
technology has been recently developed that circulates 
carbon dioxide underground instead of hot water to 
achieve geothermal power generation.

The interior of the earth is extremely hot, with 
99% of it estimated to be above 1,000 °C.  There are 
vast amounts of thermal energy resources stored in the 
earth.  However, we are currently limited to develop-
ment activities in shallow underground areas around 
volcanoes.  This is due to development risks and power 
generation costs.  Despite this, there are 111 active vol-
canoes in Japan, and the potential for developing con-
ventional geothermal resources is estimated to be the 
third largest in the world at 23.74 GW.  Taken together 
with HDR resources and supercritical geothermal re-
sources, the potential is expected to increase by an or-
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