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Introduction |

Fossil fuels like oil, coal and natural gas supported Japan’s modernization and
high economic growth after World War 11, helping Japan to form a giant economic bloc
and build its position as a developed country. Meanwhile, Japan, which is poor in
natural resources including fossil fuels, has been plagued with structural vulnerability
since the two oil crises in the 1970s, depending on foreign countries for the energy
indispensable for national livelihood and industrial activities. In response to the
effectuation of the Paris Agreement in November 2016, Japan is also required to fulfill
its responsibility for addressing the climate change problem that is growing more
serious. Japan’s greenhouse gas (GHG) emissions increased substantially as nuclear
power plants were shut down after the Great East Japan Earthquake. Japan, which
depends on overseas fossil fuels for almost all of its primary energy supply, must
simultaneously ensure energy security and reduce greenhouse gas emissions.

Therefore, Japan has taken all possible measures including the promotion of
energy conservation, the expansion of renewable energy, the utilization of natural gas
and nuclear energy and the consideration of domestic carbon capture and storage. In
the absence of any single, almighty solution, Japan must mobilize all such measures to
realize the so-called “3E+S” — energy security, economic efficiency and environment,
plus safety —energy policy. Given that climate change has the risk of having significant
negative influences on future generations and that the extension of traditional measures
would be insufficient over the long term through 2050 and the second half of this
century, Japan must reform its existing energy supply structure and transition to a new
energy system by pursuing solutions through innovation including the development
and diffusion of innovative technologies that can fundamentally reduce GHG
emissions, as noted in the Plan for Global Warming Countermeasures (Cabinet
Decision on May 13, 2016).

Hydrogen has favorable characteristics due to the fact that its use emits no carbon
dioxide because it contains no carbon. It can be used as an energy carrier to store, carry,
and in effect use renewable energy, due to its storability, portability and flexibility.
Japan can take advantage of hydrogen technologies to use abundant renewable energy
resources and unused energy resources from overseas that it has so far failed to use due
to the fact that Japan is an island nation. Coupled with CCS, its use could have
significant positive effects in terms of Japan’s efforts to mitigate climate change. For
Japan, which is poor in energy resources, hydrogen could be a trump card in ensuring
energy security and preventing further climate change.



In the so-called “East Asian Miracle,” Japan achieved its remarkable economic
development despite the density of its population, limited energy resources and small
territory. The key driver for the development has been scientific and technological
strength backed by the highly educated and diligent Japanese people. It may not be
easy to build a hydrogen-based society. However, Japan is suitable for introducing this
innovation to the world and should lead the world in utilizing hydrogen.

Itis indispensable to increase the citizens’ support for realizing a hydrogen-based
society. The 2020 Tokyo Olympic and Paralympic Games will be a good opportunity
for Japan to demonstrate to its people and foreign visitors the extent of its forward-
thinking initiatives. Tokyo already operates fuel cell buses and has proceeded with
plans to use hydrogen in the Olympic and Paralympic villages. A demonstration pilot
project will have its full-scale launch next spring to produce hydrogen from renewable
energy in Fukushima Prefecture for use not only in the prefecture but also in Tokyo by
2020. Japan will leverage the Tokyo Olympic and Paralympic Games to further
accelerate innovation for its world-leading hydrogen and fuel cell technologies to
advance its growth strategy.

This Basic Hydrogen Strategy document represents the direction or vision that
public and private sectors should share in realizing a hydrogen-based society with an
eye on 2050 and provides an action plan for its realization. We hope that as many people
as possible will read this strategy to deepen their understanding regarding hydrogen
policies.



1. General
1.1. Positioning Basic Hydrogen Strategy

The fourth Strategic Energy Plan adopted in April 2014 stated, “Since
technological innovation has progressed, now is the time to conduct comprehensive
deliberation on a ‘hydrogen-based society,” which uses hydrogen as an energy.”
Furthermore, the Council for a Strategy for Hydrogen and Fuel Cells, comprising
experts from industrial, academic and government sectors, compiled the Strategic
Roadmap for Hydrogen and Fuel Cells in June 2014.

The roadmap seeks to realize a hydrogen-based society on a step-by-step basis
under the following three-phase program, carefully considering both short and long
periods of time required to overcome technological challenges and secure economic
efficiency:

(i) Phase 1: Dramatic expansion of hydrogen use (from present)
By expanding the use of fixed fuel cells and fuel cell vehicles (FCVs) dramatically,

Japan will capture the global market for hydrogen and fuel cells in which it leads the
world.

(ii) Phase 2: Full-fledged introduction of hydrogen power generation and establishment of
a large-scale hydrogen supply system (by the second half of the 2020s)
While increasing hydrogen demand further, Japan will increase the scope of current
hydrogen sources to cover unused energy sources and establish a new secondary energy
structure including hydrogen in addition to traditional electricity and heat.

(iii) Phase 3: Establishment of a CO,-free hydrogen supply system on a total basis (by
around 2040)
Japan will combine hydrogen production with CCS or use hydrogen from renewable
energy to establish a totally CO,-free hydrogen supply system..
Based on later progress in hydrogen use development, the roadmap was revised
in March 2016 to include the path to and quantitative targets for expanding residential

fuel cells (Ene-Farms) and FCVs and making hydrogen stations independent.

In April 2017, the Ministerial Council on Renewable Energy, Hydrogen and
Related Issues held its first meeting to discuss initiatives for expanding renewable
energy and realizing a hydrogen-based society. It then adopted a plan to decide on a
basic strategy within the year that will allow the government to be united in promoting
initiatives that will ensure Japan becomes the first country in the world to realize a
hydrogen-based society.. The plan was specified in the Investments for the Future
Strategy 2017 (Cabinet Decision on June 9, 2017).

Based on the above background, here is the final decision on the Basic Hydrogen



Strategy. The basic strategy includes the existing roadmap for the introduction and
diffusion of individual technologies, positions hydrogen as a new carbon-free energy
option and represents a policy that directs the whole of the government to implement
relevant measures. Based on the basic strategy, Japan will resolve energy security and
GHG emission reduction challenges simultaneously, make national efforts to use
hydrogen, and become the first country in the world to realize a hydrogen-based society
in order to lead the world in using hydrogen®.

1.2. Timeline for the Basic Hydrogen Strategy

In response to the effectuation of the Paris Agreement in November 2016, major
countries are announcing ambitious initiatives and visions toward 2050. Based on the
Strategic Roadmap for Hydrogen and Fuel Cells that mainly spells out goals to be
realized by around 2030, this strategy provides the directions and vision that public and
private sectors should share with an eye on 2050.

We will monitor the progress in this strategy toward FY2020, making revisions
as necessary.

1 The roadmap will be revised as necessary after the decision on the basic strategy.



2. Structural problems involving Japan’s energy supply and demand

2.1. Energy security and self-sufficiency rate

Japan, which is poor in fossil fuel resources, depends on overseas fossil fuels for
about 94% of its primary energy supply?, and is therefore plagued with structural
vulnerability® in terms of energy security. Particularly, oil-based fuels account for 98%
of automobile fuels, of which approximately 87% is from the Middle East.

Japan’s energy self-sufficiency rate has consistently remained as low as 6-7%,
due primarily to the shutdown of nuclear power plants since the Great East Japan
Earthquake. This level is the second lowest among the 34 OECD countries. It is far
lower than Japan’s food self-sufficiency rate (at 38% on a calorie basis), which is the
lowest among developed countries.

Since the introduction of the Feed-in Tariff system for renewable energy
electricity, renewable energy including solar photovoltaics has diffused rapidly in
Japan. However, renewable energy power generation, including traditional hydro
power generation, accounts for only 15.0% (estimated for FY2016) of Japan’s total
power generation.

2.2. CO, emission restrictions

Based on its nationally determined contributions (NDCs) submitted to the United
Nations in 2016, Japan plans to cut greenhouse gas emissions by 26% from FY2013
levels by FY2030 (or by 25.4% from FY 2005 levels) through domestic GHG emissions
reductions and absorption.

It is necessary to cut 310 million tons of CO3, of which 190 million tons (more
than 60% of the required cuts) is currently used for the power generation sector that
accounts for 40% of total CO, emissions..

Based on the Paris Agreement, the Plan for Global Warming Countermeasures
seeks to cut GHG emissions by 80% over the long term through 2050 by taking

2 The percentage includes 39.5% for oil, 27.3% for coal and 23.3% for natural gas (2015).

% Since the Great East Japan Earthquake and the Fukushima Daiichi Nuclear Power Station accident, fossil
fuels’ share of the primary energy supply and fossil fuel power generation’s share of total power
generation have increased despite redoubled energy conservation efforts.

4 On Japan’s long-term direction, the Plan for Global Warming Countermeasures states, “Japan, based on



maximum advantage of innovation including the development and diffusion of
innovative technologies.

the Paris Agreement, will lead the international community in order to encourage major greenhouse gas
emitting countries to make their best possible efforts commensurate with their capabilities under a fair,
effective international framework covering all major countries and will seek to reduce GHG emissions
by 80% over a long term through 2050 while balancing global warming countermeasures with economic
growth.”



3. Significance and importance of hydrogen

Hydrogen has the potential to diversify Japan’s primary energy supply structure
and to substantially reduce carbon use.

Japan has just begun to use hydrogen. At present, hydrogen generated as a by-
product at industrial plants and hydrogen produced through reforming of natural gas
and liquefied petroleum gas are used for energy purposes. These kinds of hydrogen
originate from fossil fuels imported from abroad. Fuel cells, although appreciated for
their ability to reduce energy costs, are seen only as representing efficient energy use
at present. Accordingly, the true value of hydrogen use has not been understood by
citizens or demonstrated sufficiently.

3.1. Significance in procurement/supply: Diversification of
supply/procurement sources to fundamentally reduce
procurement/supply risks

Suitable sites for renewable energy power generation, economical fossil fuel
production, and carbon dioxide capture and storage are randomly located in the world.

Since hydrogen can be produced from renewable energy and various other
energy sources, stored and transported, Japan can procure hydrogen from anywhere
internally and externally. Therefore, Japan’s primary supply structure, which currently
depends on randomly located overseas fossil fuels, can be reformed and diversified
into a structure that depends on no specific energy sources, which will fundamentally
reduce energy procurement and supply risks.

(a) Fossil fuels can be made free from CO2 through overseas CCS use

e Unused low-cost fossil fuel resources, including abundant overseas brown coal
resources, can be made free from CO- through the combination of hydrogen
production and CCS.

e Suitable sites for CCS must have geological structures to trap CO2, with
adequate storage layers and cap rocks and must be free of geological faults. At
present, there are nearly 40 CCS projects that each could annually store 400,000
tons or more carbony, including those in the pipeline. However, most are
concentrated in North America, Northern Europe, East Asia and Australia.

e Such unused overseas energy resources, suitable CCS sites, and hydrogen-



related technologies may be combined to enable CO»-free energy procurement.
(b) Cheap overseas renewable energy resources are available

* Renewable energy power generation costs have been declining rapidly,
particularly in foreign countries. The lowest cost is now several yen per kWh,
lower than the costs available from existing fossil fuel power plants®.

* If renewable energy power generation costs decline further, hydrogen may be
produced from renewable energy in countries or regions featuring relatively
lower power generation costs and transported to Japan for local use in a
sufficiently economical manner.

Purely domestic renewable energy would lead to the improvement of Japan’s
energy self-sufficiency rate. However, renewable energy power sources are naturally
volatile and cannot be controlled. When renewable energy electricity is undersupplied,
other electricity sources must be employed to cover the shortages. In the event of an
oversupply, output must be controlled. Therefore, electricity storage technologies are
one of the keys to further the expansion of renewable energy. In this respect, hydrogen
enables large-scale, long-term energy storage and has great potential to play a key role
in storing electricity.

(c) Contributing to domestic renewable energy expansion

* As volatile renewable energy power sources including solar and wind power
plants have expanded globally, problems such as temporary oversupply (excess
supply over total demand), the so-called duck curve indicating rapid
fluctuations in net demand (total demand minus power generation from natural
(volatile) power sources) and frequent supply-demand adjustments have
emerged, requiring every country or region to urgently integrate renewable
energy into electricity systems.

*  Controlling flow of electricity on electricity output from renewable energy
power generators is required to stabilize electric grids. In order to make
effective use of renewable energy, however, electricity storage facilities are
required to avoid output control. Storage batteries may play a key role in this
respect for the immediate future. As renewable energy expands further with the

5 For example, the lowest cost for solar PV plants starting operation in 2019 is given at 5.8 yen/kWh and
that for wind power plants at 3.8 yen/kWh (on a levelized cost of electricity basis at an exchange rate of
110 yen to the dollar) (DOE, 2017).



necessity of output controls will also increase, however, large-scale and long-
term power-to-gas systems using hydrogen for storage may be required.

* If renewable energy costs fall in Japan as with overseas at present, renewable
energy may realistically be used not only to generate electricity but also to
produce hydrogen for fuel.

3.2. Significance of hydrogen use: Reducing carbon in power
generation, transportation, heat use and industrial processes

COz is not emitted during hydrogen use. CCS and renewable energy technologies
can be used to make hydrogen a completely-CO»-free energy source. Like natural gas,
hydrogen can be handled as fuel. Fuel cell technologies that efficiently generate
electricity and heat from hydrogen can be combined with hydrogen to ultimately reduce
carbon in various areas including power generation, transportation, industrial processes,
and heat use.

(a) Hydrogen’s potential to reduce carbon in the electricity system

* Inorder to reduce carbon in the power generation sector that accounts for 40%
of Japan’s total CO> emissions, Japan will have to shift to an energy system in
which renewable energy is positioned as one of its baseload power sources. It
must be noted that current, large-scale renewable energy power generation
alone fails to meet most of the power demand and must be accompanied by (1)
response to massive oversupply (kWh), (2) regulated power supply to control
fluctuations (AKW) and (3) backup power sources to prepare for renewable
energy shortages (kW/kwh).

*  Natural gas power generation features supply and adjustment capacity and is
indispensable for renewable energy power generation expansion. However,
hydrogen power generation can work in the same way as natural gas power
generation and may become a leading option to reduce carbon in fossil power
generation on the premise of future cost reduction.

e Long-term electricity storage will be important for using massive renewable
energy oversupply without output control. In this respect, hydrogen will be
effective for storing energy on a large-scale, long-term basis over multiple
seasons.

* Inthis way, hydrogen as along with renewable energy is expected to play a key
role in reducing carbon in the electricity system.



(b) Hydrogen’s potential to reduce carbon in mobility

The transport sector accounts for slightly less than 20% of Japan’s total CO>
emissions, and automobiles (passenger cars and trucks) account for 85% of the
sector’s emissions. Therefore, it is important to reduce carbon emissions from
various automobiles from compact cars to large trucks and buses.

Hydrogen features more energy density per unit weight and unit cubic volume
than lithium-ion and other storage batteries. Therefore, fuel cell vehicles have
comparative superiority over other zero emission vehicles (ZEVs) in large
vehicles for long-range transportation. The improvement of fuel cell efficiency
and output density are expected to further increase maximum driving distance
and make fuel cells smaller.

Battery electric vehicles (BEVs) with lithium-ion batteries, though inferior to
FCVs in maximum driving distance and charging time, are easier to produce
and expected to spread rapidly in line with the introduction and enhancement
of environmental regulations in North American and Chinese markets. The
spread of BEVs must be combined with carbon cuts in power generation to
realize low-carbon automobiles. It is apparently difficult to electrify all vehicles.

To reduce carbon across the entire mobility sector including forklifts and other
industrial vehicles and ships, “zero-emission power sources and BEVs” are
required along with “CO»-free hydrogen and FCVs.”

(c) Hydrogen’s potential to reduce carbon in industrial processes and heat use

Sectors outside the power generation and transport sectors account for 540
million tons, or 44%, of Japan’s total energy-related CO> emissions.
Particularly, the industry sector consumes massive amounts of raw fuels
including fuel oil and coal, emitting a massive amount of COx.

Generally, direct heating and other industrial processes are difficult to electrify.
It is not easy to reduce carbon in industrial processes that are difficult to
electrify. A realistic approach for the immediate future may be energy
conservation and CO: emission reduction using cogeneration and other
combined heat and power systems. To further reduce carbon, however, the
industry sector will have to use hydrogen as fuel or other CO,-free material.



(d) Fuel cell technology’s potential to reduce carbon

Fuel cells represent one of the most important technologies for using hydrogen.
They take advantage of electrochemical reactions to generate electricity and
heat, and feature (1) high power generation efficiency, (2) small size, and (3)
effective use of heat during power generation at use sites.

Small dispersed power systems using fuel cells feature greater power
generation efficiency than large fossil power plants while requiring no large-
scale investment. Depending on a future investment environment for large-sale
power sources, fuel cells may rapidly diffuse as dispersed power systems.

3.3. Significance seen from 3E+S viewpoint

The fourth Strategic Energy Plan (Cabinet Decision in April 2014) presents

“energy security”, enhancing “economic efficiency,” and “environment” suitability on

the premise of “safety” as representing its fundamental stance. The three E’s are

difficult to simultaneously achieve and are called the “energy trilemma.” Low-carbon
technologies are the solution to the trilemma.

A hydrogen-based society is not a goal but a means to an end. A hydrogen-based

society must be realized to achieve the “3E+S” goal. The following reaffirms the
significance of hydrogen use in terms of the “3E+S”.

(a) Safety

Hydrogen is the lightest flammable gas on the earth, featuring a wide
flammable range and small ignition energy. Given that hydrogen is the most
diffusible substance in air, hydrogen should be kept under adequate control
environments. Under such controls, hydrogen is very unlikely to ignite or
explode.

However, the coexistence of massive amounts of hydrogen and oxygen in an
enclosed space represents a great risk of explosion. Therefore, safety measures
are taken to (1) prevent hydrogen from leaking, (2) detect any leak immediately
and suspend hydrogen supply, and (3) prevent leaked hydrogen from
accumulating.



(b) Energy security

Since hydrogen can be produced from renewable energy and various other
energy sources, stored and transported, Japan can procure hydrogen from
anywhere internally and externally. Therefore, Japan’s primary supply structure,
which currently depends on randomly located overseas fossil fuels, can be
reformed and diversified into a structure that depends on no specific energy
sources, which will fundamentally reduce energy procurement and supply risks.
[Repeated]

Purely domestic renewable energy would lead to the improvement of Japan’s
energy self-sufficiency rate. However, renewable energy power sources are
naturally volatile and cannot be controlled. When renewable energy electricity
is undersupplied, other electricity sources must be employed to cover the
shortages. In the event of an oversupply, output must be controlled. Therefore,
electricity storage technologies are one of the keys to further the expansion of
renewable energy. In this respect, hydrogen enables large-scale, long-term
energy storage and has great potential to play a key role in storing electricity.
[Repeated]

(c) Economic efficiency

Fossil fuels such as coal and oil feature high volume energy density, ease in
handling, and excellent economic efficiency. From the viewpoint of depletion
and climate change, however, they have sustainability problems, risking
massive social costs for future generations.

Hydrogen use costs for the present generation are higher than traditional fossil
fuel use costs. As hydrogen use costs have great potential to decline over a
medium to long term, however, hydrogen can be a leading option to lower
energy use costs for future generations.

(d) Environment

CO2 is not emitted during hydrogen use. CCS and renewable energy
technologies can be used to make hydrogen a completely-CO»-free energy



3.4.

source. [Repeated]

Like natural gas, hydrogen can be handled as fuel. Fuel cell technologies that
efficiently generate electricity and heat from hydrogen can be combined with
hydrogen to ultimately reduce carbon in various areas including power
generation, transportation, industrial processes, and heat use. [Repeated]

International significance: Contributions to international
community through world-leading innovation

International promotion of hydrogen use will not only deepen the significance of

hydrogen use based on Japan’s energy policy but also contribute to overseas CO>

emission reduction.

3.5.

As countries promote low-carbon initiatives against the backdrop of the Paris
Agreement, Japan’s overseas promotion of its world-leading hydrogen-related
technologies, including FCVs, hydrogen stations and fixed fuel cells, will
contribute to overseas CO> emissions reductions and encourage hydrogen use
in Japan to enhance its industrial competitiveness, producing a virtuous cycle.

Given that hydrogen production through reforming of fossil fuels can be
combined with CCS to make CO»-free energy, the international promotion of
relevant technologies will contribute to low-carbon energy use in resources-rich
countries. Hydrogen carrier technologies can be used to provide resources-rich
countries with new export goods including renewable energy resources.

Sustainable economic and social development is a great challenge facing the
international community at present. Hydrogen use can become a climate change
countermeasure and a very useful means of resolving the challenge. Japan will
become the first country in the world to vigorously tackle hydrogen use and
will share its achievements with other countries.

Significance of industrial promotion and enhancing
competitiveness

The Hydrogen Council, an initiative by Japanese and other business leaders,
reports that hydrogen use for CO2 emission reduction could create a $2.5 trillion
market and 30 million jobs on the assumption that energy-related CO:



emissions would have to be cut by 60% by 2050 to achieve the so-called 2°C
scenario.

e Japan has a longer than 40-year history of hydrogen and fuel cell technology
research and development under such projects as the Sunshine Project and the
Moonlight Project launched in the 1970s, the Japan Hydrogen and Fuel Cell
Demonstration (JHFC) Project and a large-scale demonstration project for
stationary fuel cells, accumulating world-leading technologies, knowledge, and
knowhow in its industrial and academic sectors. As indicated by Ene-Farms
commercialized in 2009 and hydrogen stations and FCVs launched in 2014,
Japan has become the first country in the world to commercialize hydrogen and
fuel cell technologies.

* As hydrogen and fuel cell technologies have expanded widely, Japan has
retained the world’s highest level in technologies including not only the
abovementioned fuel cell cogeneration systems, FCVs and hydrogen stations
but also gas turbines for hydrogen power generation, water electrolysis systems,
hydrogen carrier ships and hydrogen carrier technology.

*  Given the future global spread of hydrogen use, Japan’s overseas promotion of
these technologies will contribute not only to carbon emissions reductions
overseas but also to industry policy on hydrogen.

3.6. Hydrogen initiatives in foreign countries

As hydrogen has attracted global attention as next-generation energy, not only
Western developed countries but also China and other emerging countries with
continually increasing energy demands are promoting various hydrogen use initiatives.
While grasping and keeping step with such global trends, Japan should lead the world
in realizing a hydrogen-based society.

*  Europe is conducting demonstrative research on the operation of about 140 fuel
cell buses under the Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) ©
and on power-to-gas technologies for stabilizing electric grids. Europe is also
considering systems for evaluating, certifying and trading the environmental

® The FCH-JU is a Belgium-based public-private partnership conducting demonstration projects for
European hydrogen and fuel cell technologies.



value of hydrogen. Definitions’ for “Premium Hydrogen” from renewable
energy and other kinds of hydrogen have already been established, with a
roadmap prepared for building a certification system for Premium Hydrogen®.
Premium Hydrogen is planned for steelmaking and oil refining processes under
an initiative to reduce carbon in the industrial sector. Some European countries
have also vowed to ban gasoline and diesel vehicles in the future which will
promote the diffusion of BEVs, FCVs and other next-generation vehicles,
representing policies that will reduce carbon in the automobile area.

*  Germany is promoting renewable energy for automobiles and power generation
to increase renewable energy to 50% or more of the national power supply by
2030 with the goal of reducing GHG emissions in 2050 by 80-95%. Germany
plans to develop 400 hydrogen stations by 2023, using the “H2 Mobility” °
framework launched by six European private companies in 2015. Against the
backdrop of energy policies and natural gas grid development, Germany has
undertaken power-to-gas demonstration projects at about 30 plants including
those under construction.

* In France, an automaker has developed a vehicle using fuel cells to power the
battery to increase the driving distance, selling about 200 units. France intends
to spread hydrogen use while minimizing initial investment, planning to
introduce large-scale hydrogen stations in the second half of the 2020s.

e In the United States, California has introduced a regulation® that a certain
percentage of vehicles that large manufacturers produce for sale in California

" For a scheme for certifying hydrogen with high environmental value, hydrogen that is produced with CO,
emissions reduced by 60% or more compared to levels (919.coo/MJ.1i2) for reforming natural gas is
defined as Premium Hydrogen (36.40-co2/MJ.+2). Premium Hydrogen made from renewable energy is
defined as Green Hydrogen. The CO; emission calculation does not consider emissions for transporting
hydrogen and for producing equipment used for hydrogen production processes.

8 Hydrogen certified as Premium Hydrogen can be traded as hydrogen with high environmental value.
Environmental value can be separated from hydrogen in the form of certificates that are tradable. Even
non-certified hydrogen (called Grey Hydrogen) can be combined with the certificate to be claimed as
Premium Hydrogen.

® H2 Mobility is an organization established at the initiative of the private sector to develop and operate
hydrogen stations in the early days of FCVs. The organization had been under consideration since 2009
and was founded by Air Liquide, Daimler, Linde, OMYV, Shell and Total in 2015. With contributions from
stakeholders and information provided for hydrogen station operation, it promotes hydrogen station
development in Germany.

10 The regulation for preventing air pollution and reducing CO emissions requires ZEVs and transitional
zero emission vehicles (TZEVs) to account for a certain share of vehicle sales. A total of 10 states
including California have established this regulation, covering a quarter of the U.S. automobile market.



must be ZEVs (including BEVs and FCVs). As of October 2017, about 3,000
FCVs were used in the state. While 51 hydrogen stations have been developed
in the whole of the United States, California plans to build about 100 hydrogen
stations by 2023. In the Northeast including New York, about 110 to 120
hydrogen stations are planned for construction by 2025.

e In China, a roadmap?! for diffusing FCVs was announced in October 2016,
including a target of increasing the number of FCVs to one million units with
1,000 hydrogen stations developed by 2030. China plans to require automakers
to secure a certain market share for next-generation vehicles from 2018.
Chinese automakers are implementing joint FCV development and
demonstration projects with universities or other research organizations, while
a foreign company is constructing a fuel cell stack plant.

*  The Republic of Korea (ROK) now has some 100 FCVs with about 20 hydrogen
stations developed and has released a target of increasing the number of FCVs
to 100,000 units and the number of hydrogen stations to 210 in 2025. Public-
private partnership initiatives are being promoted to achieve the target.

11 The Society of Automotive Engineers of China announced the energy conservation and new energy
vehicle technology roadmap in October 2016.



4. Basic strategy for realizing hydrogen-based society|

4.1. Realizing low-cost hydrogen use: Utilizing overseas unused energy
and renewable energy

* It is indispensable to reduce the hydrogen procurement and supply costs to
realize a “hydrogen-based society” in which hydrogen is used in daily life and
in industrial activities.

*  Promising approaches to reduce the cost of hydrogen include combining
overseas unused energy with CCS and procuring massive amounts of hydrogen
from cheap renewable energy. They are basic approaches under which Japan
will develop international integrated hydrogen supply chains covering
everything from hydrogen production to storage, transportation, and use.

*  Specifically, Japan will develop commercial-scale supply chains by around
2030 to procure 300,000 tons of hydrogen annually and reduce the cost of
hydrogen'? to 30 yen/Nm?3. Then, it will be important for Japan to expand
hydrogen demand in the mobility sector including FCVs and dramatically
increase hydrogen demand by introducing hydrogen power generation which
will consume nation-scale amounts of hydrogen.

*  From 2030, Japan will expand international hydrogen supply chains on the
supply side and spread industrial hydrogen use on the demand side to further
reduce the hydrogen cost to narrow cost gaps with traditional energy sources.
In the future, Japan will try to lower the hydrogen cost to 20 yen/Nm? to allow
hydrogen including its environmental value to have the same cost
competitiveness as traditional energy sources.

4.2. Developing international hydrogen supply chains

To create viable international hydrogen supply chains, upstream initiatives to
secure cheap overseas resources through private sector efforts and government-to-
government diplomacy will be required along with energy carrier technologies to
enable efficient hydrogen transportation and storage.

At present, compressed or liquefied hydrogen is utilized for hydrogen supply in

12 This represents the plant delivery cost, amounting to less than one-third of the present hydrogen price at
hydrogen stations.



Japan. For the development of international supply chains, hydrogen carriers such as
methylcyclohexane (MCH) under the organic hydride method, ammonia, and methane
could be utilized in addition to liquefied hydrogen for which transportation
technologies and infrastructure have been established in Japan. Each carrier has its own
advantages and disadvantages. Technological, safety and environmental problems will
have to be resolved, while relevant infrastructure including port facilities for hydrogen
imports will have to be developed.

In hydrogen supply chains, these hydrogen energy carriers perform various roles.
While liquefied hydrogen and MCH are purely designed for hydrogen transportation,
ammonia, though being a hydrogen carrier, is also available for direct use. Methane
from renewable energy is assumed to be available exclusively for direct use. It must be
noted that the direct use of hydrogen carriers differs from the use of hydrogen (H>).

(a) Developing liquefied hydrogen supply chains

e Liquefied hydrogen: (1) is about one-800th the cubic volume of gaseous
hydrogen, (2) can easily provide very pure hydrogen through gasification, (3)
is available for infrastructure and technology that are similar to those for LNG,
and (4) is available for established transportation infrastructure in Japan.

* As liquefied hydrogen is colder than LNG, however, technologies must be
developed for new infrastructure for maritime transportation, loading and
unloading, and storage.

*  Therefore, Japan will establish basic technologies through its joint project with
Australia for the development and demonstration of a liquefied hydrogen
supply chain lasting until FY2020, paving the way for commercialization.
Under the project, Japan will also attempt to establish technologies for
producing CO2-free hydrogen from brown coal which is known to be a cheap,
currently unused energy source and for separating and capturing the CO,.

* As for the world’s first attempt to make liquefied hydrogen available for
maritime transportation, Japan will develop and demonstrate a liquefied
hydrogen carrier ship for the Japan-Australia liquefied hydrogen supply chain
development and demonstration project. Tentative safety standards proposed by
Japan and Australia for liquefied hydrogen carrier ships were adopted by the
International Maritime Organization in 2016. Based on the abovementioned



project, Japan will draft international standards for commercial liquefied
hydrogen carrier ships to secure stable liquefied hydrogen transportation.

Japan will demonstrate the liquefied hydrogen supply chain by the mid-2020s
for commercialization around 2030. To this end, Japan will establish massive
transportation, loading, unloading and storage technologies by early 2020 while
developing liquefied hydrogen unloading facilities. In terms of hydrogen power
generation equipment, Japan will develop and demonstrate relevant
components including large-capacity vaporizers, boost pumps, pipe
arrangements and pipe fittings.

(b) Developing organic hydride supply chains

MCH: (1) is about one-500th the cubic volume of gaseous hydrogen, (2) is
liquid at ordinary temperatures and pressures and available for easy handling
and long-term storage, and (3) is available for use with existing transportation,
loading and unloading infrastructure including tankers and tanks.

However, technologies must be developed for hydrogenation and
dehydrogenation facilities. As energy is required for dehydrogenation, some
solutions need to be developed, including how to incorporate the waste heat
from power generation into the dihydrogen process.

Through a joint project with Brunei, Japan will establish basic technologies for
the development and demonstration of an organic hydride supply chain lasting
until FY2020, paving the way for commercialization.

After the development and demonstration project, Japan will plan
commercialization and launch the construction of relevant facilities with a view
to developing commercial supply chains with sufficient capacity to meet
domestic hydrogen demand that exists in 2025 or after. In the early stage for
commercial supply chains, Japan will effectively use existing infrastructure and
continue to develop technologies (1) for use in large-capacity hydrogenation
and dehydrogenation plants and transportation tankers and (2) that will allow
for cutting costs to reduce hydrogen supply prices.



(c) Developing technologies for utilizing ammonia as energy carrier

Ammonia (NHz3): (1) features a higher hydrogen density than other carriers (1.5
times as high as liquefied hydrogen) and is available through smaller-scale and
cheaper infrastructure development, (2) is produced from natural gas and
relatively cheaper, and (3) is available for existing commercial supply chains.
Ammonia can be directly used for power generation without any
dehydrogenation process and emits no CO> during combustion.

However, there are problems including (1) how to eliminate CO2 emissions in
ammonia production through natural gas reformation, (2) how to reduce
nitrogen oxide (NOx) emissions during direct ammonia combustion, and (3)
ensuring public safety, due to the fact the ammonia is both poisonous and
flammable under certain conditions.

Japan will develop technologies (1) to combine CCS or renewable energy use
with ammonia production to eliminate CO2 emissions, (2) to reduce NOXx
emissions during direct ammonia combustion, and (3) secure safety when
handling the flammable poison, with the aim of introducing the use of CO»-free
ammonia by the mid-2020s.

(d) Considering methanation using CO2-free hydrogen

Hydrogen can be combined with CO2 to produce methane in the so-called
methanation process. Methane has great potential to serve as an energy carrier
for (1) the effective utilization of Japan’s existing energy supply infrastructure
(including city gas pipes and LNG power plants) and (2) low-carbon heat use.

Conditions for utilizing methane from CO.-free hydrogen include the
procurement of massive amounts of CO»-free hydrogen at low cost, the
presence of large-scale CO.-emitting sources and the availability of existing
LNG infrastructure. As additional cost is required for methanation, cost
assessment must cover the entire supply chain.

For commercial methanation, Japan will solve problems with cutting CO>
procurement costs, methanation equipment cost reductions, and overseas
methanation and consider how best to diffuse methanation using CO2-free
hydrogen.



(e) Domestic hydrogen transportation through pipelines

*  Pipelines could become a promising means for transportation of massive
amounts of hydrogen in Japan for both cost and environmental reasons®3. In
fact, there are multiple projects underway with the goal of utilizing pipelines
for short-range hydrogen transportation in Japan.

e Even over the short term, ecosystems may be formed in line with hydrogen
station development. From 2030, local hydrogen networks may form in coastal
regions in line with the commercialization of international hydrogen supply
chains. Existing city gas pipelines may be utilized for methanation.

* At present, hydrogen for pipeline supply to residential, commercial, and other
ordinary users must be odorized by law to allow for checking for gas leaks.
There is concern that odorants damage fuel cell stacks, becoming one of the
problems to be considered for the future diffusion of hydrogen pipelines.
Therefore, the government will consider revising regulations on the odorizing
of hydrogen for public use on the premise of secured safety after solving
technological challenges involving methods of detecting leaks in buried
pipelines.

4.3. Renewable energy expansion in Japan and regional revitalization

(a) Measures to expand the use of hydrogen from renewable energy in Japan

*  The International Energy Agency (IEA) and others predict that some countries
will see chronic power oversupply problems in line with massive renewable
energy expansion and will therefore have to conduct large-scale power output
control*. In Japan as well, grid and adjustment capacity problems have already
emerged. To further expand renewable energy use, Japan will have to not only
secure a regulated power supply but also develop technologies for storing

13 Hydrogen pipelines as long as several thousand kilometers already exist in Western countries, proving
the economic rationality and technological feasibility of pipelines.

14 The IEA’s “World Energy Outlook 2016” predicts that U.S. wind and solar power generation capacity
will increase to more than 675 GW in 2040 under the so-called 2°C scenario and that the output control
volume then will reach 120 TWh per year as long as the United States remains dependent on the existing
power system.



(b)

surplus power.

Particularly, the power-to-gas technology for storing renewable energy
electricity as hydrogen has attracted attention in Japan and other countries as a
response to seasonal fluctuations that are difficult for storage batteries to
address.

Cost reduction is the key to the full-blown use of hydrogen from renewable
energy in Japan. The cost structure for hydrogen from renewable energy covers
(1) operating expenditures for providing electricity from renewable energy
sources, (2) the capacity utilization rate of hydrogen production equipment, and
(3) capital expenditure on water electrolysis and other equipment. The first and
second depend on future renewable energy expansion. To reduce the third cost,
Japan will promote equipment sales not only in the domestic market but also in
overseas markets including Europe where renewable energy expansion and cost
reductions have made faster progress than in Japan. Japan will also seek to
establish the technology for cutting the unit cost for water electrolysis systems
as core power-to-gas equipment to 50,000 yen/kW by 2020 to realize the
world’s highest cost competitiveness.

From 2020, Japan will promote the commercialization and installation of
power-to-gas systems to store surplus electricity from renewable energy, based
on the achievements of a pioneering demonstration project, which is being
implemented in Fukushima Prefecture in order to promote the reconstruction
of the prefecture. Japan aims to commercialize power-to-gas systems by around
2032, when the period of time for purchasing all electricity from renewable
energy power generators under the Feed-in Tariff system will begin to expire
for renewable energy projects. Furthermore, Japan will aim to reduce the cost
of hydrogen from renewable energy to as low as that of imported hydrogen.

Utilizing regional resources and regional revitalization

As low-carbon hydrogen sources, unused regional resources (including
renewable energy, waste plastics, sewage sludge and by-product hydrogen) are
attracting attention.

The development of hydrogen supply chains utilizing unused regional
resources will contribute not only to expanding the use of low-carbon hydrogen



in the future but also to improving regional energy self-sufficiency rates,
creating new regional industries and establishing dispersed renewable and other
energy systems on isolated islands with relatively small power systems.

Given that reducing costs is a challenge for developing such hydrogen supply
chains, the central government must (1) cooperate with local governments and
enterprises in expanding regional hydrogen demand and optimizing regional
supply and demand (contributing to raising capacity utilization rates), (2)
reduce costs of various hydrogen facilities, and (3) cut running costs (including
power generation and raw material procurement costs).

To promote regional supply chain development, the government will publish
the results of various ongoing demonstration projects or projects under
consideration (including the assessment and cost analysis of GHG emission
reduction effects) as models for low-carbon hydrogen supply chains utilizing
regional resources. Given that independent, dispersed energy supply systems
using hydrogen are expected to work well in the event of disasters, the central
government will proactively provide relevant information to local governments
and encourage them to diffuse such systems. Based on the achievements of
various demonstration projects, renewable energy electricity supply costs and
the trends related to hydrogen-related equipment development, the government
will consider measures to diffuse low-carbon hydrogen supply chains using
regional resources.

4.4. Hydrogen use for power generation

Like natural gas power generation, hydrogen power generation is expected to
provide value not only in electricity production but also as a regulated power
supply source and in increased generation capacity. Therefore, hydrogen power
generation will become a leading means to reduce carbon emissions over the
medium to long term while working as a regulated power supply and backup
power source required for expanding renewable energy. Hydrogen-based power
generation will consume massive amounts of hydrogen stably and therefore is
the most important application that should be promoted in conjunction with



international supply chain development?®.

*  Hydrogen can be used in conjunction with natural gas for power generation and
will initially be used mainly for existing natural gas power plants and for small
cogeneration systems to promote hydrogen diffusion.

e It is indispensable to develop combustors that meet hydrogen’s combustion
characteristics. Research, development, and demonstration initiatives have
been implemented for technologies to allow diffusive, premix, and other proven
combustors for fossil power generation to be used for the mixed combustion of
hydrogen and natural gas. In the future, technological challenges will be
addressed to reduce NOx emissions and improve power generation efficiency.
To realize power generation through hydrogen combustion alone, Japan will
attempt to commercialize new combustion technologies to simultaneously
achieve NOx reduction, higher generation efficiency, and high-density
combustion of hydrogen and natural gas.

e Japan aims to commercialize hydrogen power generation as well as
international hydrogen supply chains and cut the unit hydrogen power
generation cost to 17 yen/kWh around 2030. To this end, Japan’s annual
hydrogen procurement may have to reach around 300,000 tons (amounting to
1 GW in power generation capacity). In the later future, Japan will seek to make
hydrogen power generation (including environmental value) as cost
competitive as LNG power generation. To this end, Japan’s annual hydrogen
procurement may have to increase to a total of 5-10 million tons (amounting to
15-30 GW in power generation capacity) °.

* For the introduction of hydrogen power generation, Japan will consider
institutional designs that ensure hydrogen power generation’s economic
efficiency amid progress in electricity system reform. It is important to
visualize the environmental value of hydrogen power generation in terms of
assessment, certification and trading. While watching discussions on other
institutional designs, Japan is considering clarifying the position of hydrogen

15 When LNG supply chains were developed in the 1960s, Japan purchased natural gas at fixed prices under
long-term contracts for power generation and city gas services.

16 1t must be noted that hydrogen consumption in the mobility sector, industrial process and heat use areas
is not taken into account here. Japan’s annual LNG imports totaled about 84.75 million tons in 2016.



use in the Energy Conservation Act !’ or positioning hydrogen power
generation® as a non-fossil power source in the Energy Supply Structure
Sophistication Act*®.

*  Hydrogen carriers CO»-free methane and ammonia can also be directly used for
power generation. Japan aims to mix ammonia with coal at coal power plants
by around 2020 and use ammonia for gas turbines by around 2030.

4.5. Hydrogen use in mobility
(a) Promoting both FCVs and hydrogen stations

*  The core of hydrogen use in the mobility sector is the diffusion of FCVs and
hydrogen stations. Japan aims to increase the number of FCVs in Japan to
40,000 units by 2020, to 200,000 units by 2025, and to 800,000 units by 2030.
Japan also aims to expand the number of hydrogen stations in Japan to 160 by
FY2020 and to 320 by FY2025 and make hydrogen stations independent by the
second half of the 2020s.

*  To achieve the abovementioned targets, reducing the supply costs of hydrogen
(to make hydrogen as competitive as gasoline) will have to be combined with
mass FCV production, FCV price reductions, further increases in driving
distance of FCVs and the adoption of FCVs by the largest market segment
around 2025, as well as the expansion of independent hydrogen sales businesses
through hydrogen station development backed by stable profit and reduced
development/operation costs. To this end, the government will promote
regulatory reform, technological development, and cooperation with the private
sector in the strategic development of hydrogen stations.

v" As for regulatory reform, the government will accelerate current initiatives
based on the Regulatory Reform Implementation Plan (Cabinet Decision
on June 9, 2017), consider a regulatory system based on realities of
hydrogen use and reach a conclusion on the matter.

17 Act on the Rational Use of Energy (Law No. 49 of 1979)

18 The government will consider issues regarding the Act on Promotion of Global Warming
Countermeasures (Law No. 117 of 1998).

19 Act on the Promotion of Use of Non-Fossil Energy Sources and Effective Use of Fossil Energy Materials
by Energy Suppliers (Law No. 72 of 2009)



v After the number of hydrogen stations reaches 100 at the end of FY2017,
the government will cooperate with a hydrogen station development
company (planned by 11 private sector companies), and other various
players to reduce upfront investment costs and effectively promote the
optimum location of hydrogen stations based on simulated demand.

tis important to develop and expand fuel cell buses and forklifts as well as FCV
cars to achieve the horizontal expansion of fuel cell technologies and make
effective use (raise capacity utilization rates of) of hydrogen station
infrastructure. To this end, private sector business operators, relevant
government organizations and local governments will closely cooperate in
organizing standards for hydrogen station infrastructure and relevant equipment
development and in ensuring their compatibility.

To increase the significance of hydrogen use in the mobility sector and provide
users with incentives for using hydrogen, the government will consider a
system to visualize the environmental value of hydrogen for assessment and
certification.

* (b) Renewable energy-based hydrogen stations

Renewable energy-based hydrogen stations feature (1) a carbon-free supply
chain from production, (2) local consumption of locally-generated renewable
energy, (3) stimulation of regional hydrogen demand, (4) space-saving
installation, and (5) usefulness for environmental education. In the early days
of FCVs, particularly, renewable-based hydrogen stations are significant for
stimulating regional hydrogen demand and improving the social awareness and
acceptance of renewable energy-based hydrogen.

However, renewable-based hydrogen stations fail to fully refuel FCVs due to
their limited charging pressure at 35 MPa. Hydrogen production capacity is
limited, making it difficult for renewable energy-based hydrogen stations to
provide hydrogen for a large indefinite number of FCVs. Another challenge for
renewable energy-based hydrogen stations is their high cost.

In FY2018, a renewable-based hydrogen station with a charging pressure of 70
MPa will be launched in the market. In the future, Japan will promote
technological development to improve hydrogen supply capacity and reduce



renewable-based hydrogen station costs.

*  To secure the optimum locations for hydrogen stations, by FY 2020 Japan aims
for the construction of approximately 100 renewable-based hydrogen stations,
mainly in regions other than the four major urban regions, in conjunction with
commercial hydrogen station?® development in order to stimulate hydrogen
demand, promote hydrogen diffusion and increase the social acceptance of
hydrogen.

* In the future, Japan will consider and demonstrate how best to utilize
renewable-based hydrogen stations in low-carbon hydrogen supply chains
using regional resources.

(c) Expanding fuel cell bus (FC bus) diffusion

*  The introduction of FC buses as a means of public transportation used by many
citizens will give the public opportunities to experience and use hydrogen and
get a taste for a hydrogen-based society and will also be significant for
promoting citizens’ understanding about hydrogen.

* Important for the electrification of public transportation vehicles are quick
charging, long driving distances and flexible routes. In this sense, FC buses
have advantages over battery electric buses and trams. Furthermore, FC buses
have a large external power provision capacity (covering 4.5 days of power
supply for an evacuation center) 2 and are expected to be useful in the event
of disasters.

*  The diffusion of FC buses with the characteristic of a stable, large hydrogen
demand?? is important for improving capacity utilization rates and profitability
of hydrogen stations.

*  FC buses launched regular services in 2017. Seeking to increase the number of

20 A commercial hydrogen station has capacity to provide hydrogen for a large indefinite number of FCVs
stably (with a charging pressure of 70 MPa and a charging capacity of 50-900 NM?3/h). Renewable-based
hydrogen stations at present fail to be components of a hydrogen supply network due to hydrogen
production and supply constraints (with a charging pressure limited to 35 MPa and a charging capacity
limited to 0.7-5.0 NM3/h).

21 Toyota Motor Co.’s FC bus has a 9 KW or 235 kWh external power feeding system that covers 4.5 days
of power supply for an evacuation center.

22 An FC bus’s annual hydrogen consumption amounts to that of 45 FCV cars.



FC buses including those for regular services to 100 by FY2020 and to 1,200
by FY2030, the government will consider wider use of FC buses in accordance
with hydrogen station development and in cooperation with local governments.

(d) Expanding fuel cell forklift (FC forklift) diffusion

* In charging time and CO- emissions, FC forklifts have advantages over BEV
or gasoline forklifts. However, FC forklifts feature higher initial and fuel costs
than BEV forklifts.

* InJapan, large forklift users alone have potential to buy more than 120,000 FC
forklifts (consuming as much hydrogen as 360,000 FCV cars) and therefore
have the potential of becoming a large hydrogen demand source.

* InJapan, FC forklift sales started in 2016. Toward their further diffusion, Japan
will promote technological development to increase variation and capabilities,
seeking to increase the number of FC forklifts in Japan to around 500 by
FY2020 and to around 10,000 by FY2030.

*  Given that forklifts and other industrial vehicles operate within limited areas,
government and private sectors will (1) clarify a target future vision of
hydrogen supply infrastructure and (2) consider methods of transitioning to the
target. Particularly, the effective utilization of infrastructure including hydrogen
stations is important in the transitional period.

(e) Developing and commercializing fuel cell trucks (FC trucks)

*  As trucks (for business and personal uses) account for 36% of the transport
sector’s total CO2 emissions and record high CO> emissions per transportation
volume?, there is great potential to reduce CO, emissions for this category.

*  Maximum driving distances must be extended and powertrain weight limited
to eliminate CO, emissions. To this end, batteries for electric trucks and
hydrogen tanks for FC trucks must be increased. Given the mass of batteries

23 CO, emissions per transportation volume in FY2015 came to 1,209 g.coz/t-km for personal use trucks

and 227 g-co2/t-km for business use trucks, more than 39 g.coz/t*km for ships and 23 g-coz/t-km for
railway trains.



and hydrogen tanks, FC trucks have advantages over electric trucks for
transportation ranges over 100 km.

e Commercial trucks number more than 3.2 million units in Japan, with greater
potential to consume hydrogen than buses (230,000 units).

e Large FC trucks including distribution vehicles for convenience stores have
been analyzed in Japan and other countries. Based on the results, Japan will
promote their technological development in a bid to diffuse FC trucks.

(f) Developing and introducing fuel cell ships (FC ships)

e While it is difficult to reduce CO> emissions from ships in the mobility sector,
fuel cells and other means to electrify ships should be promoted to cut CO>
emissions.

* To this end, the government will draft safety guidelines for fuel cell ships in a
bid to take advantage of the silent operation of fuel cell engines for introducing
fuel cells first to small boats including pleasure craft, passenger boats and
fishing boats. The government will also prepare a roadmap for expanding fuel
cells for ships, conduct demonstration tests based on the roadmap, and aim to
diffuse FC ships in the order of cost-benefit performance.

(g) Expanding other applications

»  Asthere are a wide range of applications for fuel cell technologies, expanding
the current scope of applications is important for reducing environmental load
and promoting mass production and cost reductions for fuel cells. Already, such
fuel cell vehicles as garbage trucks, towing tractors and railway trains are in
development and demonstration phases.

*  Toward the commercialization of these applications, Japan will assess market
sizes and CO- emission reduction potential, check cost-reducing technological
developments and give priority to applications featuring better cost-benefit
performance.

4.6. Potential hydrogen use in industrial processes and heat utilization

e COy-free hydrogen, which is set for massive procurement and consumption in



or after 2030 could be used not only in power generation and mobility sectors
but also in the industry sector to reduce carbon emissions in energy areas where
electrification is difficult. (Substituting CO»-free hydrogen for fossil fuels)

* Hydrogen now used for such industrial processes as steelmaking and oil
refining is produced from fossil fuels and could be replaced with CO»-free
hydrogen to reduce COz emissions. (Switching from fossil fuel-based hydrogen
to CO2-free hydrogen)

e Europe is considering utilizing “Green Hydrogen?” in industry and other
sectors under the so-called “Sector Coupling” approach to use fast-expanding
renewable energy in sectors other than power generation and mobility sectors?®.
In a bid to substantially reduce CO emissions in the steelmaking process,
Europe is also considering substituting natural gas used as reductant for the
direct reduction ironmaking process?® with renewable based hydrogen.

* Given that it is realistically difficult for hydrogen to replace fossil fuels solely
for reasons related to economic efficiency, Japan will consider using CO.-free
hydrogen in the industry sector in Japan while monitoring future institutional
designs related to environmental value.

4.7. Utilizing fuel cell technologies

* By expanding introduction of renewable energy, Japan aims to lower the
electricity CO2 emission factor to 0.37 kg-co2/kWh by 2030. The CO2 emission
factor for Ene-Farms slips below 0.3 kg-co2/kWh with CO, emission reduction
through heat use taken into account, indicating that the residential sector can be
expected to reduce CO2 emissions substantially.

* To give Ene-Farms economic advantages over traditional residential energy
systems, Japan will attempt to lower the price to 800,000 yen for a standard
polymer electrolyte fuel cell (PEFC) and to 1 million yen for a standard solid-

2 See footnote 7.

25 Europe is considering a scenario for growing demand for Green Hydrogen under environmental
regulations, projecting “Green Hydrogen” demand in 2030 to account for 17% of total hydrogen demand
and assuming automobile, oil-refining, power-to-gas (injection into gas networks) and chemical
industries will be major Green Hydrogen users.

% Projects seeking to realize a CO,-free steelmaking process include the HYBRIT project in Sweden and
the H2FUTURE project in Austria.



oxide fuel cell (SOFC) (to shorten the investment recovery period to seven to
eight years) by around 2020 to secure their later autonomous diffusion. Japan
will also aim to shorten the investment recovery period to five years by around
2030 by promoting initiatives contributing to improving the advantages
available to users.

To this end, Japan will encourage technological development to further improve
power generation efficiency for the SOFC and the fuel heat utilization factor
for the PEFC and will explore advantageous markets, including apartment
buildings, cold regions, and Europe and other regions with high heat demand,
to promote CO> emission reduction in the buildings sector. Japan will also
expand initiatives to promote trading in surplus electricity to provide efficiently
generated surplus electricity to users plagued with power shortages.

Japan will promote the introduction of commercial and industrial fuel cells for
users with low heat-to-power ratios and step up technological development to
reduce initial costs to allow fuel cell costs to fall below the grid parity as early
as possible. Japan will also promote technological development to increase the
fuel cell power generation efficiency above 60% for sophisticated, gas-turbine-
combined-cycle (GTCC) power plants, exploring the feasibility of supplying
power through dispersed sources.

As renewable energy supply is expected to increase in Japan with international
hydrogen supply chains developed from 2030, Japan will seek to spread pure
hydrogen fuel cell co-generation systems using CO»-free hydrogen.

4.8. Developing innovative technologies

The National Energy and Environment Strategy for Technological Innovation
towards 2050 (NESTI 2050) (Decision by the Council for Science, Technology
and Innovation in April 2016), which identifies promising technology fields
contributing to fundamental GHG emission cuts toward 2050 in line with the
Paris Agreement, cites technologies for producing, transporting, storing and
using hydrogen and other energy carriers as one of the priority technology fields
for intensive development.

To realize a hydrogen-based society and diffuse hydrogen use fully over a
medium to long term through 2050, Japan will have to steadily develop
innovative technologies for producing, transporting, storing and using



hydrogen as follows:

v Researching new hydrogen production technologies including highly
efficient water electrolysis, artificial photosynthesis and hydrogen-
permeable membranes to purify hydrogen

v" Realizing highly efficient hydrogen liquefiers and long-lived liquefied
hydrogen retention materials

v Developing low-cost, highly efficient energy carriers

v" Developing technologies for compact, highly efficient, highly reliable and
low-cost fuel cells

v Developing innovative chemical synthesis methods using hydrogen and
CO;

* In promoting research and development projects for innovative technologies,
relevant government organizations must share general strategies and seamlessly
connect individual projects while watching international trends.

* In implementing research and development projects, relevant government
organizations will cooperate closely to identify promising seeds for basic
research and industrial needs, utilize existing frameworks?’, establish highly
specific goals and transfer any concrete fruits of the research to certified
organizations, based on policies given in this strategy and the Strategic Energy
Plan.

4.9. International expansion (standardization, etc.)
(a) Developing strategic international expansion models

e Japan will expand its hydrogen supply chain technology package globally,
covering from production to transportation, storage and use.

* To this end, Japan will analyze overseas market trends, regulations, relevant
policies and technological challenges, identify details of technologies for
packaging and establish business models for large-scale hydrogen use and CO»-

27 At present, the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of
Economy, Trade and Industry are implementing the Collaborative Challenge of MEXT and METI for
Innovative Future Energy & Environmental Technologies toward 2050 (COMMIT2050).



free hydrogen use to lead the world.

(b) Utilizing international frameworks

e To expand hydrogen use, the government will cooperate with the Hydrogen
Council and other organizations and adopt private sector policy proposals
contributing to the expansion of the hydrogen market.

* Through the frameworks provided by government-level international
organizations such as IEA and the International Partnership for Hydrogen and
Fuel Cells in the Economy (IPHE), the government will actively provide
foreign countries with Japanese initiatives as models for their policy
development. The government will also promote cooperation between these
organizations and their joint research to cooperate with foreign governments
and private companies.

(c) International standardization

*  The future international standardization of hydrogen technologies will continue
to grow more important for Japan’s development and commercialization of
these technologies. As international trends in hydrogen gain increasing
notoriety, Japan will increase its efforts to advance proposals at the
ISO/TC197 2 Committee on international standards involving hydrogen
technologies in a bid to lead the world in the hydrogen field.

e  Given that the United Nations has launched discussions on the revision of
global technical regulations on hydrogen and fuel cell vehicles that Japan took
the initiative in developing, Japan will promote technological development and
cooperation with relevant organizations to continue leading the discussions.

*  The government will revise domestic regulations on hydrogen stations and
FCVs by adopting international standards that have been proven rational and
safe in Japan, paving the way for devices that are produced under domestic
specifications for hydrogen stations to be easily introduced into overseas

28 The 1SO/TC197 Committee aims to develop international standards in the field of systems and devices
for the production, storage, transportation, measurement, and use of hydrogen.



markets.

4.10. Promoting national understanding and regional cooperation

As indicated by the market for FCV cars, FC buses, hydrogen stations and Ene-
Farms, hydrogen use is growing familiar to citizens. To accelerate this trend,
citizens must gain an understanding of the safety of hydrogen and the
significance of hydrogen use. To this end, the central government will
adequately communicate information to citizens in cooperation with local
governments and business operators.

Given that energy use conditions differ from region to region and that energy
and environmental initiatives that will take advantage of regional
characteristics have been implemented, the central government, in a bid to
promote hydrogen use, will support hydrogen use initiatives in regional
communities including those created by local governments and proactively
utilize various regional councils and *“a conference on local governments’
cooperation in diffusing and promoting FCVs” to share information with local
governments, secure information sharing between local governments and
implement policy measures efficiently.
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