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Summary : Project Outline

The Regional Circular and Ecological Sphere is an effort to reduce greenhouse gas
emissions by 80% in 2050 and achieve SDGs. This effort is composed of five pillars:
energy, transportation/mobility, lifestyle, disaster prevention, and business. The
transportation/mobility pillar is closely linked to decarbonization, and this project looked
at mobility options that will become the mainstay of future regional public transportation
and distribution, such as battery electric buses and trucks, and fuel cell (FC) electric
buses and trucks (hereinafter, referred as “eBuses and eTrucks”). In this project, we
analyzed market needs for eBuses and eTrucks in order to encourage development that

will promote future use.

Specific initiatives include:
(1) Analysis of market needs
1) Market needs for eBuses and eTrucks
> Targeting Japan’s public transportation and distribution sectors, scenarios for
use that are likely to be operational and economical were identified, and user
needs for eBuses and eTrucks were analyzed.
> For scenarios where the current eBuses and eTrucks exist, satisfaction levels
were analyzed by comparing vehicle specifications with user needs. For
scenarios where the current eBuses and eTrucks do not exist, specification
requirements that vehicle manufacturers must meet were analyzed to foster
electric vehicle development.
2) Challenges and measures to promote widespread adoption
> Based on the analysis from 1), challenges of introducing eBuses and eTrucks to
the scenarios of use were identified, the direction of efforts to solve the
problems were addressed, and widespread adoption of eBuses and eTrucks by
2030 in the case that the efforts were achieved were analyzed.
3) CO2 reduction
> Based on 2), CO2 reduction as of 2030 was calculated on the basis that the use

of eBuses and eTrucks were promoted.

(2) Analysis of powertrain technology trends that promote the introduction of eBuses
and eTrucks
> Regarding storage battery-related technologies (storage batteries, motors, etc.)

and hydrogen-related technologies (hydrogen, fuel cell stacks, etc.) that drive
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the widespread adoption of eBuses and eTrucks, development trends and
possibilities for practical application were analyzed, and battery deterioration on

storage batteries with existing technologies were analyzed.

(3) Analysis of overseas market trends of eBuses and eTrucks
Assuming that the market for EV needs to be mature enough to promote the
development of eBuses and eTrucks, manufacturers will most likely need to sell eBuses
and eTrucks not only in the domestic market but also in overseas markets. Therefore,

we have analyzed overseas market trends for eBus and eTruck export in the future.

(4 ) Analysis of technological trends that promote the widespread adoption of
renewable energy powered hydrogen stations
1) Domestic and international trends related to renewable energy powered hydrogen
stations and commercial hydrogen stations
> A technical study on the relationship between hydrogen production and power
consumption under specific conditions of renewable energy powered hydrogen
station was made, and the required renewable energy generation capacity to
cover the entire power consumption of the renewable energy powered hydrogen
station was calculated.
> Research on domestic and overseas trends and technological developments
related to renewable energy powered hydrogen stations and commercial
hydrogen stations was conducted, and possible measures for cost reduction of
the installation of renewable energy powered hydrogen station were analyzed.
> An expert discussion was held in preparation for discussions with the Ministry
of Environment officials, to seek for opinions by experts.
2 ) Technological trends related to renewable energy hydrogen stations and
commercial hydrogen stations
> Research on the prevalence and outlook of renewable energy powered hydrogen
stations and commercial stations in the United States, Germany, and China were
conducted.
> Technical difficulties that cause cost increases in renewable energy powered
hydrogen stations and commercial hydrogen stations, and efforts to solve the
issues were analyzed.
3) Laws and regulations that cause increase in costs
> Laws and regulations that caused cost increases of renewable energy powered

hydrogen stations were analyzed.
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Summary : Market Needs

[Truck]

B Scenario of use

>

Scenarios of use for trucks are broadly divided into @last mile delivery (LM), &
short-haul transportation, and @long-haul transportation. The vehicles used
in @ are pickup or light-duty trucks, and the daily mileage is about 100 km. For
@, light-, medium- and heavy-duty trucks are used, and the daily mileage is
about 260km. The vehicles used in @ are heavy-duty trucks assuming that they
will be used for large-scale transportation, and the maximum daily mileage is
about 1,000 km.

B Challenges of vehicle electrification and market needs

12

>

Challenges in introducing eTrucks that need to be solved include: Mhow to

reduce initial costs (vehicle cost, charger installation cost), @not to raise the

basic electricity charge, ®to be able to run the mileage required for business,

@ not to reduce the load capacity, and ® to develop a charging infrastructure

that can be used by trucks.

In consideration of eTruck market needs, it is necessary to develop vehicles that

meet the requirements of @O, ®), and @.

<% (@: For pickup and light-duty trucks, if the price increase is up to +166% and
+97% respectively, the total cost of owning eTrucks is likely to be lower than
that of diesel trucks. For medium-sized and large-sized trucks, the running
cost per km (yen/km) is not significantly different from diesel trucks, and
the total cost of ownership is lower for diesel trucks. Therefore, it is
necessary to work on improving electricity efficiency, and at the same time
to raise the diesel price from a policy level to widen the difference in yen/km.

< @: Regardless of the size of trucks, vehicles used for @ must have a
cruising range of 100km, & must have a cruising range of 250km, and @
must have a cruising range of 550km or more to 1,000km.

< @: Pickup, light-, and medium-sized trucks are acceptable if the load
capacity is reduced by about 10% of the same type of diesel truck, but
reduction in load capacity of large-sized trucks are not acceptable and will
require almost the same load capacity as diesel trucks.

The pickup and light-duty trucks used in @ are the most promising segments

for vehicle electrification, as there is a high possibility that the challenges from

@ to ® can be solved for the following reasons.



>

<>

@: Quick chargers will not be needed, as the mileage per day is shorter and
the amount of storage batteries that need to be installed are smaller.
Hence, there will be no charger installation cost.

2): There is a high possibility that the base electricity fee will not increase,
as users can fully charge the battery overnight.

3: The mileage required for business is less than 100km/day.

@: Although the load capacity is still far from 100% today, the decrease in
load capacity is still at an acceptable rate.

®: There won't be any need for charging infrastructure outside, as vehicles
can be fully charged overnight.

At present, it is difficult to introduce eTrucks for scenarios @ and @ for the

following reasons.

<>
<>

@ : It consumes a lot of power and requires a quick charger.

@ : Therefore, there is a high possibility that the base electricity fee will
increase.

@ : There are no eTrucks in Japan that can run the mileage required by
scenarios @ and ©.

@ : Since high loading efficiency is required, loading capacity cannot be
reduced.

®:1t has a long mileage and requires additional charging on the go. However,
there are no charging infrastructures that can charge medium- and heavy-
duty trucks.

Therefore, vehicles such as FC trucks are promising than eTrucks when

considering vehicle electrification (or carbon neutralization) for scenarios @

and ©

<>

The challenges of introducing FC trucks include reducing initial costs
(vehicle development cost, FC system cost), reducing hydrogen prices, and
infrastructure development of hydrogen stations. At present, it would be
unfavorable to use FC trucks as hydrogen prices are equal to or higher than
that of gasoline and diesel, and long-term efforts for cost reduction will be
required. However, it is unclear whether FC trucks that use rare metals will
fall to the same cost level as diesel trucks in the future. Carbon neutrality
(i.e. e-fuel, hydrogen internal combustion engine, etc.) will also need to be
considered, assuming that internal combustion engines will continuously be

used in the future.

B Widespread adoption scenario and CO2 reduction effect

13



>

[Bus])

Considering that major domestic logistics companies are promoting the
conversion of delivery trucks (scenario @) to eTrucks, the initial introduction
period of eTrucks should last until 2030. The trucks used for & and @ are
considered to be more suitable for FC trucks in terms of ®cruising range and
®load capacity, but FC system costs, hydrogen prices, and infrastructure
development prices need to fall. Therefore, the timing of vehicle electrification
(or carbon neutralization) is predicted to be after 2030 at the earliest.

With the above scenario, the number of eTrucks in use as of 2030 is about 36,000,
and the CO2 reduction effect is 1,245,418 t-CO2 / year, and its ratio to total CO2
emissions by trucks is as small as 0.57%, assuming that CO2 emissions are zero

when the eTrucks are running.

B Scenario of use

>

Transit buses can be subdivided into five categories (highway buses, local
sightseeing buses, fixed-route city buses, community buses, on-demand
transportation) depending on the purpose of use, but in this research, we

analyzed transit buses in general.

B Challenges of vehicle electrification and market needs
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>

In order to identify challenges related to vehicle electrification of transit buses

and analyze market needs, we conducted a diesel bus usage survey and an

awareness survey on eBuses for domestic transit bus operators who own 30 or

more transit buses.

From the results of the survey, the challenges of introducing eBuses are

classified into @price (initial cost, running cost), @driving range, ®anxiety

about durability, and @national brand eBuses.

<% (@ Price (initial cost, running cost): The reason for the high price consists
of three factors; storage battery price which accounts for the majority of the
vehicle price, quick charger installation cost, and the rise in base electricity
fee. When the total cost of ownership excluding the vehicle price (for the
above reason) was estimated, it confirmed that the total cost of ownership
of eBuses is likely to fall below that of diesel buses during the period of use
it was if the cost increase is +30% compared to diesel bus vehicles for large
buses, +16% for medium-sized buses, and +30% for small buses,.

< (@ Driving range: Regardless of the vehicle size, vehicles with a daily

mileage of 150 km or less account for about 70% of all cars, and when



considering up to 200 km / day, the ratio of the number of vehicles is about
90%. Therefore, in terms of driving range, OEM should first aim to develop
and introduce a vehicle that can travel 150km a day.

< @ Concerns about durability: The top reasons why bus operators were
opposed to the introduction of eBuses was "price", followed by "concerns
about potential issues" and "concerns about durability". Manufacturers are
required to make eBuses with the same level of durability as diesel buses.
Additionally, training specific to eBuses for drivers and a quick response
service in case of issues are required, especially at the time of initial
introduction.

<% @ : National brand eBuses: When respondents were asked what their main
point of concern was in the introduction of eBuses, the number of
respondents who answered "There is no national brand eBuses" was the
same as "Price is high", which indicates high expectations for domestic
OEMs. Thus, it should be noted that even if affordable foreign eBuses were
introduced to the country, vehicle electrification may not progress without
the presence of national brand eBuses.

<{ In addition, eBuses may be more suitable than FC buses because the route
of the transit buses are fixed, the daily mileage is about 250 km at the
maximum, and it can be charged overnight. Therefore, it may be more

effective to prioritize the introduction of eBuses.

B Widespread adoption scenario and CO2 reduction effect
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>

16.5% of companies answered that they would like to introduce eBuses within
the next 10 years, and it is expected that the replacement of eBuses will be
smooth once the national brand eBus lineups come in. The timing of national
brand eBuses to be sold is uncertain, but after 2025, we assume that eBuses
will account for 10% of new car sales and estimated the number of eBuses as of
2030. Based on this scenario, the number of eBuses introduced will be 1,560 in
2030, and the CO2 reduction effect is 182,512 t-CO2 / year, which accounts for
9.08% of the CO2 emissions of transit buses, assuming the CO2 emissions of

eBuses during running to be zero.



Summary of results: Technology trends

B Storage batteries

>

LIBs are evaluated based on price, lifetime, safety, and energy density, and
selected based on vehicle size and application. Mainstream LIBs include iron
phosphate-based LIB which are notable for its low price, NMC-based LIB
(ternary lithium) for its longer lifetime, and NCA-based LIB (lithium nickel oxide)
for its high energy density.

Regarding EV batteries, there has been progress in international standardization
for test methods and safety requirements for LIB cell and battery pack systems.
Efforts to further improve performance of the batteries can also be seen.
All-solid-state batteries are expected to surpass lithium-ion batteries in terms
of energy density, safety, size, charging time, durability, and cost. Practical tests
are currently being done to prepare for the full-scale introduction of EVs.
CHAdeMO is the dominant fast charger in japan. Although fast chargers with
large output over 50kW are currently in development, ultra-fast chargers will
most likely be installed for emergency and backup purposes, as they will be used

to increase system load temporarily and locally.

B Hyrdogen
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>

Today, hydrogen is used for industrial application and is not closely related to
energy conversion. However, considerable progress is seen in the use of
hydrogen.

The quality of hydrogen that can be used for FC is defined by ISO, requiring a
purity level of at least 99.97%. Maintenance cost of hydrogen stations will need
to be reduced to meet this requirement.

High FCV costs are attributed to the vehicle body development cost, which
accounts for over 5% of the FCV cost, fuel cell stack (FC stack) cost, which
accounts for 25%, and hydrogen storage tank cost, which accounts for 7.5%.
Carbon fiber and platinum are used for bipolar plate and platinum catalyst. As
the unit prices of these materials are too high and the cost cannot be reduced
from economies of scale, development for alternative materials is vital to reduce
FC stack prices.

Solid polymer fuel cells (PEFC) have a relatively low operating temperature, and
are used for vehicles as it allows for the vehicle to take off immediately after the
engine is on (if the operating temperature is high, it takes time for motor vehicles
to be started).



Summary of results: Overseas market trends

B Trucks

>

The United States is ahead in the eTruck market. In other countries, eTrucks
have not been introduced to the market, and leading players are still in the
demonstration stage (same status as Japan).

In California, the state has decided on an effort to convert all trucks and vans to
be sold in 2045 to EVs. In the U.S., FedEx, UPS, and Amazon are actively
introducing EV trucks for delivery, and development systems that will entail
investment. It is also expected that vehicle electrification will progress starting
from small vehicles that are used for last mile delivery.

In Australia, although eTrucks have not been introduced to the market and
support from the government is weak, movements made by global companies
(i.e. IKEA having set a goal of converting 350 trucks to EVs by 2025) have taken
the lead in promoting EV conversion.

Although eTrucks have not been introduced to the market in Thailand and South
Africa, demonstrations of small eTrucks and eVans by logistics companies and

global companies are expected to start.

B Buses
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>

In London, Los Angeles, and Singapore, vehicle electrification of route buses is
in progress, and the rational and methods of providing services related to the
buses are different from Japan. A bidding system is adopted for each route, and
bidding conditions are decided by a bidding operator (city government).

London and Los Angeles have decided to convert all route bus vehicles to EV by
2030, and Singapore by 2040.

In London, the conversion to EV can be seen to be mandatory, as The
Department of Transport has made targets for vehicle electrification in each
route to achieve EU’s eBus goals to mitigate air pollution. The introduction of
Chinese BYD eBuses are also in progress. The vehicle price is 30% higher than
that of diesel vehicle, and it is said to generate more cost advantages over diesel
vehicles after being operated for around 7 to 10 years.

In just 8 years from the start of demonstration, all 16,359 route buses in
Shenzhen, China have been converted to EVs. This is the result of the promotion
of vehicle electrification in which the government took the lead. Since there are
many EV buses rolled out in Shenzhen, charging management has also been

introduced for efficient charging.



Summary : Renewable Energy Powered Hydrogen Station

B Renewable energy generation capacity required to run hydrogen station

>

The renewable energy generation capacity itself can be calculated if the power

consumption during hydrogen production, power consumption other than

hydrogen production (power consumption during standby), and renewable

energy power generation time can be obtained. However, since the amount of

electricity required for hydrogen production varies depending on the installation

location, it is important to understand the cause in order to understand the

precise installed capacity.

The causes for fluctuations in power consumption (kWh/kg) required to produce

green hydrogen (hydrogen produced with 100% renewable energy) are air

temperature and hydrogen demand.

<~ Air temperature: Power consumption tends to be higher in the summer. This
is because hydrogen needs to be cooled at the time of hydrogen filling, and
the higher the outside air temperature, the larger the amount of energy to
be used.

<~ Hydrogen demand: Power consumption is classified into power consumed
during hydrogen production and during standby. Therefore, kWh/kg is
indicated by "(consumption during producing hydrogen + consumption
during standby) + hydrogen production", so the higher the hydrogen
production, the more kWh / kg tends to improve. Thus, kWh/kg changes

depending on hydrogen demand (= supply = utilization of electrolyzer).

B Challenges of widespread adoption
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>

The challenge with the widespread adoption of renewable energy powered
hydrogen stations in small-size offices is that the hydrogen supply cost (yen/kg)
is too high. While the unit price of hydrogen sold at hydrogen stations in the city
is 1,000 yen/kg, the supply cost of renewable energy powered hydrogen stations
is as high as 30,000 yen/kg to 40,000 yen/kg (this includes subsidy from the
government and depreciation expenses from installation of renewable energy
generation).

The reasons for the high hydrogen supply costs include the small number of FCV
and FCFL (FC forklift) vehicles and low demand for hydrogen. Thus, hydrogen
production volume is small, and economies of scale do not work (utilization of
electrolyzer is low). Additionally, the installation cost of hydrogen station is

expensive. Therefore, it is unlikely that the business operator will decide to



introduce a renewable energy powered hydrogen station based on economic
rationality alone.

In order to promote the introduction of renewable energy powered hydrogen
stations, purchase subsidies and operational subsidies by the government are
vital. However, even with the subsidies, hydrogen supply unit price is still higher
than that of hydrogen stations in the city. It is necessary to keep in mind that it
is vital for manufacturers to make efforts to reduce the cost.

One of the reasons why the cost reduction of hydrogen stations is not
progressing is that there is only few domestic hydrogen equipment related
manufacturers, and competition between the manufactures are not effective.
Since it is difficult to increase the number of manufacturers immediately, it is
also an effective measure to reduce costs by importing equipment parts from
foreign manufacturers, and to deregulate and simplify approval procedures to
make them easier to use in Japan.

The following seven points are effective as measures to promote widespread
adoption: @ Reduction of installation cost of electrolyzer equipment, &
Maximization of capacity by deregulation of site area, @ Improvement of
operation rate, @ Improvement of electrolyzer efficiency, @Maintenance cost
reduction, @ Labor cost reduction, @Reduction of electricity unit price (in the
case of external power procurement).

Even if all the above measures were achieved, the hydrogen supply unit price
would still be 2,494 yen/kg, and will not reach the market supply unit price of
1,000 yen/keg.

B Expert discussion on renewable energy powered hydrogen stations
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> To seek for opinions by experts before discussing with the Ministry of

Environment officials, an expert discussion was held with three outside experts,

and the direction of the study was agreed as follows.

<{ The scheme in which the renewable energy value is covered only by the
renewable energy power generation equipment installed by oneself is
difficult to operate because the renewable energy value varies greatly
depending on the actual usage of the business operator, and may be
affected by equipment deterioration that the manufacturer has not fully
verified. Therefore, flexibilities in approaches (ie. allowing additional
measures such as external procurement of renewable energy value) will be
needed.

<~ Since the economic efficiency of renewable energy powered hydrogen
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stations is very poor, it is necessary to consider a scheme that will reduce
the burden on business operators that will introduce hydrogen stations in
the future.
Overseas cases
> As of July 2020, 42 hydrogen stations were installed in California and another
100 will be constructed by 2024.
> As of March 2021, 90 hydrogen stations will be installed in Germany and the
government targets to increase up to 1,000 hydrogen stations by 2030.
> Approximately 120 hydrogen stations were installed in China by the end of 2020.
More than 70 of them are operating unprofitably, but the Chinese government's
hydrogen roadmap has set a goal to cover 1,000 by 2030 and the entire country
by 2050.
> The number of renewable energy powered hydrogen stations in the countries

are unknown.



