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Abstract: The development of smart grids opens up interesting perspectives in
order to make better use of local renewable energy production, reduce CO,
emissions, giving therefore more emphasis on electrical vehicles. After having
briefly described mobility characteristics in Japan and introduced the Japanese
context that led to the wide range of new policies implementation aiming at
building a low carbon society and at promoting next generation vehicles, the
paper concentrates on an extensive programme launched by the Japanese
Ministry of Economy, Trade and Industry (METI) in 2010 to promote the
development of ‘smart communities’. Taking the case of Toyota city Smart
Melit experimentation as a concrete illustration, it discusses the main actions
undertaken before examining some preliminary results in terms of users’
behaviour and the consequences that present and expected future changes might
have on the mobility ecosystem and on car maker business model.
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1 Introduction

In connection with the climatic imperatives, the objective of sustainable development
leads to the search of less energy consumption practices, at least in the field of
non-renewable resources. In the urban world, the energy consumption is still particularly
important in the two areas of housing and transports. There have been attempts to create
more energy efficient cities for a long time, as evidenced by many achievements of
sustainable districts, or eco-districts (mainly residential areas) in various European
countries. However, these new districts have often focused on recycling and on reducing
energy consumption by developing new standards in the construction of buildings. In
Japan, the government has also initiated many programmes and experiments in this sense:
Eco-towns, environmental sustainable transport model project or eco model cities to
name only the most important ones, or several schemes more directly dedicated to the
promotion of eco-friendly vehicles as will be described later.

Today, the development of smart grids is a new technical step which opens up
interesting perspectives and gives more emphasis on electrical vehicles, not only in terms
of mobility but also in terms of storage. In Japan, the move towards smart grids
demonstration has started in the early 2000s as in many other countries, but it is more
concerned by achieving a low carbon society through using renewables as main source of
energy supply (Ai Ling et al. 2012) than some other countries like France which focused
more on better regulating demand to avoid peaks. The emphasis given to renewable
energies was reinforced by the 2011 Fukushima accident which increased the awareness
of energy consumption. It gave a new impulse to the promotion of low carbon cities
namely through smart communities or smart cities projects which boomed recently all
over the country whether supported per se by government funding or not.



Promoting next generation vehicles in Japan 3

Among the numerous schemes and promotion programmes implemented by the
Japanese Government which are often overlapping and can be used simultaneously by the
different actors involved in experimentation, the programme called ‘Demonstration of
next-generation energy and social system’ (2010) which gave birth to smart communities,
is probably the most comprehensive one in that it proposes to test all the elements that
compose the urban life under real-life conditions. In other terms, it appears as a tentative
to test not only new technologies, new infrastructure and new services but also the
interactions and interfaces between all of them, as well as the households’ mobility and
energy consumption.

This is why this paper focuses centrally on smart communities. But as the whole
policy framework also benefits to smart communities which often are cities selected
under several programmes, it first gives a short overview over some other schemes
(Section 2). Taking the example of Toyota city where firms’ consortium leader is Toyota
Motor Corporation (TMC), Section 3 will then describe the main experiments in smart
communities before examining some preliminary results in terms of households’
behaviour. To conclude, Section 4 will point out some consequences that current and
expected future changes might have on the mobility ecosystem and on the carmaker’s
business model.

2 The promotion of next generation vehicles

Although promoting next generation vehicles was already on the agenda before,
Hatoyama, candidate of Democratic Party of Japan (DPJ), created a surprise during the
2009 campaign when he promised to cut CO, emissions by 25% from the 1990 level until
2020 (lida and De Witt, 2009). It made necessary to define demanding targets in all
sectors including transport. The new growth strategy (see Jones and Yoo, 2011) and the
Ministry of Economy, Trade and Industry (METI) Industrial Structural Vision 2010 have
pointed out five strategic fields for the future. Smart-grid and next-generation vehicles
were key industries in this sector. The same year, Ministry of Land Infrastructure
Transport and Tourism (MLIT) also established its growth strategy, focussing on green
innovation to promote modal shift, new-generation vehicles, houses and buildings with
higher energy efficiency, and urban planning for a low-carbon city (World Bank and
Japan International Cooperation Agency, 2011).

2.1 CO, emissions and the transport sector: changing urban mobility

In 2010, the transport sector remains Japan’s second producer of CO, emissions (21% of
the total), far behind industry (38%), but just before the ‘commercial and others’ sector
(19%), as shown in Figure 1. Over a long period, it appears that the CO, emissions from
transport reached a maximum at the end of the “90s and then slightly decreased.
Observing the energy consumption due to the domestic demand in transport in the
long-term, it clearly appears that the use of private cars exploded in the “90s, followed by
the road freight transport (Figure 2). Since 1992, private cars represent more than 50% of
the energy consumed by the transport sector, and reach 55% in 2010.

As in some other industrialised countries (Van Dender and Clever, 2013), the 2000s
show a historical change in this pattern with a stabilisation of traffic. This is generally
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explained by the increase of oil prices relatively to the households’ incomes, which
means the use of car becomes more expensive in relative terms, and many individuals try
to reduce their mobility by car, especially for long distance trips (shift to railways).

In Japan, car traffic (measured in passenger/km) started to decline in 2004, i.e., some
years before the present economic crisis. In 2009, car traffic decreased to a level similar
to 1995, which shows a structural change in households’ behaviour (Figure 3). Then,
energy consumption due to private car traffic logically decreased in volume. But it should
also be noted that during the 2000s, the energetic efficiency of cars was not improved,
despite the car makers’ efforts to reduce the consumption of motors.

Figure 1  CO, emissions by sectors in Japan
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Figure 2 Energy consumption by transport modes in Japan
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This phenomenon can be explained by different reasons. Some of them concern the
evolution of the characteristics of new cars: the households’ demand for more comfort
and safety generally led to an increase of the weight of vehicles and the power of motors,
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two elements which do not favour a reduction of energy consumption. Another reason
concerns the behaviour of households. They reduced long trips, by consequence, the use
of cars became proportionally more important for short trips in dense areas, where traffic
congestion reduces the speed and automatically degrades the energetic efficiency of
private cars. In 2008 and 2009, it can be estimated that the economic crisis had a more
comprehensive impact on households’ mobility, including shorter trips.

Concerning passenger trips, the level of car ownership is similar to other developed
countries, as shown in Figure 4. The rate of private cars owned by households (Figure 5)
reached a maximum in the middle of the 2000s and shows a slight decrease in 2008,
which can be seen as the consequence of the economic crisis, but also of the ageing of the
population: the young appears to be less attracted by purchasing a car and prefers
spending money in other expenditures (computers and multimedia devices).

Figure 3  Evolution of private car traffic and energy consumption in Japan
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Figure 4  Car ownership in different countries
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Figure 5 Private car ownership in Japan
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Figure 6 Evolution of the modal split in Japan — Data: National person trip survey

Three Major Metropolitan Areas (weekday)

0% 20% 40% 60% 80% 100%
1987 22.4
1992 25.6
1999 23.9
2005 23.3

D Rail T1Bus MCar [JMotorcycle & Walk

Regional Urban Areas (weekday)
0% 20% 40% 60% 80% 100%

1987 2.5

1992 29

1999 3.3

2005 3.6

D Rail T1Bus MCar [JMotorcycle & Walk

Source: Ministry of Land, Transport, Infrastructure and Tourism (2007)



Promoting next generation vehicles in Japan 7

It is important to note that the mass transit system is well developed in Japan both for
intercity trips and daily mobility, especially within the three largest metropolitan areas
(Tokyo/Yokohama, Osaka/Kyoto/Kobe, and Nagoya), where the modal share is not in
favour of private car use. Even if detailed results from the last National Trip Survey in
Japan (2010) are not yet easily available, trends in the daily mobility for the past period
shows the private car modal share was increasing, both in the three metropolitan areas
and in other regional cities (Figure 6). The increase was, however, higher in regional
urban areas. The importance of these three metropolitan areas in the total number of trips
done by car is thus decreasing, from 18% in 1995 to 15% in 2005 and 14% in 2008. This
means, car use now concerns smaller cities, accounting for 86% of the traffic (Statistic
Bureau, Ministry of Internal Affairs and Communication, 2012).

This rapid panorama of mobility in Japan shows that although car ownership tends to
decrease, auto mobility remains important especially in regional urban areas. It explains
why a lot is done to promote eco-friendly vehicles while optimising the urban
transportation system as a whole.

2.2 The promotion of next generation vehicles: preparing the future markets

To prepare the market of next generation vehicles, METI launched a new programme in
March 2009, ‘EV/PHV towns’, to pave the way for larger diffusion of EV and PHEV.!
The idea was to create through this programme an initial demand, to develop
infrastructure and to organise events to educate the population. The initiative has started
in summer 2009 for a 5 years period. Eight experimental prefectures were selected. In
December 2010, ten other prefectures or cities were added to the programme bringing the
number of experimental areas up to 18. They are largely distributed over the country and
involve metropolitan areas as well as smaller regional urban areas and even rather rural
prefectures as can be seen in Figure 7. Under the programme, EVs were introduced as
cities” or prefectures’ public fleets, rental cars or taxi businesses and into some company
fleets. Let us take the example of the Aichi prefecture were six cities participated in the
initiative as well as the regional® electric power company (Chubu electric power
company), Toyota Motor Corporation and Mitsubishi Motors, but also 31 companies
among which manufacturers and tertiary activities companies, including one car sharing,
three car leasing, five parking, one airport and one railway company. The plan included
the deployment of 1,000 to 2,000 EVs or PHEVs and the establishment of 141 charging
facilities in the prefecture by 2013. In March 2011, 579 EVs or PHEVs had been
introduced in Aichi prefecture through this programme (jisedai jidosha shinko senta
(Next Generation Vehicle Promotion Center, 2012c).

In 2010, the Japanese Government fixed targets on the share that next generation
vehicles would have to represent in the country’s car fleet, to achieve the CO, reduction
goal and address the issue of progressively shifting to a low carbon society towards 2020
to 2030. As it can be seen in Table 1, these targets were quite demanding. In comparison,
carmakers estimated that even with their efforts to develop alternative energy fuelled
vehicles and promote them on the market, these would still account for less than 20% of
the fleet in 2020.

In the same year, the Japanese Government outlined a new comprehensive plan for
the development of next generation vehicles which is connected with the smart
communities’ experimentations also starting as we shall see later.
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Figure 7 EV/PHEV towns participating prefectures and cities
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Table 1 Next generation vehicles market projections and government targets

Projections (private sector estimate*) Government targets**
2020 2030 2020 2030

Next generation vehicles <20% 30%—40% 20%-50% 50%—-70%
Hybrid vehicles (HEV) 10%-15% 20%-30% 20%-30%  30%-40%
Electric/plug-in hybrid 5%—-10% 10%-20% 15%-20% 20%—30%
vehicles (EV/PHEV)
Fuel cell vehicles (FCV) miniscule 1% 0%—1% 0%—-3%
Clean diesel vehicles minuscule 0%-5% 0%-5% 5%-10%
(CDV)

Notes: Share of next generation vehicles of total new vehicles.
*2010 estimated, based on previous period with no existing incentives and on the
hypothesis that the market would grow by 10% or some more.
**Targets set by government in 2010 as a basis for policy definition to implement
measures for the promotion of next generation vehicles.

Source: Jisedai jidosha shinko senta (Next Generation Vehicle Promotion
Center) (2012c, p.2)

2.3 Incentives dedicated to next generation vehicles

Automobile related taxes are high in Japan [Tanaka, (2012), p.17]. But under the
Japanese tax system to promote the diffusion of environmentally friendly vehicles,
eco-friendly vehicles such as EVs or PHEVs benefit as next generation automobiles from
tax breaks. They are fully exempted from the automobile acquisition tax and the
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automobile weight (tonnage) tax, while under the automobile green tax scheme the
automobile tax is reduced by 50%.

Figure 8 Changes in the government support for purchasing alternative fuelled vehicles
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In addition, subsidies are given to local authorities, private companies and
individuals/households until half of the difference between the price of a gasoline car and
the price of an equivalent EV or PHEV, with a limit of 1 million yens (see Figure 8). A
minimum of four years ownership is requested to subsidise the purchase. The subsidy
amount for each year and each scheme is fixed at a certain level. The scheme might be
closed before term if the maximum amount is reached earlier due to numerous
applications.

More concretely, let us take the example of the Nissan Leaf launched in December
2010 in Japan. It has a 24 kWh capacity lithium-ion battery with a maximum power
output of more than 90 kWh, allowing with a full charge to drive 200 km. The price starts
from 3,764,250 yen (consumption tax included). Thanks to Japanese Government
incentives, buyers can save until 780,000 yen (fiscal year 2010 incentives scheme), that is
a saving of about 20%. As Figure 8 shows, a shift occurred in 2007 in the government
priorities, transferring subsidies from HEV to EV (later including PHEVS) purchases.
The HEVs market growth (see Figure 9 hereinafter) might explain why, after 2006,
subsidies appeared unnecessary. Demand for subsidies for EVs purchasing start in 2009
only and really took off since 2010; the crisis might be one reason, but new EV model
launches might also explain such an increase.

As charging infrastructure is a precondition for the population to shift to next
generation vehicles, charging facilities installation is also subsidised at around half of its
cost (eventually complemented by regional or cities’ initiatives; Tanaka, 2012). Like in
the case of vehicles, a minimum of eight years ownership is requested if the purchase was
subsidised. This next generation vehicle promotion scheme was first (2009) dedicated to
quick chargers infrastructure, but in 2010, METI started focusing more on normal
chargers mostly to promote charging devices in houses or housing buildings (see
Figure 8).

All these elements show clearly the significant efforts from the Japanese Government
for the uptake of electric vehicles. But these incentives cover only a part of the “electric
vehicle system’, which needs a more comprehensive approach in relation with the
objectives of reducing CO,. Such an approach taking into account energy consumption
(transport and buildings) and households’ behaviours will be the basis for a new policy.

3 The smart communities experimentations: companies’ involvement and
population behaviour

Since 2010, METI initiated an extensive programme, beyond the mere optimisation of
energy management, to promote the development of ‘smart communities’. Their aim is to
encourage the population to participate in the regulation of energy demand, including
their daily way of life. The generalisation of energy management systems (EMSs)
enables to define multiple levels of regulation of energy demand for all components of a
local community. So, we speak of home energy management systems (HEMS), factory
energy management systems (FEMS), building energy management systems (BEMS),
connected to a community energy management system (CEMS) managing smart grids
and battery storage systems (including electric vehicles recharging).

An EMS aims at spreading the energy demand peak by storing off-peak energy
production in batteries, in order to avoid costly or environmentally not friendly
production of overcapacities. This way, renewable energy production (for example from
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photovoltaic ‘positive energy’ buildings) can be better valorised, and EVs offer a
complementary advantage, as an additional storage capacity. Such an integration of
energy distribution, buildings and means of transport constitutes the innovative aspect
experimented in smart communities.

3.1 Smart communities: more than a change of scale?

Smart communities are defined as a “regional deployment of next-generation energy and
social systems that combine in multiple ways concepts such as the ‘coordinated use’ of
energy, which means effectively using not only electricity but also heat and untapped
energy as well as the transformation of regional transport systems and people’s lifestyle”
(Ministry of Economy Trade and Industry, 2012). The aim of the smart communities goes
therefore beyond the simple regulation of the energy flows, since it is also about
involving people, services and companies in the creation of less energy-consuming
lifestyles to promote the reduction of CO, emissions.

The programme relies on a number of demonstrators chosen among the 20 cities that
have submitted a project within the programme. MET]I has selected four sites according
to the quality of the projects, but also to specificities of each geographical area. Indeed,
each selected area allows testing different configurations in conjunction with its
characteristics. A large metropolis in the case of the city of Yokohama, a provincial town
in the case of Toyota city, a science park for the Kyoto-Keihanna district and a special
area in an industrial city for Kitakyushu (Lecler, 2012).

This comprehensive programme, involving both public and private actors, is also part
of a clear industrial strategy addressing the conversion of Japanese flagship industries and
the definition of new international standards.® In particular, it addresses the:

e  Consumer electronics industry which is losing speed compared to Asian neighbours
on its traditional segments (computers related products etc.), while new green
technologies related segments such as information systems for energy or
transportation uses are seen as the markets of the future.

e  Car industry which is facing overcapacities at least in the triad economies while
mobility behaviour of the population namely in urban areas is changing along with
the gasoline price and a certain awareness of environmental issues, but also due to
environmental regulations.

The transport system is part of all smart communities experiments. But the extent to
which new solutions are tested and their nature depend on their location’s specificities or
on strategies of firms involved. In all cases, experiments involve many stakeholders but,
depending on the carmaker integrated in (or leading) the firm consortium, technical
solutions tested might differ, as we shall see later. Whichever the solutions tested in terms
of mobility, these cannot be isolated from those in terms of housing, energy management,
real-time information systems which communicate data and advice to the households or
individuals regarding their activities, their energy consumption or their mobility patterns.

This is concretely illustrated by the case of the Toyota city smart community project,
named Smart Melit (Smart Mobility and Energy Life in Toyota City) described below. It
clearly shows that TMC, leading the firm consortium, is engaging in numerous industrial
or service activities which are not related to car production or even not limited to
auto-mobility.
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3.2 The concrete experimentations: the example of smart mobility and energy
life in Toyota city*

Toyota city is a medium-sized city of 422 830 inhabitants (April 2012) which covers a
vast surface, including forestry (918 km?). It is located in the Aichi prefecture which it is
the second city (after Nagoya) in terms of population but the larger one in terms of
surface. In comparison to large Japanese conurbations like Tokyo/Yokohama or Osaka,
auto-mobility is quite important in Toyota city and in its regional periphery (including
Nagoya). But like other carmakers, TMC is well aware that this will change in the future.

To prepare for future developments, TMC engaged in the smart community project of
Toyota city which costs roughly 6 billion yens (about 47 million €), half of it being
funded by METI and the other half corresponding to the cost of research, development
and tests done by consortium partners (it probably also benefits from actions developed
under former programmes, such as the Eco-Model City). For example, TMC is funded for
the development of the energy data management system (EDMS, name given to the
CEMS in Toyota city) which is one of the central elements of the project, but the
company is also developing without any financial support from METI, a lot of other
technologies which could lead to new marketable products. TMC does not believe that
*smart community” will become a marketable product/service as a whole, but is confident
that most of the elements under experimentation will be marketable separately, justifying
the company investment and the entrance in the energy domain.

3.2.1 The smart houses experimentation
The experimentation takes place on some specific areas, including:

e two districts of Toyota city where 67 smart houses have been built: Takahashi
(39 houses) and Higashiyama (28 houses)

e two commercial buildings, one distribution center, and Toyota Ecoful Town,
constructed to showcase the city’s efforts to build a low-carbon society

e 160 older pre-existing residences.

At the survey time (March 2013), 64 of the newly built smart houses had been sold and
were already occupied (since one year for the oldest occupancy). Most of the people
bought these houses, the price of which is high (48 million yens — about 375 k€ for a land
surface of 120 to 160 m?), due to the nice location and the proximity of schools. Although
concerned by energy or environmental issues, this was not the reason for choice. Each
one of these houses is equipped with solar panels on the roof, external storage batteries
and plug-in devices. They have a HEMS sending data to the EDMS which returns
information about the district consumption and sends demand-response (DR) alerts when
needed. All this is available on the EDMS portal where a lot of data are visible (energy
consumption of the community, amount of electricity generated by the solar power
generators, amount of emitted CO,). A special page calculates results for each household
and compares these to other ones in the community to give each family its own ranking.
Information is visible on the HEMS screen, on the computer but also on an electronic
photo frame usually loaded with family photos. The frame becomes blue if consumption
is reaching a peak and red if DR action is needed, indicating the elements of the dynamic
pricing system.® Information is updated every 30 minutes.
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In the older residences, smart metres with visualising functions are progressively
installed by the Chubu electric power company. Tests were conducted in January and
February 2013 with the concerned 160 households; the 80 households implementing DR
having been compared with the other 80 who did not. At the survey time, results were not
yet announced.

3.2.2 Powering houses and cars by renewables: vehicle to home and home to
vehicle (V2H)

The Toyota city project relies on renewable energies (61.2% rate as a target) mainly from
solar source as illustrated by the smart houses which are supposed to produce their own
electricity. Although Japan has a feed-in tariff (FIT) system, priority is not to sell excess
production to the Chubu electric power company but to store it in external batteries and
so to limit as much as possible the need to buy electricity when production is not
sufficient. EVs or PHEVs bought by Toyota city’s citizens or companies on the market
are participating in this process (around 300 PHEV in 2013, 4,000 are targeted at the end
of the project). For the moment, users are demanded to charge their vehicles taking into
account EDMS data, meaning that they are supposed to delay charging out of peak time
or to use external batteries if needed. Such a ‘right” behaviour is awarded by points in the
Toyota city project eco-points system.

But TMC is also testing a two-way electric power supply system in 30 households.
Although TMC has developed an electric car, the company priority is to promote its
PHEVs on which V2H tests are performed. VV2G (vehicle to grid) which also was on the
government agenda, is not experimented in Toyota city. In the districts where smart
houses were built, from the 64 households settled there, 60 have a PHEV, the four others
having chosen an EV. According to these tests, a plug-in Prius battery, which can be
charged in some 90 minutes, provides electricity for three days to a standard family
(parents+1 child; 10 kwh). Power flow is controlled according to communication between
the vehicle, the charging point and the home, also ensuring that recharging will begin out
of peak time. This system allows to benefit from green electricity produced by the house
(or later by regional solar generators) or from low cost night electricity, making car an
additional storage capacity that can be used to power the house during peak times. The
HEMS automatically control the energy flow. In case of emergency or disaster, the
system can be manually monitored to use the PHEV to power the home during three to
four days.

3.2.3 Harmonious mobility or Ha:Mo

In Toyota city, in addition to the HEMS/EDMS and V2H experimentation, TMC is also
testing its ‘one mile mobility system’ called ‘HA:MO Ride’. Ha:Mo Ride is a one-way
car-sharing system launched in October 2012. The vehicle used is the COMS
manufactured by Toyota Auto Body. It is a one seat small chassis ultra-compact electric
vehicle with lateral doors in plastic closed by zips. The capacity of the motor is 0.59 kW
while the storage battery is 5.2 kWh. It can be fully charged within six hours, its
travelling distance is approximately 50km and its maximum speed is 60 km/hour.

In the initial testing phase, the service is offered free of charge and tested on students
and employees of Chukyo University for trips between the train station and the campus
with few members (ten progressively enlarged to some 100). Four stations covered with
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solar panels have been opened in front of the university and closest train stations. TMC
and Toyota city intend to increase the number of stations to 10-20, with some
100 vehicles available within one year. At that moment 1,000 members are expected and
fees will be charged.

Members use their smartphones to check if EVs are available at each station. The
Ha:Mo Ride Support centre indicates the level of battery charge and so the number of
possible km of each vehicle available. It also checks if a place is free at the final
destination station and if distance to drive or availability of COMS returning parking is
not ensured, the reservation is rejected.

After few months testing, results were less than expected level. TMC was targeting
six rotations a day for each COMS but at the survey time (2013 March 5), the average
was only 2.5.

The system was extended in October 2013 (Japan Smart City Portal, 2013), with the
number of station increased to 22 and the number of COMS to 100. Reservation can be
made until 30 minutes before use. The expectation of membership is almost achieved
with 950 members. Most are employees of TMC or related companies. This might
confirm that for a broader use among population, the one-seat vehicles is not well
adapted, making the service less suitable for example for housewives with a child to go
shopping. As previously planned, the service which was free at the beginning is paid
since December 2013: 200 yens the first 10 minutes, then 20 yens per minute with a
special price when the vehicle is parked, 1 or 2 yens per minute depending on the period
of the day. There is however no membership fee.

In addition, a motor-assisted bicycle-sharing service is also proposed with since
October 2013, 62 bicycles available at 15 stations (30 minutes free, then 50 yens per
10 minutes).

Ha:Mo also includes a ‘Multi Modal Navi route guidance system’® which is an ITS
service operated via a smartphone application. It was opened in October 2012 by TMC,
Toyota city and transportation companies. The service aims at providing information on
transportation alternatives (route guidance combining automobiles and public
transportation) and so at encouraging the use of the optimal combination of transport
modes based on traffic conditions etc. It will also provide support for parking availability
when a personal car is used. The service includes all transportation modes available
including Ha:Mo Ride for the last kilometre which is reserved automatically if the user
confirms following the suggested route. In that case, if using collective transport or car
sharing, the choice will be eligible for receiving points of the city eco-points system. The
goal is of course to reduce traffic congestions but also CO, emissions thanks to
eco-driving and off peak automobile use.

To complete all this, seven charging stations have been installed in several parts of
the city. Equipped with smart devices recognising the type of vehicle/battery, they can be
used for both EVs and PHEVs. Stations offer fast charging facilities that are able to check
the power available and to decide whether to charge the car fully or not. 5% to 10% of
the charge is from solar sources while the major part is still conventional electricity.
TMC and Toyota city are also considering charging vehicles at commercial facilities,
especially as far as delivery vehicles are concerned. One convenience store chain,
involved in the Smart Melit project, experiments this service with two companies:
Yamato and Denso. The issue here is that charging will not necessarily occur from solar
source and might constraint the commercial facility to upgrade its contract with the
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electricity power company, increasing the financial burden as charging is supposed to be
free of charge.

3.2.4 Ecoful town and fuel cell hybrid bus

The Ecoful Town which is a demonstration area for public information opened in May
2012. It is located at a 10-15 minutes walking distance from the city centre. It includes a
large building called “Pavilion” where all eco-friendly technologies and applications can
be seen through videos or testing devices. The pavilion roof is covered by solar panels
powering around 40% of its consumption. At high production time, electricity is stored in
seven external batteries which are connected to the building but also to a EVS/PHEVs
charging station (three parking slots provided with solar energy). A smart house was
under construction at survey time for citizens to visit.

The Ecoful Town area also includes a hydrogen charging station (not yet opened at
survey time). The problem of hydrogen stations and therefore of fuel cells is linked to
regulation that prohibits stations in dense urban areas. TMC is testing a fuel cell hybrid
bus with a line serving the university campus.” This bus is equipped with the new power
supply system and has two electrical outlets (AC 100 V, 1.5 kW) that can supply a
maximum output of 3 kW. TMC is jointly developing a VV2H system for fuel cell buses
which could provide power to the big infrastructure in the city in case of emergency for
example. Estimation gives that a full tank of fuel cell bus could power a school
gymngsium for some five days. TMC plans to start fuel cell buses V2H in late 2013/early
2014.

3.3 Next generation vehicles market and households’ e-mobility: some
preliminary results

As the case of Toyota city shows, several concepts are in fact experimented in the smart
communities, corresponding to what could be considered new e-automotive services.
Automakers might have to develop them further and/or coordinate with energy
companies, battery and charging infrastructure manufacturers but also information
systems developers if they want to keep a certain control on the whole value chain as it
was the case in the past. These range from:

e promoting the creation of company or district-wide vehicle fleets on the model of
car-sharing or self-service car, leading to a dissociation of car ownership and car use

e regulating travel demand, which now requires multimodal information (public
transport but also walking), to promote a reduction in power consumption, and
smoother traffic

¢ developing completely new technologies and concept such as V2H while integrating
cars into the EMS; in other terms, while giving to next generation vehicles a new
role as a storage device in addition to its former one in the mobility chain.

The results of all these experimentations which are in progress and still at the testing
level are of course difficult to predict, but they certainly contribute with other schemes
and incentives to the recent increase in EVs and PHEVs purchasing.

As shown in Figure 9, the purchase of electric cars is emerging in 2010 and plug-in
hybrid cars in 2011. In cumulative numbers on the 2005 to 2011 period, even if the



16 B. Faivre d’Arcier and Y. Lecler

volume remains low compared with hybrid cars (close to 6 million), the EVs fleet
increased by 35,000 units and the PHEVs fleet by nearly 5,000. This confirms the start of
the market, which was pushed by the great number of promotion measures and subsidies
by the government for purchasing electric vehicles.

Figure 9  Annual purchase of electric vehicles per category in Japan (2005-2011)
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Source: Jisedai jidosha shinko senta (Next Generation Vehicle Promotion
Center) (2012b)

But, the market is also increasing thanks to the development of charging infrastructure
without which the efforts on car purchasing would have been wasted investments. Indeed,
although most users charge their EVs at home, the EV/PHEV booms tend to boost a
charging infrastructure industry. Shopping centres and convenience stores install chargers
to attract customers, parking lots provide charging facilities, and even some private
business owners have installed chargers for their visitors/customers [see Tanaka (2012)
for more examples]. As we have seen in the Smart Melit experimentation of Toyota city,
TMC cooperates with convenience stores to propose charging solutions. In the case of the
Nissan Leaf already mentioned, 200-volt normal charging has been made available at
about 2200 Nissan dealers nationwide. About 200 of these dealers are equipped with
quick chargers that can charge the battery up to 80% of its full capacity in about
30 minutes. At the same time, electronics and information/telecommunication
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companies such as Toshiba, Hitachi, NEC are also involved in charging infrastructure
and their management systems. The interrelation of this new industrial segment
with the vehicle manufacturing industry or other sectors (energy, electronics and
information/communication) is still unclear, but also has to be taken into account.

According to the Next Generation Vehicle Promotion Center’s survey of March 2012,
public or private normal charging facilities installed in Japan were 4,320, while
quick chargers were at 848. These numbers are still far from the 2 million and 5,000,
respectively projected for 2020, but show that along with the development of a
EVs/PHEVs market, thanks to incentives but also to private companies’ investments, a
charging infrastructure industry is progressively taking shape. Japanese companies
involved in charging infrastructure business through smart cities experimentations or any
other projects do not want to miss the opportunity of the future global market which, as
Navigant Research (2013a) estimates, would grow of 27% annually from $713 million in
2013 to $3.8 billion by 2020. The report shows that at the end of 2012 there are 48,705
publicly accessible charging stations installed globally, the greatest number being in
Asia-Pacific region leading far in front of the US followed closely by Europe.

According to a web survey done in January/February 2012 for the Next Generation
Vehicles Promotion Center on the evolution of electro mobility in Japan, it is possible to
obtain some information about attitudes towards e-mobility (although the sample is still
limited in terms of number of individuals or households and companies concerned). It is
divided into two categories, households (31) or companies (47) owning an EV® and
households (206) or companies (52) intending to buy an EV or a PHEV and having
already made some steps in that direction (at least visited a showroom). As it can be seen
from Table 2, households owning an EV or a PHEV are for their great majority travelling
less than 30 km per day as annual average, the EV being the main car (55%) or the
second car (45%). Most are living in individual houses (90%) indicating clearly that
charging infrastructure in collective mansion building matters.

Table 2 Annual travelled distance

Annual travelled distance  Sample <5,000 km 5-10,000 km 10-15,000 km > 15,000 km

Households owning EVs 31 12 (39%) 12 (39%) 6 (19%) 1 (3%)
Companies/commerce 47 18 (38%) 19 (40%) 9 (19%) 1(2%)
owning EVs

Households intending to 206 59 (29%) 88 (43%) 38 (18%) 21 (10%)
buy EVs/PHEVs

Companies/commerce 52 8 (15%) 20 (39%) 18 (35%) 6 (12%)
intending to use
EVs/PHEVs

Source: Jisedai jidosha shinko senta (Next Generation Vehicle Promotion
Center) (2012c, p.36)

Table 3 shows that the way they use their car is not different from the use of conventional
cars: it is shared between home-to-work, shopping and leisure trips. However,
considering that only one among two persons declares using it for home-to-work trips, it
is less than the usual pattern (except in the case of Tokyo/Osaka areas). One reason might
be that EVS/PHEVs owners are mostly using their car for proximity trips, assuming that
the distance it can run is not enough for usually longer home-to-work trips. Another
reason might be that they are mostly living in areas where the collective transport system
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is efficient enough for them to avoid using their car. On the companies’ side, 58 of those
owning an EV are also in majority travelling less than 30 km a day mostly for
professional trips or deliveries, the second largest share of trips. The EV is not used as
much as in the case of households with 6% using it every day and 19% three to four times
a week.

According to the same survey among households or companies who intend to buy an
EV or a PHEV, 24% of households (of which 78.0% would consider it as a main car),
and 19% of companies declare being in favour of an EV. 38% of households (of which
78.5% would consider it as main car), and 55% of companies are in favour of PHEV. The
remainder of surveyed households or companies did not choose yet.

Only 10% of households owning an EV did not know about V2H. Among those
knowing about it, 13% are already using it while 61% would like to try. Surprisingly,
companies seem less interested in V2H as 19% did not know about it and among those
who knew, only 6% are already experimenting and 55% would like to do.

A more in depth survey on a larger sample would be necessary to verify these results.

Table 3 Trip purposes of EV and PHEV owners in absolute numbers (and % share)

Tppupos g rowhall | Comarie i emmere
Private use Home to work/school trips 14 (45%)
Shopping, accompanying, 29 (94%) 4 (9%)
personal activities
Leisure (cruising, sports, 16 (52%) 2 (4%)
leisure)
Others 4 (13%)
Professional Delivery 3 (10%) 11(23%)
use Professional trips 2 (7%) 39 (83%)
Taxi 1 (3%) 4 (9%)
Commercial trips 1 (3%) 2 (4%)
Others 1 (2%)

Source: Jisedai jidosha shinko senta (Next Generation Vehicle Promotion
Center) (2012c, p.36)

4 Concluding remarks: resulting issues for the car industry

To cope with the objective of a low-carbon society, the Japanese Government is
encouraging a great number of experiments. Among them, the Smart Community concept
seems to design a new and original integration between energy management, housing and
mobility. A reduction in CO, emissions indeed means to favour renewable energy
sources for buildings and a complex EMS which needs a storage capacity offered by
home and vehicles batteries. But it also involves some behavioural changes for
households, especially in the way they manage their daily life and mobility.

In this sense, cities will encourage initiatives to moderate car use, not only for home-
to-work trips, but also for all the short distance trips within the city. Then the
management of information through IT systems, as well as financial incentives for a
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virtuous behaviour, will call for integrated solutions, through a mobility service package,
letting people choose their mode of transport in a more rational way. The availability of
transport alternatives is a necessary condition to facilitate such a behavioural change, but
collective transport systems alone will not be able to cover the wide diversity of travel
demand at satisfactory economic conditions. Thus individual transport systems will still
be requested, but for a use which, depending on the type of trips, will be shared with
other transport modes, or covered by private alternatively fuelled vehicles. In Japan, the
price and tax incentives, added to the post-Fukushima awareness on energy, are paving
the way to market growth of such vehicles. Even if the effort requested for energy saving
leads to a greater multimodality, i.e. the capacity for individuals to choose the best mode
of transport to optimise their energy consumption, an e-mobility market, although still
small, seems now taking off. The number of next generation vehicles launched (EVs or
PHEVs) is increasing while the brand choice is progressively enlarging worldwide.
Navigant Research (2013b) estimates that for example, the number of plug-in electric
vehicles on roadways will grow rapidly to more than 3,000,000 globally by 2017.

In this context, strategies might differ between car makers, as the example of TMC
and Nissan shows. Nissan focuses on EVs while TMC intends to develop its hybrid
advantage further and believes more in PHEVs. Of course, TMC does not neglect EVs as
illustrated by the small chassis models prototypes designed recently (such as i-ROAD for
example) and which serve as basis for their concept of ‘one mile distance vehicles’. TMC
considers that in the future, short distance will be covered by electro-mobility with these
small chassis vehicles; medium distance by Plug-in Hybrid Vehicles like the new Prius
launched in Japan; and long distance by fuel cell technology with fuel cell passenger cars
that several makers (Toyota, Honda and Nissan) announced for 2015 (commercial
launch in Japan).

Although carmakers agree with scholars on such a vision (Vitali, 2012), the new
mobility ecosystem is not yet fully designed. As the case of Japan shows, many
experiments are still ongoing. New technologies and e-automotive related services are
tested in Japan and worldwide making it still difficult to know which one will offer best
advantages. May be not yet foreseen mixed solutions will also emerge from research and
experimentation, leading to not yet expected changes. Whatever the scenario will look
like, the smart communities experiment already suggests that car makers will have to
diversify their competences to cope with the new needs, They will have to offer both, a
mobility service package including a variety of services, from individual transport
systems (private car or car-sharing, but also two to three wheeled vehicles), access to a
car-rental system, to multimodal information and to the public transport system, and a
storage function (V2H, V2G). But they will then be in competition with other industrial
players.

Batteries become the most important and expensive component in EVs. Japan has
leading battery companies which make technological efforts to increase battery power
while reducing their cost. But as for example the success of the Better Place Tokyo trial
done in 2010 with a small number of taxis shows, swapping battery instead of recharging
it might gain in interest in the future.™ We can see from this example that some
companies could develop EV models without battery, but accompanied with a contractual
battery switching service subscription.’? This service could be provided by an OEM
under an agreement with battery makers or directly by the latter competing on that
segment with carmakers or even by new companies proposing battery rental services.
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Some questions also remain concerning the future of the industrial and service
segment of EV recharging. Stations are for the moment free of charge for customers in
Japan. It is considered as a service to EV drivers, but even if future electricity provided
might mainly come from solar source (it is not the case yet), investments alone are costly.
As long as charging station will be subsidised and their deployment will be supported by
public funding, companies might continue investing, but this situation will not last
indefinitely. According to Charger Manufacturers Association (CHAdeMO), in order to
build a real chargers manufacturing and managing industry with a large number of
stations being created in the coming years, subsidies at the purchasing stage might not be
enough. If charging cost remains on the provider side, it could limit installation. To avoid
such an obstacle and permit a real new business to develop, charging fees paid by
customers are necessary. Therefore, CHAdeMO member companies recently started to
elaborate management and payment systems. Let us take the example of Hitachi.** The
company developed its own charging management solution, a system that processes
information and monitors user authentication, fees, and payments for chargers. The
Advanced Energy Company (AEC) has adopted this Hitachi solution as part of the
Okinawa Green New Deal Project started in 2011. This plan based on the concept of a
smart grid for remote islands aims among others at installing on Okinawa’s main island
50 rental EVs charging stations with a rapid and medium-speed charger infrastructure by
2014. Presently, the service operates 220 EV rental cars and a total of 27 charging units
installed at convenience stores, service areas, and other road-side sites. The EV rental car
service is primarily aimed at tourists, who make frequent use of rental cars. Due to that
the price of charging was fixed at 500 yens a charge, but in other region the price would
be 100 yens.

The automobile value chain is already changing and will probably evolve further
along with new technologies and services development. It brings new entrance
opportunities for firms of other industries (energy, battery, car-rental/sharing
companies...), which could take a certain control on the future mobility ecosystem. A lot
of cooperation agreements have already been implemented between OEMs and ITC firms
or battery manufacturers, high tech start-ups etc. (Vitali, 2012). Being able to develop
and manage new e-mobility services might create a significant advantage over
competitors in the future. But as the case of smart communities shows, integrating or
controlling the e-mobility ecosystem might not suffice, as new services which are more
linked to energy than mobility are devoted to vehicles such as the V2H or V2G.
Therefore, the issue for carmakers is not only to develop and propose new models in the
form of EVs, PHEVs or even FCVs. They also have to adapt to the larger paradigm shift
that all these experimentations and promotion programmes are accelerating. This is
probably why Japanese carmakers to start with TMC and Nissan but also Mitsubishi and
Honda are so strongly involved in smart communities’ demonstrators. These
experimentations, compared to other numerous supporting programmes launched by the
Japanese Governments in recent years, have the merit to allow testing, on a large and real
scale, all elements of future cities/urban areas in an interconnected manner. Companies
involved get the opportunity to enter technologies out of their past core competency areas
as it is the case with TMC entering the energy management domain through the designing
and development of the Toyota city EDMS, or new services such as Ha:Mo. The new
business model that will emerge appears still difficult to predict and might differ
depending on carmakers’ own strategy to address the challenge. In order to keep a certain
control on the whole value chain, they will have to integrate different industrial and
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services segments which were out of their scope in the past. They will have to build new
inter-firms cooperation agreements with actors different from previous cooperation
partners: raw material (used in batteries), services such as ITC services (not only for
driving assistance but also for energy management), batteries or charging infrastructures
manufacturers but also energy providers as the EV market evolution cannot be
dissociated from the grid performance (Bompart et al., 2012). In that sense, making
numerous stakeholders working together can also be seen as part of the learning process
for the definition of the suitable business model of the future. Indeed, as the case of
Toyota city has shown, each one of the demonstrators can be seen as a micro-local
ecosystem (Charue-Duboc and Midler, 2012) where technical solutions, but also new
industrial configurations and cooperation or even behaviour in a variety of contexts can
be studied with the aim to measure suitable options for a broader deployment.
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Notes

1
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PHEV (or PHVs), containing both an internal combustion engine and an electric motor, share
with all-electric vehicles a plug to connect to the electrical grid. Unlike former generations of
hybrids (HEVs), the PHEV’s electric motor is the primary source of energy.

In Japan, there are ten territorial energy monopolies which cover one region each. They
control generation, transmission and distribution of energy. This system, which made
electricity transfer from one region to another impossible after the Fukushima accident, will
progressively come to an end up to 2020 (law of November 2013).

Since 2011, it is also seen as a solution for the future in the necessary reconstruction of areas
devastated by the March 11 tsunami. Under the Future Cities Initiative launched in December
2011 for 5 years, Japanese authorities have selected eight ‘smart city’ projects as candidates to
receive subsidies (up to 8 billion yens) among 50 initiatives from the Fukushima, Miyagi and
Iwate prefectures.

This part of the paper is based on interviews at TMC headquarter and at Toyota city in March
2013, updated by public information mainly from the Japan Smart City Portal
(http://jscp.nepc.or.jp/en/).

Electricity from Chubu electric power company is at some 21 yen/kwh. In the HEMS
demonstration districts, it can fluctuate between 0 to 40 yens. An eco-point system with
positive but also negative points when actions are contrary to required ones according to DR
aims at incenting families to modify their way of using electricity and/or time of charging
PHEVS/EVs.

First called HA:MO Navi, the service was renamed recently to avoid considering it just as a
navigation system.

Two other FCHV lines already exist: from city to Central Airport (Nagoya) and from
metropolis to Tokyo International Airport.

Some other elements are tested in the Ecoful Town such as on-demand buses or variable street
use or access thanks to withdrawing slots and LED lighting.

The case of PHEVs is not taken into account for households or companies owning the vehicle
because the number sold until survey time was very few.

In January 2011, Toyota, Honda and Nissan have announced jointly with ten energy
companies that 2015 is the target year for an early commercialisation of FCV in Japan.
Hydrogen fuel suppliers should build 100 charging station in the country until that year
(Tanaka, 2012).

See for example, http://green.autoblog.com/2010/08/27/better-place-expands-tokyo-battery-
swap-trials-taxis-have-chang/.

Renault experimented such a business model with its EV model Zoe (Charue-Duboc and
Midler, 2012).

See Hitachi home page, mainly:
http://lwww.hitachi.com/csr/highlight/2011/act1103/index.html#act110301 and
http://www.hitachi.com/products/smartcity/case/okinawa/index.html.



