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We had the shortage of electricity when the Tohoku earthquake occurred, even

though Japan’s electricity supply was stable. However, we have found a new
electricity supply system called “Smart Grid,” which is outstanding in terms of
stability of electricity supply. It will also contribute to the reduction of COz emission.
These are the reasons why we chose “Smart Grid” as our topic.
@Trends

We picked up the following three factors as the trends:
1) The Spread of Energy Harvesting System

Energy harvesting is a system where we can change external energy sources, such

as solar energy and vibration of bridges, into electricity.
2) Various Efforts and Actions to Preserve the Environment
3) The Effect of Declining Population on the Consumption of Electricity

It is often said that the demand of electricity will decrease as the population falls,

but this is not true because the demand of electricity is determined by the social

and economic situation, rather than population.
@ The Reason for Choosing the X Axis

It is obvious that if nuclear power plants are restarted, electricity rates will

become lower and it will have a great impact on the spread of Smart Grid. On the
other hand, since nuclear power plants have many risks, many people are opposed to

starting them again, which means it is quite uncertain if they will be restarted.
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@The Reason for Choosing the Y Axis

If large-scale storage batteries spread, renewable energy supply will become
stable, which will be closely related to the spread of Smart Grid. However, today there
are few large-scale batteries because of their high price, so whether they will be

widely spread or not depends on technological advancement, which is very uncertain.

The 1st Quadrant

Large electric companies lower electricity rates because their nuclear power
plants are restarted and smaller companies are overwhelmed. These large companies
utilize large-scale storage batteries to distribute surplus electricity more efficiently.
Since people want to benefit from this situation, Smart Grid will be widely spread.
Smart Grid involves a lot of information transmission and it has a vast amount of

private data, so the security against cyber-terrorism is strengthened.

The 2nd Quadrant

The amount of energy consumption varies in each season and it has a bad effect
on an electric power network. In order to avoid that, electric companies need to
constantly check the amount of energy consumption. Since large-scale storage
batteries are available, they can control the data by introducing Smart Grid, which
makes it possible to use electricity even when a disaster occurs. Besides, since nuclear
power plants are not restarted, the Japanese government promotes electric power
generation by using renewable energy. As a result, eco-friendly and disaster resilient

society will be realized.

The 3rd Quadrant

Since nuclear power plants are not restarted, electricity generation has to depend
on thermal power generation, which emits a lot of CO2. The Japanese government
tries to promote renewable energy generation by introducing various supporting
systems. These systems enable smaller electric companies to compete with larger
electric companies. However, since both large and small electric companies cannot
realize stable energy supply, the energy supplying system will remain the same as it

1S now.

The 4th Quadrant

Since large-scale storage batteries are not available, it is difficult to depend on
electric power generation by using renewable energy sources. Electric companies
reduce the investment in the establishment of new power plants that utilize
renewables. They try to find effective ways to utilize existing power plants efficiently.
Since nuclear power plants are already restarted, they will continue to depend on

nuclear power generation.
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Since the Fukushima nuclear accident in 2011, the demand for alternative
energy sources has been growing. Here, our team discussed the future of power

generation and consumption in Sakai City, where half of our team members live.

@Trends

Among many DFs, we chose the following factors as trends, which have a great
influence on the scenario of each quadrant. The entry of new electric companies,
VPPs (Virtual Power Plant), solar power generation, biomass power generation and

nuclear power generation.

(@The Reason for Choosing the X Axis

There are a lot of clean energy sources, but solar power generation accounts for
the largest amount and we focus on it. Increasing the amount of solar power
generation requires large areas of land. Therefore, the price of land has a great
impact, and it is very difficult to predict its changes.

@The Reason for Choosing the Y Axis

The reason why we chose the price of fossil fuels is that Sakai City depends
largely on thermal power generation for generating electricity and it mainly uses
Liquefied Natural Gas (LNG). Therefore, it greatly affects the generation of
electricity and its changes are unpredictable.

_28_




The 1st Quadrant

Due to the rising price of fossil fuels, Sakai City decreases the amount of
electricity generated in thermal power plants. At the same time, Sakai City does not
build new big solar power plants or new hydraulic power plants because of the rising
price of land. In such a situation, the introduction of the VPP system becomes
important. VPPs enable us to connect each generation system with our houses and
factories, and we can decrease the amount of wasted electricity. As a result, Sakai

City will introduce the VPP system to use electricity efficiently.

The 2nd Quadrant

In this quadrant, the rising price of fossil fuels makes Sakai City introduce more
alternative energy sources. It provides subsidies for generating electricity by using
renewable energy sources. Since the price of land decreases, the number of new
houses built in Sakai City is increasing. Thanks to the subsidies, these houses are
equipped with solar panels or with a device for small hydraulic power generation. In
addition, Sakai City introduces VPPs to effectively use electricity. Furthermore,

Sakai City will try to become an ideal town which is resilient to disasters.

The 3rd Quadrant

In the third quadrant, since the price of fossil fuel has dropped, the amount of
thermal power generation is still large in Sakai City, which is against its policies.
Sakai City is designated as an Eco-Model City by Promotion Council for the
“FutureCity” Initiative, so it has to promote clean energy generation. Since the price
of land has also dropped, Sakai City tries to spread solar power generation. It
provides subsidy for solar power generation and encourages people to have their
houses equipped with solar panels. It also introduces the VPP system to use
electricity more efficiently. However, the amount of electricity produced by thermal
power generation and other power generation by using renewables is almost the

same.

The 4th Quadrant

In this quadrant, since the price of fossil fuels has dropped, the amount of
thermal power generation is large. At the same time, since the price of land in Sakai
City has risen, the number of new houses is not increasing and that of apartment
houses is increasing. In this situation, small hydraulic power generation, which can
be installed in apartment houses, is promoted more than solar power generation.
However, the amount of electricity produced by small hydraulic generation is small,
compared to that by solar power generation, so Sakai City introduces the VPP
system. On the other hand, Sakai City has a biomass power plant and it can generate
electricity more stably than solar power generation. Sakai City tries to increase the
amount of electricity produced there, but it is quite limited and it is impossible to
build a new biomass power plant. In conclusion, the amount of thermal power

generation remains large and the rate of renewable energy does not become high.
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Among all the environment-friendly cars, EV (Electric Vehicle) sales have been
increasing year by year. However, how much the price of the vehicle itself will be and
how widely the technology will spread are very uncertain, so the amount of sales
cannot be expected. Uncertainty of the sales of EVs would be appropriate for
our scenario planning and this is why we chose this topic.
@Trends

Rental car and car sharing systems will spread. EVs, ZEVs (Zero Emission
Vehicle) and automatic driving vehicles will also spread widely. There will be changes
in public transportation. While in rural areas more and more public transportation
will disappear, in urban areas more public transportation will be established. The
regulation on diesel cars will be continued. More and more compact cities will be built
and more alternative energy will be introduced.
(@The Reason for Choosing the X Axis

According to the recent research, it takes at least 30 minutes to charge EVs. This
makes people reluctant to buy them. However, since companies have been trying to
invent new technology, this problem might be solved, but it is not certain.
@The Reason for Choosing the Y Axis

If the price of EVs goes down, more people will want to buy them, and it depends
greatly on the amount of subsidies. Subsidies reflect the intention of the Japanese

government, which wants to reduce the emission of CO2. However, the amount of

subsidies is affected by the economy, which is uncertain.
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The 1st Quadrant

The ultra-fast charger is invented and has spread, so it has solved the weakest
point of electric cars and accelerated customers’ interest in them. In compact cities,
the public transportation system is improved, and so there are few households which
have their own cars. However, rental car and car sharing systems are developed for
sightseers who go to the country. On the other hand, in other cities, there are a lot of
households which use electric cars because the ultra-fast charger is spreading. EVs
are equipped with the autonomous driving system for the elderly. For the reasons
above, a lot of electric cars will be used in Japan and electric mobility society will be

implemented.

The 2nd Quadrant

Though the price of EVs goes down, it still takes a long time to charge them.
Therefore, they will become popular among homemakers, who have enough time to
spare. Expanding charging stations is necessary to promote the popularization of
EVs, so more charging stations will be established. Considering that homemakers
will account for a large part of the EV users, charging stations will be built mainly in
parking areas of supermarkets and coffee shops. However, EVs will not become
popular among people except homemakers, so the popularization of EVs will be

limited.

The 3rd Quadrant

Today, the number of young people has been decreasing and the number of old
people has been rapidly increasing in Japan. In addition, young people tend not
to have their own cars because of the economic depression and the development of
transportation networks. For these reasons, the number of car owners in Japan has
been declining. In such a situation, unless we make drastic improvement in EVs or
the Japanese government changes its policy on them and increases the amount of
subsidies, the number of EVs will gradually decrease. However, people are more
concerned about the environment, and the Japanese government has been taking

various policies to decrease the COz emission, so hybrid cars will be widely used.

The 4th Quadrant

Even though the ultra-fast charger is developed, the price of EVs is high.
Therefore, only wealthy people can afford them. In addition, the German Bundestag
has decided to prohibit selling gasoline and diesel cars. Some other European
companies will also take this policy. Since European cars are popular in Japan,
people who love them will buy European EVs. On the other hand, Japan is a super
aging society, so compact cities are developed in rural areas. In compact cities, EVs
are more likely to be used for transportation because people don’t have to move a long
distance there. In conclusion, the number of European EVs and EVs in rural areas

will increase, but most people will wait until EVs become cheaper.
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Nowadays, environmental problems have become more and more serious. V2H
(Vehicle to Home) is one of the new technological innovations which is expected to
prevent the present situation from getting worse. Therefore, we have decided to
examine the spread of V2H.
@Trends

Since we have to be prepared for earthquakes and protect the environment, the
Japanese government will be promoting the spread of V2H. Thanks to technological
innovation, the prices of the products related to this SP will have become lower
(@The Reason for Choosing the X Axis

The price of petroleum is unstable because it depends on many factors, such as
many countries’ economy, international relationships and so on. Furthermore, it
affects electricity rates, which is profoundly related to Electric Vehicles (EV) and the
purchase of V2H.
@The Reason for Choosing the Y Axis

In order to purchase V2H, people need to have a decent income. Moreover,

national income (NI) and the economy are greatly connected, and when the economy
1s good, the spread of V2H may be accelerated. In addition, the changes of NI cannot
be predicted.
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The 1st Quadrant

The scenario of the first quadrant is the most desirable for the spread of V2H.
Since the price of petroleum has risen, both the price of gasoline and electricity rates
are rising. In such a situation, people are more interested in private power
generation. In addition, since people have a decent income, they pay more attention to
preparing for earthquakes, which encourages them to introduce the private power
generation system. As a result, V2H will widely spread. Considering the trend
mentioned in the previous page, there is a strong possibility of the government

enforcing this policy, which will accelerate the sales of V2H.

The 2nd Quadrant

If the price of petroleum becomes lower and the national income of Japan rises,
EVs and PHEVs (Plug-in Hybrid Electric Vehicle) will spread in 15 years. This is
because the decrease of the price of petroleum means that electricity rates will
decrease and the price of EVs will be lower, thanks to the improvement of technology.
Then V2H and all-electric homes will spread because people can afford to refurbish
their homes. In this situation, main energy will change from petroleum to electricity.
Therefore, the emission of COz will decrease and sustainability of society will be

enhanced.

The 3rd Quadrant

In this quadrant, the price of petroleum falls and national income decreases. In
this case, electric vehicles will spread, but V2H won't spread so much in 15 years.
This is because the price of electric vehicles will become lower and lower, and most
people won’t be able to afford V2H. In this situation, electric vehicles will be unable to
play their expected roles. Therefore, many attempts to utilize electric vehicles will be
done by trying to apply V2X(Vehicles to Everything) to Japanese society. Although
V2H will not spread easily, these attempts will help create the trend toward making

electric vehicles utilized more in society.

The 4th Quadrant

In this quadrant, the price of petroleum rises and national income decreases. Due
to the sharp rise in the price of petroleum, the price of gasoline rises and people have
more interests in electric cars and hydrogen cars. However, under the circumstances
where electricity rates have jumped and national income has decreased, few people
can afford to buy these cars. Furthermore, research shows that only a small number
of people without their own houses plan to own one. Besides, the percentage of
unmarried people has been increasing. For these reasons, the number of people who
don’t have their own house increases, which will prevent V2H from spreading. In
conclusion, although the spread of V2H is expected to a certain extent, it is less than

that in the first and second quadrants.
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Electricity rates have a great impact on our lives, but now many factors, such as
nuclear power plants, deregulation, and the development of new energy, affect
electricity rates. This is why we focused on the future of Kansai Electric Power
Company(KEPC), a leading electric company in Japan.
@Trends

Electric companies are most likely to regulate CO2 emission, promote the
deregulation of electric power industry, and face the decline in domestic electricity
consumption.
@ The Reason for Choosing the X Axis

Whether nuclear power plants will be restarted or not is quite uncertain because
it depends on the public opinion and the results of the lawsuits. Restarting them will
bring electric companies great profits that can completely change the market state.
@The Reason for Choosing the Y Axis

It is uncertain when the technology for mining methane hydrate around Japan
will be developed, but if it becomes available, it will be an important energy source
that makes it possible for us to become independent of Middle East and realize less

COz2 emission.
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The 1st Quadrant

Before 2011, Kansai Electric Power Company (KEPC) depended on their nuclear
power plants. However, now, due to the Great East Japan Earthquake, they have to
depend on thermal power generation that costs more than nuclear power generation.
In this quadrant, where the nuclear power plants are restarted and methane hydrate
1s commercially utilized, KEPC will be able to make a lot of profit, depending more on
their nuclear power plants and combined cycle power generation. KEPC will reduce
their electricity rates so that they can keep their customers. Besides, KEPC will take
social situations and the Japanese market into account, and try to reinforce various

kinds of business projects in order to make a greater profit.

The 2nd Quadrant

If KEPC can restart their nuclear power plants and methane hydrate around
Japan is not available in 15 years, they cannot lower electricity rates greatly. In this
case, new electric companies will have to use thermal power generation that costs
more than nuclear power generation. On the other hand, KEPC can use their nuclear
power plants, but they cost a lot to maintain because they have to prepare for an
accident like Fukushima. Therefore, they will lower electric rates a little so as not to
lose their customers and new electric companies will fall in a difficult financial
situation. After 2031, KEPC will shift their thermal power generation to combined
cycle power generation, and expand business, including telecommunications and

international trade, to make a greater profit.

The 3rd Quadrant

If KEPC cannot restart their nuclear power plants (NPP) and methane hydrate
around Japan is not available, KEPC have to cover the great cost of the maintenance
of nuclear power plants and the fuel for thermal power generation. Therefore,
electricity rates remain high and they will lose their customers. However, they will
not give up restarting the NPP, which can make a huge profit. In order to make up for
the cost, KEPC will expand its business abroad or enlarge the size of business other
than electricity, such as gas, but the profit will not be enough to lower their electricity

rates.

The 4th Quadrant

If nuclear power plants of KEPC are not restarted and methane hydrate around
Japan is available, KEPC will be in a bad financial situation. This is because they do
not have enough money to mine methane hydrate due to the maintenance cost for
their nuclear power plants. Therefore, KEPC have to start new businesses in order to
compete against Osaka Gas. If KEPC begin some new businesses, they can gain as
much profit as Osaka Gas can. Therefore, the price competition will occur and

electricity rates will go down.
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The reason why we have chosen this topic is that we think the transportation
system will be more and more developed by the progress of science technology.
Recently, the government of Osaka has been trying hard to host Integrated Resorts

and increase the number of visitors from abroad.

@Trends

1. The decrease in demand for gasoline

2. The tendency for people to spend more money experiencing what they are
interested in than buying things.

3. The spread of automatic driving systems

@ The Reasons for Choosing the X Axis

There are mainly two reasons why we chose whether or not the IR invitation is
successful as the X axis. First, it is very uncertain whether or not it is successful.
Second, tax revenues and the number of foreign people visiting Osaka will
dramatically increase if the IR invitation is realized, which will have a great impact

on the transportation system in Osaka.
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@The Reason for Choosing the Y Axis

The reason why we chose as the Y axis whether or not electric power generation
by renewable resources accounts for 33% of gross generation is that it is very difficult
to produce electricity by utilizing such resources because the climate is not suitable
enough and the land is not large enough to do that. Therefore, it is very uncertain. It
also has a great effect on the transportation system in Osaka because transportation

systems are closely related to electricity and other energy.

The 1st Quadrant

Since renewable energy spreads, the way people commute and the way people
visit Osaka will change. Besides, since the IR invitation project is successful,
investments from various people, companies and local governments will increase.
Therefore, local governments will cooperate with companies to provide various

services that enable people, commodities, and money to flow smoothly.

The 2nd Quadrant

Since the IR project isn’t successful, the number of people who come to Osaka will
not increase as remarkably as is expected. In addition, different commercial facilities
will be built at the place where the IR was expected to be established. In contrast,
because of the wide spread of renewable energy sources, we will be more conscious of
the significance of protecting the environment. Therefore, nongovernmental efforts,

such as introducing the car sharing system or using electric cars, will be made.

The 3rd Quadrant

Since the IR project is not successful, the government of Osaka must build other
large commercial facilities. However, the number of people who visit Osaka has not
increased dramatically. In addition, since renewable energy is not popular, the
transportation system of Osaka will not change so much, and the number of HVs

(Hybrid Vehicle) and other eco-friendly cars will remain the same as now.

The 4th Quadrant

New facilities and a new public transportation system will be introduced
because the success of the IR invitation will raise the number of people who visit
Osaka. However, renewable energy has not spread in society, so the number of trains,
electric cars, and so on, which depend on electricity, will not increase. Therefore, it is
thought to be important to figure out how to increase the number of passengers who
use the public transportation system. As a result, the convenience of the public
transportation will be regarded as more important than the preservation of the

environment.
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Many car companies have announced that they will start selling Level 3 SDCs
(Self-Driving Car) in 2020. A Level 3 SDC is a car that handles all the driving by
itself though a person must be in the driving seat in case an accident might happen.
The car companies have been trying to produce Level 4 SDCs, which autonomously
drive themselves without any assistance of humans. The realization of such cars will
greatly change our way of living and working. This is why we have chosen this topic.
@Trends
1In 2014, TOYOTA started to collaborate with PFN, a company that does research
and development on the technology of Al, and they have been improving Al
technology since then. They have already succeeded in enabling Al to learn by
itself. This technology will be introduced to producing SDCs.
2)The system called “OTA”, which is a countermeasure against cyber-attacks, was
already invented. In addition, some other countermeasures are under development.
These are the ones that AI will employ by itself without waiting for human
directions when it comes under cyber-attacks.
(@The Reason for Choosing the X Axis
We set “Whether or not the number of traffic accidents caused by elderly people
will be smaller than that in 2016” as the horizontal axis. This number is closely
related to the safety of Level 3 SDCs, and as a result, it will have a huge impact on
whether Level 4 SDCs will be sold or not. This number shows how greatly advanced

Level 3 SDCs will be and nobody is sure about how quickly SDCs will develop.
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@The Reason for Choosing the Y Axis

We set “Whether or not consumer confidence index will be better than that in
2017” as the vertical axis. It is affected by the economy and strong economy provides
car companies with a lot of money to develop Level 4 SDCs and the index can be said
to show how much people want to purchase them. At the same time, nobody can tell

whether the economy will get better or worse.

The 1st Quadrant

In the 1st quadrant, the consumer confidence index is higher than that in 2017
and the number of traffic accidents caused by elderly people is smaller than that in
2016. People will want to buy SDCs and the Japanese government and other
companies invest more in developing SDCs. This is because people have a decent
income and people trust SDCs. The small number of accidents means the spread of

Level 3 SDCs, and it will inspire car companies to develop Level 4 SDCs.

The 2nd Quadrant

In the second quadrant, the consumer confidence index is good and the number of
accidents caused by elderly people is large. The large number of accidents means that
there are many errors in the systems of Level 3 SDCs, so consumers have lost trust in
Level 3 SDCs. However, it is thought that Level 1 and 2 SDCs will have been proved
to be safe, so some people purchase these SDCs since they can afford them. Others
wait for Level 3 SDCs to be improved. In such a situation, business results of car
companies are worse than those in the 1st quadrant, but they are expected to be
better than those in the 3rd and 4th quadrants. Therefore, car companies have

enough funds and try very hard to improve Level 3 SDCs.

The 3rd Quadrant

In this quadrant, people have lost trust in Level 3 SDCs because of the large
number of accidents caused by elderly people who use them. Car companies try to
improve them, but due to weak economy, they have to reduce their work force or
make their businesses smaller to have enough funds. They also try to sell Level 1 and
2 SDCs again. It takes a lot of time to improve Level 3 SDCs and the development of
Level 4 SDCs will not easily be realized.

The 4th Quadrant

In this quadrant, the consumer confidence index is low and the number of
accident caused by elderly people is small. Car companies try to develop Level 4
SDCs. However, since the economy is slowing down, it is difficult to have enough
money to develop them. At the same time, the trust in Level 3 SDCs makes it possible
for companies to get a loan from banks and the subsidy from the government to
develop Level 4 SDCs. In such a situation, even if Level 4 SDCs are developed, their
price will be high. In conclusion, car companies make an effort to sell Level 3 SDCs

and wait until the economy becomes strong and Level 4 SDCs are likely to be sold.
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DTopic

We focused on how much electricity rates will be when we become 30 years old.
Sales share has a great impact on them, and Osaka Gas Co.(OGC) has been
competing with Kansai Electric Power Co.(KEPC). This is why it would be interesting
to think about the share of OGC in Kansai area.
@Trends

Liberalization of electricity retailing, which started in April, 2016, will make the
competition among many power companies so intense, and the yield and distribution
of shale gas affect the price of Liquefied Natural Gas(LNG).
@ The Reason for Choosing the X Axis

The re-operation of nuclear power plants reduces electricity rates and affects
other companies, so its impact is big. Judiciary decisions, economy and politics affect
the re-operation of nuclear power plants, so its uncertainty is high.
@The Reason for Choosing the Y Axis

Since the rate of thermal power generation of OGC is quite high (90%), the swing
of the petroleum price will greatly affect its electricity rates. In addition, it is very
difficult to predict how much shale gas will be imported and how the situation of the
Middle East will change.
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The 1st Quadrant

In this quadrant, KEPC has flourished among other companies because it has
many nuclear power plants and lowers its electricity rates. OGC struggles to lower its
electricity rates and depends more on shale gas, which is relatively inexpensive. At
the same time, OGC makes campaigns against nuclear power plants. However, the
effect of the high price of petroleum is so great that OGC cannot compete with KEPC.
The same is true of other companies. Giving up competing with KEPC, OGC tries to
provide other services like “EneFarm” and carries out overseas business projects. In

conclusion, the share of OGC in Kansai area will increase only slightly.

The 2nd Quadrant

When the price of petroleum goes up and the nuclear power operation rate is
20%, it 1s difficult for all companies to lower their electricity rates. KEPC has a hard
time because their nuclear power plants cost a lot for maintenance. In this situation,
OGC and other companies tie up with one another, and OGC, cooperating with Tokyo
Gas Co., tries to buy LNG and shale gas at a low price. OGC also tries to appeal to its
customers with its unique plans, such as “EneFarm.” Other companies, too, appeal to
consumers with their own plans. Considering these conditions, OGC will increase its
share, but it has to prepare for the time when nuclear power plants of KEPC are

started again.

The 3rd Quadrant

In this quadrant, the price of petroleum is low, so electric companies, including
OGC, lower their electricity rates. OGC provides the “all electric house plan”, and
KEPC tries to provide a similar plan, but it cannot. This is because KEPC has to
spend a lot of money on the maintenance of their nuclear power plants. On the other
hand, the Japanese government will take various policies to reduce CO2, which
encourages electric companies to develop power generation systems by renewables. In
this way, while KEPC has a hard time keeping their customers, OGC and other

companies prosper. In conclusion, OGC will increase its share considerably.

The 4th Quadrant

When all the nuclear power plants KEPC possesses are restarted and the price of
petroleum has dropped, it can supply electricity at a very low price and have a large
share. As for OGC and other companies, they try to compete with KEPC, providing
their own plans, such as “EneFarm”, thanks to the low price of petroleum. They also
cooperate with each other to make campaigns against nuclear power plants. However,
in such a situation, it is very difficult for them to acquire new customers and KEPC
keeps its customers. In conclusion, OGC may be able to increase its share because of

its unique plans, but the increase is very limited.
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