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The Economic Factors Contributing to Warfare
201 36 Yukako Taniguchi

1. Introduction

On January 20tk 2017, Donald Trump became the 45th president of the USA.

His comments have always been debated around the world since he came forward as a
candidate. One of the big concerns is his trade policy. President Trump promotes
“America First”, which gives top priority to rebuilding America. Port of this policy is
shown by the high tax placed on Chinese products. Since Donald Trump became the
President of the USA, a trade war has been started mainly between the USA and China.
Both countries are economic superpowers so a trade war affects many people all over
the world. Japan also adopted the USA’s sanction. This research compares the current
situation to that before the Second World War and considers the risk of a large-scale

conflict occurring from economic perspective.

2. Fundamental

This section will explain basic knowledge which is related to warfare and current
economy.

1. The Great Depression

On October 24th 1929, at 10:25 a.m., the share price of General Motors dropped to ¢80.
This 1s known as “The Wall Street Crash” and the day is called “Black Thursday”. This
financial panic rapidly affected the world. The USA’s industrialization had been rapidly
developing since the 1920s. Therefore, demand for housing, automobiles and road
construction and maintenance lead to an economic boom. That is why the number of
people who bought stocks in companies in the USA had increased (Honcierge), After the
First World War (1914-1918), Germany signed the Treaty of Versailles and had to pay
large sums of money in compensation to the victorious nations, mainly the UK, France
and the USA. However, once the Great Depression happened in the USA, Germany
could not raise capital from America and could not pay its compensation. This caused
problems for the UK and France. It prevented these nations from repaying their own
war debts to the USA. Graph 1 below shows the increase rates of stock prices of 6 major

companies in the USA. Graph 2 shows the Dow-Jones Average in the early 20t century.
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The increase rates of stock prices

600 For 18months until September 3rd, 1929
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ATT=The American Telephone & Telegraph Company
GE=General Electric

GM=General Motors

MW=Montgomery Ward Inc.

RCA=Radio Corporation of America

US=United States Steel Corporation

A Graph 1: Toshihiko Hayashi, 1988, “KZ& kD7 A U #” P2L.18
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(http://stockcharts.com/freecharts/historical/img/100-100.png)

Judging from Graph 2, it is evident that the Dow-Jones Industrial Average, the stock
market index published by S&P Dow Jones Indices, dropped down sharply from 1929 to
1932. Furthermore, this graph shows it had increased greatly since 1921, soon after the
First World War.

1i. The Existence of Adolf Hitler and the Nazis

During the inter-war period, in Germany, there was a famous and popular dictator;
Adolf Hitler. He was the leader of the National Socialist German Workers’ Party, the
Nazis, which was an autocratic political party. The Nazis became the largest political
party before the Second World War. After the Great Depression, the German people
complained about the Treaty of Versailles and the Versailles Settlement. The biggest
difference between Germany and the victorious nations in the First World War was
economics. The UK and France had colonies so they could benefit from an international
economic system called “a bloc economy”. It means that they did not suffer as greatly
from the Great Depression as they could trade among their colonies. However, Germany
did not have any colonies and depended on the USA, so it directly suffered from the
effects of the Great Depression. The reason that the Germany lost its colonies was the
Treaty of Versailles. Consequently, the previous small political party, the Nazis, could

gain support from the German people due to their opposition to the Treaty of Versailles.
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iii. Poland Invasion

The Nazis invaded Poland on September
1st | 1939. Hitler carried out the invasion
to expand “German people’s living space”
to Eastern Europe and to construct the
great empire. (Kinoshita et al., 2005,
P.474) On September 3, 1939, the UK
and France declared war on Germany.
This incident caused the Second World
Adolf Hitler - War directly. Hitler stole away German

people’s heart. On the other hand, he was

an racist. He considered Jewish as outcasts in Germany and sent many Jewish people to
the concentration camps. About 4,750,000-4,850,000 innocent Jewish lost their life
because of slaughter by Nazis. (Osawa,1995, P.220)

iv. Current U.S. Policy

President Trump adopted two notable policies.

a. Immigrants ban.

On January 27tk 2017, the Executive Order 13769 was issued. It restricts numbers of
refugees and refused entry to the USA to people from 7 countries (Iran, Iraq, Libya,
Somalia, Sudan, Syria, Yemen). (Yabunaka, 2017,P.23)

This policy was criticized abroad and also by the American people. However, a Reuter’s
poll made it clear that 49% of people supported the immigrant ban whereas 41% of
people disagreed.

b. Trade Sanctions

Currently, the trade war between China and the USA is intensifying. President Trump
has imposed a high tariff on some Chinese products when they are imported into the
USA. China has also taxed American products in retaliation. These two countries are
the largest economic powers and such trade friction affects countries all over the world.
3. Discussion

Professor Brendan Simms (University of Cambridge, Department of Politics and
International Studies, POLIS) and Dr Keita Shibayama (Kyoto University, Faculty of

Integrated Human Studies) were asked the following questions.

1. About the Great Depression
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Q1. Why did the Great Depression spread all over the world in a short time?

Simms: The main reason is that the economies were
connected to the banking system. When the economy in
the USA failed, there were many loans to Europe. In
particular, Germany depended on the loans from the USA.
In 1931, the bank in Austria and Germany failed because
of sanctions by France.

Shibayama: Globalization started from the 19tk century.
The world had repeated the depression. After the First
World War, the entente powers won the war and the USA

A Professor had a hegemony instead of the UK as it was the least

Brendan Simms (left) affected. However, American people did not notice the
and me situation so the USA did not manage the local economy

well. Soon the USA created an economic bubble that
leads to the Great Depression in 1929.

Q2. Why did Great Depression cause the Second World War and why was the Financial
Crisis in 2008 able to avoid a war?

Simms: The accommodation in Germany was an attempt to overturn the result of the
First World War. The Great Depression brought Hitler to power, so that the Second
World War occurred. In 2008, there was a coordinated activity to try to deal with
problems.

Q3. Were there any similar situations, like the current trade protectionism around the
time of the Second World War?

Simms: The reaction to the Great Depression was large tariffs to the world economy.
The USA had practical free trade in general, but there was some protectionism at that
time. This is the big comparison.

Q4. If the Great Depression had not happened, would they have been able to avoid the
Second World War?

Simms: Yes. Though Fascism in Italy started in 1922, they would not have come to
power in 1933 if the Great Depression had not happened. People at that time might

have had war, but it would have been limited, not so big.

ii. About Adolf Hitler
Q5. Why was Hitler able to gain the great support from German people even though he
was jailed at the Beer Hall Putsch?

Simms: Before Hitler was jailed, there was a trial so he got lots of publicity. He could
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discuss the reasons for the Beer Hall Putsch. The putsch and the trial made him
famous.

Q6. Why did the German people agree with him?

Simms: They agreed with his analysis of what the problem was. Germany was enslaved
by the victorious powers and had to pay reparations and their land was occupied.
Hitler’s thought was extreme but what he said was true. The common people were

frightened to say something extreme, but he said them.

iii. The Current Situation

@7. What is the current deterrent to the outbreak of a war like the Second World War?
Simms: Major western powers are now coordinating together. However, President
Trump’s policy is not certain. This is the biggest danger to the credibility of the current
system.

®8. Do you think that the trade war will cause the next major war, like the Second
World War?

Simms: It is unlikely that a trade war will cause a real war. It is important to pay
attention to Trump’s possible trade war with the European Union. That will undermine
the credibility of Trump. It will not be a direct connection to a real war, but it will
undermine the cohesion of the west.

Q9. If the USA continues the current policy, how does the protectionism of the USA
damage the world economy?

Simms: The reduction of trade will harm everybody.

®10. How will the style of a war change?

Shibayama: The main change will be war using missiles or guerrilla war. Naval battles
like the Battle of Midway will not happen. Another idea is cyberattack. China and the
United States are now researching how to do this. This will lead to a decline in deaths,

but it will attack people’s way of life and infrastructure.

Through the interviews, it is clear that many fields must be discussed to learn the
details of the war. There were many changes from 1919 to 1945 in policy, economics and
the banking system. For example, after the First World War, the USA maintained its
neutrality based on traditional isolationism while internationalism gained power after
the First World War. Changes in policy, economics and the financial system represent
changes in principles for a nation.

How would the situation be different in the early 20th century if the USA had

maintained isolationism all through the First World War and not participated in the
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conflict?
It is a hypothetical, but if the USA had continued its neutrality the depression may not
have spread and damaged other countries. Germany may have kept its parliamentary

government and avoided the Second World War.

Currently, a trade war has already begun. President Trump’s protectionism damages
other major powers. His argument is that a trade imbalance, which is a favorable or
unfavorable balance of trade, deprives the USA of wealth. In fact, the imbalance
between China and the USA is 1:4. China’s export amount to the USA is four times as
large as its import amount from the USA. It is more unbalanced than the situation
between Japan and the USA in the 1990’s (Japan and the USA 1:2.3). (Yabunaka, 2017,
P.142) It is clear that world finances and economies are being placed in a possible crisis
even though this trade war will likely not become a direct trigger to a real war.
Nevertheless, the use of high technology weapons and tactics in the next major war is
highly probable. The definition of combatant will be wider, and not only front-line
soldiers but also technicians will be included. The nations which enter into wars will
also attack the information industry with software and other technology.

The success of Donald Trump’s economic and foreign policy will potentially decide
whether the world becomes economically liberal or governed by protectionism or

pragmatism.

4. Conclusion

During the inter-war period, the world’s economy and finances were unstable. The
factors which influenced the outbreak of the Second World War the most were
globalization and the Great Depression. Globalization means the relation between two
nations. Globalization increased and brought increases in countries’ economies. Michael
Howard, a historian, discussed four aspects of the war: strategy, military logistics,
technology and society. Society, he argues, is the most important factor, especially in
advanced countries. The second factor occupies a highly important position. The
international community tried to avoid another world war after the First World War. In
spite of the USA advocating isolationism, it took part in international cooperation by
making treaties and holding diplomatic conferences. (Kinoshita et al., 2005, P.444)
However, the Great Depression continued and the major colonial powers in Europe

emphasized trade protectionism and divided themselves from the Fascist countries.

Since the Second World War, the USA has stopped its isolationism and turned to
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internationalism. However, these days, it seems that major powers are turning once
more to isolationism. The UK voted for Brexit and in the U.S. President Trump started
a system of limited protected trade. Now, we are facing the conversion of
internationalism and liberalism to protectionism and pragmatism similar to the
inter-war period. Though it is said that there is low possibility of a world war among
major powers because of the nuclear deterrent, it will be difficult to avoid some kind of

conflict.
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I Introduction

Today, the construction industry emits 30-40% of the world’s CO2 (International Energy
Agency data, 2014). It is expected that many fossil fuels will be used up in the near future.
The amount of oil reserves at the current rate of consumption will last 51 years, natural
gas 53 years and coal 153 years (Japan Atomic Energy Relations Organization, 2017,
collection of drawing of nuclear power and energy). In terms of reducing global warming,
it is important to minimize the emission of COz. Furthermore, after The Great East
Japan Earthquake, there is a tight supply and demand situation for energy in Japan.
There is the question of balancing the large amounts of electricity needed for a
convenient life and environment. Consequently, considerable attention has been paid to

the research of energy-saving buildings.

Graph 1: COgz emissions (Larsen)
Zero-Energy Buildings (ZEB) are
buildings which can produce as e T

Industry

much energy as they consume. ZEB $3% RO

21%
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18%

Making ZEB become popular remains an open problem. The purpose of this research is

have the potential to be a good
solution for saving energy in the

construction industry. Therefore, it

R

1s important to quantify if ZEB are

spreading effectively in Japan.

to suggest what can be done to spread ZEB in Japan, this process will not only help solve

Japan’s environmental problems but also take a leading role in the development of ZEB.

I Fundamentals

Present Circumstance of ZEB

The Japanese government passed “the Building Energy Efficiency Act”. It consists of
regulatory measures for mandatory compliance with energy efficiency standards and
incentive measures such as a labeling system displaying compliance with energy
efficiency standards. The targets of these regulatory measures are new constructions,
extensions and renovations on buildings at or over a certain size (non-residential
2,000m? or larger and buildings of 300m2 or more). The targets of the incentive measures

are all buildings. This act requires decisions on basic policy by the Minister of Land,
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Infrastructure, Transport and Tourism, has the head of construction make effort and
provides guidance to the head position of construction. The Japanese government is also
making an effort to promote ZEB. “The Basic Energy Plan” requires that a standard new
house will be ZEB compliant by 2020 and the average new house will be ZEB compliant
by 2030 (Ministry of Economy, trade and Industry). The Japanese government does not

clarify the definition of “standard” or “average” in this context.

Other countries have some aims or regulations for energy saving and ZEB. The UK is an
advanced country in this field. In the UK, there is the idea of “Zero Carbon Building”
(ZCB), it is a focus on carbon emissions. In 2007, the UK government announced the aim

that all new buildings would be zero carbon by 2016.

How to achieve ZEB

There are two main techniques to achieve ZEB called passive and active.

Passive techniques are, for example, the utilization of daylight in the building plan to
reduce energy used for lighting, the improvement of envelope performance, the use of
high grade insulation to keep a comfortable temperature in the building and the blocking
out of sunlight to reduce energy needed for cooling. Passive techniques aim to reduce the
energy required as much as possible. Active techniques are the streamlining of
equipment, for example, the utilization of sun heat, efficient equipment and using geo-
thermal heat. It helps to make optimum use of energy.

There are thus three points to ZEB, insulation, energy saving and energy creation.

1 Insulation

If a building has high-grade insulation, it keeps warm air inside in winter and it prevents
hot air entering in summer. Sometimes it is said that insulation causes a hot and humid
room in summer, so buildings should not be insulated too heavily, but this idea is not
correct. Insulated buildings can be cooled off in little time because insulation holds in
the cool air. In spring and fall, it is good to open windows and let air into a room.
Therefore, the whole building should be enveloped with insulation. In addition, windows
cause 70% of heat gain in summer and 47% of heat loss in winter. Insulation performance
of windows is also important. A “U-value” is used to assess a window’s insulation
performance. The U-value is the rate of heat transfer through a structure (which can be
a single material or composite), divided by the difference in temperature across that
structure (Lymath, 2015). Most foreign countries have regulations for U-values, but

Japan has no regulation. What is worse, the Japanese standard for U-values is lower
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when compared to the rest of the developed world.

2 Energy Saving

If efficient equipment is introduced to buildings, the amount of energy consumed
decreases. This idea is related to active techniques. Home Energy Management System
(HEMS) is another example of energy saving equipment. It visualizes energy use to
show how much is consumed or produced. This uniform management of energy makes
it possible to share such information over and internet. It helps people grasp their use
of energy and reduce waste. In 2013, only 0.3% of all households in Japan were
equipped with HEMS, and in 2020 this figure is expected to be 3%, in spite of the aim
that all households should be equipped with HEMS by 2030 in the “Green Policy
Outline“ (Fuji Keizai).

3 Energy Creation

The main technique of energy creation is solar power. It is indispensable for ZEB
because buildings have to create energy by themselves to achieve zero-energy. It has
another benefit. During the daytime, it is possible to sell excess electric power and cut

energy bills. Solar water heaters are also available, these heat water with solar power.
Today, it is possible to achieve ZEB with these various ideas and techniques. There are

many examples of buildings whose energy production and consumption are equal

around the world.
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Figure 1: example of ZEB in Norway
(CLIFF MANESS CONSTRUCTION )

I Method

Hypothesis

The following factors are related to the question of why ZEB have not spread in Japan.
(1) High Cost.

Active techniques require a high cost because of the need for high performance

equipment. Also, ZEB requires high performance materials for insulation, and they are

expensive due to the undeveloped market and cost of manufacturing. The initial cost of

even a “ZEB ready” home, with more than 50% of its energy consumption cut, is 10%

higher than an ordinary building (ZEB roadmap follow up committee). The initial cost of

a ZEB home is said to be 1~1.5 million yen higher than an ordinary building (Asahi

Newspaper, 2015).

(2) Uncertain Regulation
The Japanese government’s targets are too uncertain to spread ZEB. The standards
required in the Building Energy Efficiency Act is lower than other countries. “The Basic
Energy Plan” requires that a standard new house will be ZEB by 2020 and the average
new house will be ZEB by 2030, but the difference between standard and average is not
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clear and it is uncertain how to achieve the limit set by the government. In addition,

there are many names for eco-friendly building in Japan such as ZEB, eco-house, low

carbon house and smart house, so consumers are confused about which building they

should build or buy. Therefore ZEB as a concept is not well known and this circumstance

decreases the demand for ZEB house, consequently ZEB cannot be mass-produced and

the costs remain high.

Research Questions

To find out the solutions to these problems, the following research questions are

discussed in this paper.

© Q06006

How much should we rely on active techniques?

Is it possible to recover the initial cost of ZEB?

Can we make ZEB the same cost as an ordinary building?

Was the aim of the UK government to change over to ZEB by 2016 achieved?
What is the effort of the UK government and construction industry?

Are there any names of eco-friendly buildings except ZEB in the UK?
Should the names of such building be unified?

Should the concept of ZEB be legally defined?

Predictions

@

© ® @

CRSNC)

We should rely on passive techniques more than active techniques because active
techniques are expensive to introduce, and ZEB needs only solar power as an active
technique.

It is possible if the occupants keep living in the same building because energy cost
will decrease due to energy efficiency. Some companies have reported that the initial
cost can be recovered in 10~15 years.

It is difficult, but ZEB can at least be cheaper than now.

It was not achieved (no information about the achievement was available).

The UK government promoted the technical development of energy efficient buildings
because of the target to change over to ZEB by 2016. The target was difficult to
achieve, so it is presumed that engineers and developers in the construction industry
had to develop many techniques quickly.

There will be a variety of names because Japan has many names for such buildings.
It should be unified because people will be confused if there are a lot of names.

The government should make regulations, and finally ZEB should be defined legally.
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Interviews

Interviews were conducted at Cambridge University, and the above questions were asked
to Dr Tania Sharmin on 23 July and Prof. Alan Short on 2 August in the Department of
Architecture. Dr Sharmin researches environmental design, energy performance of
buildings, micro-climate modelling, outdoor thermal comfort (the condition of being
satisfied with the thermal environment and climate-responsive urban design). Prof. Alan

Short focuses on ventilation in building design, including hospitals and surgical theatres.

Picture 1 Picture 2

Dr Tania Sharmin (Right) Prof. Alan Sort (Right)

Answers

(D How much should we rely on active techniques?

Dr Sharmin said that it depends on climate, however, it is not easy to achieve zero energy
unless there are integrated systems of water, window, solar, and passive techniques. Prof.
Short showed me a lot of examples of ZEB such as a theater in the latter half of the 1800s.

They use only passive techniques, no electricity.

@ Isit possible to recover the initial cost of ZEB?

Prof. Short said it is possible and energy reduction has a strong relationship with
construction and design techniques to reduce energy use. There have been many
examples of ZEB which use natural ventilation and solar gain reduction systems, and
they are cheap. Natural ventilation, unlike fan-forced ventilation, uses the natural
forces of wind and buoyancy to deliver fresh air into buildings (Walker, 2016). It can be
an alternative to air conditioning plants. Solar gain (solar heat gain, heat gain) is the
increase in heat energy. To reduce cooling demand, it is important to reduce solar gain.

“Heat gain through the building envelope depends on many factors such as outdoor
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weather, solar energy building orientation, size and shape of building” (Vechaphutti).

Therefore there are many ideas of windows for solar gain reduction.

@ Can we make ZEB the same cost as an ordinary building?
Prof. Short said that if technology develops enough, ZEB will become cheaper and

cheaper.

@ Was the aim of the UK government to change over to ZEB by 2016 achieved?
Dr Sharmin said that it has not been achieved, she also said that it is difficult to

achieve.

(® What is the effort of the UK government and construction industry?

This question was not asked during the interviews.

©® Are there any names for eco-friendly buildings except ZEB in the UK?

Prof. Short said there is no other name.

(D Should the names of such building be unified?
Prof. Short said he has no idea about this subject.

Should the concept of ZEB be legally defined?

Dr Sharmin said that it is important for governments to set regulation. For example,
Bangladesh has no regulation because the country is developing. In addition,
Bangladesh has no definition of eco-Friendly buildings. Developing nations have
concerns other than regulation. Therefore, whether or not people build eco-friendly

housing is the architect’s personal choice.

*Miscellaneous Questions

- Is it possible to plan thermal comfort on a city-scale? (Dr Sharmin)

It depends on climate and the simulation used. It is possible to plan it on a smaller
scale, like between two buildings using thermography, measured temperature and
information from weather stations. However, the information from weather stations is

not actually micro-climate data.

- What is a good way to arrange buildings for thermal comfort? (Dr Sharmin)
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It depends on climate, too. For example, there are a lot of tall buildings in Hong Kong,
but there are less tall buildings in Tokyo. These cities have different climates so it
cannot be said if there is one good way. However, economic context, climate context and

social factors should be considered.

» Should people who are going to build a building compile micro-climate data before
construction ? (Dr Sharmin)
No, they do not have to. Urban planners and designers need to design based on this

information, not normal home owners.

- What should governments concentrate on? (Prof. Short)
They should concentrate on construction techniques. If such techniques develop, the

cost of ZEB will become lower and lower.

Prof. Short also mentioned another important factor when constructing buildings. He
said that climate change should be the focus. It is a complicated problem. In winter, a
heating system is needed, but it is not so difficult. A completely shielded and heavily
insulated building can keep in warm air. Buildings like this are good for people’s
health. On the other hand, in summer, a cooling system is needed. In recent years, the
temperature is increasing due to climate change. Therefore, cooling has become
difficult. To adapt to climate change, passive techniques such as natural ventilation
and solar gain reduction is necessary. Natural ventilation systems are beneficial
because they do not use electricity. If a building has an airway on the top, warm air will
rise and exit the building. Solar gain reduction prevents the temperature in the room

from increasing. Careful design of a building and its windows is important for this.
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Figure 2: natural ventilation Figure 3: weaves for solar gain reduction (1)
(lareine Engineering) (GDK Metal Fabrics)
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Figure 4: weaves for solar gain reduction (2)

(inhabitat)

IV Discussion

Consideration of Hypothesis

(1) High Cost

It was found that to recover the initial cost of ZEB is possible. For this, more
development of construction techniques, especially passive techniques are important.
Dr Sharmin said that recovering costs is difficult to achieve with only passive
techniques, however, Prof. Short showed some examples of buildings which use only
passive techniques and achieve zero energy. Thus, passive techniques are very
important for ZEB. Passive techniques are part of a building’s design, so they require
much lower investment than active techniques. To reduce ZEB’s high cost, passive

techniques should be the focus.

(2) Uncertain Regulation

The result of the interviews shows that regulation is necessary to spread ZEB.
Regulation should be set by the government. In addition, government should support
development of ZEB technology providing the construction industry with financial

1Incentives.

a. Regulation in Japan

In developing countries, development advances rapidly, and measuring environmental
problems are often not part of the process. Therefore it is critical to set regulation in
Japan, an advanced country. Japan should show that ZEB is possible, after that it

should export the skills, techniques, and technology to developing countries.
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b. Carbon Emissions
To stop climate change, governments should set the target of being carbon neutral, and

make policy with this in mind.

c. Passive Techniques

Passive techniques are important not only for cost cutting but also to reduce carbon
emissions. This is because energy efficiency is increased by passive techniques.
Governments should promote the development of cooling systems, such as ventilation

and solar gain reduction.

d. Insulation of Buildings

Prof. Short said that heating is not difficult because it just needs the enveloping of
buildings. However, in Japan, the standard of insulation of buildings is still low.
Insulation is the basis of ZEB, so the government and construction industry have to

promote the improvement of insulation performance in buildings.

Proposals

In this section some ideas on how to spread ZEB in Japan are presented. First of all, a
clear aim of carbon neutrality is essential and helps to simplify goals for the
construction industry. It should be declared by the government, however, based on this
aim, a large amount of effort is needed. This includes the development of passive
techniques, improvement in insulation performance of the buildings, the spread of
micro-climate data, and ZEB’s fundamental appeal to people. What is to be noted is
that a cooling system to adapt to climate change with a high envelope performance is
necessary. It is a passive technique. According to Dr Sharmin, differences in climate
among areas offers the suggestion that micro-climate data should be collected. She
argues that micro-climate data helps designers create more efficient buildings. To make
use of micro-climate data, it is suggested that urban planners, urban designers and
researchers work on the best way to adapt constructions for micro-climates in advance.
At the same time, it would be useful to investigate micro-climate data in various parts
of Japan. Then, architects can create buildings based on the systematized and
accumulated data of the best ways to construct with measured micro-climate data.
Furthermore, it should be mentioned that greater appeal toward people is needed. The
government and construction industry should make ZEB more appealing, stressing the
1importance of insulation in buildings, and that the high initial cost can be recovered by

reduction in energy use.
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1Table2 How to utilize micro-climate data

V Conclusion

My main research question was “how can we spread Zero Energy Buildings in Japan?”
Through research in Japan and interviews in Cambridge, it became clear that ZEB can
be realized in Japan if the following points are addressed:

+ set clear aims for carbon neutrality;

- develop technology, especially passive techniques;

* improve insulation performance of buildings;

- utilize micro-climate data;
The government should support this effort. Industry should develop technology on the
basis of the government’s policy. This enables cost of ZEB to decrease and the concept
of ZEB be better known to more people. It is also important that Japan shows these
skills to the world after establishing ZEB and showing its ability. A further study of
passive concrete techniques and the relationship between micro-climate data and
construction method should be conducted. It is hoped that the outcome of the present
study will be of some use to energy reduction in the construction industry and the

spread of Zero Energy Buildings.
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How can we spread Zero Energy Buildings in Japan?

By Mei Hayakawa
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1. Introduction

Currently, many researchers are studying how to cure mutated genes. These are a cause of inherited diseases
and congenital abnormalities. Furthermore, these diseases may be genetically inherited. Gene therapy is a way
to cure diseases by adding normal genes to make up for the abnormal genes. RNA interference is a technology
that interferes with the expression of specific harmful genes by introducing siRNA artificially. CRISPER-cas9 is
a new genetic modification technology that cuts the DNA double strand and can delete, substitute, and insert
genes anywhere in the genomic sequence.

However, such technology is not perfect because there have been few clinical experiments in human genome
editing using CRISPER. Gene therapy for people needs efficiency and safety. The research question of this paper
is “how can an ideal gene therapy be developed?” The obstacles to gene therapy are not only technological but
also ethical. In the future, whether gene therapy should be conducted will be debated while the technology of
gene therapy should be improved.

Genes in human beings may mutate. A mutated gene has a difference in DNA sequence caused by factors like
viruses, ultraviolet rays and radiation. In general, DNA is a repair mechanism in our bodies and tries to repair

mutated genes, but this sometimes fails, and the gene remains mutated.

Some mutated genes are positive, and others negative. The former is no problem, but the latter is a serious issue.
Mutated genes are a cause of inherited diseases (such as severe combined immunodeficiency, mitochondrial
disease, muscular dystrophy) and congenital abnormalities. Furthermore, these diseases may be genetically
inherited.

At present, the human genome can be analyzed with the Next Generation Sequencer (NGS), where the
probability that people suffer diseases due to their mutated genes and which gene is mutated, can be assessed.
However, it would be difficult to directly repair the mutated gene with the technology and skills currently
available. Consequently, a way to cut mutated genes and add new genes is required. There has been a growing
interest in CRISPER-cas9 because it can do this process efficiently. However CRISPER-cas9 is under ongoing
development. This paper will discuss the most efficient way to repair mutated genes by gene therapy and RNA
Interface (RNAJ).

2. Fundamentals

Methods of repairing mutated genes b
There are many ways to repair mutated genes, a typical |

Corrected gene

example is gene therapy. What is the difference between gene
Defective gene Nucleus

therapy and general therapy?
Fig.1 Gene therapy

Reference: www.genome.gov
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Gene therapy introduces blueprints of "things" (in this case genes) into the body. Cells are made to produce
these 'things' by transferring the blueprint into human cells.

How to conduct gene therapy (methods of gene transfer)
1) Virus Vector
A virus has a skillful system for its genes to be

. § . Natural Virus ')
transferred into cells. Viruses infect other cells /A

and inject their DNA or RNA, it makes use of the
self-replication process to infect cells and

proliferate.

Remove genes
for viral
replication

Infect and Deliver
Therapeutic Gene
to Target Cells

There are many kinds of virus vector, such as
retrovirus vector, lentivirus vector, adenovirus
vector and adeno-associated virus vector. These Virus Cawmg

Therapeutic Gene
vectors are called, “gene therapy agents”.

Fig.2 Virus vectors for gene transfer
Fig.2 explains about how to make virus vectors.
“Some viruses cause diseases such as colds, influenza and encephalitis. So, we artificially attenuate the
pathogenicity of the virus when used as a viral vector. The concern is the side effects due to substances (gene
products) produced by the gene. There is a chance that the side effect is expressed by gene products.
Furthermore, it is a concern that the gene of the patient will be hurt when the gene enters the cell.”
(GENECURE Biotechnologies, 2008.)

2) Nucleic acid medicine (oligonucleotide therapeutics)

Target RNA

DNA mRNA Protein \
J ) /

/
% trancription N translation \ )‘\i | \
\ N Oligonucleotide |~
/ / ) \ - X=Y
Vg / \ o X:cross-linkingagent @’
\ ) 4 CY S / Yitargetbhase \ /
Control of Gene \ J \ Y
expression
\ Inhibition of translation with Stabilized ofthe complex by
y bindingto mRNAor miRNA forming covalentbond
\ Increasing of inhibition
Non coding RNA . . . . . .
(ncRNA) Fig.4 Inhibition of translation with oligonucleotide
. . containing cross-linking agents
Fig.3 Genetic processes & 838

Reference: www.rpip.tohoku.ac.jp/seeds/profile/278/1ang:jp/
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Nucleic acid is the substance which
controls genetic information, such as
DNA and RNA. Nucleic acid
medicines make use of nucleic acid
as a drug. Its structure is chains of
dozens of nucleic acids linked
together. This medicine is considered
to be the most advanced molecular
targeted medicine for the control of
genetic expression by recognized
specific base sequences and proteins,
and also hinders the function of

proteins.

Scientists are developing medicines
to cure many kinds of diseases, like
cancer, viral infection autoimmune
disease and hyperlipemia. Examples
of methods to control genetic
expression include are siRNA (small
RNA), Antisense,

Aptamer and Decoy.

interfering

These can be artificially made by a
Nucleic Acid Synthesis Machine and
it has a high success rate, what is
more, it is simple to standardize
production. Its main problem is the
off-target effects, the unintended

expression of genes.

3. Methodology

Type

siRNA

miRNA

Antisense

Aptamer

Decoy

Ribozyme

CpGoligo

Other

Target

mRNA

microRNA

mRNA,
miRNA

Protein
(extracellula
r protein)

Protein
(transeriptio
n factor)

RNA

Protein
(receptor)

Site of
action

Inside the
cell
(cytoplasm)

Inside the
cell
(cytoplasm)

Inside the
cell (in the
nucleus,

cytoplasm)

Outside the
cell

Inside the
cell (in the
nucleus)

Inside the
cell
(cytoplasm)

Cell surface

Mechanism
of action

mRNA
cleavage

microRNA
replacement

mRNA and
miRNA
degradation,
splicing
inhibition

Functional

inhibition

Transcriptio
n inhibition

RNA

cleavage

Immunopote
ntiation

Summary

Double-stranded RNA with
cleavage of mRNA
homologous to the sequence
(siRNA), single-stranded
hairpin RNA (shRNA), etec.
with effect according to the
principle of RNAi

Double-stranded RNA,
miRNA of single-stranded
hairpin RNA or its mimic is
used to strengthen the
function of miRNA
deteriorated by disorders

Single-stranded RNA/DNA
which binds to the target
mRNA and miRNA to cause
degradation or inhibition,
or acts to skip exon when
splicing

Single-stranded RNA/DNA
which binds to the target
protein in a similar manner
to antibodies/DNA

Double-stranded DNA with
identical sequence to the
binding site for
transcription factor, which
binds to the transcription
factor of the affected gene
to suppress the target gene

Single-stranded RNA with
enzyme function for binding
and cleavage of target RNA

Oligodeoxynucleotide with
CpG motif (single-stranded
DNA)

Nucleic acid medicines other
than those listed above
which act to activate innate
immunity, such as
PolyI:PolyC (double-
stranded RNA) and antigen

Fig.5 Types and characteristics of nucleic acid medicines
(Modified from "Report on Patent application technical trend survey
Nucleic acids Medicine, March 2016")

The following process was used to answer the research question.

1) Literature review

This research is made through interviews with the following specialists.
@O DrYuu Kimata was interviewed on skype. (13 JUL 2018)
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“The goal of his research is to understand how the proliferation of the cell, i.e. "the cell cycle", is controlled in

the living body of an animal and, ultimately, to apply the knowledge gained to find an efficient way to treat
cancer and other human diseases.” (KimataLab)

Proteomics, Human Genome Project and the therapy of oncogenes was discussed.

@ Dr Dougal Ritson was interviewed at the MRC Laboratory of Molecular Biology. (26 JUL 2018)
His group studied the “Chemical origins of molecular biology”.
CRISPER-cas9 was discussed.

® Prof Eric Miska was interviewed at the Gurdon Institute. (27 JUL 2018)

His group is interested in all aspects of gene regulation by non-coding RNA. Their research themes include:

miRNA biology and pathology, small RNA evolution and the role of RNAI in host pathogen interaction. (eric
miska laboratory)

RNAI1 was disuccused.

@ Prof. Kiyoshi Nagai was interviewed at the MRC Laboratory of Molecular Biology. (1 AUG 2018)

His group is interested in the structure and function of the eukaryotic splicing machine: the spliceosome.
(Nagai Group)

The best method of gene therapy and ethical matters were discussed.

:», " »"‘l" e :2 v
Fig.7 Dr Dougal Ritson (left)

Fig.8 Prof Eric Miska (right)

Fig.9 Prof. Kiyoshi Nagai (second right)
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4, Results

I. CRISPER-cas9

CRISPER-cas9 is used by a number of researchers who study gene
therapy. It is a new genome editing technology and needs only the
plasmid containing the gene sequence expressing Cas9 nuclease and
guide RNA (gRNA) to work. Cas9 is an enzyme which can cut the two
strands of DNA at a specific point and add or remove new DNA. This
is like a molecular scissor. Guiding RNA consists of an RNA sequence
(about 20 bases long) and guides Cas9 so that it cuts at the right point
in the genome.

On fig.11, the highlight is where the DNA s cut. On fig.12, the red part
is the location for the new DNA.

Dr Dougal Ritson was asked: “Nowadays, is it possible to repair all
genes in the cell?” He answered: “Yes, I think the technology is about

to be completed. Perhaps, we can repair most genes in the near future.”

Technology is making rapid progress
since CRISPER-cas9 system has been developed, but there is room for
further improvement of this technology.

II. Gene Therapy
Gene therapy is the way to cure diseases like Parkinson’s disease,

Cancer, Alzheimer’s disease and Choroideremia.

Genetic mutations caused by such diseases prevent
the body from producing a beneficial protein which
1s necessary for certain cells to survive. Fig.13

shows how to conduct gene therapy to cure

Choroideremia.

Prof. Kiyoshi Nagai gave a concrete example of how
to cure mutated splicing genes by gene therapy. His
opinion was “some researchers try to make a gene
therapy drug, but it does not work well, because it

i1s difficult to specify a causative gene, in other

Cells harvested

Fig.10 Image of CRISPER-cas9

Fig.11 DNA is cut by CRISPER-cas9

L

Fig.12 To bring new DNA

Reference: McGovern Institute for Brain

Research at MIT, YouTube

1. 2.

from patient In lab, virus
altered so
cannot

‘. reproduce

Altered cells produce
desired protein

2 3.
::J Ageneis
%, inserted into
€ thevirus
Altered cells Injected
into patient's body

O- "l

Altered virus
mixed with
patient’s cells

Cells become

words, we do not know where mRNA comes from.
We had better insert DNA fragments from the

outside and try to transfer a specific exon. This

genetically altered

Fig.13 Gene therapy and Choroideremia

(from sgugenetics.pbworks.com)

132



process 1s, so to speak, the “selective” way and maybe orthodox. It is easy to repair a few genes, but gene therapy
is not suited for repairing large-scale defective genes (for example, cancer.)

In the case of cancer, current technology is insufficient, but in theory, it can be cured. Mutated genes have a high
probability to be inherited in the next generation. If possible, they should be repaired at the stage of fertilized
eggs. Then, there are not many mutated genes, and they have not been expressed yet. By doing so, these genes

would not be hereditary in the next generation, however, the problem is an ethical issue.”

There are many methods of gene therapy, and treatments greatly depend on disease, but the common factor is

to repair the target gene.

ITI. RNA interference (RNAI)

RNA interference (RNA1) provides immunity to viral
infection in animals. RNAi breaks down mRNA by
siRNA, which 1s a class of double-stranded RNA
molecules, 20-25 base pairs in length. Originally, it was
discovered as the gene expression control mechanism in \
eukaryote. In recent years, it is a technology to interfere

with the expression of specific genes by introducing ‘N\
siRNA artificially. If we make use of this technology, . ‘!L o

we would be able to inhibit the function of a specific gene R )
much easier and more efficiently than in the past. mRNA fragmentation
While, microRNA (miRNA) is a small DNA sequence of no Protein expression
18-25 nucleotides and controls some genes by inhibiting
the translation and breakdown of mRNA. It is said that

Fig.14 RNAi
miRNA is likely to arrest the development of cancer.
Reference: Creative Commons

Attribution License,
https'//ja.wikipedia.org/wiki/RNA1

Discussion

A Chinese group from the University of Sichuan announced that it would conduct cancer treatment with
genome editing. It was the first to inject a person with cells related to immunity that contain genes edited using
the revolutionary CRISPER-cas9 technique. The gene which prevented immunity (called PD-1) does not work
by this treatment. (Nature 15, 2016)

Also, a research team from the University of Pennsylvania tried to change the immunocyte of a person by using
CRISPER.

“Gene editing nowadays does not use DNA but RNA (especially mRNA). Gene therapy by mRNA has
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succeeded in neural tissue regeneration, functional recovery,

the number the number
and the treatment of neurological disorder in animals that country  of papersto country of patent
be published application
developed olfactory neuropathy. 1 Us 1,444 us 1,535
2  China 550 France 278
It is possible to cure Alzheimer disease, Parkinson diseaseand 3  Japan 302 China 175

Amyotrophic lateral sclerosis (ALS) by interfering with the 4 Germany 272 Germany 110

expression of specific genes if we know its molecules of thecore 5  France 120 Korea 68

molecular mechanism. When RNAI is used, it has succeeded © UK 120 UK 59

in the disruption of cancer cells (control of telomerase I LSS ) Japan >1

duction). th ¢ d e di 8 Canada 75 Holland 50

production), the treatment of neurodegenerative diseases, 9 Holland 48 Al 27
using RNA1 in the brain and RNAi by enzymes.” Switzerla

. . 10 Australia 48 d 17

(University of Tokyo, 2015.) n
11 Denmark 40 Denmark 12
Many diseases caused by the expression of specific mutated 12  Spain 35 Israel 12
.. . Switzerl .

genes can be treated by RNAi (siRNA or miRNA). 13 > Zer an 28 Australia 8

14  India 27 Spain 8

However, there have been few clinical experiments in human 15 Singapore 27 Lithuania 7

genome editing to use CRISPER, so it is not yet perfect. ) )

. Fig.15 The presentation of papers and the patent
Fig.15 shows the number of papers and the patent o -
application on “genome editing and gene therapy
related technology” (2016)

(From Japan Agency for Medical Research and

applications on “genome editing and gene therapy related
technology” in each country. The US is the country that is
most interested in gene editing however, the numbers are
. . ) Development)
not large. Gene therapy is still in the clinical trial stage, and
1deal results have not yet happened. However, in the future,

treatment of genetic diseases by gene therapy will become commonplace.

Conclusions

What is necessary to develop the ideal gene therapy? Gene therapy needs efficiency and safety. Consequently,
the research question is “what is needed for efficient and safe gene therapy?”’ The answer is that it needs new
technology, like CRISPER-cas9. Although it looks simple, it is actually difficult as even CRISPER-cas9 may be

dangerous.

“A new study says that CRISPR-Cas9 gene-editing might be causing more damage than previously reported.
The researchers tested three types of cells -- mouse embryonic stem cells, mouse bone marrow cells and human
retinal cells -- and observed that the CRISPR system resulted in DNA rearrangements and DNA deletions that
are sometimes hundreds or even thousands of DNA letters long. And the problem appears to arise in repairing
the portion of the procedure.” Brandeis Prof. James Haber said, “it means that when people use it, they need to

do a more thorough analysis.” (Nature Biology,2018).

New technologies bring danger and opportunity. We must prove the safety to conduct experiments many times
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to protect it. For example, CRISPER-cas9 had problems with DNA binding. Creating an enzyme which
specializes in connecting DNA or searches the part of defective DNA and memorize it may be a solution. Despite
its faults, it is doubtless there will be a “NEW CRISPER-cas9” developed.

Furthermore, the obstacles to gene therapy are not only technological but also ethical.
Should fertilized eggs be changed not to give hereditary illnesses to the next generation? What if a person is
treated by gene therapy and dies of an unexpected mutation? How is the information of the human genome

managed? However, the time is coming when gene therapy will save human lives.

. Acknowledgements

I would like to thank Dr Yuu Kimata, Dr Dougal Ritson, Prof Eric Miska and Prof Kiyoshi Nagai for all their
help, as well as Ms. Keiko Kurokawa, Mr. Manahiro Tanaka, Ms. Shihomi Arakawa and Dr Rich Hartis.
Without them this work would not have been possible.

. Bibliography

Nessa Carey, 25 April 2016, <> 7 DNA & 7 ) 50 98%IIH T 7 X 720072
Francis S. Collins, 21 January 2011, &8s =R
Jennifer A. Doudna, 4 October 2016, CRISPER ZioDi& s R 38 A,
Retrieved 16 August 2018 from Kimatalab

www.kimatalab.com/
Retrieved 16 August 2018 from Sweet answer to the origins of life -MRC Laboratory of Molecular
Biology-
https'//www2.mrc-lmb.cam.ac.uk/sweet-answer-to-the-origins-of-life/
Retrieved 16 August 2018 from Nagai Group
https'//www2.mrc-lmb.cam.ac.uk/groups/nagai/
Retrieved 16 August 2018 from eric miska laboratory
http://ericmiskalab.org/virus
Retrieved 15 September, 2018 from [PDFi& (= OIS IZ ST
https'/www.kantei.go.jp/jp/singi/kenkouiryou/genome/advisory_board/daib/siryoud-2-5.pdf
Retrieved 16 September 2018 from Learn the Distinction Between siRNA and miRNA
https://m-hub.jp/biology/38/ligation-of-dna-fragment-and-plasmid
Retrieved 16 September 2018 from Nature CRISPR gene-editing tested in a person for the first time
https://www.nature.com/news/crispr-gene-editing-tested-in-a-person-for-the-first-time-1.20988
Retrieved 16 September, 2018 from #8{x F-i2EIZIIT Dt « A=A
http/rg4.rg.med.kyoto-u.ac.jp/JDSN/data/takebe.html
Retrieved 17 September, 2018 from A &2 T+ —RNA % V28 LWIBEE FRE | RO
https-//www.s.utokyo.ac.jp/ja/story/mewsletter/keywords/04/03.html

135



Retrieved 17 September 2018 from U.S. doctors plan to treat cancer patients using CRISPR
https://www.technologyreview.com/s/609999/us-doctors-plan-to-treat-cancer-patients-using-crispr/
Retrieved 17 September 2018 from CRISPR might cause more unintended DNA damage than we thought
https://www.engadget.com/2018/07/16/crispr-unintended-dna-damage/

Retrieved 9 October 2018 from [PDFIZEDARIHR Tm 1IEEESE & BARRESR
www.nihs.go.jp/mtgt/section-1/related%20materials/0-19.pdf
Retrieved 10 October 2018 from Fine-tuning oligodendrocyte development by microRNAs
https://www.frontiersin.org/articles/10.3389/fnins.2012.00013/full
Retrieved 10 October 2018 from Development of Intelligent Molecules for the Regulation of Gene Expression in
Cells
www.rpip.tohoku.ac.jp/seeds/profile/278/langjp/
Retrieved 20 October 2018 from What is nucleic acid medicine? www.bonac.com/global/en/nucleic/about/

136



R 2 6AEEFRTE A — R — 2 a— NN AT — )L
WreiEE (58 5 4 IK)

T3 1ES A AT

FATH BRSO L& R

A

Jm

FATAT AHEHERXHE3 —-6—-15
T 052—721—5351




	30年度表紙.pdf
	30年度目次.pdf
	p1～p11【別紙様式３】SGH研究開発完了報告書.pdf
	概要前の写真.pdf
	p12～p18概要.pdf
	p19～p33課題ゼミ.pdf
	p34～p47高山ＧＳＦ.pdf
	p48～p60ケンブリッジ研修.pdf
	p61～p63国際交流ＬＴ.pdf
	p64クマーラ先生講座.pdf
	p65天野先生報告書.pdf
	p66相可高校.pdf
	p67～p70地理.pdf
	p71～p78総合（思考表現）.pdf
	p79～p89総合（探究）.pdf
	p90～97成果発表会課題ゼミ.pdf
	p98成果発表会笹原先生.pdf
	p99～p102グローバル調査.pdf
	p103～p136ケンブリッジ生徒論文.pdf
	30年度発行者（裏表紙の前）.pdf

