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Preface to Data Book:
Deciphering “Conditions for Survival”

Conditions for Survival: Toward a “Solar Energy-Based Society” Full of
Vibrant Life was recently published as the final report of the Special Round
Table Conference on Global Environment Problems, consisting of trustees and
councilors of the Asahi Glass Foundation.

The round table conference met eight times over a period of nearly three
years. Its knowledgeable members exchanged high-quality, evocative opinions.

The secretariat office of the Foundation prepared numerous documents
to serve as the basis of these discussions, especially those data related to the
environment. However, as it was not possible to list all the data in the report,
quite a few were omitted.

Each of the sets of data provided is rich in suggestions and alone represents a
specific aspect of environmental issues. The Data Book: Deciphering “Conditions
for Survival” is published with the aim of deepening readers’ understanding of
the final report “Conditions for Survival” and enabling them to review issues
related to the global environment by just viewing the data.

In compiling this data book, we contrived a method of presenting the
data so that they could be easily understood by as many readers as possible.
The sequence of data-layout was designed for readers to easily follow it in
accordance with a given context.

Each set of data is provided together with explanations as to why it is listed
or what it means, as well as what the figures or tables indicate.

By reading this data book, I hope that you will deepen your understanding
of the final report “Conditions for Survival” and successfully decipher the
issues related to the global environment.

Please allow us to express our heartfelt gratitude to Mitsubishi Research
Institute, Inc. and Ast Creative Co., Ltd.: the former helped gather and
organize a great deal of data for the publication of the data book and supported
discussions at roundtable conferences, while the latter ensured data book
becomes readable, which could easily have become dull and uninteresting.

Keiichi Uchida

Advisor, the Asahi Glass Foundation
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I Departure from “The Limits to Growth”

Changes in global population over significant

period of time from the birth of Homo sapiens
to today eloquently explain the abnormality of
the population increase from the 20th century

onward.

DATA 001 | Figure 1-1 Trends in global population

The increase in global population was extremely slow prior to
the Industrial Revolution which took place during the 18th to
19th century. However, after the Industrial Revolution, the rate of
the population growth soared drastically. The global population
was 2.5 billion in 1950 and reached 5 billion in 1987, thereby
doubling in the course of around four decades. It is estimated
that it will reach 9.1 billion by 2050.

Birth of humankind (Homo -
sapiens) over one hundred Slt.agtsgcflfrbn:ég%_i”d D5V9|°_Dmf"_t Qlf fotl_” great
thousand years ago v \/ ng ancien (3\"723 ions
8000 3000

Source: the website of the United Nations Population Fund
[http://www.unfpa.or.jp/p_graph/pgraph.html (Last updated: 2009-06-22)]
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I Departure from “The Limits to Growth”

Published in 1972 by the Club of Rome, The
Limits to Growth warned that if the population
and industrial production activities continued
to increase, the resultant depletion of resources
and deterioration of the environment would
cause the growth of humankind to reach its
limit within the next 100 years. In spite of that,
the global population has continued to increase
even after 1970. The following data shows the
changes in the substances that support the

activities of humankind, the supply of primary

energy and the consumption of grain from

1970 onward, in comparison with population

changes during the same period.

DATA 002 | Figure 1-2 Trends in global population, the supply of
primary energy and the consumption of grain (1970
onwards)

The consumption of grain and the supply of primary energy
increased by about 1.8-fold and by about 2.1-fold, respectively,
in the 35-year period from 1970. The rate of increase is equal to
or greater than that of the population increase (a little less than
1.8-fold).

Figure 1-2 Trends in global population, the supply of primary energy and

the consumption of grain (1970 onwards)

Consumption
of grain

100 ---

1970 1975 1980 1985 1990 1995 2000 2005
year

Source: World Population Prospects: The 2008 Revision, UN; BP Statistical
Review of World Energy 2007; and data on the demand, production and term-
end inventory rates of grain prepared by the Japanese Ministry of Agriculture,
Forestry and Fisheries
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I Departure from “The Limits to Growth”

Humankind lives on the blessings of nature:
energy, resources, water and food. The ecological
footprint is an index of the amount of natural
environment required by humankind. It also
shows the load placed on the Earth by human

activities in a numerical manner.

DATA 003 | Figure 1-3 Humanity’s Ecological Footprint

Ecological Footprint is a measure of human consumption and
waste generation expressed as an area of biologically productive
land and water needed to provide ecological resources and land
to absorb the CO2 released by burning fossil fuels. The index

is numerically indicated on the assumption that the total area

of the land and shore on Earth with biological productivity is

1.0 (this level is considered as the world’s bio capacity). Social
and economic activities around the world caused humankind’s
ecological footprint index to exceed 1.0 by the mid-1980s. By
2005, the resources consumed by humankind’s activities and
the resultant waste had outstripped the amount of resources the
Earth can sustainably supply and the amount of waste that can
be absorbed by nearly 30%. In other words, humankind today
needs a globe that is 1.3 times larger than its actual size.

Figure 1-3 Humanity’s Ecological Footprint

4

1960 1970 1980

Source: Living Planet Report 2008, WWF

Number of
Earths

Earth’s biological capacity
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I Departure from “The Limits to Growth”

The question is: how do numerous experts
throughout the world see the crisis humankind
is facing toward its existence as a result of

environmental deterioration?

DATA 004 | Figure 1-4 The Environmental Doomsday Clock — Shift in
time
The Asahi Glass Foundation has conducted annual surveys with
experts worldwide, using the hands of the clock to indicate the
level of awareness of the crisis humankind is facing toward its
existence as a result of environmental deterioration. The first
survey was conducted in 1992, when the Clock struck 7:49.
Since then, the hands have advanced each year, striking 9:22 in
2009. In other words, many experts are “extremely concerned.”

Figure 1-4 The Environmental Doomsday Clock - Shift in time

-11 minutes in
comparison with
the previous year
(N746)

Source: 2009 Survey on Global Environmental Issues, the Asahi Glass Foundation
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I Departure from “The Limits to Growth”
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Adopted at the 1992 Earth Summit, Agenda Figure 1-5 Progress of Agenda 21

21 is an action plan for countries to realize % §
sustainable development. The plan contains . £
numerous items concerning the conservation o Scientific and technologial E
of the global environment. How do experts ” i e A

Hi) ==on - = -~ Formation of recycling =]

review the progress of the major items in the
plan? The following shows the results of the

surveys conducted in the last 17 years.

DATA 005 | Figure 1-5 Progress of Agenda 21

Since the initiation of the survey in 1993, its results have been
largely divided into two groups: the top five items and the bottom
five items. “Promotion of environmental education” has remained
in the top position throughout the 17-year period and can be
regarded as consistently progressing. In contrast, “Lifestyle
alteration” has mostly remained at the bottom, indicating that
hardly any progress has been made in this regard. The 2009
results showed similar tendencies to those of previous years:
“Promotion of environmental education” is regarded as having
progressed the most, while the progress in “Lifestyle alteration”
and “Population and poverty problems” remains stagnant.

50

systems

Lifestyle alteration

Promotion of
environmental
education

Scientific and
technological
contributions

Y

Y

~ Activities

by local
- governments

A Y )’
R
Eoraron \and citizens

of recycling groups
systems

Source: 2009 Survey on Global Environmental Issues, the Asahi Glass Foundation
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II Human Activities Face limitations

22

Explosive population increase

Among the issues concerning the global
environment, what is considered as possibly
being the most influenced by the increase in the

world population?

DATA 006 | Figure 2-1 Influences of population problems (2006)

Aggravation of poverty, destruction of the natural environment
and food shortages were specified as issues having been
influenced most by population problems.

Figure 2-1 Influences of population problems (2006)

Others

0,
21% Increase in poverty

30%
Cities becoming slums

8%

Destruction of the
natural environment Food shortages

22% 19%

Source: 2006 Survey on Global Environmental Issues, the Asahi Glass Foundation

uone[ndod ‘

JIENE! ‘ Awouoo3 pue 8y ‘

1918 M ‘

byl
o
=]
o

Buiwiep 1eqoly ‘

Ausianipoig ‘




II Human Activities Face limitations
Explosive population increase
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The populations of developing countries will
continue to increase, having major effect on
. Figure 2-2 Qutlook for world population: developed regions versus
global environmental problems. developing regions (moderate-range estimate)

billion people
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Source: World Population Prospects: The 2008 Revision, UN

Buiwaiem [eqoy ‘

DATA 007 | Figure 2-2 Outlook for world population: developed
regions versus developing regions (moderate-range
estimate)

A comparison of population changes between developing
countries and developed countries from 1950 onward shows
that the increase in the world population stems mostly from
developing countries. In 1950, developing countries accounted
for nearly 70% of the world population. It is estimated that this
figure will rise to nearly 86% by 2050.
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II Human Activities Face limitations
Explosive population increase

The concept of sustainable development
means that, despite limitations in the growth

of humankind, it remains imperative to have

economic growth to solve poverty problems,

and therefore future growth needs to occur

in a sustainable manner. Estimates of the
distribution of the world population by region
show how large the size of the regions are that
are necessitating population growth in order to

mitigate poverty.

DATA 008 | Figure 2-3 Distribution of world population by region
(2009)

The world population in 2009 is approximately 6.8 billion. By
region, Asia accounts for nearly 60%. China and India are the
most populated countries in Asia, accounting for 19% and
18% of the world population, respectively. Combined, the two
countries account for nearly 40% of the world population.

Figure 2-4 Outlook for world population by region
(moderate-range estimate)

In the future, the increase in the world population will be
concentrated in Asia and Africa. By country, China and India

in particular make up a large part of the world population. The
population of China, currently the country with the highest
population in the world, is projected to continue to increase

until 2030 before beginning to decline. The population of India,
currently the country with the second-highest population, is
projected to outnumber that of China around 2030 and continue
to increase even after that.

Figure 2-3 Distribution of world population by region (2009) —
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Figure 2-4 Outlook for world population by region (moderate-range estimate)
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II Human Activities Face limitations
The progress of urbanization

Around the world, the population increase

and the expansion of economic activities have

hastened the concentration of populations in

urban areas.

DATA 009 | Figure 2-5 Cities with populations of over one million
people (2002)
Large cities with populations of over one million people can be
found in all parts of the world. Urbanization has progressed
on a global scale. In particular, these cities are concentrated
in Europe, North America and East Asia. Large quantities of
resources and energy are consumed and large amounts of waste
are generated in those cities.

Figure 2-5 Cities with populations of over one million people (2002)
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II Human Activities Face limitations
The progress of urbanization
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Changes in the ratio of urban population to Figure 2-6 Outlook for urban population by region (moderate-range estimate)
world population imply that urbanization billon people
is one of the major global environmental

problem humankind is facing. In particular,
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the increase in urban population is significant
in the developing regions. This trend is more

conspicuous in Asia. _ _
Latin America and

- - Garibbean-countries.
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Note: The definition of “urban” is based on the criteria specified by the relevant countries.
Source: World Population Prospects: The 2006 Revision, UN and World Urbanization Prospects:
The 2007 Revision, UN
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Figure 2-7 Changes in the urban population percentage in Asia
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DATA 010 | Figure 2-6 Outlook for urban population by region
(moderate-range estimate)
As of 2009, nearly 50% of the world population resides in urban
areas. The urban population is projected to reach almost 70% by
2050.

-~ Philippines
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2 China
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Figure 2-7 Changes in the urban population percentage
in Asia

While increase in the urban population percentage has almost G — Vietnam
stabilized in Japan and South Korea from 2000 onward, it
continues to increase rapidly in countries like Malaysia, the

S - : 0
Philippines, Indonesia and China. 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
year

Source: World Development Indicators Online Database, World Bank
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II Human Activities Face limitations
Gaps in the economy and quality of life

The population distribution and the regional
distribution of capital ownership show how

wealth is unevenly distributed worldwide. In
fact, the wealth of the world accumulates on

people in some limited regions.

DATA 011 | Figure 2-8 Level of capital ownership (2000)
As of 2000, North American countries, West European countries,
Australia and Japan had the highest level of wealth (capital) per
capita. Countries in Africa, South Asia and Southeast Asia lie low
in that level.

Figure 2-9 Distribution of population and capital
ownership by region (2000)

Household assets (individual assets) are concentrated in North
America, Europe and high-income countries in Asia/Oceania.
Nearly 88% of the total household assets in the world are
concentrated in these regions. However, these regions account
for only around 26% of the world population.

32

Figure 2-8 Level of capital ownership (2000)
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Figure 2-9 Distribution of population and capital ownership by region (2000)
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II Human Activities Face limitations
Gaps in the economy and quality of life
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Can the economic gap among various regions Figure 2-10 Changes in GDP per capita by region
(assuming the 1980 figure to be 100)

be reduced? Economic growth and size of the

economy by region are shown.
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Source: World Development Indicators Online Database, World Bank
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Figure 2-11 GDP share by region (2008)

DATA 012 | Figure 2-10 Changes in GDP per capita by region $64.5 trillion —
(assuming the 1980 figure to be 100) The GDP is based on _ éz_
The GDP per capita has increased significantly in East Asia/ the values in 2005 Easjt {\SIa/ S
Pacific countries since 1980. The rates of increase were denominated in dollars Pacific 5
particularly high in the 1990s and 2000s. South Asia has also (PPP: purchasing countries Europe/Central Asia 8% =
seen a rapid increase since 2000. While the GDP per capita power parity) 15% “
in East Asia/Pacific countries and South Asia is increasing High-income —_—
significantly, it remains lower than that of high-income countries countries South America/Caribbean g
and the world average (East Asia/Pacific countries: $5,013 579 countries 9% =
(ppp)/person, South Asia: $2,519 (ppp)/person, high-income ’ ) ) 2,
countries: $34,375 (ppp)/person, world average: $9,634 (ppp)/ Middle East{)North African =
person, as of 2008). countries 3%

South Asia 6%
Figure 2-11 GDP share by region (2008) Sub-Saharan Africa 2%
High-income countries (OECD countries and other high-income
countries) produce more than half of the world GDP. Source: World Development Indicators Online Database, World Bank
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Gaps in the economy and quality of life

The population of those who live on less than one
dollar a day shows the status of poverty around the
world. Changes in those numbers shed light on
regional anti-poverty commitments and the status

of economic growth.

DATA 013 | Figure 2-12 Change in population who live on less than
one dollar a day by region

Since 1981, the population of those who live on less than one
dollar a day has decreased significantly in East Asia/Pacific
countries, which are regions where there has been significant
economic growth. Those numbers are gradually increasing in
South Asia and Sub-Saharan Africa. Worldwide, approximately
one billion people, nearly 15% of the world population, lived

on less than one dollar a day as of 2004. Of the one billion,
South Asia accounts for nearly 48%, while Sub-Saharan Africa

Figure 2-12 Change in population who live on less than one dollar
a day by region

(il ezt Middle East/North African countries Excluding high-income countries

South America/Caribbean countries
1400 7

1200
1000
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600 ---- Sub-Saharan Africa ges

400
200 ---- South Asia [ee.
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East Asia/Pacific countries

1981 1984 1987 1990 1993 1996 1999 2002 2004
year

Source: World Development Indicators 2007, World Bank 2004: provisional value

Figure 2-13 Change in percentage of people who live on less than
one dollar a day by region (1981-2004)
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and East Asia/Pacific countries account for 30% and 17%, . Sub-Saharan Africa

respectively. South Asia —
Figure 2-13 Change in percentage of people who live on _d ' __ Pacific-countries--- _ Middle East/North 2—
less than one dollar a day by region (1981-2004) African countries S

T — . FEurope/Central Asia
1981 1987 1993 1999 2004
year

Since 1981, the percentage of people who live on less than one
dollar a day have decreased significantly in East Asia/Pacific
countries and South Asia. In Sub-Saharan Africa, the percentage
of people who live on less than one dollar a day has never
dropped below 40%. The percentage of those people in this
region was higher compared to other regions as of 2004.

Source: World Development Indicators 2007, World Bank 2004: provisional value
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Gaps in the economy and quality of life

Lifestyles in developed countries rely on the
mass consumption of resources. The amount
of plastics and paper consumed is shown as an

example.

DATA 014 | Figure 2-14 Consumption of plastic per capita in major
countries (1995 and 2003)

The per capita consumption of plastic, a representative
petrochemical product, is high in developed countries. The
amount of plastic consumed vary significantly between countries,
and are increasing in most countries, with the exception of
Japan.

Figure 2-15 CGonsumption of paper and paperboard per
capita in major countries (1995 and 2004)

The per capita consumption of paper and paperboard is
particularly high in developed countries. Among them, the United
States is by far the largest consumer. A comparison of paper
and paperboard consumed between 1995 and 2004 shows that
while they declined in the United States and Canada, worldwide
it increased. In particular, consumption has nearly doubled in
China.

Figure 2-14 Consumption of plastic per capita in major countries
(1995 and 2003)

kg/person, year

&“@ &

Source: Data published by the Japan Plastics Industry Federation

(The data for 1995 and 2003 are excerpted from the 1997 White Paper on the Environment
and the website of the Japan Plastics Industry Federation <http://www.jpif.gr.jp/2hello/
conts/toukei_c.htm>, respectively)

Figure 2-15 Gonsumption of paper and paperboard per capita in major
countries (1995 and 2004)

ka/person, year
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Source: Data published by the Japan Paper Association

(The data for 1995 and 2004 are excerpted from the 1997 White Paper on the
Environment and the website of the Japan Paper Association <http://www.jpa.gr.jp/
ja/paper/seishi/04.htmlin 20075, respectively)
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Gaps in the economy and quality of life

Motorization is spreading worldwide, most
notably in developing countries. This trend
is directly linked with the increase in energy
consumption and significantly affects the

global environment.

DATA 015 | Figure 2-16 Outlook for annual sales of low-duty vehicles
(LDVs) by region
According to an estimate of annual sales of LDVs from 2000 to
2050, it is expected that while annual sales of LDVs in OECD
countries will remain almost unchanged, they are projected to
rapidly increase in other countries. In particular, the increase in
sales will be significant in China and India. In each of these two
countries, the number of LDVs projected to be sold in 2050 will
be nearly 14—15 times higher than that of 2000.

Figure 2-16 Outlook for annual sales of low-duty vehicles (LDVs) by region
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Source: Mobility 2030:
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Gaps in the economy and quality of life

There is a significant gap between developed

countries and developing countries in terms

of the spread of the Internet.

DATA 016 | Figure 2-17 Changes in the spread of the Internet by
region
Between 1994 and 2007, the increase in the number of Internet
users was far greater in developed countries. In 2007, the
percentage of Internet users in those countries exceeded 60%.
The percentage of Internet users in developing countries has
increased rapidly since 2000. However, it was still just under
18% as of 2007, which is less than 20% of the total population
of those countries

Figure 2-17 Changes in the spread of the Internet by region

%

World average

1994 1996 1998 2000 2002 2004 2006 2007
year

Source: Data published by the International Telecommunication Union
(http://www.itu.int/ITU-D/ict/statistics/ict/graphs/internet.jpg)
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Gaps in the economy and quality of life

Education is extremely important as the
foundation for social development. Regional
data on elementary education and literacy
rates show a considerable gap in opportunities
to obtain education, which should be equally
available to all people. Overcoming poverty
requires efforts to be made to reduce the gap.
In that regard, developed countries need to

provide more support.

DATA 017 | Figure 2-18 Percentages of completed elementary
education by region (1991 and 2007)
The percentage rate of completion of elementary education
increased in most regions and almost exceeded 80% in all
regions except Sub-Saharan Africa, where it was around 60% as
of 2007, below that of other regions.

Figure 2-19 Literacy rate of young people (age 15-24) by
region (1990, 2000 and 2007)

The literacy rate of young people aged 15—24 has been
improving in all regions. But in the Middle East/North Africa,
South Asia and Sub-Saharan Africa, the literacy rate was slightly
lower than that of other regions at 60%—80%, as of 2007.
Differences in the literacy rate between genders exist in those
regions, but have gradually been decreasing.

4b

Figure 2-18 Percentages of completed elementary education by region

(1991 and 2007)
*Data from 2006

%
*Excluding high-income countries

100
80
60
40
20

Source: World Development Indicators Online Database, World Bank

Figure 2-19 Literacy rate of young people (age 15-24) by region
(1990, 2000 and 2007)
East Asia/Pacific countries East Asia/Pacific countries

5 N 5 - )
%  High-income High-income Europe/Central Asia
countries 0 countries
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year

Source: World Development Indicators Online Database, World Bank
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II Human Activities Face limitations
The finite nature of resources

Figure 2-20 Reserves and reserves-to-production (rR/P) ratio of
energy resources

The energy and mineral resources humankind

consume are finite and how we utilize these | |
valuable resources is a major challenge for us. If o M) 2 years remaining |
human activities continue as they are of today, Natural gas | 185 trillion m? 60 years remaining
many resources will be depleted within 100 years. Coal . Yy T e—
Uranium 5.47 million tons ‘ 82 years remaining
2010 20‘50 21‘00 215‘0 year

Source: Statistical Review of World Energy 2009, BP and URANIUM 2007, OECD/NEA-IAEA

DATA 018 | Figure 2-20 Reserves and reserves-to-production (R/P)

ratio of energy resources Figure 2-21 R/P ratios of mineral resources
The recoverable reserve is an index of the amount of proved ‘ ‘
resource reserves. It represents the amount of resources that Rare earth 1029 years,|
. . . - Platinum group P 415.2 years | . .
are minable based on technologmgl and econonjm conditions. . —— 194.0 years :
As a result, recoverable reserves increase with improvements in Cobalt 181.6 years
mining technologies, the development of new oilfields, increases Niobium 171.2 years
. . . N Tellurium 141.5 years
in resource prices etc. The R/P ratio is calculated by dividing Aluminum 156.0 years
the recoverable reserves for the year by the production amount Chromium 123.p years
of resources for the same year. The statistics of recoverable manlim 9;1}%1:5:“
reserves and the R/P ratio by energy resource type show that Mercury 857 years
the R/P ratio for oil and natural gas are 42 years and 60 years, Bismuth 84.6 years
respectively, and that a probable shortfall in the availability of M”'ﬁﬂﬁ:g:’;‘n s z::tf
oil and natural gas will pose a major concern by the late 21st Selenium 57.5 yeats
century. The R/P ratio of coal is the longest, at 122 years. Nickel 46.2 years
Zirconium 40.7 years
. . . Cadmium 39.1 years,
Figure 2-21 R/P ratios of mineral resources Copner 35.8 years
The statistics of the R/P ratios of major mineral resources - ;ggizz:z
(durable periods are indicated in the table) show that some Zine | 22.5years!
of these resources are estimated to only be minable for 50 Gold p 16.8 years,
) . - . Silver 14.2 years |
years gt most. In partlpular, antimony, gold, indium and silver Antimony ) 12.8 years |
are estimated to be minable for 20 years at most. Many of the Indium | 7.5years | : : : ‘ ‘
mineral resources with shorter R/P ratios are indispensable for ; ‘ ; ‘ ‘ :
. . P ! 0 200 400 600 800 1000 1200 Vyears
manufacturing alloys, functional enhancement of electronic and
electric appliances and improving energy-saving performances. Source: Characterization Coefficient in the “Use of Mineral Resources” Category (March

2004), Ecomaterials Center, National Institute for Materials Science
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The finite nature of resources

Crude oil and liquefied gas are important
energy resources, and their production is
expected to decrease in the future. Humankind
will be increasingly required to use these

valuable energy resources more efficiently.

DATA 019 | Figure 2-22 Changes in and prospects for the production
of crude oil and liquefied gas
Decline in the production of crude oil and liquefied gas is
expected from 2009. While the decline is significant in the United
States, Europe and Russia, production will relatively remain
stable in the Middle East.

Figure 2-22 Changes in and prospects for the production of crude oil
and liquefied gas

Polar regions

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050  year

*NGL: Natural Gas Liquid, condensate

Source: Oil and Gas Liquids 2004 Scenario, Hubbert Peak of Oil Production website (http://www.
hubbertpeak.com/Campbell/images/2004Scenario.jpg)
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Reserves in energy resources

The distribution of energy resources reserves
differs significantly by region according to
the resources. In particular, oil reserves are
concentrated in only a limited number of

regions.

DATA 020 | Figure 2-23 Proven reserves of crude oil worldwide

As of 2008, 1,258 billion barrels of crude oil reserves were
proven to be available worldwide with Saudi Arabia having the
largest proven reserves in the world. The total proven reserves
for six OPEC countries which include Saudi Arabia, Iraq, the
United Arab Emirates, Kuwait, Iran and Venezuela, account for
nearly two-thirds of the world total.

Figure 2-23 Proven reserves of crude oil worldwide

China 1.2%

Mexico 0.9% Other Asian/Pacific
Canada 2.3% countries 1.2%
United States 2.4% Asia/Pacific 3.3%

Other Latin American
countries
1.9%

Venezuela
7.9%

Other African countries ;
America
3.6% 9.8%

Nigeria . Worldwide Total .
2.9% 1,258 billion barrels MEIddle
. 0 . Minable years 41.6 as}
leya 3.5% (AS of end 2008) 59.9 /0
Other European countries urope/former
and former republics of the epublics of the

Soviet Union 1.9% oviet Union
11.3%

Kazakhstan
3.2% Russia
6.3%

United Arab  Kuwait
Emirates =~ 8.1%

Other Middle East 78%

countries 3.0%

Source: Statistical Review of World Energy 2009, BP
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O Human Activities Face limitations Figure 2-24 Recoverable reserves of coal worldwide

Reserves in energy resources Other Middle East/African countries 0.4% Latin America %
South Africa 3.7% 1.8% S
Other North American countries 0.9% Russia
. . : : 19.0%
Compared to oil, the regions where coal, Widdle East/Africa 2.0% Europe
Latin America 1.8% and former
natural gas and uranium can be mined are P oo ORI "% 1%
Total i 0
United States . 826 billion & Union Kazakhstan 3.8%
spread all around the world. 28.9% isofend 200530 33-0%

Other European countries
and former republics of
the Soviet Union 6.1%

Other Asian/Pacific “India China
countries 1.2% 7.1% /Australia 13.9%
9.2%

KBloug ‘ Awouo9o3 pue a1 ‘

Source: Statistical Review of World Energy 2009, BP

Figure 2-25 Reserves of natural gas by region

North America 4.8% Latin America 4.0%

Africa 7.9%
DATA 021 | Figure 2-24 Recoverable reserves of coal worldwide

As of 2008, coal reserves that can be mined amounted to Asia/Pacific 8.3% Worldwide To
826 billion tons globally with the United States having the 1,850 billion
largest reserve, followed by Russia, China and Australia. Coal cubic meters
will continue to be an important energy resource due to its (Asofend 2008
superiority in terms of stability of supply and economic efficiency Europe and former republics
compared to other fossil fuels. of the Soviet Union

34.0%
Figure 2-25 Reserves of natural gas by region

As of 2008, natural gas reserves proven to be potentially
available amounted to nearly 185 trillion m? globally. Europe/

Source: Statistical Review of World Energy 2009, BP

former republics of the Soviet Union and the Middle East account Figure 2-26 Amount of uranium resources worldwide

for 34.0% and 41.0%, respectively. Reserves of natural gas

are also found in Asia/Pacific, Africa, North America and Latin Other 9% S

America. Uzbekistan 2% =
Ukraine 4% s

Figure 2-26 Amount of uranium resources worldwide Niger 5% g

As of 2007, uranium reserves that can be mined amounted to =

5.47 million tU globally with Australia having the largest reserve Brazil 5% W°;':t‘;"|‘“e

accounting for 23% of the tqtal global reserves. The reserve Namibia 5% 5.47 million tons aoakhetan

spreads worldwide to countries such as Kazakhstan, Russia, (2007) 15%

South Africa, Canada, the United States, Namibia, Brazil, Niger, United States 6%

Ukraine, Uzbekistan and others. Russia

) 10%
South Africa 8%

0
Source: URANIUM 2007, OECD/NEA-IAEA  Canada 8%
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Consumption and supply of energy

The consumption of primary energy increases
with the growth in the economy. Where will
the consumption of primary energy grow most
significantly in the future? This will offer an
important perspective in the discussions on

global environment problems.

DATA 022 | Figure 2-27 Changes in the consumption of primary
energy worldwide

The consumption of primary energy is increasing worldwide, and
it has nearly doubled in the last three decades. The increase

in North America has been gradual since 1965. Up to the mid-
1980s, the increase in consumption was significant in Europe/
Eurasia, and after the 1990s, the increase in Asia/Pacific
became significant. On the other hand, the share of OECD
countries in the consumption of primary energy has continued to
decline for the past 40 years.

Figure 2-28 Changes in and prospects for the
consumption of primary energy by region

In viewing the historic trend and the prospects of the
consumption of primary energy by region, it can be noted that
the increase in Asia is most significant and its share in 2030 is
predicted to exceed that of the OECD countries combined.

Figure 2-27 Changes in the consumption of primary energy worldwide
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Source: Statistical Review of World Energy 2009, BP

Figure 2-28 Changes in and prospects for the consumption of primary
energy by region
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Source: World Energy Outlook 2009, IEA
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Consumption and supply of energy

Most of the energy needed for the activities

conducted by humankind comes from

. . Figure 2-29 Global energy source composition
fossil fuels such as oil, natural gas and coal.

Considering the issues regarding natural B = Natra I Hydraulic power 1.8
resources and the global environment, it is 23 Ll 16.0 Others 0.1 :
urgently needed for us to depart from our T——
dependence on fossil fuels. 2007 g0 S °° I
Others 0.7
0 20 40 60 80 100

%
Source: Key World Energy Statistics 2009, IEA

Figure 2-30 Changes in and prospects for the consumption of
primary energy

0il equivalent conversion:

million tons

DATA 023 | Figure 2-29 Global energy source composition 18,000

Oil accounted for the largest share in the global energy source 16.000
composition at 46.1% in 1973, but since the use of natural gas

and nuclear power increased and its share dropped to 34.0% by 14,000
2007. The share of coal and natural gas in the composition in 12,000
2007 were 26.5% and 20.9%, respectively.

Changes Projection
Others
Hydraulic power

10,000 Natural gas

Figure 2-30 Changes in and prospects for the 8,000
consumption of primary ener :

p . p . y QV' . 6,000 0il
The consumption of primary energy is predicted to grow to an
amount nearly 1.6 times greater than that of 2000 by 2030. 4,000
QOverall, the consumption of all of the energy sources will 2,000 Coal
increase, with the increase in coal to be most significant which q
share in the global energy source composition reaching the level 1980 2000 2007 2015 2030

equal to that of oil.
year

Source: World Energy Outlook 2009, IEA
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Consumption and supply of energy

Viewing the characteristics of energy
consumption in different countries from a
multifaceted approach, while the total energy
consumption of a country depends on the size

of its population and economic activity, per

capita consumption is determined by the size of

the economic activities and efficiency, and the
consumption per GDP is often related to the

efficient use of energy.

DATA 024 | Figure 2-31 Consumption of primary energy by country
(top 20 countries/2006)

Viewing the primary energy consumption by country, in 2006,
the United States was the largest consumer, followed by China,
Russia, India, Japan and Germany, countries who have large
population or GDP. In particular, consumption of the United
States and China were huge compared to the rest. Countries
with high per capita consumption were Canada, the United
States, Saudi Arabia and Australia and it is necessary to change
such high energy consuming economic society. Countries with
high consumption per GDP are Ukraine, the Russian Federation,
China, South Africa and Saudi Arabia.

Figure 2-31 Consumption of primary energy by country
(top 20 countries/2006)
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Consumption and supply of energy
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The primary energy ratios differ considerably

by countries reflecting their state of affairs.
Figure 2-32 Primary energy ratios in major countries (2008)
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Source: Statistical Review of World Energy 2009, BP
DATA 025 | Figure 2-32 Primary energy ratios in major countries
(2008)
In Britain, coal formed the basis in supplying its primary energy
in the past. But with the development of North Sea gas fields,
dependence on natural gas has increased. France, with its
limited availability of domestic energy resources, pursues a
policy of proactively using nuclear power generation resulting
in an extremely high ratio of nuclear power in its overall power
generation. With China having abundant domestic coal resources
and Russia with rich natural gas resources, they each have high
ratios for them respectively.
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Consumption and supply of energy

Fossil fuels are the key energy sources in

generating electricity. We need to relook into the

issue from a global environmental perspective as
to whether it is desirable for fossil fuel to continue

to account for a large part as our energy source.

DATA 026 | Figure 2-33 Changes in and prospects for electric power
production worldwide (by source of energy)

The importance of coal as the fuel for power generation is
expected to increase further in the future, and the importance of
natural gas is also expected to increase to a certain extent. While
hydraulic power and nuclear power are continued to be used as
energy sources of power generation, the importance of oil as a
raw material for electricity generation is expected to decrease.
Although the growth rates may be high for renewable energy
sources such as wind power, the ratio of their contribution in
total electricity generated is estimated to remain low even in
2030.

Figure 2-33 Changes in and prospects for electric power production
worldwide (by source of energy)
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Source: Electricity Information 2009, IEA
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Consumption and supply of energy

The changes in electric power generation are

shown for those Asian countries that are expected

to undergo significant economic growth. Taking

the global environmental issues into account,

it is important to ensure that most advanced
production technologies are introduced rapidly in
China and India, where electric power generation
is rapidly increasing, so that CO2 emissions can

be reduced.

DATA 027 | Figure 2-34 Changes in electric power generation in
Asian countries

The increase in electric power generation is more significant in
China than in other Asian countries. Electric power generation
in China outstripped that of Japan in the first half of the 1990s,
and has further made a rapid increase since 2000. South Korea
and India are also experiencing an increase in electric power
generation in tandem with their economic growth.

Figure 2-34 Changes in electric power generation in Asian countries

Indonesia
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Source: World Development Indicators Online Database, World Bank
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Consumption and supply of energy

Which sector consumes more energy?

The answer should provide data worthy of
consideration in determining policies for the
reduction of CO2 emissions. In non-OECD
countries, energy consumption in the industrial
sector stands out. Ensuring the transfer of
highly energy-efficient technologies to
non-OECD countries would help reduce the

consumption of energy dramatically.

DATA 028 | Figure 2-35 Final energy consumption by sector in OECD
countries and non-0ECD countries (2004)

While the final energy consumption is almost equally divided
among three sectors—industry, public consumption and
transportation—in OECD countries, in non-OECD countries, the
percentage of the industry sector is greater compared to other
sectors.

Figure 2-35 Final energy consumption by sector in OECD countries
and non-0ECD countries (2004)
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Energy disparity

Energy consumption per capita and electricity

consumption per capita reflect the degree of

economic development in the relevant region.
These data are important as they relate to
increased COz2 emission which is suspected as

the cause of global warming.

DATA 029 | Figure 2-36 Changes in energy consumption per capita
by region (1990-2006)
Energy consumption per capita differs significantly among
regions: it is nearly ten times higher in high-income countries
than in South Asia, and is increasing in all regions except Europe/
Central Asia. Energy consumption per capita is significantly lower
in developing countries than in developed countries. It is of some
concern that the economic growth in developing countries will
result in a rapid increase in energy consumption.

Figure 2-37 Changes in electricity consumption per
capita by region (total amount in comparison with 1971)

Electricity consumption per capita differs significantly

among regions: it is more than twenty times higher in high-
income countries than in South Asia. The growth in electricity
consumption per capita is significant in East Asia and Pacific
countries, where consumption became ten times or more higher
compared to what it was in 1971. While it is natural that the
growth is lower in high-income countries and Europe/Central
Asia where power supply systems are already established, low
growth in Sub-Saharan Africa stands out.

(1990-2006)

0il equivalent conversion: t

Figure 2-36 Changes in energy consumption per capita by region

High-income countries

Europe/Central Asia

East Asia/Pacific countries

0 | \ \ |

1990 1995 2000 2005

Source: World Development Indicators Online Database, World Bank

Figure 2-37 Changes in electricity consumption per capita by region

(total amount in comparison with 1971)
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II Human Activities Face limitations

Energy disparity

Electricity is a prominent source of secondary

energy in pursuing a highly convenient lifestyle

and the electrification rate can be seen as a
barometer suggesting the level of efficiency in
lifestyle. There still remain many regions where
electricity is not available and it is vital how the
developed countries provide technology as well
as financial resources and contribute towards

solving the problem.

DATA 030 | Figure 2-38 Electrification rate by region (1980-2006)

Viewing the electrification rate by region, the regions having high
rates are Oceania, North America and Western Europe as of
2006. Those with high growth rates when compared to 1980 are
Asia, the Middle East and Latin America.

Figure 2-39 Access to energy sources by regions

In developing countries, networks to supply electricity and gas
are often insufficient. Viewing access to energy sources by
region, there still exist regions with huge population without
electricity in India, (Sub-Saharan) Africa, Southeast Asia and
Oceania. Among the regions with huge population without
electricity, there are still many that depend on non-recyclable
biomass combustion which is poor in efficiency as heating
source and has a significant impact on the environment. Regions
those still depend on non-recyclable biomass combustion as
heating source are India, China/Central Asia, (Sub-Saharan)
Africa, Southeast Asia and Oceania.

Figure 2-38 Electrification rate by region (1980-2006)
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Figure 2-39 Access to energy sources by regions
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II Human Activities Face limitations
Unevenly distributed freshwater resources
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Figure 2-40 Freshwater resources per capita (2000)

Global water resources are distributed
unevenly. There exist an unbalance that while
some regions find it hard even to secure

the minimum amount of water required for

people’s survival, in some other parts large
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Figure 2-41 Amount of domestic freshwater resources per capita
. . (by region/2008)
DATA 031 | Figure 2-40 Freshwater resources per capita (2000) m?/person/year

Freshwater resources per capita differ significantly by countries 25,000
and with regions. While it is abundant in the Americas, Russia
and Oceania, it is scarce in North Africa. Freshwater resources
are affected by not only precipitation but also by the water
retention capacity of the soil, the incline, vegetation, and the
degree of maintenance of water utilization facilities of rivers, and
many other factors. Countries with financial reserve strength
have pursued to introduce facilities for desalinating seawater in
an effort to obtain freshwater from the sea.
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Figure 2-41 Amount of domestic freshwater resources
per capita (by region/2008)

There is a huge gap of nearly 50 times in the amount of domestic
freshwater resources per capita among the regions. In countries
and regions with limited freshwater resources, people spend a
large amount of time in fetching water, meaning that they are

unable to spend much time on other productive activities. * Amount of domestic water resources: average annual river flow and amount of

groundwater recharge resulting from precipitation on the territory of the relevant country
Source: AQUASTAT, FAO
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Unevenly distributed freshwater resources

The severity of water problems is expected to
intensify around the world. How can countries
cooperate with one another to cope with these

problems?

DATA 032 | Figure 2-42 Projection on people with water-stress and
water-scarcity
It is suspected that people with water shortage will rapidly
increase due to population increase, climate change, land
development and other causes. It is predicted that there would
be five times more people facing water shortage in 2050
compared to 2005.

Figure 2-43 Projection on number of people facing water
shortage by region

The number of people facing water shortages is particularly
large in South Asia, Sub-Saharan Africa and Arab countries. The
severity of water shortage problems is expected to continue to
intensify.

74

Figure 2-42 Projection on people with water-stress and water-scarcity

billion people

Water-deficient

ater-stressed

1900 2005 2025 2050
year

Note: “Water-stressed” and “water-deficient” mean that the annual water consumption
per capita is less than 1,700 m?® and less than 1,000 m?, respectively.
Source: World Development Indicators 2007, World Bank

Figure 2-43 Projection on number of people facing water shortage by region

billion people

Storage of water resources
<1,000 m3/person/year

South Asia  Sub-Saharan Arab East Asia/ South America/
Africa countries Pacific Caribbean countries
countries

Source: Human Development Report 2006, UNDP
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II Human Activities Face limitations
Distribution and circulation of water

The following shows the total amount of water

on Earth and the amount of water available

for use by humankind. Although the amount

Figure 2-44 Distribution of water resources on Earth

of water available for use by humankind is Types of water to?j‘lt;‘infuf;‘t*f)'}“:vfferr‘g/o)
very small in comparison with the total, it is Groundwater 0.76
.. o Water in soil 0.001
sufficient for human activities. Slaciers efo. 174
ggtr)r%g?]‘gnat:; rfrI(Tzen areas 0.022
Water in lakes 0.007
Water in marshes 0.0008
Water in rivers 0.0002
Water in organisms 0.0001
Water in the air 0.001

Freshwater 2.53%

35,029.2km?
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97.67%
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DATA 033 | Figure 2-44 Distribution of water resources on Earth

Seawater accounts for most of the water resources on Earth,
at 97.47%. Freshwater accounts for only 2.53%. Within this
freshwater, 68.7% is contained in glaciers or other unusable
form. Freshwater that can be used for agriculture, drinking and
domestic use accounts for only 0.01% of the total.

Source: Statistics on water resources in Japan in 2007, Ministry of Land, Infrastructure,

Transport and Tourism
(Original text: World Water Resources at the Beginning of the 21st Century, UNESCO)
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Distribution and circulation of water

Water circulates around the earth by changing its
form. Humankind and other living organisms use

only a part of the water that is being circulated.

DATA 034 | Figure 2-45 Girculation of water around the Earth

The circulation of water resources is facilitated by
evapotranspiration, precipitation, surface outflow, base
(groundwater) flow, river flow and other phenomena. The annual
precipitation on Earth is approximately 577,000 cubic kilometers,
and the annual precipitation on the ground area is approximately
119,000 cubic kilometers. Of the annual precipitation, while
approx. 74,000 cubic kilometers/year evaporate again, 43,000
cubic kilometers/year flows as surface stream water and

the remaining approx. 2,000 cubic kilometers/year remain
underground in aquifers.

Figure 2-45 Circulation of water around the Earth
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Source: the website of the Institute of Industrial Science, the University of Tokyo

(http://hydro.iis.u-tokyo.ac.jp/Info/Press200608/)

(Original text: Taikan Oki and Shinjiro Kanae: Global Hydrologic Cycle and World Water Resources,

Science, Vol. 313. no. 5790, pp. 1068-1072, 2006.)
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II Human Activities Face limitations
Use of water resources

The amount of water consumption differs
significantly among regions. There are still
many regions where people fail to use water

sustainably.

DATA 035 | Figure 2-46 Excessive consumption of water resources

There already are regions where the excessive consumption of
water resources has made it almost impossible to secure the
amount of water necessary to sustain the ecosystem. This trend
is more pronounced in the mid-latitude regions of the Northern
Hemisphere.

Figure 2-46 Excessive consumption of water resources
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Source: Human Development Report 2006, UNDP
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Use of water resources

The ratio of water resources usage differ among
regions. These ratio changes significantly as the

economy grows.

DATA 036 | Figure 2-47 Water resources in the world and prospects
for demand (by region and usage)

The intake of water resources is high in Asia where the
population is increasing and the economy is developing. This
trend is expected to continue. By usage, the ratio of agricultural
use is high, and it is expected to continue to grow. It is estimated
to grow by 27% by 2025 in comparison to 1995. As the amount
of water consumption for industrial and domestic use expect to
grow, a significant increase in demand for water is predicted
worldwide.

Figure 2-47 Water resources in the world and prospects for demand
(by region and usage)

[Intake of water resources (by region)]
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Agriculture

Industry

Urban use

Reservoirs

1900 1920 1940 1960 1980 2000 2020
year

*The data from the different countries are calculated from the latest versions available.
Source: World Water Resources at the Beginning of the 21st Century, UNESCO
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Use of water resources

Water usage in high-income countries differs
from other regions. It is shown that economic
growth resulting from industrialization
significantly influences water usage in high-

income countries.

DATA 037 | Figure 2-48 Percentages of water consumption by usage
and region

Where water is consumed varies from region to region and for
high-income countries more water is used in the industry, while
mid- and low-income countries use water mainly in agriculture.
In Middle East/North African countries, South Asia and Sub-
Saharan Africa, agriculture accounts for more than 80% of

total water consumed. In case of the agricultural use of water, it
should be kept in mind that there are two ways of use, one is for
the production of farm products for domestic use and the other
is for the production of farm products for export.

Figure 2-48 Percentages of water consumption by usage and region
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Source: AQUASTAT, FAO
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Problems with water supply

Many regions in the world still have no supply
of drinking water. This is particularly serious
in Sub-Saharan Africa. The technological and

capital support from developed countries is
highly needed.

DATA 038 | Figure 2-49 Percentages of people supplied with
drinking water (2002)

As a major problem surrounding water it should be raised that
the construction of waterworks infrastructures has not caught up
with demand in many regions, except for high-income countries
where almost 100% of the people are supplied with drinking
water. In Sub-Saharan Africa, the percentage of people with
access to drinkable water is in the range around 50%, which is
significantly lower compared to other regions.

Figure 2-50 Distribution of people who are not supplied
with drinking water by region (1990 and 2004)

The population of those who are not supplied with drinking
water is large in Sub-Saharan Africa, East Asia and South Asia.
Although the number of people who are not supplied with water
is declining in most regions, it is increasing in Sub-Saharan
Africa.

Figure 2-49 Percentages of people supplied with drinking water (2002)

Source: National Trends in Population, Resources, Environment and Development, UN

Figure 2-50 Distribution of people who are not supplied with drinking
water by region (1990 and 2004)

million people

Source: the website of the Joint Monitoring Programme for Water Supply & Sanitation,
WHO & UNICEF
(http://www.wssinfo.org/en/231_wat_intro.html, Feb. 2007)
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II Human Activities Face limitations
Problems with water supply

Water is a basic resource that is essential for
supporting the lives of humankind.

Securing access to water is a life-or-death issue

for countries and regions. This is why disputes
associated to access to water breaks out constantly

worldwide.

DATA 039 | Figure 2-51 Water-related disputes around the world

There are regions where disputes to the right of water use is
occurring among countries located upstream/downstream of

an international river basin. As historical circumstances have

a major influence on the issues concerning the allocation of
water resources, it is not so easy to solve them overnight. The
reconciliation of water rights is also important for Japan, even if
no international river runs through the country.

88

Figure 2-51 Water-related disputes around the world

Colorado River
United States and Mexico
Excessive use and
contamination of water

Jordan River Tigris and Euphrates Rivers
Israel, Jordan, Lebanon etc. Turkey, Syria and Iraq
Ownership of the catchment Development and allocation of
area and allocation of water water resources

Aral Sea (Amudar’ya and Syrdar’ya Rivers)
. Kazakhstan, Uzbekistan etc.
Danube River Excessive use and allocation of water
Slovakia and Hungary
Use of water for canals
Han River
North Korea and
South Korea
Construction of dams
and the environment

Bosnia
Discontinuation of water
supply during the war

Nile River .
Egypt, Sudan and Ethiopia Ganges River

Construction of dams and allocation of water India and Bangladesh
Construction and

Indus River operation of weirs

India and Pakistan
Ownership of water

Cenepa River Malaysia and Singapore
Ecuador and Peru Discontinuation of water supply
Ownership of
water resources

Zambia
Discontinuation of water
supply due to the civil war

Parana River
Argentina, Brazil and Paraguay
Construction of dams and the environment

Source: Document created by the secretariat of the 3rd World Water Forum
(Original text: The World’'s Water, Peter H. Gleick and Water, Marq de Villiers)
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II Human Activities Face limitations

Gaps in the amount of water consumption

The amount of water consumption per capita

per day differs significantly among countries.

DATA 040 | Figure 2-52 Amount of urban water consumption per
capita per day (2002, by country)

The amount of urban water consumption per capita per day is
shown for the global top five and bottom five countries as well
as for Japan, EU, world average and BRICs (Brazil, Russian
Federation, India and China). As for the bottom five countries
whose water supply infrastructures is poor, the amount provided
is one tenth or less of the world average.

Figure 2-52 Amount of urban water consumption per capita per day
(2002, by country)
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*The above figure shows the statistics of the top five countries, bottom five countries,
Japan, EU, Brazil, Russian Federation, India, China and the world average.

Source: AQUASTAT, FAO
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II Human Activities Face limitations
Gaps in the amount of water consumption

Figure 2-53 Relationship between the amount of water consumption for

The amount of water consumption per capita industrial/domestic use per capita and GDP (2000)
appears to be related to the size of the economy 2000, US$
(GDP). The amount of water consumption 100,000 ----ooommmmmm e
JaFlan Sweden
per capita by usage reflects the economic o Dentmatks s s oo et
- ° ® ltaly
g . * Spain
conditions of the relevant region. 10,000 -----oooooee o e T
SaudlAra.bla .. . TS o olimE
South Africae  © :Brazil
" Thailand 0V . *RUSSa Lpygan
1000 ---------m” - LR o----e_,- Vetam_ ________~______________
! Indonesia o ° China
T GDP=0.59xIndustrial water+2.56
< . R2=0.42
100 | | | | |
1 10 100 1,000 10,000
m3/year
Source: AQUASTAT, FAO
DATA 041 | Figure 2-53 Relationship between the amount of water
consumption for industrial/domestic use per capita and Figure 2-54 Amount of water consumption per capita, by usage

GDP (2000)

The figure shows a correlation between the use of industrial m?3/year
water per capita and the gross domestic product (GDP) per 1))@ ===========sssccoc=s==sscccsc=sscccccsss=sssccosssscccsssossses
capita in different countries. Both the longitudinal and horizontal

axes are shown in logarithmic scale. Overall, it shows that the 800
use of industrial water increases with the increase in GDP. The
countries plotted in the upper left part of the graph are oil-
producing countries such as Kuwait and Saudi Arabia which are 400
characterized as having high GDP per capita with low industrial

water per capita usage. 200 ==

Figure 2-54 Amount of water consumption per capita, by 0
usage

No clear relationship is seen in between income and the amount
of water consumption per capita for agricultural use. On the other
hand, the amount of urban and industrial water consumption
differ significantly according to their income levels and there is

a trend that the lower the income level gets the lower the water
consumption become.

Note: The data from the different countries are calculated from the latest versions
available (2000 or later).

Source: AQUASTAT, FAO
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II Human Activities Face limitations
Agricultural production and water
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Large amount of water is required for food Figure 2-55 Unit water consumption for the production of major grains
. . . and legumes

production. Stockbreeding requires more water met

than raising crops. The relationship between

food production and the amount of water

consumed in the production is an important

JIENE! ‘ Awouos3 pue 8y ‘

aspect in considering the water and food issues

in the future.

19180 ‘

Source: Results of a trial calculation by a group of researchers including Professor
Taikan Oki from the Institute of Industrial Science, the University of Tokyo
(Calculated from the unit yield in Japan and the statistical values of FAQ)
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Figure 2-56 Water required for stockbreeding

mé/t

DATA 042 | Figure 2-55 Unit water consumption for the production
of major grains and legumes
Basic units of water consumption differ among cereal types.
Rice requires the most, while corn requires only about half of the
water required to produce rice.
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Figure 2-56 Water required for stockbreeding

The figure shows an estimate on the amount of water required
to produce a kilogram of chicken, pork or beef, provided they
were raised in Japan. Unit of water consumption for production
is approximately 4,500 m?/t (or 5 m3/kg) for chicken, 5,900
mé/t for pork and 20,700 m?/t for beef. Compared to wheat
production, it is about twice for chicken, about three times for
pork and about ten times for beef.

Ausianipoig ‘

Source: Results of a trial calculation by a group of researchers including Professor
Taikan Oki from the Institute of Industrial Science, the University of Tokyo
(Calculation is based on the unit yield and breeding procedures in Japan)
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Agricultural production and water
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Water consumption may be divided into Figure 2-57 Amount of virtual water imported into Japan

elther dlI'eCt or mdlrect types. AS a ma]or Total amount of import: Amount of annual consumption of irrigation water in Japan:
1 . 64 billion m3/year 57 billion m*/year

example Of 1nd1reCt Water Consumptlon there (Source: Unit yield in Japan and statistical values on the food

balance sheet versus the values in 2000)

is the so called virtual water, which takes into 14 s

JIENE! ‘ Awouod3 pue ajr ‘

account the amount of water required for the
production when importing farm products.
What will be the overall water use including

indirect consumption? The following is a

=
o
=
@
=

Japanese example.
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Amount of virtual water to Japan, by item
(100 million m®/year)

Milk and dairy products Industrial products o2
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DATA 043 | Figure 2-57 Amount of virtual water imported into Japan %
There are concepts called “virtual water” or “water footprint” Corn <
which takes into account the water required for food production 145 —

as being imported from the food producing country indirectly z

through imported food. The amount of the indirect water y Soybeans %

imported into Japan is said to be 64 billion cubic meters/year 121 )

compared to the annual amount of water used in agriculture
domestically in Japan of 57 billion cubic meters.

According to the aforementioned concept of virtual water, it is
estimated that Japan annually imports 38.9 billion cubic meters
of water from the United States and 8.9 billion cubic meters of Source: Results of a trial calculation by a group of researchers including Professor Taikan Oki

water from Australia. from the Institute of Industrial Science, the University of Tokyo
(Calculated from the unit yield in Japan and the statistical values on the food balance sheet versus
the values in 2000)

Barley and naked barley
20
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Food production and its problems

To support the ever-increasing population,
food production must continue to increase.
Humankind has expanded the area of irrigated
farmland and improved food productivity.
However, the area of land on earth is limited,
and a drastic expansion of the land for grain

production is unlikely.

DATA 044 | Figure 2-58 Changes in the amount of grain production
and the area of irrigated farmland worldwide

The worldwide expansion of irrigated farmland has led to an
increase in grain production. The area of irrigated farmland

per capita shows a slight decreasing trend but this could be
interpreted as the extent of the population increase to be
slightly outpacing that of the expansion of irrigated farmland. As
the pressure from the population increase continues to grow,
further improvements in productivity and expansion of irrigated
farmlands are needed. This is an important issue and may also
affect biodiversity.

Figure 2-59 Area of grain production per population of
1,000 people by region (1990-1992 and 2003-2005)

Area of grain production per population of 1,000 people is
decreasing for countries with all income levels. In high-income
countries, the degree of the decrease is smaller than in countries
with lower income levels.

Figure 2-58 Changes in the amount of grain production and the area of

irrigated farmland worldwide
Million tons
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Source: FAOSTAT, FAO and World Population Prospects, UN

Figure 2-59 Area of grain production per population of 1,000 people
by region (1990-1992 and 2003-2005)
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Source: World Development Indicators 2007, World Bank
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Food production and its problems

Grain consumption is directly related to the
survival of humankind and its demand will
increase in proportion to the population
increase in the future. The global food self-
sufficiency ratio is predicted to stay at almost
100%, however, its gaps between regions are

expected to widen.

DATA 045 | Figure 2-60 Grain demand projection by region

While grain demand in industrialized countries and countries in
transition is projected to increase slightly or remain unchanged,
a large increase in demand is expected in other regions,
particularly in all of the developing countries including those in
East Asia and South Asia.

Figure 2-61 Grain self-sufficiency projection by region

Grain self-sufficiency in industrialized countries and countries
in transition is expected to rise to exceed 120% by 2030.
Meanwhile, self-sufficiency is generally declining in developing
countries, and is projected to fall below 60% by 2030,
particularly in the Middle East/North Africa.

Figure 2-60 Grain demand projection by region

million tons
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Note: Transition countries are Eastern European countries and countries of the former

republics of the Soviet Union.
Source: World agriculture: towards 2030/2050 - Interim report, FAO

Figure 2-61 Grain self-sufficiency projection by region
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Note: Transition countries are Eastern European countries and countries of the former
republics of the Soviet Union.
Source: World agriculture: towards 2030/2050 - Interim report, FAO
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II Human Activities Face limitations

Food production and its problems

The availability of land suitable for farming is
surprisingly limited when considered globally.

Various activities undertaken by humankind

are increasingly leading this valuable land

to deteriorate. Investigating the causes of
this deterioration should provide important
information in discussing how the food

production in the future be.

DATA 046 | Figure 2-62 Composition of land suitable for farming

The land on earth that is suitable for farming without irrigation
or other land improvement practices is limited, at only 11% of
all the land. In the future, climate change may cause problems,
even with existing arable land. For example, the incompatibility
between the environment and crops may reduce the amount
of land suitable for farming, thereby decreasing agricultural
production.

Figure 2-63 Area of land degradation by cause (and by
region)

The causes of land degradation are overgrazing, deforestation
and improper farm management, among others, and the area

of land degraded is large in Asia and Africa. The causes of land
degradation are unique to the region, and those with relatively
high ratio to the regions are, deforestation for Asia and South
America, overgrazing for Africa and Australia, and improper farm
management for North and Latin America.

Figure 2-62 Composition of land suitable for farming
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Source: Dimensions of need - An atlas of food and agriculture (1995), FAO

Figure 2-63 Area of land degradation by cause (and by region)
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Source: World Map of Human-Induced Soil Degradation - An Explanatory Note (1991,
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Food production and its problems

Various measures were undertaken to improve
agricultural productivity, but they were not
practiced the same in all region. The amount
of fertilizer used reflects the reality of farm

production worldwide by region.

DATA 047 | Figure 2-64 Change in the number of agricultural
tractors used worldwide

The change in the number of agricultural tractors used worldwide
shows that it is increasing significantly in Asia resulting in
increased farm production in the region. In contrast, the number
of tractors used in farming is surprisingly small in Africa.

Figure 2-65 Amount of fertilizer used (2001)

Fertilizer also can enhance productivity, but its use in developing
countries remains low. On the other hand, excessive use of
fertilizer may cause concern for groundwater contamination

with nitrogen compounds and other hazardous substances.
Consideration needs to be given to the risk of environmental
pollution, as much as to the improvement of productivity.
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Figure 2-64 Change in number of agricultural tractors used worldwide

1,000 tractors

JIENE! ‘ Awouod3 pue ajr ‘

Americas

1918 M ‘

1961 1971 1981 1991 2001
year
Source: FAOSTAT, FAO

by
[=]
o
(=%

Figure 2-65 Amount of fertilizer used (2001)
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II Human Activities Face limitations
Gaps in food, nutrition and hygiene

In developing countries, there are still many

people who fail to take in sufficient nutrition,

but fortunately, it is predicted that the

calorie intake in all regions are to improve.
However, there is a concern that the change in
eating habits on a global scale will lead to an
increase in the production of food with high

environmental load (stockbreeding etc.).

DATA 048 | Figure 2-66 Calorie supply per capita (2005)

The average calorie supply per capita differs between regions:
in high income countries it is 1.5 times larger than it is in Sub-
Saharan Africa, the region with the lowest calorie supply.

This index reflects the level of economy of the regions. While
malnutrition is the major problem in developing countries,
lifestyle-related diseases and other illnesses resulting from
excessive intake of calories are the major concern in developed
countries.

Figure 2-67 Calorie consumption per capita change and
future projection

Calorie consumption per capita is increasing and the trend is
expected to continue. Currently, people in some regions, such as
Sub-Saharan Africa, are exposed to chronic insufficient nutrition
due to poverty and other factors. This situation is expected to
improve to some extent. Meanwhile, excessive intake of calories
has become a major problem mostly in developed countries.

Figure 2-66 Calorie supply per capita (2005)
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Figure 2-67 Calorie consumption per capita change and future projection
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Gaps in food, nutrition and hygiene
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. . Figure 2-68 Projection on malnourished infants (aged five and under)
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Source: World Development Indicators 2006, World Bank

Figure 2-69 Infant (children aged five and under) mortality (2002)
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DATA 049 | Figure 2-68 Projection on malnourished infants (aged
five and under) by region (1997 and 2020)

The number of malnourished infants is expected to decrease in
all regions except Sub-Saharan Africa, where it is projected to

further increase.
10% or more
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Figure 2-69 Infant (children aged five and under) M 5t09.9%
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Infant mortality is extremely low in high-income countries. In :Letsos tlha/r(; 1%

contrast, it remains high in Africa and South Asia because of No data A

poverty-related malnutrition, poor hygiene, and low inoculation

rate for vaccinations. Source: World Bank atlas - measuring development, World Bank
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Changes in eating habits and associated problems

Livestock products require large quantities
of water and animal feed to produce. It is

predicted that there will be a change in eating

habits in the developing countries and the

demand for livestock products which have high
environmental load will grow. In coping with
the future global food issue, ensuring a proper
balance between the production of grain and

livestock products is an important perspective.

DATA 050 | Figure 2-70 Ratio of grains used as feed in livestock
breeding (2003)

Livestock farmers raise animals by feeding them with abundant
low cost grain, turning them into high value added meat. The
ratio of grains used as animal feed becomes higher in countries
with high income levels.

Figure 2-71 Quantities of water and animal feed required
for the production of 1kg of livestock/farm product and
calorie efficiency

Livestock breeding requires large quantities of water and grain.
In order to produce 1 kcal of livestock product, it requires
approximately 3 kcal (3 times as much) of grain (converted as
corn). There is a significant difference in the efficiency livestock
animals convert grain into protein and chicken shows the highest
efficiency followed by pork and beef. The efficiency in converting
into beef is about one third of that of chicken. Taking in more
animal protein from livestock with greater feed efficiency should
help improve the productivity of land and water.

Figure 2-70 Ratio of grains used as feed in livestock breeding (2003)
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Source: Agriculture and Food, WRI (original text: FAO data)

Figure 2-71 Quantities of water and animal feed required for the production

of 1kg of livestock/farm product and calorie efficiency

Necessary quantity of input
Livestock products Bl Amount of energy required to
Farm products Water produce 1kcal of livestock product
(1kg) (£) (((:Eé;‘) (Corn converted)
(kcal)
Beef 20,700 1" 3.0
Pork 5,900 7 3.1
Chicken 4,500 4 3.1
Chicken egg 3,200 — —
White rice 3,600 — —
E:rrllgﬂnaked 2,600 o e
Soybean 2,500 — —
Wheat 2,000 = —
Corn 1,900 = =

Source: Results of trial calculation carried out by a group of researchers including
Professor Taikan Oki of the Institute of Industrial Science, the University of Tokyo; the
report on food self-sufficiency in Japan in 2003 by the Ministry of Agriculture, Forestry
and Fisheries; and the Food Composition Database of the Ministry of Education,
Culture, Sports, Science and Technology

uone[ndod ‘

poo4 ‘ 1918 M ‘ KB1ouz ‘ Awouo9o3 pue a1 ‘

Buiwiep [eqo|n ‘

Ays1onipolg ‘

M



II Human Activities Face limitations

Changes in eating habits and associated problems

It is expected that with the growth in economy

in developing countries eating habits of the
people will change, leading to increased

demand for livestock products which have high
environmental load. China is a typical example of

such. On the other hand, India shows very little

change in eating habits, which can be associated

with religious factors.

DATA 051 | Figure 2-72 Changes in income levels and demand for
livestock products in China and India

The figure shows the changes in the demand of livestock
products per capita in China and India. In China, the
consumption of livestock products has increased significantly in
accordance with the increase in GDP per capita, indicating that
the eating habits of the Chinese are becoming closer to those of
developed countries. GDP per capita in India is also increasing
but this has not led to a significant increase in the consumption
of livestock products. The only noticeable feature is an increase
in the consumption of poultry, which had remained at a very low
level for a long time in this country. The low demand for livestock
products in India may be largely attributable to the fact that
nearly 70% of Indian people are Hindus: ahimsa (no butchery)
and vegetarianism comprise an important part of the dogma of
Hinduism.

Figure 2-72 Changes in income levels and demand for livestock products
in China and India
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Source: Food Balance Sheets, FAO and World Development Indicators Online Database,
World Bank
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Problems in the fishing industry

A trend towards an increase in aquaculture
can be seen due to economical concerns and to

cope with the decrease in marine resources.

DATA 052 | Figure 2-73 World capture fisheries and aquaculture
production

The quantity of fishery production is on a growing trend. Capture
fisheries were on a growing trend until around 1990 but due to
a decrease in resources, aquaculture production is now growing
steeply. The percentage of aquaculture production compared to
total fishery production grew from 13% in 1990 to 36% in 2007.

Figure 2-74 Status of marine fishery resources (2007)

With the increase in marine capture fisheries, 9% of fish
resources are currently designated as depleted (1% of which

is recovering) and 19% are captured in excess of a sustainable
production level. 52 percent are captured close to the limit

of optimal production and have no room for expansion. If

the situation regarding approximately 80% of fish resources
captured at almost their limit or unsustainably change to a more
appropriate fishery procedure, it could be possible to see the
global fish resources to increase.

Figure 2-73 World capture fisheries and aquaculture production
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Capture fishery
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Source: Fisheries and Aquaculture Information and Statistics Service Online

Query Panels, FAO

Figure 2-74 Status of marine fishery resources (2007)
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Source: The State of World Fisheries and used:

Aquaculture 2008, FAO

Historically, catches have
been very small, irrespective
of the actual catches.

Once depleted, catches are
beginning to increase again.

Catches have already
exceeded a production level
that is sustainable for long
periods. Producing more may
possibly deplete resources.

No room for further expansion.
The limit of optimal production
has already been reached or
has almost been reached.

Resources remain
considerably far from the limit
of production. Some of the
resources still have room for
expanded production.

Fishery is undeveloped or
new. Significant scope for
expanded production is
evident.
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Il Crisis Creepingin
Changes in global temperature
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Global warming is said to be an ongoing

phenomenon.
Figure 3-1 Changes in global average surface temperature
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Estimate of average temperature worldwide
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Rate: Rate of temperature rise in 10 years by period.
For example, the rise of 0.74 degrees in the
last 100 years means that the temperature has Period (years) Rate (00/1 1) years)
) i risen by 0.074 degrees in the last 10 years. %U
DATA 053 | Figure 3-1 Changes in global average surface TR AT S =
. @
temperature Tendency for leveling: 10-year average mE 50 0.128 =0.026 %
Scientific analysis shows that global average surface temperature Systematic error: Extent of uncertainty as estimated mm 100 0.074+0.018 =
has risen by approx. 0.7 degrees in the last 100 years. The rise S e RS R
became particularly steep since around 1950 and when the / mm 150 0.045+0.012
temperature rise for the last 50 years is looked at, the rate of Source: Technical summary of Working
increase is almost twice as great compared to that for the last Group | Report of IPCC Fourth Assessment
100 years Report (Japanese translation), Japan

Meteorological Agency
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Changes in global temperature

When looking at the changes in global

atmospheric temperature in the span of 400,000

years, the recent rise in the temperature shows

a different pattern not seen in the climate

change cycle of approximately 100,000 years.

DATA 054 | Figure 3-2 Changes in global atmospheric temperature
in the last 400,000 years

The analysis of continuous ice-sheet core records for the last
420,000 years led to a finding that the global temperature,
atmospheric greenhouse gas concentration and sea level change
showed a similar trend. During the last 420,000 years, there
were four long cold periods and shorter warm periods which are
called glacial and interglacial periods respectively. During these
periods, the CO2 concentration in the atmosphere fluctuated
between approximately a minimum of 200ppm and a maximum
of 300ppm. Current atmospheric CO2 concentration has reached
390ppm and continues to rise.

Figure 3-2 Changes in global atmospheric temperature in the last
400,000 years

CO02 concentration (ppm)
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Source: Document for a lecture at the 17th Blue Planet Prize (Dr. Lorius, 2008)
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Changes in global temperature

It was revealed recently that global warming
was induced by human activity. How it will
progress depends upon how humankind

addresses the problem.

DATA 055 | Figure 3-3 Global and continental temperature change

According to the simulation results using a climate model show

a high probability that most of the rises in global average surface
temperature (observed values) from the mid-20th century onward
were caused by a human-induced increase in greenhouse gas
concentrations. It is highly probable that human-induced and
pronounced warming has occurred in the last 50 years on all
continents except the South Pole.

Figure 3-4 Projected global average temperature change

If greenhouse gas emissions continue to increase at a faster
pace than at present, further warming could follow causing
numerous changes in the climate systems around the world. The
effects of the warming may depend on how societies change

in the future but its scale is highly likely to be greater than that
observed in the 20th century.

Figure 3-3 Global and continental
temperature change
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Source: Summary of Synthesis Report of IPCC Fourth Assessment Report for Policymakers,
Ministry of Education, Culture, Sports, Science and Technology, Ministry of Economy, Trade
and Industry, Japan Meteorological Agency and Ministry of the Environment

Figure 3-4 Projected global average temperature change
Temperature change

. Change in the 2090-2099 period, with the change in the
Scenario 1980-1999 period regarded as the standard (degrees).

Optimal estimate ‘
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B1 scenario
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A1: Advanced growth society scenario. Divided into three: fossil energy sources (A1FI), non-fossil
energy sources (A1T) and maintaining a proper balance of all energy sources (A1B)/A2: Pluralistic

society scenario/B1: Sustainable growth-oriented society scenario/B2: Coexistence-oriented
society scenario

Source: A summary of the Synthesis Report of the IPCC Fourth Assessment Report for

Policymakers, Ministry of Education, Culture, Sports, Science and Technology, Ministry of Economy,

Trade and Industry, Japan Meteorological Agency and Ministry of the Environment
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Effects of global warming

Although the impact of global warming may
depend on the extent of adaptation, the rate

of temperature change and socioeconomic
scenarios, if the temperature rise exceed 2
degree centigrade compared to the temperature
during 1980-1999 period, it is estimated to
result in extensive damages in many different

areas.

DATA 056 | Figure 3-5 Major effects of global average temperature
rise
If global warming continues, available water resources will
decrease due to the increase in drought in dry regions. The
impact on the ecosystem will also be significant. An increase in
tropical infectious diseases and various impacts on agriculture,
forestry and fisheries are predicted. A rise in the sea level and an
increase in natural disasters are also expected. They will affect
the developing countries more severely that are less potent in
taking preventive action due to financial and technical limitations.

Figure 3-5 Major effects of global average temperature rise

The quantity of water available increases in humid tropical regions and high-latitude regions
The quantity of water available decreases and drought intensifies in mid-latitude regions and
semi-arid low-latitude regions
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Source: Technical summary of Working Group 2 Report of IPCC Fourth Assessment Report
(Japanese translation), Ministry of the Environment
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Effects of global warming

Figure 3-6 Maijor effects of global average temperature rise (on regional level)
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DATA 057 | Figure 3-6 Major effects of global average temperature
rise (on regional level)
Although the severity and types of effects differ between 3 4 5
regions, as global warming progresses it would adversely affect C
agriculture, ecosystems, water, coastal areas, health, industries, Changes in average annual global temperature relative to the 1980-1999 level
habitation and many other aspects of our lives.

Source: Technical summary of Working Group 2 Report of IPCC Fourth Assessment Report
(Japanese translation), Ministry of the Environment
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Greenhouse gas emissions

The fact that COz, a greenhouse gas, is
increasing in the atmosphere has been observed
through various measurements. These increases
in greenhouse gas emissions are attributable to
human activities and are regarded as a direct

cause of global warming.

DATA 058 | Figure 3-7 Changes in CO2 concentration in the
atmosphere

The Earth System Research Laboratory of the National Oceanic
and Atmospheric Administration commenced its observation
activity on CO2 in the atmosphere in 1957, the International
Geophysical Year. Data obtained by the Laboratory show that the
amount of CO2 in the atmosphere is on a yearly increasing trend
while reflecting an annual fluctuation due to plant growth.

Figure 3-8 Human-induced global greenhouse gas
emission

The increase in greenhouse gas emissions is attributable to
human activities and is regarded as a direct cause of global
warming. Human-induced global greenhouse gas emissions are
increasing year after year and from 1990 to 2005, greenhouse
gases increased by nearly 8 Gt in CO2 equivalent globally. They
are expected to continue to increase.

Figure 3-7 Changes in CO2 concentration in the atmosphere

by Scripps Institution of by the U.S. National
Oceanography Oceanic and Atmospheric
(Data up until April 1974) Administration

1960 1970 1980 1990 2000 2010
year

Source: Website of Earth System Research Laboratory of the National Oceanic and
Atmospheric Administration
(http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_data_mlo.html)

Figure 3-8 Human-induced global greenhouse gas emission
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Source: Climate Analysis Indicators Tool (CAIT) on-Lline database version 7.0, WRI
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Greenhouse gas emissions

In order to reduce the emission of COz, an
urgent review of energy supplies that involve

mass consumption of fossil fuels is necessary.

DATA 059 | Figure 3-9/Figure 3-10 Changes in energy-induced C02
emissions (by energy and by region)
Emission of CO2 is the highest among the greenhouse gases.
Energy-induced CO2 emission nearly doubled between 1973 and
2007. Although their usage percentages may vary, usage of all
energy sources including coal, oil, natural gas and other fuels
have individually increased. This is attributable to an increase in
energy demand in China and other rising countries in Asia.

Figure 3-9 Changes in energy-induced CO2 emissions (by energy)

100 million tons

300 28962
— Others 0.4%

1973 2007
year

Source: Key World Energy Statistics 2009, IEA

Figure 3-10 Changes in energy-induced CO2 emissions (by region)
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Source: Key World Energy Statistics 2009, IEA
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The affluent li festyle ‘n develope d countries is Figure 3-11 Amount of CO2 emission by region (per capita, per GDP/2007)
established on a foundation which consumes S0uersen a conlolar
large amounts of fossil fuel energy. Unless
special measures are implemented, CO2

emissions will continue to increase with the
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growth of developing countries.
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Source: Key World Energy Statistics 2009, IEA
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DATA 060 | Figure 3-11 Amount of CO2 emission by region (per Figure 3-12 Changes in the amount of C02 emission by region and
High-income countries consume large quantities of energy, thus
their CO2 emissions per capita are nearly triple of the global
average. Meanwhile, the CO2 emissions in South Asia and Sub-
Saharan Africa range between one fourth and one fifth of the
global average. Regional differences are significant. Per GDP, the
C02 emissions in high-income countries are slightly below the ' ASEAN
global average. India

million tons Change <« | » Prospect

Figure 3-12 Changes in the amount of CO2 emission by |
region and future projection China

Unless measures are taken, energy source-induced CO2  Russia
emission in 2030 is projected to double that of 1990. While EU | Japan
emissions from developed countries such as the United States,
EU countries, and Japan are projected to remain unchanged,

Aysianipoig ‘ Buiwiem [2qoly ‘

those countries which are to have a dramatic economic growth 1990 2007 2015 2020 2025 2030
such as China, India and ASEAN countries are expected to have year
an increase in emission. Source: World Energy Outlook 2009, IEA
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Although small in number, there are countries
which emit a large volume of COz. It goes

without saying that efforts need to be made

by such major emitting countries to reduce

emissions, but even in other countries, lifestyles
changes and shift to more energy efficient
industries are needed to reduce the emissions

per capita.

DATA 061 | Figure 3-13 Proportion of CO2 emissions by country (top
20 countries/2007)

China (21%) and the United States (20%) are by far the
largest CO2 emitters. These two countries make up almost
40% of emissions worldwide. CO2 emissions per capita are
particularly high in developed countries, reflecting the sizes of
their economies. CO2 emissions per GDP are low in developed
countries and high in other countries. CO2 emissions per

GDP show differences among countries in terms of their
energy efficiencies and the rate of utilization of nuclear power
generation.

Figure 3-13 Proportion of CO2 emissions by country (top 20 countries/2007)
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Extinction and the wonders of organisms

A pronounced decrease in the population of

living organisms has been noted and numerous
species have been found to be threatened

with extinction in recent years. It is said that
we are encountering a crisis of the sixth mass

extinction of species in the history of Earth.

DATA 062 | Figure 3-14 The Living Planet Index

According to the Living Planet Index presented by the World
Wide Fund for Nature (WWF) which summarizes the status of
approximately 3,000 individual populations of living organisms
in accordance with data published worldwide, the population of
those species consistently decreased during the period between
1970 and 2000 by nearly 40%. The rate of decrease is almost
50% in inland aquatic species and 30% in marine and terrestrial
species.

Figure 3-15 Ratios of threatened species of animals and
plants worldwide by taxonomic group

The International Union for Conservation of Nature and Natural
Resources (IUCN) studied the risk of extinction for nearly 1.64
million species humankind discovered. As a result, among
approximately 45,000 species studied, nearly 40% were under
threat of extinction.

Figure 3-14 The Living Planet Index
(Assuming the population in 1970 to be 100)

g\

All vertebrate species
(Living Planet Index)

1970 1975 1980 1985 1990 1995 2000
year

Source: Global Biodiversity Outlook 2 (Japanese translation) published by the Japanese

Ministry of the Environment
(Original text: Living Planet Report (2004), WWF, UNEP-WCMC and Global Footprint Network])

Figure 3-15 Ratios of threatened species of animals and plants worldwide
by taxonomic group

Threatened Threatened Threatened Threatened
with with with with
extinction extinction extinction extinction
yALA 12% 30% 50%
Mammals: Birds: Amphibians: Insects:
5,488 species 9,990 species 6,347 species 95,000 species
(5,488 species) (9,990 species) (6,260 species) (1,259 species)
Threatened Threatened Threatened
with with with
extinction extinction extinction
31% 37% 73%
Reptiles: Fish: Flowering plants:
8,734 species 30,700 species 258,650 species
(1,385 species) (3,481 species) (10,779 species)

Note: The numbers in parentheses are the numbers of species studied.
Source: Red List of Threatened Species (2008), IUCN
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Extinction and the wonders of organisms

The rate of extinction of species has accelerated

sharply in the last 100 years. Spurred by human

activities, the rate of extinction is expected to

accelerate further in the future.

DATA 063 | Figure 3-16 Rate of extinction of species

The extinction of species is something that occurs naturally
and numerous species, among which dinosaurs being the
representative, have become extinct in the past. The rate of
extinction that have occurred naturally has been 0.1-1 species
per 1,000 species per 1,000 years. Compared to this rate, in
the last century, the rate was 50—-500 times faster and when
species that may already have become extinct were included,

the rate of extinction can be projected to be 1,000 times greater.

Worse still, the rate may further grow to more than 10 times of
present in the future.

Figure 3-16 Rate of extinction of species

Annual number of extinctions per 1,000 species
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(Fossil records) (Known extinction) (Model)
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* [Past] shows the average extinction rate estimated from the fossil records.
Source: Annual Report on the Environment and the Sound Material-Cycle Society
in Japan 2007

(Original text: Millennium Ecosystem Assessment, UN)
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Extinction and the wonders of organisms

There is a huge loss of nature’s bounty due
to human activities. Although they may only
account for only a few percent of the earth’s
surface, protecting “hot spots” allows to

conserve numerous species.

DATA 064 | Figure 3-17 Biodiversity hotspots (2004)

According to the definition by Dr. Norman Myers, the 10th

Blue Planet Prize laureate, “hotspots” are regions having

high biodiversity on a global scale but are on the edge of its
destruction. Conservation International, the winner of the 6th
Blue Planet Prize, specified 34 hotspots. These hotspots account
for only 2.3% of the surface area of the earth. Nevertheless,

it has been found that 75% of threatened mammals, birds and
amphibians, 50% of all vascular plants and 42% of terrestrial
vertebrate animals inhabit only in these 34 hotspots.

Figure 3-17 Biodiversity hotspots (2004)
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Extinction and the wonders of organisms

From a distant past, humankind has enjoyed
the ecosystem services biodiversity provided.
However, humankind takes this nature’s bounty
for granted and are not aware of the seriousness

of losing them.

DATA 065 | Figure 3-18 Relationship between ecosystem services
and human welfare

The relationship between various types of ecosystem services
and human welfare is influenced in many ways by social and
economic activities. It is necessary to ensure that nature’s
bounty is enjoyed sustainably while giving consideration to
regional ecosystems and social diversity.

Figure 3-18 Relationship between ecosystem services and human welfare

Ecosystem services

Food

Fresh water
Wood and fibers
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Others
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Source: Annual Report on the Environment and the Sound Material-Cycle Society in Japan 2007
(Original text: Millennium Ecosystem Assessment, UN)
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Figure 3-19 Global status of ecosystem services

Ecosystem services that are indispensable for
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Wild food
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Water Fresh water
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. . Global mid-century
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local
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Water regulation and location
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Water purification and waste
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Pest regulation
DATA 066 | Figure 3-19 Global status of ecosystem services

The Millennium Ecosystem Assessment of the United Nations
analyzed the benefits humankind has enjoyed from ecosystems Natural hazard regulation
on Earth (ecosystem services) and reviewed the ecosystem
services provided for the last several decades to an extent
determinable. Almost two-thirds (15 out of 24) of ecosystem
services have deteriorated or are no longer sustainable. Among
those include a drop in marine catches, loss of forests and
wetlands, and important functions such as purification of air and
water, protection against disasters and others.

Pollination

fysianipoig

Spiritual and religious values

Aesthetic value

More areas accessible but many

Recreation and ecotourism =» degraded

Cultural services

Source: Annual Report on the Environment and the Sound Material-Cycle Society in Japan 2007
(Original text: Millennium Ecosystem Assessment, UN)
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Global measures must be taken against human

activities that deteriorate the ecosystems to
Figure 3-20 Main direct drivers of change in biodiversity and ecosystems

prevent them.

Pollution
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DATA 067 | Figure 3-20 Main direct drivers of change in biodiversity Bl High A Increasing impact .
and ecosystems 4 Very rapid increase of 2

It is considered that the major causes in the loss of biodiversity the impact %

are the alteration of habitats, alien species, excessive )

exploitation, contamination with nutrient salts such as nitrogen

and phosphorus and global warming among others. In Source: Global Biodiversity Outlook 2 (Japanese translation) published
articular, the expansion of farmland and excessive exploitation bythe Japanese Ministry of the Environment

P ) ' P ) ) P (Original text: Millennium Ecosystem Assessment, UN)

of fishery resources are pointed out as major causes. These

direct impacts on biodiversity loss are expected to remain at the

same level or increase further.
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S PO . Figure 3-21 World forest distribution by region (2005)
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Figure 3-22 Countries with large land areas and countries with large
forest stock (2005)

i Ratio of
Forest stock | - Land area | .

Country « Ranking « Ranking forest —
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DATA 068 | Figure 3-21 World forest distribution by region (2005) Russia } } 49.4 5
Europe and South America both have large forest areas and Brazil 477,698 | 845,942 56.5 fv

they account for a large part of the land in these regions. While Canada 310,134 . 909,351 | 34.1 E2

the forest area is increasing in Europe, the forest area in South United States 303,089 ! 916,192 ! 33.1 -

America is decreasing faster than in any other region in the China | 197.290 !
world, Australia | 163,678

Figure 3-22 Countries with large land areas and Democratic Republic 133.610
of Congo ’
countries with large forest stock (2005) —_— —
) ) , ) Indonesia 88,495 | 48.8
Countries with large forest area are Russia, followed by Brazil, Pers | es742 . 128000« 19 | 537
Canada and the United States. In Japan, forest accounts for two- 6”1—77777
thirds of all land, and is consistently amassed. Internationally, W—ﬂiiﬂiiﬁ
Japan is a country rich in forest resources but is also one of the : 2 : 2 P ;
major importers of timber in the world. Japan 24,868 |

932,749 | )
21.3

58.9
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) Figure 3-23 Annual net change in forests by region (1990-2005)
Forest areas continue to decrease globally

with a few exceptions in some regions. It is
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DATA 069 | Figure 3-23 Annual net change in forests by region Figure 3-24 Top 10 countries with the greatest changes in forest areas

(1990-2005) (2000-2005)

Global forest area is on a decreasing trend. The net annual
decrease in forest areas from 2000 to 2005 is projected to be : : : : Brazil China
7.3 million hectares (73,000 km?). The rate of net annual loss ‘ ? ? ?

in forest areas is 0.18%. By region, forest areas are decreasing
in South America, Africa and Southeast Asia, while there are
increases in China and some European countries.
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forest areas, followed by Indonesia. The decrease in forests
in these countries is attributable to deforestation resulting
from pasture reclamation and agricultural burning, as well as
road construction. China undertook afforestation during the
same period. As a result, the forest areas in China increased
significantly.

Source: Global Forest Resources Assessment 2005 Progress towards sustainable

forest management, FAO

of Congo
Zimbabwe France

Venezuela Portugal

1,000ha/year

2,000

4,000




Il Crisis Creepingin

152

Sphere of habitation of organisms shrinks

Deforestation aggravates the global environment.
We must stop deforestation that is occurring all

over the world.

DATA 070 | Figure 3-25 Changes in land use/cover in recent decades

In the last 50 years, life for mankind changed drastically (with an
increase in demand for resources), resulting in a rapid change in
the ecosystem never seen historically. Studies conducted from
1980 onwards indicate that forests worldwide have undergone
drastic changes in the last few decades. The regions where
deforestation is occurring are the Amazon region which is rich

in forest resources, Central Africa, Russia and the coniferous
forest zone of North America. Deforestation in these regions is
expected to have a significant effect on the global environment.

Figure 3-25 Changes in land coverage in recent decades
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Sphere of habitation of organisms shrinks

Desertification is another factor causing
uncertainty in terms of food supply, water
shortages, poverty and other problems. Such
desertification which hugely affects people’s
lives is progressing in various places of the

world.

DATA 071 | Figure 3-26 Current situation regarding desertification in
the world
Arid regions, which are susceptible to the effects of

desertification, occupy nearly 41% of the land surface area.
Many such regions are in developing countries.
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Actions Against Crisis

Individuals’ Awareness regarding Action
Results of the environmental survey

Transition in Energy
Renewable energy
Nuclear power as a source of energy supply
Efficient use of energy
Energy efficiency in industry

Development of new technologies
Cool Earth — Examples of innovative technologies
specified in the Innovative Energy Technology Plan
Technology examples supporting a recycling
society
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Results of the environmental survey

How do the learned in the world view actions
taken by individuals in trying to prevent global

warming?

DATA 072 | Figure 4-1 Prevention of global warming (2009)

People’s awareness level towards participating in preventing
global warming is fairly high climbing to over 90% when those
who responded “I am aware of it to some extent” is included. It
is hoped that this high percentage will be reflected in the actions
taken.

DATA

Figure 4-1 Prevention of global warming (2009)

Not conscious and
will stay the same
2% Unknown

1%
Will change some of
my behavior and act
7%

Act always
consciousness
32%

Source: Environmental Survey Report 2009, The Asahi Glass Foundation
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Results of the environmental survey

How conscious are the people regarding energy
consumption? The difference in their awareness
between developed regions and developing
regions reflect those facts such as the ease of
accessibility to the energy or the differences in

the amount of energy supplied.

DATA 073 | Figure 4-2 Reduction in energy consumption (2006)

More than 80% of respondents in developed regions answered
that they could accept a reduction in their energy consumption.
In developing regions, just under 60% of respondents said that
they could accept a reduction in their energy consumption. More
than 40% wanted to consume more energy than they do now,
differing greatly from their counterparts in developed regions.

DATA

Figure 4-2 Reduction in energy consumption (2006)

Unknown 2%

Want to consume

more@energy.

than | do now
15%

Developed
regions

Can accept
a reduction
83%

Unknown 2%

Want to consume
more energy
than | do now

0,
41% Developing

regions

Can accept
a reduction

Source: Environmental Survey Report 2006, The Asahi Glass Foundation
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Results of the environmental survey

What would be the most favorable energy
source to replace fossil fuels? Considerable
differences in view were expressed between

developed regions and developing regions.

DATA 074 | Figure 4-3 Most favorable energy source to replace
fossil fuels (2006)

While nuclear power and solar were raised as favorable energy
sources to replace fossil fuels in developed regions, there were
high expectations towards solar as the only source to replace
in developing regions. This may reflect the technical difficulties
involved in the installation of power generation equipment.

DATA

Figure 4-3 Most favorable energy source to replace fossil fuels (2006)

Developed
regions

Developing
regions

Source: Environmental Survey Report 2006, The Asahi Glass Foundation
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Results of the environmental survey

How do the respondents view their lifestyles?
The survey results show that many people
are motivated to switch to more sustainable

lifestyles.

DATA 075 | Figure 4-4 Changes in lifestyles (2008)

Ninety-five percent of respondents said they avoided or could
(fully or to some extent) correct the habit of throwaway or
excessive consumption. Many people believed that they could
correct their lifestyles. It is now to what extent can they put this
motivation into practice.

DATA

Figure 4-4 Changes in lifestyles (2008)

| cannot correct the habit
of throwaway or excessive
consumption

5%

| avoid

throwaway
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Source: Environmental Survey Report 2008, The Asahi Glass Foundation
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IV Actions Against Crisis DATA
Renewable energy

. Figure 4-5 Technological potential of renewable ener
Although there may be numerous constraints / geae »

. . . . . TWh i
in using renewable energies, how big a potential [Estimate by ECOFYS]
1,000,000

do these renewable energies have? V\/J,\MA/\/\/W
800,000 -

200,000 ~

150,000

100,000

Renewable energy Estimates by relevant institutes ECOFYS
Minimum value | Maximum value estimate
Solar-CSP 28,311 1,210,388 918,151
. . . Solar PV 152,740 1,685,616 192,808
DATA 076 | Figure 4-5 Technological potential of renewable energy oar
The f h the technolodical potential of bl Geothermal heat 445 1,437,215 118,721
e |gure shows the Iec nologica [?0 ential or renewanie Wind Onshore 7,683 51735 43.253
energies based on estimate calculations made by relevant
institutes. The estimate calculations on the potential of decay POEr 37,614 37,808 37,808
renewable energy vary between studies. Nevertheless, worldwide Solar heating - - 14,041
electricity generation in 2006 (19,015 TWh) has certainly been Biomass energy crops 5,559 176,941 11,016
far outstripped. Biomass Residues 3,425 19,406 10,000
Note 1: Renewable energy has strong potential, however, geographical constraints Wind Offshore 1,610 2,158 6,507
(land coverage etc.) and technological constraints (energy conversion efficiency Hydropower 5,183 5,879 5,708
etc.) limit the amount of renewable energy available. The potential of renewable -
energy mentioned in the figure involves giving consideration to these constraints. El il il el e 160 16,438 5,137
: o o ) Total TWh 242,728 4,643,584 1,363,151
Note 2: Worldwide electricity generation in 2006 (19,015 TWh) is calculated from

World Energy Statistics and Balances, OECD/IEA. Source: Role and Potential of Renewable Energy and Energy Efficiency for

Global Energy Supply, ECOFYS
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Renewable energy

Countries worldwide are making efforts to

MW or MWth
facilitate conversion to renewable energy with 80,000 :
the aim of addressing global environmental 70,000 Hind pover ff.
issues. 60,000
50,000
40,000 - Use-of sotar-heat - g

(MWth: megawatt thermal)
30,000 /
20,000

——

Solid biomass

DATA 077 | Figure 4-6 Power-generating capacity of renewable

Solar

Figure 4-6 Power-generating capacity of renewable energy (0ECD countries)

energy (OECD countries) 10,000 ——Geothermatheat—:a
Renewable energy such as hydropower and geothermal heat ; Biogas
has long been used. But to deal with the deepening global 0 ‘ - Tidal power, wave
environmental problems and the limitation on resources, there 1990 1995 2000 2005 power and oceans
is now a need to spread worldwide the use of various renewable Source: Renewables Information 2009, [EA year
energies on a massive scale. Currently, developments and
extensions of new technologies are underway. The use of
renewable energy is increasing’ induding wind power, biomass Figure 4'7 Extent Of introduction of renewable energy and share in Supp|y Of
and photovoltaic power generation. primary energy
. 0

Figure 4-7 Extent of introduction of renewable energy M;%e = \év'”(j. power b

. N N — unlight and solar heat —20
and its share in supply of primary energy 80— M Geothermal heat 18.2 18
In terms of renewable energy other than large-scale hydropower, 70— M Biomass 145 —16
biomass energy is the source most introduced worldwide and 14
its introduction is particularly pronounced in the United States. 60— Share of renewable energy 12
The share of renewable sources in the supply of primary energy 50— in the Suopplv of primary M4 ~10
is large in Sweden (mainly biomass) and Denmark (mainly 40 — energy (%) ' _8
wind power), but it remains low at only a few percent in other 30— 5.3 s
developed countries. Renewable energies serve an important role 20— —4
in propelling measures to tackle global warming. Policies to let 10-"7 _9
citizens choose which renewable energy market to promote such 0 0
as feed-in tariff in Europe, tradable green certificates are being 1990 2006|1990 2006|1990 2006|1990 2006|1990 2006|1990 2006
implemented. However, there are still problems to be solved Japan Denmark ' Germany ' Netherlands ' Sweden g?a"‘tg‘s‘
in the introduction of renewable energies such as the issue
of stable supply of electricity in case of solar and wind power Note: The IEA statistics use data on inputted fuels to make a primary conversion of

electricity related to biomass for power generation. 10% efficiency is assumed for
, geothermal heat, while 100% efficiency is assumed for other energy sources (wind
case of biofuels. power, solar, wave power, ocean etc.).

Source: FY 2009 Annual Energy Report

(Original text: Renewables Information, Energy Balances of OECD Countries, |[EA)

generation, and the competition between fuel crops and food in
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Renewable energy

The amount of solar energy reaching earth

is shown in comparison with the amount of
. . Figure 4-8 Amount of solar energy reaching Earth
energy used by humankind. The comparison

speaks eloquently how large the amount of Amount of energy
solar energy is. (tons of oil equivalent)
Sunlight
Solar energy irradiated onto Earth: 174PW
Practically available solar energy: 1PW"
Available solar energy (per year) 7.53X10°Mtoe
World’s annual supply of primary energy (2008) 0.12><X10°Mtoe
Fossil fuels Reserves (2007)
0il 1.2379 trillion barrels? 1.68X10°Mtoe
Coal 847.5 billion tons? 5.87X10°Mtoe
Natural gas 177 trillion m3 2 1.84X10°Mtoe
Uranium 5.47 million tons® 0.7510°5 Mtoe
Total energy reserves 10.14X10°Mtoe

1) B. Sorensen, Energy Policy(1991) 386-391
2) BP, Statistical Review of World Energy 2008
3) OECD/NEA-IAEA, Uranium2007

DATA 078 | Figure 4-8 Amount of solar energy reaching Earth

The amount of solar energy that reaches Earth in a year and
could be available to humankind is far greater than the amount of
energy currently used worldwide. It is comparable to the reserves
of energy resources such as fossil fuels and uranium.
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Renewable energy

How is the use of solar energy which is said to

be infinite progressing?

DATA 079 | Figure 4-9 International comparison of the amount of
photovoltaic power generation introduced

The amount of photovoltaic power generation introduced reached
7,800MW in OECD countries in 2007, more than ten times

the capacity compared to that in 2000. Germany, Japan and

the United States are the major introducers, and the rate of
increase in introduction has been substantial in recent years.
Japan remained as the top country in the amount of photovoltaic
power generation capacity introduced for a long time until it was
overtaken by Germany in 2005.

DATA

Figure 4-9 International comparison of the amount of photovoltaic
power generation introduced

Cumulative amount of introduction (MW)

4,000
Germany
T ] . B .
2,000
ni
1,000 United States
Spain
Italy
1990 1995 2000 2005 Nethe_rlands
year Aus:trla
Switzerland
Canada

Source: Renewables Information 2009, IEA
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Renewable energy

Although renewable energies are regarded as
favorable means in dealing with the global
environmental problems, currently however,
there are still quite a few disadvantages that
need to be overcome, and future technological

innovations are awaited.

DATA 080 | Figure 4-10 Advantages and disadvantages of renewable
energy

While the introduction and expansion of renewable energies are
necessary to deal with the global environmental problems, there
still remain issues among them that are to be solved in terms of
cost, supply, safety and others.

DATA

Figure 4-10 Advantages and disadvantages of renewable energy

Power
generation
cost Advantages Disadvantages
- No CO2 is generated during power - Low energy density
Sunlight 15t0 1,500  9eneration - Power cannot be generated at night
9 US$/MWh - Purely domestic energy or in rainy weather
- No constraint on resources - Equipment cost is high
- No CO2 is generated during power - Low energy density
generation . i :
3510 95 Electricity generation depends on

Wind power US$/MWh

- Purely domestic energy
- No constraint on resources

wind conditions, which affects the
system

- Equipment cost is high

4010 80
Hydropower US$/MWh

- No CO2 is generated during power

generation

- Purely domestic energy
- Because it is easy to start and stop

operation, hydropower excels in load
following capability

- Environments of dam construction

sites and downstream areas of dams
may change and affect ecosystems

- Electricity generation depends on the

amount of water and rainwater in the
areas where power plants are located

Biomass NA

- Sustainable use is possible and

will not lead to an increase in

COz2, provided that the amount of
consumption is equal to or less than
the amount of production

- The only renewable resource that, as

a source of carbon, can be converted
into many kinds of synthetic raw
material, including liquid fuel

- Because of its poor density and

quantity of production, collecting
biomass involves a tremendous
amount of labor and costs

- Biomass generally contains a large

amount of moisture and less heat.
Regional and seasonal differences
are significant

Nuclear 211031
power US$/MWh

- No CO2 is generated during power

generation

- Countries supplying uranium are

scattered internationally and their
political situations are stable. Fuel
prices of uranium remain more stable
than those of fossil fuels

- Uranium will be available for 2,570

years provided that the utilization of
plutonium becomes feasible

- Uranium is a radioactive substance

and requires extensive safety
equipment and strict safety control

- Radioactive waste is generated and

must be disposed of and managed
very strictly

The power generation costs are average values in the existing power sources of different
countries based on the assumption that the discount rate is 5% (IEA survey)

Source: Projected Costs of Generating Electricity (2005 Update), IEA
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Nuclear power as a source of energy supply

Nuclear energy which do not emit CO2 while
generating power is considered to be one of
the major options in dealing with the global

warming problem.

DATA 081 | Figure 4-11 Changes in electricity generated by nuclear
power worldwide (by region)

The number of nuclear power generating facilities and the
amount of electricity generated by them are increasing
consistently in Asia. In Europe and the United States, existing
nuclear power plants are proactively increasing their generation

capacities and their electricity outputs are in an increasing trend.
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DATA

Figure 4-11 Changes in electricity generated by nuclear power worldwide
(by region)

trillion kw
3.0

2.5

20 North America

Latin
America

ormer Soviet Union

Asia

1972 1975 1980 1985 1990 1995 2000 2005 2008
year

Source: FY 2009 Annual Energy Report
(Original text: NUCLEONICS WEEK, The McGraw-Hill Companies)
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Nuclear power as a source of energy supply

Figure 4-12 An outlook for nuclear power generation worldwide

The introduction of nuclear power generation 100 million kKW s ot
. . . . ast recor rojection
is expected to expand, especially in Asia. 40,000 Increase of 714 billion KWh
35,000 .
30,000
25,000 _
20,000 OECD Europe 11% /'\(If'r(i’g;eﬁzsu
15,000 s OECD Europe 21%
10,000 e Latin America 1%

5,000 sy North America 28%

0
1971 1980 1990 2000 2010 2020 2030 vyear
Increase in the 2004-2030 period 2004 2030
(100 million kWh) 8,457 - - - -
’ World | 2.817 trillion kWh |3.531 trillion kWh (increase of 714 billion kWh)
675 170 1,041 252 .
2458 Asia 523 billion kWh 1.369 trillion kWh (increase of 846 billion kWh)
-3,45

Source: Asia/World Energy Outlook 2006, The Institute of Energy Economics, Japan

Figure 4-13 Current and future development of nuclear power generation

in Asia
As of January 1, 2009 (10,000 kW, gross electric output)
Operating Under construction Planned Total

Country/Region | gutput |Number| Output |Number| Output |Number| Output |Number

of units of units of units of units

DATA 082 | Figure 4-12 An outlook for nuclear power generation Japan™ 4,7935] 53| 3948 4 1,6552] 12| 68435 69
worldwide South Korea 1,771.6 20 680.0 6 280.0 2| 2,731.6 28
In developing countrigs such as those in Asia (e.g. China, India), China 911.8| 11| 13335 13| 1360.9 13| 3,606.2) 37
the introduction of nuclear power generation is expected to Taiwan 516.4 6 270.0 2 786.4 8
expand dramatically from the perspective of ensuring stable India 412.0 17 316.0 b 680.0 8| 1,408.0 31
energy supply to correspond to their economic growth. Pakistan 462 2 325 1 78.7 3
Indonesia 400.0 4 400.0 4

Figure 4-13 Current and future development of nuclear

power generation in Asia Vietnam N/A 1 N/A 1
Currently, 109 nuclear reactors are in operation generating Asia total 8,451.5|109.0| 1,7135| 32.0| 4,376.1| 40.0| 15,8544 |181.0
approx. 85 million kW of power in Asia, mainly in Japan, South World total 39,044.4 | 432| 2,940.4 52| 6,536.7 66| 50,356.2| 550
Korea and China. Including facilities that are under construction Figures in

or planned, Asia will have 181 nuclear reactors worth approx. paronifieseod® | 39.224.1)| (435)| (,1405)| 43| (@9601)| (53)| (48061.4) (531)
160 million KW of power generation capacity. previous year.

*1: The statistics of Japan are valid as of March 31, 2009.
Source: Trend of Development of Nuclear Power Generation Worldwide 2009, Japan Atomic
Industrial Forum, Inc.
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Efficient use of energy

Energy saving is one of the reliable means in
reducing CO2 emissions. If the most energy
efficient technologies available at this point in
time were introduced worldwide, particularly
in developing countries that are expected to
experience significant economic growth, CO2

emissions would be reduced significantly.

DATA 083 | Figure 4-14 Efficiencies of thermal power generation
facilities worldwide

In order to deal with the issues concerning natural resource,
energy and global environmental problems a reduction in the use
of fossil fuels is necessary. Energy efficiency in Japan is superior
compared to that of China, India, Asia and the world average.

DATA

Figure 4-14 Efficiencies of thermal power generation facilities worldwide

Coal oil Natural gas

Source of Japanese data: Outline of Electric Power Demand-Supply, Ministry of Economy, Trade
and Industry (Agency for Natural Resources and Energy)
Source of other data: Energy Balances of Non-OECD Countries, IEA
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Efficient use of energy

A trial calculation was made for the reduction
of fuel consumption and CO2 emission on the
assumption that the most efficient Japanese

power generation technology were introduced

worldwide in thermal power generation.

DATA 084 | Figure 4-15 Fuel consumption, assuming power
generation efficiency equivalent to Japan were achieved

In case power generation efficiency equivalent to Japan were
achieved worldwide, current fuel consumption would be reduced
by 14%.

Figure 4-16 CO02 emission from power generation,
assuming power generation efficiency equivalent to
Japan were achieved

Similarly to fuel consumption, CO2 emission from power
generation would also be reduced by 14%, if power generation
efficiency equivalent to Japan were achieved worldwide.

~(034

Figure 4-15 Fuel consumption, assuming power generation efficiency
equivalent to Japan were achieved

million ton-oil equivalent

3,000
2,500 !

Natural gas i 0.86
2,000 Gii .
1,500 Coal

1,000
500

Current | Estimate  Current| Estimate ~ Current| Estimate  Current | Estimate

Japan China India Asia World

Note: Concerning all countries/regions in the figure, the bar graph to the left indicates the
current consumption of power generation fuels, while the bar graph to the right shows
the estimated consumption of power generation fuels on the assumption that a level of
efficiency equal to that of Japan has been achieved.

Source of Japanese data: Outline of Electric Power Demand-Supply, Ministry of Economy, Trade

and Industry (Agency for Natural Resources and Energy)

Source of other data: Energy Balances of Non-OECD Countries, IEA

Figure 4-16 CO2 emission from power generation, assuming power
generation efficiency equivalent to Japan were achieved

million tCO2
10,000

8,000

6,000

4,000

2,000

Current | Estimate  Current | Estimate Current | Estimate ~ Current | Estimate

Japan China India Asia World

Note: Concerning all countries/regions in the figure, the bar graph to the left indicates the current
power generation-induced CO2 emissions, while the bar graph to the right shows the
estimate of power generation-induced CO2 emissions based on the assumption that a level
of efficiency equal to that of Japan has been achieved.

Source of Japanese data: Outline of Electric Power Demand-Supply, Ministry of Economy, Trade

and Industry (Agency for Natural Resources and Energy)

Source of other data: Energy Balances of Non-OECD Countries, IEA
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Energy efficiency in industry

The use of advanced energy-saving
technologies will enable further CO2 emission

reduction even in the steel industry.

DATA 085 | Figure 4-17 Comparison of efficiency in the steel

industry by country (2005)

According to a trial calculation undertaken by Nippon Keidanren,
the steel industry in Japan is more energy efficient than those in
the United States, EU, China and other countries.

Figure 4-18 Potential CO2 reduction with the use of
current BAT* in the steel industry (as of 2020)

Using the BAT, countries can reduce their CO2 emissions. If
coke dry quenching (CDQ), top pressure recovery turbine (TRT),
exhaust heat recovery and continuous casting technologies were
introduced worldwide as extensively as they have been in Japan,
a reduction of nearly 300 million tCO2 of emission is calculated
to be potentially achievable annually worldwide. The potential
reduction is estimated to be the largest in China with 140 million
tCO2 because while there will be an increase in production, the
rate of introduction of BAT currently remains low. By technology,
the amount of energy saved is the largest in coke dry quenching
(CDQ) equipment at present, but depending on how extensively
the technologies will be introduced, TRT and converter gas
recovery may also become effective.

*BAT: Abbreviation for “best available technology”

Unit energy consumption rate
in the steel industry
o~
o

DATA

Figure 4-17 Comparison of efficiency in the steel industry by country (2005)

Versus Japan (%)
160

140

143

120

100

Source: Results of the Fiscal 2009 Follow-up to the Keidanren Voluntary Action Plan on the

Environment (Section on Global Warming Measures), Nippon Keidanren

Figure 4-18 Potential CO2 reduction with the use of current BAT in the
steel industry (as of 2020)
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[Formula]

Amount of reduction in CO2
emissions worldwide as of
2020 = ¥ [Energy saving
rate x Amount of production
in 2020 x (Target extension
rate — Current extension rate)
x Amount of CO2 emissions
per energy consumption]

We referred to the projected
GDP increase rate and
estimated the rate of the
increase in production, which
was then multiplied by the
production amount in 2004 to
find the projected production
amount.

Source: Documents distributed at the 10th meeting of the Expert Committee to Study
Future Framework, Global Environment Subcommittee, Environment Committee,

Industrial Structure Council
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Energy efficiency in industry

The use of advanced energy-saving
technologies can reduce CO2 emissions in the

cement industry even further.

DATA 086 | Figure 4-19 Efficiency in the cement manufacturing
industry by country (2003)

Cement manufacturers in Japan are more energy-efficient than
those in the United States, EU, China and all other countries.

Figure 4-20 Potential CO2 reduction with the use of
current BAT in the cement manufacturing industry
(as of 2020)

Using BAT countries could further reduce CO2 emissions. If other
countries successfully reduced their emission rates to a level
equal to that of Japan, a reduction of 16% of global emission of
2.9 billion tCO2, namely approx. 600 million tCO2 of emission
reduction would be achieved worldwide. The absolute amount

of reduction will be 300 million tCO2 in China, a country with

a large amount of production. It is equal to 53% of the total
potential CO2 emission reduction.
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Figure 4-19 Efficiency in the cement manufacturing industry by country (2003)
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Source: Results of the Fiscal 2009 Follow-up to the Keidanren Voluntary Action Plan on the
Environment (Section on Global Warming Measures), Nippon Keidanren

Figure 4-20 Potential CO2 reduction with the use of current BAT in the cement
manufacturing industry (as of 2020)

million tCO2
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2 800 Pro]?Ct.ed €02 Emission rate in Japan)
= emissions as
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Source: Documents distributed at the 10th meeting of the Expert Committee to Study Future
Framework, Global Environment Subcommittee, Environment Committee, Industrial Structure
Council
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Energy efficiency in industry

Similar trial calculations for passenger cars
are made. Comparisons in CO2 emissions
depending on the means of transportation
should be useful in considering which means
of transportation to choose for various

applications in the future.

DATA 087 | Figure 4-21 Potential CO2 reduction with the use of
current BAT in passenger cars (as of 2020)

If fuel efficiency increased in other countries to a level equal to
that of Japan, the potential in reduction in North America could
be greater than that in developing countries (because of the
huge number of cars used and with many of them being fuel
inefficient). It is expected that reasonably priced used cars (less
fuel-efficient) would be used more in developing countries than
in developed countries.

Figure 4-22 Comparison of CO2 emissions by means of
transportation (2005)

In the travel sector, while the emission rate per person per
distance is high for passenger cars which are regarded highly
convenient, the emission rates for buses, railway and others
having mass transportation capacity and used in public
transportation are low. In the freight sector, the emission rates of
railways and ships are much lower than that for freight vehicles.
These results suggest that using public transportation or mass
transportation systems would be effective in reducing CO2
emissions in the transportation sector.

DATA

Figure 4-21 Potential CO2 reduction with the use of current BAT
in passenger cars (as of 2020)

[Formulas]
Potential for CO2 reduction by country/region in 2020
= Number of cars used (2020) x [(Energy efficiency of cars that
are currently marketed)' — (Energy efficiency of BAT cars)'] x
mileage per car x CO2 emission coefficient
Number of cars used (2020)
= Number of cars owned per person (2020) x Population (2020)
Number of cars owned per person (2020)
= Versus-GDP elasticity of number of cars owned per person x
GDP increase rate (2001-2020)
Versus-GDP elasticity of number of cars owned per person
= Rate of increase in number of cars owned per person
(1990-2001)/GDP increase rate (1990-2001)

Source: Documents distributed at the 10th meeting of the Expert Committee to Study Future
Framework, Global Environment Subcommittee, Environment Committee, Industrial Structure

Council

Figure 4-22 Comparison of CO2 emissions by means of transportation (2005)
(Left: travel, right: freight)
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Source: Website of the Ministry of Land, Infrastructure, Transport and Tourism
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Development of new technologies
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Society enables us to see the overall picture of
environmen

In order to deal with the global warming
problems, there is a demand to accelerate

the development of new technologies.

The technology examples shown in Cool
Earth—Innovative Energy Technology and
technologies supporting Recycling-Oriented
the technologies required to overcome global

tal problems. They are also useful
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References | Classification of countries | By income level, by region

Countries Income level Region
Austria High-income countries (OECD) Europe/Central Asia
Belgium High-income countries (OECD) Europe/Central Asia

Czech Republic

High-income countries (OECD)

Europe/Central Asia

Denmark High-income countries (OECD) Europe/Central Asia
Finland High-income countries (OECD) Europe/Central Asia
France High-income countries (OECD) Europe/Central Asia
Germany High-income countries (OECD) Europe/Central Asia
Greece High-income countries (OECD) Europe/Central Asia
Hungary High-income countries (OECD) Europe/Central Asia
Italy High-income countries (OECD) Europe/Central Asia
Ireland High-income countries (OECD) Europe/Central Asia
Luxemberg High-income countries (OECD) Europe/Central Asia
Netherlands High-income countries (OECD) Europe/Central Asia
Norway High-income countries (OECD) Europe/Central Asia
Portugal High-income countries (OECD) Europe/Central Asia
Slovakia High-income countries (OECD) Europe/Central Asia
Spain High-income countries (OECD) Europe/Central Asia
Sweden Europe/Central Asia
Switzerland High-income countries (OECD Europe/Central Asia

United Kingdom

High-income countries (OECD

Europe/Central Asia

)
)
)
)

Australia High-income countries (OECD East Asia/Pacific countries
Japan High-income countries (OECD East Asia/Pacific countries
New Zealand High-income countries (OECD) East Asia/Pacific countries
Canada High-income countries (OECD) North America

United States of America

High-income countries (OECD)

North America

Croatia

High-income countries (non-0ECD)

Europe/Central Asia

Cyprus

High-income countries (non-0ECD

Europe/Central Asia

Estonia

High-income countries (non-0ECD

Europe/Central Asia

Slovenia

Europe/Central Asia

Bahrain

High-income countries (non-OECD

Middle East/North African countries

Israel

)
)
High-income countries (non-0ECD)
)
)

High-income countries (non-OECD

Middle East/North African countries

Kuwait

High-income countries (non-0ECD)

Middle East/North African countries

Malta

High-income countries (non-0ECD)

Middle East/North African countries

Oman

High-income countries (non-0ECD)

Middle East/North African countries

Qatar

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
High-income countries (OECD)
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

High-income countries (non-0ECD)

Middle East/North African countries

Countries

Income level

Region

Saudi Arabia

High-income countries (non-0OECD)

Middle East/North African countries

United Arab Emirates

High-income countries (non-0ECD)

Middle East/North African countries

Brunei Darussalam

High-income countries (non-0ECD

East Asia/Pacific countries

French Polynesia

High-income countries (non-0ECD

East Asia/Pacific countries

Guam

High-income countries

East Asia/Pacific countries

New Caledonia

High-income countries (non-0ECD

East Asia/Pacific countries

Northern Mariana Islands

)
)
non-0ECD)
)
)

High-income countries (non-0ECD

East Asia/Pacific countries

Antigua and Barbuda

High-income countries (non-0OECD)

South America/Caribbean countries

Bahamas High-income countries (non-0ECD) South America/Caribbean countries
Barbados High-income countries (non-0ECD) South America/Caribbean countries
Puerto Rico High-income countries (non-0ECD) South America/Caribbean countries
Trinidad and Tobago High-income countries (non-0ECD) South America/Caribbean countries
Botswana High-level middle-income countries Sub-Saharan Africa
Gabon High-level middle-income countries Sub-Saharan Africa
Mauritius High-level middle-income countries Sub-Saharan Africa
Namibia High-level middle-income countries Sub-Saharan Africa
Seychelles High-level middle-income countries Sub-Saharan Africa
South Africa High-level middle-income countries Sub-Saharan Africa
Belarus High-level middle-income countries Europe/Central Asia

Bosnia and Herzegovina

High-level middle-income countries

Europe/Central Asia

Bulgaria High-level middle-income countries Europe/Central Asia
Kazakhstan High-level middle-income countries Europe/Central Asia
Latvia High-level middle-income countries Europe/Central Asia
Lithuania High-level middle-income countries Europe/Central Asia
Montenegro High-level middle-income countries Europe/Central Asia
Poland High-level middle-income countries Europe/Central Asia
Romania High-level middle-income countries Europe/Central Asia

Russian Federation

High-level middle-income countries

Europe/Central Asia

Serbia

High-level middle-income countries

Europe/Central Asia

The former Yugoslavia Republic of
Macedonia

High-level middle-income countries

Europe/Central Asia

Turkey

High-level middle-income countries

Europe/Central Asia

Algeria

High-level middle-income countries

Middle East/North African countries

Lebanon

High-level middle-income countries

Middle East/North African countries

Libyan Arab Jamahiriya

High-level middle-income countries

Middle East/North African countries

Fiji

High-level middle-income countries

East Asia/Pacific countries

Malaysia

High-level middle-income countries

East Asia/Pacific countries

Argentina

High-level middle-income countries

South America/Caribbean countries

Brazil

High-level middle-income countries

South America/Caribbean countries
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Countries

Income level

Region

Chile

High-level middle-income countries

South America/Caribbean countries

Colombia

High-level middle-income countries

South America/Caribbean countries

Costa Rica

High-level middle-income countries

South America/Caribbean countries

Cuba

High-level middle-income countries

South America/Caribbean countries

Dominican Republic

High-level middle-income countries

South America/Caribbean countries

Grenada

High-level middle-income countries

South America/Caribbean countries

Jamaica

High-level middle-income countries

South America/Caribbean countries

Mexico

High-level middle-income countries

South America/Caribbean countries

Panama

High-level middle-income countries

South America/Caribbean countries

Peru

High-level middle-income countries

South America/Caribbean countries

Saint Kitts and Nevis

High-level middle-income countries

South America/Caribbean countries

Saint Lucia High-level middle-income countries South America/Caribbean countries
Suriname High-level middle-income countries South America/Caribbean countries
Uruguay High-level middle-income countries South America/Caribbean countries
Angola Low-level middle-income countries Sub-Saharan Africa
Cameroon Low-level middle-income countries Sub-Saharan Africa
Cape Verde Low-level middle-income countries Sub-Saharan Africa
Congo Low-level middle-income countries Sub-Saharan Africa
Lesotho Low-level middle-income countries Sub-Saharan Africa
Nigeria Low-level middle-income countries Sub-Saharan Africa

Sao Tome and Principe

Low-level middle-income countries

Sub-Saharan Africa

Sudan

Low-level middle-income countries

Sub-Saharan Africa

Swaziland Low-level middle-income countries Sub-Saharan Africa
Albania Low-level middle-income countries Europe/Central Asia
Armenia Low-level middle-income countries Europe/Central Asia
Azerbaijan Low-level middle-income countries Europe/Central Asia
Georgia Low-level middle-income countries Europe/Central Asia

Turkmenistan

Low-level middle-income countries

Europe/Central Asia

Ukraine

Low-level middle-income countries

Europe/Central Asia

Djibouti

Low-level middle-income countries

Middle East/North African countries

Egypt

Low-level middle-income countries

Middle East/North African countries

Iraq

Low-level middle-income countries

Middle East/North African countries

Jordan

Low-level middle-income countries

Middle East/North African countries

Morocco

Low-level middle-income countries

Middle East/North African countries

Syrian Arab Republic

Low-level middle-income countries

Middle East/North African countries

Tunisia

Low-level middle-income countries

Middle East/North African countries

China

Low-level middle-income countries

East Asia/Pacific countries

Indonesia

Low-level middle-income countries

East Asia/Pacific countries

Countries Income level Region
Mongolia Low-level middle-income countries East Asia/Pacific countries
Philippines Low-level middle-income countries East Asia/Pacific countries

Solomon Islands

Low-level middle-income countries

East Asia/Pacific countries

Thailand Low-level middle-income countries East Asia/Pacific countries
Timoe-Leste Low-level middle-income countries East Asia/Pacific countries

Vanyatu Low-level middle-income countries East Asia/Pacific countries

Bhutan Low-level middle-income countries South Asia

India Low-level middle-income countries South Asia

Pakistan Low-level middle-income countries South Asia

Sri Lanka Low-level middle-income countries South Asia

Belize Low-level middle-income countries South America/Caribbean countries
Ecuador Low-level middle-income countries South America/Caribbean countries
El Salvador Low-level middle-income countries South America/Caribbean countries
Guatemala Low-level middle-income countries South America/Caribbean countries
Guyana Low-level middle-income countries South America/Caribbean countries
Honduras Low-level middle-income countries South America/Caribbean countries
Nicaragua Low-level middle-income countries South America/Caribbean countries
Paraguay Low-level middle-income countries South America/Caribbean countries
Benin Low-income countries Sub-Saharan Africa

Burkina Faso

Low-income countries

Sub-Saharan Africa

Burundi

Low-income countries

Sub-Saharan Africa

Central African Republic

Low-income countries

Sub-Saharan Africa

Chad

Low-income countries

Sub-Saharan Africa

Eritrea Low-income countries Sub-Saharan Africa
Ethiopia Low-income countries Sub-Saharan Africa
Gambia Low-income countries Sub-Saharan Africa
Ghana Low-income countries Sub-Saharan Africa
Guinea Low-income countries Sub-Saharan Africa

Guinea-Bissau

Low-income countries

Sub-Saharan Africa

Kenya Low-income countries Sub-Saharan Africa
Liberia Low-income countries Sub-Saharan Africa
Madagascar Low-income countries Sub-Saharan Africa
Malawi Low-income countries Sub-Saharan Africa
Mali Low-income countries Sub-Saharan Africa
Mauritania Low-income countries Sub-Saharan Africa
Mozambique Low-income countries Sub-Saharan Africa
Niger Low-income countries Sub-Saharan Africa
Rwanda Low-income countries Sub-Saharan Africa
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Countries

Income level

Region

Senegal

Low-income countries

Sub-Saharan Africa

Sierra Leone

Low-income countries

Sub-Saharan Africa

Somalia Low-income countries Sub-Saharan Africa

Togo Low-income countries Sub-Saharan Africa

Uganda Low-income countries Sub-Saharan Africa

Zambia Low-income countries Sub-Saharan Africa

Zimbabwe Low-income countries Sub-Saharan Africa

Kyrgyzstan Low-income countries Europe/Central Asia

Tajikistan Low-income countries Europe/Central Asia

Uzbekistan Low-income countries Europe/Central Asia

Yemen Low-income countries Middle East/North African countries
Cambodia Low-income countries East Asia/Pacific countries

Lao People's Democratic Republic

Low-income countries

East Asia/Pacific countries

Myanmar Low-income countries East Asia/Pacific countries

Vietnam Low-income countries East Asia/Pacific countries
Afghanistan Low-income countries South Asia

Bangladesh Low-income countries South Asia

Nepal Low-income countries South Asia

Haiti Low-income countries South America/Caribbean countries




The Asahi Glass Foundation was established in 1933 as the Asahi Foundation
for Chemical Industry Promotion in commemoration of the twenty-fifth
anniversary (1932) of the founding of Asahi Glass Co., Ltd. Over most of

its first half-century, with the exception of the chaotic postwar days, the
foundation focused primarily on fostering research in the field of applied
chemistry. To meet the demands of the new era, the foundation undertook
the overall redesign of its programs in 1990, expanding the scope of its
activities and establishing its commendation program. At the same time, it
was renamed the Asahi Glass Foundation. The foundation has since sustained
a variety of activities under its grant-making programs on technologies for
the next generations and commendation programs with an international
prize for environmental activities, namely the Blue Planet Prize. In addition
to our numerous commitments to solving global environmental problems,
our activities contribute to the creation of a society and civilization where all

of humankind can be blessed with genuine wealth.
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