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Section 1

SUMMARY

1.1 Technical Problem

As made evident in the popular press and in studies conducted
by almost every government agency, the U.S. (and the world) is approach-
ing an energy crisis. The U.S. currently consumes energy at the rate
of 17.5 x 1015 kilocalories per year and projections for the year 2000
indicate a consumption of 40 x 1015 kilocalories. At present rates of
exploitation U.S. reserves of oil and natural gas could be depleted by
that time; coal and nuclear power would be the principal sources of
energy. This situation can be expected to have its impact on the
Depariment of Defense, both in terms of DoD as a consumer of energy
and in relation to the potential impact of the responses of other nations
to their own energy crises on U.S. security. This report documents
a study which addressed the second of these two areas — namely the
projected energy demands and resources of Japan and the potential

impact of Japan's reactions to an energy shortage on the U.S.

Japan now has a GNP of $270 billion a year which has jumped
from a level of $6 billion 25 years ago; prior to the 1971 recession it
was rising at an annual rate of 13 percent. Japan's energy require-
ments are considerable (3.2 x 1015 kilocalories in 1971), and they are
increasing at a rate twice that of the U.S. Moreover, Japan has few
domestic sources of energy (mainly hydroelectric power which is

almost saturated) and so is vulnerable to foreign pressures as she

seeks to provide for future energy demands.
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The Japanese Gover iment has recognized this situation and
has given the Ministry of Int: rnational Trade and Industry (MITI) the
responsibility of developing plans for assuring adequate energy supplies.
However, energy planning efforts are not confined to that one agency;
Japanese businessmen and government officials are acutely aware of
the dependence of Japan's economic well being on a stable supply of

energy and are engagec in far ranging activities in exploration, develop-

ment, and research to secure adequate energy supplies both for now
and into the next century. Among other things, Japan is negotiating
with the Soviet Union for Siberian oil, is participating in a U.S. /Soviet
$7 billion irade agreement for Soviet natural gas, and has been vying

for Alaskan oil. In the nuclear field Japan has agreements for fuel

and/or joint research with the U.S., Great Britain, France, and Aus-
tralia. Despite this planning, problems such as the near- and mid-

term dependence on foreign oil and long lead time involved in install-

ing nuclear reactors remain.

The objective of this study was to prepare projections of Japa-
nese energy demands through the year 2000, and to identify potential

sources of conflict which might arise as Japan attempts to secure her

needed energy supplies. In addition, potential areas of technology
transfer to Japan which could have a stabilizing influence on the world ]

energy situation were to be identified.

Volume II of this report contains supporting appendices which

discuss in detail the five major energy resources — hydroelectric,

coal, oil, gas, and nuclear power.




1.2 General Methodology

The study relied heavily on Japanese documents which address
Japan's efforts to secure sufficient energy supplies and which contain
energy demand projections. The principal sources were prepared by
the Ministry of International Trade and Industry, the Institute of Energy
Economics, and the Research Institute of Mitsui Corporation. While
independent proiections from basic data were not prepared, SAI did
prepare detailed estimates of the most likely course of energy demand
growth in Japan (base case) and estimated bounding high and low cases.
These projections were developed primarily from existing Japanese
projections which were modified and shifted in time on the basis of
information developed during the course of this study (see Volume II).
The fact that the numbers which appear in this report are often expressed
to three or more significant figures results from the attempt to main-
tain consistent supply/demand energy balances and should not imply a

corresponding precision in the data base from which they were derived.

Section 2 contains a discussion of the base energy demand pro-
jections beginning with a general overview of Japan's energy require-
ments. In Section 3, ranges of energy demand which depend on differ-
ent assumptions of economic, political, and social conditions are
described. Section 4 contains detailed supply/demand energy balances
at 5-year intervals through the year 2000. Geopolitical scenarios
which could evolve into conflicts as Japan looks worldwide to find and
guarantee future energy resources are identified in Section 5. Section 6

examines potential areas of technology transfer to Japan.




1.3 Study Results
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1.3.1 Base Case Energy Demand Projections

The base case projections of the supply of energy Japan will
require through year 2000 are summarized in Table 1. 1. Highlights
of the projections for the time period 1971-1985 are as follows:

Between 1971 and 1985 Japan's energy demands will
grow at a faster pace (7.5 percent per year) than is
forecast for the United States (4.2 percent per year).
By 1985 Japan's energy requirements in relation to
those of the United States will be:

- Total energy requirement will be slightly less
than one-fourth of that of the United States.

- Per capita energy demand in Japan will be about
52 percent of that in the United States.

Japan's reliance upon imports for her energy require-
ments will continue to grow. Imported energy sources
which now account for 85 percent of total energy require-
ments, will account for 94 percent of total energy
requirements by 1985,

Oil is presently the major energy source for Japan and
will remain so through 1985. The fraction of total energy
accounted for by petroleum will decrease slightly from

73 percent in 1971 to 72 percent in 1985, but absolute
requirements for oil will increase rapidly. The poten-
tial crisis in meeting this increasing oil requirement

is characterized by the following facts:

- By 1985 Japan's requirements for oil will nearly
triple from present levels, going from the equiva -
lent of 250 x 106 kiloliters/year in 1971 to 650 x
105 kiloliters /year in 1985,

- The above increase in 0il requirements translates
into constraction requirements for 18 new oil
tankers of 200, 000 dwt equivalent each year until
1985,
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° Coal requirements for the iron and steel industries of
Japan will continue to grow, but the fracticn of total
enérgy supplied by coal will drop from 18 percent in
1971 to 10 percent in 1985. Domecztic production of
coal will remain essentially level as will consumption
of coal in thermoelectric generating plants. Increases
in coal will come almost entirely from increased imports
of coal for the iron and steel industries.

o Demand for electricity in Japan as a fraction of total
power will increase slowly between 1971 and 1685,
going from about 24 percent in 1971 to about 29 percent
in 1985. The three major sources of energy for elec-
tricity generation are:

- Hydropower. Hydropower will increase oniy
slightly and will account for a decreasing share
of electrical power.

- Nuclear. Nuclear power will increase very
rapidly, but by 1985 will constitute less than one-
half of the total generated electrical power and
only 13 percent of total energy in Japan. This
increase in nuclear power although rapid, will
not greatly affect the need for petroleum,

- Thermal. Coal inputs to electrical generation
will remain relatively stable which means a
decreasing fraction of electricity generated by
coal. Petroleum requirements for electrical
generation will increase as oil continues to account
for nearly half of the total energy input for elec-
trical generation.

° Liquified Natural Gas (LNG) imports will increase
nearly tenfold, but LNG will be used only for specialized
uses and will continue to account for only a very small
fraction of total energy (1.2 percent by 1985).

Beyond 1985 the Japanese economy is expected to increasingly

shift irom an industrial emphasis to a consumer emphasis. Growth

rates can be expected to taper off and to assume characteristics similar




to those of the United States at present, Environmental concerns and
saturation demand effects, coup.ed with the projected zero population
growth in Japan by 2000, can e expected to result in a level off of
energy demand. Based on the< above factors, the SAI base case pro-
jection indicates the following for the period 1985 to 2000:

Energy demand growth rates will slow beyond 1985, and
per capita energy demand will begin to level off some-
time soon after 2000 to about 143 x 106 kilocalories/
year. Per capita demand in the United States is pro-
jected to level off by 2000 to about 180 x 10° kilocalories/
year. The ultimate per capita energy demand will be
nearly five times the present demand in Japan, and will
be about 50 percent greater than present per capita
demand in the United States.

Beyond 1985 imports will continue to account for about
95 percent of total energy demand, but nuclear fuels
will account for an increasing fraction of imports and
fossil fuels imports will be reduced to 69 percent of
total energy needs by 2000

Oil will remain the main energy supply through 2000,
but the percent of total energy supplied by oil will drop
from 72 percent in 1985 to 60 percent in 2000, The
slowdown in the rate of increase of Japan's energy
demand coupled with an increasing nuclear energy sup-
ply will result in a slower rate of increase in the neea
for oil. Oil requirements between 1985 and 2000 will
increase by about 50 percent goingefrom 650 x 109
kiloliters/year in 1985 to 980 x 10° kiloliters/year in
2000. *

* Based on an energy content of 9400 kilocalories per liter of crude,
the following conversion factors may be applied to the data in this

report:

1 kiloliter

= 6.29 barrels

1 kilocalorie = 6,69 x 10-7 barrels
1 kilocalorie/year = 1.88 x 10~9 bbl/day




° Coal requirements will continue to grow, but at a
reduced rate, and the fraction of total energy supplied
by coal will hold about constant at 10 percent. Domes-
tic production will increase but will remain less than
one-third of total coal requirements.

° Demand for electricity in Japan will continue to grow
rapidly and by 2000 electricity generation will account
for 39 percen! of total energy. Almost all new electri-
cal capacity installed between 1985 and 2000 will be
nuclear, and nuclear fuel will account for nearly all
base load generation by 2000.

° LNG imports will continue to increase, but LNG will
continue to account for a very small fraction of total
energy needs.

1.3.2  Geopolitical Implications of Japan's Energy Demand

It is difficult to postulate situations arising directly from the
energy crisis which can lead to armed conflict of consequence. A pos-
sible exception is in the Middle East. but here it is difficult to sepa-
rate an energy-related scenario from yet another manifestation of the
Arab-Israeli conflict. The eénergy crisis seems to offer numerous
opportunities for severe economic competition and minor skirmishes §
the major powers, however, are developing a sufficient number of
options that they will not be dragged quickly into war. Japan herself
has limited armed forces zind traditionally has selected the option to
underwrite foreign Jaganese business losses rather than attempt to
defend them with force. Because an energy crisis would strike close
to the economic heart of the countries involved, even minor skirmishes
could have serious consequences and potential trouble spots should be
carefully watched.
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The geopolitical implicat.ons inherent in Japan's determina-
tion to assure energy sources for her industrial ard commercial future
are hased on both economic and political motives. Economically Japan
would prefer to develop alternative sources of petroleum which are
politically stable and geologically viable, keep a firm hand »n the well-
head, refinery, and transportation process, and continue to route her
tankers through the Straits of Malacca. Economically Japan is pre-
pared to outbid potential rivals for scarce petroleum supplies and has
the resources to do so. Politically Japan will tend to support whatever
side in competing territorial claims that offers Japan an assured source
of petroleum and the ability to acquire it at the most favorable terms.
Politically, Japan will do nothing to offend her Arab suppliers of oil.
Finally, both economically and politically, Japan may be unable to
sidestep the growing restrictive policies of nationalization that are
developing worldwide and the growing demands of the OPEC nations,
and so may not be able to completely avoid confrontation and denial

of supply.

Section 5 examines Japan's relations with Persian Gulf coun-
tries and discusses Persian Gulf-to-Japan oil transportation in terms
of tankship requirements, tanker rovtes, and a potential trouble spot —
the Straits of Malacca. The effect of Japan's energy requirements on
her relations with the Soviet Union, the Peoples Republic of China, and
the United States is also examined, and a final subsection identifies

potential conflicts arising from offshore oil exploration.

1.3.3 Potential for Technology Transfer to Japan

The subject of technology transfer was approached in terms

of attempting to lessen Japan's dependence on petroleum. Anything




which might reduce Japan's need for oil would have the primary poten-

tial benefit to the U.S. of helping to maintain economic and political

stability. Prospects for such technology transfer include:

coal gassification

high temperature gas reactors for direct process use
of nr'cl energy

geothermal energy systems

fusion power production

In addition to the areas identified above which deai directly with energy

production, there are several potential technology transfers in energy-

related fields which might help Japan to maintain her industrial growth.

Examples include:

10

coal sulfur emissions control
uranium enrichment technoloyy

radioactive waste disposal

environmental technology




Section 2

BASE CASE ENERGY DEMAND PROJECTIONS

2.1 General Overvig\y_

Japan is fully aware that, on her present course of industrial
expansion and growth, an energy crisis is incipient. The Ministry of
International Trade and Industry (MITI) is the cognizant government
agency charged with the responsibility of formulating appropriate
policies to minimize the impact of a potential energy shortage upon
Japan's industry, trade, and commerce. The situation is exacerbated
by the fact that Japan is highly dependent upon imported petroleum and
is expected to remain so for the foreseeable future.

The current situation finds four major sources of energy used
in Japan. These are:

(] Hydroelectricity: Locally generated and completely
dedicated to Japan's electric power industry, hydro-
electric power was the first major contributor to Japan's
industrial renaissance, but is being displaced from a
primary to a secondary peak power reserve role.

® Coal: Domestic sources of coal have been used to fuel
Japan's thermoelectric power plants and imported coal
has been used in the metallurgical industry. It is now
being displaced as a primary contributor to the electri-
cal power industry but maintains a strong position, pri-
marily from imported sources, for the metallurgical
industry,

(] Petroleum: Petroleum is the key to Japan's present
industrial economy and is the area in which, if Japan

11
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is to undergo an energy crisis, shortages will first
become apparent. Petroleum serves three major ele-
ments of the Japanese ec onomy. It goes directly to
industry and transportation; it goes directly to the gen-
eration of additional energy, mostly electrical power;
and it furnishes the raw materials for Japan's petro-
chemical industry, Japan's petroleum reserves are
minimal and 99 percent of her petroleum requirements
must be imported. No new local sources, even if dis-
covered, are expected to alter this significant imbalance.

Nuclear power: Like hydroelectric power, nuclear gen-
eration is a "dedicated source" for the electric power
industry. Although still in its infancy, nuclear power

is expected to burgeon and to supplement imported petro-
leum in meeting Japan's demands for electrical power.

Japan is currently highly dependent upon imported petroleum.
There has been no tanker shortage to date, and Japan's shipbuilding
capacity appears adequate to meet future demand. Japan's 1971 petro-
leum imports, the real key to Japan's potential eénergy crisis, were:

85 percent from the Persian Gulf area of the Middle
East

13 percent from Indonesia and surrounding Southeast
Asian territorial waters

Less than 1 percent from the USA (although Japan has
been planning to purchase Alaskan oil, a fact not gen-
erally known in current discussions on the subject)

Slightly more than 1 percent from producing fields in
West Africa and Libya

Less than 1 percent from South American (although a
series of trans-Andean pipelines either operational or

under construction could change this picture significantly
in the next decade)

Less than 1 percent from the USSR.



Japan is taking steps to control the complete flow of oil from
wellhead to consumer by: actively participating in petroleum explora-
tion; forming joint ventures, worldwide, with existing petroleum pro-

duction and exporting companies; expanding her own tanker fleet; and

lessening her dependence upon Persian Gulf oil.

The official Economic and Social Development Plan adopted by
the Japanese government calls for continuing through 1975 the present
economic policy of relatively high capital expenditures in comparison
with spending for consumer goods. The adoption of such a plan and
related policies is intended to result in a continued rapid increase in
Japan's economy, with the probable effect of an even faster increase
in Japan's total energy demand. Between 1975 and 1985 the Japanese
economy can be expected to slowly shift toward a Western European or
United States type economy, which is more oriented towards private
consumption. Such a shift, coupled with increasing environmental con-
cerns, should begin to slow the rate at which the Japanese economy
expands. However, through 1985 the Japanese economy. and the resul-

tant energy demand, can be expected to continue to increase and at a

faster rate than is projected for the United States.

2.2 Background

Japan's emergence as an industrial "'superpower’ has had

worldwide commercial and economic implications, particularly in the
past several years. Yet Japan is not newly arrived upon the scene as
a major consumer of energy, producer of goods, and holder of a vast
supply of the world's dollars. Prior even to World War II, Japan had
built up one of the world's mightiest war machines, had developed

industrial complexes on the Home Islands and on occupied territory in




Korea and China, and 1ad constructed two of the world's largest battle -
ships, the world's second largest hydroele:tric complex, the world's
most advanced coal-to-oil conversion plant, ard one of the world's

largest integrated electrochemical complexes. The industrial develop-

ment of Japan in the post-World War IT and Korean Conflict veriods is

summarized in the following pages.

2.2.1 Historical Aspects

Japan's industrial reemergence essentially began during the
Korean Conflict, when the United States initiated ''special procurements"
in Japan, for both geographic and economic reasons. The Allied Occu-
pation's dictated Constitution forbade the Japanese to possess an arma-
ments industry capable of producing the ''weapons or means of war. "
This prohibition caused the generation cf considerable subterfuges in
the fabrication of equipment to support the UN Forces in Korea, such

as vehicle "repair and overhaul" facilities to rehabilitate U.S. military

equipment recovered from the Pacific Islands. These facilities were
remarkably similar to U.S. military vehicle production lines and pro-

vided a strong base for the contemporary Japanese automobile industry.

Prior to the Treaty of San Francisco in 1952, the level of eco-
nomic activity in Japan was so low, and the occupation and associated
aid programs so dominating that the entire concept of "foreign trade"
and domestic manufacture was remote. The 1950-1955 period was
therefore critical to the future of Japan because, with American help
particularly in the areas of technicological modernization, the founda-
tions of a new industrial base — the base that is currently generating
the energy forecasts prepared by the Ministry of International Trade
and Industry (MITI) — were ectablished. By 1955 Japan's GNP had
reached the peak of her pre-war production. Japan's international
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focus was, however, almost solely U.S.-based, and her economy could
best be described as internally oriented. During the period 1955-1970,
Japan’s energy demand essentially - uralleled growth in GNP, although
demand began to outstrip planned imports ky 1970. (1) Shortfalls were
made up by aun regressive import program, and, initially spurred by
foreign orders, Jjapan's shipbuilding industry began to provide domes -
tic suppliers with tankers up to 300, 000 dwt, as well as smaller ves-

sels, more suited for passage through the Straits of Malacca.

2.2.2 Recent Developments

The political and geopolitical implications of the impending
"world energy crisis” upon Japan were first publically identified by
the Japanese Government in the mid-1960s. The Ministry of Interna-
tional Trade and Industry was charged with the responsibility of estab-
lishing an industrial contingency plan through the year 2000, and a rec-
ommended course of activities through at least 1980. Several alterna-
tive contingencies were hypothesized, based primarily u)jon variations
in the GNP. Fluctuations in international relations such as unilateral
action by oil producing nations in raising their prices; closing of the
Straits of Malacca or the Lombok Straits; or major new oil finds
accessible to Japan were not given serious consideration in the basic

contingency planning documents.

A special board was established by MITI, and a series of
paneis, each staffed by specialists in various energy areas, were con-
vened. The board focused upon Japan's present energy requirements
as a factor of GNP and projected energy requirements for the next two

decades. The first report was published in 1967 and accurately fore-

cast that Japan was headed into an energy crisis of significant proportions.
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The forecast was immediately endorsed by fact, when the ""nrojected"

energy demand for 1970 was reached in 1968. (2)

MITI reacted to this situation by establishing a ""Board of
Investigation of Energy Requirements, " which was cnarged with mak-
ing realistic supply and demand assessments and setting the appropri-
ate political courses of action for the government, and, through the
government, for industry. On 2 May 1970, in the context of the
MITI charter for the economic and industrial guidance for Japan, the
"New Economic Social Development Plan'" was promulgated, a series
of guidelines which reflected strong reaction to the present and fore-
cast energy situation. Another input to the plan is the proposed re-
orientation of the Japanese socio-economic situation by Prime Minis-

ter Tanaka, as presented in his controversial book Building a New

Japan — A Plan for Remodeling the Japanese Archipelego. (3) In this

work (written before he assumed the office) the Prime Minister pro-
posed the dispersal of Japanese industry and commerce from the over -
crowded Pacific and Inland Sea littoral to the relatively underpopulated
and underdeveloped interior, to interior Shikoku, to the Japan Sea
Coast, and to Hokkaido. This proposal has not received wide popular
acceptance by the Japanese (who despite inducements have been reluc-
tant to emigrate even to Hokkaido because of the — to them — harsh
climate), and its implementation must be considered doubtful when
projecting either Japan's energy requirements or its socio-economic

situalion in the next decade.

History records, therefore, ‘hat Japan did not suddenly burst
upon the scene as an advanced technology, highly competitive super-
power, but rather as a result of a rapid, but rational, evolutionary
growth period that has now brought her tc a position of strong economic

influence on world industry and commerce,
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Such growth is not without its price, however, and Japan,
facing an incipient energy crisis, has recognized that unlimited growth
and a soaring GNP extract both econoniic and social penalties. Through-
out the past decade the GNP growth (itself excessive, > 11 percent)
was exceeded by the energy demand growth, which approached 13 per-
cent. Japan, dependent upon imports, recognized the serious nature
of the problem and saw the necessity to institute steps to rectify the

situation.

The die was already cast when much of Japan's industry and
a large portion of her power generation capabilities were converted

from coal to petroleum. For many years Japan's domestic coal sup-

plies had been adequate to meet the needs of her electrical power
industry. However the combination of increasing air pollution prob-
lems, and the construction of new massive, advanced-technology
thermo-electric plants required that a large portion of imported oil
be diverted to this sector. Japan continued to import metallurgical
coal (domestic coal is deficient in the qualities required to support a
contemporary basic steel indstury), but her dependence upon imported
petroieum rapidly emerged as the single most critical factor in the

energy crisis that lay ahead (see Table 2.1).

The petroleum dependency problem was compounded by the
fact that there were three major demand sectors in which petroleum

was an essential ingredient,

() Petroleum could be consumed in the thermoelectrical
plants of Japan and thus contribute to the overall energy
distribution, in a mix with hydroelectric and (eventually)
nuclear power,

° Petroleum could be consumed immediately by the trans- *,
portation sector of the economy and be distributed
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between the fuel tanks of private cars, diesel locomo-
tives, aircraft and coastwise shipping. (Petroleum
also occupies a "halfway position" in the electrical
power generation for Japan's extensive network of
National and Private Railroads. )

° Finally, petroleum could be diverted from the energy
cycle completely and be consumed by the petrociemi-
cal industry in its various forms ranging from naptha
to textiles and plastics.

In similar fashion coal, particularly domestic coal, could be
used either in the energy generation processes in thermoelectric plants,
or directly in the plastics and textile industries in non-energy applica-
tions. Ouly hydro-electric power was a dedicated energy source — its
only use was the generation of electricity, and it came from a com-
pletely domestic source. However, contemporary pump-storage power
stations have emerged as consumers as well as producers of energy,

a point that will be subsequently addressed.

Because of her dependence upon imported petroleum in her

economy Japan took the following steps to assure supplies:

° Initiation of a tanker construction program of Very
Large Crude Carriers (VLCC) in the =+ 200, 000 dead-
weight ton (dwt) range, and Ultra Large Crude Carriers
(ULCC) in tonnages up to one million tons.

° Establishing control in production and transportation of
oil, so as not to be a consumer at the mercy of the pro-
ducing nations (primarily the Persian Gulf States). To
this end, the Japanese Government financed the ""Petro-
leum Development Corporation" with appropriate ven-
ture capital, and a charter for exploration outside the
Middle East. * At the same time, joint ventures were

* For example, a group of some thirty large Japanese companies
with backing and blessing of the Petroleum Development Corpora-
tion formed a firm called the '"North Slope Petroleum Company. "
The company has recently disbanded.
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sponsored in the Middle East, primarily in Abu Dhabi.
Exploration ventures spanned the promis ing in Indonesia,
the potential in Southeast Asia, the speculative in
southern Peru. Japanese firms contracted to supply

the pipelines, and build the ports and storage facilities.
Japan thus plans to establish control or strong influence
in all elements of the wellhead to consumer cycle. The
proposed pipeline across the Kra Isthmus in Thailand(5)
is an example of such a venture, An example of a suc-
cessful Japanese overseas oil development is the North
Sumatra Oil Development Company. Agreements have
been signed between Japanese firms and Indonesia cov-
ering cooperative offshore exploration and eventual pro-
duction in southern Kalimantan and northern Sumatra.
Japex-Indonesian Limited, for example, has alread
several drill ships and rigs operating in the area. (6)

2.3 Consumption Forecasts and Sources of Energy

Petroleum imports will continue to be important but will he

supplemented by other energy sources. Most of Japan's oil comes

from the Middle East; however, Japan intends to reduce her Persian

Gulf petroleum imports from 85 percent in 1971 to 55 percent in 1985.

Ongoing developments in Indonesia and particularly in South America

seem to offer increasing promise for petroleum reserves which would

enable Japan to meet these goals. Currently, the energy balance is

as follows:
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Japan depends on imported sources for more than 85
percent of her energy requirements. In turn, 85 per-
cent of imported petroleum comes from the Persian
Gulf (1972).

Domestic energy sources (less than 15 percent of the
total) are concentrated in the production of electric
power; these sources include all of the hydroelectric-
ity (6 percent) and half of the domestic coal (3 percent).
The electric power industry also calls upon 12 percent
of the imported oil.
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° The bulk of imporied coal is of metallurgical grade and
goes directly to the iron and steel industry.

° Nuclear power still accounts for a very sraall fraction
of the energy supplies of Japan.

° Liquified Natural Gas although insignificant in the con-
text of the total energy picture of 1971 is assuming a
role o peak capacity buffer reserve in municipal gas
systems, similar to the situation in the United States.
Two new LNG tankers delivered in 1972 should increase
the use of this fuel in subsequent years.

° Hydroelectric power has a similar role in the produc-
tion of electricity. Pumped storage stations are either
on line or are being built, and Japan beginning in 1971
has gone to a stated policy of using hydroelectric power
primarily for peak period (August) reserve and supple-
mental energy. During non-peak periods, some hydro-
electric installations become consumers rather than
procducers of energy as they activate their pumped stor-
age systems.

2.3.1 Energy Demand Projections

Japan's future energy demand will be significantly affected
by the pace of national economic growth as well as by the composition
of her GNP, particularly as regards exports. The following variables
are considered to be th: most significant determinants of long-range
energy demand: (a) economic activity (GNP), (b) population, and (c)
ratio of fixed capital investment to private consumption expenditure.
Other important factors to be considered are the price of energy and

environmental factors.

Several official Japanese government groups as well as pri-
vate research groups have made energy projections to 1985 for Japan.

Their work has been a primary source of data in the preparation of
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this report. The principal reports were issued py the Ministry of
(2,7,8)

oA R, ST VRS T e, N

International Trade and Industry,

the Institute of Energy Eco-
(9,10)

the Research Council of Mitsui and Co., Ltd., (11) and

the Overseas Electrical Industry Survey Institute, Inc. (1a) The Govern-

nomics,

ment of Japan has also issued an official Economic and Social Develop-
ment Plan to govern growth in Japan to 1975. The most probable range

of energy demands forecast by these groups as well as the SAI high,

I e EEEET R v o

low and base case energy demand prrojections used in this study are
shown in Figure 2.1. Also shown as a limiting envelope is the energy
demand that would be experienced by Japan if she were to maintain as
an upper bound her 13 percent a year growth in energy achieved in the
period 1965 to 1970, and as a lower bound the 3 percent growth of
energy demand experienced in the ¢.onomic slump from 1970 to 1972.
The high and low bounds of the limiting envelope shown in Figure 2.1
do not represent probable outcomes but do represent limitirg extremes.
The growth rates in energy demand implicit in the high, low, and inter-
mediate (SAI base case) energy projections to 1985 shown in Figure 2.1
are given in Table 2. 2.

Table 2.2. Different Energy Demand Growth Rates

Growth Rate (Average Annual Percent Gain)

Case 1971-1975%§ 1975-1980 | 1980-1985 | 1971-1985
High — Industrial
Expansion Emphasis 1.0 10.0 8.8 9.6
Intermediate — SAl
Base Case 7.6 7.8 6.4 7.2
Low ~— Personal
Consumption Emphasis 5.2 6.8 6.9 6.0

* Reflects 1971-1972 recession.
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The SAI base case energy demand projection was developed

from available Japanese energy projections to represent what is con-
sidered the most probable future trend of economic growth and con-
sumptive patterns. In order to understand the implications »f the
particular base case chosen, it is necessary to understand the compo-
sition of the current Japanese economy, in comparison with the econ-
omies of the U.S. or Western Europe. The present Japanese economy
has a relatively high ratio of fixed capital formation to GNP and a rela-
tively low ratio of private consumption to GNP. By continuing a high
re-investment of capital in industry, Japan has been able to expand her
GNP at a rate much higher thar experienced in the United States. Such
emphasis on capital expenditure has meant that industry in Japan requires
a continuing greater share of total energy consu:nption than does indus -
try in the United States. As a corollary, residential and commercial
uses of energy are proportionately lower in Japan. In 1971, for example,
about 54 percent of Japan's total energy supply went to industry and

only 20 percent to residential and commercial uses. In the United

Sates corresponding allocations were 37 percent and 33 percent,

respectively.

In the near future the Economic and Social Development Plan
adopted by the Japanese government to cover the period to 1975 calls
for a continued emphasis on economic growth with a high ratio of fixed
capital investment. However, the recession which started in 1971 has
slowed the growth of the Japanese economy substantially and despite
the emphasis being placed on economic growth the target energy demand
of 4.7 x 1015 kilocalories/year for 1975, shown in Figure 2.1, does
not appear probable. An increasing rate of growth is expected in the
coming years as the effects of the recession lessen; however, it is

logical to assume that the Japanese people will increasingly demand
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more consumer products, goods, and services. Such a trend will
cause a shift in spending and in energy demand to the residential and
commercial sector. A shift from capital investment to private con-
sumption will also cause a reduction in the GNP growth rate in Japan,
The effect on energy consumption is less straightforward for while high
capital investment has tended tec result in fast increases in GNP, it has
also meant a smaller level of consumption. Thus, for example, high
capital expenditure resulting in a rapid rise of GNP may not yield as
rapid an increase in residential energy consumption as would a lower
GNP growth rate coupled with higher private consumption. However,
in terms of total energy consumption the economic studies of Japan

do indicate a nearly one to one correlation between the ratio of capital

expenditure to private consumption and the total energv growth rate,

The energy projectiins prepared by the various Japanese
agencies previously listed, which were used by SAI in making the pro-

jections used in this report, were based on the following assumed GNP
growth rates:

° High growth — 10. 6% to 1975, 8.5% 1976 to 1985

® Intermediate growth — 10, 6% to 1975, 8.5% from 1976
to 1980, 7% after 1981

° Low growth — 9% to 1975, 6% from 1976 to 1985

The economic slump of 1971-1972, which was not accounted for in the
above figures, was treated as a delay factor in growth and all projec-

tions made by SAI have been corrected accordingly.

The overall energy demand was allocated to six consuming
sectors, namely: industry, transportation, residential and commer-
cial, agriculture and fishery, export, and non-energy. The demand of

each individual sector was determined from the econometric fits and
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elasticity factors given by the various Japanese reports for each sec-
tor coupled with the assumed economic trends implicit in each of the
different projections. The separate energy demands for each consump-
tive sector were then treated as percentages of the total demand to

maintain consistency with the overall energy demand projections.

Energy supply sources were analyzed in terms of six basic
energy sources, namely: nuclear, hydroelectric, coal, oil, gas, and
firewood (including charcoal). Given the overall demands of each sec -
tor as determined above, each consumptive sector was studied to deter-
mine the present mix of fuels needed to meet the overall demand.

Availability of fuels as determined from potential sources, develop-

mental plans and required technological improvements were also con-
sidered and used to determine likely future fue! mixes. Thus, for
instance, coal to be used for electrical generation is influenced by the
number of existing thermal plants capable of using coal, planned addi- 1
tions for coal-fired plants as well as the production and reserves of
domestic coal (coal for electric production in Japan is almost exclu-
sively of domestic origin), environmental coﬁstraints, and the compet -
ing needs of the steel industry for imported coal. In general all supply
sources except oil are very specific in their uses. Oil was treated as
the universal supply source within each consuming sector and oil sup-

plies were adjusted to meet overall demands and specific supply defi-

ciencies. This assumed of course an orderly world marketplace for ’

oil. The effect of imposing restri:tions on available oil resources is
trated in Section 4.

Beyond 1985 Japan's economy should shift from one of heavy |
reliance on industrial output to one more oriented to the consumer simi-

lar to the economies of the United States and Western Europe. In fact,




the projections to 1985 indicate that Japan will be lagging the United

States in terms of growth slowdown by about 10 to 20 years. This is

logical since the United States has a higher per capita consumption of

energy and would be expected to see a saturation effect causing a slow-
| down in demand for energy before Japan experiences a similar slow-

down. Shown in Table 2. 3 are the projected growth rates in energy

demand in the United States(13) compared to the base case projections

‘ for energy demand increase in Japan.

Table 2.3. Comparison of Projected Growth in Energy Demand in Japan
and the United States

Japan United States

I Base Case Average Average Annual

! Annual Growth Rate Growth Rate

' Vear (%) Year (%)

E

‘ 1980-1985 6.4 1965-1970 5.0
1985-1990 Sia2 1970-1975 4.5
1990-1995 4.0 1975-1980 4.0
1995-2000 3.0 1980-1985 4.0

1985-1990 3.5

Another factor considered in th estimates of energy demand
in Japan beyond 1985 is the ultimate energy consumption rate expected
in industrialized society. As shown in Figure 2. 2, the United States in
1970 had a total per capita energy demand of about 92 x 106 kilocalories/
year whereas Japan's per capita energy demand was somewhat less than
one-third of this amount. (Note that consumer per capita energy con-

sumption in Japan was about one-sixth of that in the United States,

whereas industrial per capita consumption was about one-half.) The
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