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ABSTRACT

The main purpose 2f this study is to investigate the
physical and economic aspects of the trade—-off between
economic qoals (e.g., growth and development) and emnergy
goals (e-ge., Ceducing oil dependence or enerqgy consuaption).
To meet this purpose, a Non-Inferior Set Estimation
Input-Output (BISE-ID) model consisting of a combimation of
multiobjective programming techniques and Leontief
input-output amalyses is utilized. This model is compared
with conventional linear programming, goal programming,
input—-output, aand econometrics approaches. A major
innovation of this NISE-IO algorithm is the computation of
the maxinmum possible error, which the analyst may coatrol to
obtain an approximation within a desired degree of accuracy.
The derived noninferior solutions in the objective space aand
optimal solutions in the decision space represent simulated
scenarios of aggressive, moderate, anéd comservative policy
alternatives. The amnalyses are focusedld on the economic
performances resulting from these policy alternatives and
the enerqy requirements for supporting these economic
performances. The results are presented in graphic and

tabular form as reference for Taivan's energy policy makers.
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These solutioans aid policy makers in energy planning of
issues such as achieving a specified economic growth rate
with minimun consumption of enerqgy, the relationship between
enerqgy demand/supply and economic development/growth,
lovering the elasticity of eaergy, considerations for
"industrial restructuring,™ and estimating the econonmic
impacts of assumed disruption of energy supply oa the Taiwan

econonye.

The key conclusions of this study show that whichever
policy alternative is adopted, electricity (implying nuclear
povwer) and coal should be the priorities for economic
development/growth and substitutes for petroleunm
consumption. To reduce heavy reliance on energy amnd
rav—-material imports, the Taiwan economy should shift its
industrial structure froa labor- and energy-intensive to
less-enerqy~-intensive, high-technoloqy, and
light-eagineering manufacturing such as "electrical

machinary industriai blocks.™
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Chapter I

INTRODUCTION

1.1 OBJECTIVES

The general objective of this study is to provide Taiwan
policy makers with a mechanism for evaluating trade-offs
betveen economic development/growth (measured by sales,
income, or employment) and commercial energy use. For
purposes of this study, eight types of commercial energy are
examined: electricity, coal, coke, motor gasoline, diesel
oil, fuel o0il, other o0il, and natural gas. Fulfillment of

this objective requires completion of the following:

{1) A general descriptioan of the Taiwan economy with
explicit referemnce to the enerqgy sector's relatioaship to
the other sectors in the economy, including a specific set
of current economic enerqgy problems and policy altermatives

requiring analysise.

(2) A justification of thevenetgy nodel for econoamic

analysis and decision makinge.



(3) A comparative review of alternative methodologies
that have been used to investigate Taiwan's energy-econonric

problers.

(8) Use of a Leontief input-output model to evaluate
possible trade-offs betveen sectoral emergy use and sectoral
incone, and, specifically, the definition and estimatiom of
various types of input-output energy multipliers and

coefficients.

(5) Integration of a multiobjective programming technique
With a Leontief input-output model to estimate trade-offs
between national energy consumption and natiomnal GDP, and,
specifically, formulation of the input—-output model as a
mathematical programming problem with a bicriterion

objective function.

(6) An analysis of the previously identified issues and
policy alternatives, based on the information provided

above.



1.2 JOSTIFICATION

4 3 82> )

1.2.1 Need for Comparative Study

The governmeat of the Republic of China om Taiwan
reccgnizes energy—economic policy as being a critical issue.
Consequently, many econodic studies on Taiwan'’s energy
sector have been performed, mostly after 1979. <These
studies range from descriptive analyses to sophisticated

enerqgy-econoaic modelling.

Bconomic energy analysis is a new field. Before 1970,
relatively few econoaists were interested in emerqgy siance it
did not seem to be a paramount problea. Host of the
substantive studies and jourmals of energy economics and
policy emerged after the OPEC o0il embargo of 1973. HNaay
more studies were conducted after the o0il price increases in
1979 Since emergy—-ec2nomic analysis is a relatively new
field, most energy policy makers have limited experience
with the models for energy decision making. They, thus,
bave difficulty in choosirg among the widely diverging
reconmendations arising from different approaches followved
in the various studies. Greenberger (1977, p. 10) notes:

nEnexrgy reseacrch currently is a marketplace of

ideas, data, studies, and pronounceRments. This is
healthy and desirable. But the producer (the

and most important consumer (the decision maker),
while this consumer does not understand the wares

== = mRssEn _x=s

of the producer- {emphasis added). The producer



does little market research, and the consumer has
no reliable shopping service. Under these
circumstances, a marketplace will not operate
efficiently or to best advantage.

The need for sound energy decisions has never
been more pressing than now. Energy modelers have
a great deal to offer, but they need better
signals from decision makers on the nature of the
problens, on the constraints, and on what is and
is not critical. Decision makers need a better
understanding of the models, their assumptions,

strengths, aad limitations, and om why they

produce the result they do (emphasis added). The

need for bridges is great on both sides of the

gulf, and the responsibility for creating these

bridqes is a shared responsibility."
Accordingly, this study provides energy policy makers with a
comparative review of some of Taivzn's energy—-economic
studies and their underlying methodologies. It is the
author®'s hope that this effort to meet the
energy-researcher?!s requirements and responsibilities will
lead to more effective communication and more uaseful

cooperation between policy makers and researchers.

1.2.2 MNeed for New Approaches in Emerqgy-Economic Besearch

Thera are at least two major justifications for new
approaches to energy-econcmic research. First, since energy
economics is still a relatively new field, new approaches
are justified as a means for increasing the diversity and
richness of this subject matter. This is especially true in

Taiwan. In recent years, former Premier Yun-Suan Sun has



desiqgnated four areas of science that are of primary
importance to the nation. The very first is "emergy
research and develcpment® (Li, 1982a, p. 5). Accordingly,
Article Pive of the Enerqgy Management Law explicitly
encourages economic analysis related to energdy (Energy

Committee, 1981b).

Second, different or new apprecaches to the probler may
provide new information not otherwise available for policy
decision maxing. New apprcaches applied to previously
studied propleas can reconfirm conclusions from previous
studies and, more importantly, might provide mew imsights

and understanding.

Limited iaformation on the relationships between economic
growth/development and enerqgy demand/supply is a prevailing
problem that has been studied extensively by previous
researchers. The main objective of this study is to provide
Taivan energy policy makers with a new mechamrisa for

examining those relationships.



To achieve the above objectives, the content of

subsequent chapters will be organized as following:

Chapter two is a descriptive analysis of Taivan's econcay
with reference to the eanergy sector's relationship to the
other sectors. This analysis is based on historical data,
energy statistics published by the government, and other
pubiications. Following this description, a set of current
economic energy issues requiring analysis is idematified.
These issues were derived in consultation with government
officials and researchers by the author during the spriangs

of 1983 aad 1984.

Chapter three describes the varied uses of energy amodels

for economic amnalysis and decision making.

Chapter four presents a comparative review of altermative
methodologies that have beer used to analyze Taiwan's
econonic enerqgy problems. The strenqths aand limitations of
these models are outlined and compared. The features of the
NISE-I0O model adopted in this study are also contrasted with

alternative approaches.

Chapter five contains the study's empirical results which

are then compared with those of other relevaat research.



Chapter six analyzes the predefined energy planniag
issues defined in chapter two. The focus is on the
inplications of the research findings on economic energy

policy decisions.

Chapter seven ianciudes an overall summary and
conclusions. The limitations and critical evaluation of

this research are then finally made.



Chapter II

TAIWAN ENERGY ECONOMICS AND POLICY

This ckapter is organized as follows: In section 2.1,
three levels of energy-economic problems are developed
through theoretical descriptions. Section 2.2 justifies the
focus of this study on the first level of aggregation as
developed in section 2.1. Section 2.3 outlines background
information relevant to the problem statement. Section 2.4
describes the increasing emergence of energy issues with the
developmnent of Taiwan's economy. Section Z.5 contaiias five
current energy-economic issues to be studied. The last
section defines the three policy alternatives that will be

analyzed in this study.

2.1 NERGY ECOBOMICS AND

Energy economics and policy is an interdisciplinary
field. An incomplete list of disciplines includes
economics, law, politics, engineering, resource geology,
biomedical impact, and environmental risk assessment. It
also includes amalytical methods that are familiar to the

operation researcher: optimization algorithms, simulation,



9
decision analysis, and econometric estimation (HMaane et al.,

1979) -

Theoretically, the scope c¢f natiomnal energy economics and
policy issues can be classified into three different levels
{see Figure 2.1). At the highest and most aggregate level,
it should be recognized that the energy sector is a part of
a larger ecoaomic system. Enerqgy planning, therefore,
requires amalysis of the links between the energy sector and
the rest of the economy. Such links involve the input
requirements of the energy sector such as capital, 1labor,
and rav materials as vwell as energy outputs such as
electricity, petroleam products, and other forms of energy.
The impact on the ecomomy of policies concerning
availability of supply, enerqgy prices, taxes, and so om, in
relation to mational objectives are also included. For
exanple, energy requirements must Le comnsidered in order to

attain a desirable economic growth.

The second level treats the enerqgy sector as a separate
entity coamposed of sub-sectors such as electricity,
petroleum products, and so on. This permits detailed
analysis of the sector with special emphasis on interactioms
among the different energy sub—-sectors, substitution

possibilities, and the resolution of any resulting policy



Tnfegrated

Hierarchy of Interactions i,
National Energy Flanning

Figure 2.1:

First Level:
National goals and inputs
Energy policy and outputs

other

energy
sub-sectors

ENERGY
SECTOR REST_OF

7’

THE ECONOMY

electri-
city

Third Level:
Activities
within
individual sub-sectors

Second Level:
Energy sub-sector interactions

Source: Munasinghe, 1980, p. 361.
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11
conflicts such as competition between Xkeroseme and

electricity for lighting.

The third and most disagaregate level pertains to
planning within each of the energy sub-sectors. The
electricity sub—-sector, for example, must determine its own

demand forecasts and long~-term investment progran.

2.2 JUSTIFICATION: FOCUS OF THIS STUDY

It would be unrealistic for the present study to analyze
all issues involved in the above three levels. In this
study, the emphasis will be centered on the first level
which deals with the energy-economic-policy planning of the
links between the enerqgy sector and the rest of the ecomonmy.
While the more disagygregated levels may be of interest to
other researchers, the understanding of the aggregate-level
framework has a higher priority thamn micro-level studies.
Reseachers can better perceive these micro issues only after
they have identified and quantified those interactioas
within an overall framework. As Samouilidis and Mitropoulos
{1982, p. 222) note: %It has become obvious that the emergy
system cannot be treated in isolation, but within the
context of a broader system which is the economy."
Bevertheless, some of the lowver-level issues relevant to the

findings in this study will also be discussed.



2.3 OVERVIEE: PROBLEM IN PERSPECTIVE

Enerqy plays a vital role in the economic development of
a nation and in the progress of society (Figure 2.2). The
growth of industry, mecharized farming, transportation, the
inprovement of living standards, and military activities are
all enerqgy aependent. Since the Arab oil embargo of October
1973, the enerqy problem has become one of the most
persisting issues for both the developed and developing

natioans.

Today, most nations have to take explicit account of the
role of energy when initiating econoaic development. This
is not only due to a fear of increasing energy prices aad
potential emergy cutbacks in the future, but also because
energy demand is derived from the structure and growth of
the whole economy amd popualatiocn (Samouilidié and Berahas,
1983). As a result, the price and availability of energy
could significantly constrain economic production,
consumption, and trade. Additionally, the importance of oil
to power naval vessels, tanks, trucks, amnd airplanes is
recognized. The security of oil supplies for military
purposes is a paramount objective of any national defense
policy. All these circuanstances are particularly relevant
to the Republic of China, one of the countries severely

affected by the energy crisis.
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2.4 ENERGY-ECONONMIC ISSUES AND ECONOMIC DEVELOPSENT

Before discussing the Taiwan emnergy—-economic issues, it
vould be useful first to describe Taiwan's economic

development. The tuwo topics are closely related.

Taiwan is an island with a land area of about 13,970
square miles. Although Taiwan is not endowed with rich
natural resources and has a high population density (1,280
persons per square mile in 1980), this island has been very
successful in pursuit of its economic development goals. As
Johnson (1981, p. 15) notes: %"Taiwan's economic development
strategqgy is one of the soundest ever created and is (or
should be) a model for the underdeveloped nations." Taiwan,
the Republic of China, is nov sometimes termed a "newly

industrializing country" of Asia (Li, 1982a, p. 1).

Siznce the late 1950s, Taivan has enjoyed steady ecomomic
growths In 1961 Taiwan's real gross national product (GNP)
was $7.23pvillion while that of 1982 was $47 billionm,
representing an annual average growth rate of 9.2%.
Accordingly, per capita income increased from $584 in 1961
to 32,342 in 1982, amn increase more than fourfold. The

economic pattern has been transformed from anm

t In this study, $1 refers to US$1 which is equivalent to
NT$40 (new Taiwan dollars).
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agriculture—~oriented economy into an industry-oriented one.
The total agricultural production value dropped from 31% in
1961 to 7% in 1982 while that of industry rose from 25% to
50% (Table 2.1). Before 1970 Taiwan's industry vas mostly
labor intensive emphasizing products such as textiles,
apparel, and electronic components. Heavy industries, such
as petrochemicals, steel, electrical equipment, and
automobile industry were subsequently introduced leading to
a more energy-inteasive ecounomy. As for trade, the total
two-way foreign trade (i.e., summation of imports and
exports) jumped from $2.1 billion, or 30% of the real GNP in
1961, to $41.1 billion, representing 87.4% of the GNP in
1582. Exportis comsist mainly of industrial products, such
as textiles, electrical-machinery apparatus and plastic
products. Imports consist mainly of raw materials and
energy. In 1980 the payment for energy importation was $4.8
billior. Oil imports alome cost $4.1 billion, equivalent to
20.8% of total import payments (Chu. 1982a). The heavy
dependence on imported oil definitely makes the nationm?s
econoay vulnerable to the fall impacts of rising oil prices

and supply disruptioas (Figure 2.3).



Table 2.1

Structure of the Taiwan Economy (1961 vs. 1982)

Agriculture Industry Others Total

) Year
1961 31% 25% 44% 100%
1982 7% 50% 43% 100%
Source: Energy Committee, 1983(a).

16
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Figure 2.3: Energy Dependence/Security Inaicators of
Taiwan (1982)
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Source: Energy Committee, 1983(c¢), p. 18.
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2.5  ISSUES IO BE ANALYZED

This section identifies Taivan energy—-economic-policy
issues requiring analysis within the first-level context as

outlined in section 2.1a

2.5.1 Determining a Certain Economic Growth Rate with
Minimuw Consamption of Energy

Kuo (1983, p. 312) notes: "An ipportant concept in
enerqy policy is 'to échieve a certain econoasic growth rate
vith a mininum consumption of energy.' Energy policies,
therefore, should not be desigrned only for energy
conservation, but also for econoumic growth." Thus, a policy
of saving energy by arresting growth is contrary to the
economi.c objectives and policies of Taiwan. Given this
perspective, the problem is to minimize enerqgy consumption
vhile permitting economic qrowth to recover and continue as
it has in the past. This issue forms the main theme of the

preseat study.

2.5.2 Belationship Between Energy Demand/Supply and

Economic Development/Growth

The usual measure of economic development and growth is
gross domestic production (GDP). The intuitive relationship

between energy and GDP suggests energy as an input with GDP
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as a result or output (production fumncticn). It is
important to identify and amalyze this functional
relationship in order to assess development alternatives.
Only the» can effective energy—economic policies be

fornulated.

The above-mentioned relationship forms the basis for most
energy-economic studies. Because this issue is most
complicated and, yet, important, it will continue to be one
of the central coacerns to energy economists and policy
makers. This is true in Taiwan. Although previous
researchers have conducted extensive studies ranging from
descriptive (Bush, 1972; Chao, 1982a, 1983a; Chen, 1980:;
Chu, 1981, 1982a, 1982b, 1934; Ccuncil for Economic Plamning
and Development, 13982; Duker, 1983; Eaergy Committee, 1983a;
Sun and Liang, 1980; Yen, 1982) to gqguantitative (Chaag,
1978; Chern, 1984; Chinese Petroleum Corporatiomn, 1980,
1981, 1982; Energy Connittee, 1981a, 1983b; Kim, 1983; Lee,
1983; Liang, 1981; Overseas Advisory Associates, Inc.,
1982a, 1982b; Taipower, 1979a, 1979b, 1980) the information
on the nature of the relationship between energy
denmand/supply and economy growth/development is limited.
This relationship continues to be one of prevailing concerns
for further study. Thus, quantitative descriptions are ome

of the main objectives of this study.
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2.5.3 Lower Elasticity of Energy and 0il

Enerqgy elasticity refers to the percentage increase in
energy inputs required to raise the gross domestic product
by one percent (Kuo, 1983, p. 312). This indicator is used
to evaluate the growth relations between economic

growth/development and energy comnsumption.

In Taiwan energy consumption increased {rom 2.4 million
kiloliters of o0il equivalent (KLOE) in 1954 to 28 million
KLOE in 1982, reflecting an average growth rate of 9.2% per
annum. In contrast to the average 8.6% GDP growth rate
during the same period, the overall average energy
elasticity is 1.07 {(Table 2.2). This indicates that the
growth rate of energy consumption in Taiwan is greater than
the GDP growth rate. Because, as Kuo (1983, p. 312) notes,
®to lover energy elasticity becomes a most important task
for the entire nation,"™ the third issue to be analyzed in
this study is development strategies that can lead to lower

energy elasticity.

Hote that the elasticity of oil has beem significantly
bigher than the overall energy elasticity (Table 2.2). Even
after the 1973 oil eabargo, 0il elasticity increased to 3.07
in 1975, 2.10 in 1976, and 1.48 in 1977. Only after 1977
has it declined to less than 1.0. Thus, a nmore specific

coacern is what can be done to lower the elasticity of oil?



Table 2.2
Energy Indicators of Taiwan (1954 to 1982)

!nternd| F{"a‘l. I R B .-- ! B ..- _____ N E]ec[rici'_y
Energy Consumption Real GDP Coal Consumption 0il Consunption Consumption
Items i The
Growth Growth The Growth The Growth The Growth |Elasticity
Years (]o3 Rate $25,000 Rate Elasticity 3 Rate |Elasticity 3 Rate Elasticity, Rate of
KLOE) (1) (1976 prices) { (z) Energy | 107 MT | (1) of Coal {{10° KLOE)| (%) of 0il (Gwh) | (2) |Flectricity
1954 | 2,800 | - | 107,656 B ERITR A  E E EY - - 1,424.2 - -
1955 2,614.9 9.87 116,359 8.08 1.22 2,340.4 | 16.17 2.00 494.0 46.45 5.75 1,831.7 7.55 0.93
1956 2,805.6 7.29 122,161 5.50 1.33 2,396.9 2.41 0.44 626.6 26.84 4.88 1,815.9 | 18.55 3.37
1957 3,058.3 9.00 131,833 7.38 1.22 2,657.5 | 10.87 1.47 547.2 {-12.67 - 2,133.3 | 17.47 2.3
1958 3,349.3 9.52 140,706 6.73 1.41 3,004.2 13.05 1.94 666.6 21.82 3.24 2,486.5 16.56 2.46
1959 3,795.0 13.30 151,452 7.64 1.74 3,463.4 | 15.29 2.00 763.2 14.49 1.90 2,849.2 1 14.59 1.9
1960 4,041.5 6.50 161,021 6.32 1.03 3,788.8 9.40 1.49 829.2 8.65 1.37 3,241.2 | 13.76 2.18
1961 4,291.6 6.18 172,093 6.88 0.90 3,97 3.77 0.55 920.8 11.05 1.61 3,645.1 12.46 1.61
(1954-1961) - 8.79 - 6.93 1.27 -1 10.02 1.4% - 15.43 2.23 -1 14.37 2.07
1962 4,593.0 7.02 185,630 7.87 0.89 4,436.8 1 12.85 1.63 1,003.6 8.99 1.14 4,228.0 | 15.99 2.03
1963 4,781.3 4.10 203,020 9.37 0.44 4,701.8 5.97 0.64 1,099.6 9.57 1.02 4,553.5 7.70 0.82
1964 5,425.2 13.47 227,192 12.20 1.10 5,183.8 | 10.25 0.84 1,187.2 7.97 0.65 5,401.4 | 18.62 1.53
1965 5,973.1 10.10 253,197 11.15 0.91 4,973.21 -4.06 - 1,676.9 41.25 3.70 5,889.1 9.03 0.81
1966 6,758.7 13.15 275,835 8.94 1.47 5,193.5 4.43 0.50 2,176.7 29.81 3.33 6,730.5 1 14.29 1.60
1967 7,400, 9.49 305,278 10.67 0.89 5,018.0 | -3.38 - 2,910.7 33.72 3.16 7,757.5 | 15.26 1.43
1968 8,590.8 16.09 333,119 9.12 1.76 5,065.6 0.95 0.to 3,543.2 21.713 2.38 9,074.0 | 16.97 1.86
1969 9,230.3 7.44 362,737 8.89 0.84 4,779.0f -5.66 - 4,467 .4 26.08 2.93 10,479.4 | 15.49 1.74
1970 10.116.0 9.60 403,821 11.33 0.85 4,547.2 | -4.8% - 5,626.4 25.94 2.69 12,578.6 | 20.03 1.77
1971 11.266.4 11.37 455,407 12.77 0.89 4,058.9 | -10.74 - 6,916.2 22.92 1.79 14,519.8 | 15.43 1.21
{1962-1971) - 10.13 - 10.22 0.99 - 0.32 0.0} - 22.34 2.19 -] 14.82 1.45
1972 12,912.3 14.61 515,724 13.24 1.10 4,074.6 0.39 0.03 8,221.4 18.87 1.43 16,884.6 | 16.29 1.23
1973 14,4433 11.86 582,00 12.87 0.92 3,872.7 | -12.32 - 10,093.2 22.17 1.77 18,912.8 12.00 0.93
1974 14,530.4 0.60 588,654 1.13 0.53 3,291.1 | -7.88 - 9,870.8 -2.20 - 19,869.3 5.06 4.48
1975 16,120.8 10.95 616,869 4.19 2.29 3.411.8 3.67 0.77 11,323.0 1.7 3.07 22,288.8 | 12.18 2.54
1976 19,274.6 19.56 700,17 13.66 1.43 31,3131 -1.19 - 14,571.2 28.69 2.10 25,883.2 | 16.13 1.18
1977 20,938.2 8.63 769,720 9.78 0.88 3,398.9 0.82 0.8 16,674.8 14,44 1.48 28,907.1 | 11.68 1.19
1978 24,719.6 18.06 872,854 13.40 1.35 3,968.8} 16.77 1.25 18,805.6 12.18 0.95 33,345.0 {1 15.35 1.15
1979 26,827.4 8.53 940,607 7.76 1.10 4,980.4 | 25.49 3.28 19,536.4 3.49 0.50 37,033.8 | 11.09 1.63
1980 28,582.2 6.54 1,004,613 6.80 0.96 5,955.8 [ 19.58 2.8 20,511.6 4.99 0.3 39,820.5 7.50 1.10
1981 27,401 .4 -4.03 1,059,733 5.49 - 5,520.81 -7.30 - 18,796.0 -8.36 - 39,308.1 | -1.29 -
1982 27,968.9 1.96 1,093,095 3.15 0.62 6,357.3) 15.15% .41 18,317.3 -2.5% - 40,105.7 2.03 0.64
(1972-1982) - 8.62 - 8.26 1.4 -1 oaae| w0 - 9,26 vaz - 9.68 1.7

Source: Jaiwap fnergy Statistics, 1982, pp. 10-11.

e
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Two considerations merit special analysis because they
are central to the aonove discussion: "It is important to
see how far the high ratio of the growth of energy use to
the growth of the gross domestic product was the result G£
increased energy intensity in ipdividuval industries
{erphasis added), how far it was the result of a shift in
the celative propoctions of industries with high

energy-intensity and those with low energy-intensity

(emphasis added)®™ (0OAAI, 1982a, pP. 9). Increased energy
inteasity in individual industries, measured by the ratio of
the increase of enerqgy use to the increase of production
{see Table 2.3, £ifth column} , indicates only one case with
a uet increase of enargy intemsity. The small group of
"other" industries accounted for 4.6% of the total value
added of total manufacturing. This is due to modernizationm
and mechanization wazich involved increased enerqgy
atilization. All the other sectors show a reduction ia
energy consumption per unit of output. It is clear that
betveen 1974 and 1979 adjustments were already being made in

energy use in almost all industries (0AAI, 1982a, p. 11).

The second type of indicator, relative proportioms of
industries with high energy intensity and those with low
energy intensity, one should first identify energy

intensities and oil intemsities of the principal



Table 2.3

Changes of Eneragy Use in Individual Manufacturing
Industries (1974 to 1979)

Index Total Con- Energy Con- Value added
Manufacturing of con- sumption con- sumption in industry
Industry pro- sumption of sumption of oil as 5 of
duction? of 0il per unit per unit total of
energy  products of output of output manu-
facturing

1974=100 1974=100 1974=100 1974=100 1974=100 1974 1979

Food 173.7 148.7 197.0 85.6 113.4 15.6 13.4
Textiles 168.5 162.4 201.5 96.4 119.6 18.5 15.4
Paper and lumber 205.9 173.8 286.8 84.4 139.3 8.6 8.3
Non-metalilic

mineral productsP 191.2 178 .1 443.1 93 231.7 5.4 5.1
Chemicals 278.5 162.1 283.0 58.2 101.6 15.3  21.2
Basic metals 255.5 234.6 242.2 91.8 9.8 5.1 5.5
Other metal

industries 259.7 229.5 232.9 88.3 89.6 24.3 26.0
Others 129.6 173 .4 268.7 133.7 207.3 7.2 4.6
Total of

manufacturing 208.5 179.9 262.2 86.3 125.8 100.0 100.0

@Index of value-added at constant prices.

bFor non-metallic mineral products the indicator used for production has been the
production of cement, which is by far the largest user of enrergy in the sector
concerned. The overall index of production of the sector is 163.2. This gives
obviously misleading resulis.

Source: Overseas Advisory Associates, Inc. (OAAI}, 1982(a), p. 10.
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(marnfacturing) industries of Taiwan. As was shown in Table
2.4, there are certain industries are highly oil and energy
intensive. HNotable among these are non-metallic mineral
products, with cement and glass (particularly the former) as
the principal products; paper—-making; plastic raw materials;
and, more generally, petrochenmicals and chemical productse.
The last are particularly oil inteasive. 0On the other hand,
the ne¥, modera, advanced—technoloéy electronic industries
are notabiy low in oil-intensity, The textile industries

lie bpetuween these two extremes2 (0OAAI, 1982a, pP. 9.

As shown in Table 2.3, a shift toward the
energy-intensive industries is apparent. For example,
chemical production, am energy-intensive activity, though °
performing well in terms ¢f overall energy ccasumaption per
unit output (from 100 in 1974 to 58.2 in 1979 ), increased
in its share of total productiom (from 15.3% in 1974 to
21.2% in 1979).. Basic metal production sas also highly
enerqgy intensive and also increased its share of total

production (OAAI, 1982a, p.11).

2 The criteriom of emerday intemnsity discussed in this
section does not take into account the interdepeandency
among iandustries, i.e., it implicitly assumes independence
of each sector. This problem will be discussed in a later
chapter.



Table 2.4

Energy Intensity and 0il1 Intensity
of Manufacturing Industries
(1979)

Food, beverages and tobacco
Textiles and apparel

Wood and paper products
Non-metallic mineral products
Petrochemicals

Synthetic fivers

Plastic raw materials

Plastic products

Other chemicals

Iron and steel

Other metals and products
General machinery

Household electric appliances
Telecommunication equipment
Electric machinery
Transportation equipment
Other manufactures

Average of all manufactures

Total energy
intensity (KLOE
per $25,000
of value added)

1T.
24.
25.
118.
40.
32.
52.
14.
25.
61.
43.

36.

27.
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11.
13.
50.
18.
13.
12.

6.
12.

9.
13.
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10.
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(OAAI), 1982(a), p. 28.
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A key conclusion suggested by OAAI (1982a) is that

manufacturing industries contributed to the excess of the
growth of energy consumption over the growth of the gross
domestic product for two reasons. First, between 1974 anéd
1979, manufacturing, which is necessarily an
energy-intensive activity, increased its aggregate
contribution to the gross domestic product from 32.7% to
34.9%. Second, within the total of manufacturing there vas
indeed a significant shift towards energy-intensive

industries (0AAI, 1982a, P. 11).

OAAI (1982a) further suggested that it is important, in
the interest of controlling the growth of emergy
conrsumption, to examine carefully the rate at which new
energy-intensive industries develop. In a later chaptér,
this study evaluates "coptimal®" development rates for all
sectors in the Taiwan economy, including the
energy-intensive industries. "Optimal" here describes the
mninimization of energy consumption on the onme hand with
simultaneous maximization of GDP on the other. This will,
of course, lower the elasticity of energqgy, while achieving

maximum economic growth.
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2.5.4 Industrial Restructuring

An alternative way of expressing the above ideas is to
address the "industrial restructuring," constantly
emphasized by development economists in Taiwamn for the past
few years. Industrial restructuring here refers to the
shifting of the industrial structure from labor- and
energy-intensive to less energy-intensive (or more
energy-efficient) and more technology-inteasive operatiocas.
An economy of this type can achieve a higher level of value
added and reduce the heavy burden of energy or rawv-material
importations. This is essentially what Japan has done in
response to the energy crisis of the 1970s:
"The Japanese, by all rights, since they have no
domestic energy resources, should have been
devastated by it. Instead, because they have to
be nimble, they had seen it coaming and had already
begqun to shift their economy, as a matter of
national policy, from a predominantly smokestack
one to a high-technology one, weeding out the
energy-consuming imdustries. They went through
one brief period of great hardship and now, some
10 years after the Arab-Israeli war of 1973, they
have cut back on the percentage of energy used
while raising quite dramatically their production®
{Halberstanmn, 1983, p. 7).

This type of strateqy should benefit the whole Taivan

eccnony for similar reasonsa.

In general, the Taiwan economy is an intermediate economy

(Pigure 2.4). With liamited natural resources, Taivaa is
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forced to import a large portion of the raw materials and
enerqy resources used by sectors of the economy and, after
processing, export the finmal products and earn the margin of
the value added. Basically, Taivan's economy could be
described as both labor and energy intensive. Before the
early 1970s, whem the intermnational oil price vas as lcw as
$2.00 per barrel and the domestic yvage rate was relatively
low, Taiwan enjoyed rapid ecomomic gro¥th. By early 1974,
when OPEC drove up the price of light crude from $2.1 to
$9.22 per barrel, and again, in 1979, with the price pushed
up from $13.34 to $26.00 per barrel, Taiwan lost one ui Lar
advantageous coanditions, i.e., cheap inputs of energy and
rav materials. Following the energy crises, a pattern of
"stagflation” occurred and caused a significant increase in
Taivan's wage rate (see Yen, 1982). Chao (1982a, pP. 4)
notes that the wage rate within the manufacturing industry
has maintained an average annual increase of 18% for the
past six years. In contrast, labor productivity for the
same period increased only 5.5% per annum. Chao (1982a, pp.
34-5; 1983c, p. 11) further notes: "The increasing labor
production cost has weakened the competitive power of our
products. On the other hand, other developing countries
with lower wage rate have a greater potential for

competition. #e have gradually lost our favorable condition
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of low wage rate,® "If our industry cannot change its
structure in the near future, our dilemma will be getting
more and more serious." Moreover, Yen has proposed a
cost-reflected pricing policy for necessary adjustmeants to
the domestic economy. He arqgued that %aaiataining
unrealistically low enerqgy price3 would certainly hold
structural improvements" {Yen, 1982, p. 9. Li (1982h)
notes: "energy saving and energy efficiency call for an
adjustment in industrial and economic structure, which, in
turn, calls for effective energy policies and strategies."
Samouilidis and Berahas (1983, p. 7) also note: "major
breakthrouqhs to solve the emerqgy problems of DIC's
{developing and industrializing countries) will require

changes in their institutions to promote these changes."

It is, therefore, important to identify the sectors of
lesser energy intensity and hiqgher value added im Taiwan amd
to study how the government can impleament policies to

achieve this iadustrial restructuring,

3 A paper by Liang (1980) pointed out that the prices cf
petroleun products in Taiwan were lower than those in
Korea, Japan, West Germany, France, and the Uaited
Kingdom. The underlying reason for these low oil prices
has been to help reduce inflation and bence maintain price
stability. For detailed discussions see Liang (1980) and
Sun and Liang (1980).



Figure 2.4:

Energy

Raw
Material

Key:

A Description of the Taiwan Economy

Labor

and

Processing

International Markets

Domestic Markets

Processed
Products

0¢



31

2.5.5 BRegarding a Disruption of Enerqy Supply

In addition to the general issues, a particular concern
has been expressed regarding crude oil supply. Because the
0oil dependeacy on imports in Taivan has been so high (above
98% since 1954), enerqgy security indicators (Figure 2.3)
also show an extremely vulnerable situatiom with respect to
national enerqgy supply, particularly the supply of oil.
This is, of course, an emergy—economic-policy issue of
paramouat importance. What will be the economic impacts *o
the Taiwan ecoaomy if there is a disruptiom of emergy
supply?2 And, how should the government manage an €mergent
case of this type so as to minimize the economic loss? This
study provides the critical analysis necessary to a

framework of sound response to these questions.

2.5.6  Summary

The issues outlined all belong to the first aggregate
level of enerqy economics and policy and are of major

concern in this study. In summary, they are:

(1) What is the minimum energy supply that should be
maintained so as to sustain a desirable or maximum level of

econemic activities?
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(2) Bhat is the relationship between enerqgy demand/supply

and econounic development/growth?

(3) How can the aggregate elasticity of energy and oil be

lowered?

{4) dhat "industrial restructuring” is required to

overcome successfully perturbations in energy supply?

{5) What will be the economic impacts on the Taiwan
econonry resulting from a disruption of energy supply; aad,
how should the government manage an emergent case of this

type?

Feasible policy alternatives must be weighted by careful

consideration of the questions above.

2.6 SIMULATION OF POLICY ALTERNATIVES

Based on the energy-economic situation in 1978, three
possible alternatives have been simulated for 1986: <The
first one is an "aggressive policy." This means that the
government is planning a high economic growth rate for the
period 1978 to 1986. The second one is a "moderate policy"”
implying a moderate growth rate. The third is a
mconservative policy™ indicating a low growth rate of the

eConoRy.
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Which alternative should the governnent take, and what

are the concerns and coasequences of each one?

This study amalyzes, in later chapters, these
alternatives in terms of two aspects. One is to project the
consequences of the economic performance of each policy
alternative. The second is to forecast the energy
requirements for supporting these economic performance
tarqeis. This information should help policy makers make a

choice ancag these alternatives.



Chapter III
ENERGY MODELLING FOR ECONOMIC ANALYSIS AND
DECISION HMAKING

In order to examine the broad variety of issues related
to the eperqgy probleama, a large number of energy models (EN)
have been developed. These models focus on energy as an
economic resource and they are directly or indirectly
associated with tae decision making process. The purpose of

this chapter is to describe and justify the uses of EM.

3.1 ENERGY MODELLING

In three comprehensive studies (Charpentier, 1974; 1975;
Charpentier aad Beaujean, 1976), 144 energy related models
were reviewed and characterized. Saamouilidis and
Mitropoulos (1982), Ulph (1980), Manne et al. (1979),
Sweeney (1978), Brock and Nesbitt (1977), and Greenmberger
{1977) also discussed the features and the uses of some of
the major EM. One can correctly assume that the large
numsber of models developed cover a wide range of

application.

34
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EM can be classified into three categories according to

their use:

(1) Descriptive--This type of model attempts to replicate
sone relevant features of the reference system, providing
detailed information on the past and present (observable)

bebhavior of the system.

{(2) Predictive-—-This type of model is used to forecast
future aspects and features of the referemnce system, caused
either by some contemplated action of the policy aaker
(conditional forecasting), or by the general dynamics and

inertia of the system (uncomditional forecasting).

{3) Normative-~This type of model is used to project how
the reference system should develop given some overall

objectives and constraints.

Using this classification, the historical background of ENM

and their relevant characteristics are evaluated.

Before 1973 most EM dealt with emergy demand analysis and
forcasting. Energy forecasting studies date back as far as
1266 {mpivett, 1979, p. 38). In the 1950s and 1960s, energy
demand forecasting was mainly intended to support investment
decisions related to new capacity bnild-up or expansion of

existing capacity. Thus a great nuzber of studies,
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initiated by the U.S. automobile industry, tried to
establish forecasts for gasoline. On the other hand, the
peculiarities of the pricing system in the electricity
market, e.g., peak load pricing, have always attracted
econometricians. Also, see Taylor (1975) for a
coaprehensive literature survey and critical review on

electricity demand analysis.

There are two major characteristics of the EM effort in
the period from 1950 to 1970. First, energy commodities
vere treated in isolation. Eatch energy form iad almost its
own market; the gusstiom of substitution among energy
carriers arose only in special cases. Second, ENR reflected
& Stable 2zerqy pattern within a stable econoaic
environsent. The changes in the vorld of energy, mere
extrapolations of past treads. were the result of a coastant
economic growth accempanied by regular technological
progress. Thus standard econometric techniques could be
used to estimate coefficients of demand functions for both

tine series and cross sectional datae
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3.2  ENERGY MODELS (EM) AND MANAGEMENT SCIENCE

With the beqinning of the 1970s, the long period of
uninterrupted growth in energy supply/demand that started in
the early 1950s came to a halt. Long established trends
reversed. Discontinuities became the rule. Erratic
patterns and unpredictability characterized this new era.
Under these circumstances, previously used EM were no longer
reliable forecasting devices. This argument can be
supported by the following empirical and theoretical

grounds.

On the eapirical fromnt, President ¥ixon announced on
November 7, 1973, "It soon become evident that the U.S.
would remain heavily dependent upon {oil) imports throughout
the 1980s" (Manne et al., 1979, p. 10). This inaccurate
projection was based on the Project Independence Evaluation
System (PIES) model. Other models in the United States had
projected a world price of oil in the range of $13 to $i4
per barrel in 1975, a decline over the I975-15290 period to
around $10 and then a slow increase (Pindyck, 1978). Also,
in 1866 Professor Jevons forecasted tbat within 100 years
the demand for British coal would be 2,607 million tons a
year. In 1966 U.K. coal production was 176 million tons and
total energy consuaption was 298 million toms of coal

equivalent (BRivett, 1979). In addition, the Robbinson
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comnission of the Orgamization for Economic Co-operation and
Developrent {OECD) stated in 1960 that~no persistent
shortage of primary 2nergy wvas likely by 1975 and there was
no need to create newWw sources of energy (Rivett, 1579, p.

38) .

On the theoretical front, forecasting can be effective
only in a predictable environment——namely, to extrapolate
past trends. Structural changes caannot be predicted since
an environment cannot be predictable vhen fundamental
changes from established patterns are involved (Samouilidis,

1980) -

Although scme analysts have proposed nev techniques for
enerqy demand forecasting, the values of these approaches is
still debatable. For example, Finon and Lapillonne (1983,
P 17) proposed a technico-economic approach which, as
opposed to tradicional econometric methods, looks in more
detail at tie determinants of enerqgy demand, such as the
number of trips per person, steel output, the pumber of
appliances per household, services industries, etc.
Approaches of this type deal with a number of variables each
of which is itself difficult to accurately determine and,

thus, the accumulated bias can be significant.
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As Samouilidis and Berahas (1983, pP. 8) note: "The
principal question was no more what the energy demand ia
some future year would be and how different supply options
could contribute to satisfy this demand, but rather what a
robust, flexible and rational energy policy should be in
order to cope with the uncertain future and meet specific
economic and social goals.™ It is under these
circumstances, that a new breed of EM made its explosive

appearance i: the world of management science.

Management science is defined as the applicationr of the
methods and techniques of science to problems of management
decision making (Lee et al., 1981, pe 3). Ité goal is to
help managers make better decisioms by solving proeobleams more
effectively. 1In pursuing this goal, a number of
mathexzatical techaniques (especially operational research)
have been developed as tools. These technical models
emphasize the managerial role of the decision maker——the
objectives of the analyzed system and possible altermatives
available to manaqgement. These models are
normative-oriented, although their approaches per se are

positive.

The enphasis of EM have shifted from the "descriptive®
and %predictive®™ nodels of energy analysis to the

"pormative" model of energy planning and management. The
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following characterizes the differences between EN and

conventional manmageaent science model (Samouilidis, 1980):

(1) Planning horizon--EM generally look further into the

future than early decision making models.

(2) Systens boundaries--Usually decision making models
within management science describe the behavior of a firm or
an iudustrye. EH usally deal with a higher order of

agqgregation such as a reqgion or a nation.

(3) Supporting sciences~-Whereas industrial models of
managenent science rely heavily om microeconomics and the
engineeriaqg sciences, EM draw nuch from macroeconomics (see

Fiqure 3.1).

{4) Model complexity and size--EM tend to be more complex

and extensive than the conventional decision—making model.

{5) HModel potential users-—-EN ususally aim at public
decision making, whereas conveantional nanagement science
models address themselves to decision making within a firnm.
This case makes EM more complicated than the conventional
@models, e.gJ., linear programming or goal programming of

nanagegent science.
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As described above, EM broaden the scope and the fieid of
inplenmentation of management science. At the same time, the
latter has a rich experience to offer to the former. Energy
modellers can therefore benefit from this reala of
management science. Accordingly, the main purpose of this
‘stuwdy is to incorporate a nevwly developed model of
management science with a conventional input-output model of
macroeconomics to investigate the energy-economic issues

outlined in chapter tvo.

3.3 EM AS A TOOL FOR PUBLIC DECISION MAKING

The role of EM is to enhance the understanding and
communication of the energy issues involving policy making.
EM assist the policy makers to reviev¥ plausible future
confiqurations of relevant decision variables and
paramneters. It is therefore important to detail the ways ENM

can become a tool useful to public decision makers.

As public policy makers and planners face the problems
of economic growth umder resource or energy coastraints,
they seek the best possible information on the consequences
of their choice among development alternatives.
Conceptually, pianners are often faced with trade-offs
betwveen various levels of ecological purity, resource use,

and economic activity. The essence of these trade-offs may
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be illustrated with the use of a production possibilities
curve (Figure 3.2). This curve shovws the relationship
between levels of enviromnmentzal cleanliness, resource use
{depletion if the resource is not renewable), and econoaic
activity. As shown in Figure 3.2, it is clearly possibie to
have a pristine (100% clean) environment at the cost of a
zero level of economic activity. On the other hand, it is
possible to have a "totally dirty"” environment but have a
high level of economic activity. Further, it is possible to
show¥ the relationship between levels of economic activity
and resource use. This production or technological
relationship simply reflects the use of resources in the
production process and shows a proportional relationship
between resource use and levels of economic activity (Harris

and Ching, 1982).

From a decision maker's standpoint, it would be extremely
helpful to quantify some of the above relatioaships. Then,
decision makers would be better able to make informed

decisions regarding alternative courses of action.

The job facing the emergy modeller is to identify the
above-mentioned guantitative relationships by applying
energy modelling techniques to the reference system. A

formal model of a given reference system can be defined as a
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Figure 3.2: Trade-offs between Regional Economic Activity
and Either Regional Resource Use or
Environmental Pollution
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Source: Harris and Ching, 1982,
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"system expressed in a formal language, and synthesized from
representations of selected elements of the reference
system, and their assused interelationships® (Greenberger et
ale, 1978, pP. 49). This definition implies the following

{Samouilidis amd Berahas, 1983; Ackoff, 1979a):
(1) A model refers to some system, object, or process.

(2) A model represents and approximates selected features

of the relevent reference systena

{3) Formal mcdels utilize formal linguistic systems to

represent selected features of the reference systen.

(4) The optimal solution of a model is not an optimal
solution of the problem unless the model is a perfect

representation of the problen.

The last point is illustrated in Figure 3.3. Since a
model is only an abstraction and simplificatioa of some
selected parts and features of the real worid, the
implementation of the solution given by the nmcdel requires
the integration of all those elements not included in it.
Usually these missing elements and fgatures are the
non-quantifiable factors, such as the political issues
involved, the behavioral aspects characterizing the

reference system, etc. As Koreisha (1980, p. 96) remarks,
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vfailure to consider non-quantifiable factors when assessing

the models' results can lead to misleading conclusions.”



Figure 3.3: Model versus Problem Solution
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3.4  PROBLENS AND LIMITATIONS OF EM

Five broad classes of problems and limitations of EM can
be identified as follows (Samouilidis and Berahas, 1983;

Samouilidis, 1980):

{1) System complexities—-involving the difficulties
inherent in the znatuire cf the phenomena to be modelled amd
in expressing these pheaomena in fo:ﬁal {usually
mathematical) ways (e.g., uncertainty, complexity,

addressing the wrong problem, etc.).

{2) Political complexities—-involving the difficuties
inherent in the political nature of the policy-making
process (e.gees conflicting interests, pressure groups,

etCa) w

{3) Model complexities—-involving the difficulties
inherent in the complex structure of large-~scale models
usually developed for addressing policy questions {e.g.,
detail vs. simplicity, availability of appropriate

methodologies, and algorithamas, etc.).

(4) Communication complexities—--involving difficulties
inhereant in the lack of communication channels linking the
various agents in the modelling process, and coamunication

problens often encountered betveen analysts and planmers
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resulting from individual differences, time constraints, and

unsatisfactory model documentations.

{5) Data couplexities—-involving difficulties inherent in
the process cf capture and mamagerment of large guantities of
data usually required by policy models {e.g., availability

of data, quality of data, data indexiang, etc.).

The last point of data complexities is particularly
notable because there are altermative ways of measuring
enerqgy and handling energy data indexing. Percebois (1979)
discussed different interpretations for measuring energy
intensity. Swmith (1984) presented common problems
extensiveli involved in energy indexing. For example, to
measure electricity from a nuclear povwer plant, the World
Bank bases its calculations on the starting point, i.e.,
total (gross) energy content of muclear fuel (most of whickh
is lost in the form of heat during the process of
generation), whearas the United Nations bases its
calculations on the end point, i.e., actual {(aet)
electricity generated. The former is about three times the
latter measurement. It is, therefore, importaant to specify
#hich the enerqy modeller uses in order to present correct
interpretation. UNevertheless, it has been found that many

energy-economric studies fail to do so. For example, all the
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enerqgy models compared in this study (see chapters four and
five) did not specify this point. Only the study by
Overseas Advisory Associates, Inc. (OAAI) indicated that
their data were based on the starting point (gross energy)e.
For the present study, data measurement is also based omn the
gross energy. This convention rather than net energy is
especially useful when oil substitution and reduction are of

primary concern.

Indexing problems of energy data are even more
complicated than the above-mentioned energy-measuring
probleas. In general, the index of energy datz are in heat
{e-g., Btu}, weight (e.g., tons of oil eguivalemt), or in
volume (f«ge, kiloliters of oil equivalent). To convert
different types of energy (e.gd., coal, oil, natural gas,
etc.) to a common index may cause potential problems (see
Griffin and Steele, pp. 6-7, for details). As Smith (1984,
PP 37-38) notes, there is no universal energy index. The
index must be chosen carefully to fit the task of interest
and to be sure that it is helping to find, not obsuring, the
ansver to the question at hand. For example, measurement in
volune is not as accurate as the other two alternatives,
because oil products become altered in volume in the course
of refinery process and under different temperatures.

However, after considerable thought was given to the
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question, kiloliters of o0il equivalent (KLOE) were adopted
for this study. This is justified on the grounds that,
first, KLOBE has for many vears been the unit in which energy
consunption has been measured in Taiven. The desirability
of continuity and comparability, and the use of available
data are advantageous. Second, one of the primary conceras
of the preseat study is with problems of energy imports and
primary energy and the reducticn of the dependence on
inports of oil. It would be much easier for policy makers
concerned to visualize the dimensions of some aspects of the

problem if it is presented in terms of cil use.

3.5 AN APPROPRIATIE ATTITUDE NITH REGARDS TO EA

Reviewing the difficulties in EM, one can be misled to
believe EM can oanly serve as exercises in acadesic futility
with little practical value. Yet the plethora of models
addressing important policy issues is amn indication that
models and modelling are indeed vital. Without them mo
formal analysis can be carried out. Thus, it is important
to possess an appropriate attitude regarding EM and their

use in public policy making.

Hoffman (1978) points out that "there is often a quite

unrealistic attitude regarding mathematical models and their
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use in policy and decision making." The two extremes of

this attitude are:

{1) Wariness of decision makers towards models, feeling
that the models reduce their role and degrees of freedon,

which are esseantial for their political survival.

(2) Tendencies on the part of analysts to view their
nodels as the ultimate tool, without which it is impossible

to make rational decisioans.

Problems do exist in developing and using energy policy
models since they have inherent limitations. Yet it is
obvious that the failures, problems, and limitations of
nodels in policy analysis are integral parts of the
failures, problems, and limpitations of policy amalysis aand
planning themselves. Therefore, it is essential to have a
balanced vier of the above-mentioned two extremes: Models
are essential as decision aids in the policy making process;
yet their contributions may be overshadosed by the political

feasibility of the proposed policies.
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3.6 VERIFICATION AND VALIDATION

The major uses of EM were described in section 3.1, i.e.,
descriptive, predictive, and normative. EN also have somre
indirect but nevertheless very important uses. These
include: communication between and among analysts and
decision makers, simplification of the issues for enhanced
understanding, generatiom of new moints of view and
polarization of thinking, attraction ofi public notice and
promotion of public issues. All these contributions and

uses of EM are impressive.

The usefulness of ENM is largely determined by the process
of "verification and validation.® Model verificatiom deals
with the intermal comasistency of the model structure and
design. It is an attempt to ensure that the model behaves
as the modeller intended. Model validation deals with the
external consistency of the model, i.e., testing the
agreement between the behavior of the model and the real
world systen being modelled. Verificatioa and validation
are important parts of the modelling prccess, and without
them it is not possible to consider the information provided
by models as valid and of any value in decision making. Yet
it is important to realize that only a few of the

conclusions reached during the verification and validatioa
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processes are tangible and permanent, due to the volatility
of the reference system, and the complex interrelationships

involved (Samouilidis and Berahas, 1983).



Chapter IV

COMPARATIVE STUDIES ON SELECTED METHODOLOGIES

As descrihed in chapter three, there are many
energy-econonic methodologies. In this chapter, the
concentration is on the ma2thodologies deemed relevant to the
present stuadys

(1) input-output multipliers and coefficients,

(2) linear programming input-output (LP-IQ),

{3) goal programming input-output (GP=IC}, aad

(4) non-inferior set estimatiocn input-output (NISE-I0).
The purpose of tkis chapter is to describe the nature and
the uses of these models. As explained in chapter one,
their different perspectives and uses provide important

information toc energy policy makers.

In section 4.1, the standard Leontief interindustry model
is described. Within this framework, input-output “
multipliers and coefficients of various types are defined.
Careful consideration is then given to energy—-economic fimal
demand coefficients as the most appropriate indicators for
investigating trade-offs between ecomomic development and

energy use on the sectoral-level analysis.

55
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In section 4.2, input-output models are inteqrated with
optimizing techniques for the macro-level analysis. The
uses of LP-10 are introduced and, specifically, an LP model
by Taipower (1980) and an LP-IO0 model by the Energy
Committee (1981a) are discussed and criticized. The LP-IO
model is then extended to multiobjective function analysis.
Goal proqrammiug (spacifically, GP models used by Taipower,
1980, and GP-I0 models used by CPC, 1982) and geuerating
techniques are discussed and compared. An alternative
(NISE-I0) which will be used as an analytical tool in this
study is preseated. Finally, a summpary and comparisomn are

made in section 4.3.

4.1 THE LEONTIEF INTERINDUSTRY MODEL

4.1.1 The Basic Hodel

Since Leontief's initial work in the 1930's, many
pcesentations of input-output models have appeared in the
literature (Bills aad Barr, 1968; Carter, 1974a; Chenery and
Clark, 1965; Ching, 1981; Dorfman et al., 1958; Fisher,
1958; Harris and Ching, 1982; Lee et al., 1976; Liew, 1977,
1980; Malinvaud, 1954; O'Malley, 1973; Park, 1982; Penn and
Irwin, 1977; Rasmussen, 1957; Richardson, 1972; Sapir, 1976;
Yan, 1969). 1In general, input-output models depict the

nonetary flow of goods and services throughout the economy.
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All sectors in the economy purchase goods from one another
and use these goods in the production of a final product.
Mathematically, this type of interaction may be expressed

as:*

11 # x12 4+, 4 « + x1n + ¥y1 X1

X2

X271 # x22 +. . o + X2n + y2

xnl + xn2 +, o « + xnn + yn = Xn

where:

xij sales from sector i to sector j,

1,7 = 1,2,0ee4n;

vyi = final demand for products of sector i,

i = 1.2...00“:

Xi = total output of sector i,

i = 1,2.-..,‘1.

¢ Because the text of this dissertation has been prepared
¥ith a computer on which tr-ue subscripts are not
available, none have been used. 1Instead, subscripts are
placed on the same level as the variables themselves.



58
In ianput-output analysis, linear production activities
are assumed, i.e.. they utilize production processes that
are homogeneous of degree ome. As a result, it is
appropriate to define the production activity for each

sector in teras of a set of input/output coefficients:

aij = xij/X3j

Thus, the equation system showing the interdependencies
of the various sectors may be rewritten as:
al1x1 + al2X2 +. . . + alnin + y1 = X1

a21X1 + a22X2 +. o « + aznin + y2 = X2

Xn

an1X1 + an2X2 +., . . + annXn + yn

This equation system can be expressed in matrirx notation as

AX + vy =X

where:

o x 1 vector of sector outputs,

]
1

n x 1 vector of final demands, and

~
]

n x n matrix of technical coefficients.

e
]
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The matrix A or technical coefficients are sometimes
referred to as a production recipe because the colummn shows
the quantity of production or service required from each
sector to produce 3$1.00 of output by ﬁhe.secto: beading the

column.

Since the general purpose of the Leontief interindustry
model is to determine the effects of changes in final demand
on the reqional economy, one can rearrange the equation

system as follows:
X = (I-a)-t y
where:
I =n1nx a0 identity matrixe.

This is the basic equation of input/output analysis. The
interindustry matrix, (I-A)—1, can then be used to determine
the economic effects within the context of interimdustry

multipliers as discussed in the following sections.

#.1.2 Traditional Economic Multipliers

Output, employment, and income multipliers are usually
referred as traditional economic multipliers. For example,
Bills and Barr (1968) estinmated income and employment

multipliers for a reqional economy.
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The output {(sales) multiplier is defined as :

5=3 (I-a)-?

where:

S = 1 x n vector of output multipliers, and

3 =1 x n sum vector.

Thus the output or sales multiplier is the column sums of
the interindustry matrix, (I-A)—!* . The output nmuitiplier
can be interpreted as follows: if the final demand of the
kth sector were to increase by one unit, the kth output
multiplier would indicate the change in output in the whole

ecConolYe

Other input/output multipliers can also be derived. The

folloving equations define the employment multiplier:

g =p {(I-3)—?

Pi = gqi/pi
vhere:
P = 1 x n vector of direct employment

coefficients, i.e., the ratio of total
enployment to total sales for each sector;

elements of p are pi.

1 x n vector of total direct and indirect

el
"
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changes in employment; elements of q are qi.
(These are also referred to as

enployment-final demand coefficients).
Pi = employment nultiplier for the ith secﬁbr.

The employment multiplier, Pi, shows the total change in
regional employment if employment in the ith sector

increases by omne unit.

Another coanventional multiplier is the income multiplier

which is defined as:

Z =W (I-A)-t

Yi = zi/ui

w = 1 x n vector of direct income coefficients,
i.e., ratio of sectoral income to total sales

for each sector; elements of w are vwi.

1 £ n vector of total direct and iandirect

N
1]

changes in income; elements of z are zi.
{These are also referred to as income-final

demand coefficients).

Yi = income multiplier for ith sector.



The income multiplier, Yi, shows the total change in
regional income if income in the ith sector increases by

4.1.3 Energyy Multipliers

Ching (1981) and Harris and Ching (1982) argue that there
is no reason to focus only upon usual economic multipliers
(eede, Sales, income, and employment); resource multipliers
are also appropriate. In particular, they discussed water
multipliers, water-economic final demand coefficients (e.ge.,
#ater—-income and water-employment final demand coefficients)
and their application to reqional economics. They argue
that if one were interested in the effects of energy
utilized by the sectors in the econonmy, this same multiplier
concept would apply. One need only define the direct ernergy
coefficients and thema utilize the (I-A)—? matrix to compute
the desired direct and indirect effects which would then be

used in the computation of the energy multiplier.

The enerqgy multiplier is defined as followus:

r = e {(I-a)-t
Ei = risei
where:
e = 1 x n vector of direct energy coefficients,



i.e., ratio of total energy used to total

sales for each sector; elements of e are ei.

£r = 1 x a vector of total direct and indirect
changes in energy use; elements of r are ri.
{These are also referred to as energy-final

demand coefficients).
Ei = energy multiplier for ith sector.

The enerqy multiplier, Ei, shows the total change in
regional energy use if energy use in the ith sector

increases by one unite.

This approach is more useful than that of direct energy
coefficients, because it counts the total (direct plus
indirect) effects on the whcle economy arising from
particular changes within a specific sectbr. On the other
hand, there are limitatioms to this approach, i.e., only
enerqgy consumption (vhich is a "cost") is accounted while
the "value added" (which is a "revenue") of economic
activities is excluded from the model's function. For
examnple, the automobile sector requires significant energy
inputs. #ithin the criterion of the energy multipiier (or
enerqgy-final demand coefficients), policy makers might

decide to constrain the expansion of this sector to reduce

63



64
total energy consumption. However, they have toc re-evaluate
the decision if the value added (direct and indirect

effects) of the automobile sector is taken into ac-ount.

Por this purpose, Harris amnd Chiang (1982) further extend
the idea of interindustry multipliers to examine the
trade-offs between energy use and economic entities. One
such nultiplier is the energy/income final demand
coefficient which estimates the trade-offs between energy
use and sectoral income within am interindustry context, amnd

can be shown as:

Ti

"
”
[
N
N
P-

where:

Ti = 1 £ n vector of energy-incoume final demand
coefficient which reflect the total (direct
plus indirect) change in energy use per
unit total (direct plus indirect) change
in income, brought up by sector i.

Accordingly, this model is adopted in this study.
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h.1.4 Remarks on Input-Output Model for Enmergy Analysis

_—_—Renal ES SRk

As indicated in previous sections, a strength of
input-output models is the ability to explicitly describe
the regional economy in the context of sector
interdependence. This makes input-output apalysis a more
desirable research tool than the traditional micro and
partial equilibkrium macro approaches for energy studies.
Energy flows are not c¢oncentrated in one sector, industry,
or firm, as has been assumed in past econonic amalysis.
Most enerqy is coasumed not as final product but as a
"derived” demand by sectors in the ecomomy. In fact, energy
is guite similar to other primary inputs, such as capital,

to all economic sectors.

Interdependence arising from energy flows is far ¢greater
than had been recognized. Researchers have only recently
bequn to comprehend the complexity of energy transfers and
usage throughout the economy. Analysis of the relationship
of energy to various components of the economic systea
requires treatment of those coaponents in the context of the
total economic setting of which they are a part (Pern anmd

Icwia, 1977).



4.2 IN NDUSTRY ANALYSIS INTEGRATED WITH PROGRAMMING

QUES

It b

The energy/income final demand coefficients emphasize
activities at the micro/sectoral level. This approach is
most useful when planners are interested in evaluating the
development alternatives of a specific sector. It tells the
planner how nuch energy supply should increase/decrease if a
proposed stimulating/discouraging strategy is to be

implerented in a specific sector.

The energys/income final demand coefficients are also
useful to identify the potential sectors that should be or
should not be stimulated if minimizing energy consumption
and maximizing sectoral value added are the major conceras.
However, without other imformation, meaningful planning
cannot be performed. On the basis of interindustry
multipliers and coeificients alone, there is no interacting
mechanism among sectors to compete for a given amount of
rescurce or energy. That is, within a regional ecomnonmy,
given an iacrease/reduction of energy supply, onre knows the
potential sectors that should be stimulated/discouraged by
comparing tﬁeir energy-economic multipliers and
coefficients. But one does not know "to what extent" the
potential sectors would expand/contract and, thus, one

cannot design a meaningful allocation scheme to cope with
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the chaage in the enerqy supply for the ecomnomy. To
circunvent this problem, input-output models are often
integrated with mathematical programming techniques for

macro-level studies.

4.2a1 Interindastcy Analysis and Linear Programming

Many econoaic planners have recognized that interindustry
analysis can be used vithin the context of linear
programning models. The inteqration of I/0 analysis and
linear programming techmnigues can provide much information
not available from saparate application of either techanique
{Harris, 1982). The former provides feasible regional
economic production possibilities inm the context of industry
sector interdependence. The latter enables the analyst to

choose the optimal productiocn alternatives.

Researchers have used input-output analysis and linear
proqramming procedures within the regiomal economay to
mazxipize a desired benefit or minimize a loss. Richardson
(1972) enumerates possibilities used for linear programming
algorithms and input-~output analysis. He suggests that the
two models are useful in policy amalysis where the
interindustry model derives the techmical interrelationships

between economic sectors and linear programning algorithm
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strives to achieve a stated objective. Studies by Leung and
Hsu {(1984), Penn et al. (1976), O'Malley {1973), Richardson
{1972) and Dorfman et al. (1958) have used interindustry
analysis and linear programming procedures to maximize
creqgional income, final demand cr employrent subject to a
resocurce constraint such as enerqy, water or labor

availabilitye

In studying Taivan's energy—-economic problems, both
Taipower (1980) and the Energy Committee (1981a) have used
linear prograaming models. Taipower (1980, pp. A9, A53-A55)
formulated a model to maximize GDP subject to energy
resources availability constraints and sectoral capacity
constraints {upper and lower bounds). There are tw#o main
problens with this approach. PFirst, on theoretical grouads,
this model does not consider the interindustrial
relationship between economic sectors. It assumes
independence among sectors. This is not true in the real
world. Second, on empirical grounds, the right hand side
value of the energy resources availability ({which are
exocgenously determined) may be underestimated, as indicated
by this Taipower study. As a result, there is no feasible
solution to this LP model (Taipower, 1980, p. 3-52). H®hile
the empirical problems could be identified through the

sinplex tableaus and remedied by changing values of right
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hand side elements or relevant coefficients, the failure to
include interindustrial constraints is of critical concern.
This aodel, therefore, is not an adequate one for emergy

plananinge.

Another LP model developed by the Energy Committee
(1981a, pp- 62-90) improves upon the aforementiomed model.
It is a linear prograBming input—-ocutput (LP-IQ) model also
set up to maximize gross domestic production. The
constraints set include labor and enerqy resource
availabilities, interindusty restrictions, and sectoral
capacity bounds. The major results of this study are

zec of the economic impacts

Rt rr = ifivid 1
Gerived from sgositivity analwye

in
1]
in

due to shortaqes of enerqgy supply, changes of import/export
policy, impreovement of energy-saving technoloagvy and the
ratio changes of energy uses for intermediate production to

enerqgy uses for final denand.

This modeli, based on the single-objective of maximizing
GDP, provides many significant results and policy
recommendations to Taiwan energy-economic policy makers.
However, within a regional econonmy most problems are marked
by multiple, sometimes conflicting objectives. The
attainment of a single objective as in conventional linear

programming is useful, but in reality policy makers are
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confronted with deriving plans which will try to satisfy to
some degree many desired or expressed objectives. This type
of procedure is called multiobjective analysis.

4.2.2 jective Programming vs. Multi-Objective

Single=
Program

Multiobjective analysis is one of the mathematical
programming techniques called vector optimization. It
cannot be characterized as new, since Kuhn and Tucker (1951)
and Koopmans (1951) must be credited with its discovery.
However, vector optimization theory remained relatively
undeveloped from 1951 until the 1960s when multiobjective
public investment probleas became more coamon and

ntrade-off" becamne a favorite word of managers, planmners,

and decision makers in both the private and public sectors.

puring the past decade, particularly during the latter
portion of it, a great deal of effort has been devoted to
the development of solution techniques for vector
optimization problems (see Cohon and Adarks, 1975; Fandel and
Gal, 1980; Goicoechea et al., 1976; Hwang et al., 1979;
Nijkamp and Spronk, 1981; Rietveld, 1980; Siskos and Hubert,
1983; Zeleny, 1982; Zcint, 1978). The origims of this
effort have been varied: techniques have been developed by

systems analysts and decision theorists for private aad
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public sector problens, by control theorists for engineering
{gquidance and design) problems, and by water resource
econonists and systews analysts for water resource (public
sector) planning problems. Al1ll of the coantributors to the
recent development of vector optimization theory shared omne
or two common goals: the formulation of methods which are
theoretically operational and which attempt to avoid the
large computational effort associated with multiobjective
problem. In the field of economics, multiobjective

programming is receiving growving attention and promises to

have great poteantial use in the future.

In considering the roles of the anmalyst and decision
maker in the public decision—-making process, multiobjective
approaches are superior to conventional single-objective
methods. The key point here is that amalysts should analyze
and decision makers should decide. This point will be

developed in subsequent paragraphse

Single~objective models ideantify "optimal" solutions--the
feasible solution that is best in terms of a single measure
of value. Decision makers are given the choice of accepting
or rejecting this single solution without learning anything

about how the solution compares with other feasible
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solutions.® Since in a public decision-making context, a
single objective can be defined only by makimg important and
perhaps controversial value judgments, the analyst is forced
by single-objective approaches to usurp a large part of the
decision makers! responsibilities (Cohon, 1978, p. 316). As
Zeleny (1976, p- 156) notes: "It is important to realize
that vhenever we face a single attribute, an objective
function, an utility function, or any other single aggregate

measure, there is no decision-making invovled. The decision

is implicit in the measurement and it is made explicit by
the search." Zeleny (1981) also discusses prevailing

misuses of liinear programming for decision making.

Multiobjective analysis, by contrast, emphasizes the
range of choices associated with a decision. "It is oanly
when facing multiple attributes, objectives, criteria,
functions, etc., that we can talk about decision makimg and
its theory" (Zeleny, 1976, p. 156). The important judgments
regarding the relative values of objectives are not made by
the analyst; the burden of making these value judgments

rests, instead, squarely on the shoulders of the decision

makers. Instead of optimizing a single objective function

5 Althouqgh sensitivity analysis may present altermative
solutions, the approach is quite differemt in nature from
that of multiobjectives programming. This point will be
elaborated later.
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subject to a set of constraints, multiobjective amnalysis
seeks to derive the trade-offs between multiple objective
functions subject to constraints or finding the "best"
possible values under the given conditiun. That is to say a
single optimulk sclution may not be sought in multiple
objective analysis. Instead, it is a set of ®"noninferior
solutions" or "nondominant solutions,®™ which can be defined
in the following way (Cohon, 1978, p. 70):

nA feasible solution to a multiobjuctive

ptogramming problem is noninferior if there exists

no other feasible solution that will yield a=n

improvement in one objective without causing a

degradation in at least one other objective.™

This definition may be easily explained by Figure 4.1

vhich is a collection of feasible alternatives im a
two~-objective problem. The axis of the fiqure, Z1 and Z2,

represent the objective functions. The plot is in gbjective

space rather thanm in decision space.

In this fiqure, point C is considered a dominated
soliution because at point B one gets more Z1 without
decreasing Z2. Alsc at point D ome derives more Z2 without
decreasing Z1. 1In contrast, the arc betwezn points A and B
are nondominated solutioms because as one goes from A to B,
an increase in one objective is omnly derived by a reduction
in another objective. Noninferiority is thus shown to have

a meaning similar to "Pareto optimality™ in economicse.



Figure 4.1: Graphical Description of Noninferigrity for
An Arbitrary Feasible Region in Objective

3pace

Noninferior
Solutions
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Source: Cohon, 1978, p. 70.
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In single objective models, all project effects are
measured in terms of a single unit, e.g., all project
effects are measured in dollars when maximizing profit. 1In
multiobjective analysis, hovever, the decision maker pursues
results with explicit consideration of the relative value of
project impacts, le.e., ¥ith mnultiple objectives, project
effects are measured in relative terms of the different
objectives (e.g., dollars, Btu, etc.). This is advantageous
because arbitrary conversion often coantains bias. Por
example, the basic interindustry transactions, as
represented by the input-output table expressed in monetary
units, may not be a good represeatation of energy use by
industry because different sectors may pay different prices
for the same energy type. Energy flow expressed in physical
units is more reliable than arbitary coanversion of dollar
measures (Leunqg and Hsu, 1984, p. 117). In addition,
original units provide a more intuitive basis for

interpretation of the study's results (Harris, 1982).

4.2.3 Goal Programming and Gemerating Techniques

There are several methods for deriving solutions to
multiobjective problems, e.d., goal programming and

generating techniques.® Goal programming is undoubtedly the

& More than two dozen different techniques for solving
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most well-known multiobjective methed. It was developed by
Charnes and Cooper (1961, pp. 299-310). Based on
minimization of the sum of weighted absolute deviatioms of
objectives zi(x) from targets {Ti), a goal programming

problem can be formulated as:

min wi {(di+edl) {48—173
Seta

x EX (4-2)
x>=0 (4-3)
zi {x)-di+ei = Ti 1 = 1,20eee4K; (4-4)
di,ei >= 0 (4-5)

Where wi is the weight or priority attached to the ith
goal, di and ei are the positive and negative differemces of
the ith objective from its target Ti, respectively, x is an
n-dimensional vector of decision variables, "E"™ nmeaans
"helongs to," and X is the feasible region in decision
space. The wi can also be split into two components—-—-one
for positive differences (di) and one for negative
differences (ei). HNeely et al. (1977) provide a good
examnple of geoal programming. Others have used goal

programning in areas of accountinq for comntrol (Ijiri.

multiple objective programuing probleas have been
developed. For a detailed classification and comparison
of some of these approaches, see Cohon, 1978.
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1965). Lee (1972) has applied goal programming to probleas
in production planning, financial decisions, academic
planning, and medical care. Goal programming has beea
applied primarily to private sector problems by Charnes et
al. {1968, 1969), Spivey and Tamura (1970), Lee and Clayton
{1972), although Lee and Moore {1277) used this method to
analyze school busing to achieve racial desegregation and

Herczberqger (1976) used this method for land-use planning.

In studying the energy-economic problems in Taiwan,
Taipower (1980) and CPC (1982) have both used goal
proqgrammning as their research methodologies. Ta.power
(1280) has set up two goal programming models. The
objective fuaction of the first model is to minimize the
targets' deviation of GDP, overall energy elasticity,
sectoral enerqgy elasticity, energy supply and industrial
{including mineral) producticn. The constraints set include
fifty-six functions which contain targets for GDP, overall
energy elasticity, sectoral energy elasticities, total
enerqy demand, sectoral production, population and capacity
beounds. The second model is basically a similar model with
different gqoal priorities. It comsiders overall energy
elasticity as having highest priority, followed by other
goals such as GDP, etc. Both models exclude interindustry

dependency of the type previously noted within the Taipower
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{1980) LP model. As a result, the effectiveness of these

models for energy policy is again limited.

CPC {1982) developed two goal programming input-output
(P—-I0) models whaich circumvent this preblem. Both GP-IO
models include an interindustry function as a set of
constraints. The first model considers energy supplies in
normal situations. The priorities of the desired goals are:
{1) GDP, fipnal demand, and enerqy demand; (2) GDP, energy
demand, and final demand. The second model considers enerqgy
supplies under disruptive situations. The priorities of the
desired qoals are: (1) enerqgy demand, followed by GDP and
final demand; (2) energy demand, followed by final demand

and GDP.

Comparing the aoove LP models with the GP models, some

notable features include:

{1) Economic goals are very oftem in conflict with each
other, e.g., to maximize GDP and to minimize energy demand.
In LP approaches, the inclusion of constraint functions on
conflicting goals may result in no feasible solution. The
above-mentioned LP model of Taipower (1980) is a gqood
exapple. By contrast, GP approaches do not suffer this type
of problem. By introducing deviation variables (di and ei)

and given targets (Ti), GP strives for a "comprorise
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soluotion” instead of the "optimal or best solution.® This
coupromise solution allows positive and/or negative
differences from the desired targets and guarantees feasible

ANSWerS.

{2) GP provides more alternmative solutions than does LP.
For example, the CPC {1982) GP-I5 models preseant several
alternatives for differemnt situations. When enerqgy supply
is normal, GDP is the first priority; when energy supply is
short or disruptive, limiting energy demand is the first
priority. Different concerns could arise in differeat
situations. GP models respond well to these types of needs.
On the other hand, LP has to limit its decision concerms to
a single obijective, €.Je, maximizing GDP. Although the
LP-1I0 model by the Energy Committee (1981a) contains a
sensitivity analysis and presents alternative solutioms,
these alternmative solutions are confined to the single
objective of maximizing GDP. The meanings of "alternatives™

here differ in nature from those of GP.

{3) In LP approaches, all variables in the objective
function must be measured in the same unit. This may cause
problems or biases as indicated in section 8.2.2. In GP,
the problem of arbitrary comnversion is avoidable and can
provide a more intuitive basis for interpretation of the

study's results.
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Many practitiomers believe that goal programming is
multiobjective programming. More accurately, goal
programming is just one of the many multiobjective
programrming techniques developed. There are many other
multiobjective programming techniques quite differeant from

goal proqramming in their nature.

Goal programming does have advantages, €.d., the
"pre-enptive® version is easy for practitioners to
understand and is quite similar to linear prqgranning
anpalysis. Goal éroqramminq also has wide popularity and
many compuﬁer—aided algoritims have been developed (Lee,
1972; Ijiri, 1965; Arthur and Ravindran, 1978). 1In
addition, goal programming is behaviorally based om the
philosophy of "satisficing"” and can be viewed as a technical

expression of this behavioral theory.

Goal programmiang, however, is not ¥ithout its
disadvantages. The chief argument against goal programaing
is that the method may produce dominated solutions. Because
the technique relies heavily on decision makers® perceptions
of the range of choice and feasibility, a set of goals may
lead to an inferior solution. Comnsider Figure 4.1. The
poninferior set is unknown to the decision makers when they

set z1 and z2 as :tLkz goals for Z1 and %2, respectively.
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Since (z1, z2) is within the feasible regqiom, Fo, the
solution to the goal program will give total deviations of
Zero; i.e., both goals are attained. Unfortunately, (z1,
z2) is an inferior solutien. If the decision makers stick
with their original qgoals, then they will settle for less

than they should.

Another point that makes it difficult to apply goal
programming to public decision—ma%ing is the ambiguity of
specifying target values for some social objectives. For
exanple, highways amnd reservoirs are not designed or planmed
to generate a certain quantity of economic efficiency
benefits; these beaefits are merely an indicator of the
project?s impact on a single dimension of economic welfare.
Other objectives, such as certain formulations of
environmental quality or employment, may be more amenable to

a goal programming approach (Cohon, 1978, p. 190).

Zeleay (1974a, p- 485) presents arguments against the
direct assessment of prior specification of weights for
goals. He criticizes the approach on behavioral grounds.
He claims that human ability for overall evaluation is
linited and the precision of weighting does not reflect the
fuzziness of multiobjective decision making. Zeleny (1976)

further argues that these weights are not a priori in the
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possession of the decision maker. Rather, they are, or
should be, learned through the decisiomn process and are not
independent of the set of feasible alternatives. His
criticismas are vwell-qrounded and should disjustify the use
of prior specification of wveights. Morse (1977) also showus
that if paive weights are used, the system may be driven in

counter—~intuitive and inferior ways.

Since goal programming requires explicit articulaticn of
value judgments, the applicability of this technigque is
sensitive to the nature of the decision-making process. For
those unidentified or inmaccessible decision makers, goal
progragming will cause problems. This will oftem occur in
the public decison-making issues when the question of who

should be the decision makers is raised.

Other multiobjective procedures such as generating
techniques circum;ent problems of this type. Generating
techniques do not require the expression of target values
for public goals and do not allow preferemnces to be
incorporated into thea solution process. That is, prior
statements about preferences, priorities, utilities, or amny
other value judgment- about the objectives are deferred umtil

the range of choice represented by the set of nondominated

solutions is derived and presented to decison makers. So,
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decision makers can compare those generated noninferior
solutions and select a best-compromise alternative based on
their explicit or implicit preferences of the objectives.

In this case, the analyst is confined to analytical work per
se and leaves the decision to decision makers. Thus,
distinct roles would be maintained for the analyst and
decision makers, i.e., leaving to the anmalyst and computer
what they do best {generating alternatives) and to decision
makers what they do best (evaluating pairs and choosing).

In addition, since the preferences of the objectives
articulated by the decision makers require a comnsideration
of the range of noninferior solutions, generating techniques
rather than goal programming could provide better

understanding and control of the decision situatiorn.

Accepted programming analysis stresses sensitivity
analysis for the exploration of the range of choice. 1In
goal proqramaing, sensitivity analysis is complicated in
part because the actual decisiom variables have zero
coefficients in the objective function; this information
makes its way into the objective function only indirectly
through the rigat hamd side (Ti) of the policy constraints.
These goal constraints in (4-4) have both surplve (di) and
slack (ei) variables, and these variables are drivea by a
set of dependent objective function coefficients, so that

for one to change at least one other must change as well.
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This is because veights are usually set by making them to
one, to insure convex combinations. Even without this
restriction, adjusting a single weight alters the relative
relationships of the wi (Willis and Perlack, 1980; Morse,

1977) &

By contrast, generating techniques are nothing more than
systematic sensitivity analysis of the mest importamt value
judgments. The emphasis in generating techniques is on the
explicit identification of those value judgments, i.e., the
weights assigned to each objectives. This notion will be
elaborated later by using the enpirical results in a later

chapter.

Willis and Periack (1980) evaluate and compare both
generating techniques and goal programming under fcur
criteria: computational expense, quantification of
trade-offs, quantity of information, and validity of
decision maker—-amalyst interaction. They concluded that
goal programming is superior tc generating techniques on the
basis of computational ease and expense. The generating
techniques fared relatively better by the uther three
criteria. HYhile multiobjective programming likely will grow
in importaance in empirical applications, generating

techniques may become the most important of these approaches
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because of their intuitive basis, the explicit
gquantification of trade-offs they supply, and the assistance

they provide to the learning process.

One multiobjective generating techanique is the
bicriterion algorithm or the non-inferior set estimation
(NISE) method. This bicriterion approach was first
developed by Cohon, Church, and Sheer (1979). They
developed this algorithm for efficiently approximating the
set of noninferior solutions of a two-objective problem. In
particular, they applied this method on a river basin
planning problem. For this study, the NISE model will be
incorporated with the input-output model to derive the

trade—-offs between GDP and enerqgy use in Taiwvan.

To demonstrate the HISE algorithm, a simple example with
t¥o objectives and two decision variables is preseated below
{Cohox, 1978):

max Z {X,I} = ( 21(X,7) ,22(X,Y) )

where
Z1(X,Y) = 5% - 2Y 22(X,¥) = -X + 4y
S. t. -X + Y =<3 i+3Y=<28
X =<5 Y =< 4

X >=0 Y >= 0
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The feasible reqgions for this problem are drawa in

Figures 4.2 and 4.3.

The method begins by optimizing each objective
individually, yvielding points P1 and P2 in Piqure 4.4. This
gives for objective Z1 the point (6,0) in the decision space
and the point (30,-6) in the objective space; i.e.,
P1=(30,-6). The optimization of objective Z2 gives
(X,¥)=(1,4) in the decision space and point P2=(-3,15) in
the objective space. Set S1=P2 and S2=P1. The next
solution should be that feasible sclution farthest out along

the indicated directiom (Figure 4.4).

The maximum possible error at this point is F12=17.8,
which could be easily computed. For a triangle with sides
ay, b, and ¢ and altitude d (with ¢ as the base), A= 1/2 cad,
or A= { s({s—-a) (s—-b) ({s-c) )1/2>uhere A is the area, s= 1/2
(a+b#c). Since it is known that a=33, b=21, c could be
calculated by ¢ = (a2 # b2)1s2, This gives s=46.6, A=348.9,

and F12=d=17.8.

Now, if the maximum allowable error, T, is set at 50% of
F12, i.e., T=8.9, the computation is subject to check if the
error criterion is met. Obviously, F12>T, so the algorithnm

continuese.
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Figure 4.2: Feasible Region (Fd) and Noninferior Set (Nd)
in Decision Space

A -X+Y=3

y=L

=

> X

Source: Cohon, 1978,
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Figure 4.3: Feasible Regilon (Fo) and Noninferior Set (No)
in Objective Space

22

I » Z1

Source: Cohon, 1978.
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Figure 4.4: NISE Method: Step One and the Computation
of the Maximum Possible Error (F12)

z22

A

st=p2(-3,15) 15

Fl2

Source: Cohon, 1978,

S2=P1(30,-6)

» 71
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Using a and b as relative weights for the objective
function:
max Z (X,Y) = bZ1 + az2
or

max B12 = b (5X-2Y) + a (-X+#4Y) = 72X + 90Y

Set. =X + Y =<3 X+Y=<38
X =<6 Y =< 4§
X > 0 I >0

This yields an optimal solution (X,Y) = (4,84) ian the
decision space and P3= (21,zZ2) = (12,12) in the objective
space, and 2 (£,Y) = 648. Then, reorder the noninferior
peirts: S1'=S1=p2, S2'=P3, and S3'=S52=P1, as shown in

Fiqure 4.5

The limear indifference curve passing through P3 is shown
as a line parallel to the line connecting P1 and P2, whick

was the former lovwer bound.

The computation of the maxiaum possible error requires
first that the points of intersection of the linear
indifference curves be found. This can be done by solving
sinultaneous equations. Consider point A in Pigure #4.5. It
is the point of intersection of the line 22=15 and the line
for wvhich an equation can be derived from previous equation:

max 2 (X,Y) = bZ1 + a%22. This equation is equivalent to



Figure 4.5: Iteration of the NISE Method

st =p2=(.3.15).=\=zlzj

~

Fz’

_A=(7.3,15)

Source: Cohon, 1978.
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2121 + 33Z2 = 648, where the right-hand side is the value
for the weighted objective at P3. Since %22=15 is known, Z1
can be found equal to 7-3. The sides of the triangle with
vertices at P2, P3 and A can now be conputed. The new

maximum possibie error F12' is found equal to 2.1.

The same approach can identify the other maximum possible
error F23' = 4.&5. Since botk F!2' and F23' are smaller than
urn, the alqorithnm terminates. This means that a
sufficiently accurate approximation of the ncninfericr set

has been identified, given the maximum allowable error "TW%.

The steps of the bicriterion algorithm are summarized as

follous:

Step 1: Set a value of "T" as the maximum allowable
error for the run., Then maximize the second objective
fnnction Z2 {X) subject to X E f£fd and denote the solutiomn as
P1.7 The first objective functiom Z1(X) should be maximized
subject to X E fd and denote the sglution as P2. Let the
seqments be denoted as S1=P1 and S2=P2. Derive the maximum

error as Pt1l.

7 E here means "belongs to." fd means "feasible region.®
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Step 2: Find where Fi,i#1 =< T for i=1,2,ee-,n-1 the
approximation of the nondominated solution is completed
because the maximum allowable error has been met. Otherwise

go to step 3.

Step 3: FPind where Fi,i+1 > T or the Pi,i+1 that has the
greatest error. The problem is solved once again as
follows: max Bi,i+1 = ( Z2(S1)-Z2{Si+#1) ) Z1(X) + {
Z1(Si+1)-21(S1) ) 22({X). The above will derive another

nondominated solution denoted as Pn+l. Proceed to step 4.

Step 4: Since i is the Lighest value of t such that

22{Si) >= z2(Pn+1). The string set is redefined as:

St' = St t=1,24ecesl
Si+i* = pn+1

St+1°* St t=it+l,0aae,n

The F is redefined as:
Ft,t+1' = Pt,t+1 £=1,2,00e,i-1  if i>=1
. FE#1,t42% = Ft,t+1 t=i+1, 000 ,0~1 if i=<n-2
Compute Fi,i+1% and Fi+1,i+2'. Increment n by ome and

teturn to step 2.
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4.2.5 Specification of the Non-Inferior Set Estimation

In this study, the npultiobjective programming algorithm
will incorporate with interindustry analysis to show the
potential of cooperative use of these two research
methodologies. The bicriterion linear prograaning for this

problem is stated as:

max 2 = ( GDP, Energy)
= ( 6(X), -E(X) )
= ( VX, -eX )
Sete
EX =< B
{(I-A+¥)X >= Fmin
It =< Kit-i
where:
GDP = gross domestic product.

VvV =1%x n vector of direct income coefficients,
i.e., ratio of sectoral income to total sales
for each sector.

e = 1 x n vector of direct emergy coefficients,

iee., ratio of total energy used to total
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sales f£or each sector.

X = n x 1 vector of sector outputs,

i.e., the dependent variables of this model.

R = m x n matrix of direct resource coefficients,
i.e., ratio of resources used to total salies

for each sector.
B=mx 1 vector of available resources.
I =nr x n unit matrix.
A = n x n matrix of technical coefficients.

x n diagonal matrix of import coefficients.

=
1]
<]

n x 1 vector of the minimum levels of final

Foin

deaand.

Xt = kK x 1 vector of the output level of
constrained sectors in the planning year

1986.

K = k x k diagonal matrix of the capacity

expansion ratios of constrained sectors.

Xt-i = k x 1 vector of the actual production level of

eachk sector in the base year 1978.
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In this model, G(X) is the objective to maximize GDP and
E(X) is the objective to minimize energy use. E(X) is
rultiplied by -1 because energy use is to be minimized. The
first constraint set requires that total resource use by
type not exceed total available resource supply. The second
constraint set is derived from the relationship X-AX#MX = F,
or X+MX = AX+F, which indicates that the sum of domestic
output and importation in each industry sector (whicah is
total supply) must be equal to the intermediate requirement
by other sectors and the final demand sector (which is total
demand). This is a general equilibrium restriction. The
last constraint set limits each sector (except service

sectors) to a specified upper bound of capacity expansion.

4.3 A SUMHARY AND COMPARISON

This section summarizes and compares the features of the
selected methodologies discussed im this chapier. For
sectoral-level aralyses, energy/economic final demand
coefficients are deemed more useful than the direct energy
coefficient for at least two reasons. PFirst, direct energy
coefficient implicitly assumes independence among sectors.
¥hile it may be an appropriate tool for econogic studies
within the context of a particular industry or sector, it is

not a good criterion for standies withim a larger economy
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involving more thamn two sectors. Energy-final demand
coefficients or energyv/income final demand coefficients, by
contrast, serve as a more effective tool because they
consider direct and indirect effects of emergy changes

arising from the fipal demand of the economy.

Second, energy/econonic final demand coefficients provide
more information and insights from different perspectives
than do direct energy coefficients. FPor example,
energy/income final demand coefficients used im this study
encompass both cost (energy use) and revenue (incone)
effects of the economy, and particularly useful for
investigating trade-offs betveen enerqy consumption and,

also, the value added of the sectors.

For macro-level studies, multiobjective programming
approaches are deemed more effective than conventional LP
methods. Although GP has been the most popular
multiobjective programming procedure, generating technigques
provide more information and choices for policy makers and
have potential uses in empirical economic research. For
example, the NISE-I0 model utilized in this study is
superior to the GP-ID approach in terms of providing
nondoninant solutions, sensitivity analysis, quantification
of trade-offs, quantity of information, and valid decision

maker—analyst ianteraction.



A summary of the models compared and discussed in this

chapter is presented in Table 4.1.
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Table 4.1

A Comparison of the Selected Methodologies
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(1980) (1981) (1980) | (1982) (1984)
Model LP by LP-10 by GP by | GP-I0 by NISE-10 by
Taipower Energy Taipower CPC this study
Committee
Number of objectives one one multiple multiple multiple
. . i 1 nin goal max GDP
objective max GDP max GDP min goa L2
deviations deviations min Energy
Yariables
in decision decision deviation deviation objective
objective function variables variables variables variables variables
Unit measure d1§:§r§2t d;?izrggt dollar &
of dollar doiiar units o units o KLOE
objective function devTat1on dev1at1on
variables variables
Interdependancy
among sectors No Yes No Yes Yes
Sensitivity
analysis No Yes No No Yes
Considering energy
priority when
energy supply falls Mo No Yes Yes Yes
short
compromised | compromised
Nature noninferior
of best best (gou]d.be (QOU]d.be solutions
solutions inferior) inferior)




Chapter V

EMPIRICAL RESUOLTS AND COAPARISOQNMS

This chapter presents empirical findings of this study

and comnpares them with those of other relevent researche.

5.1 INPOT/0UTPUT BULTIPLIERS AND COEFFICIEKRTS

Table 5.1 presents the various types of imput-output
multipliers and coefficients discussed in chapter four. The
first column denotes the value—added coefficiemnts, Vi. The
second columa, Hi, gives import dependency coefficients
which show the proportional relationship between imports and
domestic production. The third column, Vi (I-A)—1!, is made
up of income-final demand coefficients, showing the total
(direct plus indirect) income changes in the economy if
there is one unit change in the final demand. This column
should be always equal to 1.0, assuming Taiwan as a closed
economy without internatiomal trade. The fourth column,
Vi{I-A+M)—1, indicates the income-final demand coefficients
of an open economy. Trade through importatiom is reflected
in Mi. The f£ifth column, ei, consists of direct energy

coefficients, showing the ratio of total energy used in
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physical units to total sales for each sector. These
coefficients are calculated from the summation of the eiqght
types of commercial energy required to bproduce sectoral
output equal to $25,000. The figures (XKLOE) of energy used
are calculated at the starting point, i.e., gross enerqgye.
They do not show the final destination, i.e., net energy
(see discussioas in section 3.4). The sixth columa,
ei{I-a)-1, are energy-final demand coefficients, showing
total (direct plus indirect) chamges in enerqgy use if there
is one unit change in final demand. This shows the case for
a closed economy. The seventh columm, ei(I-A+M)-1, is made
up of energy-final demand coefficients under an open
economy. PFigures in this column should be always smaller
than or equal to those of column six. The energy
multipliers in the eighth colunn, Ei, are derived from
elements of column five, ei (I-A)—1, divided by elements of
colune four, ei. The energy multiplier shows the total
change of energy use in the whole economy if the emergy use
in a specific sector changes by one unit. Again, this
column assumes these changes take place in a closed econonay.
The ninth columm, Ei2, by contrast, considers am open
econoay’s enerqgy multipliers, derivimg from elements of
column seven, ei(I-A+M)—1, divided by elements of colunmn

five, ei. Figures in this column should be always smaller
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than or equal to those of column eight. The temth columa,
ei (I-A+M)-1/Vi(I—-A*H)-!, consists of energy/income final
demand coefficients derived from elemeats of column seven
divided by elements of column four, reflecting the total
(direct and indirect) change in enerqgy use if the total
(direct and indirect) value added of the whole economy
changes by $25,000. Thus, ei{I-A+H)-1/Vi(I-A+H)—-1 does not
mean that one matrix is divided by the other, but rather
that each "element"™ of one matrix is divided by each

corresponding "element® of the other.



Input-Output Multipliers and Coefficients of
the Taiwan Economy (1978 to 1986)

Table 5.1

v T -1

code sectors Vi M, - ? e, - %: i Ei:2 ei(I-A+M) /V.(I-A+M)-]

< = = X i

o ) 2 o

=" > o o
0l Agriculture .55 271 1.0 .69 1.68 | 13.51| 8.20 8.02]1 4.87 11.93
02 Fisheries .54 041 1.0 75 20.12 | 31.35] 25.91 1.56] 1.29 34.78
03 Coal Industry .83 591 1.0 .59 15.55 { 19.29| 11.27 1.24) 0.72 19.11
04 Crude Petroleum &

Natural Gas .85 |14.07 | 1.0 .06 5.05 9.24) 0.49 1.837 0.10 8.12

05 Other Minerals .89 491 1.0 .64 1n.n 14.35| 8.88 1.23| 0.76 13.92
06 Food Products .35 1 1.0 .74 5.60 } 16.67) 11.66 2.98! 2.08 15.85
07 Fabrics & Apparel .25 A0 § 1.0 .69 8.84 | 32.41( 22.79 3.67| 2.58 33.24
08 Products of Wood & Bamboo .40 .03 | 1.0 79 3.42 113.94] 9.90 4.07| 2.89 12.46
09 Paper Industry .35 .20 1 1.0 .63 30.92 | 56.741 40.41 1.831 1.3 63.87
10 Rubber Products .36 A5 1 1.0 .65 11.57 3].]8 20.20 2.701 1.75 31.12

€0t



Table 5.1.

(Continued)

(1978 to 1986)

- Input-Output Multipliers
and Coefficients of the Taiwan Economy

code cto V. —_ 'TA R o 7,\ A1~ -1 -
sectors i 2 - B T B = L R PR S TR W
5| 3 5| 3 ’
- G ‘;-’.- :"
1 Acid & Alkaline .32 .51 1.0 .45 61.53 88.03 51.33 1.43] 0.83 115.31
12 Plastic .40 .37 1.0 .50 5.56 28.3d 13.27 4.31 2.02 26.78
13 Plastic Products .31 .01] 1.0 .72 4.7d 24.75 16.09 5.200 3.38 22.48
14 Chemical Fertilizer .09 .04] 1.0 .49 102.1G 148.69 123.79 1.46f 1.21 250.16
15 | Chemical ppiigician
Fabrics .29 .05 1.0 .66 14.14 42.61] 30.42 3.0l 2.15 46.33
16 Petrochemical Raw
Materials .29 .33 1.0 .41 11.38 36.84} 18.91 3.24] 1.66 46.39
17 Other Industrial
Chemicals .42 .81 1.0 .40 14.98 36.13] 14.85 2.41] 0.99 37.24
18 Cements & Products .42 .00 1.0 .73 103.09 118.98] 113.45 1.19 1.10 155.55
19 Glass .41 .25 1.0 .56 49.13 "73.01 51.03 1.49 1.04 91.44
20 Non-Metallic Mineral
Products 4 12 1.0 .67 30.71 50.771 40.67 1.6 1.32 60.43
L__
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Table 5.1.

(Continued)

Input-Output Multipliers
and Coefficients of the Taiwan Economy
(1978 to 1986)

T v -1
code sectors v, M ol 3 e ol 3 By [Eip e; (1-A+h) /Vi(I-A+M)']
< < < <
A A o )
Rl N | o
21 Steel & Iron .44 .63 1.0 .42 29.06 147.64 123.95 {i.64 |0.82 56.68
22 Aluminum 3 .49 1.0 .45 33.94 |66.54 134.98 1.96 {1.03 77.43
23 Other Metals .25 .38 1.0 .25 4.45 {25.30 | 6.01 5.69 {1.35 23.86
24 Metallic Products .33 .23 1.0 .53 6.35 [32.30 |16.00 5.00 [2.52 29.93
25 Machinery .40 7 1.0 .40 2.24 123.34 7.44 10.55 |3.32 18.70
26 Household Electrical
Appliances .45 .08 1.0 72 3.00 {17.96 (12.50 5.99 (3.50 14.52
27 Electronic Products .27 .25 1.0 .56 1.25 ]15.41 6.77 (12.29 |5.40 12.06
28 Electrical Apparatus .41 .49 1.0 .49 2.00 |20.18 | 7.62 [10.08 |3.80 15.58
29 Shipbuilding F.12 .58 1.0 .27 3.62 {41.92 [13.83 11.59 |3.83 51.92
30 Other Transport
Equipment .37 .25 1.0 .58 1.78 [20.55 | 9.35 |11.55 [5.25 15.99

SoT



Table 5.7.

{Continued)
and Coefficients of the Taiwan Economy

Input-Output Multipliers

(1973 to 1986)

-
i 1 -1

code sectors v M; ~ = e, 7 %? B 373 ei(I'A+M) /vi(I-A+M)']
< % 3 =
U R
=" = @ o

3 Other Mapufactures 51 1.38 1.0 .60 5.59{18.48 | 9.81 3.30] 1.75 16.35

32 Coal Products .26 | .23 1.0 .38 30.55[43.20 | 29.42 1.41] 0.96 76.84

33 Petroleum Refining

Products .20 | .17 1.0 .24 11.43120.48 (11.37 1.79] 0.99 46.47

34 Electricity .49 .00 1.0 .66 9.56{19.70 {15.47 2.06{ 1.62 23.36

35 Constructions .39 | .00 1.0 .78 0.8328.27 (21.50 34.21]26.02 27.72

36 City Water .49 | .02 1.0 .80 28.72]45.94 140.02 1.60} 1.39 49.85

37 Communications 7 1.02 1.0 .90 2.14] 6.36 | 4.75 2.98] 2.22 5.26

38 Wholesale & Retail Trade .77 }.00 1.0 .04 3.83) 8.14 ) 6.76 2.131 1.77 7.19

39 Finance & Insurance .84 |.06 1.0 .9 0.89] 3.06 | 2.17 3.42| 2.43 2.39

40 Warehousing .72 1.00 1.0 .92 26.02133.23 [31.55 1.281 1.21 34.31

90T



Table 5.1.

(Continued)
and Coefficients of the Taiwan Economy

(1978 to 1986)

Input-Output Multipliers

n D -1
code sectors L L P T |4 |7 T [fn |fi2 oAy (1-nam) !
< < < <
o L L o
=" =" o a”
41 Misc. Services .87 10 1.0 .87 0.90 | 4.09) 2.77 4.56 ) 3.09 3.18
42 Railway Transportation .67 .01 1.0 .86 21.12 128.49 [25.33 1.35 ¢ i.20 29.54
43 Other Land Transportation| .64 | .03 1.0 7 48.44 156,58 {51.59 1.17 | 1.07 66.87
44 Water Transportation .49 .15 1.0 .68 2.40 |12.04 | 6.65 5.02 | 2.77 9.84
45 Air Transportation 41 .37 1.0 .54 1.54 1 9.07 | 4.20 5.89 | 2.73 7.75
46 Undistributed .00 | .05 1.0 .58 4.78 |36.20 {23.40 7.57 | 4.89 40.59
Source: Dataset provided by Professor Kao-Chao Lee, ba

and Development and from the Energy Coumittee.

sed on unpublished data from the Council for Economic Planning
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5.1.1 Interpretation of I/0 Coefficieunts and

An eta
Multipliers

For demonstrating the practical meaning cf these figures,

the first sector, agriculture, is used as an example:

Reading through the first row, V1 = 0.55 means that for
each dollar sales for aqriculture, the value added in the

agqricultural sector would increase 55 cents.

M1 = 0.27 means the value of agricultural importation is

27% of the total domestic agricuitural production.

V1{I-A}—! = 1.0 means, within a closed economy, that for
each dollar of sales as agricultural final demand, the total
value—added changes in the economy are exactly one dollar
{(within this one dollar, 55 cents are earned by agricultural
sector and the remaining 45 cents are shared by other

‘interrelated sectors)e.

V1{I-A#+M)—1 = (.69 means, within an open economy, that
for each dollar of agricultural saies, the total incone
changes in the economy by 69 cents. Thirty-one cents are

earned by foreigm countries.

el = 1.68 means that for a change of $25,000 in
agricultural sales, the emergy use in the agricultural

sector would change by 1.68 KLOE.
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el (I-A)-1 = 13.51 means, within a closed economy, that
for a change of 325,000 in sales within the agricultural
sector, total energy use in the whole economy would change

by 13.51 KLOE.

ei (I-A+M)—-1 = 8.20 meams, within an open economy, that
for the change of $25,000 agricultural sales, total energy
use in the whole econoay would change by 8.2 KLOE. wThis
fiqure is smaller than 13.51 of el(I-A)—! because sone
enerqgy embodied in the import goodé is saved by avoidiug

domestic production.

E11 = 8.02 means, withim a closed economy, that the total
change of energy use in the econonmy would be 8.02 if the
enerqgy use in the agricultural sector changed by one unit.
This figure shows the "indirect effect" of energy use in
agriculture. It is relatively high, because the
agricultural sector has a significant relationship with the

fertilizer sector, which is an energy-inteansive activity.

E12 = 4.87 shous the corresponding energy multipliers of

an open eCoOnoOmY.

el {I-A+M)—1/V1(I-A*M)~t = 11.93 nmeans that in order for
the whole ecomory to increase by $25,000, initiated by the
agricultural sales, the energy use in the whole econony

would increase.by 11.93 KLOE.
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5.1.2 Comparisoa: VYarious Measurement of Energy
Intensities

As discussed in section 4.1.3, when policy makers are
facing the choices of developing alternatives in various
econonic sectors, they consider two points. Pirst, they are
coacerned about both benefits and costs within the sectors.
Second, they want to look into the resultant direct and
indirect.effects on the whole economy. Based on these
considerations, the column coeffients of table 5.1 are

compared and their relevance is discussed.

Columns one, three and four of Table 5.1 show the income
coefficients (which can be considered benefits) and colunmnms
five to nine show the enerqyv coefficients (or costs) of each
sector. For example, in one Taipower (1980, pp. 47-50)
study, the direct energy coefficient, ei, was used for
comparing energdgy intensity between sectors. Obviously, they
missed two points: the sector's benefit side and iadirect
energy use for producing the increased intermediate inputs
required by that sector. Other research by CPC (1981, pp.
39-53) and OAAI (1982a) use ei/Vi as the comparing
criterion. Although both benefits and costs are considered
in ei/Vi, the indirect value added and enerqgy use for
producing the required intermediate inputs are still

missing. The quantity ei(I-A+H)—1/Vi(I—-A*M)—1 avoids these
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problems by evaluating both benefits and costs within each
sector through an interindustry context which considers the
total {direct aand indirect) effects of both value added and
enexrqgy use. Therefore, the figures in the tenth column of
Table 5.1 are used as the comparing criteria for tkc

sectoral analysis of the present study.®

5.2  THE MACRO HODEL: NISE-I

As stated in sectioa 4.2, the information of
enerqgy/income final demand coefficients provided above is
useful for examining the sector-level emergy economy,
whereas it is limited for regiomal or natiomal planning. To
circuavent this limitation, the macro—-level Noa-Inferior Set
Estimation Input-Qutput (NISE-I0) model was developed in

section 4.2.5 as:

max z = (6(X), -E(X) )

S.t. BRX =< B

8 Apnother relevant indicator is column six ei (I-A)—1, or
essentially is ei(I-A)—1/Vi(I-a)-1, which details the case
of a closed economy within an interindustry context. As
an island, Taiwan must pay special attention to the
possible results of being isolated from the intermational
econony. Any curtailment of shipping resulting fronm

nergy embargoes or, possibly, war could cause this to
happen. The information listed in column six of Table 5.1
can be used to formulate a contingency plan for such
emergencies.
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(I-A+M)X >= Fmin

Xt =< KXt-i

The computer program u*ilized to run this model is a NISE
subroutine created from a modified LP algorithm. This
routine provides new objective function coefficients and new
solutions (both objective and decision variables) with each
run of the aigorithm. The following paragraphs preseant the

emapirical results of this algoritha.

5.2.1 0Objective Space

mhe objectives of this study are to maximize GDP and
minimize energy use. Each objective stands for a dimension
(axis) and together form an objective space imn Figqure 5. 1.
Begin by optimizing each objective individually. This is
done by solving an ordinary LP probleama. This results in a
maxinum GDP of 1,933,000 units (one unit is equal to
$25,000). At this production level, the enerqy requirement
is 33,213,000 units KLOE. This gives point A in PFigure 5.1.
On the other hamnd, minimizing energy use {(the second
objective) is a zero level of energy comsumption and a
corresponding zero level of GDP. This is point B (Fiqure

5«1)« The ideal point is at Q, where no energy is used and
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a maxinum level of GDP is attained. This, of course, would
never be a real case. The real noninferior set of solutions

should occur somewhere within the triandie ABQ.

The algorithm begins by calculating the maximum possible
ecror F12, which is equal to 1.93. If the segment AB is
taken as the estimated noninferior set, a range equal to or
smaller than F12 wmight be "missed.™ The term ®miss" denotes
the difference between the actual and the estimated
noninferior sets. Since this F12 error raage is
siqgqnificant, pre~set the allowable error "T" of the present
study to 10% of F12, which is 0.193. This "10%" allowable
error is araitrarily chosen; ome can control this
specification by presetting to any desired range of

accuracye

Next, derive the first nondominated solution as C (Figure
5«2)e This gives 1,853,000 units of GPD and 23,556,000
units of enerqy comsumption. The maximum errors in this
case are F13 and F23. F13 is calculated as 1.638, which is
equivalent to 84.9% of F12; F23 is calculated as 0.250,
which is equivalent to 13.0% of F12. Both exceed the

maximum allowable error T. So, the algorithm continues.

The second iteration runs between points A and C which
vields point D (Fiqure 5.3). This represents levels of

1,853,000 units GDP and 28,592,000 units enexrgy consumption.



Figure 5.1: TInitial 3tep of the NISE-IO Model Results (1986)

($25,000)
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A(33,213,000, 1,933.000) Q
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Source: 3Same as Table 5.1,
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Figure 5.2: First Iteration of the NISE-IO Model Results (1986)
($25,000)
° GDP F13
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(330213v0001 //
1,933,000)
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Same as Table 5.1,

(KLOE)
Energy
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The new maximum errors of this run are 0.169 (8.75% of F12)
and 0.029 (1.51% of F12). Both are smaller than the
allowvable error T, 0.193. Thus, the segments AD and DC are
satisfactory noninferior sets estimater. In the sanme
manner, derive the third nondominated solution E (Pigure
5.3), which reflcts 1,206,000 units of GDP and 17,117,000
units of enerqgy comsumption. The current maximum errors of
this run are 0.016 {0.83% of Fi12) and 0.037 (1.5% of F12).
Both meet the allowvable error criterion T. This means
segpments CE and EB atre acceptable noninferior set
estimations. And on tkis basis the algorithm is coapleted.
FPiqure 5.4 presents the whole range of the estimated
noninferior set solutions. This solution is for the

objective variables and in the objective space.



Figure 5.3:
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Figure 5.4: The Results of the NISE-IO Model in Objective Space (1986)

($25,900)
GDpP
(33,213,000, 1,933,000)
D(28, 592,000, 1,853,000)

GC | mmmm e e DY %G (23,556,000, 1,609,000)
]
]
1
!
1
]
1
]
]

Ge | de 2 E(17,117,000, 1,206,000)
1 1 .
1 ]
] ]
[} t
1 ]
] I}
1 1
1 1
t 1
1 1
i I
1 i
1 t
[} ]
] ]
] 1
1 1
1 1]
I t
] ]
1 ]
1 1
! [}
] ]
[} [}
1 ]
[} 1
i 1
[} ]
[} 1
! ]
1 3
[} 1
] 1
: : (KLOE)

+ ! ! P —t e o e Energy
(33,213,000, 0) Ec Ee B(0,0)

Source: Same as Table 5.1,

8TT



119

5+2.2 Decision Space

Now exauine decision variable solutions in the decision
space. For each derived nondominated soluticon of the
objective variables, there is a set of optimal solutiom of
the decision variables. Thus, there are four scenarios of
decision variable solutions (Table 5.2) which match these
derived points A, D, € and E. These scenarios represent the
production levels of the forty-six sectors of the Taiwan
economy. Using the production level of the base year 1978
as 100%, each sector's projected production level in the
analytical year 1986 is plotted in the decision space

(Figure 5.5)e

Sector siacks (Table 5.2 and Piqure 5.6) are derived fron
the second comstraint set (I-A+#)X >= Fmin, i.e., (I-A+M)X =
Slack+Fmin or Slack = (X+MX)}-AX-Fmin. Slacks indicate the
amount of sector output for either export or a higher level

of final consumption.
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Table 5.2
Optimal Solutions and Slacks of the Decision Varijables:

Four Scenarios for Forty-Six Sectors
of the Taiwan Economy (1986)

Scenario A Scenario D Scenario C Scenario E !
é:g:gr D::tﬂr:l 1:::;‘ Sracke Optima} Ievelsb Optima] levels 5 1 levels . i
(s25,000) | (2) | (szs00) | (300 | TREPY | (sEibh | (BUSe | THETY | (s3O0EE) | (BEPMo) | TR | (sanetn) |
|
1 231520, 132, 13395, 240915. 137. 23068. 246915, 137, §7670. 24091S. 137. 65195. '
2 48154, 137. 19977, 21812, 79. 0. 23933, 68. 0. 23769, 68. 0. !
3 3247. 80. a. 3247. 80. 4958. 1967. 48. 0. 1487. 7. [
4 6315, 151, Q. 5291. 127. 0. 4133. 99. 0. 3224, 77. 0. '
5 18924. 430. 18859, 38924, 430. 31263, 38928. 430. 40518. 38924, 430, 46051, .
6 239269, 171. 107448, 239269. 171. 106040, 135631, 97. 0. 134777 97. 0. '
? 103422, 54, 0. 108911, s7. 0. 91975. 48. 0. 76191, 40. 0.
8 99582, 214. 44538, 99s62. 214, 53513, 99582. 24, 56632. 99582. 214, 63881, ;
9 45628. 178. Q. 54497, 209. 0. 50421, 193. Q. 30864. 118, 0.
10 24443, 164. 0. 24091, 162. 0. 22682. 152. 0. 8605. s8. 1’ 0. |
n 20213, 165. 0. 17758. 145, 0. 13027. 107. 0. 8976. 3. | 0.
12 49124, 293. ns, 49124, 293, 0. 18978. nua. 0. 11188, 67. | Q.
13 239294, 435. 163774, 236269. 430. 157584 51566. 94, 0. 31019. S6. 0. :
14 10513, 136. 0. 10726, 139. 0. 10319, 131, 0. 9705. 126, ] 0. |
15 32154, 57 0. 33679. £0. 0. 28649, si. 0. 21739, 39. 0.
16 51314, 214, 13465. 37183, 155. 0. 20009. 84, 0. 13370. 56. 0. !
it 67282, an. on7. 49197, 154. 9. 41216, 129. 0. 31065 97. ! 0.
18 35132, 220. 0. 14917, 93. 0, 14710, 92. 0. 14226, 89. i Q.
19 8744, 188. 0. 4955, 107, 0. 4708. 101. 0. 3953, 85, | 0. -
20 38286. 207. . 21878, 8. 0. 20914, 13, 0. 17507. 94, 0. ;
2] 171668, 30. 0. 141088. 247, 0. 104264, 183. 0. 57461, 101, 0.,
22 15003. 246, 0. 13513, 222. 0. 12521, 206. 0. 5733. 94. 0.
2 15871, 430. 15828. 6898. 187. Q. 6084, 165. 0. 3990. 108, 0.
28 131996, 329. 64281. 67213, 168. 0. 57668. 148, 0. 38940, 97. 0.
25 208763, 430. 265607 . 208763, 430. 266888. 49673, j02. 0. 45217, 9. 0.
26 93971, 430, 72594, 93971, 430, 74270. 93971. 430. 74562. 93971, 430. 75343,
27 445083, 430. 314973, 445084. 43v. 315359, 445084, 430. 315777, 445084. 430. N2z,
28 179420. 430, 147491, 179a21. 430. 157649 . 179421, 430. 161356, 52001. 125. 0.
29 4468, 43. 0. 3958, 38. ¢. 3806, 36. 0. 3742. @ 3. Q.
30 278522, 430, 245750. 278523, 430. 246737, 278523. 430. 240120, 48305. 75, 0.
3N 45883, 67. 0. 237284, 349, 245261 . 292730. 430, 320409, 39825. 59. 0.
krd 8085, 182. 0. 7541, 170, Q. 7001. 158. Q. 6367. 148, 0.
33 105702. 139, 4475, 88711. nr. 0. 70318, 92. 0. 56567 . 74, 0.
34 118s, 248, 3007 . 111186. 248. 32997, 65669. 146. Q. 50458, na. 0.
35 387663, a7, 233335, 153036. 109. 2. 151247. 108. 0. 147684. 108, 0.
36 5088. 178. 0. 5089 178. 0, 4842. 170. 0. 4226. 148. 0.!
37 25138. 156. 0. 25008. 155. 0. 22448, 139. 0. 18213, n3. 0.
38 173041, 139. 0. 167617, 135, 0. 155806. 125. 0. 129184. 104, 0.
39 53275, 133, 0. 51996, 130. 0. 45627, N4, 0. 37627. 94. 0.
40 4208. 154, 0. 4250. 153. 0. 3732, 134, 0. 2887. 104, 0.
a 355102, 142, 0. 356506. 143. 0. 343480, 138, 0. 326750. 131, 0.
42 9820. 144, Q. 9226. 135. 0. 8359. 123, 0. 7570, m. 0.
43 50331, 109, 0. 42012, N, 0. 38738, 84. 0. 35145, 76. 0.
44 6352. 62. Q. 6465. 63. . 5137. 50. 0. 3659, 36. 0.
a5 9595, 76. 0. 9309. 74, 0. 8696. 69, 0. 7864, 62, 0.
46 52394, 100. 0. 438843, 93. a. 41433, 79. 0. s, 59. a.

35ame as Table 5.1.

BInis index column are calculated from 1986 projected output levels divided by the 1978 output levels.

Source: Oataset provided by Professar Kao-Chao Lee, based on unpublished data from the Council for Economic
Planning and Developmant and from the Energy Committee.



Figure 5.5: Optimal Production Levels in Decision Space: Four Scenarios for
Forty-Six Sectors of the Taiwan Economy (1986)
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Figure 5.6: Production Slacks for Export or Higher Levels of Final Consumption:
Four Scenarios for 1986
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5.2.3 Optimal Resource Structure

Based on the production level of each sector in Table
5.2, the optimal resource structure {including labor) for
1986 is derived (see Table 5.3 and Figqgure 5.7). This is

simply calculated as follows:

Ei L eiijXij
where:
Ei = total amount of resource type i,
in physical units:
eij = required inputs of resource type i for
producing one dollar's worth of the jth
industry sector, in physical units;

Xj = production level of the jth sector, in

dollar units.

Again, Table 5.3 and Figure 5.8 show resource slacks.
Since most energy reguirements are imported, these slacks
(except for labor) do not reflect the amount of energy left
from domestic coasumption. They can indicate both the
reduction in the amount of energy imported from foreign
countries and the amounts of disruption in emergy supply.
Only the labor slack refers wholly to the domestic
situation. Note that labor is a binding comstraiant for

alternatives A and D. This implies that (1) labor is



Tabie 5.3

Resource Requirements and Slacks:
Four Scenarios for 1986

]

Scenarig A Scemario 0 | . Scenario C Scenario £

Type of Resource Amount Amount Amount Amount

Required { Slacks [ Required [ Slacks j Required | Slacks Required Slacks
Labor (103 men) 7,783 0 7,783 0 7,216 567 5,185 2,598
Electricity (103 Mwh) 49,972 0] 47,398 2,574 | 37,857 12,115 | 25,425 24,547
Coal (]03 M.T.) 13,238 5,281 7,836 10,683 6,978 11,541 5,777 12,742
Coke (]O3 M.T.) 2,810 0 2,355 451 1,812 998 944 1,866
Motor Gasoline (IO3 K.L) 1,730 2,032 1,456 2,305 1,329 2,432 1,189 2,572
Diesel 011l (103 K.L.) 2,734 1,475 2,146 2,063 1,947 2,263 1,761 2,448
Fuel 0il (103 K.L.) 7,673 8,441 6,678 9,435 5,183 10,930 3,745 12,369
Others 011 (10° K.L.) 20 9 17 12 13 16 9 20
Matural Gas (106 M;) 2,182 1,163 1,938 1,407 1,713 1,632 1,458 1,887

— B ISR B

Source: Same as Table 5.1.
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Figure 5.7: Optimal Resources Patterns: Four Scenarios for 1986
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becoming a scarce resource ip Taiwan; and, {2) the
less~energy-intensive sectors (e.g., agriculture) are prone

to be labor intensive.



Figure 5.8: Resource Slacks: Four Scenarios for 1986
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5.3 COMPARISON

This section contains a comparison between the NISE-IO
nodel and three other energqgy models: LP-IO, I/0, and

econometrics approaches.

First compare the empirical results of the NISE-IO model
gith those from the LP-IO model by the Energy Committee

(1981a). The two models are closely related.

Fiqure 5.9 shouWs points A, D, C and E, as the estimated
nondominant solutions and points A', D', and C' as the
sensitivity results from the LP~I0O model by the Energy
Committee (1981a), which reflects that, for the same level
cf energy consamption, the NISE-IO approach yields a higher
level of GDP. As compared and explained in Table &.1, this
is because the NISE-IO model considers emergy priorities

when enerqgy supply decreases (see also section 6.1).

Another difference is that the NISE-IO model controls the
Rallowable error"™ of the whole non-inferior set curve, while
the LP-I0 model does not. Prom section 5.2.1 (Figure 5.3),
one knows the "possible errors" from segments AD, DC, CE,

and EB are 8.75%, 1.51%, 0.83% and 1.5% of P12,



Figure 5.9: Comparison of the Empirical Results between the NISE-IO and

the LP-I0 Models
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respectively. By coantrast, in the LP-IO model, this
informaticn is not reflected on segments A*DY, D'C?, and
C?B. In additioa, Harris (1982) argued that the LP model
needs more runs of sensitivity analysis to identify the
kinks in the nondominated surface while the BISE model

requires fewer runs.

5.3.2  NISE-IO vs. 1I/0

This sectiom compares the NISE-IO model with aa I/0 model
used by the Chinese Petroleum Corporation (CPC) ia 1980.
The latter study was to project fifteaem types of emergy
demand up to 1989 by a classical input-output model. The

model states (CPC, 1980, p. 13):

td
[}

D (I-A+N)—1Y

where:
E = projected energy demand matrix.
D = energy coefficiemt matrix.
M = matrix of import coeffcients.

Y = matrix of final demand.

This is a "descriptive" model. Y is first determined by
econometric projections. Then, (I-A+H)—1Y produces X, the
output level of each sector. E = DX is, therefore, the

enerqy demand level.
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The NISE-IO0 approach is a normative or optimization

model. To derive {, more factors are considered than simply
the Leontief matrix (I-A+M). Hithin the constraints, the
resource inputs matrix R, the availability of the resource
vector B, the minimum consumption level Fmin, and the sector
expansion capacities K are all considered. Therefore, there
are substantial grounds to argue that the NISE-IO model is
more comprehensive than that of the aforementioned CPC 1I/0
mnodel. Consequently, the energy demand pattern derived by
this NISE-IO approach should be more pertinent in terms of

the models'! comprehensiveness.

Because of the differences im classification of the
studied emerqgy types (fifteen types for the CPC study vs.
eight types for the present study), the actual empirical
results of the two studies cannot be compared. More
information is needed as to the definition of data
classification of the CPC study before ome cam aggregate the
fifteen energy types to the eight types of energy of the
pcesent study. It is hoped this research can be extended in

the future.
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This section coatains a comparison bhetween the present
study and an econometrics study by Chern (1984). Both

studies examine the relationship between GDP and energy use.

Chern (1984) utilized an econometrics model to estimate
the historical relationship between energy demand amd
economic growth of fifteen developing countries (including
Taiwan, the Republic of China). The estimated function was

formed as:
la(E/POP) = BO + B1 1ln{(GDP/POP) + B1 1lmnP + B2 1nIND *+ e
where:

E = total energy consumption,

POP = population,

GDP = total real gross domestic products,
P = energy price,

IND = share of GDP in the industrial sector,
e = error term, and

parameters to be estimated.

Bi

As Chern notes that his study results are only preliminary
and may contaim probleas of multicollinearity and serial

correlation, which need to be further investigated, this



133
section does not intend to compare these empirical results.
The emphasis of the comparison are on the methodological

aspects.

In the present study, the "trade-offs curve" between GDP
and enerqy is identified in Fiqure 5.4. Now if cne reverses
the horizontal axis as shown in Figure 5.10, this curve
becomnes a production-like function, illustrating the
relationship between energy as an input and GDP as an
output. This curve with the slope of éDP over energy use
declining from point B to E, C, D, and A, is deceptively
appears to be a marginal decreasing production function
estimated from an econometric approach, e.g., the
above-mentioned one by Cherm.® There are, however, soae

differences distinquishing the two.

First, due to the linear assumption (constant retura to
scale), the notion of marginal decreasing productivity does
not apply to the NISE-IO medel's curve, i.e.. 92/95Xi cannot
be observed.19 The reason for the decreasing slope of this
NISE-I0 curve is because of the different GDP/energy

efficiency of economic sectors {see section 6.1.1 for

9 The shape of this NISE-IO curve would be smoother if more
kinks are derived by narrowing down the desired degree of
accuracy to be less than 10% of F12.

10 See section 7.2 for the model's assumptions and
relaxation of the linear assumption.
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details), not the law of diminishing productivity.

Second, in econometric approaches, when the BLUS113
estimator is determined, problems of heteroscedasticity,
multicollinearity, autocorrelation, and transmitted error
terns may occur.!2 On the other hand, programming approaches
avoid multicollinearity probleans from exogenous price
variables, and its supply responses of inputs can be
exanined through variation of the input prices from the

dual.

Third, the implications of these two approaches differ as
follows. Programming techniques form a manaqgerial amalysis,
indicating "what the economy should be®™ and "what the
optimal solution is"™; while the econometric approach is a
historical amalysis {(time series or cross-sectional are both
based on historical and/or current data), investigating
*yhat the economy actually is" and "what the best-fit
solution is." 1In additiocn, this type of programming
technique is generally used for studying the supply side,
wvhile most econometric approaches have focused on the demand

side.

11 BLUS stands for Best Linear Unbiased (BLU) with Scalar
(S) covariance matrix im the form Q2Y,6See Johnston (1972,
P. 254).

12 See Johnston {1972) for discussions of these problems.
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Shumway and Chang (1977) derive supply relatioms from a
profit-maximizing LP model for Californian commodities and
compare the supply relations with estimates from time-series
regressions. They note (pp. 345-346):

"it is not apparent a priori that the positive
estimate should in all cases be more reliable than
the LP estimate. Because the positive estimate is
based on fitting a linear regression to historical
data with least-sguared error, one expects it to
describe what has actually ocurred in the past
and, if past policies and relationships among
variables remain stable, to predict more
accurately than the LP~derived estimate. Positive
estipates may neither accurately describe the past
nor accurately predict if one or more of the
standard statistical assunptions are violated,

€. J., rrors in data measurement or aggregation,
high correlaton among independent variables,
omission of relevant variables, or incorrect
anticipation of the form of the relationship.

In contrast, using a combination of historiczal
and synthetic data and imposing a behavioral
assumption (typically profit maximization), linear
programming describes what "should™ have happemed
rather than what did happen. Perhaps its most
important strength is that it can simulate the
effects of exogemous forces and policies for which
historicai observation are not available.™

Their conclusion is that (p. 356):
nApparently, greater realisa in LP's specification
of producers' behavioral properties and
environment is required to produce real world
results that iaprove substantially on simple
econonetric models wvhere the latter are also
appropriate. "

The above quotations lend support to the discussions and

comparisons in this section. To compare the present study

to that by Shumway and Chang (1977), two points are noted.
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First, since this study focuses on the macro-level, the
referred "producer® here means "the whole economy."™ Second,
the NISE-ID curve is derived by varying "preferences"
between GDP and energy use (see section 6.1 for details),

rather than by varying "“prices."

5.4 COMPARISON: PROLICY ALTERNATIVES

As the noninferior solutions derived from this study are
compared with those from the LP model in section 5.3.1, note
that point A' (Figure 5.9) stands for a normal case without
energy disrustion. Since this is the govermment (Energy
Comnmittee) projection, one can thus hypothetically use the
1,825,000 units GDP of point A' as a "normal® or "moderate"
performance of 1986 Taiwan economy. Comparing with the
derived noninferior solutions from this study, point D which
possesses a level of 1,853,000 units GDP (close to the GDP
level of point A') represents a possible consequence of a
"poderate policy." Similarly, point A which has a higher
GDP level (1,933,000 units) represents a possible
consequence of an Maggressive policy,"™ and points C and B
with lower GDP levels (1,609,000 and 1,206,000 units,
respectively) represent possible economic consequences of a
"conservative policy" (see also section 2.6). Table 5.4

sho¥s GDP growth of these policy alternatives based on the
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actual GDP level of 1978. Their policy implications will be

discussed in the next chapter.
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Table 5.4

GDP Indicators of Policy Alternatives:
Four Scenarios for 1986

Units Index Annual Growth Rate
($25,000)2 (%) (1978-1986)
1978 Actual Level 1,015,000 100 --
1986 Scenario EP 1,206,000 119 2.2%
1986 Scenario C° 1,609,000 159 5. 9%
1986 Scenario D¢ 1,853,000 183 7.8%
1986 Scenario AY 1,933,000 191 8. 4%

41978 prices.

bRepresents conservative policy.

CRepresents moderate policy.

dRepresents aggressive policy.

Source: Same as Table 5.1.



Chapter VI

POLICY IMPLICATIONS AND ALTERRATIVES

This chapter first determines the policy implications of
the empirical findings with regard to the five issues
defined in chapter two and, then, analyzes the predefiped

policy altermatives.

6.1 POLIGY IAPLICATIONS

In Piqure 5.4, the "trade—~offs curve" between GDP and
energy use is identified. This figure shows that for
scenario C to scenario E, the economy trades off (Gc—-Ge)
units of GDP for (Ec-Ee) units of energy. MNore accurately,
one can investigate trade-offs of energy use for each
$25,000; For example, from zero level of GDP to 1,206,000
units (one uait is egual to $25,000) GDP, the economy trades
off 14.2 KLCE for each $25,000. This is simply calculated
fron the energy required level, 17,117,000 KLOE, over the
1,206,000 units GDP. In the same way, from 1,206,000 to
1,609,000 units GDP, 16.0 KLOE is traded off for each
$25,000. PFrom 1,609,000 to 1,853,000 units GDP, 20.6 KLOE
is traded off for each $25,000. From 1,853,000 to 1,933,000
units GDP, 57.8 KLOE is traded off for each $25,000.

140
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Significant variations can be observed after perforring
sensitivity analyses based on different scenarios. These
sensitivity variations are on the most important factors,
i.e., the objective variables of maximizing GDP aand
minimizing energy use, rather than on other variables such
as those of the right hand side as conventional LP does. In
other words, sensitivity analyses are on varying the weight
(or "slopé") betveen the two objectives. PFor example, more
weight is placed upon the GDP objective for scenario A than
that for scenario D. In like manner, more is placed on that
for scenario D than that for scenario C, more on that for
scenario C than that for scenario E. As a result, segments
AD, DC, CE, and EB become steeper and steeper. This poiat
and its implications will be elaborated in subsequent

sectionse.

EBconomic Growth Rate with

g a Certain
Minimum Consumption of Enerqy

Theoretically, when the marginal revenue products of
energy inputs to each sector are all equal, the ecomnoay
achieves its best allocation of energy resources.
Conversely, to achieve this ideal situation, energy should
be allccated to those sectors efficient in energy ﬁse. This

point is straightforward to see. The key is to define a
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realistic amount of energy for allocation ard to identify
the potential capacity of each sector able to absorb these
available enerqgy resources. These aspects are all embodied

in the mechanism of the NISE-IO model.

The objective function, max Z = GDP - Energy, directs
enerqy into the efficient sectors. The constraints, setting
RX =< B and (I-A+M)X >= Fnin, identify the amoumnt of energy
free to be directed for production. BRI =< B represents the
total supply of resources. After satifying the minimunm
final consumption, Pmin, the remaining amount of energy is
available for production. Each sector, however, has its
capacity bounds for production (service sectors are
exceptions). This is represented in the third comnstraint
set Xt =€ KXt-i. Accordingly, enexrgy is first directed to
the most GDP/energy efficient sector until that sector's
upper bound is reached. Energy then goes to the secoad-most

efficient sector, aand so on.

From the last paragraph, two allocating effects of the
NISE~I0 model are noted. The allocating effect between
final consumption and intermediate production is determined
first by the level of Fmin, an exogenous variable, and
secondly by allocating effects arising from adjusting the
production structure of the economy. This second mechanism

is simulated endogenously.
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In the present study, the emphasis is on production

allocation effects. Fnin is thus set at the lowest possible
levels, those used in the LP-IO0 model by the Energy
Committee {1981la). The advantage of this arrangement is
that more energy is available for achieving a higher level
of production. This also describes the case suitable for
contingency planning given energy disruption. On the other
ﬁand, the disadvantage of this low Fain is that for the case
of a prosperous economy, people will want to consume nore
and hence drive Fumin up. Except within a strict commuaist
or socialist country, goverament may not be able to control

the population's level of consumption.

Since the changes of B, Fmin, and/or K will lead to
different solutions 2f the study, to determine appropriate
levels for these exogenous variables is critical. To
consider different situations, the analyst or the decision
mraker may want to set several scemnarios for these exogenous
variables to test and compare the sipulation results. The
parameters in the model could, then, be easily calculated
and provide useful informaton to the issue of “"achieving a
certain economic qgrowth rate with minimum consumption of
energy" (see Table 6.1). In this study, year 1986 has been
taken as a demonstration case. Policy implications of the

nunerical results will be presented and discussed in the
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following sections, all closely related to this overall

subiject.
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Table 6.1

Achieving a Specified GDP with a Minimum
Consumption of Energy (1986)

GDP Energy
Units Index Units Index
($25,000)2 (%) (KLOE) (%)
Scenario E 1,206,000 100 17,117,000 100
Scenario C 1,609,000 133 23,556,000 138
Scenario D 1,853,000 154 28,259,000 165
Scenario A 1,933,000 160 33,213,000 194

31978 prices.

Source: Same as Table 5.1.
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6.1.2 Relationship between Energy Demand/Supply and

AL e=E ==X

Since the "lead time"” and cost of energy project
investment are significant, projection of energy supply and
demand is an important task. For example, Taiwan Power
Company has experienced electricity over-supply problems
during the past two years. This year, comstructioan of the
fourth nuclear power plant will begin. The estimated cost
up to the expected 1994 completion date is 4.5 billiom
dollars. Will this investment add to the present
overcapacity? This type of problem reguires an effective

tool for projection analysise.

Descriptive, predictive, and normative models discussed
in section 3.1 are all capable of making such a projection.
For example, the imput-output multipliers and coefficients
mnodel used in this study and the previously mentioned I/0
model by the Chinese Petroleum Corporation {see section
5« 3.2) are typical descriptive models. The Leontief matrix,
{I-A+M) , describes detailed information on the economny.
Econometric models such as the one by Chern {see section
5.3.3) are predictive in nature. Based on past behavior, it
is predicted that the economy ¥ill continne to perform as it
has done previously. The NISE-IO model presented iz this
study is a normative-oriented model. Managerial factors

such as Pmin, K, and B are included.
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As arqued in chapter three, in the field of energy

economics and policy, the mamagerial approach of this study
serves as a research tool better than the other approaches.
In the process of enerqgy planning, the managerial role of
the governuent should legitimately be takem into account.
The enerqy economy could perform better if government were
appropriately involved. However, one point should be borme
in miad, i.e., solutions and conclusions of this type of
model imply an "optimal," which is gemerally %®better® than
the réal, situation. In reality, the economy may always
perform less than the optimum due to poor management or
uamaraqgeable factors. The conclusions arising from these
empirical findings imply the direction of government efforts
towards a better situation. In other words, the empirical
findings derived from this NISE-IO model tend to suggest a
higher GDP and/or a lower energy consumption level than the
real situations in the economy. This could be verified by
checking the model's results with those of the real energy
econony. Table 6.2 shows that the derived average annual
growth rate of the overall enerqgy consumption from 1978 to
1986 (1.8%) is lower than the actual sitmation from 1978 to
1982 (3.1%). 0il consumption is particularly lower than the
real case, while coal and electricity are about the sane.
Note that the primary concern of this NISE-IO model is not

to predict the real economy, but to see how much the real
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economy can improve and/or hkow energy decision makers can
better manage emergy-economic problems in order to neet
specific economic goals. The comparison shown in Table 6.2
implies that the Taiwan economy could achieve a similar
level of GDP with less energy consumption provided that it
uses more coal and electricity and that it reduces oil use.
The econony must be restructured {as suggested by Table 5.2
and Figure 5.5) before this enerqgy situation cam be
fulfilled. The coansiderations of economic restructuring are

discussed in section 6.1.l.
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Table 6.2

Comparison of the NISE-I0 Model Results and the
Real Energy Economy in Taiwan

Derived Annual Actual Annual

Growth Rate c Growth Rated

Types (1978 - 1986) (1978 - 1982)
ETectricity 4.5% 4.7%
Coal? 12.5% 12.5%
. b 0, o
011 -7.3% -0.7%
Overall Energy 1.8% 3.1%

3Includes coal and coke.

bInc]udes motor gasoline, diesel oil, fuel oil, and others oil.
CBased on the results of Scenario 9.

dBased on figures of 1978 and 1982 in Table 2.2.

Source: Same as Table 5.1.
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6. 1.3 Lowering Enerqy Elasticity

Lowering energy elasticity depends on both non-economic
and economic constraints. The noan-economic aspects deal
with institutiomal regulations, mechanical techniques for
energy corservation or for substitution of energqgy, etc. and
are beyond the scope of this studye. Tﬁe economic aspects
are the focus of this section which examines two poiats (as
mentioned in chapter two):

(1) the enerqgy intensity of each sector, and
{2) the proportional weights of energy-intensive

sectors as compared with less-energy—-intensive sectors.

This study defines, estimates, and justifies the relevance
of various types of energy intemsity as in chapters four and

five.

Table 5.1 reveals that agriculture, machinery, household
electrical appliances, electronic products, other traasport
equipment, and service sectors have relatively low
energy/incomre final demand coefficients, while fisheries,
the paper industry, acid and alkaline, cheaical fertilizer,
chemical petroleum products, cements, glass, non—-metallic
mineral products, steel and iror, alumirum, and land

transportation are relatively energy intensive with high
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enerqy/income final demand coefficients.13 Optimal~leve}s of
each sector (including both the energy-intensive and .
less—-energy-intensive ones) have been projected as shown in
Table 5.2 and Pigure 5.5. Prom this, the proportionl
weights among sectors have been determined. If the
governmeat could "di;ect" the economy toward the optimal
production pattecns 2f the scenarios as suggested by this
study, the energy elasticity vould be lowered to a better
position. Directing the economy toward a better structure
is the topic of the following section of "industrial

restructuring."

A relevant point regarding a lovwered enerqgy elasticity
should be noted. In the studies by OAAI (1982a; 1982b), one
important suggestion is to use nuclear power as a
replacement,fOt petroleum consumption in generating
electricity. This point is comsistent with the findings of
the present study. Nuclear emergy in this study is
represented by sector five, the "Other Minerals" sector. It
is onme of the highest production sectors with a 430% output
level (upper bound of the capacity coanstraint) compared with

that of the base year, 1978, for 21l scenarios. This

13 Most of these hiqgqh energy/income final demand
coefficients sectors are comformable with those
energy—-intensive sectors defimned by the Overseas Advisory
Associates, Inc. (OAAI) as discussed in section 2.5.3.
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indicates that nuclear enerqgy has been given priority for
developing the economy as well as serving as viable means of

lovering energy elasticity.

.14 Industrial Eestructuring

A lengthy techaical discussiom would be needed to discuss
fully the potemtial role of each individual sector for
industrial restructuring.!4 Instead, this section highlights
some conceptual frameworks for policy makers examining
industrial restructuring issues. The salient points are as

followus:

(1) Interindustry Considerations—-Each sector should be
evaluated within the larger perspective of the whole
economy, not isolated as an independent body. FPor example,
although No. 1321 "Steel and Iron" and No. 22 "Alunminun® are
both relatively energv-intensive activities (with 56.685 and
77.43 units of energy/income final demand coefficients,
respectively), they have high levels of production (see
Table 5.2 and Figure 5.5). This is because these two

products are important imntermediate inputs for other

1¢ The potential of each sector for industrial restructuring
should be further explored in the future to complement
the results of the present study.

15 ®§o,"” pmeans the code of the sector.
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energy-efficient sectors of the economy. Their production
levels are influenced by the "derived demand® forces fron

other sectors.16

(2) Industrial Blocks-—Industrial restructuring should be
carried out iz terms of whole blocks of industries. For
exahple, No. 25 "Machinery,™ No. 26 "Household Electrical
Appliances," No. 27 *Electronic Products,” and Bo. 28
"Electrical Apparatus®™ represent the PElectrical Machinery
Blocks." Also, NoOs. 16 %to 24, represent the "Heavy
Petrochemical and Metal Blocks." These blocks, formulated
as "packages," possess relatively consistent production
patterns due to strong ties among these sectors. For
example, production levels of the "Petrochemical and Metal
Blocks" {(from Nocs. 16 to 24) all simultaneously fall as
enerqgy input falls from scenario A to scenario D (see Table

5.2 and Figure 5.5).

{3) Forward and Backward Linkages—-Forward and backward
linkages show hov strongly each sector is tied with other
sectors of the economy. PForward linkages result fronm
increases in the range of supply and increased
attractiveness of product prices for buyers in subsequent

stages of production due to economies of scale. Backward

16 This forward linkage is discussed in a later paragraph in
this sectiona
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linkages result from increased factor requirements thus
offering greater productive stimuli to the supplier. These
two effects together determine the "key" sectors in the
economy which, through growth, will promote or gemerate
growth in other sectors of the economy. To determime these
linkages and define the key sectors, further research as

described in Rasmussen (1957) would be required.

An investigatioan into the means, e.g., through taxation
or financing policy/strategy, for accomplishing industrial
restructuring would require furtkher research and is beyond

the scope and time constraint of the present study.

6.1.5 Regarding a Disruption of Emnerqy Supply

There are two altermative interpretations of the 1973
Arab oil embargo. To some observers; the political
considerations invoiving the Arab-Israeli conflict were a
facade camouflaging the major objective of embargo
participants--that of extracting monopoly profits for oil.
From this standpoint, the OPEC price increase of 1%73-1974
was engineered by the OPEC rulers with or without collusion
fromr the major oil companies. Propoments of this bypothesis
point to the fact that oil prices did not drop to preeambargo

levels after the Arab embargo was lifted. Assuaing this
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view is correct, the consuming nations really do not have a
national security problenm; they face a monopoly problenm.
This suggests that the oil exporters would never want to
charge a price in excess of the full monopoly price, nor

prohibit oil exports.

In contrast, most observers take the view that the oil
embarqo was a matter of politics, not economicse. This means
Arab oil exporters may adopt policies that, even though they
may inflict some loss on themselves, inflict even greater
losses on the consuming nations. The fact that these
political motivations sometiaes dominate the model of
economic self-interest implies the world is dealing at times
with a ratioral, profit-maximizing cartel and occasionally
with an "irratiomal" adversary desiring to inflict greater
loss than it sustains. Arquments in support of this
viewpoint further eaphasize that the #iddle East is a most
unstable area politically, owing not only to the
Arab-Israeli conflict and internal instabilities as
demonstrated in Iran, but also the split between radical and
conservative regimes and the possibility of eventual Soviet
naval intervention in the Persian Gulf. This interpretation
of the 1973 Arab oil embargo suggests a real political

problem (Griffin and Steele, pp. 20, 28, 193-194).
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This study takes the second viewpoint. The long-time

conflict between Iran and Iraq has recently become an
international problem. Statistics show that from March to
May 1984, more than fifteen ships and tankers were attacked
in the Persian Gulf. Taiwan's oil import dependence on this
area (Middle East) is presently 85% (see Pigure 2.3). The
tanker teams of Chinese Petroleum Corporation have been
sailing through the Persian Gulf for years. Taiwan's
concerns about oil disruption froam this channel are,

therefore, urgeate.

Assuming a disruption of energy supply, what will be the
impacts on the national ecomomy? Using energy-level
scenarie D (Fiqure 5.4) as the 100% level, meaning a
®pormal®? or "moderate"™ performance of 1986 Taiwan econoay,
scenarios C and E become 83% and 61%, respectively,
indicating eaergy disruption levels of 17% and 39%.
Consequently, GDP drops by 13% and 35% respectively. ¥When
energy supply is disrupted, the shocks on the "Heavy
Petrochemical and Metal Industries® (Nos. 16—24), "Paper
Industry" (do. 9), "Bubber and Products" (No. 10), "Acid and
Alkaline"™ (No. 11), "Plastics®™ (No. 12), and "Plastic
Products"™ (No. 13) are sigpificant. .0On the other hand, the
"Services Sectors" (Nos. 36-45), "Electrical Machinery

Sectors" (Nos. 26—-28), and "Aqriculture" (No. 1) are
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insignificantly affected. The degree of shock om each
sector depends on the sector®s energy intensity and its
interrelationships with other sectors. The more energy
intensive the sector and the sronger its interrelationships
with other energy-intensive sectors, the more impact on its

outputs, and vice versa.

After assessing the economic impacts of energy supply
discuption, the second step is to recommend to the peclicy
maker a set of implementable strategies for managing this
type of problem. In view of the above assessments, the

author would like to propose strategies as follow.

From scenario D to scenario C--In this case, GDP drops
13% given a 17% energy supply disruption, reflecting a
relatively moderate economic shock. The proposed strategies
are (1) to stop exporting ary type of energy, especially
petroleunm products; (2) to reasonably escalate relative
prices of energy goods, using higher energy prices to
discourage energy consumption in a manner coiacident with
the expected decrease in supply; and (3) to inform those
industries sensitive to energy supply disruption not to
ezpand their capacities in the short rum. If the disruwuption
of enerqgy supply does not wvworsen or last a long time,

further drastic measures would not be expected. At present,
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Taiwan Power Coupany has four million metric tomns of coal in
storage, equivaleat to nine months national consumption.
Chinese Petroleum Corporation has three months refined oil
products in storage. As long as the oil embargo or energqgy
supply disruption do not last longer than the amount of
stored fuel, the disruption should not be considered a
serious problem. A concern is that the psychological
factors could serve to deteriorate the pragmatic, planned

responses to the problen.

From scenario D to scenario E--GDP drops 35% after a 39%
disruption in enerqgy supply. This is a very serious shocke.
Under these circumstances, energy prices must be fixed and a
rationing policy implemented. The prioritization by whichk
enerqgy is allocated to various sectors forms the basis of
the rationing policy. The rationed amount for each secter
and means to implement the rationing should also be
deternined on a just and efficient basis. This would call
for another, very important study (see Landsberg, 1980, pp-

109-110, 130).
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6.2  ANALYSES OF POLICY ALTERNATIVES

This section analyzes predefimed policy alternatives
based on empirical findings. The focuses are on the
economnic consequences of and energy requirements for these

policy alternatives.

fe 2.1 Conservative Policy: Scenarios E and C

Both scenaries E and C have been discussed in section
6e.1.5 as cases of energy disruption. Conversely, they could

also be considered coaservative policye.

Between these two alternatives, scenario E with 1,206,000
units GDP, indicating a total of 19% (or am average of 2.2%
annual) GDP growth for the period from 1978 to 1986, seenms
unrealistic (see Table 5.4). At this GDP level, oanly
agriculture (No. 1, 137%),1?7 other minerals (No. 5, 430%),
products of wood and bamboo (No. 8, 214X), household
electrical appliances (No. 26, 430%), and electromnic
products {No. 27, 430%) have high production with positive
sector surplus, while all other sectors fall to zero sector
slacks. There are twenty-seven sectors with production

levels less than those of the base yvear 1978 (see Table 5.2

17 githin these parenthesese, "No." means sector and "%"
means production level of 1986 im relation to 1978.
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and Fiqure 5.5). This is not realistic. Therefore,
scenario E should serve better as a contingency plan rather

than a "prior" policy planning option.

Scenario C, with 1,609,000 units GDP, implying a total of
59% (or an average of 5.9% annual) GDP growth for the period
from 1978 to 1986 is a good example of a conservative policy
{see Table 5.4). At this level of economic activity, other
than those five sectors mentioned in the last paragraph,
electrical apparatus (No. 28, 430%), other traasportation
equipment {(No. 30, 430%), and other manufacturers (No. 31,
430%) possess high levels of production. Energy
requirements at this point are 23,556,000 KLOE. Energy
sectors such as coal industry ({No. 3, 48%), crude petroleum
and anatural gas (No. 4, 99%), petroleum raw materials (No.
16, 84%), and petroleum refining products (No. 33, 92%) show
production levels below the base year, 1978, indicating
enerqgy shortage. On the other hand, "other minerals" (No.
5, 430%), represeuting nuclear enerqy, shows very high
production. As a result, electricity (No. 34, 146%) also
kas higher production. Furthermore, coal products (No. 32,
158%) also has a higher production, implying that increase
of coal iaportation is required. These implications confornm
to the energy situation of the realistic world--nuclear
(imnplying electricity) and coal are substitute for oil,

especially with an oil-supply shortage.
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fe2e2 Moderate Policy: Scenario D

Scenario D, witlk 1,853,000 units GDP, represents a
relatively prosperous econony, showing a total of 83% (or an
average of 7.8% annual) GDP growth for the period from 1978
to 1986 (see Table 5.4). Many other sectors, such as coal
production (No. 3, 80%), food products (Mo. 6, 171%),
plastic products (No. 13, 430%), machinery (No. 25, 430%),
and electricity (No. 34, 248%) have high production aad
positive sector slacks. Among these slacks, surpluses in
the coal industry and the electricity sector should be
interpreted as a higher level of final consumption. As
explained in a previous paragraph of this chapter, whem a
prosperous econony stablizes, people may want to consume
pore, i.e., a higher level than preset ainimum final
consumption (Fmin). Since electricity {(for general
consumers) and coal (for rural consumers) provide the basis
for a better standard of living, this inferemce is sensible

and acceptable.

Enerqgy requirements of this moderate policy are
28,592,000 KLOE. Those energy sectors (other than the
above—-mentioned coal industry, other minerals, and
electricity) are still binding constraints of the ecynomy.

They are crude petroleum and natural gas (No. &, 127%),
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petroleum raw materials {No. 16, 155%), and petroleun
refining products (No. 33, 117%). This implies that oil and
0oil products should be imported only to the level which
peets the needs of imtermediate btoduction and minimum final

censunption.

6e2e3 Aggressive Policy: Scenario A

Scenario A, with 1,933,000 units GDP represents a rapidly
growing economy, meaning a total of 91% (or an average of
8.4% annual) GDP growth for the period from 1978 to 1986
{see Table 5.4). Some energy-intensive sectors such as
fisheries (No. 2, 137%), petrochemical raw materials (No.
16, 2143), other industrial chemicals (No. 17, 211%), other
metals (No. 23, 430%), metallic products (Ho. 28, 329%),
petroleum refining products (No. 33, 139%), and
constructions {(No. 35, 277%) come into high production with
substantial slack surplus. Other energy sectors such as
other minerals (No. 5, #30%), coal products (No. 32, 182%).
and electricity (No. 3%, 248%) are also found at high
production levels. Enerqy requirements of this agqressive
policy are 33,213,000 KLOE. If the goverament is planning
an economic prclicy like scenario A, abundant energy
resources shounld be guaranteed. Emnergy investments, é.g., a

deep water harbor for coal importation and storage space,
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should be planmned. Contracts of energy purchase, e.g.,
nuclear fuel, coal and oil, should be expanded and arranged

in advance.

6. 2.4 Concluding Benmarks

As elaporated in section #.2.3, value judgment on the
alternative choices in multiobjective gemneratiang technigues
{e.q9., the NISE-IO algorithm in this study) should be nrade
not by the amalyst, but by the decision maker after ie
generating of the model and analysis of policy implications
are completed. Therefore, the author does not make
conclusions or recommendations about which policy
alternative should be adopted. Policy makers should do this
based on their implicit or explicit preferences and other
relevant information not included in the presemt study.
However, one important point demonstrated here is that
electricity (implying nuclear power) and coal should play
key roles in the future energy system. Energy planners
should plan to implement this strategy no matter whick

policy alternatives are to be adopted.



Chapter VII

CONCLUSIORS AND LIMITATIONS

This chapter summarizes the main findings and conclusicms
of this study. PFollowing the summary, the limitations and

evaluations of this research are discussed and justified.

7o 1 COBCLUSIONS - AND- RECOMMENDATIONS

This study has utilized a computationally efficieant
algorithm consisting of an integration of the Non-Inferior
Set Estimation (NISE) method and a Leontief ianterindustry
model to investigate trade—~offs between national GDP and
enerqgy use in Taiwan. On the sectoral level, energy/incoae
final demand cpefficients have been used within an
input—-output context to estimate possible trade-offs between
sectoral income and emerqgy use. The information derived
froz these models! results represents three policy
alternatives for enerqy decision makers to choose among and
provides answers to some of the key issues of energy
economic problems such as achieving a specified econoric
growth rate with ninimum consumption of emergy, the

relationship between energy demand/supply and econonic

164
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development/growth, decreasing the elasticity of energy,
considerations for "inlustrial restraucturing," and
estimating the economic impacts on the Taiwan economy under
assumed disruption of energy supply. To plan for the 1986
Taiwan enerqy economy, based om the 1978 structure and
feasible management factors, the major conclusions and

policy recoamendations of this study are:

{1) On the national level--From zero level of GDP to
1,206,000 units (ome unit is equal to $25,000) GDP, the
economy trades 14.2 KLOE for each $25,000. From 1,206,000
to 1,609,000 units GDP, 16.0 KLOE is traded for each
$25,000. From 1,605,000 to 1,853,000 uaits GDP, 20.6 KLOE
is traded for each $25,000. From 1,853,000 to 1,933,000
anits GDP, 57.8 KLOE is traded for each $25,000 (see section

be1 and Figure 5.4).

(2) On the sectoral level--"Chemical Fertiliier" trades
off the highest total (direct plus indirect) enexgy use, 250
KLOE, for each total (direct plus irdirect) $25,000 income
of the economy. Other sectors with high energy/income
coefficients are: Cements and Products {156 KLOE/$25,000},
Acid and Alkaline (115 KLOE/$25,000), Coal Products (77
KLOE/$25,200), and Aluminum (77 KLOE/$25,000). Considering

enerqgy efficiency alone, these sectors should not pursue
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aggressive expansion. Coal Products and Aluminum, however,
should maintain a sufficieat level of production due to
their interindustry linkages with other dowanstream sectors

{see Table 5.1 and sections 6.1.3 and 6-1.4)a

{3) Achieving a specified economic growth rate with
minipun consumption of energy-—-using scenario E (1,206,000
ucits.of GDP and 17,117,000 KLOE) as the base, achievement
of a 33%, 54%, or 60% GDP growth with a minimum consumption
of energy would require a 38%, 65%, or S4% increase of
energy coasumption level, respectively (see section 6.1.1

and Table 6.1).

(4) The relationship between emergy supply and economic
growth is identified in this study as a production-like
function. Its implications, however, are different from
those of a positively estimated ecorometric production
function with decreasing marginal productivity {(see sections

5.3.3, 6.1-1, and 6.1.2)-

(5) The energy/income intensity of each sector aad
industrial stracture of the economy have each been examined
for lovering the elasticity of energy. Development of those
sectors with relatively lovw energy/imcome final demand
coefficients such as Agriculture, Machinery, Household

Electrical Appliances, Electronic Products, Electrical
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Apparatus, Other Transportation Equipment, and Service
sectors should be encouraged. On the other hand, expansion
of sectors with high emergy/income final demand coefficients
sach as Acid and Alkaline, Chemical Fertilizer, Chemical
Petroleum Products, Cements, Glass, and Nom—metallic Mineral
Products should be curtailed (see Table 5.1 and section

6.1.3).

(6) Industrial restructuring should consider
interindustry relationship, industrial blocks, and the
forvard and backward linkages among sectors. Some sectors
such as Steel and Iron as well as Aluminum, though energy
intensive, should maintain a desirable productiom level due
to their strong linkages with other sectors (see section

{7) Assuping a 17% or 39% disruption of energy supply,

GDP drops by 13% or 35%, respectively (see secticn 6. 1.5).

{8) If emergy disruptiocna is moderate, e.g., 17%, sectors
such as Acid and Alkaline, Plastic, Plastic Products,
Petrocheaical Raw Material, Other Industrial Chemicals,
Steel and Iron, Metallic Products and Electicity are
significantly affected. In this case, the government should
{a) stop exporting any type of energy products; (b)

reasonably escalate relative prices of emnergy goods; and (c)
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inform those industries sensitive to energy supply
disruption not to expand (or perhaps even to coantract) their
capacities in the short run (see section 6.1.5 and Figure

5.5} <

{9) If the enerqgy disruption is serious, e.qg., 39%, most
sectors except Agriculture, Products of Wood and Bamboo,
Household Electrical Appliances, and Electrical Apparatus
suffer severely. At such a time, the government should fix
enerqgy prices and implem&nt a rationing policy. An
emergency traasportation and shipping plan should now be
studied so that it can be implenmented immediately if

conditions so require (see section 6.1.5 and Figure 5.5).

(10) In short, for economy restruncturimg, to reduce the
heavy reliance on energy and raw-material imports, the
Taiwan economy should shift its industrial structure from
labor~ and energy-intensive to less-energy-intensive,
high-technology, and light-engineering manufacturing
industries such as household electrical appliances and
electrical apparatus. Energy—-intensive industries should be
discouraged and only permitted in those cases in which there
is good evidence the products will be competitive at world
prices. For emergy restructuring, electricity (implying
nuclear power) and coal should be priorities for econonic

development and substitutes for petroleum consumption.
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7.2  LIMITATIONS OF THIS SIUDY

There are two major limitations in the study--one of
scope and the other of the model mechanism itself. The
scope of this study is limited to first-level energy
economics and policy (see section 2.1}, and is tied to the
two objectives of maximizing GGP and minimizing commercial
enerqgy use. Mamny other factors are, therefore, beyond the
scope of this study. For example, when planning economic
development, commercial enerdy resources must be coansidered
as one part of the total available resources; noncommercial
enerqgy, capital, water, soil, etc. are equally important.
The whole picture must be examined in order to fully assess
gcononic energy policy. The same arquments extend to the
GDP side. Other than &6DP, many other concerns such as
enployment, equity, security, and environmental consequences
are also relevant.1® Because many of these aspects cannot be
quantified as economic disciplimes, they form the real
limitations of the scope of this study (see also sectioas

303 and 3.4ja

As to the limitations of the model mechanism, there are
at least two types. The first type is inherent in the

input-output analysis and cannot be removed. It includes:

18 7t is hoped that this study can be extended to incluie
three or more objectives along this line in the future.
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1) market equilipbrium--in the real world, the market is
seldom in equilibrium; (2) perfect competition--the econonmy
may be close to, but not in, perfect competition. Market
failures, other externalities and imperfect information

characterize any economy (see lLayard aand Walters, 1978).

The second type ¢f limitations is removable provided more

time, manpower, and funding are available. They are:

(1) The coastant return to scale inheremat in linear
production activities. To relax this assumption, more
constraint functions may be included in the model. These
constraints describe different *"recipes" for different
production stages of the same product. For example, in the
case of marginally decreasing returns to scale, the model
nay include a variety of processes, each with its own upper
bound. The NISE-IO mechanism will then select the most
efficient first, using the less efficient processes to

attain higher output levels.

{(2) Siagle<technology production. In a coaventional
input-output model, each sector uses only one technology to
produce a single output. As & result, no substitution of
inputs (or outputs) is possible. 1In the real econony,
producers substitute inputs as prices change. This behavior

could be captured in this model by shifts to alternate
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activities to produce goods in response to changes in shadow
prices. The energy-intensive sectors may te the first

candidates for such detailed u«nalysis.

(3) Homogenous commodities. The output within a given
sector is assuaed to be homogenous and completely
substitutable. But im the real market, every good has
different grades, shapes, and sizes. The obvious remedy is
to disaggregate commodities. For example, the 1977
ninty-nine sector I/0 table of the Taiwvan economy can be
used ip this model to represent a more detailed

classification of commodities,

(4) Onifora prices across sectors. The assumption of
perfect competition implies that all buyers are price takers
and pay the same price for a given commodity. This is not
true. For example, in the Uanited States different
localities may pay different prices for the same type of
energy. A more nearly uniform situation exists ia Taiwan,
because in most cases a single price for each energy product
{petroleun products, electricity, etc.) is set by the
government. Because special contracts, guantity discouats,
etc. still exist, the effect of nonuniform prices is similar
to that of nonhomogeneous commodities. In this study, by

using physical uaits (KLOE) instead of a dollar balance for
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the enerqgy sectors, this particular problem is avoided. It

still exists, however, for all nonenergy sectorse.

(5) Static amalysis. This study assumes the structure of
the economy remains unchanged from the base year 1978 to the
analytical year 1986. This might be questioned because, in
particular, no account is taken of the efforts to conserve
enerqy tkat resulted from higher energy prices. To make the
model dynamic, a capital—-regquirements matrix, a manpovwver
requirements matrix, and a matrix of technological change
must be included. Assembling such data would require
extensive assistance from related government agencies and
would be beyond the time and manpower constriaiats of the

present researcche.

The time planning horizem (long~run vs. short-run) of the
model can be considered another possible limitation of this
study. Models dealing with resource allocation and
utilization should be long-run models because the formation
of and the changes in the econoric resources are very slow,
e.gJ., changes like capital, labor, water, and soil. The
enerqgy resource, however, is different from the
above—-mentioned resources in terms of supply changes.

Enexrqy is largely imported, and changes may be drastic aad

very fast due to oil embargoes. This type of economic shock
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is very different from those arising from cther domestic
resource changes. A long-rua Rodel may not be able to
capture this effect. On this basis, short-rum models are
needed to analyze this problemr. As demomstrated im this
study, the HISE-IO algorithm serves as a powerful short-runm

model.

Of course, the importance cf‘the long-run model is
recognized, in particular because the Taiwan economy is ia a
staqe of transition (see Galenson, 1979, and Kuo, 1983, for
details). Industrial restructurimnqg will occur over a loag
period of time. In this regard, prices must be taken into
account and estimated parameters may heed £frequeat
adjustments {e.g., as in Hudson and Jorgensocn, 1974).
Although the short-run model is useful to evaluate sactoral
sensitivity to the disruption of energy supply, a more
comprehensive long-run model is needed for a full
assessment. In the near future, the author hopes to extend
the present study in these directions--both from the static

to the dynamic and from the short-run to the long-run.
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7.3 EVALUATIONS OF THE NISE-IO MODEL

Despite this formidable list of qualifications and
provisos, this NISE-IO model is justified a useful tool.
Pirst, the I/0 table itself captires an enormous wealth of
detail (depending om how many sectors the table iacludes)
concerning the interdependent structure of the economy. The
format of the table provides an internal consistency of
inputs and output within each sector and balance of
production and coasuaption among sectors. Similarly, the
energy f£low matrix, B (in physical units), describes a clear
picture of hovw the economy utilizes different types of
enerqgy sector by sector. With the mechanism provided by
this model, researchers are able to examine major forces in
the econoay. This type of interindustry analysis is
virtually the only practical alternative to a massive

econometric model when industrial details are required.

Second, the NISE-IO model is more effective than the
coaventional 1LP-I0 model because true decision making is
involved and because of the consideration on energy
priorities when energy supply decreases. Also, it controls
“maxinpam possible error® of the whole noninferior curve
while LP-IO does not. In addition, it proved more efficient

than LP-IO0 because the latter needs more runs (sensitivity
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analysis) to identify the real kinks of the nondominated
surface in the objective space (see sections #4#.2.2 and

5.3.1).

Third, the BISE-IJ mechanisim is superior to goal
programnking in terms of quaranteeing nondoainmant solutions
and providing more information, choice, and valid decision

maker—analyst interaction (see sections 4.2.3 and 4.3).

Another significant benefit of the model is that once the
model is set up, it is able to accommodate different points
of view quickly and with little effort. It has a definite
structure which forecasts different amounts of energy to be
used by different scenarios reflected in the values of the
right hand side of the model--B, Fmin, and K, the exogenous
determinants. The consisteant framework of this model allowus
policy maker to check the actual GDP and production levels
of each sector with the results of the model to see if the
solutions are logical, consistent, and valid (see sectioas

402.5, 6-1.1‘ and 6.1.2)-

In conclusion, this NISE-IO model is useful for tracing
the relationship between economic goals and resource uses,
for assessing the relative impacts of fuels and energy
shortages in the present econcmy, and for examining the

implications of industrial restructuring in future years.
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In addition, with the importation matrix M included ia this
model, it is capawnle of investigating the v¢onsequences of
changing trade policy by impesing artificial diagomal
elements in matrix M. By modification to a dynamic model,
it can be used to amalyze future impacts of present
investment and development policy decisions in the energy
field. This model is flexible and adaptable enough to
explore various issues involved in energy planning and,
above all, through its use, decision makers can easily trace

the functionings of the mechanisn.
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