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PREFACE

This report has been prepared in accordance with an
égreement between the Kernforschungszentrum Karlsruhe and
IIASA providing for the application of the IIASA energy models
and data base to Latin America. Its objectives are an
evaluation of the IIASA models as appropriate tools for
studying the Latin American situation, an analysis of IIASA's
Latin American results toc date, and a discussion of those
iﬁprovements in both the models and the data base that would be
necessary to make them more suitable for understanding the

particular nature of Latin American energy problems.
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1. INTRODUCTION

In the Proposal of IIASA's Energy Systems Program (IIASA-
ENP) to the Kernforschungszentrum Karlsruhe (KFK) for a "Long-
Term Energy‘Strategy Study for Latin America", the cbjective of
the study was stated as follows: "IIASA has conducted a long-
term global analysis, within which seven world regions were analyzed
in a first order apbroximation. This means that, though much data
was gathered for any one of them, the focus of the investigation
was the global perspective, and no detailed consideration was done
for each particular region”.

The latter is more valid for the case of the regions in-
volving less developed countries (LDCs): for them, statistical
data is scarce and/or inconsistent, and must be complemented by
expert knowledge and judgment. IIASA-ENP's work indicated that,
under certain assumptions related to population and economic
growth, Latin America projected itself into the future as a region
capable of attaining the present living standards of the industrialized
countries (ICs) within the time horizon of the study.

Under these circumstances, the question arose: Are IIASA
projections compatible with the past-present development trends
of the countries of Latin America, the natural resources, its
scientific-technological and-institﬁtional features? In other
words, the results of the IIASA-ENP study called for an assess-
ment, involving the evaluation of assumptions and parameters
incorporated in the modeling .set, to prove if they matched with
plans, hopes and aspirations, and to look in more detail into
the energy demand and energy supply projections for the region.

. The scope of the work was originally formulated in the following
terms:

"{1) The first step would be a reevaluation of the lifestyle
. scenarios for our energy demand model MEDEE~2. To that end the
structures of the Latin American economy should be reconsidered,
developmental trends more clearly perceived and on that basis a
set of goals reformulated. 1In that way the data base for MEDEE-2
could be adjusted so as to reflect more precisely the specific
needs and premises for Latin America.
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{(2) Second, on the suéply side scome of the production profiles
of the energy supply model MESSAGE would be redesigned. The in-
tention would be to take more into account various supply opportuni-
ties characteristic for the region or part of the region. Typical
examples would be here the potential for hydroelectricity and biomass
' production in Brazil or the heavy crudes in Venezuela.

{3) In a third step, then, the model runs for Latin America
would be repeated and a somewhat more detailed regional strategy
defined.

(4) Finally, we intend to test the robustness of that
strategy in two ways. First, we shall disaggregate the region
‘into two, perhaps three blocks, and run the set of models for
each block, aggregate the results and compare them to the previcusly
computed strategy. Second, a sensitivity analysis with respect to
our growth assumptions will be performed, thus helping us to under-
stand the'interrelationships between economic growth, lifestyles
and energy use in Latin America.”

These activities have been undertaken but not completed
during the allocated time. The reasons are manifold: the need
to understand model construction and their specific functions as
well as interplay; the necessity to conceptualize our view of
the present state of development of Latin America and judge upon
its possible future evolution; the realization that the region's
outlook conceals the situation of individual countries, which have to

be known before attempting new regional runs.

Up to the point of progress reported herein, we have respected
the scope of the work, sometimes with a different emphasis due to
our view of their relative importance at a given time. Some delay
resulted from our way to deal with national cases: we decided that
they should be done in collaboration with Latin American institu-
tions, which could provide data and the particular understanding
of their own case. The reguired agreements took time, but the
experience was rewarding and demonstrated that cooperation was
the best method to perform sericusly our task.

-_Additional_effort'will be necessary to accomplish the objectives.
Since the original agreement between IIASA-ENP and KFK has been
extended, it is hoped to conclude our work including the additions
required by such an extension, in particular the possible role of

renewable energy sources.



2. IIASA-ENP MODELING SET: ITS APPLICATION TO LATIN AMERICA

Early in 1976, the IIASA-ENP started a thorough modeling
effort in order to quantify its previous conceptualization of
the future energy problem. A set of mathematical models was
built to deal with matters of the future in relation to the
economy, energy demand, energy supply and the economic conse-
quences of implementing a given supply system. Though each of
these tasks was assigned to an individual model, they were
conceived to operate in harmony with information floﬁing from
one to the other finally closing the loop. In this way,
successive iterations permitted checking and adjusting the assumptions
incorporated in each step of the analysis by looking at their
behavior and effect on overall results. Thus, internal consistency
of the modeling set was assured.

The modeling set was applied to the study of the long-range,
dynamic transition of the global energy system, by compounding
the results of seven regions in which the world was divided.

One of these regions is Latin America.

The scope and results of this ¢omprehensive exercise are
extensively documented in the final report of the ENP, “Energy
in a Finite World", forthcoming in book format in 1981 [1]. Its
content is complemented by a number of publications authored
by the members of the ENP, which document the evolution of ideas
during the last seven years,

It is not our purpose to present herein a detailed description
of the models composing the set. This has been most appropriately
done by the modellers themselves. Our main concern is the evaluation
of the results obtained by their application to Latin America,
that is, if those results imply a reasonable future that could be
achieved during the time horizon of the study and what kind of
assumptions they carry on the economic, social, technological
and even political domains.

In such a context, only a brief description of the models
used for the regional study under consideration becomes necessary,
in order toc highlight their conceptual framework and the assumptions
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incorporated to project the future evolution of Latin America.
For this reason, reference will only be made to the three models
that were consistently used for the gquantitative analysis of the
future energy situation of the region. They are: the energy
demand model MEDEE-2; the energy supply model MESSAGE; and the
IMPACT model designed to evaluate the economic consequences of

~ the gradual implementation of the energy supply system. Since a
macroeconomic model for developing countries was not available,
the macroeconomic module of MEDEE-2 was the limited tool used
to describe economic behavior.

2.1 The Energy Demand Model MEDEE-2

2.1.1 Brief Description

The energy demand model used at IIASA is a simplification
of a more disaggregated but conceptually identical model originally
built at IEJE, University of Grenoble, France, to project future
energy consumption patterns of an industrialized country. The
principal characteristic of MEDEE-2 is that the calculation of
future energy requirements are basically driven by projections
of population, economic growth and various parameters reflecting
behavioral patterns of society (lifestyles). The effect of
particﬁlar policies affecting the energy sector, either national
or the result of international interrelationships, could be in
- principle incorporated through the assumed influence on life-
style indicators, which also can show the expected effect of
variations in the energy priceé. The technique used is thus one
of scenarios, which must consistently represent a future develop-
ment pattern.

Three main energy consuming sectors are identified in the
model: transportation, industry and household/service. 1In
addition, the macroeconomic module of MEDEE-2 describes, in an
aggregate way, the production and expenditure of the gross domestic
product (GDP). This description, for the starting year and the
projections és well, must bhe provided exogenously: it constitutes,
together with the projections of population growth and those
corresponding to the lifestyle indicators, the scenario parameters
that drive eneryy demand. Let us consider the way in which the
calculation of energy demand is performed for each sector.



Transportation Module

Two main types of transportation are dealt with: freight
and nassenger transportation. The main driving forces for the
determination of physical activity levels are, respectively,
the growth and structure of the economy and the population growth;
both determinants are qualified by lifestyle indicators.

Starting with physical activity levels, the calculation
of energy demand requires the knowledge of the modal split of
each transportation system, i.e., the relative contribution of
various kinds of wvehicles to satisfy the needs. TFor passenger
transportation, the corresponding load factdrs must be specified.
- Projections of these parameters (modal spiit, load factors)
have to describe a future trend consistent with a selected path
of development.

Once the activity levels are obtained, the calculation of
energy demand is straightforward when the specific fuel consump-
tion of each mode of transportation involved (vehicles, pipelines)
is known. Projections of the latter must also be made due
considerations being given to the long lead times associated to
technical efficiency -improvements.

The MEDEE-2 transportation module calculates energy demand
in terms of final energy, since only specific energy carriers
are utilized, namely, either motor fuel or electricity.

Industry Module

The industry is divided in sectors to perform the calculation
of energy demand, namely: agricglture, construction, mining and
three manufacturing subsectors, each of which involves industries
with similar energy use patterns.

In all cases, though, future energy demand is calculated
upon the knowledge of the present (base year) consumption
features expressed by means of an energy intensiveness parameter
for three types of energy carriers: motor fuel, electricity,
other used for heat production (useful energy in the manufacturing
industries). Future energy demand is calculated for each



industrial sector by introducing a coefficient of expected changes
in consumption pattern, and the total monetary activity of the
sector (since energy intensiveness is given in terms of energy
per unit value-added).

The penetration of alternative energy sources like solar
collectors or cogeneration'to replace fossil fuels in the manu-
facturing industry is established by coefficients which affect
the total useful energy demand. Conversion of useful into final
energy takes into account relative fuel efficiencies (with
respect to electricity).

Household/Service Module

The activity levels are in this case the housing stock and
the total floor area in the service sector. They are respectively
related to population growth and needs, and to the service sector
contribution to economic product, whose projections consegquently
define their absoclute future values.

This module is concerned with the calculation of'energy
demand for space heating, hot water, cooking and specific uses
of electricity (lighting, appliances, air conditioning). Since
the energy services typical of this sector can be
mostly met by different fuels which can substitute one another,
the first step is to calculate useful energy demand. Once the
basic quantities (number of dwellings, service floor area) are
known, the specific energy consumption (useful energy) for each
energy service is used to determine useful energy demand. Before
converting useful energy into final energy (through application
of the corresponding fuel efficiencies}, the penetration of
alternative energy sources or the effect of energy conservation
measures is established by means of indicators which define
possible contributions Qf solar power, district heat, electricity,
and heat pumps to substitute for fossil fuels, and -
energy savings due to better insulation.

The MEDEE-2 model has been extensively described by
B. Lapillonne [2], and its application to IIASA's seven world
regions by A.M. Khan and A. H&1zl [3]. We will proceed now with



the description of the main scenarioc assumptions used during the
application of MEDEE-2 to project the energy demand of Latin
America until the year 2030.

2.1.2 Main Scenario Assumptions

Two scenarios were considered in the ITASA-ENP globai enerqgy
study, labelled Low and High, mainly due to the selected levels
of future economic growth and the sectoral distribution of GDP;
for the application to Latin America they also differ because
of assumptions pertaining to the transportation and househecld/
service sectors, which imply a general trend to increase
activity levels of passenger transportation and to consume more
energy (preferably electricity) in dwellings in the High scenario.

From the point of view of the future development pattern
the two scenarios do not differ in terms of technological

capability (energy intensiveness parameters in the industry and
in the transportation sectors).

In what follows, we will present a description &f the main
assumptions incorporated into the scenarios.

Demography

A. Only one projection for population growfh has been used. It
follows the population growth trends made by Keyfitz [u4].

. 1975 2000 2030
Population (10° people) 319 575 797
Average growth rate (%/yr) 2.4 1.1

B. The concentration of people in cities follows the past trend
of rapid urbanization, UN projections until the year 2000 and
their further extrapolation:

1975 2000 2030
Urban population fraction 0.60 0.75 0.85
Fraction of population living 0.37 0.53 0.69

in cities 105 inhabitants
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The average family size decreases from 5.1 persong per house-
hold in 1975 to 4.8 in 2000 and 4.15 in 2030, in line with
the reduction in population growth and increasing affluence.

The economically active pépulation fraction increases from
0.32 in 1975 to 0.41 in 2030, in line with the population
and labor force projections of the UN until the year 2000
and their extrapolation thereafter. '

Economx

GDP increases between 1975 and 2030 by a factor of 6.5 for
the Low scenario (LS) and by 10.5 for the High scenario (HS).
GDP projections are in equilibrium with those corresponding
to other market economies.

Average Annual Growth Rates (%)

Low Scenario “High Scenario _

GDP GDP/cap GDP GDP /cap
1975-1985 4,7 1.80 6.2 3.21
1985-2000 3.6 1.52 4.9 ~ 2.80
2000-2015 3.0 1.72 3.7 2.42
2015-2030 3.0 2.05 3.3 2.34
1975-2030 _ 3.48 1.77 4,37 2.64

GDP shares of agriculture, industry and services change
gradually in line with past trends, towards the pattern of
the West European distribution. In particular, the share of
the manufacturing industries increases whereas those of agri-
culture and services decreases--more in the HS than in the LS,
see Table 2.1.

In the manufacturing sector a relatively faster development
is projected for the basic materials industries (BM} (metal-
lurgical, chemical, etc.) and the machinery and equipment (ME)
industries than for the nondurable goods (ND) (food, clothing,
etc.) industries, see Table 2.1.

Feedstocks for the chemical industry and steel production are

projected to increase following the trend of the basic¢ materials

industries.
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The GDP expenditure structure is assuﬁed to change gradually,
in line with past behavior, with the private final consumption
decreasing from 70% in 1975 to 63% and 61% in 2030 for the LS
and HS, respectively, while the investment is projected to
remain constant at its 1975 level of 23% throughout (see

Table 3.1).

The private final consumption structure_is assumed to.change
gradually into the pattern of industrialized countries:

Private Final Consumption Fraction

2000 2030
. . 1975 LS ES LS HS
i. Durable goods ' 0.10 0.11 0.12 0.12 0.14
ii. Nondurable goods 0.60 0.57 0.55 0.54 0.51

iii. Services 0.30 0.32 ~ 0.33 0.34 0.35

Lifestyles

Trangportation

The car ownership ratioc (population + number of cars) varies
inversely with GDP/cap and urbanization. It eveolves as
follows:

1975 2000 2030
LS 26 14 7
HS 26 10 4

The average intercity distance travelled per person in one
year increases linearly with the private final consumption
per capita, as shown below {(km):

1975 2000 2030
LS 1850 2600 4400
HS 1850 3500 6800

The pattern of intercity travel changes in such a way that
the shares of travel by car and aeroplane increase whereas
those travelled by bus and train decrease gradually. It is
also assumed that by 2030 electrification of trains will
increase-up to 20% from their 1975 share of 1% in the total
railroad interéity traffic.
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Load factors of buses and trains for general travel (intercity
as well as urban) are considerably higher than those in Western
Europe and remain so in the projections, with some improvement
with time.

Use of private cars for urban travel is assumed to increase
slowly until the year 2000, and remain constant thereafter due
to congestion in cities. Fractional urban car transportation
grows from 0.30 in 1975 to 0.35 by 2000 and 2030.

Total freight transportation increases in proportion to the
assumed modifications of the value added of agriculture, mining
and manufacturing industries. The share taken up by trains is
projected to increase from about 18% in 1975 to 28% in 2030,

with corresponding reduction in the shares of buses and barges.

Household/Services

The use of eleétricity per household (in kWh/yr) for electrical
appliances is assumed to be proportional to the urbanization
pattern as well as to the private consumption spent on services.

1975 2000 2030
s 700 1200 2150
HS 700 1700 3400

The useful energy requirement per person for hot water increases
by 2030 between 1.6 and 2.5 times the 1975 value for the LS and
HS, respectively. This follows from two assumptions: larger
fraction of dwellings with hot water facilities and the average
family size decreases.

Unlike space heating, that is required in modest amounts, air-
conditioning is desirable due to climatic characteristics. It
is assumed that it will rapidly increase with more affluence:
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1975 2000 2030

Fraction of dwellings

air-conditioned
LS ~0 0.04 0.12
HS ~Q 0.05 0.20

Fraction of service sector
area air~conditioned

LS 0.05 0.12 0.35
HS 0.05 0.15 0.40

Noncommercial energy is estimated to meet about half of the
useful énergy requirements for cooking, space and water heating
in 1975. It is assumed that the quantity of strictly non-
commercial energy will remain at the 1975 level all along.

Energy Intensiveness, Efficiencies. Penetration of Electricity,
Solar and Other sSources (common to pboth scenarios)

The energy intensiveness of the mining, construction and manu-
facturing industries with respect to the use of fossil fuels are

. assumed to decrease from the current level, close to that of the

U.S., to 85% of it by 2000 and 75% by 2030, so as to become

closer to West European data.

The energy intensiveness with respect to the use of electricity
in the above industrial activities are assumed to remain at
their current level throughout. '

The energy intensiveness of agriculture with respect to the use
of fossil fuels is assumed to increase by a factor of 5.5 by
the year 2000 and to increase ten times the present value by
2030. This will lead to the current West Eurcpean level of
mechanization in agriculture by 2030. Similar increases are
alsc projected in this sector for electricity utilization

to account for irrigation requirements.

15-20% improvements in the average efficiency of fossil fuels
in meeting the heat demand of household/service and industries
are projected as feasible by 2030. The utilization efficiency
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of noncommercial fuels is alsoc assumed to improve with time,
becoming by 2030 twice as high as in 1975.

E. The car efficiency is assumed to improve from the current
levels to an average of 10.5 and 8 1/100 km for urban énd
intercity travel, respectively, by 2000 and remain constant
thereafter. '

F. 30% of new single family houses are assumed to get egquipped
with solar heating facilities by 2000, this fraction increasing
to 50% in 2030. The same projections hold for low-rise service
sector buildings.

G. Hot water requirements are assumed to be met with solar energy
"in the household sector to the extent of 20% by 2000 and 30%
in 2030.

H. District heat is assumed to meet 3% in 2000 and 20% by 2030 of
the total household/service sector's space and water heating
in cities 2100,000 inhabitants.

I. Penetration of electricity, district heat, "soft" sélar, co-
generation (steam and electricity) and heat pumps in the
industrial heat market are projected to such an extent that fossil
fuels would have to meet only 78% of the useful enérgy require-
ments for thermal uses in industry by 2030.

J. Renewable sources of energy are assumed to penetrate in the
household/service sector mainly to replace fossil fuels
according to the assumptions presented in Table 2.2.
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2.1.3 Results

The calculation of future energy consumption based on a
set of assumptions whose main components were given in the
previous paragraph is first done in terms of useful energy, i.e.
the energy needed to provide a service to the consumer (heat
required to cook a meal, mechanical power to turn a.lathe). The
calculation goes further to express results in terms of final
energy, l1.e., the energy delivered to the user (motor gasoline,
electricity), taking into account the efficiency of end-use
devices that satisfy the demand for useful energy.

| .Table 2.3 summarizes MEDEE-2 energy demand projéctions
for Latin America until 2030.

2.2 The Energy Supply Model MESSAGE _ .
2.2.1 Brief description

The objective of MESSAGE is to determine a secondary energy
supply strategy to satisfy the future energy demand picture
quantified by MEDEE~2. To perform this task, a dynamic optimi-
zation linear program was built which takes into account the
availability of primary energy sources, their estimated maximum
extraction rates and the transformation into secondary enerqgy
carriers in conversion stations. Each primary energy sSource,
except solar, is subdivided into a humber of categories on the
- basis of the price of extraction, quality of resources and location
of deposit. These primary sources are then converted into secondary
energy in conversion stations using various technologies, under
consideration of installation, operation and maintenance and fuel
costs (excluding the cost of fuel extraction and transportation).

The objective function is the minimization of the cost of
energy sources, installation of conversion facilities and their
operation and maintenance, to provide the energy demand, each
element discounted over time, subjected to constraints due to
resource availability at specific prices and facility build-up
rates. Other constraints, such as the need to minimize pollution,
could be incorporated as required: these constraints, although
available, were not used in the MESSAGE runs reported herein.
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On the basis of the secondary energy allocation distribution,
MESSAGE calculates the total primary energy reguirements for the
particular years under consideration.

In the equations of the modei, which are roughly given
below, indices are sometimes omitted to facilitate understanding.
A thorough description of the MESSAGE model is given by M. Angew
et al. [5].

The Objective Function

The objective function of the MESSAGE model is the sum of
discounted costs of capital, operating-maintenance, and fuels
{(primary energy):

n
1 Bt s{bTz(t) + cx(t) + dym)} ,
t=l

where

t is current index of time period
n is number of time periods
B(t) is discount factor
5 is number of years per period
is vector of eﬁergy resources costs
is vector of resource activities (LP variables)
'is vector of operating/maintenance costs
is vector of energy conversion activities (LP variables)
is vector of capital (investment) costs

= otk M 0O R U

is vector of capacity increments (LP variables)

The discount factor is calculated from an annual discount
rate of 6%, applied to a constant dollar investment stream. As
MESSAGE is intended to minimize societal costs this discount rate
is to be understcocod as a pre-tax one.

The cost of increments to capacity still operating at the
end of the planning horizon is corrected by a "terminal valuation
factor", tv:

5(a+l-t)

tvi{t) = (1 - §8 )
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for example, the terminal valuation factor for the last time

pericd is

tV(n) = 1 - 85 -

‘Resource Constraints

The following resource constraint is defined for each resource

and for each category:

n
I sz(e) <av
=1

where

r(t) is annual extraction in period t

Av is availability of resource

Resource Requirements

The following equation is specified for each time period

and for each resource:

J R
j§1 r(e) 312 vy X () + Swy, (8) - Swy, (t-6)

where
j is index of resource category
J is number of resource categories
vy is specific consumption by production activity X,
W, is inventory requirement for capacity increment Y,

Capacity Equations

The following equation is specified for each technology and
for each load region supplied by this technology:
.

x, < Cap X h, x pf -, (Cap(t) = z Sy(‘l')) ,
3 3 _ T=t-5



where
p)
Cap
hj
pf
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is index of load region

is capacity

is load duration of load region j
is plant factor

Demand Constraint

The
for each

where

3

”ij

DM,
J

following equation is specified for each time pericd,
demand sector, and for each lcad region:

is index of demand sector

is conversion efficiency (or equal to 0 if x5 does not
supply demand s:ctor j)

is annul secondary energy demand

Build-up Constraints

The

following equation is specified for some (primarily new)

technologies and for each time period:

where

yt) syylet - 1) +a9

¥ is growth parameter

g is constant, allowing for start up
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2.2.2 Main Assumptions

The assumptions incorporated in the model for running the

Latin American case are presented through the self-explanatory
Tables 2.4-2.7.

2.2.3 Results

Tables 2.8 and 2.9 summarize the most important results
provided by the model.

2.3 The Energy-Economy Interaction Model IMPACT

2.3.1 Brief Description

Once an optimal energy strategy is identified, it is neceésary
to understand the requirements for corresponding direct and
indirect energy investments.

IMPACT belongs to the set of energf-oriented dynamic input/
output models, explicitly accounting for lags between the start
of investment and the putting into operation of production capac-
ities. It consists of linear and nonlinear eguations that describe
the following for each year of the period concerned: balance of
production of individual products and services and their consump-
tion in operating and building the energy systems and related
branches; the conditions for introducing extra capacities in
energy~related branches; investment and WELMM'(E;ter, Energy, Land,
Materials and Manpower) requirements.

For each given strategy, the model determines:

Investment in energy system development;

® The required putting into operation of capacities in
energy~related branches of industry and corresponding
{indirect) capital investment;

e The required output of different types of materials,
equipment, and services to provide operational and con-
struction requirements of the energy system and related
branches;

® Direct and indirect WELMM reguirements.

All these indicators are evaluated for each year of the period

considered.
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The model describes the building up of production capacities
as a direct part of the energy supply system (ESS) and its related
branches. In this way lead times of construction and related con-
sumption of equipment and material are taken into account. This
is done by identifying input/output relations between the following
se¢tors of the economy important for the energy supply systems:

iron ore mining

primary iron and steel manufacturing

fabricated metal products

nonferrous metal or mining

nonferrous metals manufacturing

chemical products

plastic and synthetic materials

petroleum products

stone, clay, and glass products

lumber and wood products

miscellanecous materials

engines and turbines

electrical equipment

mining equipment

oil field equipment

construction equipment and machineries

material handling equipment

metalworking equipment

instrument and control equipment

transportation egquipment

special industry equipment

general industry equipment

fabricated plate products

miscellaneous equipment

export goods I

export goods II

construction in energy sectors

construction (nonenergy)

transport (nonenergy}

maintenance and repair construction
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The Equation System of IMPACT*

The direct requirements of the ESS for products of energy-
related sectors are expressed as

Y (&) = AR (t) = T PV,
T=t
where

Ye(t) is the wector of direct investment and operational
requirements of the ESS for products of energy-related
sectors in the year y

fe(t) is the vector of annual energy production in the
year t _

Z,(t) is the vector of required additional capacities of
the ESS in the year t _

A, is the matrix of contribution coefficients of energy-
related sectors to the construction and operation of
energy producﬁion per unit of activity

FéT—t) is the matrix of contribution coefficients of energy-

related sectors in the year t to putting into operation
the additiconal capacities of the ESS in the year t
(t<T<t+T)

is the vector of the timellag introduced by con-

3

struction times

"Total (direct and indirect) material and equipment require-
ments of the ESS are expressed as

in

xl(t) = 3 xi(t) + A_X {t) + Ye(t) R

2 372

where

Az-is the matrix of input/output coefficients
A3 is the matrix of materials and equipment requirements

coefficients per unit of investment in energy-related sectors

*Matrix notation is used throughout the section. The letters t or
T in parenthesis denote vector-valued time functions. A bar denotes
an exogenously given input.
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x1(t) is the vector of output in energy-related sectors
X;n(t) is the vector of indirect capital investments in
energy-related sectors

Direct capital investment in the ESS is expressed‘as

£+
a )=
e = [ 7
e
™=t

Indirect capital investment in the ESS is expressed as

in :E {(T=t)
b. S =
2 (t) z F3 Zl (T)
|=t

4

Total (direct and indirect) capital investment in the ESS
is expressed as
* in

(£)

(t)
P 5 ,

4 _
2 = xz(t) + X

where

ét't),FéT't) are, respectively, the matrices of capital

F
investment coefficients in the year t to put
into operation the additional capacities of
the ESS and energy-related sectors in the year
t

Z1(t) is the vector of new additional capacities in
the energy-related sectors in the year t
Xg(t) is the vector of direct capital investment in

the ESS
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Vector,zj(t). with vector components Z§1),...,Z£k), must satisfy

the following conditions:*

mua[x;“(t *1)‘-x(”(1)1 if this value is positive;
<t

(i){t) -

0 otherwise

for every i ¢{1,2,...,k}.

Vector notation is used in the model for simplicity reasons.

This equation is therefore written as

'zltt) = max min(x.1 (t +1) - X, (M]s0] .
<1

The model alsc includes an equation for calculating the
~direct and the indirect expenses of the WELMM resources. This

equation is written as

(t-t) =

(t)-AX(t)+Ax(t}+AX (t) + Z F,

a%e 5 62 Z(
=t

where

X3(t) is the WELMM expenditures in the year t
Au is the matrix of direct operational WELMM coefficients

*In order to take into account installed capacity requirements,
~ this expression can be replaced by

(L)
( min x;i)(t f 1y - X if this value
i
z, )(t) = { TSE 1 - p)t-f+1 1s positive;
o  otherwise

for every i €{1,2,...,k} where p is the rate of replacement.
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.AS is the matrix of indirect operational WELMM coeffi-
cients of energy-related sectors
A6 is the matrix of indirect constructional WELMM coef-
ficients of energy-related sectors
y is the matrix of direct constructional WELMM coefficients
in the year t to put into operation new energy capacities
in the year t

Equations for evaluating air and water pcllutant emissions of the
ESS and the energy-related sectors can be written analogically.

The drivers for IMPACT's relations are X_(t) and Z_(t); these
exogenous variables can be obtained from an energy supply model
(e.g., the IIASA MESSAGE model}.

An algorithm has been developed for solving equations itera-
tively. This algorithm, as well as other details of IMPACT's
structure, logic, and scope are described in [6].

2.3.2 Main Assumptions

The knowledge of the economic behavior in LDCs is not well
documented, and the attempt to deal with a detailed analysis of
a country's economy is of very recent data. At the time the
IMPACT model was applied to understand the direct and indirect
consequences of the energy sector on the economy as a whole, only
some basic input data was available for India ( more recently

similar infofmation has been published in the cases of
Mexico and Brazil).

For this reason, IMPACT runs had an aggregated and provisory
character, since they were done using the Input/Output table

of India and capital/output ratios pertaining to developed coun~
tries.

2.3.3 Results

Under the above described conditions, the results of IMPACT
for LDCs were used only as indication of likely trends. It has
been shown that the capital requirements of developing countries
must drastically increase in the future from today's standards
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(approximately 2% of GDP is allocated to the energy sector) towards

expenditures between 6% and 7% by 2030. PFor Latin America, in

particular, the maximum share of total energy investment in GDP
fluctuates between 6.5% and 8% in the scenarios.

In addition, IMPACT estimates WELMM requirements associated

with the implementation of the energy sector. Besides the growing
demand of capital for investments, preliminary WELMM results point

to the hardships that skilled manpower requirements will pose

in the future.
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TABLE 2.4. Estimates of Ultimately Recoverable Resources by
Cost Category for Latin America

- Resource
Cost a Soal il Natural Gas Uranium
Category 10%tce TWyr 10°%toe Twyr 10:3m¥ Twyr T0%tD
1 11 10 13.4 19 14.5 17 56
12 11 57.1 81 10.2 - 12 3544

- : 77.6 110 11.9 14 -

o ojw

Cost categories represent estimates of costs either at or below

the stated quantity of recoverable resources (in constant U.S.
dollars of 1975).

- Category
. 1 2 3
0il and natural gas 128 /boe. 12-208/boe 20-258/boe
Coal 258/tce  25-50%/tce -
Uranium 808/kgU 80-1308/kgU -

TABLE 2.5. Estimated Resource Availability of Renewable Energy
Sources (commercial use only)

Maximum Capacity in 2030
Production Low . o High
Capacity Scenario Scenario
(GWyxr/yr) (GWyx/yr) (GWyr/yr)
Hydrcelectricitya 583 355 355
Wood from forests 2090 458 704

&The figures refer to primary energy equivalent at an efficiency
of about 37%. :
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TABLE. 2. 6, Cost Assumptions for Major Competing Energy Supply
and Conversion Technologies.

Capital Variable Final Prod-
Cost Cost uct Cost
{1975%$/kW) {19758 /kWyr) (19758 /kWyr)
Electricity Generation
Coal with scrubber 530 23 154
Conventional nuclear
reactor (e.g. LWR) 700 50 136
Advanced reactor (e.q. . '
FBR) 820 50 143
Coal, fluidized bed k8o 36 152
Hydroelectric 620 8.5 85
0il-fired - 350 19 256
Gas-fired 325 - 16 216
Gas-turbine _ 170 17 241
Solar central station 1,900 28-60 297
Synthetic Fuels
Crude o0il refinery 50 3.7 75
Coal gasification
{"high Btu") 480 40 125
Coal liquefaction 480 40 125

NOTES: The figures for electricity generation and syntheétic fuels are
assumed to apply., mostly, to both developed and developlng regions-
The costs are assumed to apply, as averages, over the 50-year planning ‘horizon.

Capital cost: Capital costs per kW of capacity. Assumed to represent
average capital costs (paid at once) for standard facilities of 30-year
lifetime; intended to include owner's costs (interest during construction,
land lease, etc.)., Escalation is not included. Extraordinary other costs
(litigation, unspecified social costs) are not included.

Variable costs: Operating and maintenance plus fuel cycle costs (not in-
cluding fuel costs} per kWyr of product {electricity or synthetic fuel).
Final product cost: Static cost per kWyr of sccondary energy (electricity
or synthectic fuels) including fuel costs. Fuel costs are taken to be the
cheapcst category of the corresponding fuel. The cost figures in this column
are pot the dynamic figures in MESSACE: here thay serve only the purpose of
quick comparison: The data on plant life (30 vears, hydro 50 years} and on
the load factor (70% hydro and 57% solar) enter the caleculations, as does the
discount rate (6%). For a time interval of 5 ycars and a plant life of

30 years, the formula for the annualized capital cost is

5 _ : .
cap * 8 1 _ (1)

(g% - 1) g¥%5 5 o,

+

where 8 is the onc-year discount factor ( here) and cap is the total

capital cost, In order to get the levellized capital costs pzr kWyr of
~output, (1) must be divided by the load factor. For example, a LF of 0.7
vields a levellizing factor of 0.101. '
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Hydroelectric: The high, but so far unexploited potential of hydroelectric
in Latin America led to a specification of two capital cost categories for
hydro in this region; the second category including additional costs
reflects transmission from remote sites.
Solar central station: Including storage costs allowing an annual average
load factor of 57%. Variable costs include an estimate for long distance
transmission costs, and are lower in high insolation developing regions.

TABLE 2.7. ‘Start-up and Build-up Constraint Assumptions for

New Energy Technologies

Increment, Start-up Commercially

2s % of Previous Capacity Available

Period's Expansion GW/yr After
Conventional nuclear

reactor (e.g. LWR)?2 120 0.4 today

Fast breeder reactor@ 120 0.4 2000
Coal, fluidized bed 140 0.4 1995
Coal liquefaction 140 2 2000
Coal gasificaticn 140 2 1995
Solar electric 140 0.5 2005

a , \ . .
For nuclear technolegies, a total (LWR plus FBR) build-up constraint is
also imposed.

NOTE: The numbers are transformed into constraints for the MESSAGE model
as follows: The asymptotic increment and start-up parameters refer to
¥ and g, respectively, in

vy <yt lag | (1)
where yt is the annual addition to the capacity of the respective tech-
nology in time period t (y° being a boundary conditien}. )

In addition to these build-up constraints, there is a constraint on the build-
up of total nuclear capacity.
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TABLE 2.8. Primary Energy or Equivalent (GWyr}, Low Scenario
Base
Year
Resource 1975 1985 2000 2015 2030
Gas 48 1 81 113 182
0il 228 331 533 787 1136
Coal 16 45 105 175 195
LWR 1 15 43 42 103
FBPR - - - 26 112
Hydro 45 75 - 143 245 355
Solar - - 4 11 22
Renewables - 18 64 128 206
Commercial 338 555 973 1527 2312
Noncommercial 109 109 109 ) 109 109
Total 447 564 - 1082 1636 2421
TABLE 2. 9. ' Primary Energy or Equivalent (GWyr), High Scenario
Base
Year

Resource 1975 1985 2000 2015 2030
Gas 48 92 157 -265 438
0il 228 376 730 1193 1809
Coal 16 55 140 185 185
LWR 1 15 82 206 430
FBR - - - 26 112
Hydro 45 75 143 245 355
Solar - - 4 14 33
Renewables - 19 83 183 317
Commercial 338 633 1339 2317 3679
Noncommercial 109 109 108 109 109
Total 447 742 1448 2426 3788
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3. THE IIASA-ENP ENERGY PICTURE OF LATIN AMERICA

3.1. The Situation in 1975

When put into a worldwide perspective, commercial primary
energy consumption in Latin America is comparatively modest:
Table 3.1 shows that with 8.1% of world population the region's
energy budget amounted only to 4.2% of global energy requirements.
In per capita terms, the figures'indicate that every latin-
american has access to about 50% of the world average but roughly
to twice as much as the energy consumption :of the IDCs as a whole.

Table 3.2 shows how the primary energy demand of 1975 was
covered by the contribution of wvarious sources. More than 2/3 of
the total were taken care of by liquid fuels: from the seven
regions in which the world was divided for the IIASA study, Latin
America is the most dependent on oil derivatives.

If we consider the way in which final energy (i.e., the type
of energy available to the consumer) was allocated to the various
sectors of the economy (Table 2.3}, it becomes clear that trans-
portation was the most important user of liquid fuels. ' Less
than 10% of the commercial final energy was provided by electricity.
With nuclear power being of no regional significancé, the
generation of electricity was shared rather evenly by hydro and
thermal power stations, as shown in Table 3.3.

The pattern described above is substantially modified when
the so-called non-commercial fuels are brought into the picture.
These energy sources are mainly constituted by firewocod and
vegetable waste from forests and crops, and basically used in
the rural household sector. IIASA estimation of the energy
content of such fuels is représented by 108.7 GWyr in 1975, a
substantial amount when compared with the total energy consump-
tion. These fuels are direétly utilized without losses due
to conversion, transportation or distribution; consequently,

the figure expresses primary as well as final energy.

Non-commercial fuels in Latin America are partially subject
to trade, but the extent of this commerce is hardly found in

statistics. Their inclusion in the enérgy balance substantially
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changes the sectoral distribution of the total final energy
budget because they are primarily allocated to the domestic
uses. This view confuses both the general economic and
energy situations: the first is distorted since firewood and
vegetable waste are not accounted for in monetary terms, and
the second is affected because the relative high share in terms
of primary and final energy conveys the impression of an
importance that is lacking at the users level due to the very
low efficiency of utilization. But non-commercial fuels
play a social role, since they measure the unavailability of
energy to the most deprived sector of the population that

is compelled to substitute with hardship for commercial fuels
which are expensive or simply not there.

Non~commercial fuels utilization tends to decrease during
development. The region's trends of the last 25 years (1950-75)
show that their share of the total energy requirements has
steadily decreased; in the case of firewood, for example, it
- has come down from around 50% in 1950 to approximately 19%
in 1975. During the same period commercial primary energy
consumption increased at a rate of about 7%/yr, whereas that
of firewood has risen only at 1.5%/yr. IIASA-ENP approach
to deal with the energy situation of LDCs has been to assume
that the trends discussed above will continue and consequently
the relative share of truly non-commercial fuels steadily
diminishes qﬁring the period of the study. For such reason,
only the commercial energy market will be used for coﬁparisons.

3.2. Energy Reserves and Estimated Resources

In order to analyze the poésible future situation of the
energy sector, an estimation of natural resources is essential.
This means the knowledge of reserves of primary energy carriers
as well as an evaluation of potential resources availability
during the period under consideration. The term "reserves"
is generally accepted as indicating that part of the resource
base that is rather accurately identified and is considered
recoverable under actual technological and economic conditions.
"Resources” include reserves as well as deposits whose existence
is surmised on the basis of scientific evaluation with a certain
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degree of probability. @ Estimation of rescurces are done in the
framework of likely future technological progress and the assess-
ment of price situation trends. As a consequence, both reserves

and resources are continuously changing in magnitude.

Table 2., 4 shows the estimations done at IIASA by the Energy
Resources Group about the potential supply of conventional energy
carriers as related to production costs. In general, the "econ-
omically recoverable" coal reserves are included in the first
category. For oil and gas,‘category 1 involves-known reserves
but also a fraction of the resources remaining to be discovered.

The knowledge of uranium resources is rather limited at
present, in particulér due to lack of intensive prospection.
The recoverable reserves of about 60 thousand tons of uranium
represent only a small fraction of IIASA estimates for the
ultimately recoverable resources of 3.6 million tons at prices
below 130$/kg U. This last figure compares well in magnitude
with the most recent estimations for South and Central America
(excluding Mexico), 0.7 to 1.9 million tomns [7].

The potential of renewable resourées, such as hydro power,
solar energy, wind, biomass, etc., has been only globally assessed
for the IIASA analysis, with the exception of commercial hydro-

. electricity generation. For Latin America, the total installable
hydroelectric capacity has been estimated by Armstrong [8] at

the level of 432 GW (20% of world potential) which operating at
50% capacity factor would generate 216 GWyr(e)/vr. In 1975

only 15.05 GWyr(e) were produced by this source, i.e. around

7% of the estimated maximum.

Finally, the existing woods and forests of the region are
Quite large: more than 10 million km2 of land are covered out
of a total continental surface of 21 million km2 {91. As
shown in Table 2.6, the maximum possible production capacity
attributed by IIASA to the annual regeneration of such energy
resource corresponds to an energy content of about 2 TWyr/yr.

3.3 Projections of Future Energy Demand and Supply

The application of the energy demand model MEDEE 2 to

explore future energy consumption in Latin america required the
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knowledge of many parameters describing the present economic
situation, the technological stand and the lifestyles. They
were obtained from a thorough evaluation of available
statistical data. In addition, an assessment had to be made

of the possible future change of these indicators; therefore,

a definitive judgement on the Latin American development

pattern was necessary. The evaluation of past trends, today's
reality and present aspirations conformed a view of its future which
involved steady economic development toward a "western European"
pattern. Further industrialization, prudent use of regional
natural resources and energy consérvation were some of the main
ingredients envisaged to obtain a consistent set of projections.

The results of MEDEE 2 for the base year 1975 accurately
reflect the present pattern of Latin American energy demand which
was described in paragraph 3.1. In paragraph 2.1.2 we described
the main assumptions incorporated to the model for the projections
and Table 2.3 showed future final energy demand until 2030.

Additional assumptions on resource availability, their
extraction rates and other technological and economic constraints
were necessary to explore a strategy for the allocation of
primary sources to satisfy the annual levels of energy demand
projected by MEDEE 2. In paragraph 2.2.2 we have shown those
assumptions. Tables 2.8 and 2.9 indicated the distribution of
primary energy carriers proposed by MESSAGE, the energy supply
LP cost optimization model.

When we look at the energy situation of Latin America
presented by the results of the IIASA exercise, projected
commercial primary energy requirements seem modest in the distant
future (2030)when ¢ompared with the world picture obtained in
the same study by global integration: 2.3 TWyr to 3.7 TWyr
define a consumption level in two scenarios which represent
for each of them around 10% of world requirements. But by
then the present gap in primary energy per capita utilization
between Latin America and the ICs with market economies will
have significantly closed (Table 3.4).

From the MESSAGE runs it comes out that liquid fuels
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will continue to have a predominant role in covering the
energy budget in years to come. In the High scenario, the
contribution of o0il declines to 54.5% in the year 2000 and to
49.2% in the year 2030 from the 1975 share of 67.55._ These
trends are similar in the Low scenario. This is certainly
related to the influence of the transportation sector, where
no saturation effects were detected due to the expected’
increase in freight movement and the necessary relaxation of
load factors in vehicles for passenger travel coupled with
the population expansion. But o0il dependence is projected
to diminish under the assumptions that liquid fuels will be
increasingly used as a prémium for transportation and the
petrochemical industry, and prdgressively be replaced for
thermal uses by other scurces, mainly renewables.

With regard to the utilization of renewable sources the
‘basic assumption is an aggressive policy implemented for their
commercial use. This means the introduction of extended
wood and forest management to harvest about one-third of the
total regional wood and forest regeneration (i.e., about 3.5 . 109
tons of air-dried wood) and process it further, mainly by trans-
formation into charcocal with a conversion efficiency of U45%,
in erder to simplify handling and distribution. The share of
solar energy in its variety of forms is only limited in view
of the expected long lead times for technology development and
commercial application. The contributions of wind and small
hydro to the electricity generation have been included under
the total hydropower potential. "soft"” solar, the use of
passive and active methods to produce hot water and low temp-
erature steam, has also been taken into account, and "forced"
into the cost optimizing prbgram, as was the case with the
products of biomass.

The share of electricity in final energy consumption can
be seen to grow from under 10% at present up to 15-16% by 2030.
In this context, the hydroelectric generation is assumed to be
implemented to the level of 24.4% in the year 2000 and 60.9% by
2030 with respect to the maximum generation capability, thus

accepting the inclusion of the most expensive type of hydro-
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power requiring long distance transmission lines.

With the limitations imposed on the further use of fossil
fuels for electricity generation, the projected increase in
the utilization of electricity must be taken care of by hydro-
power and nuclear energy, since solar energy (STEC, photo-
voitaics) is not expected to provide a substantial contribution
within the 55 years considered. For the year 2000, the
nuclear installed capacities oscillate between 23 GW(e) in
the Low scenario and 43 GW(e) for the High Scenario. These
figures encompass a r&nge well in accordance with the present
knowledge of national plans. The extended implementation of
nuclear power appears in Latin America after the turn of the
century.

In contrast with the great importance of liguid fuels,
conventional solid fuels seem used in modest proportion.
But coal supply must incréase by a factor of about 10 by the
year 2000 with respect to 1975 in order to meet the projected
applications. The use of truly non-commercial fuels is
assumed to decrease progressively, for example to a share of
- 7.5% of total primary energy by the year 2000 and to 2.9% in
2030, in the High scenario.
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TABLE 3.1 Base Year Data (1975)

, Latin All Developing
World America Countries

Population (10%) 3946 319 2786
eop (10° Us$75) 6175 340 1190
GDP/cap (US$75/cap) 1565 ' 1066 427
Commercial Primary

Energy Consumption 7998 338 1253

(GWyT)
Primary Energy/cap

(kW/cap) 2.03 1.06 0.45

TABLE 3.2 Primary Energy Consumption Latin America, 1975

GWyr %
Solid Fuels 16.1 4.8
Liguid Fuels 209.4 - 61.9
Feedstocks = 18.8 5.5
Natural gas 48.0 “14,2
Bydro (+Nuclear)

Electricity 46.2 13.6
Commercial 338.5 100
Non-commercial 108.7

{cf which firewood) (83.7)

Total Primary Energy Ba7v.2




-38=-

TABLE 3.3 Installed Capacity and Generation of Electricity,1975
Installed Capacity,GW(e) 66.33
Thermal 34.69
Hydro 31.30
Nuclear 0.34
Generation, GWyr(e) 28.43
Thermal 13.09
Hydro 15.05
[ Nuclear 0.29
TABLE 3.4 Primary Energy per Capita (kW/cap)
IIASA Scenario
High Low
Region 1875 2000 2030 2000 2030
A. ICs with Market :
Economies ) 6.16 g.u48 12.16 6.95 8.23
B. Latin America ©1.06 2,33 4,62 1.69  2.90
C. Ratio A/B 5.8 3.6 2.6 4.1 2.8
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4, THE COMPONENTS OF THE ASSESSMENT PROCESS

| A basic requirement to accomplish the objective of the work
reported herein is to identify the issues that must be treated.
Since we must look at the future of a developing region, it is
therefore unavoidable to deal with the process of development.
In an acadamic sense we have no expertise on this matter but have
been "doing" development in a developing nation for a good part
"of our professional life. As the character of Moliére would
assert "We have been talking prose most of our lives without really
knowing it". This situation requires to spell out our conceptual
view of the issues involved which, perhaps because of the particular
persconal experience, will emphasize certain features with
preference to others generally accepted as the conven-
tional wisdom of development théory.

The conclusions we shall extract from this excursion should
be compared with the development pattern assumed by the IIASA-
ENP study. This, initurn, calls. for a previous analysis of past-
‘present world development performance, in the light of which we
should try to assess where Latin America stands at present and where

it seems to move into as time goes by.

These considerations should allow us to analyze the appropriate-

ness of IIASA-ENP's modeling set to project the long-term energy
situation of the region. In this context, the main question is:
Do the assumptions that support the input data of the models
(especially MEDEE-2) imply a development process that we can
consider a reasonable, acceptable pefception of the possible
future evolution of Latin America?z

5. THE DEVELQOPMENT ISSUE

5.1 What Is Development?

Since the time when the existence of poor nations was reccgnized
as a problem of worldwide relevance shortly after the Second World
War, and the word "development” was coined to identify the need
to change their situation, the process has been, more often than
none, equated to economic growth. And, consequently, the development
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situation of countries and regions has been measured by a macro-
economic yardstick, namely, gross national product (GNP) or its
respective per capita value.

Some economists argue that a distinction should be made
between "economic growth" and “economic development", the former
defining a process of simple increase (more of the same), while
the latter involving structural change of the economy (something
different if not something more) {10]. The past history of today's
developed countries gives considerable support to the concept of
economic development since they evolved towards their present
situation in the wake of substantial changes in the structure of
their productive system.

The question comes immediately to mind: Were those just
economic changes? 1In answering we must accept that the concept
"Qf development has kept on extending its significance, and the
structural changes menticned above cannot be regarded only as
a modification which affects the economy without leaving an
impression on the social and political domains. Thus, it is our
view that the process of development involves structural changes
pervading the economic, sociocultural, scientific-technological
and peolitical fields, which dynamically interact during the
journey of a society's transformation to a new, hopefully,
better one. ©Ohlin [11] asserts: K A reasonable suggestion might
be that "development" is a shorthand term to describe something
not previously recognized, such as an all-embracing social change
for the better, not confined to mere growth ¢of production but en-

compassing every kind of social improvement".

5.2 Development in Practice.

At the beginning, attention was focussed on the similarities
between developing nations; the common denominator is poverty:
economic resources are scarce, and this situation constrains a
breakaway. Thus, in these terms, the identification of a develop-
ing society's features is a rather simple matter: poor nations
remain poor because they are poor [12]. What seemed necessary
was to help them get away from the vicious circle of poverty,
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the objective of development being then the steady increase of
wealth. How to accomplish this? Simply, by following the
example of today's industrialized countries in the way they

chose during their development.

The approach schematically given above is typical of the
earlier economic development theories. They also recognized that,
in order to implement them, something must be done to increase the
-economic basis of backward societies above a threshold which was sup-
posed to hinder self-sustaining economic growth. This consideration
fostered the conviction that external aid is the only way to
eliminate the constraint imposed by the insufficient saving capacity
of a poor nation; and that such aid should be maintained for an
extended périod to allow the achievement of a "take-off"

situation.

Though this basic conception was put into practice, the
results obtained proved that not all is money. During the last
30 years some developing countries have substantially improved
in economic¢ terms, but others have advanced but a little, and
as a result the increasing differences between them have produced
a further division cf the developing nations intoc the so-called
Third and Fourth World.

Everybody has learned from this experience. During more
recent years other characteristics have been incorporated to
define the features of developing countries, the focus of atten-
. tion being shifted to social issues. Of these, the utilization
of the labor force--unemployment, underemployment--and the
distribution of income are essential factors related to
the actual running of the economy and to the understanding of
how the benefits of production are (or are not) made available
to the majority of the population. V

The attention to social problems is also reflected in the
modern concern on the situation of the poorest sector of the
population, the one with no access (and often no hope) to the
essential requirements for bare existence, hundreds of millions
of people according to current statistics. Many scholars

(economists, sociologists, scientists at large) and civil servants
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are convinced that development is largely concerned with

the satisfaction of "basic human needs”, the fundamental require-
ments of food, shelter, medical care and education. As a conse-
quence, today's concept of development embraces the consideration

Fl

of the quality of life.

The present emphasis on socio-cultural and even psychological
features is in line with the complexity and diversity of situations
that must be dealt with when development obijectives and their im-
plementation ways and means are under serious copsideration.

5.3 Implications and Constraints

If we go back to the point of view briefly stated in section
5.1, the consequence is that when we want to plan for or assess
future development an essential requirement is to identify the
characteristic features of a given scciety that constitute. the
driving forces for future change and upon which development ob-
jectives must be established. The next step is to recognize
societ?'s choice of a development path.

PeftinEnt questions related to the proposed sequence are
of the following type: 1) What are society's hopes and aspira-
tions? Do they concentrate on the achievement of wealth or are
they mainly concerned with the attainment of a more just, equit-
able social situation? 2) How should the objective be pursued?
Under the influence of foreign guidance or stressing independence

and self-reliance?

In the context of our approach, the identification of ob-
jectives that respond to legitimate social requirements and the
corresponding policy to implement them are heavily correlated
issues. They should allow decisions upon priorities for develop-
ment: for example, what comes first, a high GDP growth rate or
the redistribution of income?

Generally, these priorities are written down, albeit
implicitly, as official development plans put forward by govern-
ments. They essentially contain a description of short-term
economic goals, the sectoral distribution of national product
and the social changes which are expected. Society's reaction
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to development plans is normally slow and generally comes upon

as the result of the appraisal of their consegquences. Sometimes
the reaction is of such a nature that swift changes in orientation,
i.e., in the assignment of priorities, are required, when govern-
ments get the message that the plan is in flagrant contradiction
with the hopes and aspirations of a vast majority of the popula-
tion. But the norm is that reaction often stems from elitarian
and/or illustrated minorities, where analysis of development plans
is promoted by sectoral interests, either practical or academic.
The effect of this activity on the preparation and execution of
development plans is generally limited to its formulation, in

no small measure due to the fact that planning requires gquanti-
fication of parameters that represent actual activities. For ex-
ample, an official dévelopment plan can emphasize that the main
objective pursued is to improve the quality of life {as a rather
long-term strategy):; but, how could success or failure be measured
on a continuous way? Thus, what generally is done is to propose
the attainment of a certain goal of GNP growth, implicitly con-
veying the idea that its fulfillment will result in general economic
and social betterment. It is a rule rather than an exception

that the socio-cultural factors related to development could not
be written down as specific commitments: the assignment of
proportionally highér funds for education or medical care doesi

not automatically insure that the plan's implementation will
succeed in achieving the nonmeasurable expectation if no definite
reforms of the corresponding system's structures are simultaneocusly
enforced. .

What we-arertrying to convey here is the difficulty of the
endeavor: 1) respond to society's hopes with an explicit document;
ii) select objectives and clearly put forward prioritiés: iii) assess
the balance between aspirations and practical realization, attend-

ing to sectoral interests.

In present developing countries, constraints for
the selection of development objectives and their implementation
come from both external and internal forces, which have resulted
from the changing international environment and were not present
during the development of the curreht industrialized countries.
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We will enumerate the main factors which, in our times, conform
the new frame of reference:

(i) The Jdemographic explosion that is expected to happen
during the next 50 to 100 years, overwhelmingly in the
developing countries. The options open to them will
be limited by the synergistic effect of large migrations,
in particular to urban centers with weak infrastructures,
and the increasing demand for jobs, food, shelter,

_ education, energy.

(ii) The communications explosion, that has shown to the
poor that they coexist with the rich in an essentially
finite world. The actual existence of rich societies
shows the variety of opportunities available to the
affluent. The social behavior and 1ifesty1e of the
latter have been equated to the requirements for (and not to
the consequences of). attaining wealth, unmistakably
showing the objectives and methods that must be chosen
to succeed. '

(iii) OnLthe other hand, the new awareness regarding "limits
to growth" possibly imposed by the apparent shortage of
natural resources conveys the idea that it would be
hard to repeét an experience of development based upon
cheap resources (particularly 0il), previously viewed
as practically inexhaustible,

(iv) The division of the world into a great number of nation-
states with their borders and respective zones of
influence, which favors competition for resources and
markets, limits the possibilities of the less endowed,
fosters the international division of labor and hinders
the conception and implementation of worldwide/regional
cocperation.

{v) The predominance of the industrialized countries and
their transnational corporations in the development and
ownership of science and technoleogy. Developing coun-
tries have, at the best, weak scientific-technological
infrastructures, incapable of keeping pace with the
technological product of developed countries. 1In one
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world where technological innovation can be considered

the deus ex machina behind develoPmeht [13], the institu-
tionalization of such infrastructure is a prerequisite for
progress. Technclogical and, consequently, economic options
of the developing world are basicaliy constrained by this
situation, which has been described in political terms as

"dependence".

(vi) A final dimension we cannot omit to comment upon is of
political nature. In an essentially interdependent
world, the development issue is heavily interlinked with
political matters. Developing countries have largely
become aware of the fact that international affairs are
a definite constraint to their ability in defining
development obhjectives and in choosing their own ways.
In this context, mention must be made of key subjects
such as technology transfer and the issue of self-
reliént development, which belong to the conceptual
framework that must be basically understood before any
dialogue between developing and industrialized countries .
could make constructive progress., Unfortunately, these
issues have been poorly treated from a factual point of
view and since confusion exists, they are dealt with
rather rethorically. For instance, much effort is
devoted nowadays to design a "code of conduct" for the
transfer of technology from ICs to LDCs: if agreement
¢ould be achieved on its content, this will not change
the capability of LDCs to use the new knowledge "open"
to them. In order to be technologically "self-reliant",
basic institutions must be c¢reated and protected from

political erosion.

This enumeration is certainly not complete. But we think
that it is able to show the modern complexity of the development
issue. Some of the constraints are external to a given developing
society and therefore must be viewed as part of reality, since
the reluctance to accept the facts of life could only produce
frustration: yes, there are richer countries, there is a political

and economic pressure coming from outside, there are others which
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own the body of knowledge essential for independent decision.

An enlightened development planner would recognize the existence
of these factors as a part of the actual framework in which ob-
jectives can be accomplished, and in doing sc will be able to
envisage an appropriate strategy.

But some of the constraints are endogenocus, they belong to
what can be called the capability of society to recognize internal
shortages. We have mentioned above the scieﬁtific-technological
infrastructure, a wide concept that involves complex interrelated
systems: literacy and education; basic and applied, public and
private R&D; public and private management ability; promotion of
inventive and innovative activities. Besides, capacity of control
of each system and coordination of all, which means existence of
bodies of knowledge at the academic, private and official levels.

The constraint imposed by the lack .or weakness of such an
infrastructure grows in pace with economic growth and the
resultant structural changes. If we could envisage that the
process of national development occurs in stages [14] perhaps
the last stage necessary is the one in which society becomes
conscious of its true capability of realization and finally could
use this knowledge to select the most convenient, self-
reliant way for future action., This stage is characterized, in
our view, by the formation and coordination of institutions of
two types: one conforming to the. scientific-technological infra-
structure, the other relating the former to the objectives of
its society, permitting understanding and assessment of what
implementation is possible in the light of the existing capability.

Without such institutionalized bodies, it is hopeless to deal,
for instance, with the subject of technology transfer. How could
a primitive technical society make adequaﬁe decisions in this
field, which in the long term must affect forthcoming--and more
often than not irreversible--structural changes, if it is not
able to understand its own limitations? There are examples of
policy decisions taken to “modernize" through the indiscriminate
acceptance of advanced technology, without a previous evaluation
of society's capability of realization that have resulted in
more dependence and less self-reliance. The problem has been
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conceptualized by referring to "appropriate technologies" for

the development of LDCs: in our view, the level of appropriateness
is a measure of society's capability of realization, so what

is appropriate today could be harmful tomorrow.

In summary, the present framework for development is quali-
tatively and quantitatively different from the one within which the develop-
ment of today's industrialized countries took place. Its concerted
effect is one of cultural influence and guidance by example,
a mermaid's song leading into a promising future. Yet without
more attention being paid to the endogencus problems, self-reliant
development becomes utopian. . The consequence is that most develop-
ing countries are eager to industrialize according to schemes
similar to those shown by current developed societies, compete
with each other for foreign technclogy and markets and, simulta-

neously, continue with their own arms race.

5.4 Past-Present Develgpment Parformance

We must have some guantitative notion of development
performance. In order to deal with the subject, we need a yard-
stick. We have previously shown that the concept of development
is complex, a number of interrelated factors pertain to it. But
they cannot be measured by a single, universal indicator. The
secular behavior of world development has been only registered
through macroeconomic parameters, in particular GNP/cap. It is
true that'literacy and health indicators have been collected,
but little is known about their long-term behavior and their
correlation with economic development. Through the concomitant
effect of medical and communications progfess in relatively recent
times, some endemic diseases have been practically erradicated
in developing countries: this fortunate result has not changed
substantially their ecconomic development patterns, though in
some cases have worsened the situation due to previously unex~
pected populaticon growth. O©On the other hand, the index of literacy
only tells us how many can read, but very little about the re-
percussion on national product.

Different views have been reported by ecconomists and social
scientistson the advantages and limitations of the current monetary
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indicator, GNP/cap, as an adequate representative of development.
But it is the only yardstick generally accepted and available for
long-term explorations. We will use it to look into the past-
present evolution patterns.

5.4,1 Worldwide Trends

It is instructive to have first a glimpse at the secular
changes characteristic of the economic growth of today's industri-
alized nations in their way towards affluence.

Kuznets [15] tells us that, since dates concentrated between
the 1830s and 1870s, total economic product of the 15 to 18 presently
developed countries grew (until 1963-67) at an annual average rate
of 3%, population at about 1% and per capita product at around 2%.
These long-term rates of growth were far greater than those pre-
viocusly observed in Japan and the older developed countries of
Eurcope: in the preceding centuries, population in Europe was

growing at a rate that cumulated to about 17% per century, and
estimations on per capita economic product indicate that it was
growing with a multiplication factor of 1.25 to 1.50 per century,
as opposed to the factor characterizing the fast growth secular
period of 6 to 30 (50 for Japan).

If we look at the post-World War II period of 1950 to 1975,
economic growth continued at an even accelerated pace, this time
including a good number of developing nations. For instance,
the per capita GNP growth rate of Latin America was 2.6% per year
and that of the developing countries as a whole (excluding the
People's Republic of China) reached 3.0% per year, a value compar-
able (but lower) than the annual growth rate of 3.2% of the
highly industrialized countries [16].

This performance should not be taken at face value. First,
it is shown through very aggregated averages which cannot reveal
wide differences between countries. 1In the case of the LDCs,
for example, the figure is built upon the high OPEC nations annual
per capita growth rate of 4.8% and the low economic growth of the
South Asian countries of 1.7%. Secondly, reference should be made
to the absolute values of GNP/cap to which they correspond,
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covering the whole spectrum of low, mediﬁm and high income clas-
sification of the LDCs. 1In the low income bracket there are
nations which in 1975 had a per capita national income lower than
that estimated for most of the current developed countries at the
time they started their modern growth (more than US$ 200 at 1965 prices).

The record of the economic growth of LDCs in the period
1950 to 1975 shows three main features: (1) the rapid average
growth rate; (2) the wide diversity-of experience; and (3} the
increasing disparity between richer and poorer LDCs. In what
concerns Latin America, the region belonged in 1975 to the higher-
income class, with a representative average GNP/cap figure of
USg 1066 at 1975 prices, around three times higher than that
corresponding to East Asia, the People's Republic of China and
the average of all LDCs, and seven times that of the poorest
region (South Asia), increasing the disparity alfeady existing

in 1950 [16]. Since the diversity of experience is a general

phenomenon, it must be stated that not every Latin American country
could be included in the class of higher-income nations.

In the same way that disparity has been growing within LDCs,
it has also increased between them and the ICs. Consequently,
the gap in GNP/cap, which has been increasing for the last 100
to 150 years} continued to widen.

5.4.2 The Development Pattern of Latin America

In the light of the previocus paragraphs, it should now
be possible to describe the present development stand of Latin
America and the path it is following to achieve its objectives.

Another way to look at the diversity of experience shown by
the development trends of LDCs in the period 1950 to 1975 is
emanating from the distinction of the type and origin of their
economic structure [17}. 1In this context, Latin America belongs
to a group that possesses essentially modern economic structures.
These have evolved from active interaction with the market econ-
omies of the North during the 19th and 20th centuries, which
has shaped the present pattern of the'region's economy. Due to
this interaction, Latin America has adopted the development path



-50-

of the Western world, with a growing tendency in the last 20 years
to pursue the goals of a consumer society. In other words, the
conseguence is the pure imitation of the consumption patterns

of the developed countries [18].

The behavior is reflected in the characteristics of the
productive system and in the lifestyles. The former resulted from
the need to channel production through the market: it has suffered
continuous transformations for a lengthy period as a result of the
region's participation in international trade and the gradual
growing demand of the internal requirements. Initially concentrated
in processing agricultural and cattle raising prodﬁcts for export
(an activity which has not been abandoned), the productive system
has been modified during a period in which manufacturing industries
greﬁ for import-substitution reasons and lately to be active in
the world market. In the wake of this transformation, an infra-
structure has been shaped that in many aspects responds to the
purpose and- sometimes possesses the standards'of'the ones eXisting
in ICs [19].

It seems Ehat during the lengthy period of independence (more
than 150 years) Latin America has not concentrated in soul searching,
locking for social identity, but has accepted the rules of the
game coming from the conception of an international division of
labor.

The Latin American lifestyles reflect alsco those typical of
the Western culture, at least in its big urban centers, where
standards of living come from abroad. A heavy tendency towards
centralization is seen not only in the political systems, but is
reflected in social behavidr, with a marked inclination towards
" urbanization. The attraction exerted by the cities is basically
due to employment opportunities, with higher and regular salaries
that allow access to the products of civilization. Unfortunately,
for many only the most superficial forms of consumption become
available, not only due to income limitations but also to over-
burden of the cities' infrastructural systems.

Most of the features of a modern developed society can be
seen in the cities of Latin America, however: +transport, communi-
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cation, entertainment, schools and universities, public and

private industry and commerce. Sometimes it is difficult to
distinguish them from European or North American settlements, if it
not were for the presence of suburban areas showing the result of

an uneven income distribution. But the most important difference
is, perhaps, the failure of the infrastructure to cope satis-
factorily with an increasing demand for goods and services.

In conclusion, the past has shaped the present development
pattern of Latin America. Though concerned minorities have looked
and are still looking into the internal causes of the social
tensions that often surface in Latin American societies, the identi-
fication of the development driving forces remains masked by
the power of the imitative process that has defined cbjectives and
selected the policies for economic development. If this situation
will continue during the next 50 years cannot be foreseen. Since
it has evolved in the wake of a steady secular transformation, we
will provisorily accept it has depicted a likely alternative of

future evolution.

6. THE APPLICABILITY OF THE MODELING SET DEALING WITH THE
ENERGY FUTURE OF LDCs ‘

We have briefly cohsidered the issue of development because
the assessment of the assumptions for scenario projections must
be done in the framework provided by our conceptualization of the
subject. If the society's structural changes are at stake during
future development, then the model in charge of projections, in
particular the one dealing with future energy demand, must have
the ability to describe them in a consistent and reasonably
accurate way.

In what follows, we will analyze the adequacy of the models
for the study of the Latin American energy future.

6.1 Energy Demand: MEDEE-2

We are not going to document the values assigned to the
roughly 180 parameters which constitute the input data of the
model for each projected year. This task has been accomplished
by A.M. Khan and A. H81zl [3] in a paper that we include as

Appendix I. Our endeavor is to analyze the conceptual construction
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of the model and its applicability to handle the situation of LDCs,
in particular Latin America.

-As a fundamental body of its input data, MEDEE-2 requires
a description of future develcopment quantified through a number
of parameters on population growth, economic development and the
associated lifestyles. Upon this information the model determines
activity levels; the subsegquent step is to calculate the implica-
tion of activities on energy demand.

In summary, one can describe MEDEE-2 as an accounting tool
which i) must be fed with the projection of future development
(this involves a scenario-writing process) and ii) calculates
demand. |

We will now consider in sequence the two functions mentioned
above, without losing sight that some parameters pertain to both
categories,

i) The scenario-writing process involves the consistent
explicit formulation of future development objectives,
which must be reflected in the values assigned to the
relevant parameters. Of these, the lifestyle indicators
clarify the aggregated view c¢f society obtained in terms
of population growth and economic development. When we
reflect upon them, we find that théy correspond to the
way of life charadteristic of an industrially advanced
society. |

Let us use some examples to prove this assertion.
When we lock at the way MEDEE-Z treats passenger
transportation, the modal sélit correctly describes
people's mobility in an industrialized country. 1In a
LDC, travel occurs with a different modal split: there,
human and animal energy play still an important role.
It can be properly objected that the aim of the model
is the determination of energy demand for commercial
fuels, i.e., people walking, riding bicycles, carts
and horses do not count for that purpose. But the
knowledge of the difference in the modal split is

necessary, at least, to understand future substitution
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requirements when more advanced transportation systems
would be perhaps introduced, if the modal split of the
ICs will constitute the solution people will definitely
choose in the future. When one looks at the multitudes
moving in the cities of India, it is difficult to
envisage that a fundamental replacement by a modern
efficient mass transportation system could be imple-
mented in years to come; and, more importantly, if

such a solution will be chosen, taking into account the
magnitude of the enterprise in relation to available
funds and infrastructure.

Perhaps this example could be considered irrelevant,
since it seems not to deal with the core of the problem:
how much motor fuel and electricity are actually used
and will probably be needed? But the example points,
in our view, tc the nature of the assumptions that are
implicit in the model and relate the future energy
demand to a definite socio-economic structure.

The consideration of the housing stock and the
requirements for comfort is possibly more appropriate.
The analysis of space heating is dealt with in MEDEE-2
with a degree of detail necessary for a developed society
living in a region with cold winters; it is, though,
unnecessary for tropical regicons. In these, air
conditioninq could require huge amounts of energy in
the future, but this item is treated rather briefly
in the model, and assumed to be taken care of with
electrical eguipment.

Besides the lifestyle indicators, the complex
industrial activity of the manufacturing sector is
analyzed in a rather aggregated way. In all cases,
the level of production is not given in physical
guantities, but in monetary terms. Thus, the assump-
tions on future economic structural change become -
crucial factors. A more disaggregated analysis in

terms of physical production, the technological present
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situation and future perspectives of particular industries
could contribute to a better treatment of energy demand
in LDCs.

Finally, a number of simple econometric egquations
have been used to project long-term physical'activities:
steel production, feedstocks for the petrochemical
industry, freight transportation, miscellanecus (military
and international) motor fuel consumption, future incre¥

ments in the labor force.

In section 2.1.1we have already discussed the way in
which energy demand is calculated in MEDEE-2.

A relationship between energy and economy has been used
to calculate energy demand in the industrial sector.
A parameter has been chosen for this purpose that
determines the initial (base year) enerqgy used per
dollar value added. A factor of change implies how
future evolution is projected.

In our view, the energy-economy parameter is
made up of two contributions: one dealing with the
specific energy consumption associated with one (or
various, presumably similar) industrial process(es),
and the other relating overall production to the
monetary measure of the input to obtain it (value
added). Therefore, two main descriptions are done
via one parameter, respectively referring to process
efficiency and industrial productivity.

Process efficiency depends, in turn, on the tech-
nology used: it should be comparable in LDCs and ICs
when a certain activity is done using the same tech-
nology (this is not the case, e.g., for the agricultural
sector). But what makes any difference between the two
categories of nations has to do with the guality of
the infrastructure and the consequent efficiency of
labor, normally lower in LDCs. On the other hand,
industrial productivity depends in great measure on

the capabilities of management in association with
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the quality demanded from the market. Again, these
factors are less exacting in LDCs.

As a result, the projection of future industrial
energy demand in LDCs is a difficult task, since the
parameters designed to introduce future change must
reflect a number of factors related, mostly, to the
assumed temporal implementation of the industrial

infrastructure and its linkage to econdmic structural
changes. They are, in our view, too aggregated to
reproduce the deep transformation one should expect.

Another problem we see in MEDEE-2 for application
to LDCs is the way used to account for the penetration
of alternative sources. And this is connected, es-
sentially, to the use of renewable sources. The soO-
called noncommercial fuels are introduced only'in'
the household sector, though it is known that they
are used also in certain industries (e.g., bagasse
in the sugar'cane industry). These noncommercial fuels
are important, sometimes overwhelmingly-so in the lower
income countries; there use proportionally diminishes
in the wake of development, when they are being replaced
by conventional commercial fuels. Thus, the renewable
sources will represent the contribution to the commer-
cial energy sector of an important part (biomass) of
the present noncommercial fuel use. This transforma-
tion is not seen by the model, where the incorporation
of renewable sources is not allocated to each sector.
On the other hand, only the use of charcoal is envisaged,
a limitation that does not account for, e.g., an eventual
procducticon of alcohols as carburants.

With reference to energy demand savings due to
conservation, they are mostly based on the effect of
better insulation (space heating) and of process
efficiency improvements in the industry. - The latter
could largely contribute to reduce energy demand in
LDCs, provided we understand better how developing
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societies use energy. It has to be kept in mind that
the energy budget of LDCs is definitely too low to
envisage any substantial saving by conservation
measures: perhaps, they could lead to a shift in the
sectoral distribution rather than to a reduction in

consumption.

In summary, it seems to us that the applicability of MEDEE=-2
to LDCs is more difficult for the user the lower the income of a
country/region, i.e., the less developed it is, for reasons that
pertain to the ability in describing the development pattern
and the energy sector as well. For the case we are considering
here, that of Latin America, MEDEE~2 could be reasonably applied,
though some modifications will permit adjusting a tool that must
be recogniied as the most suitable, avoiding the straightforward
extrapolations of past'trends implicit in econometric models.

Those modifications should take into account: the features
of energy use in the rural-suburban versus the truly urban sector,
especially in what concerns present utilization of noncommercial
fuels and future replacement by fossil and renewable sources; the
climatic and institutional patterns which cannot be dealt appro-
priately with the model; the convenience of dealing in detail with
the few basic industries that make the utmost contribution to
the economy; and the possible effect of fuel prices on curving
or changing energy demand levels, at least for the short to medium

term projections.

6.2 Energy Supply: MESSAGE

The input data of MESSAGE has to be expressed in terms of
secondary energy. The transformation of MEDEE-2 results, which
are given as final energy, must be done externally: it is based
upon consideration of transportation and distribution losses, but
for the projections also involves important assumptions on the
respective shares of substitutable fuels. Those are based on
the availability, convenience of use and likely price evolution
of 0il, gas and ccal, in consequence a combination of judgments
on matters of policy. Projections of this type are difficult,
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in particular for the case of developing countries where:

(i) domestic resources' availability is poorly understocod, not
the less due to lack of systematic exploration and ({(ii) internal
prices are the result of extefnal decisions. and of own social
policy (protectionist measures).

The program optimizes the total cost of implementing a supply
system based on the knowledge of the installation, operation, main~
tenance and fuel costs of central conversion units under specific
constraints. It is not certain that such costs are the same in
developing countries as in developed nations, which provide most
of the technologies used, as well as components, equipment and spare
parts. The program deals with a certain number of conversion _
units, which can be labelled conventional; the unconventional
use of soft solar or renewable sources do not competé for the
market with the others, their contribution is accepted by the
program as it comes from the energy demand and, consequeptly,
they cannot substitute conventicnal fuel: for instance, charcoél
cannot displace coal, though in developing countries this sub-
stitution is common even in the industrial sector.

With reference to the installation associated costs (in
constant U.S. dollars of 1975), either for the existing plants
or for their replacement and extension in the future, they are
assumed to remain constant during the whole time horizon of 55
years. Though such swift assumption could be justifiable for
the case of today's commercially proved technologies--it could
be accepted that cost variations will cccur, due at least to
changing prices of materials and labor, but that they would
affect nearly equally all industries, maintaining then the
relative existing differences-~it is more difficult to admit
that this will be the case for known but commercially un-
settled technologies, like the fast breeder reactor and the
synthesis of liquid fuels, or for technologies that currently
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are at the R&D level, like nuclear fusion or "hard" solar (STEC).

This point of costs becomes harder to handle if it is assumed
that developing countries will cope with the implementation of the
future supply system using their own industrial capability,
minimizing in the course of the years the present dependence
on know-how and components.

The MESSAGE model has been run basically for a reference case,
provided by the results of MEDEE-2's Low and High scenarios.
Alternative cases, like the nuclear moratorium (of particular
interest to LDCs where nuclear power is in the initial stage)
and the nuclear enhanced plus methancl production case have been

mainly analyzed for the developed regions. Preliminary runs of

the nuclear moratorium alternative for Latin America indicate,

for example, that fossil fuels have to replace the missing contri-
bution of nuclear power for electricity procduction: other sources,'
like hydropower and STEC do not change their share (which, in

any case, is zero for STEC} due to installation overall cost of

the solar system and to load curve constraints in the case of
hydropower.

It is reasonable to assume that LDCS would try to enforce
maximum utilization of indigenous-resources. For instance,
Brazil is promoting the use of ethanol production from sugar
cane as replacement of conventional motor fuel on the basis
that, even if the cost of such decision proves not to be economically
competitive, perhaps the social benefits emanating from land and
labor utilization could convincingly justify it. Therefore, it
seems important to look for alternatives that maximize benefits
other than purely economic. If this can be done with MESSAGE,
the exploration of possible cases would enlarge our understanding
of the price a developing nation must pay for the implementation
of certain social or political decisions.

In-summary, we can establish that MESSAGE is a powerful tool
to look at alternatives of energy supply in Latin America, provided
some constraints are modified, e.g9., installation overall costs,
competition of renewable sources. Its application would certainly
be improved when its extension (currently underway and labelled
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MESSAGE-2) becomes operative: the incertitude stemming from

the projection of shares of substitutable fuels would be diminished,
and the possibility of incorporating. renewable source technologies

- will allow the evaluation of their substitution capabilities..

6.3 The IMPACT Model

IMPACT runs for the developing regions were of rather
provisory naturé. Their results should be taken with certain
reservation since the input data describing each region's economy
with the required degree of detail (input/output table, capital/
output ratio) were not available. The preliminary runs involved
the use of India's I/0O table and the capital/output ratios typical
of developed countries. Nevertheless, it was shown that the
econcmic requiréments (direct + indirect costs) for implementing
the energy supply systems will rise to 7-8% of GDP, and conse-
quently be higher than the corresponding burden in industrialized

countries of around 5% of GDP.

It is impossible for us to wvisualize what will be the economic
impact of the energy sector on the Latin American economy. The
required input for two countries is now available, thus we can
confidently expect that computer runs of the modified IMPACT
model could give an indication, at least, of the effect for a

country.

In general terms, we should expect high economic consequences
in the light not only of the costs involving the energy supply
system and the supporting induséry, but also taking into account
the fuel import requirements of non-oil producing countries.

In 1975, Brazil imported 80% of its oil consumption, representing
a bill of approximately 3.5 billion dollars, around 2.8% of that
vear's GDP. And the situation has further deteriorated.

A better understanding of individual countries' situations
is then a basic requirement to gain understanding of the regional

picture.
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7. THE ASSESSMENT

In the previous sections we have presented with the necessary
detail the information obtained within IIASA-ENP's global'study
on the future energy picture of Latin America and also developed .
the conceptual frame of reference which we considered necessary
to evaluate the si¢gnificance of numerical results as well as their
implications. That framework was built upon ocur view of the de-
velopment process, in whose light past-present and future Latin
American development trends were viewed; and also on the analysis
of the appropriateness of IIASA-ENP's modeling set to handle the
energy situation of LDCs, in particular that corresponding to the
region under consideration.

In the course of this work we have reached some conclusions.
First, we have indicated that the development pattern of Latin
America has been heavily influenced by its lengthy interaction
with the Western market econcmies, this influence shaping a develop-
ment path based on emulation: this can be seen through the planners
objectives, the lifestyles predominating in the big urban centers
and the tendency followed by human settlement patterns. This
behavior and its implications form the basis of the IIASA-ENP
approach to project the region's future development. Secondly,

a critical analysis of the modeling set has shown to us that,

in principle, it is suitable to the purpose, though adaptation

to take into account the characteristic features of climate, resources,
industry, infrastructure and energy use of Latin America will

increase its flexibility as a tool for the expleoration of
alternatives.

In a separate paper [20) we have presented a preliminary
analysis of ITASA-ENP's results, without advancing any judgment
on the adequacy of the supporting assumptions and on the region's
capability to implement the energy supply system corresponding
to each scenario. This constitutes our present task. But we have
estimated there that the regional results gave a rather optimistic
picture, basically showing that the comparatively low integrated
level of energy demand of the High scenaric could easily be
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satisfied by the abundant regional o0il resources. We qualified then:
this conclusion by referring to the Latin American countries

with limited oil/gas resources and hinted that the regional
seemingly comfortable outlook might be an illusion based upon

the implicit assumption that Latin America is a coherent whole.
This premise was unavoidable when interest focussed on the inter-
regional balance within the global study, but is conflicting

with national reality, since it assumes an unprecedented level

of regional integration for the common solution of energy problems

in each and all composing countries.

As stated above, our present task is to look further into
scenario assumptions. Does a particular scenario reflect best
the Latin Amefican expectations and capabilities? 1Is it necessary
to analyze nat;onal cases, in order to illuminate diversity as
well as similafity? The answer to these gquestions will allow us
to progress in the understanding ¢f the Latin American energy
future and give the clue for further explorations.

The reiationship between energy and development is illustrated
by the effect of cheap energy sources on the economic (techno-
logically-based) structural chahges of the post-World War II
pericd in developed countries. This effect of a minor component
in the formation of GDP, the energy sector, recalls to a chemist
- the function performed by a catalyst in a chemical reaction.

For today's developing countries the availability of energy
could mean a bit more than the difference between wealth or
stagnation. )

It is for this reason that we will interpret the results of
the IIASA-ENP scenarios using two essential factors for a
self-induced, self-reliant development, namely growth of product
and society's capability of realization.

7.1 The Growth of Regional Product

We have seen that the macroeconomic yardstick used to
measure the past-present (1950 to 1975) development trend of
Latin America indicates a reasonable performance, as well as a
change in the structure of the economy, showing the increasing
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importance of the manufacturing sector. The attainment of a per
capita regional product over USE 1000 in 1975, the highest among
the developing regions, has not prevented that the income distri-

bution pattern of 1950 was maintained or even worsened during

the 25 years, in spite of the fact that the GNP of some countries
has grown during few years at annual rates over 10%. ‘These rates
have fostered optimism in leading political circles, and in turn
constitute the basis of future development plans objectives (not
only in Latin America, but also in LDCs at large).

The goals for economic growth put forward by a group of
developing countries are rather ambiticus: they consider an
annual GNP growth rate of 6% during the next two decades as a
modest aim. Some countries of Latin America estimate necessary
that the future economic product should grow at annual rates of
the order of 7% or higher. These high expectations have not
been confronted with the cautious considerations of ICs' economists
on the likely global economic behavior after the 1973/74 oil
crisis. If it is true that developing countries are not taking _
into account such analysis, perhaps it is because they consider
themselves either capable of avoiding the effect of world inter-
dependence or able to enforce a new international economic order
preferably responsive to their reqﬁirements., Whichever the
reasons, these expectations do not match with any of the IIASA-
ENP's projections of future economic growth. The general trend
of the latter is the ever decreasing GDP growth rates as time goes on.
Twe main factors contribute to this assumption: projected decreases
in population growth and the increasing scarcity of basic fesources.
In what concerns the economic product growth rate for developing
region§ the assumption was made that the majof stimaulant for growth
will be international trade dominated by the ICs.

We have documented on page 8 the projections used by the IIASA-
ENP for the future economic growth of Latin America. When taken
together with expected population growth, which was based on the
assumption that the region's reproduction rate will become unity
shortly after the turn of the century, the values of GDP/cap
growth rates of the High scenario reflect best~-at least for the



- 3=

medium-term until the year 2000--the objectives of Latin American

countries.

It seems to us that the achievement of high economic growth
could help to relax the social tensions provoked by inequitable
income distribution. On the other hand, rapid increase in national
product will facilitate the implementation of measures to increase
productivity and strengthen the infrastructure fequired to support
structural changes. Therefore, we conclude that the High scenario
projections of economic growth represent a necessity for future
Latin American development, whichever the path society will choose
for further progress.

7.2 Society's Capability of Realization

The implementation of the future energy picture presented
by IIASA-ENP's study, reflected in the detailed structure of enerqgy
supply by technology provided by MESSAGE, is related to two
essential factors: capital and technology.

The problem posed by the reduced availability of capital
does not only affect the level of possible investment: it also
constrains technolegical progress. 1In addition, a relevant
issue is how capital stock is allocated by government and the
private sector as well. Latin American governments are heavily
engaged in industrial activities, particularly in those related
with energy production and distribution: as a consequence, a big
bureaucratic system has evolved consuming an elevated share of
government expenditure. On the other hand, capital availability
is, in turn, constrained by negative balance of payments and the
amount of the external debt, which has alarmingly grown in
recent years, particularly after the oil crisis of 1973/74.

These monetary problems cannot be forgotten. However, we will

be mostly concerned here with the second factor.

We will use an example to illustrate the point we have in
mind in relation to the role of technology. The cost optimization
procedure incorporated into the energy supply model indicates
that in order to meet a share of the electricity demand projections
of the Low and High scenarios, 23 and 43 GW{(e) of nuclear power
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capacity must be installed respectively by the year 2000. As a
reference, the IIASA-ENP Region II1 (OECD countries except North
America) had in 1975 an operative installed capacity of 22.5 GW(e).

The figqures given above must be explained within an appropriate
frame. We assume that the nuclear power installation will be based
on a self-reliant approach, involving full commitment of the
region's technological capacity. This assumption corresponds to
the factual situation and implies responsibility in the management,
direction and control of all the activities related to the instal-
lation of nuclear power stations and the necessary facilities
pertaining to the nuclear fuel cycle, plus their operation and
maintenance.. ‘

What is not meant is that the process must be completely
endogencus, i.e., that it has to start with the conception of an
indigenous design or that the construction of major components
must be done entirely in the region: the technology of nuclear
power has been commercially proved worldwide and is available
at a cost. What we imply, however, 1s the existence of a body
of knowledge that permits decisions upon the best solutions in
accordance with national requirements, fostering the gradual
increase in the participation of local know-how and capability.

When we look at the present (1980) situation of Latin America
with respect to the incorporation of nuclear power, only one
country has today-a commercial unit linked to the grid. TFew
other reactors are under construction, and a prudent estimation
of regional plans to extend nuclear energy utilization indicates
that between 20 and 30 GW({e) might be‘operating by the year 2000.
What are the requirements to attain these objectives?

The nations involved must create and/or strengthen a
scientific-technological infrastructure capable of handling all
the sides of the complex problem. The ramnifications of such
infrastructure escape the apparent main objective, since they are
related with the adequacy of each country's higher education system
to provide necessary replacement and increase in numbers of
qualified personnel, the appraisal of what the local industry is
capable now and the plahned promotion of its future activities,. the
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existence of appropriate institutions for separate tasks (for
instance, one dealing with execution of the nuclear program,

other responsible for oontrol and licensing) including government
and private bodies that are able to follow smdothly the development
of the program and can, consequently, contribute to its better
assessment within a fluid coordinated interaction.

In our experience, the institutional barrier is a major
constraint to self-induced progress. It representswhat we em-
bodied with the term society's capability of realization: its
lengthy and arduous implementaticn depends on many societal and
political issues that, at first sight, have nothing to do with
the technical world. However, it is our ocontention that the
ability to develop technology is checked by the maturity achieved
by the institutions that represent and measure that capability.

Apparently, we have been carried away from the consideration
of the technological factor. But the development of technology
is fundamentally linked to the understanding a society has of
its own capabilities and limitations. This is finally inter-
woven with the human factor. Under these circumstances
we feel that the projections of nuclear power of the Low scenario
are achievable goals, well in accordance with the long lead
times required to incorporate modern technoclogy in LDCs.

We have dealt in our example with the introduction of a
rather new, sophisticated technology. Let us assume that the
- ilmplementation of such a supply system would be minimized. It
must then be replaced, if the future energy demand level is accepted
as representing a likely possibility. The replacement could be
based upon the existing technologies or new methods must be de-
veloped. For the particular case under consideration, electricity
production, fossil fired power stations are under the constraints
of climbing fuel prices and expected future fuel shortages
(for cil/gas, less for coal). The hydropower potential of
Latin America has been barely exploited: it provides an escape
from immediate technological pressure, but it does not solve the
energy supply problem in the long run. New technclogies must be
developed: the same requirements posed by the incipient nuclear
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power industry will be valid in this case. It becomes clear

that the region cannot postpone the fundamental necessity of im-
proving its presently weak scientific-technological-institutional
infrastructure.

These considerations, and the comparison of future energy
demand levels with present consumption in ICs lead us to consider
that the Low scenario requirements involve an energy supply system
that will put a lower stress on the region, thus allowing more
time to deal with the challengeé of the future.

7.3 Conclusions

In the previous sections we have reported on IIASA-ENP'S
view of the Latin American energy future. In terms of the
IIASA-ENP exercise, such picture could be put into perspective
when compared with the present situation of the developed
countries with market economies that conform with region ITII (OECD
countries except North America). From Table 7.1 it can be
extracted that the long term Latin American stand, as measured
by gross averages (GDP/cap and Primary Energy Consumption/cap),
resembles the one characteristic of region III at present.

In our attempt to evaluate the significance of numerical
results in the light of our perception of the particular
developing society we have reached a number of partial con-
clusions that now must be conceptually synthesized.

First, we have seen an apparent comfortable long term
energy situation, due to the relatively low level of per
capita primary energy consumption and the abundance of natural
resources, particularly fossil fuels and renewables. But
we have pointed out that this picture might be out of touch
with reality; therefore, the analysis of some country

situations becomes necessary to clarify the regional view.

Secondly, using our judgment that truly development has
to be self-motivated and self-reliant, we assessed pro and
cons of the two IIASA-ENP scenarios: the High scenario being
more in line with actual economic performance, development

planning and aspirations, was considered as necessary (though
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not necessarily optimum or achievable). On the other hand,

the energy projections of theé Low scenario indicated that the
requirements for implementation of the energy sector were more

in accordance with our estimation of the actual capability of
realization, thus reducing the stress on the economy and stretch-
ing the time required for the incorporation of advanced tech-
nologies. This conclusion emphasizes acgain the importance of
country analysis, since the existing diversity of economic
structures and degree of industrialization between the countries
of Latin America will likely increase; the more advanced

countries will also have to face different situations according
to their particular natural resource endowment and the energy

policies they happen to choose.

Putting together high economic growth and reduced energy
consumption objectives seems contradictory in the light of
known energy-economy relationships. But if we reccognize the
degree of uncertainty associated with long term projections
we could envisage the two scenarios as providing a range of

possibilities within which reality might happen to be.

It is our view that IIASA-ENP scenarios are based on a
likely evolution of the development process of Latin America.
They are consistent with past trends and the present situation
and take into account influences emanating from world‘inter-
dependence; they have produced rather realistic results of
energy demand. The situation changes when we loock at the
energy supply side. It is apparent that the strategy obtained
could be modified if certain assumptions are changéd. Under
the pressure of today's energy situation, the attention of
many countries is being focused on the search of alternatives
for the best possible utilization of their natural resources.

The lesson of the exercise reported here is that we need
more information from some natiocnal cases and regional cases as
well. The first would be easier to interpret, and would hopefully
provide a better insight in the quality of the data used to run
the regional study. New regional runs must be done with the wview
on exploring alternatives in the supply system. The choice of
alternatives should be realistic, pointing to the best use of
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all kind of resources, natural and human as well. We envisage
regional studies involving nuclear moratorium, high hydropower and
enhanced use of renewables to illuminate the constraints posed

by commitments on the economic and technological sectors. For
example, if a policy of radical incrementation of hydropower is
analyzed, what will be the effects on the use of other sources,
the electrification policies and the sectoral structural changes?
How much time would be gained, how much capital would be necessary,
would some economic rescurces be left to deal with the future
projected requirements? In general, if policies rather than

costs are optimized, what will be the price to be paid?

The capability to develop technology will play a fundamental
role in the future of the region. Which is the most "appropriate"”
way to deal with technological progress, what technologies seem
most adequate in what periods of time?

We conclude asking more guestions than providing answers.
The medeling set modification process which is underway at IIASA-
ENP will help to answer them and allow a better understanding of
the regions's future enerqgy picture. It would alsoc permit us to
see more clearly the relevance of internaticnal aid: of economic
nature and by means of technology transfer and joint ventures to
strengthen the existing infrastructure. But regional results
have shown that the integration of Latin American countries to
deal with the energy problem is a major component for success.

7.4 Complementary Work

We have initiated two‘national energy studies, those of Brazil
and Mexico, working in cooperation with country organizations. The
first runs of the energy demand model have been done using input
data directly or indirectly incorporated to national plans. The
projected growth rate of GDP is, in both cases, higher than the

values used in the ITIASA-ENP High Scenario. The availability

of the regional outlock allows one, in conseguence, to'judge upon the
consistency of the national scenarios, in particular when also
compared with the 1975 energy consumption pattern of developed

countries and regions.
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We have extracted a better insight of the regional situation
through the exploration of these national cases which, in an
initial stage at present, should be completed by runs of MESSAGE
and IMPACT. In particular, the growth rate of electricity con-
sumption is higher than envisaged by the IIASA-ENP scenarios,
possibly showing the latter's underestimation of electricity
utilization, mainly in the industrial sector. Also, through
the interaction with national organizations, we have received
new statistical data, whose study will permit a better assessment
of many parameters and assumptions to be incorporated into the

modeling set.

The role of renewable sources is envisaged quite differently
in Brazil and Mexico, the latter relying on its rich endowment
of fossil fuels, whereas the former fostering a policy of oil
- replacement and electrification. We estimate the possibility of
an adequate evaluation of that role in the wake of future national

and regional runs.
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TABLE 7.1 Regional Comparison

Latin America Region ITXT -
2030 2030
Low High Low
1975 Scenario Scenario 1975 Scenario
Population (106) 319 797 797 560 767
GDP (109$75) 340 2230 3570 2385 6656
GDP/cap (10°$75/ 1.07 2.80 4,48 4.26 8.68
cap)
Primary energy 0.34 2.31 3.68 2.26 4.54
(TWyxr/yr)
P.E./cap (kW/cap) 1.06 2.90 .62 5.03 5.92
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8. RECOMMENDATIONS

In doing the evaluation reported herein, we have just touched
upon many subjects of relevance for an understanding of the future
development of Latin America and its relationship with the energy
sector. '

The established relationship with country organizations has
barely started. However, it indicates strong interest in the
-application of IIASA-ENP's methodology and fiﬂdings to their
national cases, in order to produce a consistent basis for
decision-making. We can only recommend that such links be
strengthened if future actions in the field of energy of LDCs

are contemplated.

On the other hand, it has become clear to us that the issue
of development is at the intersection of multidisciplinary studies,
which are necessary to reveal ﬁhe significance of important com-
ponents: the economic growth as a tool to foster equity, the
development of technological capability (know-what and know-how),
"technology transfer, the linkage between society's ability to
understand its predicaments and the existence of appropriate

institutions. Since it is our view that the future of world
harmony is threatened by the way the relationships between LDCs

and ICs will be affected by their respective views, initiatives and
actions ¢n the development of the LDCs, we consider it important

to focus attention on the industrialization problems of LDCs

and the connected issue of technology transfer. Both will shape

the future utilization of energy. And both would be tools either
for progress or for frustration.
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Preface

Assessment of future global energy demand has been an
essential and important element of the recently completed first
phase cf the IIASA Energy Systems Program. This report outlines
the essential features of the final energy demand assessment in

six out of the seven world regions considered in the IIASZ study.

The analysis has been based on a model called MEDEE-2 which
was adopted at IIASA for projecting the medium to long term energy
demand at the level of world regions. The approach used in MEDEE-2
- involves development of fairly detailed scenarios reflectihg the
expected evolution of sociceconomic activities and technological
developments in different world regions over the next five decades
during which parameters related to such activities and developments

are expected to undergo considerable change.

Effort has been made here to describe how the estimates were
obtained of the average base year 11975) values of MEDEE-2 para-
meters conceptualising the present energy consumption pattern at
the regional levels considered, and to list the important relevant
sources of information. The major assumptions and considerations
behind the projected values of such parameters till the year 2030
have also been spelled out at length. Finally, the energy
demand projections for wvarious sectorai activities in different
world regions are discussed in relation to their levels in 1975,

-It is hopéd that all this information will prove to be of some

help to future researchers in this field.

- ii -



Acknowledgement

Many members of the IIASA Energy Systems Program have
helped during thé course of work described in this report. The
authors would like to acknowledge all such help and useful dis-
cussions with various members of the Program although it would
be difficult to name all of them individually. Still, we feel
that our special thanks are due to:

P. Basile and V. Chant for many useful suggestions at
_various stages of this work and for carrying out?critical eval-
uation of the MEDEE-2 results in economic terms in general, and in
relation to expected rising costs of different fuels in particular. Such an
evaluation and feed-back from it were very necessary to remove -
certain inconsistencies in the results at early stages of the
MEDEE-2 runs. | . _

B. Lapillonne, who established the base year data set for the
United States (about 90% of Region I), and also helped establish
the base year values for Region III (Western Europe, Japan,
Australia and New Zealand).

H. Maier, A. Papin and Y. Sinyak for providing useful in-
formation on Region II (Soviet Union and Eastern Europe) and for
reviewing the energy demand projections for this region.

J.C. xﬁanmﬁo for advising on various aspects of the study
on Region IV (Latin America) in particular, and on important
considerations relevant to all the developing regions in general.

Finally, we are most grateful to Prof. W. Hﬁfele, Leader
of the Energy Systems Program at IIASA,for his guidance, sugges-
tions and encouragement throughout the cdurse of this work.

In fact, without his advice and critical assessment, this work
could not have been completed in its present form.

- iii -



Abstract

An assessment is made of the evolution of energy demand
in different world regions over the next five decades using
an energy demand model called MEDEE-2. The 1375 pattern of
energy consumption in each region is analyzed in terms of use-
ful and final energy requirements of a large number of activi-
ties in three broad sectors of the economy viz. induétry,
transportation, households/services. Projections of useful
andzfinal energy demand to the years 2000 and 2030 are ob-
tained by considering the plausible evolution of theée
activiﬁies together with feasible improvements in technological
factors and likely changes in the life styles of the populace.
The detailed scenarié éssumptions underlying these projections
are spelled out and-the rationale behind these assumptions is
explained, The energy conservation embodied in these projec-
tions is-elaborated and the shares of various energy forms
in the projected sectoral energy demand trajectories are
discussed. The assessment shows that the final energy demand
of the market-economy developing world regions will, until
2030, increase by a factor of 7-12 as compared to that in
1975, whereas the corresponding increase in the developed
world regions will be by a factor of 1.8-2.6. The projected
final energy demand levels in various world regions are about
20-50% lower than those expected on the basis of historical

final energy-to-GDP elasticities of the 1950-1975 period.
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SUMMARY

This report describes the essential features and the
results of a final energy demand assessment made at the
International Institute for Applied Systems Analysis (IIASA),
covering six of the seven world regions considered in the
recently completed global energy study of IIASA's Energy
Systems Programme. The assessment was made using the
scenaric development approach embodied in a model called
MEDEE-2 which was adopted at IIASA for projecting the medium
to long term energy demand at the level 6f world regions.

In this approach first the base year energy demand of
different sectors in a region is analysed in terms of useful/
final energy requirements of a large number of activities in
each sector and then this demand is projected for later
periods by identifying the plausible ewvolution of various
socio-economic activities and by estimating the probable
technological improvements and life style changes in the

coming decades.

The starfing point for the present assessment was &
set of basic scenario assumptions concerning population
growth and economic development (measured in terms of GDP
growth). Two different scenarios have been analysed;
these are labelled as High and Low with respect to two
different sets of assumptions im@lying relatively high and
relatively low economic growth rates in the various regions

consistent with a plausible range of world ecconomic growth



during the next 50 years. The population growth rate

assumptions are common te both the scenarios.

The assessment described in this report involved
estimation of the base year (19753) values of some 180 para-
meters for each region and projection of the values of these
parameters to the years 2000 and 2030 in a manner consistent
with the basic scenario assumptions and incorporating feasible
technolegical improvements and plausible life style changes.
The gstimated base year valués of the various parameters are |
listed, the method of their estimation is described and the
sources of information are spelled out. Similarly the
projectéd values of these parameters have also been listed
and the reasoning underlying these projections is described.
‘The projected requirements of final energy for various
sectoral activities are discussed and the extent of conservation

incorporated in the projections has been spelled out.
Some of the main results of this assessment are:

1. By 2030 the finél energy demand in the developed
regions (IIASA Regions I.- North America; II =
The Soviet Union and Eastern Burope, and III -
Western Europe, Japan, Australia etc.) will
increase by a factor of 1.8 - 2.6 as compared to
that in 1975, whereas the corresponding increase
in the three developing regions considered in the
pPresent assessment (viz. IIASA Regions IV - Latin

America; V - Africa (except Northern Africa and
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South Africa) and South East Asia, and VI - Middle
East and Northern-Africa) will be by a factor of

7 -12.. The projected demand in the various
regions will, however, be lower than that estimated
on the basis of historical final energy = to - GDP
elasticity of each region by 16 to 40% in the Low
Scenario and 23 to 54% in the High Scengrio.

The per cépita final energy consumption in the
developed regions (I, II, III}) will increase from

a level of 2.8 - 7.9 kW in 1975 to a level of

3.9 - 11.6 kW by 2030, whereas that in the developing
regions (IV, V, VI}) will increase from 0.2 -~ 0.8 kW
to 0.5 - 4.6 kKW over the same period. Among the
developing regions the largest increase will take
place in the resource~-rich Region ﬁI and the
smallest increase will occur in the resource-poor
Region V. |

The sectoral shares in final energy demand in
varicus world regions will not undergo major
changes during the next 50 years so that the
regiohal differences in the sectoral distribution
of final energy will persist. In particular the
transportation sector in the developing regions and
the household/service sector in the developed
regions will continue to have relatively hiéher
shares in the final éhergy demand than those
commanded by the corresponding sectors in other
Regions.

-yii-



The sharé of electricity in final energy will
increase everywhere =~ from 10 - 13% in 1975 to

20 -~ 23% in 2030 in the developed regions, and
from 4 - 10% in 1975 to 15 - 17% in 2030 in the
developing regions.

The specific liquid fuel requirements as motor
fuel or petrochemical feedstocks will, in 2030,
account for a 34 - 43% share of final energy in
the developed regions and 45 - 57% in the develop-
ing regions. The corresponding shares in 1975 ih
the developed and the developing regions were in
the range of 24 - 37% and 32 - 52% respectively.
Manufacturing activities will continue to dominate
the industrial final energy demand ({(i.e. the
demand of manufacturing, mining, agriculture and
construction éectors) in all regions. The éhare
of manufacturing in the industrial final energy
demand in 2030 of different regions will be in

the range of 76 - 90% as compared to 62 - 92% in
1975.

The share of automobiles in the transporﬁation
energy will decrease in the developed regions and
increase in the developing regions. The most
notable change will occur in Region I where this
share will decline from 67% in 1975 to 19 - 29% in
2030. The shares of automobiles in the trans-

portation sector's final energy demand of different

 regions will, in 2030, lie in the range of 8 - 36%

as against 6 - 67% in 1975.
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Soft solar devices will be able to meet in 2030
about 1 - 3% of the useful thermal energy require-~
ments of the manufacturing sector and 5 - 13% of

those of the household/service sector in the

developed regions. The corresponding shares in

the developing regions will be in the ranges of

4 ~ 5% and 2 - 12% respectively.

Inspite of gradually increasing penetration of
electricity, heat pumps, soft solar and district
heat in the heat markets of the manufacturing and
household/service sectors, fossil fuels will
continue to be the most important source of useful
thermal energy in these sectors in all regions
except Region II. The shares in 2030 of
substitutable fossil fuels in the develdped Regicons
I, III and the developing regions will be in the
range of 80 - 90% for the manufacturing sector and
55 = 85% for the household/service sector. The
corfesponding shares in Region II will be about 30
and 25% respectively due to continued heavy

reliance on district heating systems in this region.
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1. Introduction

IIASA's Energy Systems Progam deals with the medium- to
long—term_asPects of global energy supply and demané. It con-
centrates on a period of 15-50 years from now, during which the
world energy system will have to undergo a major transition.

This transition will result from a large increase in world
population, the expected industrialization andrrelativgly fast
economic growth of the deveioping countries and the worldwide
scarcity of the hitherto cheap conventional forms of energy,
particularly of fossil oil and natural gas. The major findings of
the first phase of this study have recently been reported in

a book entitled "Energy in a Finite World--a& Global

Systems Analysis" (Energy Systems Program Group, 1981). This
paper reports on an assessment of final energy demand in various
world regions that was carried out as a part of the above program
by using an energy demand model called MEDEE-2 (the structure

of MEDEE-2 is described in detail by Lapillonne, 1978a).

In IIASA's energy systems study, the world was divided
into seven regions, as is illustrated in Figqure 1. (For a complete
listing of the countries in each region‘see Appendix I.) The
grouping of countries in these regions was based not necessarily
on their geographical proximity but mostly on considerations
of similarities in social, economic and demographic structures,
and on prospects of economic growth and availability of energy

resources. The work described in this'report covers only the
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first six of the seven world regions shown in Figure 1. The
energy demand assessment for Region VII (China and Centrally
Planned Asian Economies) was not carried out with MEDEE-2 due
to the lack of data. Instead a simplified model called SIMCRED
(Parikh 1978) was used for this region:; this assessment and its

results are, in general,not discussed in this report.

The long-term projection of energy demand and supply in
various world. .regions can be made only in the light of mutually
consistent projections of population, economic growth, availa-
bility of energy, mate;ial and other resources, some perception
of technological innovation and development, and in the wake of
various physical, social and environmental constraints. In
order to obtain a consistent picture, one has to look at all
these factors both individually and collectively, and try through
an iterative procedure to eliminate internal inconsistencies.

Such an analysis was carried out at IIASA using
a set of mathematical models as its major analytical tool
(Basile, 1980). ‘The flow of information bet#een these models
is schematically shown in Figure 2, It starts out with some
initial scenario definitios of the economic and population growth
rates in the various-world regions. Then the demand of final |
energy in each region is evaluated with the energy demand model
MEDEE-2 projecting changes in economic structure, life-styles,
technical efficiencies, etc., that could be expected under the basic
scenario conditions. The energy supply model MESSAGE then leads
to optimum supply strategies consistent with the availability

of energy resources and subject to various constraints encom-
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passing technological, environmental and other related issues.
Consideration of the interregional energy trade calls for
iteration of the MESSAGE runs for various regions until a
globally consistent picture emerges. The economic impacts of the
regional supply strategies are then analysed in the energy-economy
interaction model IMPACT, and the corresponding implications to-
gether with the estimates of energy?%iel prices obtained from the
MESSAGE runs are used to modify, if necessary, the scernario defi-
nitions of regional economic growth and the projections of some
of the parameters used in the MEDEE-2 runs of the preceding iter-
ation of the modelling loop. This procedure is repeated until the
demand and supply projections are considered to be "reasonable"
and consistent. ‘
This report is . concerned mainly with the assess-

ment of final energy demand, based on?MEDEE-z anaiysis, for the
IIASA Regions I through VI. In order to provide a proper appre-
ciation of the assessment procedure, we will also describe, al-
though briefly, the energy accounting and the analytical approach
followed iE?;EDEE-Z analysis*. This will be followed by a dis-
cription of the input data actually used for the base year (1975),
of the yalues assigned to the scenario variables for the years
2000 and 2030 in the various world regions, and of the assumptions
underlying these projections. The results of the MEDEE-2 analysis
will then be discussed in terms of the projected energy require-

ments for various sectoral activities and the extent of "con-

servation" incorporated in these projections.

* The computer program actually used for the assessment is

described by H#1zl (1980).



2. Some Definitions:

In discussing the issues felated to energy demand and supply,
a distinction has to be made between different forms of energy
usually referred to as primary energy, secondary energy, final
energy and useful energy. The difference between these various

forms is illustrated in Figure 3.

Primary energy* (at the lower left of Figure 3) represents
the energy content of extracted raw fuels, e.g., crude oil or natu-
-ral gas at the wellhead, coal at the minemouth. Some primary fuels
need to be refined or cénverted to secondary.energy (in o0il re-
fineries or pbwer plants) with typically rather large conversion
losses (at least 60% losses in the case of coal converted to elec-
tricity), while others can be transported and used directly as
secondary energy. Secondary enerqgy, after transmission and distri-
bution through major networks (e.g. oil/gas pipelines, delivery
trucks, high and low voltage lines} becomes final energy. Electri-
city at the output, or busbar, of a power station is secondary
energy:; electricity at the home wallplug is final energy. Final
energy is energy delivered to final consumers--oil delivered to
burners in the basement, or to industrial boilers. Final energy is
what the consumer buys. What one actually benefits from is useful
energy——the heat that warms living rooms, for example. Produced
rhotons, heated air, kinetic energy are useful energy. All con=
version processes from primary energy through useful energy

involve varying amounts -- e et

*Primary energy also includes fossil fuel equivalents of, for
anergy _ '

example, nuclear /and hydropower converted to electricity, and

the energy obtained from new socurces such as solar, geothermal,

wind, ocean thermal gradients, charcoal or fuelwood from forests,

planned wood plantations, biogas, etc. Except

where noted, primary energy excludes noncommercial use of fuels

such as firewood, farm wastes and animal wastes.



of losses due to conversion and/or transmission, sﬁorage and
distribution as shown in Figure 3. The useful energy is also
ultimately rejected to the environment after providing the
required energy services in combination with other inputs such
as capital, know-how and labour. The amount of useful energy
needed for obtaining a given amount of energy services depends
on the relative magnitudes of these other inputs (Hdfele, 1977),
and this is what leads to the ultimate potential of energy con-

servation.

The energy demand projections discussed in this report
were made only in terms of useful and/or final energy forms
The evaluation of secondary and primary energy requirements based
on these demand projections, was made in the MESSAGE model runs

and has been described in (Energy Systems Program Group, 1981).
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3. The MEDEE-2 Model for Energy Demand Assessment

3.1 Methodological Approach

MEDEE-2 1is a simulation model for evaluating the energy de-
mand implications of economic ‘and lifestyle scenarios for the long-
term evolution of countries or regions. It is a simplified version,

described in Lapillonne (1%78a),

/ of a more general approach developed by Chateau and Lapillonne
(1877) at the IEJE, University of Grenoble, France. MEDEE-2 is
based on a‘disaggregation of total energy demand into a multitude
of end-use categories such as heating or cooling of dwellings,
urban/intercity passenger transportation by mode, . Steam genera-
tionjtgﬁen the useful energy demand of a given end-use category can
be provided by wvarious energy sources (e.g. fossil fuels, district
heat, electricity or soclar systems),;2§ergy demand is caiculated
first in terms of useful energy* and then converted into final en-
ergy terms based on assumptions about the penetration of various

energy sources into their potential end-use markets and about

their end-use efficiency.

For nonsubstitutable uses (e.g. motor fuel for automobiles or
electricity for electrolysis, lighting and appliances such as wash-
ing machines and refrigerators), energy demand is calculated direct- _
ly in final energy terms. Table 1 gives an overvie& of the end-use
categories consideredrin MEDEE=-2. For each end-use category, energy
demand (useful or final) is related to a set of determining factors,
which may be macroeconomic aggregates, physical quantities, or
technological coefficients. The energy demand projections result
from the evolution assumed for these factors. Because of this high
level of disaggregation and the relatively few structural assumptions
built into the model, it can be viewed as an accounting framework

of the energy uses in a country or a region.

*For this assessment, useful energy for thermal processes is ex-

pressed as equivalent requirements of electricity.
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Figure 4 shows the scheme for projecting useful and/or final

demand
energy/used in MEDEE-2, The starting point is a scenario which
defines an environment of population growth, economic development
and energy availability and prices envisaged for the future. These
general scenario parameters must be disaggregated in terms of econo-
mic structure (GDP expenditure and formation and production of cer-
tain very energy~intensive basic industry products), demographic

and life-styles
structure/ (labor force participation, urban/rural split, household
size; type and size of dwellings and their energy=-using equipment;
travel distances, automobile ownership, preferences for certain
modes of travel): and technological structure (energy intensiveness
of industrial sectors, dwelling'insulation, fuel economy of vehicles

etc.). Once this disaggregation is done, calculation of energy de-

mand for eacﬁ end-use category is straightforward.

For certain thermal uses (space/water heating, steam generation
etc.), energy demand is calculated in useful terms. Several energy
sources (fossil fuels, electricity, district heat, solar systems,
heat pumps) can be used to meet this demand. While the potential
markets for each source are definéd in the model, the user must spe-

expected “

cify the/penetration of the various energy scurces in their poten-—

tial markets and their efficiehcy.

Transportation

Three types of transportation are distinguished in MEDEE-2:
passenger, freight, and international and military transportation.
Passenger transportation is broken down into urban and

intercity categories.

For international and military transportation only the use of
liquid fuels is considered feasible. Data for this category are often
difficult to find, and the motor fuel demand of this type of trans-

portation is therefore treated simplistically as a function of GDP.
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The demand for domestic freight transportation (measured in
net ton-kilometers) is calculated as a function of the GDP con-
tribution by the agricultural, mining, manufacturing and energy
sectors. The modal split, i.e., the allocation to the various
modes (rail, truck, inland waterways or coastal shipping, pipe-
line) must be specified exogenously, as well as the energy in-
tensity (per ton-kilometer) of each mode. Except for rail,
where electricity and coal can also be used as an energy source,

only liquid fuels are assumed to be used.

Passenger transportation is treated in more detail because
it accounts in most countries for a major share of energy con-

sumption.

Total demand for intercity passenger transportation (meas-
ured in passenger-kilometers) 1is caléulated in MEDEE-2 from data
on poéulation and average distance travelled per person per year.
Automobile travel is calculated from data on population, auto-
mobile ownership, average distance travelled per automobile per
year, and an average loéd factor {passenger-kilometer per
vehicle-kilometer). The remainder is allocated to public trans-
portation modes (rail, bus, airplane) according to exogenously
specified shares. The corresponding vehicle-kilometers are
calculated from average lcad factors for each mode. The energy
intensities (per vehicle-kilometer) also have to be specified.
As for freight transportation, except for railways, only liquid

fuels are assumed to be used.



Total demand for urban transportation is related to the
population in large cities* where mass transportation is feasible.
It is calculated from data on the averaée distance travelled per
day and per person in urban areas and on the total population living
in these areas. The energy consumption related to this demand is
-determined from exogenously specified shares of various modes
(private automobiles and mass transportation powered by motor fuel
or electricity), together with average load factors and energy
intensities of each mode.

All energy demand in the transport sector is calculated

6nly in terms of final energy.

Industry

Under this label in MEDEE=2, all economic activities ex-
for

cept/those of the service sector are included. Specifically,

these are agriculture, construction, mining, three manufacturing
and
subsectors and energy (electricity, gas/water). The energy
some
consumption of the energy sector (and/other energy-related

activities that can be isolated) is neglected because it is

¥ (Cities with more than 50,000 inhabitants in Regions I, III,
and those with more than 100,000 inhabitants in the develop-
ing Regions IV, V, VI. For Region II all urban population has

been included in this category.
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related to conversion activities as calculated at a later stage

by the MESSAGE model.

Three types of end-use categories are considered: speci-
fic uses of electricity (for lighting, motive power, electroly-
sis, etc.); thermal uses (space and water heating, low/high
temperature steam generation, furnace operation); and motor
fuel use (mainly for motive power in nonstationary wuses such

as in agriculture, construction and mining).

Bacause it is mostly impossibie to obtain energy balances
in such detail, all present uses of electricity in industry are
considered "specific" (in the sense that they are unlikely to be
replaced by other energy sources) and all fossil fuels ex-
cept for motor fuel, are assumed to be consumed for thermal ﬁses.
This implies that electricity penetraﬁion into thermal uses
must be interpreted as incremental penetration above the levels
reached today.

For the energy demand célculations, knowiedge of the acti-
vity level {value added) and energy intensities (per unit
value added) in each sector is required. Energy intensities must be
specified in terms of final energy for motor fuel and electri-
city and in terms of "electricity equivalent™ for thermal uses.
The breakdown of thermal uses (space and water heating, low and high
temperature steam generation, furnace direct heat is assumed to
be constant. If the breakdown is not known for'each subsector,

an average split must be specified.
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The energy consumption of manufacturing industries depends on
the activity level and on the energy demand per unit of output in
each sector. Since the sectors are highly aggregated and therefore
inhomogeneous, the energy intensity may change with a modified
product mix as well as with increased process integration and other
operational improvements. Besides, the energy use pattern changes
as a result of substitutions of other energy sources for fossil fuels,
especially with regard to thermal uses.

For thermal uses, the penetration of electricity, district
" heat, cogeneration, heat pump and soft solar technologies must be
estimated. The remaining energy demand is assumed to be met by
fossil fuels, and is converted to final energy demand using exo-
genously specified end-use efficiencies for heating systems,
boilers and furnaces (these must‘be'given relative to electri-
city). Electricity can penetrate into virtually all thermal
uses; the potential market of the other alternatives is restric-

ted to steam and low-temperature uses.

The demand for coke and for petrochemical feedstocks is
calculated separately in MEDEE-2, since they account for a major
share of total industrial energy consumption. Coke demand is
related to pig-iron production, which in turn-is related to steel
production; and petrochemical feedstock demand is directly rela-

ted to the value added of basic materials industries.

Households and Services

It is well known that in the presently developed countries
space heating accounts for the major share of energy consumption
household
in the /sector, and that with improved insulation this energy -

demand could be reduced considerably. Espedially buildings
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constructed after the world's awakening to the energy crisis

in 1973 have or will have bétter insulation. To captufe this
difference, pre-75 and post-75 buildings are treated separately
in MEDEE-2. 1In addition, three types of dwellings are consid-
ered: single housing units with central heating, apartments
with central heating and dwellings with room heating only. This
is done in order to capture the large difference in the average

heat loss of these dwelling types.

The change in the housing stock of the residential sector
is determined from data on average family size and population,
on demolition of existing dwellings by type and on construction
of new dwellings by type. Allowance is made for the reduction
of heat loss in old dwellings through retrofitting; the heat loss
of post-75 dwellings is calculated from data on the average size

and the specifiC'heat loss (per mz) for each type of dwelling.

Energy demand for water heating, cooking, air-conditioning
and the electricity consumption of secondary appliances’(such as
washing machine refrigerator, freezer, dish washer, clothes dry-.
er, vacuum cleaner) is calculated from exogenously specified own-

ership fractions and/or average annual consumption rates.

The change in the building stock of the commercial/service
sector is calculated from data on the average floor area per
worker and labor force and on the demolition of existing floor
area. Allowance-~is made for improving the insulation of old
buildings. Besides thermal uses (space/water heating), two
other end-use categories are distinguished, namely air condi-

tioning and specific electricity uses, for which penetration



13,
and/or average consumption rates must be given.

The energy demand calculations for this sector are gener-
ally made in terms of "electricity equivalent". For air-condi-
tioning, electricity is considered the only energy source; this
is also true for heat pumps. In all other instances, the pene-
tration of alternative sources, such as electricity, district
heating, heat pumps, or soft solar technology, must be estima-
ted; the remaining enefgy demand is assumed to be met by fossil
fruels and converted to final energy demand usihg exogenously
specified end-use efficiencies. The potential market for dis-
trict heat is restricted to large cities, and the potential
market for solar is restricted to post-75 single housing units
in the case of space heating; penetration of solar technology
for thermal uses in the commercial/service sector is also assum-

ed to be feasible only in low-rise buildings.

3.2 Input Data Requirements

There are some 180 parameters in the input data files of
MEDEE-2 serving to capture such essential features Qf the economy,
demography, technology, lifestyle and various social and industrial
activities of a country or region that have or, in the foreseeable
future, are likely to have a bearing on the amount and pattern
of its final energy consumption. These parameters are constants

or variables. Constants are understood to comprise initial

values as well as coefficients held constant in the model calcu-
lations. Variables are time-dependent parameters for which
scenario values have to be assigned for each model year.

A complete listing of all the parameters and their definition is
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given in Appendix II. This list refers to the specific

computer program (H6lzl, 1980) used in the present assessment.

4, Two Scenarios: Basic Elements

The future evolution of world energy demand will be governed
essentially by three basic elements: population growth, economic
growth and technological developmenté. The last two elements
among these, which are to a certain extent interdependent,
will also be influenced by the relative availability (or
scarcity) of energy as a source of power and its prices.

The starting point for IIASA's ehergy demand projections
1975-2030 is the definition of two scenarios (Chant, 1980)
describing the evolution over.time of population and economic
érowth in the seven regions of the world desc¢ribed in Figure 1.
The population projections common to both scenarics are based
on Reyfitz (1977). These scenarios are iabelled High and Low
in terms of two different levels of world economic growth, which
are conceived to cover a range of plausible economic develop-
ments in the regions in a mutually consistent manner.

The figures for economic growth projections have been arrived
at after several iterations through the modeling loop of
Figure 2 until the energy prices and the investment require-
ments of the energy sector obtained for the variocus world

regions were considered to be consistent with their envisaged
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economic growth rates. (See Basile, 1980, Chant 1980, Energy
Systems Program Group 1981, for a more detailed discussion.)
Tables 2, 3 and 4 simply list the projections of population
and GDP in various world regions that serve as basic inputs
to the energy demand assessment to be discussed. The popula-
tion projections for the world as a whole as well as by groups
of developed (I, II and III) and developing (IV, V, VI and VII)
Regions are plotted in Figure 5. Note that the period of
c0nsideration is one in which the world population is expec-
ted to undergo a major transition, with a predominant increase
occurring in the areas of thée presently developing economies.
Depletion of energy resources, increasing production
costs and rising prices of energy commodities traded inter-
nationally over the next 50 years are qualitatively accounted
for in this assessmenf. (For a detailed discussion with
respect to the two IIASA scenariqs, see Energy Systems
Program Group, 1981). These issues influenced the projections
of some scenario parameters of the MEDEE-2 model, and
occasionally required almodification of-the values used in
" a previous iteration of the modeling loop of Figure 2. For
our present purpose, it should suffice to point out two
important results of the assessment. The biggest difficulty
in energy supply, which is to be felt worldwide, will be to
meet the demand for liquid fuel. Further, by 2030, the
average final energy production costs will increase to about
2.9 to 4.2 times the 1972 wvalues (with the.corresponding
prices probably increasing to 2.4 to 3.0 times the 1972

prices) in the various world regions (Chant, 1980).
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5. Application of MEDEE-2 to ITASA Regions I to VI

5.1 Base Year Data/Inputs

As is evident from the description in Section 3, assess-
ment of future energy demand following the MEDEE-2 approach
requires base year data of a large number of parameters as
well as projected values of theserparameters that are consistent
with the basic scenario elements {Section 4) for each world
region. For some of these pa?ameters, statistical information
detailed by countries or by groups of countries is availabie
from UN, IBRD, FAQ, IRF, OECD, ECE, etc., while for others
the information is either limited to only a few countries
(mostly contained in naﬁional statistical bulletins) or is
not documented at all.

Overall, the data base situation is considerably more
satisfactory for the developed Regions I, II and III than it
is for the developing‘Regidns IV, V and VI. Therefore, in
the case of the developing regions more than of the developed
regions, we had to rely on extrapolation of regional averages
from information on just a few countries (sometimes only on
one) in a given region, or on estimates we made on the basis
of scattered material in the literature and from discussion
with knowledgeablé perscns from countries in these regions.

In spite of these difficulties, we feel that the base
year data for all the regions represent fairly well the
regional average situations prevailing in 1975. One should
keep in mind, however, that the purpose of this exercise was
to conceptualize the present energy demand pattern in each

world region and to arrive at projections of the demands for



17.

specific and intersubstitutable energy forms. This was
achieved considering the likely evolution of various socio-
economic activities in line with the basic assumptions of
the two IIASA scenarios. This report documents the complete
set of input data for the base year (1975) for each world
region as it was used in the IIASA analysis (Energy Systems
Program Group, 1981). It is hoped that some of these data
will be refined in due course, within IIASA or in similar
studies outside the Institute, as imprdved and/or more
complete information becomes available. With these comments
we now proceed to describe briefly how the base year data
related to various groups of parameters were obtained.

The starting point for this exercise was to determine
primary energy consumption in the fofm of both commercial
and noncommercial fuels. These daté are listed in Table 5.
The data on commercial energy consumption in Regions II,

IV, V and VI are based on World Energy Supplies (UN, 1977a;
1978a), and those of Regions I and III are derived basically
from OECD Energy Statistics (OECD, 1977). For noncommercial
energy, the data on fuelwood are based on World Energy
Supplies (UN, 1977a; 1978a), and those for agricultural and
animal wastes on the estimates by Parikh (1978) coupled with
information on agricultural production given in FAO (1977).
The ncncommerciél energy use in Regions I and III, as
compared to the use of commercial fuels, is insignificantly

small and has been neglected.
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The MEDEE~2 calculations lead to only final energy and
not to primary energy. Thus, for adjusting the various
base year parameters to match the actua} energy consumption,
one needs to know the final consumption in terms of electricity
as well as in nonelectric energy forms. Such information
is readily available for Region I, for most of Region IITI and .
for part of Region II (Eastern EuroPej in OECD (1977) and
ECE (1977). The missing informdation on these and other
regions_is obtained by assuming appropriate conversion
(primary to secondary) and distribution (secondary to final)
losses typical of different fuels, as well as an appro#fiate
fuel mix for thermal electricity (and, in the case of |
Region II, district heat) generation in the various regions.
The final energy estimates for the base year are listed
in Table 6.

Information on the sectoral distribution of final
energy in Region I, in the Eastefn Eurcpean part of
Region II, and in the OECD section of Region III is also
available in OECD (1977) and ECE (1977). Similar information
on the de&eloping regions is derived partly from sectoral
primarf energy consumption data for certain countries
{(Brazil, Mexico, India, Pakistan, Egypt, Saudi Arabia)
(Vieira, 1978; WAES, 1976; Parikh, 1976; Henderson, 1975;
Pakistan, 1977; Elshafei, 1978; Saudi Arabia, 1977) and partly
by adjusting the less certain MEDEE-2 parameters to match the

total final energy demand*. These estimates are summarized in Table 7

- %A recent publication by OECD (1979b} giving information on energy
consumption data for sectoral activities in sixteen developing

countries was not available at the time of the assessment.
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In the following, the base year input parameters (see
Appendix II for definitions) for MEDEE-2 are discussed by
groups covering: (1) demography, (2) macroeconomics, and
(3) energy consumption by the industry, transportation and
household/service sectors. They are listed in Table 8, and
the corresponding sources of information are given below.

In order to obtain the appropriate regional values, additional

calculations and/or extrapolations were necessary in most cases.

5.1.1 Demography: (parameters in Group 1 of Table 8)

The sources of information for the various parameters

were as follow:

Variable Reference

PO : UN {(1977b; 1978b)

PLF «+ UN (1976a)

PARTLF : US (1976a) and Canada (1975) for Region I
CMEA (1976) for Region II
ILO (1976) for Region III

_ FAO (1977) for Regions IV, V, VI

POLC : UN (1976b) for Regiomns IV,V,VI; Paxton (1976)
Regions I and III; CMEA (1976) for Region II

PRUR : UN (1976b}

CAPH : ECE (1978a) for Regions I, II, III

UN (1974) for Regions IV, V, VI

5.1.2 Macroceconomics (parameters in Group 2 of Table 8)

The sources of data were the following:

fo
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Variables Reference

Y : UN (1977c¢c),World Bank (1%77),
OECD (1979%a)

All other data + UN (1977b) for Regions I, II, I1IT
UN (1977c) and data supplied by
Arab Fund (1979) for Regions IV,

V¥ and VI

5.1.3 Energy Consumption in Sectors

I. Industry (Agriculturé, Construction, Mining and

Manufacturing)
(i) Parameters in Groups 3.1a and 3.1b in Table 8.

The data for Region I are based on estimates for the U.S.
made by Lapillonne (1978b) who used the informati&n given in
WAES (1976) and Doblin (1878). The values estimated for
Region III are based on the data for Austria (Foell, 1979),
France (Lapillonne, 1978c} and the U.S. The estimates for
Region IT were made partly on the basis of data contained in
Vigdorchik (1976) and USSR (1976) and partly by intercomparison
with Regions I and III. For Regions IV and V, the wvalues
were in general derived by combining the sectoral energy
consumption data of a few countries (viz. of Brazil (Vieira,
1978) for Region IV, and of India (Parikh, 1976) and Pakistan
(1977) for Region V) for recent years and the corresponding
value~added contributions to respective national GDPs (UN,
1977¢). The data for Region VI were estimafed by adjusting
the values cbtained for Egypt from the energy consumption data

given by Elshafei (1978) in the light of those for Regions IV and V.
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The energy intensity values for agriculﬁure (EI. AGR. MF
and EI. AGR. EL) in Regions IV, V and VI, were also adjusted
taking into account the extent of farm mechanization and
irrigation (FAO, 1977) in these regions. The energy intensity
of mining in Region VI was estimated from the data given by |

Chapman and Hemming (1976) and Saudi Arabia (1977).
(ii) Parameters in Group 3.1¢ and 3.1d4 in Table 8

These parameters are used to'project future changes in
energy intensity of various industrial activities relative
to the base-year values. Each of the parameters is by definition

equal to unity in the base year.
(iii} Parameters in Group 3.1e in Table 8

At the time the present set ¢of model runs was carried out,
detailed information on these parameters was available to us
only for the U.5. (APS, 1975; Lovins, 1977), but we had some
partial information on the USSR (Vigdorchik, 1976)}. This is
the basic information used for the estimates of these parameters
in all regions, although some adjustments were made to account
for the different climatic conditions in the regions. Detailed
information recently published for the U.K. in (Leach, 1979)
indicates slightly higher values for STSHI and STI, but the

differences are not significant for the preséﬁt results.
(iv) Parameters in Group 3.1f in Table 8

Among these parameters, relating to the penetration of
alternative energy sources into the thermal energy market,

ELPIND is by definition zero for the base year.

-



22.

HPI, SPLT. and SPHT are zero in 1975 in all regions, and consequent-
1y EFFHPI and FIDS are ineffective. IDH ﬁas a large value for

Region II (Vigdorchik, 1976), but was considered negligible for

other regions. ICOGEN applies, as a significant bése year para-

meter, to Region IiI only where cogeneration is used appreciably

in certain countries (in particular UK, FRG, Sweden). EFFCO

and HELRAT are significant only when ICOGEN has a non-zero value.

The listed values for these parameters are based on Leach(1979).

EFFIND represents the average value of the fossil fuel effici-

ency for -all fossil fuels (oil, gas, coal) and all thermal pro-

cesses (low temperature heat, steam, furnace heat). It is difficult

to specify a regional value of this parameter as the combustion
efficiencies of gas, oil and coal differ greatly among each other
and since the shares 6f these socurces vary between countriés.

EFFIND, therefore, is largely of indicagive value. The fossil fuel
efficiency values in the literature(e.g., Eurostat, 1978; Beschinsky
and Kogan, ]976),ex§ressed relative to the efficiency of electricity,
vary between 30-80% for the developed regions; they are in the lower
range for high-temperature processes and in the upper-range for low-
temperature processes. The values are generally expected to be lower
the developing regions, where the equipment is not the most modern
and is also often not well maintained. The efficiency would be

the lowest in Region V, where c¢oal is still used in large pro-
portions. The values listed for EFFIND in Table 8 were estimated

(and, if necessary, adjusted) in the light of the above consideration.
(v) Parameters in Groups 3.1g and 3.1h in Table 8

As indicated in Appendix II, the parameters of Group 3.1g

are the fixed coefficiencies C(1) and C(2) of the expressions

" fe

C (1) + C (2) x X relating the guantitative production of petrochemical
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feedstocks (based on liquid fuel onlyi and steel to the value-
added contribution of the basic materials industries in each
region. In principle, thes? coefficients can be determined on
the basis of the actial production data over the last few years, if
in the scenarios the past trends ére assumed to continue.
Alternatively, one could define the coefficients independently
of the past data and only adjust them to the base=year production
values. '

In the present set of MEDEE-2 runs, CFEED(1) is assumed
to be zero in all the regions except for Regions II and VI, and
CFEED(2) was determined solely on the basis of the 1975 wvalues.
For Regions II and VI, the coefficients were fixéd in a similar
manner: +they were assumed to constitute an increasihg pro-
portion of the petrochemical component in the value added of
basic material industries of Region II and a declining proportion
in Region VI. Coefficients CPST{1) and CPST(2) were determined
likewise for all regions, except for Region II, by assuming
CPST(1) to be zero. For Region II, the two coefficients were
adjusted to the base-year data under the assumption that the
proportion of the steel-making component of the basic material
industries decreases with time. The base-year productions
of liquid fuel-based petrochemical feedstocks and of steel
in the various regions were estimated basically from the data

given by the following sources:

Feedstocks - QECD (1977) for Regions I, III
Production UN (1977a; 1978a) for other regions
Steel f UN (1977b) for Regions I, 1I, III
Production UN (1975; 19774} for Regions IV, V, VI

The parameter IRONST was estimated for all the regions from

tHe data on pig~iron and steel production (UN, 1975; 1977b; 1977d).
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The EICOK and BOF estimates for Regions I and III are based on

the data for the U.S. and Japan (Doernberg, 1977) and France
(Lapillonne, 1978c¢). For Region IT, such estimates were obtained
by comparison with the values for Regions I and III and taking
into account the coke production data given in (UN, 1977b) . For
Regions IV, Vv and VI, BOF was assumed to be unity in 1975, whereas
the estimates for EICOK were based essentially on the data on
pig-iron production and coke consumpfion of a few countries

(UN, 1975;'197§d; Vieira, 1978; Parikh, 1976; Elshafei, 1978)}.

II. Transportation

(i) (Parameters in Group 3.2a in Table 8)

The coefficients CTKFRT(1) and CTKFRT(2) for Region I have
been taken to be the same as were derived by Lapillonne (1978b)
for the U;S., on the basis of the historical data for 1950-1975
(U;S.-1976a,b). For Region II, these coefficients were estimated
by assuming a slower growth of freight transportation activity
in relation to the growth of value-added from the nonservice
sectors and by adjusting them to match the base-~year data on
freight transportation (CMEA, 1976) and GDP formation. For
Regions III, IV, V and VI, CTKFRT(1) was assumed to be zero; the
values of CTKFRT(2) were worked out on the basis of estimated
total freight transportation activity in 1975 in each region
and the corresponding'GDP formation data. Freight transportation
on trains is given in detail in (UN, 1977b). Information on
freight transportation by truck, barge and pipeline for several
countries in each region was gathered from various national

statistics and other sources, in particular IRF (1976), WAES (1976},
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Eurcpa (1978) ana WFB (1974). This information served to estimate
the total freight transportation activity in groups of countries
in each region, the latter values were then extrapolated to the
regional level by GDP weighting. Often, datﬁ on freight transpor-
tation were not given in ton-km but had to be estimated from
information on total tons transported, number of vehicles,
vehicle-km, average distance travelled per vehicle, lenghts and
diameters of pipelines, etc.

Coefficients CMISMF(1) and CMISMF(2) refer to motor fuel
consumption for miscellaneous transportation activities including
military and international transportation. 1In MEDEE—Z, these
activities are assumed to vary linearly with GDP. Déta necessary
for estimating these coefficients are generally not available
except for the U.S. in Region I. The coefficients for Region I
used here are based on the estimates made by Lapillonne (1378b)
and are in agreement with the information given in WAES (1976).
For cother market economy regions, CMISMF (1) is assumed.to bg
zZero, as for Region I, and the valués of CMISMF(Z) have been
chosen in the light of information on international travel/freight
transportation and keeping in view the expenditures (as fraction
of GDP) on military activities in different regions relative to
that in the United States (U.S., 1976a). For Region II, it is
assumed that the present per-capita level of motor fuel consumption
for these activities is comparable to that in Region I. It is
further assumed that the absolute demand for such activities will
grow_more slowly than GDP, in view of the relatively faster growth
of GDP expected for this region among the developed regions. We

realise that our input values of CMISMF(l) and CMISMF (2} for various
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regions are particularly uncertain, but this has been due to the

present limitations of data availability.
(ii ) (Parameters in Group 3.2b in Table 8)

These parameters refer to fractional shares of different
modes in total freight transportation. The parameters in paren-
theses represent certain subcategories of the preceding mode. The
values for these parameters were obtained simultaneously with those
of total freighf ton-km discussed earlier in connéction with the
CTKFR@ coefficient, and the same sources of data apply. Subcate-

~gory TRUL was not considered separately except for Region I.
(iii) (Parameters in Group 3.2¢ in Table 8)

The values of the first four of these parameters for Region
I are the same as those derived by Lapillonne (1978b) on the
basis of data given in U.S.(1976a), ATA (1975) and FEA(1974a).
Estimates of these parameters for Region III were obtained on the
basis of data given in WAES (1976). Goen(1975), Japan (1978),
CEC (1978) and Lapillonne (1978¢). The values chosen for Region II
are similar to those for Regibn I as the average distance per
freight movement is similar, ' The values used for Regions IV, V

and VI are identical with those for Region III.

Parameter DTRUL applies only to Region I, where local truck
movements are considered separately from long-distance hauls.
The value of parameter DPIP is baséd on information given in
ECE (1976). Energy consumption due to pipeline transportation
is significant only in Region VI, and was. neglected for other

regions.
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Not included in Group 3.2c are the efficiencies of electric
and steam-operated trains. These efficiencies were internally
fixed within the model as 1/3 and 3 times,respectively, the

efficiency cof diesel trains.
(iv} (Parameters in Groups 3.2d4 to 3.2g9 in Table 8)

The parameter values for Region I in these four groups
were obtained on the basis of data in U.S. (1976a), Hirst (197ta,b),
IEA (1976), ATA (1975), FEA (1974a), WAES (1976), Hittman (1974)
and are, in general, the same as were used for the U.S. study
in Lapillonne {(1978b). The information for Region III was derived
on the basis of Goen (1975), Japan (1978), WAES (1976), UN (l977b),
IRF (1976) and by comparison with the data for Region I. The
input data for Region II are based partly on UN (1977b), CMEA
(1¢76), USSR (1976), Styrikovich (1979) and partlf on intercompari-

son with Regions I and III.

For Regions IV, V and VI the main sources of information
were, in addition to a few national statistical publications,
UN (1977b), IRF (1976), Europa (1974), WFB (1974) and Arab Fund
(1979). Some of the information available was limited to a few
countries in each of the developing régions, and was extrapclated
to obtain representative regionai values also on the basis of
other parameters and under consideration of similarities between

countries or groups of countries.

For meost regions, except for Region I and partly Region III,
load factors and urban travel were estimated essentially on a
judgemental basis in consultation with some experts from various

regions. The load factors for the developing regions were chosen
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to correspond to trains and vehicles of similar average sizes

as are used in Region III. This was necessary in order to make
use of the vehicle efficiency data established for Region IIL

as the corresponding information for Regions IV, V and VI was not

readily available,

III. Households and Services (Parameters in Group 3.3a to

3.3e in Table 8)

Detailed information on the distribution of energy consump-
tion in the household and service sectors is generally scarce,
except for the U.S. and a few countries in Region III. Still, a
1arge-number'of parameters are needed to éonceptualize the patterns
of energy consumption in these sectors and to project the future
energy demand by assuming a plausible evolution of various acti-
vities in relation to the projected population and economic growth.
The values fof the parameters in Table 8, Group 3* are based on
available data wherever possible, on extrapolatiohs from the
data of certain countries, and on more general studies related

to energy consunmption in this field.

Specifically, the values of these pafameters for Region I
are based on the estimates made by Lapillonne (1978b) for the
U.S. on the basis of data given in U.S. (1976b), FEA (1974b),
SRI (1972), 8PP (1975), and Hirst and Jackson (1977}, Beller
(1975), WAES (1976), Salter (1976), and on additional data

given for Canada in WAES (1976). The corresponding estimates

*except for subgroup 3.3c, which is only relevant for the prejec-

tions.
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for Region III were made by extrapolation from the information

in some Region III countries given in CEC (1978), Lapillonne (1978c),
WAES-(19765, Foell (1979), and by comparison with the values found
for Region I -- taking into account similarities and differenceé

in lifestyle and technology as described in various comparative
studies between the U.S. and Japan, the FRG, Sweden in Doernberg
(1977), Goen (1975) and Schipper and Lichtenberg (1976). For

Region II, some valueg were established from UN (1977b), ECE (1978a),
ECE (1978b), CMEA (1976), USSR (1976); others were derived by com-~
parison with Regiéns I and III and by cross-checking against the
useful energy balénce by process apd energy source given for the
USSR in Vigdorchik (1976), against the final energy consumption
statistics given ianCE (1977), Melentiev (1977) and Petro Studies
(1978), and agaiﬁst typical efficiencies as are given 1ln Eurcstat

(1978) and Beschinsky and Kogan (1376).

For the developing regions, our estimates were based on the
geographical locations of these regions, sizes of dwellings in
variqus countries (IBRD} 1976), scattered information on the
pattern of energy use in the domesﬁic sector and on the sectoral
distribution of energy consumption in various countries (e.g.
Makhijani and Poole 1975, Parikh 1978, McGranahan and Taylor
1977, WAES 1976, Vieira 1978, éarikh-1976, Henderson 1975, Revelle

1976, Pakistan 1977, Elshafei 1978)%*; discussions with persons from

these regions, and intercomparison with data for other regions.

*Some useful information is-also given in a recent publication

by Cecelski et al (1979).
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The values for DW-75 listed in Table 8 correspond to the
data on population (PO) and average household size (CAPH). The
value of CPLSER is determined on the basis of the value of
'"PYSER' and the fraction of labour force employed in the service
sector. Information on the share of the service sectof in the
labour force was derived from the data in IBRD {(1976), CMEA (1978),
and ILO (1976).

Parameter TAREA-75 corresponds to the service sector area
in 1975. For Regions I and III, it represents the area of
establishments related to trade and catering, business and
social and governmental services. For other regions, this defini-
tion was not applied due to the complete lack of data. Instead
the values used for this parameter are, in combination with those
of some other parameters, only a way to conceptualise the present

energy requirements of the service sector.

The parameters in Group 3¢ of Table 8 are intended exclu-
sively for projections and do not serve to describe the pattern

of energy consumption in the base year.

5.2, Detailed Scenario Projections

The projection of final energy demand in the two IIASA
scenarios is based on the formulation of detailed scenarios
describing plausible evolutions of'tﬁe variable parameters of
MEDEE-2 listed in Appendix II. There is no universally accepted
method for projecting the evolution of various socioceconcomic
indicators and related technological parameters over a period

of several decades. The econometric approach based on extra-
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polations from past trends usually works well for short-term
projection, but cannot be usefully applied over such long inter-
vals. Fifty years ié a short period in the history of mankind,
but a fairly long time when one considers that during such a
period in the coming years certain economies will, in all likeli=-

hood, change their status from developing countries to one of the

present-day developed countries, while some others may be forced
to reorientate substantially their economic structures and the
lifestyles of their populationé in the face of a growing scarcity
-of natural resources (including energy) and under tightening

anvironmental constraints.

In our opinion, the past trends, although useful as a general
guideliﬁe, cannot be relied upon heavily for making medium~ to
long-term pfojections in a rapidly changing world situation. This
goes notwithstanding the fact that there is an acute shortage of
disaggregated relevant data; sufficiently detailed data are
available only for a few countries (mostly developed) and, even
then, such data have been compiled only in recent years. The
_approach followed here is, therefore, one of scenario assumptions,
developed on the basis of judgements guided by past trends,
interregional and interéountry comparisons whenever appropriate,
estimated relationships reflecting the interdependence between
various economic and social activities, and estimated prospects
of technological developments. Of course, these scenario assump-
tions and the resulting sectoral and subsectoral energy demand
projections are not deterministic; they should simply be éonsid—
ered as guidelines for understanding the nature of future energy

demand.
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The detailed scenario assumptions to be described in

this section are the final set of MEDEE-2 inputs we arrived at
after goingfthrough the iterations of the IIASA modelling loop
described earlier (see Section 1). In the final stages of these
iterations, the eﬁergy demand (total as well as for some broad
sectors, such as transportation, household, agriculture and
industry) was also analysed (Chant 1980) in terms of the elasti-
cities implied'(energy price elasticity, income elasticity,
elasticity of substitution) to insure consistency of the aggre-

gate results.

The values of variable scenario parameters of MEDEE-2 used
in the present assessment are listed for the years 2000 and 2030,
along with those for 1975, in Tables 9.1-9.3. The parameters
are presented in several groups to help understand the agsuﬁed
variations of somewhat similar parameters within each region
and also to allow interregional comparisons. (Although the
values for the interﬁediate years 1985 and 2015 were also speci-
fied iﬁ thé actual model runs, these are not listed here for the
sake of brevity). In the following paragraphg we will make some
general comments abouﬁ the'c§nsiderations underlying the assign-
ment of specific values to the parameters in these different

groups.

5.2.1 Demography (Table 9.1)

The parameter projections in this group are based on Keyfitz
(1977) and on extrapolation of past trends and the available UN

projections for the next 10 to 25 years (UN 1974, 1976b).
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5.2.2 Macroeconomics (Table 9.2)

In order to project the GDP formation structure and the
composition of the value added by manufacturing industries for
the developing regions (IV, V, VI}, we have sought guidance
from the observed evolution patterns in the historical data
(covering the period 1960~1975) for a number of individual
countries and groups of countries at different stages of develop-
ment (see UN 1977b,c), from the apalysis of past data (for 1950~
1370) for several countries made by Chenery and Syrquin (13875},

and from the short-term development plans of a few countries.

The main features of the assumptions made concerning GDP
formation in these regions are the following: the share of
agriculture decreases while still allowing a slow gradual improve-
ment in per capita agricultural GDP withrincreasing per-capita
total GDP; the share of manufacturing increases with the increase
being relatively higher in the High Scenaric than in the Low
Scenario; and the service sector share increases in Regions V
and VI (where it was guite low in the base year), but decreases
slightly in Region IV. The mining sector contributes only 2%-3%
to the GDP of Region IV and V all along, whereaé its share in the
GDP of Region VI is projected to decrease from 51% in 1975 to
9% in the High scenario and about 18% in the Low scenario by
2030. The value added by the mining sector in this region is
mainly governed by the oil and gas.extraction activities; it
has been adjusted accordingly in each scenario to correspond to
the envisaged production rate necessary for meeting both the

domestic consumption and the export demand. It is also assumed
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that Region VI will undergc major industrialisation within the

next 10-25 years with the help of its oil revenues. With respect
to the composition of the manufacturing industries, oﬁr projections
are based on the hypothesis that the countries at a low level of
industrial development have a high share of consumer goods
industries, but as the industrial infrastructure develops more
emphasis is placed first on expanding the basic material

and later on promoting the sophisticated machinery and equipment
industries. ‘This hypothesis is based on the observed pattern of
manufacturing activities in various countries at different .

stages of development.

The 'situation is different in the developed Regions I and
III. There the GDP formatioh structure, as it appears on the
aggregated level considered in MEDEE-2, remained practically.
unchanged during the pefiod 1960-1975, whereas in Region II the
only significant change in this periocd was a decline of the agri-
cultural share* from 32% to 15% and an increase in the industry

(mining, manufacturing and.energy sectors) share from 41% to 57%.

*These shares are based on values of GDP which do not include
nonproductive services, e.g., social and administrative services.
If the contribution of such nonproductive services is also in-
cluded in GDP the shares of sectors will be somewhat different.

It was estimated that the inclusion of nonproductive services in
GDP of 1975 would lower the shares of agriculture and manufacturing
by a factor of 1.35, i.e. to 1ll% and 38%, respectively. These
numbers can be compared to the GDP shares in market economy

regions.
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The shifts in the structure of GDP formation assumed in the
light of a retarding overall economic growth can be gualitatively
described as follows: For Region I, the service sector share is
assumed to increase slightly and the manufacturing share is
assumed to decrease roughly by the same amount (the change is
insignificant in the Low scenario); GDP formation structures
assumed for Regions II and III gradually shift toward the pattérn
of Region I as these regions proceed to a higher level of economic
development. All three regions are assumed to give higher emphaéis
to the development of machinery and equipment industries than to
the basic materials and consumer goods industries. Only minor
shifts are assumed in the GDP shares ¢of construction and energy
sectors in all the regions. The share of agriqulture in GDP is
assumed to decrease in all three regions in line with past trends;
however, this decrease 'is large only in the case of Region II,
whose share was large in the base year and which is projected
to have a higher overall economic growth in each scenaric than

either of the two other developed regions.

5.2.3 Energy Consumption in Sectors

I. Industry (Table 9.3.1)

We have assumed that there will not be any significant changes
in the energy intensity of agriculture and construction in the
developed Regions I and III. This is because it was difficult
to estimate the net effect of two oppositely acting factors:
the likely improvements in the efficiencies of equipment used in
these sectors, and a probable further, albeit small, increase in

the mechanisation of such activities. In Region II, the energy
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intensity of agriculture and construction activities are assumed

to decrease slightly, given a sometimes inefficient use of the
relatively heavy equipment employed at present. Over the‘long

run, therefore, efficiency improvements are expected to more than
counterbalance the effect_df increasing mechanisation. As the
mining sector in Regions I, II and III is not considered separately
but as part of the manufacturing and energy sector activities

its energy intensity is not given explicitly.

At the present time, agricultural activities in all the
developing regions are largely carried out using traditional
methods based on human and animal labour. More or less the same
is true for construction and_nonﬁetroleum mining activities, at
least in the countries of Regions V- and VI. One may expect
increasing mechanisation of such activities with further develop-
ment and a correspondingly greater demand for quality and quantity
of seqtoral products. In the case of agriculture, for example,
considerable and rather rapid mechanisation is necessary in order
to obtain higher outputs from the limited resources of arable
land supplying a rapidly growing population with more and better
food. The projected changes in energy intensity are based on
our estimates of the energy requirements of field equipment
(tractors and other appliances) and of jirrigation water-pumping
units, under the assumption that by 2030 agricultural activities
in the developing regions will be mechanised to an extent compar-
able to the present level of mechaﬁisation of the developed
countries. Mechanisation is also assumed to increase in the con-
struction activities in Regions V and VI, but to relatively lower

levels than those found in the developed regions. As for the
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mining sector, the changes assumed take into account differences
in the nature of mining activities and in the working condi-
tions in the various regions, and reflect a likely future

improvement.

It may be mentioned here that there are considerable un-
certainties in the base year data of'energy intensity of agri-
culture, construction aﬁd mining activities of almost all regions,
both developed and developing. The assumed changes in the energy
intensity of these séctors should, therefore, be considered

as gualitative indicators of a likely trend.

MEDEE-2 coﬁsiders manufactufing activities by only three
broad categories: basic materials industries, machinery and
equipment industries, and consumer goods {nondurable) industries.
Each category covers the manufacturing of a variety of products
so that its composition is not uniform for all the regions; and
even within a single region the composition cannot be assumed
to remain constant all the time. The energy intensity of each
category is thus affected by qhanges in composition as well as
by changes and improvements in technology. The parameters of
group 3.1ld in Table 9.3.1 are intended to project the changes in

energy intensity of each category covering both the above aspects.

The data on energy consumption of various manufacturing
industries in different countries over the last 15-20 years
(e.g. for U.S., France, F.R.G., Austria, see Doblin (1978),
Lapillonne (1978c), Schaefer et al. (1977), Foell (1979)) reveal
a gradual reduction in energy intensity over time. This is,

in general, due to a reduction in the use of fossil fuels (per
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unit of output), while the specific use of electricity (per unit

of output) by most of the industries has actually been increasing.

The past increases in the use of electricity in the above
countries were generally due to increasing automation. As auto-
mation in the developed regions has already reached .a high level
and as, different from the past decades, electricity prices are
expected to rise in the coming years, it is assumed that the-use
of electricity (per unit of output) for specific purposes will
also decrease in the future, although not as fast as the use of
fossil fuels. For the developing regions, where automation is
expected to continue to climb, the energy intensity of manufacturing
activities with reSpect to specific uses of electricity is assumed

constant.

The projeéted changes in energy intensity of manufacturing
activities in various regions are based, in general, con considera-
tions of the present status of the techneclegy in each region, |
rates of increase in industrialisation (high growth allows more
rapid incorporation of new technologies) and the prospects of

technological improvement in line with past trends.

Thermal energy requirements of industry are, ?t present,
normally met by direct use of fossil fuels (coal, oil, gas).
The only exception is Region II, where a large fraction of the
industrial steam demand is supplied by district heat systems
based on both c¢ogeneration plants and large boilers. This develop-
ment has been due to central planning and considerable
concentration of industry into just a féw industrial centers.

Application of such district heat systems in Region II is expected
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to grow further, because of the eccnomic use of low-grade fuels

in such systems.. Other regions are also expected'to employ such
centralised heat supply systems to some extent, even though

their industries are relatively more widely scattered. Similarly,
the decentralised use of cogeneration systems in industrial plants
is expected to increase in Region IIT and to be applied in other
regions. Other energy saving technologies, such as soft solar
devices and {(electric) heat‘puhps, are practically not in use

now in any regicn; they, too, are expected to be applied more
heavily as'the.capital cost of such systems redﬁces with_R&D

and mass production. Electricity use for thermal processes is
assumed to increase only modestly above present;day levels; al-
though it is a very clean, efficient and easy—to-haﬁdle form of
enerqgy, the high losses incurred in the converéion from primary
fuels to secondary energy would be in conflict with'the need to
conserve primary fuels. Despite the penetration of alternative
energy sources assumed, a large share of the thermal energy for
industry will have to come from the direct use of fossil fuels
even by 2030, so that improvements in efficiency of fossil

fuel appear mandatory. Some such imérovements have been assumed

to materialise in line with past trends.

The present use of coke per ton of pig-iron produced varies
considerably from country to country. So far, the lowest consump-
tion was achieved by the Japanese steel industry where the con-
sumption decreased to about 390 kg per ton of pig-iron in 1972
(see Doernberg, 1977). However, after the oil crisis, coke con-
sumption in Japan again increased as fuel o0il injections were
lowered; in 1975 the consumption was 440 kg per ton of pig-iron.

Despite this short-term reversal in the trend of the Japanese
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steel industry, we have assumed that future technological
improvement will permit reduction in coke use to about 400 kg
per ton of pig-iron in the various world regions. The changes
assumed for other parameters related to steel production are
based on discussions with technclogists and on intgrregional

comparison.

II. Transportation (Table 9.3.2)

The evqlution of the modes of freight transportation assumed
to occur in the various regions is based on consideration of
past trends, regiocnal characteristics, interregional comparison,
existing infrastructure and relative costs of expanding road or
railway networks as well as need to promote less energy intensive
.modes of transportation in the future. These essentially judg-
mental projections were developed in the light of the above con-
siderations. WNo change has been addumed (except for Region II)
in the energy intensiveness of various freight transportation
modes. This does not mean that efficiency imprbvements will not
Qccur but thaﬁ theif effect will largely be counterbalanced by
lﬁwer capacity utilization resulting from the need of quicker

service.

Data for passenger transportation in the U.S., covering the
period 1950-1974 (U.S. 1976a), indicates that the total distance
travelled per person and per year has been increasing somewhat
faster than the increase in per-capita private consumption
expenditure. Such a rapid increase has apparently been due to
the greater number of cars and the rapid expansion of air travel

in recent years. With car ownership practically saturated,



40.

any further increase in the average distance travelled per person
and per year will mainly depend on a fu;ther increase in air
travel. This 1is é shift away from the past trend and towards a
gradual development of saturation effects in pergonal travel in
this region. 1In Regions II and III as well as in the developing
regions, car ownership is still far from saturation and air travel
is low; both of them are expected to expand in the future, resulting
in a high growth of passenger transportation activity. However,
some saturation effects in Region ITI may become apparent towards
the end of the study period. The past U.S. trend has been taken
as a general guideline for projecting passenger travel in the
developed Regions II énd IIT, although some adjustments were
necessary in view of the differences in travel distances, settle-
ment patterns, and other local conditions. As for the developing
countries, intercity travel (parameter DI} is assumed to increase
roughly in proportion to the per-capita private consumption ex-—
penditure. The relative increase in urban travel is assumed to

be lower than that in intercity travel for all the regions, except
for Region III where the current trend of suburban expansion is

expected to continue.

Among the parameters related to car travel (Group 3.2e), car

. ownership (i.e., the iﬁverse of parameter CO) is assumed to
increase in the developing regions in proportion to both GDP/capita
and the fraction of population living in urban areas. Relatively
lower growth rates of car ownership are assumed for the developed
regions where saturation effécts are expected to play a varying
‘role. The share of cars in urban travel is assumed to decrease

or remain constant in” the developed regions due to the promotion
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of mass transit systems. In the deveioping regions, the increase

in car ownership would fayour @ heavier use of cars for urban
travel, but road congestion in the overcrowded cities would have

the opposite effect. Thus a significant increase in the use of

cars for urban travel is assuﬁed only for Region VI, where enough
rescurces are available to modernise the road network. Load factors
of cars are expected to decrease with increasing car ownership
almost everywhere, particularly in the developing regions. Some

use of electric cars for urban travel, to varying extents in

different regions, is also envisaged in the future.

The scenario assumptions about various modés of intercity and
urban travel (Groups 3.2e and 3.2f) are based on considerations
similar to those discussed in connection with modes of freight
transportation. Additional factors, such as personal convenience,

- flexibility, and speed of travel were also accounted for by the

mass transit modes chosen and the share of airplanes in intercity
travel is assumed to increase everywhere. The share of intercity
buses, on the other hand, is expected tc decrease in all regions
except in Region II. The load factors of mass transit modes

(except for airplanes) are assumed to remain constant in Regions I
and III, where they are already quite low. In all the other regions,
they are assumed to decrease from the present, high, level to
relatively more comfortable standards as the service will cer-

tainly be improved with further development in these regions.

The specific energy consumption of cars is expected to go
down in all the regions, due to rising gasoline prices and the
initiation (or contemplation) of fuel economy standards in

several countries. The assumed drop in future fuel consumption

-
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is mest strongly pronounced in Region I, whose present automobile
fuel consumption 1s very high, compared to that in other regions.
Significant reductions in the energy intensity of airplanes are
also expectéd in Regions I and II, in view of the importance

of domestic alr travel in these regions. Some such reductions

in other regions, though probable, have not been taken intc account,
since the share of air travel in intercity travel in Regions III
through VI is much smaller than in Regions I and II. The specific
energy consumption of other passenger transport modes in Regions

I and III and the respective load factors were held constant in
the present assessment. Actually, one should expect vehicle
efficiencies to improve and the load factors to decline further;
since the two effects would thus partly balance each other they
were not considered separately. In the develdping regicns a trend
towards larger vehicles was assumed to offset improvements in
vehicle efficiencies. 1In Region II, improvements in these modes
were considered after discussions with experts from this region,
where reliance on mass transit and trains in particular, counts

more heavily than in the other regions.

III. Households and Services (Table 92.3.3)

As was mentioned in Part III of Section 5.1.3, a large
number of parameters are used in MEDEE-2 to conceptualise the
likely evolution of energy consumption associated with various
activities in the household/service sector. The scenario assump-
tions concerning the changes in the values of the various para-
meters in 2000 and 2030 in relation to those in 1975 are detailed
in Table 9.3.3 for both the High and the Low scenarios. Some

general considerations underlying these assumptions and largely
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applicable to all the regions are:

(i) a contihued trend towards a relatively more comfortable living
(e.g. by larger houses, more centrally heated dwellings, more
air-conditioning, a larger ‘use of hot water, additional electrical
appliances in households, etc.) and provision of better amenities
in the service sector (viz through increased supply of space/water
heating, air-conditioning, lightihg and electrical equipment) with

increasing levels of GDP/cap;

(ii) increasing shares of electricity with time (and affluence)
in the provision of thermal energy requirementg (cocking, space/
water heating) of households and services, in line with past

trends:

(iii) 1increasing emphasis on improved insulation of buildings
(both new and old) in regions where space heating is an impor-

tant energy consuming activity;

(iv) gradual introduction of soft solar devices for space and
water heating in both households and service sector buildings

leading to a considerable buildup by 2030;

(v) some improvement in the fossil fuel efficiencies of variocus
thermal devices and, in addition, gradual introduction of heat
pumps in places where electricity is to be used for supplying

thermal energy;

(vi) introduction or increased use of district heat in regions
where settlement patterns and energy requireménts favour district

heating systems;



44,

(vii) saturation of energy requirements of certain activities,
e.g. of cooking energy per dwelling, or of useful thermal energy

per m2 of floor area under given climatic conditions.

Although regional charactéristics, such as climatic condi-
tions, people's cookiﬁg and living habits, construction styles
of buildings, etc., have to be taken into account in projecting
the likely evolution of various parameters, considerable insight,
at least in respect of regions at lower levels of GDP/cap, may
be obtained by comparing the base-year data (or estimated base
year values of various parameters) of different regions at var-
'~ ious stages of development. Our projections of scenario para-

meters draw heavily upon such interregional comparisons.

Noncommercial fuels play an important role in meeting the
household energy requirements of the developing regions, partic-
pularly of Regions IV and V. (Among the developed regions, only
ARegionII has a significant contribution of noncommercial fuels.)
Although the use of such fuels, particularly that of firewood
obtained by indiscriminate cutting of forests, has been increas-
ing in the developing regions in the recent past, we helieve that
measures will soon be adopted to check the deforestation problem
in these regions. BAccordingly, it has been assumed that the use
of noncommercial fuels in the various regions (including Region II)
will not be significantly different in 2000 and 2030 from what it
was in 1975. However, the efficiency in using such fuels is
assumed to increase in the developing regions by as much as a
factor of 2, due to the introduction of better stoves and other

devices in rural areas.
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5.3 Projected Final Energy Demand

This section is devoted to the salient features of the
final energy demand projected for the years 2000 and 2030 in the
-various world regions, resulting from the detailed scenario
assumptions spelled ocut in Tables 9.1-9.3 and briefly reviewed

in the preceding section.

The evolution of final energy deﬁand in Regions I through VI
in the High and the Low scenarios is shown in the projections
in Table 10, also incorporating the share of electriéity in
final energy demand. It is worth noting that the demand for
final energy rises much more rapidly in the developing regions
than in the developed regions. In the High scenario, 1975-2030,
the demand is projected to increase by factors of 10.6 to 14.9
for the developing regions (IV, V, VvI) but by factors of only
2.0 to 3.2 for the developed regions (I, II, III). The cofresponding
increases in the Low scenario are by factors of 6.6~7.9 and 1.4F2.3,
respectively. Among the developing regions, the highest increase
in final energy consumption in both the scenarios is projected to
occur in Region VI, which had also been assigned higher economic
growth (relative to the 1975 level) than Regions IV and V (see
Table 3). Similarly, Region II among the developed regions -
which was assigned the highest relative increases in economic
development in the basic scenario definitions of Table 3 -~ is
the region projected to have the largest increases in final energy

consumption as is shown in Table 1l0.

The share of electricity in final energy is projected to

grow in all the world regions in both scenarios, reaching, by

2030, levels of 20-23% in therdeveloped regions (from 10-13%
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own the body of knowledge essential for independent decision.

An enlightened development planner would recognize the existence
of these factors as a part of the actual framework in which ob-
jectives can be accomplished, and in doing so will be able to
envisage an appropriate strategy.

But some of the constraints are endogenous, they belong to
what can be called the capability of society to recognize internal
shortages. We have mentioned above the sciéhtific—technological
infrastructure, a wide concept that involves complex interrelated
systems: 1literacy and education; basic and applied, public and
private R&D; public and private management ability; promotion of
inventive and innovative activities. Besides, capacity of control
of each system and coordination of all, which means existence of
bodies of knowledge at the academic, private and official levels.

The constraint imposed by the lack .gr weakness of such an
infrastructure grows in pace with economic growth and the
resultant structural changeé. If we could envisage that the
process of national development occurs in stages [14] perhaps
the last stage necessary is the one in which society becomes
conscious of its true capability of realization and finally could
use this knowledge to select the most convenient, self-
reliant way for future action. This stage is characterized, in
our view, by the formation and coordination of institutions of
two types: one conforming to the. scientifiec-technological infra-
structure, the other relating the former to the objectives of
its society, permitting understanding and assessment of what
implementation is possible in the light of the existing capability.

Without such institutionalized bodies, it is hopeless to deal,
for instance, with the subject of technology transfer. How could
a primitive technical society make adequaﬁe decisions in this
field, which in the long term must affect forthcoming--and more
often than not irreversible--structural changes, if it is not
able to understand its own limitations? There are examples of
policy decisions taken to "modernize" through the indiscriminate
acceptance of advanced technology, without a previous evaluation
of society's capability of realization that have resulted in
more dependence and less self-reliance. The problem has been
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conceptualized by referring to "appropriate technologies" for

the development of LDCs: in our view, the level of appropriateness
is a measure of society's capability of realization, so what

is appropriate today could be harmful tomorrow.

In summary, the present framework for development is quali-
tatively and quantitatively different from the one within which the develop-
ment of today's industrialized countries took place. Its concerted
effect is one of cultural influence and guidance by example,
a mermaid's song leading into a promising future. Yet without
more attention being paid to the endogenous problems, self-reliant
development becomes utopian. . The consequence is that most develop=-
ing countries are eager to industrialize according to schemes
similar to those shown by current developed societies, compete
with each other for foreign technology and markets and, simulta-

neously, continue with their own arms race.

5.4 Past-Present Development Performance

We must have some quantitative notion of development
performance. In order toc deal with the subject, we need a yard-
stick. We have previously shown that the concept of development
is complex, a number of interrelated factors pertain to it. But
they cannot be measured by a single, universal indicator. The
secular behavior of world development has been only registered
through macroeconomic parameters, in particular GNP/cap. It is
true that'literacy and health indicators have been collected,
but little is known about their long-term behavior and their
correlation with economic development. Through the concomitant
effect of medical and communications progfess in relatively recent
times, some endemic diseases have been practically erradicated
in developing countries: this fortunate result has not changed
substantially their economic development patterns, though in
some cases have worsened the situation due to previously unex-
pected population growth. On the other hand, the index of literacy
only tells us how many can read, but very little about the re-

percussion on national product.

Different views have been reported by economists and social
scientistson the advantages and limitations of the current monetary
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"This is due to a considerable increase in freight

transportation, projected to grow with industrial output, as

well as to an expected increase in personal travel and a

reduction of average load factors. Among the developed regions
the relative shares of transportation and industrial activities
are markedly different in Regions I plus III (essentially OECD
countries) and Region II, mirroring the differing emphasis

on industrial activity and personal transportation in the two

types‘of economies.

I Energy Demand of Industries

Industrial energy use is a major portion of the total
consumption in every world region today; the scenario assumptions
do not lead to major departures from that. Energy as a féctor
of preoduction, as an “iﬁput" to productive output, is an
indispensable commodity--gualitatively different from the energy
used by households or that consumed in transportation activities.
Yet, despite its firm footing in virtually all of the world's
economies, industrial energy demand trends and possibilities
span an impressively wide range. The scenario assumptions of
Section 5.2.3 (see also Table 9.3.1) were based on considerations
of such trends and appropriate possibilities in the techno-

economic environment of the various world regions.

Manufacturing activities account for a lion's share of
the industrial energy consumption (see Takle 13). 1In 1975 the
share of manufacturing activities, including coke use'in the
‘steel industry and feedstock inputs to petrochemical industries,

out of total industrial energy consumption was 90 to 97% for
Regions I to V in spite of considerable differences in the com-

position of their economic structure. In Region VI this share
was relatively smaller--about 62%--due to the exceptionally low
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level of manufacturing activity and the dominance of oil and

gas production activity in the industrial sector of this region.
The scenario assumptions of changes in economic structure,
composition of manufacturing activities and technological
coefficients result in projections for the years 2000 and 2030
for which the share of manufacturing in the industrial energy

consumption varies between 76 and 90% in all world regions.

Table 14 lists the present and projected final energy
demand of the manufacturing sector in different world regions
| and also indiﬁates the shares of electricity and coke plus
feedstocks (essentially liquid fuel Eased, used in petrochemical
industries) in this demand. It is seen that the share of
electricity in manufacturing energy demand increases in all
regipns, reaching levels of 20-25% in 2030 as against 11-15%
-at the present time. The share of coke plus feedstocks also
increases in all the regions (except in Region VI where petro-
chemical feedstock production for export purposes is an important
activity at present) from about 13-28% in71975 to 20-33%
by 2030. Various factors are responsible for these changés.
Some of the more important ones are assumed to be the following:‘
i) a greater reduction in the energy intensity of manufacturing
activities with respect to useful thermal energy than
with respect to specific uses of electricity (e.g. motive
power, electrolysis, lighting), ii) penetration of
electricity in the useful thermal energy market. of the
manufacturing process, iii) a relatively small reduction
in the demand of coke per ton of pig-iron production in

the developed regions and iv) increasing importance of the
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basic materials industries in the manufacturing sectors of the

developing countries.

We will now look into the changes in energy intensity

of the manufacturing industries (excluding the use of coke in
steel industry and that of liquid fuels for feedstock production)
that result from our scenario assumptions of Table 9.3.1 and
indicate as to what extent the shifts assumed to occur in the
great variety of manufacturing activities in the world regions
are responsible for these changés. The requirements of energy
for a given mix of manufacturing activities can be reduced in
various ways: by incorporating better machinery and processes
(which reduces the energy intensity of these activities),
by increasing the shares of electricity, distriect heat and soft
wolaf energy in meeting the demand for thermal processes (which
reduces conversion losses), by making increased use of cogenera-
tion and heat pumés (which reduces the requirements of final
energy) and by improving the efficiency of fossil fuel con-
version to process heat (which also reduces conversion losses).
- Tables 15 and 16 recapitulate some of our previoulsy described
assumptions (sée Tables 9.2 and 9.3.1) for the year 2030,
according to the ﬁigh scenario, in aggregated and/or more
transparent form. The‘data for 1975 (column 1, Table 15) show-
considerable differences in the average useful energy intensity
of manufacturing activities in the various world regions.
These differences are partly due to different mixes of com-
ponent activities and partly due to differences in processes,

technologies and the extent of automation.
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These projections (Table 15) in general indicate a
greater potentiai for reduction of energy intensity in the
developed regions than in the develcoping regions. These re-
ductions -- which are in part due to structural changes in
manufacturing -- are especially large in Regions II and I, but
not so large in Region III where manufacturing activities have
already undergone considerable modernization. - Tﬁe largest‘
structural changes in the manufacturing sector are assumed
for the developing regions (see Table 2.2), where both thé most
energy-intensive basic materials industries and the least energy-
intensive machinery and equipment industries grow relatively
faster than the nondurable goods industries; this has a balancing

effect on the overall energy intensity of manufacturing.

As was mentiocned in Section 5.2.3, Part I, the penetration
of various more efficient energy forms as well as of cogenera-
tion and heat pumps in the industrial heat market was projected
in the light of regicnal differences in settlement patterns,
past practices, current technological trends, geographical
conditions, ete. All these technological changes essentially
aim at reducing ﬁﬁe demand of fossil fuels for industrial
process heat. Yet, in spite of our rather optimiétic assumptions
of Table 16, more than 80% of the industrial process heat require-
ments in all the regions except in Region II would still have
to be met by fossil fueis in 2030 in the High scenario (see
Table 17). Note again that improvemeﬁts in the average effi-
ciency of fossil fuel use of the order of 20% are also assumed

to be possible over the next 50 years (see Table 9.3.1, Group

3.1f), Table 17 lists the shares of various energy sources



52.

(fossil fuels, electricity, district heat, soft solar) in the
heat demand of manufacturing industries resulting from the

assumptions of the High scenario.

The overall effect of these technological developments,
better praétices and structural changes is a reduction in the
average final energy intensity of manufacturing activities
{excluding feedstocks and the use of coke in the steel industry)
by about 35 to 55% in the various world regions for the High
scenario, as is éhown.in Table 18;- The effects of stfuctural
changes are not Very large, as in Table 15, due-to the-high
sectoral aggregation. A larger reduction in final energy
intensity, as compared to that in useful energy intensity,
is due to higher final-to-useful energy conversicn efficiency,

assumed to improve by 20-30%.

At present, use of coke in the steel industry amounts to
2-11% of the final energy requirements of manufacturing activi-
ties in the various world regions. The consumption of coke per
ton of pig-iron produéed varies considerably from country to
country. Estimated regional averages for 1975 are between 500kg
in Region III (WE/JANZ)} and 1l000kg in Region VI (ME/NAf). The
scenario assumptions of Table 9.3.1, Group 3.1lh, imply reduc-
tion in coke consumption of 20-60% in the various world regions.
The share of coke for the steel industry in the jindustrial final
energy demand of the regions changes only slightly except for
Region II} over a period of 50 years and stays within a range
of 2-10% in both the High and the Low scenarios. In Region II,
this share would change from 11% in 1975 to about 4.5% in

2030.
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A few words are here in order about the share of agri-
culture in the industrial energy demand. Agriculture in
developing regions, based largely on traditional farming
practices, is currently far less energy intensive than that
in developed regions. According to the ecoﬁomic projections
of the scenarios (see Table 9.2), the agricultural GDP in
Regions IV, V and VI is expected to increase by a factor of
3.7 to 4.5 over the next 50 years; the expected increase would
'be 2.2 to 2.5 timesrin Regions I, II and III. The implications
of these projections in energy terms can be seen in the para-

ﬁeters of Table 19.

Consider arable land in developing regions. There is not
much potential for expanding arable land area in Regions Iv,
V and VI where the present per-capita availability of arable

land is about 0.34 ha compared to 0.62 ha in the developed Regions

I, II and III. If no significant new area is brought under
cultivation, the per capita arable land availability will de-
crease over the next 50 years to 0.14 ha in the developing

regions and to 0.46 ha in the developed regions.

The limiﬁs on arable land expansion imply that essential
agriculturél productivity improvements must come from increases
in the use of fertilizers, irrigation and farm mechanization.
But surface water is in short supply and precipitation is not
adeguate in most areas; increasing use will therefore have to

be made of underground water.

Taking these factors into account, the energy intensity

of agriculture (including mechanization and irrigation, but
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not including energy used to produce fertilizers) in Regions 1V,
V and VI was assumed to increase by a factor of 10 over the

next 50 years (see Table 9.3.1, Group 3.1lc). Thus by 2030 the
average energy intensity in these regions would be about thé
same (2.8 kWh/$VA) as the present average value for the de-
veloped regions. The final energy used in agriculturé would
increase for the High and Low scenarios by about 45 and 37 times
the 1975 level in the deveioping regions and by just 2.4.and 2.0
timeé in the develcped regions. The share of agricultural acti-
vities in industrial energy conéumption in 2030 is thus found

to lie in the range of 3 to 5% in all regions except V where

it amounts to 10% for the Higﬁ scenario and 15% for the. Low
scenario. (The shares in all the fegions in 1975 were in the

range of 1 to 4%.)

Energy needed for fertilizer production is counted in
this analysis in the basic maﬁerials manufacturing sector.
For Regions‘IV and V those sectors
are projected to increase in output by 2030 to about 10-20
times their 1975 levels. These increases should easily
encompass the energy demand for chemical fertilizer, which may

increase by a factor of 5~10 in the same period.

IT Energy Demand of Transpertation

Transportation activities take an appreciable share of
the total final energy (see Tabie 12). 1In 1975 this share was
about 20% in Regions IT and III, 30% in Regions I and V, and 40%
in Regions IV and VI; for the world as a whole, the share was

about 24%. Of course, the ways in which this energy is used
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(the mix of transport modes--cars, buses, trains, trucks, planes--
and the fuels used) vary considerably from country to country.
But the end result is usually a large share of eneréy use in

transport; and it has been growing.

The analysis feported here foresees some changes in this
picture--relatively slower growth in perscnal travel in devel-
oped regiéns (except for air travel) --moderately increased use
of public transportation for urban travel (a consegquence of
growing urban traffic congestion), and greater economies of
gasoline consumption {(see Table 9.3.2). These assumed changes
are due to relative price increases, changes in public percep-
tions about energy gvailability'(which may or may not be accom-

panied quickly by price changes),  .and government mandates.

The results are strikingly different in different parts

of the world, as is shown in Table 20. Region I (NA) evidences
the smallest relative increase in transportation energy use,
although the high mobility, great distances, and large (but

_ slowly shrinking) cars of the U.S. and Canada, keep the absolute
level of energy use high. Howevever, the share of passenger
travel in transportation activity declines considerably--from
about75% in 1975, to ﬂO-SOﬁ by 2030. 1In Regions II and IITI,
demand of energy for both passenger travel and freight trans-
portation continues to increase steadily with only minor changes
in the relative shares of these two activities in tétal trans-
portation energy. It may be poiﬁted out here that in Region
II (SU/EE), transportation energy use is currently low compared

to both NA and WE/JANZ, despite large distances. The main fact-
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ors for this contrast are the high share of rail in both
freight and passenger transportation, and the emphasis on
urban mass transit. Although a certain increase in car owner-
whip and attendant increase in energy use for personal trans-
pertation is envisaged in SU/EE, the total increase is not so
marked because in freight transportation no significant shift

towards trucks is expected.

In the developing Regions IV, V and VI, growth in trans-
port energy demand is significantly higher, owing to greater
freight transport accompanying growth in industrial and
agricultural oﬁtput,aﬁd to the fact that personal travel is
far from the saturation mark. Further, the share of passenger
travel in transportation energy demand increases in all devel-
oping regions, although the change is not as large in Region

IV (LA) as in the other two regions.

Table 20 also shows the share of electricity in transpor—
tation energy demand resulting from the scenario assumptions
of Table 9.3.2. 1In Regions I, IV, V and VI, this share incre-
ases from a very low level of 0.1-0.3% in 1975.t0 a modest
level of 1.0-1.5% by 2030. The same share in Region III would
increase from about 2% -in 1975 to 3-4% in 2030, whereas for
Region II, the projected increase over the same period, is

from an already high level of 4% to a still higher level of 9%.

Passenger Travel

Consider the relative levels of passenger transport activ-

ity around the world in 1975. Total passenger travel (inter-
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city plus urban) in North America in 1975 was some 4,100 bil-
lion passenger-kilometers (population 237 million); in Region
II it was 1,700 (population 363 million); in Region III over
5,000 (population 560 million). The total activity for devel-
oping Regions IV, V and VI together was only 3,000 billion
passenger kilometsrs, for 1,874 million people. But this seems
sure to change. Passenger travel in the developed regions is
expécted to be nearing saturation levels--further increases
will probably be relatively modest. (There are limits--of
income and time--to how much one can travel.) This effect is
especially pronounced in.Région I. RegiomsI and III together
show only a 1.2 to l.6%/year growth in total passenger'travel
according to the MEDEE-2 runs for the two scenarios to 2030,
while the developing Regions IV, V and VI together increase
their personal travel amount by 3.9 to 4.4%/year. The Region

II growth rate is projected at 1.9 to 2.4%/year.

But the tfpes or modes of travel matter also--as do rela-
tive load factors. Table 21 summarizes, for the High scenario,
the results ofran array of‘assumptions for urban and intercity
mobility, relative growth of different transport modes, and
expected changes in load factors around the world (see Table
9.3.2). It is apparent in Table 21 that passenger travel in
NA is assumed to shift away from automobiles and towards planes
in the scenarios. Still, by 2030 the car would account for 73%
of total passenger kilometers, compared to 50% or less in other
regions. In general, developed regions are projected to contin-
ue observed tendencies toward relatively more air and (except

NA)'car travel, while developing regions reflect expected shifts
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towards cars (noticeably) and trains (less noticeably) and away
from today's large fraction of bus travel (roughly 60% in devel-

oping regions compared to less than 20% in developed regions.

Automobiles

Cars consume prodigious amounts of energy. More precisely,
they consume prodigious amounts of petroleum--a particularly

important distinction.

In North America, total automobile travel (intercity and
urban) is assumed to grow from 3,800 billion passenger-kilometers
in 1975 (that is e@uivalent to four automobile trips coast to
coast across the United States per person per year) to about
6000 by 2030. This average growth rate of just 0.8%/yr indicates
a leveling-off in the so-far continuously increasing automobile
use in this region. Thé Region III growth in tot;l car travel,
by contrast, is assumed to be l1.6-2.4%/vear; while in Region II
it is assumed to be 2.1 to 2.7%/vear. In the developing Regions
IV, V and VI the corresponding rates are between 4 and 6%/year--
even though the assumptions restrict urban car t:avel, because
of city-trafﬁic congestion, to 35-50% of all urban passenger

travel.

Assumptions for car ownership and uéage vary widely among
regions, as recorded in Table 9.3.2, Group 3.2e. Car ownership
is thought to be nearing limits in North America , as is the dis-
tance travelled per car. Region IV, Latin America, is assumed
to approach the present statistics of Region III by 2030, whereas

the figure for Region V in 2030 may be comparable to Region IV
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today. The relatively high growth in Regions IV,V and VI car
ownership in the scenarios results from assumed higher growth

in GDP/cap and anticipated increases in urbanization.

Region II (SU/EE), has now low car ownership and high
distance travelled per car--figures more common to developing
regions. The scenario projections for this region, maintain
that automobile ownership will continue to be low, reaching only
half of the present WE/JANZ level by 2030. This reflects the
explicit desire in this region to develop public transport
facilities, “to minimize the need for private automobile use,

and thus to minimize liquid fuels requirements.

Energy use in vehicles can be reduced significantly by
increasing load factors (average number of passengers per trip,
or passenger-kilometers divided by vehicle-kilometers) and by
improviﬁg the vehicle's energy-using efficiency (see Table
9.3.2, Groups 3.2f and 3.2g9). Load factors for automobiles are as-
sumed to hold about constant in the scenario cases in the developed
regions, but are reduced somewhat in the deveioping'regions as cars
become more common and family sizes shrink. However, the largest
factor by far in reducing potential per-kilometer energy use in
cars is efficiency improvement. The lion's share of this poten-

tial is found, not surprisingly, in North America.

Electric cars offer a potential for reduction of motor fuel
use in automobiles. Electric cars, assumed to be three times
as efficient as internal combustion engine automobiles, neverthe-

less would consume about the same total primary energy as conven-
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tional cars =-- if, of course, the electricity would come from
central station sources. It is assumed here (see Table 9.3.2,
Group 3.2e) that by 2030 about 20% of urban car travel in the
‘developed regions (I, II and III) and perhaps 5% of urban car
travel in the developing regions (IV and VI) might be éccounted

for by electric cars.

As a result of these and other assumptions, automobile
energy use deciines sharply in Region I, and shows a modest
decline {as a share of total transportation energy use) in
Regions II and III. Regions IV, V and VI contrast sharply with
these results, increasing in total automobile energy use markedly,

largely because of the low level of use today.

Table 22 shows these projections for automocbile energy use
in the scenarios. The quantities are large, as can be seen.
The gasoliné consumption in cars in 2030 in Regions I through VI
would amount to about 0.9 to 1.1 TWyr/yr of oil. One muét ask the
extent to which alternative transport modes could replace the

car, and with what energy consequences.

Mass Transit

For intercity trips, North Americans travel relatively less
by car,in these projections over fifty years, than they do today.
One reason is an assumed modest shift away from cars and toward
mass transit for intercity travel. 1In other regions, the shift
assumed is actually toward cars for intercity travel, but trains
continue to play a very significant role in Regions II, III,V and

- VI--by 2030, 35 to #0% in Region II, 20 to 35% in Region III,
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16% in Region V, and 20% in Region VI, from 53%, 42%, 26% and 10%
in 1975. 1In Region I {(and 1V), train intercity travel is assumed
to remain low -- 1% {6%) of all intercity travel in 1975 to

about 2% (3%) in 2030 {see Table 21).

Travelers take to the alr in greatly increasing numbers in
these scenario projections for the developed market economies,
both High and Low cases. The rate of growth is also high for
developing regions, but from a much smaller starting émo&ﬁ;.

In Region IV intercity air travel would grow from 2.6% in 1975

to 6~-8% by 2030; in Regions V and VI the increase would be from
1.5% in 1975 to 3-7% by 2030 in the scenarios. Iﬁ North ‘America,
airplane flights would account for as much as 30% of all inter-
city travel in 2030 (from 7% today), while Region III would in-
crease plane travel from 3.5% today to as much as 18% of all
intercity travel by 2030 in the scenarios. In Region II, air
travel may account for as much as 27% of all intercity movements

by 2030,from 20% today.

Load factors for trains and planes (and buses) are assumed
in most cases to be approximately constant or increase only
marginally in Regions I and III. This is hardly the case for the
developing regions. There, overcrowding on buses and trains is
the norm, not the exception. High population growth, coupled
with the high mobility preferences accompanying income increases,
keep the RegionsIV and V load factors high--although a gfadual
relaxation of the present overcrowding is assumed to occur in
parallel with increasing per capita income and a slowing down of

population growth. Load factors of 20 and 25 passenger-kilo-
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meters per vehicle-kilometer for buses and about 140 for trains
are commén for Regions I and III. In Regions IV, V and VI the
bus load factors of typically 40 to 50 teoday drop to 20 to 40

by 2030 in the scenarios, while train load factors fall from

500 to 200~400*. The bus and train load factors in Region II
are also assumed to drop by a factor of 2 over the next 50 years
and become comparable to those.in Regions I and III (see Table

9.3.2, Group 3.2f).

Freight Transportation

Freight transport is assumed to dgrow significantly in all
worlé regions roughly in parallel with the ‘activity levels in the
agriculture, mining and manufacturing and energy sectors. It is
a big business: some 5 trillion (1012) ton-kilometers of freight
in 1975 reaches 1l trillion in the Low scenario and iQ'trillion in
the High scénario for the developed Regions I and III by 2030;
energy use increases by a factor of 2.4 to 3.9 over.the 50-year
period. (see Tables 20 and 23). Freight transportation activity
is nuch lower in_Regions IV, V and VI. These regions together
had only about 2 trillion ton-kilometers of freight movement in
1975; an increase of 6 to 10 times that level is projected by
2030. Gradual shifts toward increasing freight transportation on
trains in Regions IV and VI and with trucks in Region V are

assumed. No significant change is assumed in the present distri-

bution of freight transportation modes in the developed Regions

*0f course, varying "vehicle" size among and even within regions

increases the difficulties of drawing comparisons.
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I, II and ITII. As a result of these assumptions, together with
those concerning passenger travel, the share of freight movement
in transportation energy would increase in Regions I and III and

decrease, to varying extents, in other regions (see Table 20).

ITI. Energy Demand of the Household/Service Sector

Table 24 lists the final energy (CQmmercialj demand projec-—
tions of the household/service sector in various regions. The
evolution ofrenergy demand in this sector markedly differs |
between the regions. According to these projections, the demand
would increase by a factor of 7 to 12 in the developing regions
(Iv, v, VI), by a factor of about 2 in Regions II (SU/EE) and III
(WE/JANZ), and by less than 30% in Region I (NA) over the next
50 years. The share of services, in the final energy demand of
the household/service sector as a whole, seems to increase in
all the regions with the largest increase occurring in Region VI
and the smallest one in Region I. The use of electricity grows
quite rapidly in both households and services so that én in-
creasingly larger fraction of the demand cof this sector will, in
-the future, have to be met by electricity in all the world regions;
the share of electricity, in 2030; for various world regions, is
projected to be in the range of 30-50% for the High scenario as
Against 7-28% in 1975. These projections are the net outcome
of our assumptions concerning likely changes in the values of a
large number of parameters (see Table 9.3.3) that were considered
necessary to describe the evolution of enerqgy demand of this sec-
tor. 1In order to put these projections in proper perspective
we will give here a brief overview of the aﬁove mentioned scen-

ario assumptions in a relatively more aggregated form.
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In 1975 there were 266 million homes in Regions I and III,
45% of which centrally-heated houses and apartments. There were
3.0 persons per household, on average. Housing construction in
the scenarios is assumed to be tied to population growth (which
is low}, while allowing for further reductions in the assumed
average number of persons per household by 2030: to 2.24 in
Région I, and to 2.56 in Region IITI. Almost all new residential
dwellings are assumed to be centrally heated; many of them are
also air-conditioned. 1In these two regions by 2030 about 90%
of dwellings would be centrally heated in the scenarios, com-
pared to 45% as of today. Air-conditioning would be available

for 30 to 40% of dwellings, as against 12% in 1975.

In Regions IV, V and VI taken together, ﬁhe number of
residential dwellings reaches about 1130 million by 2030, from
360 million in 1975, with persons per household dropping from
5.22 to 4.16. Space heating requirements being relatively small
in these mostly warm regions, only about 25% of dwellings require
space heat. By 2030, some 17 to 19% are assumed to use space

heat, compared to 11% in 1975.

Service sector floor area increases fairly briskly in Regions
I and III, reflecting the high growth of the totai service sector
in these regions. By 2030, from 1.7 to 2.1 times as much building
area is in use, and to be energy-serviced, as in 1975 in these
two regions; in Region II the increase is even larger, from 3.2
to 4.4-fold. Two main factors--higher population growth, and
improvement in the working conditions of service sector

employees--cause the growth in service sector activity in develop-
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ing regions to be even greateﬁ than in developed regions. Service
sector floor area in these regions is about 6.0 to 7.5 times (by

2030) that in 1975.

Tables 25, 26 and 27 report some of the energy consumption
figures associated with the household/service sector activity
levels just cited. Readily apparent in gll of these tables is
that by far the largest energy-gorging device in buildings in
developed regions is the space itself. Space heating (and to a
lesser extent, air-conditioning) overwhelm other needs in resi~
dences; in service sector buildings, energy ébnsumption due to
electrical appliances is also very high. In Regions I and III,
about 60% of useful energy in buildings goes to heating the in-
side air; in the scenario projections here this number decreases

to 40 to 50%, as various energy-reducing measures are introduced.

Improved insulati;n in homes, old and new, can reap sub-
stantial reductions in energy use. The assumptions in the
scenarios of insulation improvements in new buildings plus
retrofit of pre-1975 dwellings reduce the heat losses in dwel-
lings in Regions I, II and III quite significantly. Retrofitting
of the pre-1975 housing stock is assumed to reduce their heat
losses by 20-30% over the next 50 years. Post-75 dwellings are
already designed to have 10-15% lower heat losses today:raccording
to the assumptions used here, by 2030 the average heat losses of
all post-75 dwellings would be only 50% of those in 1975. Further
gains are difficult beyond certain initial savings. Rising prices
and an assumed increasing public awareness of energy uncertainties
(plus a fair measure of government-instituted standards)are

assumed to lead to these results.
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Electricity used for appliances has grown by great leaps
and bounds in recent years, usually much faster than rises in
real income. Increased disposable income has to date seemed
to éo in rather large shares to "extras"” such as dishwashers,
color televisions, clothes dryers. In Region I, and to some
extent in Regions II and I1I, some flattening of this growth
curve is postulated--appliance ownership saturates, and their-

energy efficiencies, in response to rising prices, improve.

Relative increases in electricity éonsumption for household
appliances (see Table 25) arermuch higher by 2030 in developing
regiﬁns--being 3 to 5 times 1975 levels in Region IV, 5 to 10
times in Region V and 6 to 17 times in Region VI -- mainly because
the present levels are so low. ' Most houses which use electricity
at all in these regions today use it only for lighting and a bare

minimum of other activities.

Another factor which is expected to play an important role
in the future energy requirements of buildings in both the
developed and developing regions is air-conditioning. Until
now the extensive use of air-conditioning has been limited to
Region I; scenario assumptions here project by 2030 considerable
use of air-conditioning in several other world regions as well

(see Tables 25 and 27).

At present the useful thermal energy requirements in the
household/service sector are met essentially by fossil fuels and
electricity in the developed regions and by fossil fuels and

noncommercial energy in the developing regions. The scenario
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assumptions of Table 9.3.3 (Groups 3.3d, 3.3e) concerning the
futﬁre use of noncommercial fuels, efficiency improvements in

the use of all fuels, and penetration of electricity, soft solar,
district heat and Heat pumps lead to the final energy demand
patterns shown in Table 28. There, the large reliance on district
heat in Region II is simply a logical exfensién of the present
situation. Also, the higﬁer fossil, and lower electric, shares

in developing fegions than in developed reflect the end-use pat-

terns tfpicél in buildings in these two kinds of regions.

The extent of conservation implied in these projectioné
may be judged from the fact thét usé of heat pumps in electrical
heating to the extent of 40-50% in Regions I, IT and III and 12%
'in Regions IV and VI as well as efficiency improvements of 10 to
25% in the use of fossil fuels in different world regions, ﬁave

been assumed possible by 2030,

In spite of the unfavourable cost economics of present.
soft sélar devices; we have introduced fairly aggressive build-
up rate assumptions for soft solar systems in the household/service
sector in both the developed and the developing regions (see
Table 9.3.3, Group 3.3d). For example, it has been assumed
that 50% of all new {post-1975) single-family centrally heated
homes and low-rise service sector buildings will install solar
heating systems (the assumptions are 30% for Region II and 20%
for Region VI). These systems will be 50 to 80% solar -- that
is, requiring backup (0il, electric, gas) for 20% to 50% of the
time. Further, it is assumed that by 2030 some 30 to 40% of all

the households in Regions I, III, IV and V, and 15-20% in
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Regions II and VI, would be using solar water heating systems.
With these assumptions one finds that, by 2030, soft solar devices
would support 10-11% of the household/service sector's space

and water heating demand in the developed regions (I, II and IiI)
and about 14% of the corresponding demand in the developing
regions (IV, V and VI} in both the High and the Low scenarios.
The shares of soft solar in the total useful thermal energy

demand (including cocking and air~-conditioning requirements)

will be even lower, as may be seen in Table 28 for the High

scenario.

The rather optimi;tic buildup rate assumptions for soft
solar used in this assessment serve to explore a reasonable upper
bound to what they could contribute in the energy mix. However,
the ultimate soft solar contribution seems to be constrained by
the size of the market -- the demands for space and water heat in
detached houses or low-rise service sector buildings are not
excessive. Moréover, in the developing regions, a large fraction
of the useful heat demand of the household/service sector ori-
ginates from cocking requirements. This fraction was about 82%
in 1975 and remains as high as 59-64% by 2030. Further, in these
regions most of the dwellings that need space heating are heated
with only detached rocm heaters and this practice is expected
to continue -- although at a lower level -- in spite of increased

income levels, as the heating seasons and requirements are generally

small.

6. Concluding Remarks

The projections of final energy demand till 2030 for six out
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of the seven comprehensive world regions considered in ITIASA's
energy study {(Energy Systems Program Group, 1981) and the
various underlying assumptions have been discussed at some
length. 1In evaluating them one has to appreciate that project-
ing energy demand in a medium- to long-term time frame is a

fundamentally complex issue, full of uncertainties and pitfalls.

OCne gets a bare feeling of the difficulties and uncertain-
ties involved in such an undertaking by locking at the various
medium- to long-term energy demand projections available for
one country, i.e., the U.S., whose'present pattern of energy
consumption is best understood and the relevant historical data
of which are best documented. A number of recent primary energy
projections for the U.S. are plotted in Figure 7. The wide
variation in these projections speaks for itself aptly illus-
trating the difficulties involved. Obviocusly, the game becomes
more difficult and the uncertainties increase as the projections
extend to larger world regions covering several countries, given
an availability of data that is much less satisfactory than for
the United States. Nonetheless, estimates of future energy
‘requirements of the various world regions are essential for us
to sense the kind and size of problems the world may have to
face in the wake of dwindling global conventional fuel resources

and in order to be prepared to meet the challenge.

The assessments of final energy demand reported here re-
present such an effort. O0Of course, they are not predictions or )
forecasts; they simply describe a range of, in our judgment,

realistic evolutions of future energy demand in various world
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regions that are consistent with a plausible range of world

economic development and population growth.

The world's energy demand increased more or less exponen-—
tially between 1950 and 1975 at an averade growth rate of
5% per year (see e.g. Doblin, 1979). Obviously, this trend can-
not continue in view of the limited resocurces of conventional
fuels. Although there are sources of energy -- solar and nuclear
- (through breeding and fusion) -- that promise virtually unlimited
supply, the present status and cost economics of these sources
is such that they may, at best, be expected to play only a minor
role in the next 15-50 year period. Therefore, energy conserva-
tion leading to a shift away’from the exponential energy growth
trend of the last 30 years is indisﬁensible, if one-dbes not
completéiy close 6nes eyes to the future. However, significant
energy conservation is possible only in the most highly developed
countries; most 6f the population in the developing world still
lives at leVelg of energy consumption close to subsistence and will
need increasing amounts of energy to improve its lot. The assess-
ment of energy demand reported here is based on wha£ we would
consider optimistic, though not unrealistic, assumptions about
measures of energy conservation and possible technological improve-

ments.

The extent of energy savings embodied in the two scenarios
can be seen in Figure 8a, b,where final energy per unit of GDP
is plotted against GDP per capita for Regions I.through VI.
There the ratio of final energy demand to GDP is seen to con-

‘tinue to decrease for the developed regions (I, II and III)
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in line with the historical trends. O©On the other hand, the
ratio continues to increase, at least initially, for all the
developing regions, again in line with the historical trends,
but flattens off_later and even starts to go down in Regions

IV and VI. These different trends in the developed and the
developing regions are characteristic of econcmies that have
already reached a high level of industrialization, but are still

in the process of building up their industrial infrastructure.

Globally speaking, the curves of Figure 8a, b imply a
reduction of final energy per decllar of GDP from 0.91 in 1875
to values of 0.53 and 0.62 in 2030 for the High and the Low
scenarios, rgspectively. If only the developed Regions I, II and
"III are considered, the improvement is even more impressive:
final energy per dollar of GDP decreases from 0.95 in 1975 to
0.45 and 0.55 over a period of 55 years. By far the largest
improvement is seen in Region II (SU/EE), where the overall con-
servation resulting.from various scenario assumptions amounts to
61 and 54%. The cofresponding figures for Region I are 59
and 44% and for Region III (WE/JANZ) 45 and 33%. These improve-
ments, seen in the light of real price increases of 3.0 and 2.4
times the prices in the';edent past (see Energy Systems Program
"Group 1981, Chant 1980) appear quite pronounced but not un=-
realistic. Some measures behind this trend have been reported
here in detail. 1Indicators such as automobile efficiency,
average transport load factors, home insulation, structural
changes in industry and others have been cited to illustrate

the extent of the energy-using improvements assumed.
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Another measure of the efficiency improvements assumed in
the scenaricos can be derived by calculating the final energy
that would result by 2030 if the historical 1950-1975 final
energy-to-GDP elasticity were to be applied for 1975 to 2030.
Table 29 shows the differences between final energy calculated
in this way and the final energy projections of the High and the

Low scenarios.

Savings of roughly 20 to 50% occur in each region. The
demand reductions in Regions I to VI through conservation mea-
sures embodied in the two IIASA scenarios thus represent a net

final energy saving of 5.3 to 12.6 TWyr/yr by 2030.

These amounts are certainly substantial. They underscore
the aggréssive conservation measures assumed in the éceanrios.
They reflect the belief that vigorous action to increase energy
efficiency and to impfove energy ‘productivity is a necessity in
any energy strategy ~-7short, medium~ or long-term. Without such
improvements, the adequate supply of energy necessary to meet
the demand at the levels of world economic and population growth
assumed would prbbably run‘into serious difficulties, and the two
ITIASA energy supply scenarios (Energy Systems Program Group,

1981) might have proved to be infeasible.



73.

7. References

APS (1975)

Efficient Use of Energy: The APS Studies on the
Technical Aspects of the More Efficient Use of
Energy. AIP Conference Proceedings No. 25.

New York: American Institute of Physics.

Arab Fund (1979) Private communications with M. Badawi, Arab

ATA (1975)

Fund for Economic and Social Development, Kuwait.
Data was supplied concerning econcmic and transporta-

tion activities in several Arab countries.

Transit Fact Book 1973/74, American Transit Associa-

ticn.

Basile, P. (1980) The IIASA Set of Energy Models: Its Design

Beschinsky,

Beller, M.,

and Application. RR-BO- . Laxenburg, Austria:
International Institute for Applied Systems

Analysis. Forthcoming

A. A, and Y. M. Kogan (1976} Ecoconomic Problems of
Electrification. (Russian; selected parts trans-

lated by A. Papin.) Moscow: Energiya Press.

Ed. (1975} Sourcebock for Energy Assessment.
BNL 50483. Brookhaven National Laboratory, Upton,

New York.

Canada (1975) Canada Yearbook 1975. Statistics Canada. Ottawa.

CEC (1978)

Document No. 4 of the Working Group Meeting on

Energy R&D Strategies, June 1978. Dept. XII/C-1,



74.

Commission of the European Communities, Brussels.

Cecelski, E. et al. (1979) Household Energy and the Poor in
the Third World. Research Paper R-15. Resources

for the Future. Washington, D.C.

Chant, V. G. (1980) Two Global Scenarios: Evolution of Energy
Use and the Economy to 2030, RR-80- . Laxenburg,
Austria, Internmational Institute for Applied

Systems Analysis. Forthcoming.

Chapman, P.F. and D.F. Hemming (1976)
Energy Requirements of Some Energy Sources, in Proc.
9th International TNO Conférence: The Energy Account-
ing of Materials, Products, Processes and Services,

Rotterdam. February,l976.

Chateaﬁ, B. and B. Lapillonne (1977) La prévision 4 long terme
de la demande d'énergie: Propositions méthodolo-

gigues. Editions du CNRS. Paris.

Chenery, H. and M. Syrgquin (1975) Patterns of Development
1950-1970. Published for the World Bank by Oxford

University Press, London.

CMEA (1976) Statistical Yearbook (1976) of the Member States of
the Council for Mutual Economic Assistance, London:

I.P.C. Industrial Press Ltd.

CONAES (1977) Committee on Nuclear and Alternative Energy
Systems (CONAES) (1977), National Academy of

Sciences, Report of the Solar Resource Grdup,

Washington, D.C.



Doblin, C.

Doblin, C.

Doernberg,

ECE (1976)

ECE (1977)

- 75 -

(1978) Energy Demand by U.S. Manufacturing Indus-
tries: Past Performance and Review of Various Pro-
jections up to the Year 2000. RM=78-44, ITASA,

Laxenburg, Austria.

{(1979) Historical Data Series 1950-1976.

Wp-79-87, IIASA, Laxenburg, Austria.

A. (1977) Energy Use in Japan and the United States

BNL 50713, Brookhaven National Laboratory, Upton,

New York.

Increased Energy Economy and Efficiency in the ECE
Region, Document No.E/ECE/883/Rev.l, Economic

Commission for Europe. New York: United Nations.

Annual Bulletin of General Energy Statistics for
Europe 1975. Economic Commission for Europe.

New York: United Nations.

ECE {(1978a) A Statistical Survey of the Housing Situation in

the ECE Countries around 13570,
Economic Commission for Europe. New York: United

Nations.

ECE (1978b) Annual Bulletin of Housing and Building Statistics

for Europe 1977. Economic Commission for Europe.

NMew York : United Nations.

Elshafei, A.N. (1978) Energy Assessment in Egypt and Implica-

tions of Industrial Development until 2000. Paper

presented at the Conference on Policies and Strate-



- 76 =

gies for Industrial Development in Africa, Cairo
23-26 Sept.,1978. (The data given in this paper
were based on the work of the Egypt/U.S. Energy

Assessment Committee.)

Energy Research and Development Administration (1975) ERDA-~49.
Definition Report. National Solar Energy Research

Development and Demonstration. Washington, D.C.

Energy Systems Program Group (of the International Institute of
ipplied Systems Analysis. W. Hifele, Program Leader.)
(19€1) Energy in a Finite World--A Global Systems
Analysis. Cambridge, Mass. Ballinger Publishing

Co. January 1981.

Europa (1974) The Middle East and North Africa, 1974-75.

21st Edition. London: Europa Publications Ltd.

Eurostat (1878) Nutzenergiebilanzen 1975. Statistical Office
of the European Communities, Brussels. (The data

refers to France and the FRG.)

FAO (1977) FAOQ Production Yearbook, Vol. 30, 1976. Food and

Agriculture Organization. Rome..

FEA (1974a) Project Independence and Energy Conservation:
Transport Sector. Federal Energy Administration,

Washington, D.C.

FEA (1974b) Residential and Commercial Energy Use Patterns
1970-1990. Project Independence Blueprint, Vol.I,

Washington, D.C.



- 77 -

Foell, W.K. et al.{1979) Assessment of Alternative Energy/Envi-
ronment Futures of Austria: 1977-2015. RR-79-7,

IIASA, Laxenburg, Austria.

Goen, R. L. et al. (1975) Comparison of Energy Consumption
between West Germany and the United States.

SRI-EGU-3519, Stanford Research Institute.

Hifele, W. (1977) On Energy Demand, Invited Paper XXI.
General Conference of the International Atomic

Energy Agency, Vienna, September, 1377.

Henderson, P. D. {1975) 1India: The Energy Sector. Oxford

University Press, Delhi.

Hirst, E. (1974a) Direct and Indirect Energy Requirements for
Automchiles ORNL-NSF-EP-64, Qak Ridge National

Laboratory.

Hirst, E. (1974b) Transportation Energy Use and Conservation
Potential, -Bulletin of the Atomic Scientists,

14(9): 34.

Hirst, E. and J. Jackson (1977) Historical Patterns of

Residential and Commercial Energy Use. Energy,

2, 131.

Hittman (1974) Environmental Impacts, Efficiency and Cost of
Energy Supply and End Use. Hittman Associates,

Final Report, Vol. I, 1974, Columbia, U.S5.A.



- 78 -

HO1lzl, A. (1980} A Computer Program for Energy Demand Analysis
by the MEDEE apprcach: Documentation of the MEDEE-2
version Used in IIASA's Energy Systems Program.

WP-80- ., TIIASA, Laxenburg, Austria, forthcoming.

IBRD (1976) World Tables 1976. International Bank for
Reconstruction and Development. The John Hopkins

University Press , Baltimore.

IEA (1976) Analysis of Energy Consumption and Conservation Poten-
tial: The Transport Sector. IEA/SLT(71)51,

International Energy Agency, Paris.

ITLO (1976) Yearbook of Labour Statistics. Interhational

Labour Office, Geneva.

IRF (1976) World Road Statistics 1971-1975. International Road
Federation. Washington D.C.; see also earlier

editions.

Japan (1978) Energy in Japan: Facts and Figures. Agency of
Natural Rescources and Energy, Ministry of Interna-

tional Trade and Industry, Tokyo.

Keyfitz, N. (1977) Population of the World and Its Regions
1975-2050. wWp-77-7. Laxenburg, Austria, Interna-

tional Institute for Applied Systems Analysis.

Khan, A. (1980} Possible Share of Soft/Decentralized Renewables
in Meeting the Future Energy Demand of Developing
World Regions. RR-80- . Laxenburg, Austria
International Institute for Applied Systems

Analysis. Forthcoming.



79.

Lapillonne, B. (1978a) MEDEE~2: A Model for Long~Term Energy
Demand Evaluations. RR-78-17. Laxenburg, Austria,

International Institute for Applied Systems Analysis.

Lapillonne, B. {1978b) "Long Term Perspectives of the U.S. Energy
Demand: Application of the MEDEE-2 Model to the

U.s." Energy, Vol. 5, pp. 231-257.

‘Lapillbnne( B. (1978c) Private communication concerning data
given in a doctoral thesis (Chatéau, B. and B.
Lapillonne, Essai de prévision de la demande
d'énergie en France & l'an 2000, Institute Econocmigque
et Juridique de 1'Energie, Grenoble, 1977) and three
scenarios for France using tﬁe MEDEE approach
{Chateau, B. et al., La demande 4d'énergie finale de
la FranceAé l'horizon 2000. Institut Economigque et

" Juridique de l'Energie, Grenoble, 1979).

Leach, G. et al. (1979) A Low Energy Strategy for the United
Kingdom, The International Institute for Environ-

ment and Development. London: Science Reviews Ltd.

Lovins, A. B. (1976) Energy Strategy: The Rcad Not Taken?

Poreign Affairs. 55:65-96.
Levins, A. B. (1977) Soft Energy Paths. Penguin Books Ltd., U.X.

Makhijani, A. and A. Poole (1975) Eneréy and Agriculture in
the Third World. Ballinger Publishing Company.

Cambridge, Mass., U.S.A.



80.

McGraﬁahan, G. and M. Taylor (1977) Patterns of Urban Household
Energy Use in Developing Countries: The Case of
Mexico City. Report No. 1ll. Institute for Energy
Research, State University of New York at Stony

Brook.

Melentiev, L. A. (1977) Principal Objective Tendencies in the

Development of Power Engineering in the USSR During
the Second Half of the Twentieth Century, Power

Engineering, Vol.15, No.5 (Translation of article

in Izvestiya Akademii Nauk SSR: Energetika i

Transport, Vol. 15, No. S).

MITRE (1973) Systems Analysis of Solar Energy Programs. Report
prepared by the MITRE Corporation for the National
Science Foundation, Project No. NSF/C831, Project

No. 2950. Washington, D.C.

Morrow, W. E. (1973) Solar Energy - Its Time is Near. Technology

" Review 76:30.

OECD (1977) Energy Statistics 1973/1975. Paris, Organisation

for Economic Cooperation and Development.

QECD (1979%a) Main Economic Indicators 1979. Monthly Series.

Paris: QECD

QECD (1%79b) Workshop on Energy Data of Developing Countries:
Vol.II, Basic Energy Statistics and Energy Balances

of Developing Countries 1967-1977. OECD, Paris.

Pakistan (1977) Pakistan Economic Survey 1976-77, Government

of Pakistan, Finance Division, Islamabad.



81.

Parikh, K. (1976) Second India Studies: Energy. The

Macmillan Company of India Ltd., Delhi.

Parikh, J. (1978) Energy Systems and Development. Report to

the World Bank. P.U.PUN 43, Washington, D.C.: World
Bank.

Petro Studies (1978) Soviet 0il, Gas and Energy Databook.

Petro Studies Co., Noroil Publishing House Ltd.,

Stavanger.

Paxton, J. ed. (1976) The Statesman's Yearbook. Statistical
and Historical Annual of the World, 1976 and

1977. London: MacMillan.

Renyl, J. 8. et al. (1976) A Preliminary Social and Environmental
Assessment of the ERDA Solar Energy ?rogram 1975=-2020.
Vol. I (Final Draft Report). Prepared for the
Environmental and Resources Study Branch, Division of
-S8olar Energy, ERDA, Washington, D.C. Menlo Park,

California: Stanford Research Institute.
Revelle, R. (1976) Energy Use in Rural India. Science 192, 969.

Salter, R. G. et al. (l976) Energy Conservation in Nonresidential
Buildings. R=~1623-NSF, Rand Corporation, Santa Monica,

California.

Saudl Arabia (1977) Petroleum Statistical Bulletin 1977.

Economics Department, Saudi Arabia.



- 82 -

Schaefer, H. et al. (1977) Technologien zur Einsparung von
Energie im Endverbrauchssektor Industrie (Teil 1),
PfE - Schriftenreihe 77-04, Forschungstelle fiir

Energiewirtschaft, Mfinchen.

Schipper, L. and A. J. Lichtenberg (1976) Efficient Energy Use
and Well Being: The Swedish Example. Science,

Vol. 194, No. 4269,

SPP (1975) Energy Alternatives: A Comparative Analysis.
Science and Public Policy Program, University of

Oklahoma. GOVt.printing Office, Washington D.C.

SRI (1972) Patterns of Energy Consumption in the United States

PB-212776, Stanford Research Institute.

Styrikovich, M. (1979) Private communication to w, H&fele:
Data preparéd by Soviet experts from the Committee
for Systems Analysis, Presidium of the Academy of

Sciences of the USSR, Moscow.

UN (1974) World Comprehensive Demographic Projegtions 1965-85,
U.N. Population Divisions' Working Paper ESA/P/WP.52.

New York: United Nations.

UN (1975) The Growth of World Industry 1973. New York, United
Nations.
UN (l1976a) Population by Sex and Age for Regions and Countries
1950-2000. . UN Population Division's Working Paper

ESA/P/SP.60. New York: United Nations.

UN (1976b) Compendium of Housing Statistics 1972-74.

New York: United Nations.



83.

UN(1977a) World Energy Supplies 1971-1975. New York: United

Nations.

UN (1977b) Statistical Yearbook 1976. New York: United Nations.

UN (1977c) Yearbook of National Accounts Statistics 1976.

New York: United Nations.

UN (1977d) Yearbook of Industrial Statistics 1975.

New York: United Nations.

UN (1978a) World Energy Supplies 1972~1976. New York:

United Nations.

UN (1978b) rMonthly Bulletin of Statistics, January 1978,

New York: United Nations

US (1l976a) Statistical Abstract of the United States 1976.
(97th edition). U.S. Bureau of the Census, Washihg—

ton, DO.C.

US (1976b) Historical Statistics, Colonial Times to 1970.

U. 8. Bureau of the Census, Washington, D.C.

USSR (1976) The USSR in Figures for 1975. Central Statistical

Board. Statistika Publishers, Moscow.

Vieira, A. H. G. et al. (1978) Consumo Energético no Brasil:

Perspectivos Para 1980. CESP, Sac Paulo.

Vigdorchik, A. G. {1976) On Certain Patterns in the Development
cf the Energy Balance of the USSR. Power Engineering
Vol. 14, Ne. 5 (Translation of article in Izvestiya
akademii Nauk SSSR: Energeﬁika i Tranéport, Vol. 14,

No. 5, 3.



84,

WAES (1976) First Technical Report on Energy Demand Studies:
Major Consuming Countries. Workshop on Alternative
Energy Strategies. Cambridge, Massachusetts: MIT

Press.

Weingart, J. M., and N. Nakicenovic (1979) Market Penetration
Dynamics and the Large-Scale Use of Solar Energy.
Laxenburg, Austria: International Institute for

Applied Systemé Analysis (forthcaming Research Report).

WFB (1874) The Wdrld Fact Book. A Handbookrof Economic Political,
and Geographic Intelligence. Publishing Science Group

Inc.

wolf, M. (1974) Solar Energy Utilization by Physical Methods.

Science 184 (4134): 382-86.

World Bank (1977) World Bank Atlas. 12th Edition. washington,
D.C.



FIGURES






85.

RO N

)
Oy,

X

()

XX

(RN i
%m_u
I’: [
™
"

Region } {NA} North America

Region {f {SU/EE) Soviet Union and Eastern Eurcpe .

Region i1t ~ (WE/JANZ) Westerns Europe, Japan, Australia, New Zealand,
S. Africa, and Israel

Region IV [LA) Latin America

Region V {AF/SEA} Africa {except Northern Africa and S. Africa),
South and Southeast Asia

Region VI (ME/NAf} Middle East and Northern Africa

Region VIl (C/CPA} China and Centrally Planned Asian Economies

Figure I.

The IIASA World Regions



86 .

Scenarios
_________ Oefinition
r {econamic, papu-
: r lation growth)
I . ’
[
| o ! Econ. Structure,
| = cof:l:;"ii on Lifestyles,
; MEDEE-2 Yechnical EFficiencies
{
|
: L Secondary Fuel Mix
i : and Substitutions -
' Energy/Fusl Maximum
Prices Build-up
" Rates, Costs
Economic Energy Supply
iﬁ\:‘a\lﬁ_ and Cnmrenéon pre—
| MESSAG Praduction Limits )
for each
world region

Interregional
Energy Trade

CD Assumptions, judgments, manual calculations

E Formal mathematical modeis

———» Direct flow of information {only major flows shown)
=== Feedback flow of information {only méinr flows shown)

Figure 2. IIASA's Set of Energy Models: A Simplified

Repfesentation.



87.

!
ENERGY CONSUMPTION AND USE

ENERGY
SERAVICES

NEGENTROPY 4

Krow-How
and EMort

Anlactad (Wastel
Energy

Figure 3.

ENERGY
SERVICES

Generation of
Added Value
KNOW-HOW AND EFFORT
Productivity, sophistication
Labor, capital

Used Enevgy

H3 LocAL CONVERSION

Bulb
Motor
Stova
Computer

Conversion Losss

E2 1 TRANSMISSION, STORAGE
AND DISTRIBUTION

CENTRAL CONVERSION

\ Power piants
fAafineries
Coasl gasification
Conversion Losses

1 Conversion from Primary to Secondary Energy
2 Transformation from Secondary to Final Energy
3 Conversion from Firal to Useful Energy

4 Enargy Services

Energy Conversion and Use



88.

a} SCENARIOASSUMPTIONS  — —T—————— = 'I
=77 (e.g., economic growth I {
| demography, energy prices, etc.) = {
| T ] |
I 1 b) ‘ C) I

2 Y ¥ |
SOCIAL NEEDS + LIFESTYLES ECONOMIC ACTIVITY TECHNOL. DETERMINANTS |
{e.g., spaceheating, {e.g., steel productian) {e.g. stesimaking process, 1
transportation, etc.} . dwelling insulation, vehicle eff.) |
, ' |
_ : l
: l
USEFUL ENERGY DEMAND - PENETRATION OF ]I
{a.g. highfiow temperature steam, ENERGY SOURCES
furnace heat, space haat, hot water, {e.g. district heat) + e e _i
coking,cooking,electr.drives,etc.) EFFICIENCY OF
END-USE APPLIANCES
{e.g. furnace, boiler, etc.)

N

d

FINAL ENERGY DEMAND
SPECIFIC USES:

SUBSTITUTABLE USES:

substitutable fossil mator fuet
district heat _ metall. coke
“soft’’ solar electricity
electricity feedstocks

Figure 4,

Scenario Assumptions: a) socic-economic
b} macro-economic
¢} technological

Schematic Description of MEDEE-2



- 88a -

Fig. 5 WORLD POPULATION HISTORICAL AND PROJECTED

BILLION STUDY
PEQPLE : PERIOD
104
WORLD
3..
WORLD IN
6+ TRANSITION
a4
REGIONS
27 S Py
(/
01—t - : ' ‘ '

1800 1900 2000 2100






89‘

100 7 r———— —
(%]} S8 | SS ss |
80 r \% \ \
FS ' CK
+ : EL FS !
501 oK
MF
+ » FS MF
40 + \
MF
20+ FF FF
i FF

0 + + ' + ; : ¥ : y
1975 1985 2000 2015 203019751885 2000 2015 2030197519885 2000 2015 2030

Region | Region [ Region |11
100+ = == ﬁrs_-:?
—_———ﬁ_
(%) EL sS EL L SS gL 35 oH |
T \h N —
80 1 _\ ES
o
M
60+ F
L ME MF
40 + .
\ fF FE
20+t
EF
¢ + 4 A ' + + + ' + >
1975 1985 2000 2015 203019751985 2000 2015 203019751985 2000 2015 2030
Region IV Region V Region V1
FF = Substitutable Fossil Fuels MF = Motorfuel FS = Feedstocks
CK = Specific Uses of Coal {Ess.Coke} EL = Electricity DH = District Heat
$S = Soft Solar
Figure : Shares of Energy Forms in Final Enerqgy Demand,

"1975-2030 (High scenario).



80.

" Jwo3sAs Abreus *3ax aaning, (GL6T) °"P° A=2TT=ad (TT1) ’(6L6T) OTAOUIDTIMHEN

pue jxeburem (0T) ‘(LL6T) SAYNOD ’(SL6T) 64 vaud (6) ‘(9L6T) *Te 3o TAusyu
(8L'9) ‘(9L6T) suTtaoT (G) ' (wi6T) ITOM (h) .=HmH0m wnuTuTy, (EL6T) MOIIOW (£)
( , IBTOS WnWiXeuw, (€L6T) MOIIOW (Z) ‘(€L6T) FULIW {(T) :s201n0s AbIsus IBTOS
woxj orqeiTeae Arrerausiod puepuwesp AbIsua Te3j03 mumoﬂﬁcﬂ pauTaSpuUn 70U mumnaﬂc
{puruwop Abisue Tel03 JO m:oﬂuumﬁaaa BqTIOSOP sI3UNU pauTTILSpUN "S5 N BYIY

103 Ssoaeyg Ie1og [eTI3udlod pue puewsa Abisuy Axewtid 3o suotrioaloxg jusoax auog

G90c

ajeq

0i

(m1)

1, 2anbtg



91.

(otaeusos ybIH) suotbhsy @a_uoz quoxayytd ut X3rsuaqgur Abasum :eg 2anbta

(5261 $) | eudeos sad 4ao

000S¢ 00001 000S 005¢ 0004 | 00S 0S¢ 001

.
+

(ZNVT/3M) 1) (FYN/TH) IA

(WN) 1
(V1 Al

|
(ZNVL/AM) ITI
(vasAv) A

{0£0Z "S10Z ‘000T 'S861L) pardslolg e

=
I
=

3

(SIM] da9 uun Jad ABiaus jeuy

(S£61 '0L61 0961 ‘0G61) |B2UOISIH v

{3a/ns) 1



92.

(o1aRUSDS MOT) SUOTHDY PTIOM FUBISIITA UT A3TSusjul Abaeug :498 sanbTtg

{561 $) endeo sad ggo

00052 00001 0008  00SZ 000l 008  0SC 001
(ZNVr/am) i1 (WN/IN ) 1A
RKET I S foso
{Vas/iv) A 100°1L
0571
looz
{0£0Z ‘S10Z ‘000Z ‘5861) parosforg e
(GL6L ‘0461 ‘0961 ‘0G61) [EILOISIH vy 052

{33/nS) H

{$/M) 4aD Mun 13d AB1aus [eul 4



TABLES






93.

YT annyge ApiRraniew 10U prnols aIa PIOU SpuTy 9y3 3o suor3eoTITIdws aya jng

-1938p 9q pinoys uworidumsuooc Abxaus s3I

oyt e

THO LU 39TA0S &4 Ul ponurjd
pur paIaprsuos ATSuOTaas sT STyl {Tong Iojow ueyl Iayjex A3ToTIios(e asn Aew sauypradid fsoueisur aog
~11qrssod xayjzo sossTw saddl (ong omy ic suo 3sal 03 2awmj s9TI0bIJEs UTEIISD JO UOTIDTIASHIT 3Y] ‘95IN0D JO

THULLIT

Abxour Aaepuooss 03 Azewtad woxI UOTSIDAUOD T0T LOUTM

3tuxad s0T11STIVIS JT ATsjexedss parxsprsuod aq pluoys Iojows Lhasua oyl

q

*2a9Y POPNIOUT alt AJTOTAIIL[S JO sasn juesaxd TP ‘fIpow oyl Ul UDIFTUTIOP >mm

(d) saouerrdde TeaTaloeTd

{n) Buttood

sbuIpTTNYg
Gt--3s0d/—axd (1) sasn peuaayy

DD'TALDG

(3) saouertdde TwoTAIOB8TH

(n} butrtood

{n} burzocod

(n) Butiesy xsaem

o

Jbutyemy rexjuadn
AtTuey ayburs
JATTwe Ty Towm
shu T [amMp
GL-3sod/-nad

() burarey aordg

pToUasnoH

(d

(3) s3D018 poojy

Abaxauyg
se sjonpoad Abiaus Jo asn T

. I8Ul0 puw
‘53 1TIN®] pood
Juaudrnba
pue AasutyovH
sTeTi9lRW O1ERd

uuoﬂuusﬁwu 910-UOIT 10J 0D

Bbufaeay Ioaem pue aseds
uorjerasdo sovuing
uciirvzauab weonsg

(0) sesn Tewiayl butanjoeynueH

() sasn bututw

Larorayonys moﬂuﬂuwam UoyIoNIISuc)

(d) 95N [5n3 IOJON 2IN3TNOTIbY
S595SIV0I] £1039295

Jxodsuray {owIjracy pue
ate) aobhuassed pure
JUNFRIF TRUOTICUIDIUT

(AW) SNOUBTTIISTH

(dKW) Monxz Tedo]
(dl) 2urTadrd

(W) amwmn aouURISTP

_ (138 “au Guoy
: ‘D) uwreIg

(dW) Honajy
voTirjrodsuery, Iybraig

(TR ‘au
10) ure1)
(dW) sng
() 2uefd
{dwW) Fed

AzToaogut

(1T ‘an)
3TSURI} sSSP
{13 ‘an) aeo

uvotTyelandsuri], TRUOSIAJ

TP

STOPOW 9DTAIBE/PTOUISNOY

aTnpoH Arxjsapur

{a) oTnpor uotrjejxodsural,

suzaog ABiwug Tngasn uy pajeInoTe) puewsg AbBisuyg orseg ST N1 fSuIog

Abaouw TeuTg UT palwINaYe) puemaq Abisug orseg ST 4
~osenH-~--Tond 1030W ! (ID) [eo) aaw sadinog Abaosuy -g-audal UT paIsplIsuoc) as puld Abisuyg Jo sataobaje)d

*(7") AATOTIROSTF ! (AW) Tendg IS8

119S9Tq ‘BUTT
1 JATEVL



94.

Table 2 Population Projections by Regicn

[N
Populaticn (10 /

Base

Year Projection
Region 1375 2C00 2030
I (Na) 237 284 315
II (SU/EE) 363 438 420
IIXI (WE/JANZ)® 560 e 7875
Iv (LAa) 319 575 797
v (Af/SEA) : 1,422 2,528 3,350
VI (ME/NA{L) 133 247 353
VII (C/CPA) 912 - 1,330 1,714
World - 3,946 6,080 7,576
NCTES: 1975 data are mid-year estimates from United Nations Montkhiy Bulletin

of Statistics, January 1978. . chose
The same population projection is ? %or poth High and Low scenarios.
SOURCE: Keyfitz (1977).
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Table 3: GDP Projections by Region (109 g75)

Region
I (NA)

II (SU/EE)
I1X - (WE/JANZ)
IV (LA)

V  (Af/SEA)

VI (ME/NAf)
vII (C/CPA)

world

Base Year

Projections

1975 High Scenaric Low Scenario
2000 2030 2000 2030
1670 4126 7926 3049 4170
930 2729 7658 2420 4713
2385 5999 11693 4452 6656
340 1272 3568 - 918 2228
340‘ 1207 3&38- 924 1995
190 900 - 2918 643 1310
320 939 2850 690 1345
6175 17172 39702 13096 22418

Notes: GDP in constant 1975 U.S. dollars.

Base year data are estimates fromUN (1977c),

World Bank (1977) and OECD (1979a).
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Table 4: GDP/cap Projections by Region (103 275}

Base Year Projections
High Scenario Low Scenario

Regions 1975

2000 2030 2000 2030
I (NA) ‘ 7.05 14.53 25.16 10.74 13,24
II (SU/EE) 2.56 f.26 15,95 5.55 9,82
III (WE/JANZ) 4,26 8.82 15.25 6.55 . 8.68
IV (L&) 1,07 2.21 4.48 1.60 2.80
v (Af/SEA) 0.24. 0.48 0.98 0.37 0.56
vI (ME/NAL) 1.43 3.64 8.27 . 2,60 3.71
VII (C/CPA) 0.35 0.71 1.43 0.52 0.78
World 1.56 2.82 4.98 2.15 2,81

Note: based on Tables 2 and 3.
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Table 5: Primary Energy Consumption, Electricity Generation and

Noncommercial Energy Use in the Base Year (1975) by Region

Primary Enerqgy Consumption (GWyr): Region
I I1 IIT v v Vi
Solid 484 770 541 16 119 3
Liquid 1167 635 1252 228 159 77
Natural gas 763 374 238 Lg 20 43
Hydro (primary equiv.) 174 50 180 45 29 5
Nuclear (primary equiv.) 66 6 45 1 1 o
- Total | 2654 1835 2256 338 328 128

Electricity Generation (GWyr}):

Hydro ' 58 17 59 15.1 9.9 1.5
Conventional Thermal - 181 139 167 12.6 16.0 3.9
{from fossil fuels)

Nuclear 21 2 15 0.3 0.4 0
Total ' 260 158 241 28 26 5

Noncommercial Fuels (GWyr):

Wood - ay - 84 229 2

Agricultural and Animal Wastes - - = 25 115 8

Total - 44 = 109 344 10
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Table 6: Estimate of Final Energy Use by Energy Form and by

Region in the Base Year (1975)

(GWyr)
' . Region
Energy Form I II ITI Iv v Vi
coal? | 108 353 232 12 81 2
0i1® 951 428 979 189 138 70
Gas® 584 . 148 177 29 12 29
Electricity 228 130 201 24 22 5
District Heat - 1218 - - - -
Total 1871 1277 1589 254 253 106

a includes coke consumption of the iron and steel industry.
b includes feedstocks derived from crude oil.

¢ includes manufactured gas.
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Table 7:Estimate of Sectoral Distribution of Final Energy Use

in the Base Year (1975)

Regions
I IT I1I Iv v VI
Total Final Energy 1871 1277 1589 254 253 106
: (GWyr) :
% electricity 12.2 10.2  12.7 9.6 8.7 4.4
% district heat - 17.1 - - - -
Industry (GWyr) 757 759 805 119 149 49
% electricity 12.5 13.3 14.0 14.5 11.59 7.5
% district heat - 22.4 - - - -
Transport (GWyr) - 541 224 313 105 76 ruzr
%electricity | 0.1 4.0 1.9 0.2 0.5 0.1
Household/sérvice
(GWyr) : 573 293 471 31 28 15 -
felectricity 23.3 6.9 17.6 22.7 13.6 6.6

% district heat - 16.4 - - - -

Noncommercial energy
{households only)

{(GWyr) : = by - 109 344 10
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Table 8 : Base Year Data / Inputs

Group ! : Demography

. Region
Variable 1 o Y v v Vi
PO .29, 363, 580. 319, 1422. 133,
PLF 0.64 0.64 0.63 . 0.542 0.538  0.523
PARTLF 0.69 0.61 - 0.72 0.58 0.708 0.512
POLC 0.64 0.42 0.51 0.63 0.87 0.71
PRUR* 0.24 0.41 0.29 0.40 0.78 0.55
CAPH 2.98 3.9 8 5.1 5.24 5.25
Group 2 : Macroeconomics
. ' . Region

\Y;

asiable I I T v v VI
Y 1670. 030, 2385, 340, 340, 190.
PYAG 0.098 ° 0.107 0.058 0.122 0.951 0.07
PYB 0.041 0.079 0.075 0.057 0.058 0.065
PYMIN T 0. 0. 0. 0.025 0.015 0.51
PYMAN 0.245 0.982 0.336 0.248 0.166 0.0'78
PYEN 0.038 0.042 0.046 0.025 0.016 0.007
PYSER 0.648 0.39 0.485 0.523 0.384 0.27
PVAIC 0.248 0.233 0.33 0.308 0.264 0.2
PVAM 0.432 0.476 0.42 0.264 0.17% 0.1
PVAC 0.32 0.291 0.25 0.429 0.56 0.7
I* 0.18 0.3 0.25 0.23 0.2 0.215
bl 0.65 0.45 0.58 0.7 0.71 0.325
PCDG* 0.19 0.1 0.1 0.1 0.07 0.1
PCNDG* 0.42 0.6 0.56 0. 0.73 0.6
PCSER* 0.39 0.3 0.34 0.3 0.2 0.3

* The values for these variables do not directly affect the calculations
of the version of the MEDEE-2 model used for the present assessment,
but they are used for projecting the evolution of other variables,
outside the model calculations.
tFor Regions I, II and III, mining of cocal, oil and
gas is included in the energy sector and that of other

materials is included under manufacturing of basic ma-

terials. (see definition of sectors in Appendix III).
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" Table 8 : Base Year Data / inputs {cont’d)

Group 3 . Energy Comsumtion
Gmup %1 lndu'\'tr'y {Agricuttnre, Consrnictinn, Mining, Manufacturing)

Group Y la: Energy Intensity of Agriculture, Construction, Mining

) ) Region
Varisble I T v v Vi
FLACR.MF 507 . 1.36 .49  0.132  0.165  0.252
ELAGR.EL 0.5  0.88 Q0.2 0.4 0.065
ELAGR.TH a a a " a a
ELCON.MF 2.53 2.9 1.97  1.44 0.08 0.25
ELCON.EL a 0.95 a  0.065 a a
ELC{}N,'[}-{ a a a a a =1
ELMIN.MF b b b 5] 1.47 a
ELMIN.EL b b b 182 a a
ELMIN.TH b b b a a 1.9%66

Group 3.1b Energy Intensity of Manufacturing Industries

Region
Vanable 1 T T v Vi

El BM.MF 0.14 a a a a a
ELBM.EL 4.62 5 1.27 2.2% 5.5 4.4
ELBM.US 18.05 17.286 5.81 7.38 i2.5 11.74
ELMEMF a a a a a a
ELIMEEL 0.9 1.5 1.87 G.BB 1.85 0.66
EILMEUS 1. 14 4.4 0.581 C.5%% 1.025 1.9
ELNQ MF a a a a a a
ELND EL 1.32 0.58 0.23 .54 1.38 1.69
ELNDL.US 2.48 5. .06 2.868°  B.85 3.19

Group 3.1c: Change of Energy Intensity of Agr., Constr., Min.

: Region
Variabl
ariaole 11 . 1v v

b

CHAGCR.MF
CHAGR.EL
CHAGR.TH
CH CON.MF
CH CON.EL

CH.CON.TH
CH MIN.MF
CHMIN.EL

CHMIN.TH

[ A e e e
—— d —h e . e —

1
1
1
L
L
l
1
1
1

i b et Gt e s
H H . H . : . . H
bt bt el et s e pad
Mas Bt s e PR e g

Group 3.1d : Change of Energy Intensity of Manufacturing Industries

Variable Region
] 1 T v v vi
CH MAN.MF I 1. 1. I L 1
CH MAN_EL L. L. 1 L. L. 1.
CH MAN.US 1. 1 L L. i 1. -

a: separate data were not avallable to us; the correspondin

requirements are accounted for elsewhere.

b: the mining sector 1s not considered separately for Regions I, II

and III(see definition of DPYMIN,PYEN,PYMAN and PVAIG in Appendix III.)
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Tabje 8 : Base Year Data / Inputs {cont’d}

Group 3.le : Breakdown of Useful Thermal Energy in Manufacturing Industries

. Regian

Variable ) T T vV v Vi
STSHI 0.5 0.69 0.5 0.42 0.4 0.4
STI 0.4 0.6 0.4 0.4 0.4 0.4
LTH 02 03 0.2 0.15 0.15 0.15

- Group 3.1f : Penetration of Alternative Energy Sources and Efficiencies t

) Region
Variable 1 o 11 v v VI
ELPIND* 0. 0. 0. 0. 0. G.
P (o) {0) (0) (o) (0) (o
EFFHPI 2. 2. 2 2. 2 .2
IDH . 0. 0.69 0. 0. 0, 0.
SPLT 0. 0. 0. 0. 0. 0.
SPHT 0. 0. 0. 0. 0. 0.
FIDS 0.7 0.3 0.7 0.8 0.8 0.8
1COGEN 0. 0. 0.2 0. 0. 0.
EFFCOG 0.65 0.65 0.65 0.65 0.65 0.65
HELRAT 5, 5. 5, 5. 5, 5,
EFFIND*? ¢.o5 0.605 0.65 oL 0.5 0.5%

*zero by definition, i.e. only penetratio'n above levels

reached today is considered

**afficiency of fossil fuel use relative to electricity.

Values in parentheses are to be interpreted as fractions of the
preceding category.

Group 3.1g : Constants for Projection of Feedstock Use and Stezl Production

. Region
Variable 1 I 111 v v VI
CFEED(1) 0. 449 0. 0. 0. 5.6
CFEED(2) 0.77 1. 0.36 0.488 0.553 0.4
CPST( 1) 0 71.4 0 0. Q. 0.
CPST(2) 0.49 1.33 0.83 0.732 0.606 0.304
Group 3.1h : Coke Use in Iron&Steel Industry
. Region . .
Vaniable 1 I 11 v v Vi
BOF 0.8 0.8 08 L 1. 1
IRONST 0.97 0.9 0.97 0.6 0.95 1.2
EICOK 600. 700. 500. 600. 900.

1000.
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Table 8 : Base Year Data / Inputs {cont’d)

‘Group 3.2: Transportation

Gmup 32a: Chnetants for Pmpcring Freight and Mier Transportarinn

. . o Region o
Variable I I 1l v v Vi
CTKFRT(D)  -11845  1120. 0. 0. 0. 0.
CTKFRT(2) 6.125 712 145  6.19 283  4.353
CMISMF(D) . 0 560, Q. 0. 0. 0.
CMISME(2) 0.22% B! Q.07 Q16 Q.16 0.2

Group 3.2b . Distribution of Freight Transportation by Mode"

- - _ Region ~ ___
Variable T 1 1t Y, v vi
TRU ' 0.2%4 0.02% 0 b5 0.615 0.45 0.425
(TRUL) (0.13) (0 (0 {0) (0) {0)
FTRA 0.39 0.77% 0.3 0.175 0.25 0.024
(TRAEF) £0) (0.35) (03} (ool {0.15)  (0.05)
(TRASTF) (0 (0.055) (0) () {0.55) (0)
RA 0.164 0.05 0.1 0.15 0.08 0.03
PIP 0.212 2.15 0.05 C.06 0.12 0.52

* wvalues in parentheses are to be interpreted as

fractions of the preceding category.

Group 3.2¢ : Energy Intensity of Freight Transportation Modes

. i Region
Variable { it m v v Vi
DTRU 400, 800. 800. 800, 800.  800.
DTRUL 1100, 0. 0. 0. 0. 0.
DTRAF 110, 100. 200.  200. 200.  200.
DBA 80. 100. 200. 200 200. 200

DPIP Q. 0. 0. 0 0. 70.
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Table 8 : Base Year Data / Inputs {cont’d)

Group 3.2d : Total Distance Travelled per Person {Intercity/ Urban)

0of the preceding category.

Group 3.2¢ : Specific Energy Consumption of Passenger Transportation Modes

. Region
Variable I It I v v VI
DI 10000. 2650 7500. 1850, 500. 1050.
DU 56, 10. 9.7 16.5 11 i1
Group 3.2e : Car Travel *
. Region
vV
ariable I I m v v Vi
co 2 40. 5.21 25,64 268, 595
DiC 7000, 5000. 5000. 6300. 6700. 6000,
LFIC 26 3 23 35 .5 3.
ucC 0.966 . 04 0.7 0.3 0.33 0.3
(UCE) (0.3 (0 (0.9 (0.} {0 (0.}
1LFUC 1.6 2.5 1.5 2.5 2.5 2.
*Values in parentheses are to be interpreted as fractions of the
preceding category. ) :
Group 3.2 : Public Transportation *
. Region
Varizble I I 1 v v Vi
PEU 0.153 0.15 - 0.35 0.845 067 0.844
. PTRA 0.05}1 0.62 0.6 0.107 0.314 0.132
{TRAEP) (0.01) (0.5 (0.9 (0.0 {0.15) (0.05)
(TRASTP) (0} (0.02) (0} (0.} (0.55) . (0.)
PLA 0.798 0.23 0.05 0.0438 0.016 0.024
LFRBU 22. . 45, 25. 40, 40, 40,
LFTRA 140. 400. 140. 500. 50Q. 500.
LFP 0.5 0.9 086 0.6 0.8 0.75
UMT 0.034 0.6 0.3 0.7 0.67 0.7
(UMTE) (0.4} (0.8) {0.4) ( 0.05) (0.02) (0.02)
1LFMTB 176 40, 20. 50. 50. 50.
LFMTE 20.5 50. 30. B0, 60. 80,
* values in parentheses are to be interpreted as fractions

. Region

Variable I o I v v VI
GIC 14, 12 9. 9, g, 1.5
GUC 196 14, . 12 12 14.5
ELUC 0.25 0.25 0.25 0.25 0.25 0.25
DEU 39, 35, 40, 40, 40, 40.
DTRAP 42790. 99750,  20000. 20000, 20000. 20000,
DPLA 691, 800, 700. 700. 900, 700.
DMT 50, 40, 60. 60, 50. 60.
ELMT 3.4 3.4 3.4 3.4 5.4 3.4
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Tabie 8 : Base Year Data / Inputs (cont’d)

Group 3.3 : Household and Service Sector

Group %32 : Important Constants { Initial Values

Variable

DD

DWSH,ARSH

DW-75

SHDWO( 1)
SHDWO(2)
SHDWQ 3)

TAREA-75
CPLSER
HAREAO

BYRNCF

Region
I v I v v VI
2600, 4000, 92200. 1200, 300. 500,
1. L 1. 0.25 0.15 1.
70.4 a8, " 18T, 62.6 971.4 95.8
23500. 17750. 17000. 5000 . 2700,
12800. 11500, 11000. 3500, 0. 1800.
9600. 6300 4000, - 1250, 450. 900.
2720. 1500. 3000. 600. 1250. 180.
1.2 1.028 1.2 1534  1.5% 0.824
290. 290. 135. 50. 15. 25,
a 475 a 1. 370. 10.5

@ noncommercial fuels are nct considered in Regions I and

ITI.

Gmup 3.3b : Other Factors Determining Present Useful Energy Consumption

Variable

COOKDW
DWHW
HWCAP
DWAC
ACDW
ELAPDW
PREDW( 1)
PREDW(2)
PREDW( 3)

AREAH
ELARGC
AREAAC
ACAREA
EFFAC

Ragion
I I IH v A4 Vi
1000. 1000. 1100. 1600. 1000. 1800.
1. 0.6 0.7 0.2 0.1 0.6
1500, 700. 700. 400. 440, 60,
0.39 - 0. 0. 0. Q. 0.01
4472, 2000. 3000. 1500, 1500. 2000.
38560, 880. 1950. 700. 50, 200.
0.48 0.05 0.1 0.08 0. 0.01
0.32 0.35 0.2 0.16 0. 0.05
0.2 0.6 0.7 0.56 0.35 0.4
0.8 L. 0.7 0.8 Q.35 0.7
120. 40. 40. 25. 15. 15
Q.55 0. 0.05 0.06 0. 0.04
70. 70. 70. 70. 70. 70.
2 2. 2. -2 2. 2.



106.
