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Introduction

' The paper concerns a very specific aspect of energy policy in Less Developed
Countries (henceforth, LDCs). That is, how to find efficient ways for developing
integrated energy policies that take account of the dinterconnectiens between
commercial energy (CE) and traditional energy (TE).

Since the late 1940s, economic thinking on LDCs has been strongly influenced
by the idea that these countries have a dualistic structure. One secior is
viewed as the 'modern' sector sometimes characterized as the 'advanced' sector;
over time it became synonymous with the urban or industrial sector. The other
sector was the ‘'traditional® sector sometimes characterized as the 'backward'
sector; it became synenymous with the rural or agricultural sector. While many
aspects of such an approach have been rightly castigated (Griffin,1969), dualism
does help to identify a policy problem. In general, government policies in LDCs
either at micro or macro levels, explicitly and implicitly, have been orientated
towards influencing only the modern sector of the economy. In so far as policy
has influenced the traditienal sector it has usually done so by accident via
secondary and teriiary effects. This has had serious dimplications for the
achievement of policy targets. Energy policy, where it exists, is no exception
to this generalisation. Thus government policy is eorientated to influence the
supply and demand of commercial fuels while ignoring non-commercial fuels. The
paper seeks to examine how TE can be brought explicitly inte the area of primary
impact from policy making =and discusses the consequences of this inclusion on
policy tergets, instruments and effectiveness.

Two clarifications are required. The first is to define what is meant by CE
and TE. There are many pessible approaches to these definitions but to
illustrate analytical possibilities, definition by economic characteristics seems
most appropriate. Commercial energy has two significant characteristics. It
moves in corporately controlled markets - in most developing countries the
corperation is state owned- and it involves a gross foreign exchange input.
Essentially this covers coal,petroleum and electricity. TE on the other hand
either moves in small local markets or moves in no markets at all in the sense
that it is not traded and has no money price although it does have an oppertunity
cost. TE which is not traded could also be called 'non commercial emergy'. TE's
other characteristie is that it involves no foreign exchange input. TE therefore
covers woed, vegetable and animal residues (sometimes called ‘'wastes', an
inappropriate term because it implies no alternative use and hence no opportunity
cost). There is alse another dimension to TE: animate energy. In LDCs much
physical work is perfermed by humans and animals that in more developed areas or
eountries would be deone by machines powered by CE. Statistics on TE often de not
include animate energy, although for a number of purposes (for example,
comparisons of energy-intensities and assessments of levels of living) it is
important that they should {Desai, 1978, 1980, Sankar, 1977).

The second clarification concerns the content of this article.  The authors
view the paper as a first step; at this stage, the paper's aim is to outline on
& priori grounds arn approach which might help policy-makers to formulate
integrated energy policies. Thus there is limited empirical background to
support some of the arguments. However, it is intended to add a structured
empirical basis in later work.

There are two main reasons why the subject is worthy of study. First it is
clearly important for the allocation of resources in the LDCs, with all that this
implies for the development prospects of these countries. Second the LDCs are
becoming increasingly important as an element in the world oil market in terms of
their demand for crude oil. In 1971, LDC oil consumpiion accounted for some 16.4
percent of world oil consumptien while by 1981 this percentage had increased to
24.9 . Furthermore, after 1979 when the industrial consumers' demand for crude
il fell, the demand from the LPCg for crude grew at some 4.37 percent per year
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compared to a decline in world oil consumption of 2.87 percent (BP Statistical
Review). Anything which influences oil demand from the LDCs (as energy policy
does) is therefore 1likely to play an important role in the future world oil
market. And, as we hope to demonstrate, the relationships beiween CE and TE mean
that the role of TE could itself be a significant indirect influence on oil
demand.

The paper has been divided into two sections. In the first section some
explanation is given as to why TE was neglected in the area of energy studies and
then why this indifference turned into increasing concern and interest. The
section then considers some of the conclusions which began to emerge following
the development of empirical work on TE. The second section deals with the
implications for energy policy formulation of incorporating TE. In the second
section there are four sub-sections. The first examines the basis and origine of
energy policy targets in LDCs. The second briefly examines arguments for and
against exploring the linkages between TE and CE. The +third sub-section then
outlines a strategy for developing integrated energy policies with the aid of an
augmented energy balance matrix and analysis of the various energy policy
instruments available to LDC governments. Finally there is a sub-section which
runs through one example based upon a priori reasonimg of how energy policy may
differ when TE is taken into consideration.

SECTION ONE

1.1 Bxplanations for the neglect of TE

The first question to consider is why was TE neglected in energy atudies in
the LDCUs Dbefore the 1970s. Twe reasons can be suggested, the orientation of
development policies and the lack of data.

A great deal has Ybeen written on the nature of economic development
policies. At the risk of gross oversimplification the following points can be
made. In the early years after the Second World War, development thinking was
dominated by the ideas of dualism in which the poor countries were characterised
as having large traditional/rural/backward sectors and very small or even
non-existent modern/urban/advanced secters. The object of the dJdevelopment
process was to increase the size of the modern sector since it was assumed that
the larger the modern sector the higher up the league tables of economic
development was the country. . Thus all efforts and attention were focussed upon
the modern sector and its expansion while the traditional sector was condemned to
either benign or malign neglect. Since the modern secior used CE (almost by
virtue of a tautology) all energy interests were directed accordingly. Thus, the
interest in CE first stimulated and was then in turn reinforced by the undeniably
high growth rates in its consumption {for example, in the developing member
countries of the Asian Development Bank, the growth rate was 10 per cent per year
in 1965-1973, declining te 8.5 per cent in 1972-1978 (Asian Development Bank,
1982, p.30)). Even during the early sixties, when attention towards agricultural
development grew (Johnston and Mellor, 1961, Kuznets, 1965, Nicholls, 1964) the sector
was still viewed as instrumentally important via what Kuznets called its market
and facter centributien (Kuznets,1965) rather than intrinsically important. Thus
T8 which deminated in the agricultural/traditional sector remained in a backwater
of neglect. This trend of neglect was further reinforced by the strong urban
bias in the pelicies of most LDCs (Lipton,?977) gince TH is largely used in the
rural areas.

The second reason for the neglect of TE was the lack of data. This can be
explained by four interconnected factors. The general lack of interest in the
subject already ocutlined, was the first. The second was the fact that the
measurement problems were considerable because the use of TE did not enter any
accounts by virtue of the absence of money prices. Thus the only way *to
enumerate ite use was to go into the villages and count the number of twigs,
gquantities of animal dung, etc. as they were used and make some sort of Theroic
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assumptions about the homogeneity of the calorific value of the inputs and their
conversion efficiencies. Given the lack of interest, the effort must have seemed
scarcely worthwhile. The third reason for the lack of data is that there appears
to have been a widespread assumption that TE use was falling so rapidly sas to
make meagurement uUNNeCcesSsSaAry. The final reason, doubtlessg influenced by the
tunnei-vision of duvalism, was that in any case TE was often thought to lie beyend
the reach of govermment policy.

1.2 Reasons for the recent interest in TE

This situation of neglect changed dramatically in the 1970s for three
reasong. The first was a major change in the orientation of development
policies. By the middle to end of the 1960s there was a growing disillusien with
the conventional development wisdom. Despite relatively high growth rates by the
LDCs plus increases in the size of the modern sector, it was becoming clear that
the majority of the populations of the LDCs were no better off and in many cases
worse off. The trickle-down mechanism had failed (IL0,1977;Griffin,1974). The
result was a growing emphasis on such ideas as redistribution with growth and
meeting basic needs (Chenery et al, 1974, Ahluwalia, 1976, Singer, 1979). This
was linked to the view that sgricultural development was important net just for
what it could supply to the rest of the economy but alse for what 1t could
contribute to the lives of those in rural areas:since the majority of the LDC
populations lived in the rural areas if development meant anything it meant
making such people 'better off'. The result of ithese reorientations was that
attention turned to the traditional sector as Dbeing important and worthy of
study. With this growth of interest in the traditional sector came a growing
interest in the fuel situatien in the traditionsl sector, namely TE. This was
further stimulated by the growing problem of the 'fuelwood crisis' which began to
emerge in the 1970s and an associated interest in environmental problems related
te TE (Bckholm, 1979, Global 2000, 1982).

The second cause of interest was the rise in crude oil prices which began in
1971. This dramatically ferced the whole issue of energy to the attention of LDC
governments. The two oil price shecks of 1973 and 1979-80 were both disasirous
fer the LICs. Their dimport bills rese sharply, creating balance of payments
havoc. Two other complementary facters reinforced this payments problem. The
rise in oil price coincided with a fall in the price of other primary commodities
following the price boom of 1970-T4 and in the middle of the 1970s international
interest rates began to rise thus putting further strain on debtor nations trying
to service their debis {Foley and Van Buren 1982), In 1970, the oil-importing
LDCs faced a current account deficit excluding official transactions of $7.5
billion (current prices). By 1979 this has increased te $36.2 billion and by
1981 had reached $67.7 billion {World Bank). Between 1980 and 1982 for the
twenty one major LDC borrowers their current account deficits increased from 12
percent of exports %o 23 percent of exporis (Morgan Guaranty). Effectively the
0il bill was crippling the LDCs. Thus emphasis was turned towards saving oil
imports which in turn meant considering all aspects of energy including e
although this interest was essentially academic and appeared to have Ilittle
influence on policy.

The final reason for the growth of interest was the preliminary results of
some studies, indicating that TE, ite links with CE and its environmental impacts
could ne longer be ignoered in any competent, comprehensive analysis of the
present and future energy situation in the LDCs.

1.3 Regults of recent data collection and analysis

There has been, and to a considerable extent there still is an acute
shortage of information on the scale and nature of use of TE (see, for example,
Asian Development Bank, 1982, p.103, Dunkerley, 1982, p.87, Glebal 2000, 1982,
v.2, p.374, World Bank, 1979b, p.8). in the past this data shoriage made
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impracticable any comprehensive and reliable quantitative analysis and hindered
the development of appropriate policles. Recently, however, as interest has
grown, more resources have been directed towards gathering and analysing
information on TE sources and uses. The work has been undertaken by individuals,
institutions and some governments (see, for example, Alam et al., 1983, Asian
Development Bank, 1982, Desai 1978, 1980, Douglas, 1982,Barl, 1975, Makhijani and
Poole, 1975, Sankar, 1977, World Bank, 1979a, 1979b, 1980; for summaries of much
of the available work, see Global 2000, 1982, the annotated bibliography by
Barnett, Bell and Hoffman, 1982, and also Hall, Barnard and Moss, 1982).

Even now the data has %o be interpreted with great care. There is a wide
range of problems associated with obtaining and preparing estimates of TE.
Hughart (World Bank 1979a, p.34) points out a number of difficulties with data
about animal dung and crop residues, beginning with the estimation of crop
production levels and livestock numbers. Once these estimates are available it
is then necessary to estimate: (a) coefficients relating residue production to
primary preduction; {b) the energy content of different residues; (e) the
availability of residues for energy purposes; and (d) the differential
efficiencies of different fuels in different end-uses. In each case the estimate
results from the aggregation of a set of sub-estimates which are likely %o differ
widely and for which neither the basic data nor those necessary for accurate
weighting are easy to get. Similar problems arise with fuelwood availability
data, with the added difficulty that a lot of fuelwood is net coliected from the
forests and trees recorded in official statistics but from trees and shrubs
scattered around villages, houses and roadsides. Much of the fuelwood consists
of mixed twigs and leaves with a variety of moisture contents and heating values.

Household surveys are widely used as the source of data on TE consumption
but are not always as reliable or as useful as they might be (Barnett, Bell and
Hoffman, 1982, pp.10-17, Hall, Barnard and Moss, 1982, p-13). The problems
include: +the seasonality of fuel supply and coensumption; difficulties in
measuring accurately different units of supply (e.g. headleads, bundles); the
unsystematic unreliability of people's recollections of recent fuel |use;
intentional exaggeratien or understatemeni of use by respondents who may wish <o
appear richer or poorer than they are or who may ,for a variety of reasons, be
reluctant to disclose their methods of collection and sources of supply; failure
to structure questionnaires so as to distinguish between different gecial, income
or eocccupational groups; and all the other classic problems of  survey
methodology. A further limitatien of the single survey is that it provides no
time~series data necessary for understanding the dynamics of the rural and wurban
TE situations, ~although this difficulty can sometimes be overcome through
re-analysis of existing data from other sources.

Despite these reservations, interesting and useful information has begun to
emerge from a number of studies, although it is not always a simple matter to
bring it together and compare it. Table 1 is intended to provide a compact
outline of data on domestic and non-domestic TE sources and uses and on the
envirenmental impacts of TE preduction, cellection and use.

Recent data confirms the actual and potential importance of TE use in LDCs.
It is substantial, both absolutely and relative to CE use. In particular, it is
the main source of energy for both household and non-household uses in the rural
areas where 70 per cent of the people in LDCs live, and is extensively used by
the poorer households in urban areas. Estimates of the share of T8 in total
world and LDC energy consumption vary considerably; one source offers estimates
ranging from a share of TE in total LDC energy use of 30 per cent, right up to a
high of 70 per cent (Glebal 2000, 1982, v.2, p.375), while another recent
estimate puts this share at 43 per cent ( Hall, Barnard and Moss, 1982, pT)
Fuelwood (including charceal) is fthe major non-commercial fuel, with 90 per cent
of the world's fuelwood being consumed in the IDCs. Worldwide, in 1974 +the
fuelwood share of TE was more than 80 per cent, with dung centributing about ten
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per cent and crop residues about 5 per cent (Global 2000, 1982, v.d, p.375),
although there are wide variations in these shares Dboth within and between
countries and regions. At the aggregate level too, there are wide variations.
For example, the share of TE in total consumption has been estimated to be from
58 per cent to more than 65 per cent in Africa but omly 33 per cent in the
developing member countries (DMCe) of the Asian Development Bank, excluding India
(Global 2?00, 1982, v.2, p.375, World Bank, 1979a, p.2, Asian Development Bank,
1982, p-8).

Table 2 indicates the share of TE in total energy consumption for a variety
of countries. The figures clearly illustrate the extent %o which this aggregate
share can vary. The existence of more than one estimate Tfor several of the
countries, and in two cases (Thailand and India) striking differences between
those estimates, highlights the problems underlying TH data and the need for
caution in interpretation.

TABLE 2: DPercentage share of TE in total energy consumption of selected LICs

Less than 10 per cent

Mong Xong 0.2 (ADB), Singapore 0.2 (ADB), Fiji 1.5 (ADB), Libya 5 (HBM), Republic
of Korea 7.4 (ADB), Mexico ¢ (HBM)

Between 10 and 30 per cent

Feypt 15-20 (HBM), Guyana 15 (HBM), Malaysia 19.1 (ADB), Morocco 21 (HBM),
Thailand 22.8 (ADB) 163 (HBM)}, China 29 {(HBM)

Between 30 and 50 per cent

Trazil 54 (HBM), Philippinmes 54.4 (ADB), India 40 (HBM) {54 (HBM), 57 (ADB)},
Bolivia 44 (HBM), Sri lLanka 46.2 (ADB), Indonesia 48.5 (ADB), Pakistan 49.6 (ADB)
Between 50 and 70 per cent

Vietnam 50.4 (ADEY, India 54 (HBM) {57 (ADB), 40 (HEM)}, Thailand 63 (HBM) {22.8
ADB}, Papua New Guinea 68.6 (ADB), Gambia 69 (HBM)

Between TO and 90 per cent

Bangladesh 71 (HBM), 73.5 (ADB), Afghanistan 73.2 (ADB), Kenya 75 (HBM), Burma
z9.4)(ADB), Sudan 77,80 (HBM), Somalia 84 (HBM), Laoc PDR 85.2 {ADB), Niger 88
HEM

More than 90 per cent

%auz?nia G5 (GEM), Bthiopia 95 (HBM), Nepal 95.8 (ADB), 98 (HBM), Cambodia 98
ADB

Notes

The data relate mainly to wood and charcoal consumption, although some sources
include animal and crop residues.

Sources

ADB is Asian Development Bank (1982, Table 5.1 {pp-106-107), Annex 2
(pp.280-291)). The data relate to 1978. BN is Hall, Barnard and Moss (1982,
Table 2.3 {p.18), Appendix A, Part Twe (pp.185-205). Data from various years,
mostly 1976~ 1980.

Further data suggest that while the per capita consumption of TE varies
considerably even between countries with similar income levels, aggregated groups
of countries do appear to show an inverse relationship between the share of TE
and income level (Asian Development Bank, 1982, pp.29-31), and there is said %o
be a general inverse relationship between the level of economic development and
the use of fuelwood (Global 2000, 1982, v.2, p.BTS). Time-series data for the
Asian Development Bank's DMCs (excluding India ) suggest that between 1960 and
1978 the share of TE fell sigpificantly in all but the low-income group of
countries, with the decrease being steepest for the more affluent countries:
overall the TE share fell from 52 per cent in 1960 to 33 per cent in 1978, while
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in Tndia it fell from 63 to 57 per cent. Although the share of TE seems te have
fallen in several countries, the absolute level of consumption rose in all but
the more affluent (Asian Development Bank, 1982, Pp.280~291). Fuelwood and
charcoal consumptien in LDCs before the 1973 oil price rises was estimated to e
rising at between 1 and 2 per cent per year and is thought to have risen above 2
per cent since then; as a result it has been suggested that demand may grow in
the future as fast or faster than LDC populations (GLobal 2000, 1982, v.Z2,
pp.375~376). This would, of course, carry important implications for the future
environmental impacts of TE, particularly if the use and substitution of dung and
crop residues alsc continues to increase.

Tt is clear that the level and patierns of use of TE vary extensively within
and between countries in response to a wide variety of factors influencing demand
and supply, including tastes, fuel-1se praciices, the stock of energy-wping
appliances, relative prices of both CF and TE, location, season, income level and
property ownership, fuel-gathering rights, privileges and practices, and the
division of labour within the family. The explanation of the patterns of TE use
clearly requires us to examine in some detail the important determinants of
demand and supply. Moreover, given the diversity of consumption patterns it is
evidently most unlikely that the current and future patterng of TE demand, supply
and use can be successfully explained or forecast on the basis of a few broad
generaligations.

Data suggest that a number of countries are or will be experiencing severe
fuelwood shortages, leading to increasing explicit or impliecit prices for
fueiwood and charcoal (World Bank, 197%9a, pp.39-42, Asian Development Bank, 1982,
pp.115—117)« This situstion means that there are actually and poteuntially
serious problems of fuel poverty, most notably in rural zreas but alse for the
urban poor.

Tt should not be thought, however, that TE is only important for household
domestic wses such as cooking and heating. I+ is alsc widely wused in
agriculture, indusiry and transport, as Table 1 suggests. There are many
processes for which TE ocan be successfully used instead of or as well as Ck.
Even though in most countries only 2 to 15 per cent of fuelwood is deveted 1o
these processes, in many these are thought to represent the fastest-growing use
for wood (Deudney and Flavin,1983, p.69). MNoreover, crop residues represent a
potentiaily very important source of energy, sufficiently valuable for users to
be willing to meet the costs of transporting them from distant lecations. In =a
aituation where there is a scarcity of foreign exchange, the opportunity to
substitute TE for imported fuels is of considerable significance.

Conventional wisdoms

Recent research also suggests that seome of the conventional wisdoms about
energy/GNP ratios may be suspect. For example, it has often been assumed that
energy consumption rises faster than GNP in the process of development, i.e.
that the elasticity of energy consumption with respect to output is greater than
one. However, Desai (1978, p.26%) argues that this is incorrect and that, "when
all forms of energy are Dbrought into the reckoning, there is no evidence that
development entails growing energy consumption.” Furthermore Sankar (1977, p.235)
claims that in India the energy/GNP ratio is lower in sectors where CE 1is used
and this results in a decrease in overall intensity of energy use as the share of
CE in total energy consumption increases. Whai seems more likely, therefore, is
that the output elasticity of CE consumption may be greater than one in the
process of development. This is an important distinction, implying different
income elasticities of demand for CE and TE and substitution of TE for CE.

Environmental impacts
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A third aspect of recent work is the finding that nen-cemmercial fuel
collection and usage can have significant effects on environmental quality and
hence on the quality of people's lives. Moreover, these effects are by ne means
confined to the richer seciions of the population, as has sometimes been
suggested. People are affected both as consumers {(for example, in terms of
health damage and recreational and amenity losses) and as producers (for example,
through loss of agricultural output and productivity through soil erosion, as
well as through reduced ability to work because of impaired health (Cocoper,
1981, Pearson and Pryor, 1978). As  the dominant TE source, Tfuelwood net
surprisingly is assocciated with the biggest environmental impacts. In
particular, increases in local deforestation have occurred where sustainable
yields are exceeded by early and heavy cutting of trees for fuelweood and other
purpeses. The removal of tree and vegetation cover can lead to soil erosion (and
landslides in hilly areas), followed by siltation of reservoirs, riverbeds and
irrigation channels, resulting in reduced availability of water for some but more
flooding for others. Moreover, in some circumstances excess demand for woodfuel,
charcoal and other fuels can lead to increased substitution of crop residues and
animal dung, thus diverting them from valuabdble use as organic soil conditioners
and nutrients (Glebal 2000, 1982, V.2, pp. 320-321, FTT7=379) . Impaired
agricultural productivity seriously impairs the ability of the poorer sections to
meet their basic needs.

Thus, recent research suggesis that: TE is a major component of LDC energy;
that it is used not enly for household consumption, where it is esgsential for
basic needs, but alse for non-domestic production, and that this latter use is
inereasing rapidly - which carries important implications for situations where
alternative fuels require scarce foreign exchange; that there are gerious acitual
and potential supply problems in many areas; and that environmental impacts are
too large to be ignored, especially because they are not confined o the more
afflueni sections of the population.

Increasing awareness of these points, added to the impact of higher o¢il
prices and a desire 1o meet basic needs has led to a more active concern among
both LDC governments and international agencies with formulating and implementing
energy policies. Thus a number of countries are either operating a specifically
formulated policy or are constructing such a pelicy, although Frits (1981)
claimed that out of 156 LDCs only 24 had either worked out a comprehensive
national energy peolicy eor had prepared the basis for one. Moreover, despite the
new concern there is as yet little evidence of much detailed planning relating
either to TE or to the interrelationships between CE planning and TE. Moreover,
energy policies have been formulated with little or no systematic reference to
envirenmental impacts from changes in CE and TE usage, even though these impacts
are sometimes acknowledged elsewhere in the planming process. Thus, even for
those countries with a policy, the orientation is still mainly towards the
'organised' or 'modern' sectors of the economy, while the ‘unorgenised’ or
"traditional' sectors relying mainly on TE are rarely explicitly accounted for.
Nonetheless, because of the linkages that can exist between the twoe sectors, the
traditional sector 4is influenced by policies directed towards the medern sector,
while the modern secter is clearly affected by what happens to the supply of and
demand for TE.

Tt is, therefore, important to examine the linkages between CE and TE and to
explore the related environmental impacts of energy use. In particular, it is
vital to develop an approach which takes account of these linkages and so can
help in the formulation of integrated energy policies.

PART TWO IMPLICATIONS FCR ENERGY POLICY

2.1 An examination of energy policy objectives in relation to TE and CE

Standard theory suggests that the government's overall aim is to ensure that
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the net social benefit obtainable from energy resources is maximised, through the
attainment of appropriate levels of energy consumption and production now and for

the duration of the governmenti's planning horizon. The allocation of energy
resources must be appropriate’ in relation to at least four areas of policy
concern 1 economic efficiency; financial viability or proefitability; income

distribution and basic needs objectives; and macroeconomic impacts (Rees, 1976).

Economic efficiency means, of course, allocative efficiency bui alsc
subsumes managerial and technological effieciency. The financial viability of
energy institutiens (especially those in the public sector) is of concern for iwo
main reasoens. Not only can their +trading surpluses or deficits augment or
deplete the public purse, but alse it may be possible to encourage the pursuit of
managerial and technological efficiency by setting appropriate financial targets
aleong with coentrols on pricing policy. Fnergy policy decisions relating to
prices and wages, the siting of facilities and choice of itechnology will carry
implicatiens for income distribution and basic needs policies. Morsover, energy
policy can 1itself De used as an instrument of distribution policy, for example
through the use of subsidised prices to help meet the basic energy needs of the
poor. The macroeconemic effects of energy resource allocation carry potential
implications for a government's macroeconomic policy objectives, while target
variables such as employment, inflation,the balance of payments, real and nominal
growth, can be affected by changes in the energy sectors.

Thus the allocation of energy rescurces should be both efficient and
consistent with other objectives relating to profitability, income distributien,
and macroeconomic policy. However, these four objectives may conflict. For
example, macroeconomic policy considerations may dictate the use of instruments
such as public expenditure controls or wage and price policies which will disrupt
otherwise efficient investment,wage and pricing plans in the energy sectors. The
main peint here is that the balance of pelicy trade-offs may be very different
between CE and TE. CE policy tends +to give a relatively high weight to the
efficiency, financial viability and macroeconomic objectives (especially the
balance of payments), while basic needs receives a relatively high weighting in
many TE policies. Insofar as CE policies based on one set of priorities have
unintended impacts on TE, the consequences may well be contrary to the
pelicy-maker's intentions. Ideally the decision problems resulting from any
potential conflicts could be resolved with the aid of a 'social welfare
functien'. This would rank alternative allocations of energy and other resources
accerding to relative societal valuations of ihe weights fo be given +0 each
objective and so enable the 'best' of the feasible outcomes to be cheosen. Some
form of explicit welfare ordering is clearly  required for successful
decentralised energy management. Without this, in however rudimentary a form, it
is, as as Rees (1976, p.12%) emphasises, impossible to specify decentralised
rules {e.g. for pricing and investment decisions) which correctly take into
account trade-offs Dbeiween disparate policy obJectives and so guide individual
decision-makers to apprepriate decisions.

In the same way as consistent energy pelicy targets cannot be formulated
without reference t©o non-energy pelicy targets, so policy targets for individual
energy sectors must take into account interrelationships between energy sectors.
This suggests that traditional energy must be considered before CE targets can be
regarded as appropriate, unless of course thers are ne interrelationships.

2.2 Arguments for and against exploring the links between TE and CE

An atienpted justification for ignoring the rele of TE sectors might run as
follows. The presence in a i{ypical economy of the symptoms of markei failure
(imperfect competition, widespread externalities, wuncertainty and non-lump-sum
taxes), plus the fact that policy-makers are unwilling and/or unable to control
these departures freom firsi-best conditions, mean that the economy is strictly
second-best. However, provided that the uncorrected 'deviant' sectors (in this
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case, the TE sectors) are not affected by decisions in the sectors controlled by
the policy-makers (here, the CE sectors) then 'piecemeal’ second-best arguments
suggest that first-best policies, marginal cost pricing, for example, will
nonetheless still be appropriate. Hence, it could be argued, CE policy can be
drawn up without reference to TE.

The key issue here is the presumption that <{here are no signficant
relatienships of substitutability or complementarity between CE and TE sectors.
However, the actual strength of such links between given fuels in particular
countries is a question +that can only be resolved through empirical testing of
appropriately-framed hypotheses, such as that the demands for woodfuel and
charcoal inerease when the price of kerosene rises. Therefore, we can reject at
once one argument that has been advanced, namely that there are insufficient data
to permit thorough testing of the sxistence and size of the links, %but
nevertheless the very absence of such data means that the links between the
sectors must be too weak to be of any account. Not only is the logic of this
argument wrong, for if there are insufficient data there are indeed insufficlent
data, but alse there is in fact some evidence of significant links in a number of
countries.

Although the strength of the links is an empirical issue requiring more data
and testing, there is a further reason for adopting the working hypothesis that
the links exist. The size and importance of TE, established earlier, mean that
where links exist a failure to takeaccount of them in CE planning could have
major economic and environmental impacts. These impacts could be particularly
significant in view of the central role of TE in meeting the basic energy needs
of rural populations and of the urban poor.

As was suggested earlier, it is sometimes averred that the TE sectors lie
completely outwith the reach of government control and thus do not themselves
either permit or require any direct planning. However, this view results from a
less than complete understanding of TE and from focussing on too narrow a range
of policy instruments. Athough governments have little or ne direct contrel over
TE ‘prices', they can use physical contrels, can influence research, development
and dissemination of improved appliances such as cooking stoves, TDlogas
digesters, charceal kilns and other appliances designed to save human or animal
energy, can educate the public to increase awareness of the short and long-term
envirenmental consequences of energy use, can finance or facilitate
re-afforestation schemes, and can generally influence TE production and use by
changing the legal framework to cope with the public good and common property
resource problems that tend to lead to over-exploitation. So governments do have
policy instruments at their command and need te decide whether and in what ways
to use them. Hence, explicit policies for TE {taking into account links with CE,
of course) can be developed. Of course implicit policies, in the sense of the
usually unanticipated and unintended side-effects of CF policies, already exist.

Te sum up the argument. As Munasinghe (1983, p.123) suggests, "Energy
planning requires analysis at three levels: links between the energy secior and
the rest of the economy; interactions between subsectors of the energy sector,
and activities in each individual energy subsector." Here, of course, 'the
energy sector' must include TE. Thus, we argue that a competent analysis will
inelude a consideration of both TE and CE, the relationships between them, and
their environmental impacits. And even though energy policy in practice is bound
to be a good deal looser than the ideal of standard theory, this does not
invalidate the argument for taking TE inte acceunt.

2.% Strategies for developing imtegrated energy policies

One of the most difficult tasks for energy policy-makers is to ask the right
questions. As economists, we seek econemical ways of devising strategies for
developing integrated energy policies taking account of the relatioms between CE
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and TE. The practical problem about TE is that it is both technically difficult
and time and resource-consuming to gather and analyse good data. Therefore, it
is important to identify the erucial areas where extra data is worihwhile and not
to waste resources on data that yield little, either because the area dtself is
quantitatively insignificant or Dbecause it is unlikely to be responsive to or
influenced by pelicy intervention. It is clearly not sensible to try to go out
and measure anything that burns or moves. We suggest a two-pronged strategy that
approaches this problem of how to ask useful questions from two perspectives. At
one end is the augmenied energy balance matrix, to be explained below, while at
the other are the policy instruments themselves.

The augmented energy balance matrix

We begin with the augmented energy balance matrix shown in diagram 1.

The methodology behind energy balances is well known. An energy balance is a
representation in physical terms of the production and use of energy and it
facilitates the analysis of the components of change in energy production and
use. The difference between the conventional approach and the approach uged here
lies in the addition of twe extra columans representing TB (wood and 'other',
although the 'other'column could be further disaggregated). Also two extira rows
have been included +to allow the conversion of useable final energy into useful
energy. This has been done since the object is to examine policy options and
obviously the increased efficiency of energy use by technolegical change or
improved maintenance of the converting and using appiiances is a policy option.
Also, the age, type and condition of the present stock of appliances will
influence the extent of substitutability between different fuels. In terms of
TE, there are well—=mown efficiency-losses in the process of conversion to
useable energy (for example, in charceal-making and in direct burning of dung,
rather than through the use of biogas digesters) and also in the tranaformation
from usesble to useful energy (for example, the use of open fireplaces and
peorly-constructed stoves). As has already been pointed out, the relative
structure of-the components of Gress Final Consumption (GFC) and Useful Energy
(UE) will vary enoermously between countries. For example, energy balance
equations for the industrialized countries ignere the columns of wood and other
simply because they are neglible in the total GFC. However, as we have seen, for
many LDCs these energy sources cannet be assumed to be negligible.

Each row of the diagram invelves costs %o the economy ranging from the
foreign exchange cost of an imperted drilling bit to the opportunity cest of
labour used in collecting firewood. The last row provides benefits in the form
of satisfaction from the use of useful energy. Indeed the energy balance matrix
can also be represented in value as well as in physical terms; clearly both are
essential for pelicy analysis. The augmented energy balance matrix (AEBM) itself
provides only an accounting framework but it is one which, particularly with the
addition of extra data, can lead to valuable policy insights. Elements in the
matrix indicate peints at which government may have the optien to intervene in
some way (some cells will, of course, have zero entries). The number of points
of intervention should net be confused with the effectiveness of intervention.
Thus one point of intervention mey be worth ten others in terms of effectiveness.
Moreover, the criterion of 'effectiveness' may itself take various forms.

As we have seen, in terms of theery, the government's objective will be to
devise optimal policies that maximise the net social benefit obtainable from
energy resources, subject to the relevant constreints In practice, eof course,
governments do not devise optimal policies {even in a second-best sense). Thus,
at a more practical level it is pessible to express the overall pelicy aim in a
more direct way, in terms of target values of GFC and UE. The desired levels and
patterns of GFC and UE are determined by the interplay of the policy-maeker's
broad objectives and by the actual and desired level of GDP, its structure and
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the structural energy-output coefficients. Two problems can arise which provide
the context for specific pelicy sub-targets. Suppose first that there is a
shortage of UE or of the components of UE. The main consequence of this would be
to inhibit the growth of GDP. Alternatively {(and in a market context in parallel
with the first problem) the cost of satisfying the requirements for UE will rise.
This implies a diversion of resources from other uses (inhibiting GDP growth),a
redistribution of income between sectors and groups and finally & political
consequence. From this gap between the desired and actual UE level and pattern a
series of energy policy sub-targets follow, such as increasing the level of
primary energy and of its components, reducing exports or increasing imports

{depending on whether there is foreign exchange constraint).

A crucial peint is that the energy balance configuration is a matrix many of
whose elements are interconnected. For example, if government policy is aimed at
the OE columns then this will obviously affect those components. However,
changes in these columns will also affect the items under TE which in turn may
cause secondary effects in the CE sector and so on. However, to the extent that
CE decisions shift demand and supply curves for TE, there will be changes in
outputs and {implicit) prices for TE and consequent changes 1in environmental
impacts. Moreover, the impact of these changes may feed back in turn to the CE
sector, and so on through a complex multiplier process. One helpful way to
visualise the full impact is to see the energy sectors as sub-sectors of a
general equilibrium input-eutput system in which policy changes cause direct and
indirect changes in other sectors and in environmental impacts, while the
consequent induced inceme changes {in level and distribution) cause further
multiplier effects on the tevel and patiern of energy demand until the entire
system settles down to a new equilibrium in which both 0B and TE outputs have
changed (see Pearson, 1984, for further details of such a model).

Once it is accepted that there may be important interconnections between CE
and TE, then the problem for the policy-maker is where to look. The impoertant
interconnections are going to be the ones which relate %o strong 1linkages at
strategic points. What using the augmenied energy balance matrix (including
making broad estimates of some of the petentially important relationships of
substitutability er c@mplementarity) does is to help the policy-maker to identify
interconnections which, if they exist, are likely o be strategic. Existing
studies of the elements in the matrix and of their interconnections can then be
slotted inte the energy balance matrix framework and can then be related to
broader peolicy issues.

Thus the AEBM offers a helpful way of approaching the peolicy preblem. It
nelps in the identification of potentially important areas and effective points
of intervention, and thus might pinpeint a problem where a particular technical
study and/er more data are needed. However, it is not efficient to investigate
in detail every one of the admittedly complex relations underlying the eventual
configuration of the AEBM. OJo, if the problem is turned on its head and looked
at the other way reund, then by examining the relevant pelicy instruments, this
process will help te suggest other kinds of guestions. These questions will
involve not only investigating specific 1inks between CE and TE, but also by
looking at the available policy instruments in relation to the insights yielded
by analysis of the AEBM, +this again may suggest the minimum amounts of
information needed %¢ make an effective impact on the energy policy problem. the
policy-maker would iterate between the policy instruments and the AEBM, and
analysing the pelicy instruments would make it easier to trace the complex
effects of a policy change on the AEBM. We now tura te the pelicy instruments
themzelves.

Folicy instruments

The policy instrumentis are determined by the factors which influence the
absolute size of the row totals and their component parts in the energy balance
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matrix. Eight of these Tfactors can Dbe identified which are simply the
determinants of the supply and demand of the energy compoenents.

The first factoer is the physiecal availability of the energy resources which
is in effect the resource base. In terma of +the non-renewables this is
determined by geography and geology. What is important here is not just the
physical availability but awareness of that availability and access to it. This
is because geography and geology are not amenable to policy decision whereas
knowledge and access are directly the result of policy declsions in such areas as
exploration and development. In terms of the renewables the resource base is
amenable to policy influence, depending upon the relative ftime lags.

The second determining factor which allows policy influence is the costs of
production of P in the matrix and its components. Here the interest is more in
the economic cost than the accounting costs since by definition TE has no
accounting costs but only opportunity costs which arise either from the
cellection costs or the fact that the energy source has substitute uses
(Douglas,1982). In terms of the former one must come to terms with the surplus
labour argument. If it is sssumed that surplus labour in the sense used by Lewis
{Lewis, 1954) exists then it may be argued the opportunity cost of collection is
zero. This would be mistaken on twe grounds. First the overwhelming bedy of
empirical work suggesats that there exists little or no surplus labour in the
rural areas {Keo et al,1964). Second even if surplius labour did exist, to assume
a zmero value on the collection time assumes that leisure has ne¢ value. Moreover,
mest of the fuel collection for TR is done by women and children. The children
may be withdrawn from classes, thus harming their accumulation of human capital,
while the opportunity cost of the foregone domestic or other activities of the
women may well be significantly diferent from zero. The opportunities to apply
pelicy instruments in the area of CE to alter this variable are numerous, such as
subsidies on factor dinputs either directly or via exchange rate pelicies. Even
in terms of the costs of producing TE, pelicy can play a role. For example the
opportunity cest 1is expressed largely in terms of agricultural productien
foregone either because ¢f reduced labour input or reduced inputs of fertilizer
from animal and vegetable residues thus agricultural pricing policies will have
an impact.

A third area which is a variant of the second is the costs of transforming
primary energy into useful energy represented by the losses CFE and TUE in the
matrix. There are two elements to these costs in both of the transformation
stages (ie from primary to useable energy and from useable to useful energy).
The first is the coest of the appliances invelved which in the first
trangformation would cover the capital costs of such d1tems as electricity
turbines and catalytic crackers and in the secend transfermation would cover
anything from the cost of car engines to the cost of the 'three stone fireplace’.
The other cost transformation element arises courtesy of The Second Law of
thermodynamics which decrees the existence of energy loss in cenversien to useful
energy. This can be large. TFor example, one study suggests (Makhijani, 1980)
that in five regions the less in the second stage transformation for TE can be as
high as 94 ypercent. As  with the preduction costs this is an obvious area of
policy influence. To cite just one example, it has been suggested that in Sri
Lanka the use of fuel efficient woedstoves (which may require government subsidy
and or an education drive) could reduce fuelweed requirements by wup to fifty
percent {Kauffman, 1980). Technical change is clearly very important here.

The administrative and legislative environment in which the energy balances
exist is the fourth influencing factor . This is directly shaped by policy and
would include tax regimes, subsidy availability, physical rationing, the
attitudes of +the government 4o multinational companies etc. It would alse
include the ways in which preperty rights are established and enforced, since
this affects +the expleitation ¢f energy rescurces and of woedland in particular.
It is a commenplace that unprotected common property resources are subject to
over-expleitation. Other externality problems are alse influenced by the
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administrative and legal environment.

A fifth influencing factor is the incomes of the energy using groups. There
exists a growing body of empirical evidence which suggests that the level and
distribution of income is a major determinant of the level and pattern of energy
demand (Julius, 1981, Asian Development Bank, 1982). This is hardly surprising
since income affecis not only the consumer's ability te buy the energy but also
to buy the energy-using appliance. The availability of the appliance can De
crucial. Fer example an increase in the price of kerosene means that people can
switch to TE fuels since the ‘three stone fireplace' is cheap. However an
increase in the price of TE may not lead to a switch to kerosene unless the user
can afford a kerosene-burning appliance. The influence of goverament policy eon
income levels and distribution needs no elaboration (Chenery et al, 1974, Sinha
et al, 1979, Bigsten, 1983).

A sixth influence on the configuration of the energy balance matrix is the
tastes and preferences of the energy users. Bvidence suggests (Kauffman,1980)
that the preference ils to move Tapmarket' as soon as possible first to kerosene
and then bettled gas. It is interesting to reflect that in much of the developed
world moving ‘'upmarket' dinvolves a reversioen to TE in the form of open
fireplaces. Outside of influencing these tastes via a propaganda campaign the
role of government pelicy in this particular area is probably fairly limited.
However, gevernments can, by making extravagant promises, encourage gignificant
numbers of people to demand (both politically and in the market place) commercial
fuels.

The seventh facter ceovers other non-price demand determinants not yet
specified. Twe are crucial. The first is the size of the population and its
distribution between rural and urban areas given the predominance of TE use in
rural areas, aiready aliuded to. The second 1s mere complex and can be termed
"technical specificity’. This refers to the possibilities of fuel substitution
Tor given energy-using appliances. TFor example, while an LPG stove could easily
run on biegas it could not run on kerosene or electricity. Thus if the consumer
owns an LPG stove and the price of keresene falls by 5 percent he or she is
unlikely to switch to a kerosene stove. What magnitude of price change would
induce him or her to shift would depend on the application of the ‘bygones rule’
(It might alsc depend on who makes the decisions in the househeld, the man or the
woman; their interests and decisions would not necessarily coinecide in a
situation where one controls the resources while the other uses the appliance).
Clearly both population and 'technical specificity’ are areas which can be
influenced by government policy.

The eighth influence is the final price of the energy source to the user.
Obviously this will be heavily influenced by the previous seven factors. Indeed
in a world of neoclassical economics the price would be determined by supply and
demand and would not require separate discussion. However, in reality the final
price may bear little or no relationship o a number of the other determining
variables. In mest of the LDCs the CE sectors are arms of the state. Thus mest
forms of commercial fuels are priced by administrative decision which may or may
not bear any close relationship to the supply and demand determinants listed
above.

The eight influences will determine the rates of substitution between the
column compenents elther economically or technically determined; the cross
elasticities of supply and demand between the components and the price and income
elaticities of supply and demand. Thus these factors will determine the
configuration of the energy balance diagram and how it may change as the various
influences alter.

Finally it is important teo remember that as well as energy pelicy
instruments, other macro and micre econemic policies of the government will
directly or indirectly affect the eight influences listed above. For example
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policies with respect to balance of payments may affect the exchange rates which
will obvieusly affect relative costs and prices of energy sources, converting
equipment and using appliances. Bven the whole development strategy adopted by
the government will carry encrmous impiications for energy consumption patterns
{Diwan, 1978).

2.4 An example of how incorporating TE ceould alter energy policy

An example will serve to illustrate how energy policy may change when TE 1is
directly incorporated into pelicy. Assume that the policy target is to reduce
the energy import bill in an effori to save foreign exchange. Consider two
routes. A policy which incerporates TE and one which ignores it

Firat assume the government decides {0 reduce the import of il products and
accordingly imposes an impert duty on imported erude oil. This shifts supply
curves for oil-based products te the left and so increases product prices to
final users. In the industrial sector this will encourage a reduction of oil
use. This may be done by switching to a substitute fuel or, if a conservation
path is fellowed, this may invelve changing the steck of capital equipment in
faveur of new, more energy-efficient equipment. Both the substitute fuel and the
energy-conserving equipment may have a gubstantial import content and so the
import-saving pelicy will be muted.

Tn the househeld secior there is likely to be a substitutien away from eil
products both to other commercial fuel sources (some of which may be imported) or
to loeal woodfuel supplies. The shift in the demand for woed and charcoal
increases their ‘price’ which means in the rural areas some wood users switch to
animal er vegetable vresidues which increases their price. The increase in the
price of animal and vegetable residues ig reinforced by the fact that as a result
of the higher oil prices, artificial fertilizers also increase in price, with a
consequent increase in the demand for animal and vegetable residues for
fertilizers. The overall result is a growing problem of fuel peverty in the
rural areas.

However, this is not the end of the story. The increased price of wood
means that more will be supplied in the sheort run. The extra fuel may be
gathered before trees and other plants reach maturity, so reducing the net
present value of existing woedlands. In the long run the increased price of wood
leads to more CE exploitation of woodland by more asgidvous enclesure of
previously open woodland or scrubland {and more careful cellection of animal
dung). A side-effect 1is teo exclude people whe once scavenged for wood (and
dung), although there may also be a small increase in employment on the
plantations. Moreover, the trees planted will be suitable for CE expleoitation
and will not be intended for fuelwood for the poor. The process of substitution
may centinue until the wood price reaches parity with the higher ¢ll prices and
there is a switch back to oil. 1If the government then decides to raise the oil
import duty further, the whele eycle begins again. Thus the pelicy hag fallen
short of its objectives of reducing the impert bill and in the process has
exacerbated the problem of fuel poverty in rTural areas, by net taking into
account the links between TE and CE energy-

Consider alse the influence of the policy on environmental impacis. There
will be a reduction in impacts from oil-related processes and an increase in
impacte from substitute commercial fuel-related processes (especially coal and
coal-fired electricity). In rural areas the collection of extra woodfuel could
result in certain circumstances in erosion, desertification, giltation and
flooding. If there is increased wuse of dung for fuel, this diveris organic
fertiliser from the soil at a time when oil-based fertilisers have become more
expensive. This leads to a further loss of soil fertility and damage to soil
productivity. The net effects of all these changes in urban and rural areas
depends on the nature and extent of fuel substitution and se we cannot simply say
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whether there will be a deterioration in envirenmental gquality. The point is,
however, that we can predict that potentially serious changes in the level,
pattern and distridution of environmental dimpacts {both spatially and across
different income groups) may occur and they require to be given due welight in the
planning process.

Now, examine an alternative policy route to reduce eil imports. Assume that
in addition %o raising import duty the government carries out R & D to dimprove
(by simple low cost methods) the thermal efficiency of sioves and ovens using TE
in the rursl sectorand also improves charcoal kilns. Tt then carries out a
programme of education coupled with subsidies to encourage the people to make the
necessary changes and also begins a wood-planting programme which is highly
labour-intensive. This greater conversion efficiency reduces the demand for
woodfuel in rural areas offsetting to some extent the increase in demand as a
result of the substitution from oil induced by higher oil product prices. Aleng
with the eventually increasing supply of wood from the planting programme this
helps to reduce the wood price below what it would otherwise have been. In urban
areas this would make wood relatively more attractive compared with oil. Also in
the rural areas, less animal and vegetable residues would be needed for energy
than would have been the case, increasing its availabllity for fertilizer,
thereby reducing the pressure of demand for artificial fertilizer and hence oil
and gas inputs. Thus oil imports are reduced below what they would otherwise
have been, rural fuel poverty has not been exacerbated and some employment has
been generated. ‘

0f course, we must emphasise that reality may well net be so generous. Much
depends upon the relative sizes of the components in the augmented energy balance
matrix together with the cross-elasticities and rates of substitution. In
addition one source has suggested that econemic analysis based on the assumption
of transferability and interchangeability ef resources may not be valid in the
rural LDC context. This makes 'the energy problem in rural areas appear a great
deal simpler than they really are' (Feley and Van Buren,1982.page 11). However,
there is a considerable boedy of evidence {(Griffin, 1974,5chultsz, 1964, Sahota,
1968) which indicates that the LDC peasant is rational in his or her resource
allocations, and there seems no reason to assume that energy resources would be
treated differently. On the other hand there are serious barriers teo the
intreduction of efficient woodstoves, in particular the low per capita incomes in
the rural areas (Feley and Van Buren,1982). Nevertheless the point is clearly
made that changing one element of the AEBM can produce multiplier effects which
will be reflected in changes in other elements in the matrix and on prices,
incomes and environmental impacts. While energy policy is aimed at only selected
items, without considering ite subsequent effects, it is hardly surprising that
the end-result of the policy differs from its original intention. The actual
divergence between policy targets and policy achievements depends upon the size
of the effects and this is entirely a matter for empirical investigation.

Conclusion

Recent data show that TE is a significant energy source for both household
and non-household uses and suggests that there may be important intercennections
between TE and CB. If these interconnections exist it will be helpful for
energy-planners to dinvestigate then. But the problem remains of how to tackle
this, given the known data difficulties and the shortage of time and resources
available to policy-makers. Most of the economics needed to analyse the
interrelationships is fairly well-known but it is important to economise in the
analysis. For the policy-maker, the problem is which bits of the problem should
be approached first. In this paper we have discussed a broad strategy which
would attack the problem from twe viewpoints: {a} by using the insighte gained
from working with an augmented energy balance matrix; and (b) by analysing the
relevant policy instruments. Specific policies have intentionally mnot been
suggested because they are essentially an empirical matter and can only be
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determined after the appropriate analysis. Moreover, the sirategy itself has
only been outlined here and clearly empirical work 1s required to put flesh on
the skeleton.
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