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[In many developing countries commercial energy
consumption has increased relative to GDP growth and
development has required major increasesin energy use per
capita. This has costly implications for the developing
countries—particularly those who are heavily dependent on
imported petroleum products. For most countries, thereisa
growing awareness of the need to reduce per capita energy
consumption. This paper examines the particular case of
energy consumption in Fiji. It measures the relationship
between the consumption of energy and GDP growth in Fiji
for the period 1981-1990.]

Introduction

SINCEthelndustrial Revolutionand until recently, economicgrowth has
requiredtheprogressively increasing useof energy. By theearly twentieth
century, therapidly industrialising nationsof theworldwerefuellingtheir
development via year on year increases in per capita energy use, and
energy intensities (measured astheratio of primary energy requirement
to GDP) were rising—evidenced by a strong statistical relationship
betweentheuseof energy andthelevel of GDP. By themid-1980senergy
consumption per capitain the devel oped countrieswas six times higher
than in the devel oping nations.t However, in more recent timesthisgap
has closed, with energy consumption per capitafalling in the devel oped
countriesand the use of energy in the devel oping countriesincreasing.?
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In the 1970s the developed countries growing appetite for
commercial energy, particularly oil, andthesubsequent oil priceshocks—
whichreflectedin part theincreasing pressureon oil resources—shifted
the focus of those countries to more rigorous energy planning for
development.

To determine the success (or otherwise) of the energy planning
strategiesimplemented, aUnited Nations(UN) study of energy economy
intheEconomic Commissionfor Europe(ECE) regionexamined measures
the ECE countries were taking to achieve increased economy and
efficiency intheir use of energy.2 Thisstudy measured the energy—GDP
elasticities for a number of developed and developing countries. The
findingswerethat for thedevel oped countriestheel asticitieswerel ower
thanone, indicating that therate of energy growthwaslower thantherate
of GDPgrowthfor thosecountries, i.e. theenergy intensitieswerefalling.

One theory advanced in this study for the decline in the energy
intensitiesinthedevel oped countrieswasthat it occurred asaresult of a
shiftinthestructureof energy sourcesfromlower enduseefficiency fuels
(e.g. coal and petroleum products) togreater end useefficiency fuels(gas
andelectricity).

On asimilar theme, aWorld Resources Institute (WRI) study of
energy usehighlighted thefact that inthe OECD countries, energy useper
capitadeclined by almost six per cent between 1973 and 1985, reflecting
toalargeextent improvementsin energy efficiency aswell asstructural
shifts in their economies.* And, more recently, the United Nations
Environmental Data Report states that * many countries are becoming
aware of theneed to reduce per capitaenergy consumption, particularly
throughincreasing energy efficiency’.®> Thisreport showsdifferencesin
regional per capitaenergy consumptionintoe (tonnesof oil equivalent)
for anumber of countries, with energy consumption per capitafalling
sharply in Western Europe and the USA between 1979 and 1989.

Unfortunately, thesamedeclineinenergy useper capitacannot be
observed for the devel oping countries. Their commercial use of energy
(i.e. energy sourcesthat arepurchasedinthemarket placeasopposedto,
for example, bagasse and other crop residue that are by-products of the
production process) hasbeenincreasing steadily. TheWRI estimatesthat
energy use per capita for the developing countries increased by 22%
between 1973 and 1985, compared with the fall of 6% for the OECD
countries.®
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This has obvious economic implications for the developing
countries, especially for theoil-importing countries. Devel opmentinthe
emerging nations is constrained in part by their ability to purchase
increasing volumesof energy to meet growing demand, but energy prices
are ultimately affected by the scarcity of the resource, placing afurther
constraint on development. The increasing reliance of the developing
countriesoncommercial energy may, infact, stall their economicgrowth
unlesspolicy makersdefinetheir energy planning strategiesto promote
theuseof energy efficient technol ogiesand thegreater useof indigenous,
renewableenergy sources.

Thesecircumstancesprovidethebackgroundtothepresent paper,
which examines the energy efficiency and energy intensity of the Fiji
economy for theperiod 1981-1990. Theanalysiswill consider government
policy inFiji towardspromotingtheuseof indigenousrenewableenergy
sources, the supply of and demand for energy inputs from imports and
indigenousresources, andfinally, the patternsof intensity of energy use
inthe commercial and industrial sectorsof the economy.

Inthisreport themajor sourcesused for statistical informationon
the energy sector in Fiji are the Fiji Department of Energy, Energy
Satistics Yearbook’ and the Bureau of Statistics Economic Statistics
publications.

TheFijisituation

THERHETORIC of theFiji Government’ senergy policy promotestheuse
of indigenousrenewabl eenergy resourcesand theefficient useof energy .8
Its primary objectives are to reduce the level of dependency of Fiji on
imported petroleum productsand to reducethecountry’ senergy costs. A
secondary factor driving the pursuit of moreefficient fuelsistheneedto
reduce the negative environmental effects of a continued increase in
consumption of energy. If thepolicy objectivesaremet they could result
inanimprovementinFiji’ sbalance of paymentsposition, areductionin
imported inflation—TFiji would belessexposed to the price volatility of
the international oil marketplace—and enhancement of the security of
Fiji’s energy supply. Given these objectives, the Fiji Department of
Energy (DOE) isextensively pursuing the research and devel opment of
indigenousenergy resources.
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In the energy supply area, the DOE is currently undertaking
programmesto assessthe potential of renewabl e energy sourcessuch as
geothermal, hydro, wave and wind power. Over the last decade, small-
scale solar-based-energy trial and pilot projects have been successfully
carried out and hydro and mini-hydro stations have been developed. A
national fuelwood strategy hasbeenformulatedto addressthelong-term
availability of fuelwood in rural areas. An institutional stove building
programmeinvolvingtheinstallation of wood stovesin school shasbeen
underway for over tenyears. A project todevelopasmaller versionof the
institutional stovethat would makeefficient useof |ocal wood resources
for cooking fuel is nearing completion and the Department is currently
promoting the potential for producing energy from waste.

Ontheenergy demand side, themeasures, mainly invol ving energy
management and conservation, areonesthat consumersthemsel vesmay
adopt toimprovetheefficiency of theenergy they use. Themeasuresthat
the DOE have pursued intheir promotion of best practiceare: the use of
efficient technology, employing energy management practices,
cogeneration, heat recovery, fuel switchingand adoption of good energy
housekeeping practices.

How successful havethese measuresbeen in accel erating energy
efficiency and economy in Fiji and in promoting the use of indigenous
renewabl e energy over imported energy sources?

Fiji’ senergy supply isderived from imported fuel and fromlocal
renewable energy resources. In 1981, the domestic requirement for
imported petroleum product inputswas approximately 306,473 kl, with
large volumes of diesel fuel being used in the production of electricity.®
With the coming on stream of the Monasavu hydro scheme in 1983,
domesticrequirementsfor petroleum productsfell sharply (to 201,957kl
in 1984, a reduction of approximately 34% over 1981). Much of the
reduction can be explained by thefall inthe Fiji Electricity Authority’s
(FEA’s) demand for industrial distillate oil (IDO). Between 1983 and
1984 the domestic requirement for IDO fell by 71% (from 72,707 kI to
21,225 k).

Over the period 1981-1990 the use of petroleum products in
el ectricity generation declined by approximately 86%. Notwithstanding
this, petroleum productsremainamajor sourceof primary energy supply
for Fiji. By 1990, domestic requirements for petroleum products, at
231,677 ki, were approximately 24% below their 1981 levels.
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In terms of the indigenous resources, bagasse supply in overall
energy supply has grown from 839,660 tonnes in 1980 to 1,049,965
tonnesin 1990, anincrease of 25%, asthe country’ soutput of sugar has
grown. Over thesameperiodfuelwood inenergy supply hasincreased by
14%.

On the basis of the data presented in the Energy Satistics
Yearbook, it appearsthat the indigenous energy resourcesincreased in
importancerelativeto theimported energy resourcesover the 1980s. By
1990, Fiji’ sprimary energy supply fromindigenousrenewabl eresources
‘hydro, fuelwood and bagasse’ accounted for ahigher proportion of the
overal primary energy supply (65% comparedwith 53.5%in1981). This
changing pattern of energy supply in Fiji isillustrated in Figure 1.1.%°

Figure 1.1 Primary energy supply, 1981 and 1990
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Moreimportantly for thisanalysis, the pattern of energy demand
or consumption also changed towards a greater demand for energy
derived from indigenous energy sources. Between 1981 and 1990, the
share of final energy consumption derived from coal and petroleum
products(notincluding consumption of € ectricity derivedfrom petroleum
products) declined by 4.7%t056.7 % of final consumption. Theshareof
energy consumption from fuelwood increased slightly (1.8%) t0 32.4%
of final consumption, whiletheshareof el ectricity consumptionderived
fromdiesal, hydroand bagasse consumptionincreased by 2.8%1t010.8%
of final consumption.

In Fiji, asubstantial proportion of the energy consumed is now
derived fromindigenousresources. Between 1981 and 1990, the shareof
renewable energy resources (hydro, bagasse and wood) in final energy
consumption increased from 32% to 43%, the increase being primarily
duetotheeffect of Monasavu. Figure 1.2 showsenergy consumption by
sourcein 1981 and 1990.

Figure 1.2 Energy Consumption by Source 1981 and 1990
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DataConsiderations

IT SHOULD be clarified at this point that while the figuresin the DOE
Energy Statistics Yearbook on final consumption of energy includethe
consumption of primary fuels and consumption of electricity from the
conversion of primary fuels, they omit the consumption of process heat
from bagasse.!* Energy from bagasseisconsumedintheform of process
heat, mainly by theFiji Sugar Corporation. AstheDOE Y earbook tables
presently stand bagasse has asignificant role in primary energy supply
but an insignificant final energy consumption role. The result of this
omissionisthattheY earbook underestimatesthefinal energy consumption
in Fiji and also underestimates the extent of final energy consumption
derivedfromindigenousfuels.

Inadditiontothis, the DOE energy statisticsdatado not takeinto
account the consumption of energy from fuelwood in theindustrial and
agro-processing sectors, although they do record domestic sector
consumption. The supply of fuelwood to industry for the generation of
electricity or morecommonly processheat, may bebetween 100,000 and
200,000 tonnes per annum.2 Assuming that the lower figureis correct,
then about 1,800 terajoules (Tj) of energy isbeing missed.® A figure of
1,800 Tj would make the 1990 primary energy supply from fuelwood
approximately 40% higher and total energy supply higher by 7%.

These omissions mean that in the following analysis the overall
electricity and energy intensitieswill beunderstated. However, interms
of thecommercial energy intensities, (that is, theuseof energy purchased
in the marketplace, e.g. petroleum products, coal, gas and electricity
excluding energy generated as a by-product or from awaste product of
theindustrial process), theunderstatement will beconsiderably lessand
thereisno reason to believe, apriori, that the pattern of the movements
of the commercial energy intensities of the economy will be altered
significantly. Theintensity of use of commercial energy isof particular
interest in terms of the implications for the Fiji economy. Commercial
energy intensities reflect the need for higher fuel imports or available
indigenous energy sources asan economy expands.
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Measuringener gy intensities

FINAL energy consumptioninFiji increased by 6.4% between 1981 and
1990 (from 13,272 Tj to 14,126 Tj), an annual average growth rate of
0.6%, whilethe grossdomestic product (GDP) of the country increased
by almost 17% over thesameperiod, anannual averageincreaseof 1.7%
(although growth hastypically been uneven over the period). Thisisa
surprising result, particularly since an earlier study of Fiji’s energy
consumptionindicated aclose correlation between therate of growth of
output and energy consumption, with the growth in annual energy
consumption being greater than the average annual increasesin GDP.*
Onepossibleexplanation for thisapparent deviation from past trendsis
that Fiji became more energy efficient over the period of the 1980s.

Wecantest thishypothesi sby examiningtheenergy intensity ratio
of the economy over that period. The energy intensity ratio ismeasured
astotal energy consumption (total energy demand measuredinterajoules)
divided by GDPin constant F$ millionterms. Thisisanimportant ratio
becauseit can beused to gaugeenergy economy and efficiency of energy.

The following paragraphs briefly describe the measurement of
energy intensity inFiji. A preliminary investigationtoidentify themajor
contributing factors underlying the change in the energy intensity ratio
that has occurred in the last decade is aso undertaken.

Table1.1showsthat Fiji’ senergy intensity declined by 1.9 Tj per
F$m of GDP between 1981 and 1990. The petroleum and electricity
intensitiesindicatethat theeconomy becamelessdependent onimported
petroleum productsfor its energy requirements and more dependent on
electricity for energy consumption during the 1980s. Specifically, the
shareof total petroleum products, measured astheratio of total petroleum
consumption to GDP, fell from 10.3 tergjoules (Tj) per F$m of GDPin
1981 to 8.7 Tj per F$m of GDP in 1990, while the share of electricity
increased steadily.



Energy efficiency and energy intensity 91

Table 1.1 Energy intensity 1981-1990

Total Energy Total Petroleum Total Electricity

Intensity? Intensity? Intensity®
1981 18.1 10.3 15
1982 17.3 9.3 15
1983 184 10.1 15
1984 17.3 9.3 1.6
1985 18.1 9.7 1.7
1986 18.0 9.8 17
1987 17.9 9.4 1.8
1988 17.0 8.7 1.8
1989 16.3 8.6 1.8
1990 16.2 8.6 1.8

Source: Currie C. Urban Energy Survey, Department of Energy, Fiji.

1. Total energy consumption/GDP$m. Excludes non-energy consumption
2. Total petroleum consumption/GDP$m

3. Total electricity consumption/GDP$m

Thisissignificant. The data suggest that there was adiscernible
change in the ratio of economic growth to energy use occurring after
1980. Two questions now require to be answered. What are the likely
reasons for such aturnaround? And, what isthe scope for achieving or
sustaining economic growth while minimising the rate of growth of
overall and particular fuel energy demands in Fiji (in other words,
reducing or holding downthegrowthin energy intensities)? To provide
answersto these questionsit isnecessary to undertake abrief overview
of theindustrial structureof theFiji economy andthestructure of energy
use. Thefollowing analysis provides a preliminary investigation of the
possible causes of the improved energy intensity ratios of the Fiji
€conomy.

GDP and ener gy consumption

TABLE 1.2 comparesfinal energy consumption between 1981 and 1990
for the various consumer categories contributing to Fiji’s GDP. The
transport sector’s importance as the major consumer of petroleum
products—accounting for approximately 74% of petroleum
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consumption—ishighlighted. Other major pointsto notearethedecline
intheconsumption of petroleum productsby thetransport sector, asmall
increaseintheindustrial/commercial sector’ sconsumption of petroleum
products, and asubstantial increasein consumption of electricity by the
industrial/ commercial sector.

Table 1.2 Consumption of energy by consumer group 1990
(Unit = Terajoules)

Indust/comm Transport

PetroProds 914 5514
% change 1981-1990 +3.6% -1.2%
Coa 431

% change 1981-1990 -11%

Electricity 1266

% change 1981-1990 +45%

Total 2611 5514
% change 1981-1990 +16.6% -1.2%

Source: Currie C. Urban Energy Survey, Department of Energy, Fiji.

Table1.3indicatesthat theindustrial sector’ scontributionto GDP
has remained fairly static between 1986 and 1991 (at approximately
13.5% of GDP) while the contribution of the commercial sector has
grown by more than 3%." Over the period, commercial sector output
(GDP $m at constant 1977 prices) increased by 20% compared with
industrial sector output, whichincreased by 10% (theagricultural sector
isnot considered here).

Table 1.3 GDP by sector 1986-1991

Year GDP($m) Industry Industry Commercia Commercia
Total Output as Total ($m) Output as
%GDP %GDP
1986 760.5 104.8 13.8 469.7 61.8
1987 711.5 94.0 13.2 443.6 62.3
1988 728.4 94.6 13.0 463.7 63.7
1989 815.6 104.7 12.8 521.2 63.9
1990 854.9 1115 13.0 560.4 65.6
1991 860.6 115.8 135 563.1 65.4

Source: Bureau of Statistics Current Economic Statistics, October 1993.
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Thetransport sector

THE TRANSPORT sector isconsidered separately from thecommercial
sector, for the reason that the measurement of energy under the heading
of * Transport’ in theEner gy Stati stics Year book coversenergy purchases
from all sources for transport purposes (including domestic sector
consumption), as opposed to energy purchases solely for commercial
transport purposes. Thedistinctionisimportant, but doesnot changethe
general direction of the energy intensitiesfor thetransport sector.

Within thetransport and communi cations sector there hasbeen a
36% increasein output since 1985. Almost all of thegrowthin outputin
this sector occurred after 1987, when there is aradical change in the
rel ationship between growth of output and energy usage, with petroleum
product consumptionincreasing by significantly less. Fromtheavailable
data, it appearsthat therehasbeen animprovement intheintensity of use
of petroleum inputs in transportation, measured as the ratio of final
transport energy consumption to total GDP. The reason for the
improvement isnot clear. Amongst other things, it may bethe result of
improvedfuel efficiency, or areductioninthenumber of journeysmade,
i.e. better distribution systemsand morefuel efficient vehicle use.

However, given theimportance of the transport sector to overall
energy consumption, itislikely that thereductionin petroleumintensity
in transportation has been a contributing factor to thefall in the energy
intensity of theeconomy.

The commercial sector

WITHIN thecommercial sector the major areas of growth of output (not
including transport) have occurred in the wholesale and retail trade
sectors (27%), the hotel, restaurant and cafe sector (7.4%) and finance,
insurance and business services (18%). These are all sectors where
electricity hastraditionally been the major source of energy.

Couldthecommercial sector becontributingtotheincreaseinthe
electricity intensity of theeconomy andthefall overall inthepetr oleum
intensity?

The commercia sector is historically more electricity intensive
than theindustrial sector and hasgrownin sizerelativetotheindustrial
sector inrecentyears. Unfortunately, theavail abledataarenot sufficiently
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detailed to assessif there has been any changein theintensity of use of
electricity or petroleum by this sector.

However, leaving asidethetransport component of thesector, itis
unlikely that the commercial sector has contributed to the fall in the
overall petroleumintensity, becauseof thesector’ slow petroleumusage.
Onelectricity intensities, the Ener gy Statistics Yearbookindicatesafall
in the consumption of electricity by the commercial sector occurred
between 1985 and 1991.

Thisis a surprising result, given the growth in the commercial
sector over thelast five years. Two likely explanationsfor thisfall are
that:

(@ ratherthanindicatinganoverall reductioninelectricity purchases,
it reflects some reclassification of commercial companies as
manufacturing/industrial companies to take advantage of the
Government’ stax freeincentives; and

(b)  (according to strong indications) the commercial sector has
substituted other fuels, in particular Liquid Propane Gas (L PG),
for electricity for alarge part of its energy requirements. Given
thesefactors, itisunlikely that thecommercia sectoriscontributing
to any great extent to the increasing electricity intensity of the
€economy.

Theindustrial sector

THEINDUSTRIAL sector hasnot expanded asrapidly asthecommercial
sector although it experienced growth of approximately 10.5% over the
period 1986-1991. Growth in this sector has been largely concentrated
in light manufacturing activities (garments, food processing, furniture
andleatherware, etc.) whicharerelatively electricity intensiveindustries.
Industry sectorsthat havebeenindeclineinrecent years(measured by the
annual indicesof industria production) includeheavy energy useindustries
such ascement production, roofing iron, structural metal s, plastics, etc.
These industries were inevitably affected by the events of 1987,
neverthel ess, withtheexceptionof structural metals, all of theseindustries
were already in decline prior to 1987.
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The structural shift revealing a decline in the energy intensive
industriesintheperiod between 1985 and 1990islikely to beasignificant
factorinthedeclineintheenergy intensity of theFiji economy. Electricity
use by industry hasrisen by an averageof 3.1 per cent ayear since 1985.

The increasing demand for electricity from the industrial sector
reflectstheincreasingtendency of industry towardslight manufacturing
activities (especialy garment manufacturing) and the effects of the
increasing use of end use appliances (such as direct heat appliances,
process heat equipment and motors) that are el ectricity intensive. The
growth of light manufacturing activitiesintheindustrial sector hasledto
an increase in electricity intensive manufacturing, which on the whole
tendstobelessenergy intensiveinitsrequirementsthan heavier industry.
Itistherefore arguablethat theincreasein the electricity intensity ratio
of the economy is a product of changes occurring in the industrial
structure, with the low energy growth rates partially reflecting the fuel
efficiency effect as the Fiji economy switches to the greater use of
electricity.

Future Prospects

WHAT IS the scope for achieving sustained economic growth while
minimising growth of energy intensitiesinFiji? Thisanalysishasshown
that economicgrowthratesneed not necessarily bedependent onequivalent
increases in energy consumption. Fiji has demonstrated that over the
period of the 1980sit was possibleto achieve alevel of growth that was
greater than the rate of increase of energy inputsrequired to developit.
However, it appearsfrom theanalysisthat thishaslargely occurred asa
result of shiftsinthestructureof theeconomy, taking placeinthisperiod
and for reasons other than the achievement of energy economy. Itisthe
changing structure of industry and the ensuing change in the energy
consumption patterns that have had the biggest impact on energy
intensities.

It is apparent that if Fiji wishesto maintain these lower energy
intensities, clear and decisivepolicy and publicawarenessmeasuresmust
beput in place. The Government of Fiji must take specific and practical
stepsdesigned to minimise energy demand and further reduceindustrial
and commercial energy intensities. The DOE must continueitswork in
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theareasof energy efficiency, management and conservation. Highlighting
energy efficient technol ogy and particul ar aspectsof energy conservation
will be of much use. Of primary importance will be the formulation of
appropriate energy policies specificaly targeted at the sectors and
industries that play a major role in the energy economy and therefore
whereimprovementsin efficiency could bring results. Generaly, andin
summary, theGovernment might consider actively encouragingresearch
and devel opment into thefeasibility of policiesthat aim to:

. promotetheproduction of energy efficient output, i.e. thespecific
promationof policiesaimed at maintai ningthestructural changes
currently taking placeintheFiji economy that emphasiseel ectricity
intensivemanufacturing asopposed to energy intensiveindustry;

. promotetheuse of energy efficient technol ogy;

. encouragerecycling, reducingor eliminatingcommercial/industrial
energy waste; and

. educate consumers about measures they may take to use energy
moreefficiently or to conserve energy.

Notes

This paper draws on material from an urban energy survey undertaken by the
author during 1993. The survey isin two parts. Part A provides an analysis of
the historical data held by DOE. Part B analyses and reports on the findings
of the urban energy survey. Part B is not discussed in this paper.
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