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UNITED NATIONS 

REPORT OF THE TECHNICAL ENERGY GROUP* 

(Fourth Session, New York, 13-15 O.Cellber 1982) 

11 April 1983 

THE ECOMOMICS OF, AND PO"'ENTIAL FCR, ~ CONSERVATIO!i AND SUBSTITUTION 

I. INTRODUCTION 

1. Th~ Technical Energy Group was foraed by the ~cc Task Yorce on Long-Term 
Development Objectives in late 19Bo to consider, with the participation of 
interested UN depart.ents al\d agencies, various specializt=d areas of energy 
and developmient in which further work was envisag1!d within the United Nations 
~yst:ea. Of particular importance were such areas a~ energy moaelling and 
projections, energy demand and supply trends, energy develop19ent prospects and 
developir.g country energy invest.ent require::11ents and sources of financing. 
:he Task Force strongly supported the need for more intensive inter•gency 
discussion and more systeaatic co-operation on studies carried out in the 
f!eld of energy. 

~. The Technical Energy Group 11et for the first ti.lie fro• 4-6 June 1981 in 
New York under the chairaanship of Mr. P.N. Dhar, Assistant Secretary-Gen•ral 
fo: l'\::velopment Research and Policy Analysis, Department of International 
Ecunocic and Social Affairs (DRPA/DIESA), to discuss energy .adelling and 
projections and polic-1-r~lated aspects. At its sec0"1d session frOlt 12-14 
October 1981 in Nev York, the Group dbcuased energy invest.ent requirements 
of the developing C0'1ntries1 proble .. of esti.Jlation and financing. Mr. J. L. 
Ripert, then Under-Secretary-General for Intern.tional Economic and Social 
Affairs open~ the -.eting following which Mr. P.N. Dhar aasW1ed the chair. 
At its third session froa 21-23 Jun~ 1982 in C..neva, under the c.hair .. nship of 
Mr. Andrew G. Brown, Direct.or, C".ene:cal Analysis and Pt-licie• Division, 
DRPA/Dl:ESA, the Group discussed the evolution of glClbal energy de11and and 
supplys probl ... and prospects ~ith special reference to the developing 
countries. 

.· 3. This is tl'ae report of the fourth seuion that -t froa 13-15 Decft!Der 
1982 in Nev York under th• chairmanship of Mr. Andrew G. Brown to consider the 
econ011ica of, and rotential for, energy con .. rvation and subatitut~on. 

*Th!• report to the Task Force v&s prepared undet the responcibility of 
Mr. Andrew G. Brovn, Chairiaan, Fourth Se••ion, at the requeat of the Technical 
Energy Croup. 
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•. The country classification used in this report, unless otherwise 
specifi.-d, is idehtical ~- that of the United Nat~ons World Econ<>11ic Survey 
1981-1982, namely: 

Developed Market Econoaies: North America, Western Europe, and Other 
Developed (Australia, Japan, Nev Zealand and South Africa). 

Developing Countries: 
(a) Net Energy Exportinq (Algeria, Angola, Bahrain, Bolivia, Brunei, 

Ca•eroon, Congo, Ecua.ior, Egypt, C.bon, Indonesia, Iran, Iraq, Kuwait, Libya, 
Malaysia, Mexico, Nigeria, a.an, Peru, Q&tar, Saudi Arabia, Syria, Trinid~d 
and Tobago, Tunisia, Venezuela and the United Arab Emirates). 

(b) Net Energy I!fOrtinq (all other developir\9 countries). 

Centrally Planned Econo11ies: u.s.s.R., Easter~ Europe, and China. 

5. Section II contains an overview of the meaning, rationale, potential and 
means of energy con•ervation and substitution. Section III analyses the 
recent experiences ar.1 prospects for energy conservation and substitution in 
the developed market ~nd centrally planned economies respectively and Section 
IV does the same for the dev~lopi119 countries. Section V compares the overall 
energj intensities in selected groups of countries. Section VI discusses the 
potential for increased energy conservation and substitution in energy 
extraction/production and in the processi09, conversion, transmission, 
distribution and storage of energy. Section VII analyses the experience and 
prospects for increased energy conservation and substitution in th• major key 
end-use sectors (industry, transport, residential/comaercial and 
agriculture). Section VIII discuss~s the economics of energy conse~vation and 
Section IX indicates measures - both domestic and international - that are 
needed to pro1110te energy conservation and substitution. 

II. ':'HE MEANING, r.ATIONALE, POTEllTIAL ,\ND MEANS OF ENERGY CONSERVA~ 

6. While die ter• •energy substitution• is well underste<>d, there is o!ten 
confusion aa to what exactly is .. ant by •energy conservation•. The Group 
defined the tera •energy conservation• to includes 

(a) en~rgy s•ved by stopping certain activities altogether ir=espective 
of their energy content (e.g. cancelling production plans, not 
purchasing an automlobile, turnin9 oft light~ in all empty rr.oas). 

(b) energy aav~ in carrying out pre-planned activities by redu~ing th~ 
•quality• of those .c:ti•iHes, (e.g. lovering the the.rmor:t.it in 
office buildings, driYing at a slower speed, buying a car with a 
lH• ~rful engine). 

(c) •nergy saved in carrying out pre-planned activities in the • .._ or 
better fashion while at the saae tim• reducir.g energy conaWlption 
through incre•sed efficiency of energy use (e.g. 11e>re efficient 
1utoll0blle enginet1, loweri~ domestic o · l/gas consumption thruqh new 
or additional insulation in houses, utilization of w•»te heat 
CJ••·•r•ted lroa industrial processes). 

-1 
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7. While 6(a) and 6(b) as a rule do not require capital inves~nt and 
thus can be i11ple .. nted relatively quickly, they are often considered more 
•painful• since they tend to affect the standard of living and desired 
lifestyles. Method 7 (c) covers what is n!·~·aally termed increased energy 
~ff iciency and can be further disaggregated into various C011POnents such as: 

(i) efficiency at the priaary fuels stage covering th• extraction and 
production of energy fuelsJ 

(ii) efficiency at the intermediate stage - the energy sector itself. -
covering the processir.ig, conver&ion, transaission, distribution and 
£torage of energyJ 

(iii) efficiency of the aix of energy fuels delivered to the industrial, 
transport, residential/eo111mercial and agricultural sectors, 

(iv) efficienc/ in the end-use sectors or the efficiency vith which 
op~rations are performed and/or finished goods produced in the four 
sectors referred to above. 

8. The Group concentrated on category 7(iv), na.ely the scope for increased 
efficiency of energy use i~ the industrial, transport, residential/ 
commeicial and agricultural sectors as being llOSt relevant to end-consu .. r 
perceptions and also due to its feedback ~ffects on the prior stages. 

9. The rationale for energy conservation and subsLitution is relatively easy 
to coae by. Studies c.wering dev~loped aarket econoaies have d'llOnstrated the 
substantial opportunities available to increase energy efficiency in all 
sectors. One study for the o.s.A. indicates that an average nf 25 per cent of 
the energy used in the aanufacturing sector could be saved by .. asures whose 
capital and related costs are less than those needed to generate equivalent 
a.aunts of energy supplies. While the potential for increased energy 
efficiency vill varv vitb the specific industry and the fuel aix utilized, the 
net result vill be lower energy consumption per unit of output. In addition 
to lover energy costs, increased energy etiiciency reduces otherwise wasted 
energy and thereby both stretches out re .. ining fossil fuel reserves and 
benefits the envirol'l9ent through fever eaissions of waste gases. 

10. While the energy to be saved througll increasea energy conservation and 
fuel substitution is greateat in the developed .. rket econ011iea due to their 
higher levels of energy consuaption, energy iaporting developing countries can 
altiO benefit significantly since increased efficiency of ~nergy uae would 
lower tneir OYerall energy require .. nta and thus reduce their energy import 
bills. Several enerqy exporting dev~loping countries have also realized that 
greater efficiency of energy use within their economies vould lower their 
otherwise very rapid increase in domestic energy conswmption, thereby allowing 
for higher ~xport lev•ls or, alternatively, prolonging the lifespan of their 
energy resources u1•argrour.d. 

11. In discussing the overall potential for enerqy cona•rvation and f~el 
•ub•titution, the Group stressed certain views, na .. ly1 

<•> that the technical Jl(ltential of i111proved energy conservation and 
subatituUou vas significant; compared to nev enerCJY supply options. 

(b) that moat of the existing equipcent th•t consu .. • energy is not of 
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an efficiency standard appropriate at current energy prices1 that 
while retrofitting is econoaically attractive, the larger increase5 
in enerqy efficiency will COiie froa new, more efficient equiptaent1 
and that the rate at which existing equipaer.t is replaced by more 
energy-efficient iaacbinery will therefore directly influence the 
speed with which energy savinC}s can occur. 

(~J that the potential for enerqy conservation ar.d substitution differ 
substantially by sector since equipa<nt use, relative costs and 
technical i;:otential differ markedly among different end-~ses. 

12. A hypothetical illustration of the potential fo1 increased energy 
efficiency in Western Europe in 1975 by A.P. Beijdorff (1) concludes that had 
all energy-consuaing equip11ent been of an efficiency standard justified by 
197~/75 average en~rqy prices, then Western Europe's primary energy consumption 
vould have been around 15 •illion barrels per day oil equivalent (mbd.:>e) 

rather than the actual 21.5 llbdoe. This 30 per cent enecgy savings -
amounting to 6.5 mbdoe, utilizinC} known technology and at the average 1974/75 
oil price of $11/barrel -- would in financial terms have meant a decrease of 
around $26 billion in Western Europe's energy bill in 1975. At current energy 
prices, the potential ... 1d financial iaplications .-ould have been that much 
greater. Of the secto~s considered, the la~gest possible energy savings w~re 
postulated for the residential/eotm1ercial sector, followed by industry, road 
transport and other transport in that order. 

13. With their relatively less developed industrial and infrastructural base, 
developir.q countries energy savings through increased efficiency of energy use 
will, in quantitative terms, be· far less than that in developed market 
econoaies. However, there is still considerable scope for energy 1avings in 
all secto1s. There are several measures involving low-capital outlays that 
could be impl.emen~ed relatively quickly. Examples include the insulation of 
service pipes and ducts carrying steaia or hot water> utilization of waste 
heat to preheat inc011ing raw material3 or in space heating, enhanced building 
design to reduce tbe surface area exposed to the suil and there.:>y reduce the 
need for air-conditionin91 ~rovinq process control and monit~rin91 and more 
ratioktal work schedules. to reduce •no-load• periods or when the plant operates 
at zero efficiency. Other measures involving modified production processes, 
impro7eci boilers, improved engine design/technology and modern energy
efficient equipment would, in general, require larger capital outlays and may 
take longer to impleaer.t. All changes resulting in increased efficiency of 
ensrgy use would, however, directly reduce overall energy require•ents and 
thus lower the cost of imported energy for energy importing developing 
countrias. Hence, there are strong econoaic as WQll as environmental 
incentives for developing ~ountries to improve their efficiency of energy use. 

III. EXPERI:!NerS AND PROF,i'ECTS POR !MERGY CONSERVATION IN DEVELOPED 
MAR.U:'l ECONOMIES AHO CEM'l'RALLY PLANHED ECONOMIES 

U. Enec-:;'.!' cor.su11ptio'1 in the developed aarket e-=onoaies peaked in 1979 and 
has since fallen. It declined by 5.8 per cent in 1980, a further 7.0 per cent 
in 1981 and approximately 4.4 ptr cent in 1982. Oil consumption of 34.4 
•illion barrel5/d~y (llbd) in 1982 was thu• approximately 16 per cent lower 
than in 1979 (C. l mbd). Individual country experiences, however, have 
di%fered signi!icantly over the past dec;;:ade. The Group discussed how much of 
the decrease in developed 11arket econoey oil consuaption could be attributed 
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to lower mic growth and ht.-..r "M.lch to incre&9ed enargy conservation and 
fuel substitution. Estiaates fraa a revised study t:hat was originally 
~resen~ at the Group's third session and vbicb at~ to di~regate 
quarterly OECI> oil consumption into seasonal, cycliQJ. and structural 
~cueats &bow that around a third of the total decrease in oil cons~tion 
09er 1979-11 could bP attributed to structural cbange - i.~. to conservation 
-asur~ and fuel substitution. 

l.5. Table 1 is frcm a draft ECE stuciy covering -.-ral country groupings in 
the n::z region and which attupts to decompon tbe decline in pr1-ry energy 
ca11suwptial (PEC) in 1910 into a •slCJNdown• effect due \:0 lower econc.ic 
growth rates and a •conservation• ~ffect. Thi• t:.ble vividly ~strates 
exiating intra-rf"ijional differences. While both llOrtb America and llOrthern 
Europe .., their PEC decline totally by 23-24 per cent, the CD1Wervation 
effect .,.. .,re &ignificant in Northern Europe (-11.H) tb.n in llDrtb Aaerica 
(-7.lt). Southern Eur.Jpe (Greece, Portugal and Spain) llbcMed the 1.argeat 
decline in PEC which "as all due to the slCNdown tdfec:t since its energy 
inteaaity actually increased over the I-eriod. Eastern ~·· ... 11 incr•H• 
1n PiliC .... a C091bination of a negative slowdown eft-=---t and a positive incraa•• 
iu energy intensity. Finally, in the u.s.s.a. t!Y~ decr..-e in PBC va• due to 
the sl.o.c1own effect alone since energy intensity rose very sl.igbtly. 

Table 1 

~ition of the De-:line in Primary Energy Cons!l§?tion (PBC) 
in 19Lil: Trend vs ~ 

(percentage) 

Total Decline GDP Growth Bl.1ergy 
Country Group in PBC y Sl.oldolllll Conaervation 

Effect'!!/ Effect y 
PEC(l)-PEC PBC(l)-PBC(2) PBC(2)-PZC 

Bortbern .!Werica -22.0 -15.0 -7.1 
llort:bern Europe -24.1 -l.3.t' -11.1 

·&aut:ben Europe -27.0 -29.4 +2.4 y 
Baatern Darape +2.0 -2.6 +4.6 y 
u.s.s.a:. -11.1 -12.1 +l.O y 

!/ '!he mtal declin12 in PEC in l98C is the diff.rttne9 between PBC(l), what 
tBC: tlD".ll.d bavo been if it had grown at the for .. r trend growth rate for 
1965-1973, and actual PEC. 

W '!he GDP 9rowth s~ etfec..~ is the difference between PEC (].) , the 
focm9r trend rate (196~ 1973) of PBC growth, and PBC(2), tbe ca~• of 
growth baaed on lower GDP gruwt.b (1973-1980) bGt bolding energy 
iat:enaitie• constant (i.e. at 1965-1973 l..ola). 

sf '!'be .... rgy conservation effect is the differllDCfl be~n PBC(2), the rate 
of 9rawth baud on lower GDP gro.rth (1973-HIO) but 1"'.>lding enc.rgy 
latenaiti•• CCAiatant (i.e. at 1~65-1973 lf!Wela) and the ~l Pk:C. 

~ '!'be ~it• of t.he con .. rvation effe-ct, n.mely increa.ed energy inten•ity. 

Sources Pr•li•inary ICE esti .. tes preaitnted at the fnurth --ion, ACC 
T9chnical ~~rgy Group, United IUtiona, ll-15 Decelllbet 1912, Rew York. 
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16. Another paper at this sessicx. discussed the proqress in ~nergy f"!ficiency 
in the Japanese economy over 1965-1980. In comparison with other aevel~ 
market econo11ies, ~e Japanese ecc>nOISY was seriously affected durin9 the 
1974-75 energy situation, but it was affected relatively little in 1979-10. 
Energy efficiency (proxy: Energy/GDP ra~io} and oil efficiency (proxy, Oil/ 
GDP ratio) in each cf ~•n major sectors were analysed. The paper found that 
sectors with higher value added to output ratiQs (e.g. vboles~e and rebtil 
trade, banking and insurance, real estate and the service sector) suffered 
less during 1974-75 tilan did sectors with lower value added/output ratic• 
(e.g. metal products, industrial aachinery, mining, paper and pulp). 

17. While overall energy efficiency i11 Japan in 1975 was only 3. 2 per cent 
higher than in 1970, it rose dra:matically thereafter and was 22.4 per cent 
higher in :.980 than in 1975. In the t&:ansportation and co-.nication sector, 
both energy efficiency and oil efficiency declined during 1974-77 but ha~• 
sine~ increased. Most industries in the large •3nufacturing SPCtor, however, 
significantly improved both enerqy ar.ci oil-use efficiencies since 1975 through 
the introducti~n o~ .:ire energy-efficient technology and the s~titution of 
labour for energy. By 1980, oil-use efficiency in the manufacturing sector 
was nearly double that in 1~75 and, excluding petroleua and coal products, was 
almost three times higher than in 1975. It was found that, in general, those 
manufacturing industries which devel~ped capital-saving technoloqies or 
specialized in compact, knowledge-intensive products (e.g. electronics) were 
~ble to significantly increase their share of overall manufacturing output 
over the decade. 

18. ~any developed market economies have found that their demand for energy 
in general - and oil in pa~ticular - is more responsive to the pcice of er.ergy 
than earliec assumed and that the most effective policy is to ensuce that 
market signals - in particular pr.ice developments - are passed on to final 
consumers with minimum delay. Energy p~oduct subsidies and other market 
intErventions that discourage conservation and fuel substitution away frOll oil 
are being removed. In Eastorn Europe, where the price of oil and natural gas 
imports frOdl the u.s.S.R. are baaed on the average world price over the five 
preceeding years, the full impact of the global 1974-75 energy price increases 
were not fully felt until 1979 and the full impact of 1979-80 energy price 
increaa•e will likely be felt only durinq 1983-84. This was one reason vby 
E4stern European energy consu11Ption during 1973-80 decreased very slightly 
while average energy intersity actually increased. As their energy import 
price• rise towards avera~e vcrld levels, it is quite li:.ely that their energy 
conauaption growth rate would decrease a•1d the efficiency of energy use 
increase. There h.as also been, onr the seventies, a sign.'.ficant trend in 
!~stern Europe ~owards a grgater proportionate share of natural gas at the 
expense of oil in overall energy consuaption. 

19. The F.cE paper !!!_Efficient Energy Future projects that by the year 200~ 
th• •energy conservation• scenario, that assumes widespread application of '!he 
moat-officient technllOCJY and practices now COlllllercially available, could 
reduc• total .!CE energy deund by around 19 per cent as compared to the 
•trends continued• scenario which assumes only very minor i.Jlprove .. nta in 
recent ~nergy elficiency ef!orts. The study concludes that the U.S.A. could 
re...~ce its energy deaand by around 22 per cent, Western Europe by around 19 
per cent, Eastern Europe by around 20 per cent and the u.s.s.R. by around 16 
per cent. Potential savings by sector vary significantly depending on 
individual courtry situatior.s .and will be discussed in Section V!I. 
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20. According to the 1982 ':<f<>rld Energy OUtloolt of the Internation~l Energy 
Agency/OEICD (2), the Energy/GDP ratio - a gener~ indicator of progress in 
overall energy efficiency - which declined by 12.l per cent over 1973-80 is 
expected ~ the year 2000 to decline by 16.5 per cent as a.pared to 1980 
under the •high d ... nd. sc~nario and decline by 20.6 per cent under the •1ov 
deaand• scenario. These estiiute• are fairly cloae to th• previ.ously 
discussed BCE projections • 'l'he world Energy Outlook forecaats imply that if 
efficiency improvements do not occur, energy demand will grow 3.1 per cent 
rather than 2.1 per cent p.a. over 1980-2000 under the high d..and scenario 
and 2.6 per cent rather than 1.5 per cent p.a. under the low de..nd scenario. 
The postulated additional dellA!ld in the year 2000 could illlDUDt to between 
23-26 llbdoe and hence the critical contribution of energy efficiency to the 
future energy deaitnd/supply bala.,ce ca.!lllOt be over emf'*'asized. 

IV• EXPERIENCES AND l'ROSPECTS FOR ENERGY a.JSDVA'l'ION IR DEVZIDPING 

~~ 

21. :ct has been argued that energy conservation, in general, is an 
inappropriate energy policy strategy for dev.:loping ccuntrie• since there is 
significant potential for energy conservation on1y where large wasteful use of 
ene~gy already occurs. This argument is incorrect since it identifies energy 
conservation solely with the reduction of luxury consuaption and ignores the 
possibilities for conservation through more efficient energy use. The matter 
can be clarified if two aspects of enorgy conaervation ara considered 
sepil.rately, naaely, (a) the short-run prospect.a for energy conservatio:i 
utilizing the existing stock of energy-using aacbin~rys and (b) the long-run 
prospects for energy conservation a• the de9eloping econoaies grow and 
industrialize. It is in the short-run that th• possibilities for conser~ation 
are more restricted, partly becau .. comparatively fev people have cars which 
they use for non-essential pu.rposea. In the developing country case atudi~• 
analysed by the Group, it t.as found that while abort-run "!nergy savings c1)uld 
be generated fairly easily and r-heaply, the overall .agnituc. .' of. these aavin915 
was likely to b• mull. However, the incorp>ration of con11eic:.u• energy 
conservation policies into the overall energy planning fra.ework in developincJ 
countries CNJld result in significant loncjer-tera energy savincJ• and thereby 
cause a red\.~tion in required oil imports or, for oil-exporting nations, ~n 
increa•e in ta• quantity of oil available for export. 

22. Unlike developed aarket economies, aany developing countries have two 
different economic sectors - the aodernized urban aector And th• traditional 
rural sector. While greater iruiuatri&l energy efficieft..'Y and more efficient 
road tranaport are relevant coqsideratiol"!~ in the urban aector, in th• rural 
sector 90re efficient wood stovea, bioga• plants and water pulllPS for 
irrigation are of priaary iaport.ance. A8 theH nationa induatrialize, their 
o~rall Comllercial energy con•umpt;ion will ri•• du• to aore energy-intenaiv• 
production procea .. a, increaa.d ..cbanization in the agricultural •actor and 
the tendency, •• i~• ria~, for foeail fuel• to replace firewood and other 
renewable energy resource• in rural are••· Incre~aed energy efficiency, by 
reducing the overall growth rate of energy conammption required for the aaae 
GD'> growth rate would thua, for energy-iaporting de .. aloping countriea, reduc.:e 
th• level of ea .. ntial energy iJIP)rt• or, alternatively, the .... l•vel of 
energy imports could result in higher econoaic outpu\. 

r 
I 



- ' -
23. The Group discuaaed the recent experience ~ potential for energy 
conservation and substitution in Brull, Kenya, lligeria, the Republic of Korea 
and aellber states in the BICllA and BSCAP regiorw respectively. 

24. Brazil is th• J.arg .. t oil hporter in tbe developing world and its postwar 
econoaic growth relied, to a significant: extent, on .inexpenaiv. illported oil 
and abur.dant doae•tic ~r. Between 19H and 1979, oil llll.<>rta roae 
froa 26 to 40 per cent of pr1-ry .... rgy COftSQllllPtion and in 1979 Brasil was 
illporting 85 per c.nt of it.a p&trol- requir-nts. In 1980, bow,,.r, oil 
iaports fel1 froa 85 to 77 per C9ftt of toul requir-.its and this ratio is 
expected t<1 drop further. BJ' 1915, oil i.Jitx>rts are projected to be half those 
in 1979, constituting anlr 12 per cent of pr1-ry energy consumption. 
Brazil's en11rgy strategy ba9 at i ... t five key elements (3) : 

increased dcmestic production of oil, gas and coalJ 
- continued expmwion of large-seal• hydr~lec:tric and nuclear power 

sy•t••• 
increased efficiency of energy con9U11Ption and, in particular, oil 
use in industry and tranaportationJ 
increased production of ethanol froa bia11ass sourcesJ and 
increased use of other renMtable en.r~y sources (solar ther1111l and 
solar electric sys~, wind, biogas and saall-scale hydropower). 

25. The projected erwrgy ah foe Brazil in !985, as ccmpared to 1979, ..:alls 
for oil iaports to fall frcm 34.5 to U per cent, domestic oil production to 
inc~ease froa 6 to U per cent, coal to double fr<M 4.3 to 8.7 per cent, t.ydro
electrir. to jusp froa 28.l U> 38.6 per cent, and alcohol, baqasse, firewood 
and charcoal together to incr .... by a half. Tbe esti11ated ~vings frOll energy 
conservation in 1965 - appraxU..tely 200,000 b/d oil equivalent - would be 
around 5.7 per cent of to~ prt.ary energy consumption. would outrank the 
as•waed 1985 share.of the alcohol prograa (4.1 per cent) and would constitute 
about 20 per cent of total. 1985 oil canaumption. The Brazilian Energy Model, 
th• central enetgy planning docn .. nt issued by the Ministry of Mines and 
Energy, further postulate• ~t around 35,000 b/d (of the 200,000 b/d figure) 
could be saved by reduced con8Ullpt:ioo of fuel oil in tbe industrial sector (3). 

26. In Kenya, ·~rci&J.• energy consumption ac:c:ounts for a.bout a third of 
total energy use, with t:be r ... ining ~thirds consisting of firewood, bi011ass 
and other renewable energy .,..rcea. All oil and coal used are t.ported and 
the cost of th••• imporu l'Olle frca 2 per cent of total non-energy export 
earnings in 1973 to 36 per cent in 1910. Transportation and industry together 
account for al per cent of total. ~rcial energy use, agriculture for 8 per 
cent, the re~identia1 ..ctor for 1 per cent and th~ C0111ercial sector for 4 
per cent. While the ratio of growth in oil de9ancl to real GDP growtb fell 
froa 1.6 during 1969-73 to below 0.9 during 1973-10, it was argued tbat this 
in itself did not nec:e..ully indicate ~rOftd energy productivity. Ga80line, 
jet fuel a:MI fuel oil wre tbe •in petroleum products responsible for the 
nduced d...,.J. Tl\• sl.cNer growth in fuel oil demand waa attribut.ed to 
i•1creaaed hydroelectric prock.ctlGO. Reduced trarwportation l'9C1Uir ..... U th"1t 
led to the decreaH• in ga.ollne and jet fuel d-..1 did not result in th• s._ 
rroportional decline in eCCMllClll.ic output aa wau1d declinee in aogricultural or 
indu•trial act:bity. '!tie ~il/GDP ratio vaa thu found to be an inappropriau 
guide to HHaaing cbanglng patteru of ener-r use in Kenya l•J. 

27. Tbe consultant •tadf (ti concluded that u•lncJ• of 20-25 per cent of 
preHnt energy consUllpt.lon are attatn.ble in Kenya's industrial a.ctor tbrou9h 
econoaically attr.acti•• .. ~r•• that could .. ._ around one •illion ba~rels of 

l 
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oil per year. GreatQr proportion&! savings ~• pod3i~le in ground traraportJ 
however this potential, involving improved vebicl• .. int•nance and traffic 
management, is more difficult to achieve. Electricity consumption in 
commercial buildings could be recluced fairly easily by •round 25 per c•nt. It 
was pointed out that ~s Kenya•~ econcmy grova, it baa the opportunity to ensure 
that its new capital stock - factory equipment, buildings, vehicle• and 
appliances - is 1110re energy-efficient. Thus future potential savings are much 
greater than the current potential frOll exiati119 capital ator;k. lllproved 
equipaent maintenance progr.-s, better energy accounting ayste .. , improved 
trairing and expedited iaport foraalities for energy-conservation equiP99nt 
were cited as criticially important instjtutional .. asures in this regard. 

28. In Nigeria, •eo11mercia1• energy accounted for 27 per cent of total energy 
consumption in HBO while fuelwood, charcoal and biaaass accounted for the 
reaaining 73 per cent which was prilaarily for daaeatic use in rural areas. Th• 
share of C01111ercial fu•l• bas been increa~ing rapidly - froa 13 per cent in 
1970 to 27 per cent in 1980 and is expected to continue its rapid growth in 
the future. The C011mercial enerqy consuaption aix in 1980 ~~ oil 7~ per cent, 
hydropover 15 per cent, natural gaa 8 per cent and coal 2 per c"nt. As a ujor 
oil producer, Nigeria exported around 94 per cent of total oil produced in 1980 
and oil export revenues accounted for GS per cent of total government revenues. 
The conswaption of ~rcial energy grew approxt.ately at 15 per cent per year 
during the seventiesJ in the future, efforts to complete Nigeria's ambitious 
development plans is likely to keep the energy de .. nci growth rate high [3]. 

29. The transportation sector in l. -~ accounted for 53 per cent of total 
c011111ercial energy consuaption and ~t ~.~ felt that around 20 per cent energy 
saving• were feasible at fairly low cost, amounting to around 6.5 million 
barrels of oil annually. The indusLrial sector utilized 13 per cent of total 
commercial energy consuaption, and savings of 20 per cent in fuel consuaption 
and 7.5 per cent in electricity consuaption could together result ;n a aavinga 
of around 1.3 aHllon barrels of oil equivalent per year. Saaller savings were 
feasible in electricity generation. The introduction of 1110r• efficient 
kerosene and wood stoves, increased relianc• on biogas digeator• aiid JDOre 
efficient use of charcoal could alao significantly conserve non-conmioercial 
energy resource• currontly used in rural areas (3). 

30. In th• Republic of Korea, a dynaaic energy conaervation progra .... 
initiated in 1974 ha• been highly succeasful with th• Energy/GDP ratio 
doeclining frOll l.55 during 196)-73 to ~.99 during 1973-80. This decline wa• 
all the 1DOre credit.bl• since the share of :aanufacturing in total GDP rose fr011 
18 to 34 per cent over lq70-l980 with a sharp increaae in the share of hravy 
industry. Very little 'lO•~q:o•1rcial energy f_, consume! at presentJ the share 
of firewood to total energy cc.n•umption fell drastically froa 57 per c•nt in 
1961 ~~ 7 per cent in 1980 and will likely continue itg decline in the future. 
Industry conaUJH• around 36 per cent of primary comm.rcia~ energy and the 
overall ene~gy intensity in the .. nuf8':turing sector decl~ned by a third over 
1970-78. While the d~line during 1970-75 was aainly in light and heavy 
industry and occurred lar9•lY due to iaproved oner~ aanage .. nt, tlle decline 
during 1975-78 waa more pronounced in energy-intensive industry due to enetgy
aaving design• and .cor.aai•• oi scale in new plant and equipment with a 8'a8ller 
contribution froa enhanced e«ergy aanage .. nt. The government ha• pl•yed a key 
role in fo•tering investcent in ~nduatrial energy conservation [4J. 

31. The residential/cam11ercial sector in the itepublic of KorP.a accounts tor 
38 per c~nt of overall ~nergy de .. nd and the key feature haa bGen the ahift 
a~•Y frOll firewood and towards consumpti?n of electricity. Government 
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initi~tives to promotl!' l!nergy cons-.:rvation incl•Jde a ban on air-conditioning 
use except duri1.9 10 July - 20 August, buildin9 codes and energy efficiency 
labels on appliances. Transportation const.itutes 12 per cent of ~otal er.@rgy 
use and consists primarily of road transport. To discouraqe automobile travel, 
the tax on gasoline is 180 per cttnt of its cost while the tax on diesel fuel .•.s 
only 7 per cent. ConswaFtio~ of petrolewa products i~ transport grew at less 
than 4 per cent per ar.num during 1973-79 after having grown at Jround 15 per 
cent p~r an~Ull during 1969-73. 

32. The Group considered the ECWA report Energy Conservation in tha ~CWA 
Region: Prosez:ts and Possible Lines of Action. This report classifies m~mber 
nations of the re<Jion according to their energy resource endowments, economic 
structure and per capita energy consuaption levels and concentrates on energy 
conservation possibilities in energy-exporting aeaber states. The potential 
for energy conservation in Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the 
United Arab E=irates was found to be significant. The largest potential for 
energy conservation was found to lie in atilization of otherwise flared natural 
gas. In 1979, sixty per cent of natural gas produc~d in the recJion was flared, 
amounting to approximately 57 mi!lion tonnes of oil equivalent. Most of the 
Gulf nati,ns have plans to utilize the currently wasted gas, and the coming on 
strec\Jll of gas-gathering plants together ~ith the associated fertilizer and 
petrochemical plants and energy-intensive industries shoul6 ~ubstantially 
reduce the quantity of gas flared. 

33. The Group reviewed the ~rocP.eding3 of the ESCAP Workinq Group Meeting on 
Efficiency and Conservation in the Use of Energy, held at Bangkok during 16-22 
October 1979. The agenda included analysis of the current energy situaticn 
and the need for conservation, available technologies for iaprovin9 efficiency, 
po~.icy mea:sures and international and regional cc-operation. Conservation and 
fuel su~stitution developments in member states included the follOYing: 

- incr~ased efficiency in the transport sector through a mix of higher 
gasoline taxes, speed limits, closure of qas ~~tions for certa1n 
hours, etc. (India, Papua New Guinea, Philippines, Singapore, S:i 
Lanka, Thailand). 

increased ~fticiency in air-conditioning (India. Papua New Guinea, 
Philippin~s, Singapore, Sri Lanka, Thailand). 

- more efficient keros~ne and/or wood-burning stoves (India, Indonesia). 

- enhanced use of non-conventional energy technologies (Bangladesh, 
rhilippines) • 

110re diversified energy mix (India, Indonesia, Iran, Malay3ia, 
Pakistan, Papua New Guine~, Philippines, Thailand). 

- oil refinery llOdernization to increase processing efficiency 
(Banqladesb, Pakistan). 

- increase<! efficiency in electricity generation and dist1:ibu~ion 
(Af9hanist~n, India, Sinqapore). 

- aub9titution of oil by natural gas Ol coal in power plants (Bar.gladesh, 
India). 

l 
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V. CCMPARISON OF OVERALL ENERGY INTENSITIES IN SELECTED COUNTRIES 

34. While different aeasures are a~ailable to assess the energy intensity of 
an entire economy, of particular secto~s or sub-sectors, or of individual 
!~~tories, farms, buildings and 'ebicle fleets, the most l:CllllOn measure at the 
aac~Ol!Conoaic level is the ratio of the volume of energy consumed to the value 
of GDP. Despite its liaications in analysing sectoral and sub-sectoral 
activities, this ratio does provide an indication of the overall trend in 
~nergy intensity. Table 2, fum the paper contributed by the World Bank,· 
9roups selected countries into high intensity, aoderale intensity and low 
intensity conr.umers cased on their consuaption of energy per us SlOOO of GDP 
at 1980 prices. 

35. While the categories in Table 2 are rather arbitrary, "the groupings do 
highlight some interesting siailarities and differences. The high-intensity 
group, rather surprisingly, includes develo~ing (Republic of Korea, India, 
Yugoslavia), centrally planned (China, Hungary, RollAnia) and developed 9"'rket 
econoaies (U.S.A., canada). These countries generally have highly developed, 
energy-intensive heavy industry sectors (e.g. steel, cement, cheaicals, 
refineries) and all except India are temperate zone countries with space 
heating ~equireYents. Most countries !n this grocp consu.e a relatively high 
proportion of coal in their industry and p:>wer sectors and in rail transport 
(China, India) with the acccnpanying high conversion losses in each of these 
sectors. China, Hungary and Romania, all centr,ally planned t:e0noaies, appear 
to be the highest-intensity energy consumers. ProbleJDS of conversion of net 
aaterial product in national currencies into gross domestic product in US 
dollars may, however, tend to disturb tne Energy/GDP ratio, though physical 
indi~es of energy intensity at the sectoral level are consistent with th•s~ 
findings. Factors which could be important in accounting for the high 
intensity are domestic energy prices significantly below world levels coupled 
with restricted technological choice. 

36. India i$ an interesting •intermediate• case in which, although petroleum 
price• have generally kept pace with opportunity L-c>•t•, ~rice• for coal have 
not. The Republic of Korea, although well-advanced in i.adustrial technology 
and reasonably progressive in energy pricing, has followed a highly energy
intenaive indu*trial developaent st~ategy and has a sub•tantial space heating 
requir .. ent. China, the Republic of Korea and Hungary have all attached high 
priority to energy conservation in their energy strategies. In China, the 
iapac.t of a aarked shift f roaa heavy to light industrial output and related 
energy con•ervation efforts is already evident in the 6.4 per cent decline in 
energy intensity froa 1979 to 1980. Evidence at the sectoral and enterpri•• 
level iu 110•t high-intensit;y nations indicatH conti~derable ecope for reducing 
energy intensity e•pecially in indu•try, transport and the power sector. 

37. In the ~•rate-intensity group, little can be gleaned from aacro-level 
data about ~nergy intensit} within sector• or the acope for efficiency 
improv ... nt. Bowever, nearly all the developed aarket econcmiea (excluding 
canada) hav• shown significant reductions in energy intensity over the 1972-80 
period (redu~tion• of 14.6 per cent in the U.S.A., 12.5 per cent in Japan, 
10.8 per cent in the Pederal Republic of Geraany, 11.9 per cent in It•ly, 8.8 
per cent in Prance) reflecting both the relatively h .. avy decline of energy
intensive indu•triea during the recent reee••ion and alao the impact of 
a99r•••ive en•rgy co~1servation strategies and higher energy prices. Developing 
countries, however, show constant or increasing en~rqy intensitie• reflecti"9 
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Table 2 

Pri•q eo-rcial Enerv Intenaity in Selected Cowltri••• 1972-80 

(tonne• of oil equivalent per US SlOOO of Gm at 1980 price•) 

1972 1975 1979 1980 

Bisb-Int•n•itx ConllUa!r• !I 
Cbin. 1.96 2.13 2.20 2.06 
Hungary 1.40 1.34 l.36 1.39 
Romania n.a. n.a. n.a. 1.26 
Canada 0.92 0.89 0.89 0.95 
lorea, Republic of 0.62 0.63 0.68 0.74 
U.S.A. 0.82 0.77 0.73 0.70 
India 0.58 o.sg o.u 0.61 
Yaqo•lavia 0.55 0.58 0.56 o.s:; 

Moderate-Int•n•ity Con.u.er• .!!/ 
Mexi.:o 0 ... J. 0.42 0.49 0.47 
Turkey 0.39 0.39 o.u 0.45 
Brazil 0.35 0.36 0.38 6.36 
Italy 0.42 o.~:> 0.37 0.37 
Indonesia 0.34 0.36 0.38 0.35 
Japan 0.40 0.38 0.35 0.35 
Genaany, Federal 0.37 0.35 0.34 0.33 

Republic: of 
Prance 0.34 0.30 G.31 0.31 

!ow-Int•n•i~ Con•U11er• sf 
BangladHb 0.20 0.20 0.24 0.24 
Ghana 0.11 0.12 0.15 0.16 
Bai ti 0.13 0.13 0.15 0.16 
Nigeria 0.06 0.06 0.05 0.11 
Nepal 0.09 0.06 0.06 0.01 
Burundi 0.04 o.os O.O'S 0.05 

llote•s 

!I co-rical energy c:onaUll()tion approaching or exceeding 0.6 tonne9 of 
oil equivalent per •1000 of GDP • 

.!!/ com11ercial energy conaUll()tion betveen 0.3 and 0.5 tonne• at oil 
equivalent per •1000 of GDP. 

g/ co...rcial energy conaW11Ption below 0.3 tonnes of oil equivalent per 
nooo of GDP. 

Sources •znergy Zffic:i•!!C)' in th• Devel~eing Countries•, ~per preeent.ed 
by th• world Bank at tlM fourth ees8io~, Technical Energy Group, 
United Nationa, ll-15 Dec:...,.r 1982, Nev York. 



\ 

- 13 -

growth in energy-intensive development in industry, transport and agriculture, 
but also indicating the relatively ...Uer illplct frcm r-.'"eftt efforts to 
hpco.e energy efficiency. Brazil shows a 5 per cent decline in intenaity 
during 1979-80 while l!"ldia, Mexico ;md lnc'onesia abaw mller declines. 

31. In the low-int•nsity group, inc;.· .. sing energy intensity is to be expected 
in tlaia entirely low-income, .... ntially llOl!-indwstrialised group, but nc:toral 
.m eaterpri.. lHel data frcm at least scme of tbea nevertbel .. a indicate 
significant acope for iaproving ~rcial energy efficiency, particularly in 
the industrial, power and transport sectors. It abauld be atreaaed that the 
predaminant energy sources in this group rre fuelwoocl and otlter bicmaaa fuels 
vbidl are not reflected in the data. If such P.nergy tors. were included, the 
resalts would be very different, vitb the extr-ly high d~" of conversion 
losses for auc:b fuels considerably boosting tile apparent energy intensity of 
t:be8e ec::oncaies. 

VI. iOIBW!LU. POR IHCREASED COMSZRVATIOll MD S08STI'IVfiml DI E11ER1GY 
BnltACTIOlll?R900CTION MID DI 'l8B PllOO"SDG, cmvDSIQ!!, TRAllSK>Rl'A'l'IOll, 
DIS'ftIBU'fIOR AND STORAGE OP BllDGY 

39. 2bere is C':>n&iderable scope for increased efficiency and conaer ·,#ation in 
-.t •tMJes of th• energy proceu - from tbe pr.i.llaey mr·~.raction/production 
•t.9•~ to the intermediate processi~/conversion and lr,.n..tsaion/storage 
stages and finally in end-t!.e applications in t.be indu.try, transport, 
r .. idential/ccmmercial, agricultu~e and electric power .actora. Table 3 ia an 
OYerYiew of tl'.e average efficiency of energy re8CMlrce u.. in th• ~ area in 
the early seventies and posaible levels of efficiency that aigbt be att.ined 
by tbe early 1990a. Thia Ubl• was contAined in t.be 1976 ECE report Increaaed 
~rv P.icona!y and Efficiency tn the BCE R!9ion [SJ and assumed SU/barrel oil 
prices together with all known geologic, economic, operational, technical and 
~~ntAl constraints. At current energy prices and the recognized need 
to cmmerve energy, the average efficiency level• in Table 3 would, if 
~, understate the true potential of energy cor.· .. ~ation. 

to. 'lbe two aain objective• at thia ·~· are firat, to increaH th• 
~oportion of prblary energy extracted from a given deposit thereby lowering 
t.be proportion that is abandoned/unuaeca and second, to reduc~ the consumption 
of amd.li.ar,1 er•rgy required in the extr11Ction process. 'l'b• aver•g• efficiency 
of atr.:tion of oil and coal in tbe r.cE regiOl'l vaa around 46 s-r cent in the 
euly ...... u .. but could riH to between 60-70 per cent by the early lHOa. 
919 roe»-and-pillar sy•t- of underground c:oal aining ti.a resulted in • two
~lrda lou of potential coal reMrves in the •arioua deposits due to an -.....1,,. nuiolber of safety and abaft pillars, often the reault of bad layout 
clenlp or illpedect aining ~tivity. '!be l.ong-...11 ayaua of aining utilise• 
mace mdern llining tecbnology, reduce• tho need for Mfety pillar• vitbout 
la.a la o..rall aafety requir ... nt• and raducea re .. r•• loaa frcm 65 per cent 
to bet.en 20-40 per cent. In the future, in-aitu coal gasification would 
pccwide a ..., cU•naion to exploitation of coal reHn••· 

41. leaDl"bry and tertiary oil recov.ry -thod• ha•• raised the oil recovery 
p=r~ In t.be ZCE region to around 3~40 per cent of reMnea, it baa 

. ..._.. .. tillated that tldditional vaterflooding and introduction of new Mt.hod• 
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could raise this percotnta9e to between 40-60 per cent by the 1990s. '!'be 
contribution of cr.hanced recovery can be enor.ous. For in&tance, in tbe U.S.A. 
a one per cent final oil rec.-overy factor is equivalent to one year's dame•~ic 
consu.ptioa of liquid hydrocarbons. If the entire volWM of hydrocarbons 
underground coul.d be recovered, 9loba! ~roved exploitable reserve• would juap 
f~-fold. Since 11e>re oil is lost du.:ing extr.ction than at any otbe~ rt.age 
of oil ae, the potential for incr~ efficiency of extr:ac:tion reaains higb. 

42. '!be recovery f.-ctor for natural gas in the ECE region range• frca 60-80 
per cent, with aaxii:aua recovery factors o( between 8S-S5 per cent. Flaring of 
natural gas, however, wastes approaiaately 12 per cent of global n.tural gas 
production or around 160 million to.lnea oil equivalent in 1979. As .. ntioned 
earlier, flared gas in the ECWA region in 1979 a.ounted to ai.ost sixty per 
cent of production. The intr-;>duction of gas-gathering plants and aasociated 
fertilizer and petrocbeaical plants would significantly increase the percentage 
of natural gas utilized and thus reduce the quantity flared. 

43. In forestry, t~hnical imiprovementa in wood-processing and substitution 
nf more energy-intensive products by less enecqy-intensive product• could 
raise efficiency significantly - by as much a• a third in th• BCE region. In 
develaping CO"Jntries where wood i& barvestf!d for direct use as fuel, suitable 
reforestation policies that could irx;lude the introductior. of quick-growth 
tree farms or energy crops (sugar ~, sweet sorghmu, etc.) "-"OUld rai•e 
efficiencies significantly • For hyclropower, the econoaic harneaaabl• 
potential is currently around three-quarters of the technical potential and 
this percentage could be raised slightly. 

Proceasi09, Conversion, Transaission, Distribut\on and Storage of Energy 

44. Tb• intermecliat~ stage is often referred to as Energx Sector corsm11ption, 
i.e., energy conaUlled (a) in Ct>nverting priaary fuels (oil, coal, gas, bia.au) 
into el.:tric power in tber.&l power planta1 (b) in converting uraniua into 
electric power in nuclear power plants1 and (c) in the tran .. isaion and 
distribution of electric power frClll tberaal, bydroel~tric and nuclear pl.6nt• 
to con.._ra. Tb• energy sectol presents considerable opportunitio• for 
illprcwing fuel efficiency, priaarily tbro.i".Jh ti) substitution between bydro
ba...s power and theraal power1 (ii) substitution of lower-co•t thoraal fuels 
(coal, lignite, natural ga~) for pot.rolou fuel•• and (iii) reduction of 
loaaoa in the conftrsion procoaa (•inly in theraal plants) and in 
t.r.....U. .. ian and di•tribution. 

45. Illpr09tlmlaata in the efficiency of energy processing ha,,. been auatained 
by tocbnological change induced by ~ioua ecouoaic factors. Tb• proceuing 
of natural gas, tho cleaning and rogr.ding of coal and tho oil refining 
proc.a. in geneial, are vory efficient uitn around 90 por cent of onern input 
reaulting in uaefd output. In the generation of electricity, the hipeat 
efficiency ia obtai~ in hydropower pl.ants ~ '5-70 por cent in ... 11.r u~it• 
and ap to to per cent in larger, 80pbiaticated plants. 'rberul power 
teneraUoa, bawn1.u, u tbe~ly inefficient with 11nergy 108•~ at 
Oftr •ixty per cer1t1 th\'.' a90rago efficiency of ateu power plant• is betwen 
l0-40 per ceat, 9aa turbi~• between 20-lO per cont, dioael power plaata 
bebMen 30-37 per cent and ~ventional nuc:lear power planta 30-40 per cent. 

46. ls:pc'OftMI birbine design, p~ogroaa in ccmbu•tion tecbnol09Y and 
imprcw-nta in •tals subjected to bith taporaturH have contributed to paat 
officieacy ..tvancea but further gaiaa froa th••• sources aro likely to be 

-1 
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•JUll. Cogeneratioa or t.M ccmbinad prod11e':ioa of b .. t and \tlectricUy from 
fosail fuel and nuclear planta feeding industrial proceuer and diatdct 
beat!ng •Y•~ could ral.M afttr~ efficiency to between 70-15 per cent. ~ 
temperature heat ~tained aa a bf'-product during electricity ~enuatiOG c.. be 
utilb8d for residential. and induatrial spce i.luting, for l.ow tmaperatur• 
-.ater beating and a.a lov-gr..S. indaatrial proceu beat. 'ftlu ts, bow9Yer, 
moN appEcable to count.rt .. in temperate cU-t••• for deftlopi1119 cour.td••• 
aany of Aiicb are in the uepic:s, cogeneration i• useful pd.auily in low-beat 
indu•tr.al applicationa. tlllile c:ogeneration baa llAftY emriron1enta.l benefits, 
iU C'C"n•t.raint.s are th• neeeaaiti• for !ntegnted urban planni.."9 and pl.ant 
aitir.g. S..U gai ... in efficiency aay bfo attained utilizing new t.~logiu 
aucb a• fluidized bed CO'llbw:tion, bigb temperature gaa turbinea, soar 
receptors, fuel cells and -.gneto-bydro-dynaaic generators. 

47. Por tb• BCE r·.4C)ion it baa been utiaated that tbe efficiency factor for 
tb• tranaport/diatributioa/storage of energy at tbe end of the chain u a 
pel'centag• of the intake of 1::ranai.uion line•, pipeline•, barge•, etc .. , ia 
very high - uQUDd 98 per cent. In ..-..ral dfteloping countries, bowev.r, the 
ef ficioncy f11Ctor ia onl.y 65-75 per cent and blpra.ed syaua anag.-t, 
change• in deaign pu-ter• and illprond distribution qa~ can produce 
very attr11CtiY• returns with benefit/CD8t ratioa of the order of 1511. 

48. Increased energy c:cnsenation and substitution in th• ener;:y lle(:tor can, 
in additior., result fro.a 'a) illprO'ted an«lysb and selectJ :>n of hydroelectric 
versus tberaal. power •Iona, with d-Je regard to the different capital/ 
operating coet proportions and t1>'4 opportunity co•t for fossil fuelsJ and (b) 
better •intenance and boiler operation and invest.Mmts to redllce connni06 
losse• by retrofitting therul powr plants a:- together lead to substantial 
saving• witb high paybck•• t:be efficiency and capacity of bydropower plants 
could be t.proved by l-5 prr cent and 10 per cent respectively tbrough 
repi.c ... nt of hydraulic turbine• with i.Jlproved de•iCJD9 and tbe payback period 
la ••ti•ted at around fi9• year• .. 

49. Many denloping countrie• are re.ponding to tile potential fo;. efficiency 
iaprovement in the power aectcr. c:Dina i• reducing the u .. of oil in ~Ar 
plants through reguu~ry ....urn, by reconverting oil-fired plant. ~ coal, 
and by reatricting U. length of low-voltage transaiaaion linea. India la 
reducing tb• uS<· of oil for f1- aupporf! in coal-fired plants and re
empbaaidng dist.rlbuUon lawsmenu. Some c:ountri•• are alao attenpting to 
improve load diapAtcb ay•~ (central control and monitoring) and lo.cl 
aanag.-nt technique• (spreading lo.da evenly tbrougbout tbeday). It 1a also 
estbated that at leaat. balf of tbe quantity of energy con--4 i• prodaced 
becauM it cannot be stored. Current device• for energy •torage, aucb u 
~tt.erie• and !lywbffls, ban .... r• constraints and liaitad applicatiaca. It 
was considered unlikely that • technology that would amorb and rel•... emrgy 
quickly on d-..d and in iufficient quantiti•• would be dneloped in the 
fote ... able future. 

VII. PROSPECTS !Oil Dim r.x-•mnc. ARD SUBSTITUTIOll IN DID-OSB SBCTOllS1 
IllDOS'l'll'f, TIWISJOllT, DSIJJ!ll!IALICXMIDCIAL AIR> AGP"'.CDU'UU 

Induatrx 

50. Industry ia, in general, tbe large•t cona-r of ~rcial energy in 
d,,,,.loped, de"lopintJ and i:entral.ly pJAnned 9Calll09iff. In 1910, industry 

-1 
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accounted for 31 per cent of ~rcial energy conam1ption in North America, 
around 40 per cent in Latin Allerica, 38 per cent in Northern Europe, 45 per 
cent in Southern Europe, 54 per cent in laattirn Europe and 6' pu cent in the 
o.s.s.R. World Bank and UBIDO eat1-t•• llbow that roughly two-thirds of 
industrial energy consumption in deYelaped aarket econoaie• can be traced to 
relatively few energy-intensive .ctiYiti•• (iron and •teel, cbeaical and 
petrachellical induatry, ce9ellt production and non-ferroua •tal.a production). 
PrCJCess heat accounts for three-quarter• of industrial end-uae energy with the 
balance-consisting of MChanical power, lighting and apace beating. Energy 
use per unit of total industrial output declined by about 14 per cent during 
1973-80 and was particularly evident in the steel and ce11ent induatriea where 
energy costs typically repreaent at least a third of total production costa. 
Energy consu.pt.ion per ton of stul/ceMnt produced dur:t.ng 1975-7' declined by 
nine/ten per cent in the U.S.A. aeven/five per cent in the Pederal Republic of 
Ger ... ny and fourteen/ten per cent in Japan. 

51. These savings were achieved through a variety of -•aurea, ranging from 
i.Jlproved aanag .. nt, maintenance and control ~~tea to the introduction of 
.ore energy-efficient tschnology in both new and exiating planta (e.g. 
continuous casting in the steel induatry and the dry process of c ... nt 
manufacture). Much progress bas been achieved through capiLal ia1ve•t:aent in 
exiating plants, with rates of return me>!~ attractive in aany c&••• thar 
investi119 in additional capacity. Ma~.;:n of this •retrofitting• investaent bas 
contributed to removing plant bottietveks, ~u• peraittin; increased output. 

52. The scope for reducing energy intensity in the energy-intensive 
industries of develo~ing countries baa been iden .. ified in several countries 
covered under the UNDP/World Bank Energy Aasesaaent Prograa, indic.ting the 
need for relevant low-coat unagertal/•bousekeeping• aeaaurff that have been 
•U<.'Ceaaful 1n developed .. rket ecoriaeiea as well as for .ore capital-intenaive 
investment in retrofitting exiati~ plants. Tabl• 4 de.onstrate• the 

· auba :antial seope for improved efficienc.y in Brazil, China and India as 
eo11pared with Japan and the U.S.A. 

Table 4 

Industrial Energy Intensity CO!p!ri.on• in Selected Countri••• 1979-81 

(kil~r ... of coal equivalent per ton of outp~t~ 

Japan 
U.S.A. 
Brazil 
China 
India 

Crude St"l 

,5, 
890 
920 

12,0 
1400 

Ce•nt Clinker 

125 
215 
150 
20, 
215 

8ource1 •zuergy Efficiency in the DeYeloping Countries•, paper preaented 
by the Morld ~nk at the fourth Hsaion, Technical Energy Group, 
United Nations, 13-15 Deceaber 1912, 1'ew Yo~k. 
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53. Experiences in developed .. rket economi•• sine• th• aid-seventies and in 
developiDCJ coun~ries over i!he last f,,, years show that energy efficioncy 
atrace19ies in industry should focus on th• following key ar ... a 

(a) Prot90tion of detailed energy audits, feasibility studies and •nergy 
efficiency investments (utilising fuel substitution possibilities) 
in key energy-intensive industries (e.g. st .. 1, fertilizers, ce .. nt, 
gl•ss, pulp and paper and brick-..king) where energy coats alone 
account for 15-SO p.r cent of total production coataJ 

(b) Special strategies for ..aller industries where energy coats aay be 
relatively lover and vbere dec::iaion-aakers are .:>re nU11eroua and 
perhaps leas sensitive to th• importance of •nergy efficiency 
improv ... nt (e.g. textiles, food proceaaing}J special surveys, 
audit progra.1es and incentive• .. y be necessary and devel~nt 
finance institutions could aasuae a key promotional role. 

(c) Enhanced 8\;pply of energy con.ervation equipment sucb as vast~ heat 
boilers, beat ex~ers, instrumentation, insulatior. and 110re 
efficient energy conauaing/conversion equipment (e.g. motor vehicles, 
boilerc, transforwie~s, appliAneea, water beaters, stoves) through 
iapo. nr'.iciea, inve•tJMnt incentives and licen:.ing/joint ventures. 

(d) L'evel~pment of local capatility to undertake energy audits and 
conser•ation prOCJr .... s (promotion, education, training) through 
government agencies, conservation centre$, private consultants and 
energy supply enterprises. 

54. The Group felt that, over the eighties, energy savings in industry in 
developed aark•t econoaie• could approximate lS-20 per cent of present 
consumption, rising to 30 per cent if the period 1980-2000 is considered. In 
devel~ping nations, after allowing for increasing industrial energy conauaption 
consequent on the indu•trialization process, about one-fifth of energy 
presently consumed could be saved by the year 2000. Roughly siailar savings 
in percer.~g• terllS could be achieved in centrally planned econ011iea. 

55. This sector coaprises all paaaenger and freight traffic by rCNtd, rail, 
air, and water a• well ae pipeline conv•yance of liquid/gaaeoua fuel• and coal 
ir1 slurriea. The growth rate of energy use in tranaport increased ateadil~ in 
aoat region• over tb• seventi••• sine• 1979, bowtrver, th• ahar• of tr~naport 
baa stagnated (Northern Europe, Eaatern Europe) or fallen (Horth America). In 
developing countries, the transport sector is usually the largeat conauaer of 
petroleua fuels and the second or t.bird-largeat consm1er of all co...rc~al 
fuels. In 1980, transport accounted for 45 per cent of car11ercial energy 
con•W1Ption in Latin Allerica, 35 per cent in Horth America, 31 per cent in 
touthern lurope, 22 per cent in Northern Europe, ll per cent in th• u.s.s.a. 
and 7 per cent in Eastern Europ.. 

56. While paaaenger traffic accounts for two-third• of t.be energy consUJled in 
transport in developed aarket econe11iea, the percentaCJ• in de99loping and 
centrally planned econoaies is only around one-third ainc• freight traffic is 
far aore si9nificant. In developing '~ntriea, on aver&C)e, 6.5-80 per ~ent of 
transport energy is for rCNtd transport, 5-20 per cent •acb for air an· aea 
transport and 1-7 per cent for rail transport. The varying ·structure of 

-1 
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transport in different countries has a dra11£tic iapact o~ sacto~al intensity 
of er1ergy uses automobiles consume two to three ti•• .o:e energy per 
passenger-kila11etre than buses or railways and trucks consU919 three to ten 
times more energy per tonne-kilOMtre than rail freight, pi~lines or aariti• 
tr.ansport. Oil' ti share in transport averacJed over 95 pe~ cent in d~veloped 
aarket econc.aies but only 67-85 per cent in developing countries and in 
centrally planned l!COIKait:a. The transport aector in a.any developing 
countries, however, is completely dependent on o~l. 'l'hougb the 8COpe ior 
inter-fuel substitution is liaited, the potential for incre~..-d energy 
efficiency at relativ~ly low cost is considerable. 

57. Auto.otivv fuel efficiency has increased considerably since 1975, 
primarily as a response to higher 9aaoline prices. 'l'be World B&.nk paper at 
this ••••ion pointed ou~ that the average fuel concu.ption of ~ev car fleet• 
in the U.S.A. and Japan declined by 39 and 26 per ~nt respectively during 
1975-80 and that ta~gets for further imptov ... nt durincJ 1980-85 range be~n 
5-27 per ~nt in ~r•l developed aarket econoaies. Average gasoline 
consuaption per automobile in 198~ in seven .. jor developed aarket econo11ies 
(Canada, U.S.A., Japan, Italy, France, the U.lt. and Genunyj vas 14 per cent 
lover than in 1975. Nhila tbe U.S.A. had the largest percentage decrease (15 
per cent), its average consUJllPtlon was still the highest in the ~roup (15.15 
•ilea/gallon) due to its existing atoc:k of la=ger, leas efficient autOllObilea. 
IEA/OECD asswnptions of potential c~r 10tl)Ck e!ficienc.y gains to the year 2000 
and based on the index 1980•100 are U.S.A. (227), Italy (149), Australia, 
France and Germany (138), Japan (137), carusda and the Scandinav~an countrie• 
(135), the u.K. (124) and Southern Europe (118). 

S8. While many develo?ing countries have followed ag9resaive policies on 
gasoline pricing and autcmobile import tariff• priaarily to increase 9overrmient 
revenue, increased fuel efficiency has been an associated benefit. A.reas in 
which further attention is warr.~nted includcu 

(a} pricing gasoline at world-market levels but su~aidizing diesel fuel 
is often counter-producti?es not only i• th• proportion of diesel 
fuel used very high but subsidies oft~n provide inadequate incentive 
for more efficient vehicle operation, thereby hampering the 
de•elo~nt o~ introduction of 1110re efficient engines. 

(b) energy audits of caimercial vehicle fleets (bu•••• trucks, taxis) 
could result in fuel savi~s of ten per cent or a>re through 
lleasures inc:ludincs operational and retr~fit impro.e11ents, better 
batteries and iaproved aaintenances additional fuel savings of ten 
per cent or 110re could be obtained through more efficient driving 
~tterna of bu• and tcuck ~rivers. 

(c) improved truck utilization through better fleet progr ... incJ bolds 
substantial potential for fuel saving <•·9· fetMr .. pty b&ckbauls, 
reduced idling, 90re opti111&l loading). 

(d) 90re effective traffic aana9e1141nt progr .... • have high sbort-ter11 
econoaic returns with as rmuch as a fourth of th• savings due to 
reduced fuel coneuaption (e.9. in Singapore). 

(e) reduced fuel conauaption due to reduced vehicle weight resulting 
from down-•izing and substitution of materials. 
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59. The energy efficiency ana overall -:ost efficiency of rail transport is 
hi9h but could be iapro~ed through improved diesel locoeo~ive fuelling, 
operating and gainten•nce proc;edures, through energy audits,. throu9h iaproved 
train sc:bedulinq and operating procedure• anci thrQUCJh the electrification of 
-..in lines in countries where traffic volumes are very heavy and the capital 
investment justified. 

60. Aviation fuel currently accounts for le .. than S per cent of 9lobal 
petroleua prod~-:a consuaption. According to ICAO paper discu&•ed at the 
sesaiun, fuel ~ffi~iency i11prove9enta over the last two dee.de• have resulted 
fr011 iaproved engine efficiency, increa•ed aircraft size and through 
operational change• including flight level assigN1ents, cr~ising speeda, 
laxiing procedur~• and overall air traffic ~~ellellt and flow control in high 
traffic den~ity areas. The result of these efforts on international scbedul61d 
•ervice• has been a 16 per cent reduction in fuel consumption per availab!e 
tonne-kilometre ~ver 1973-81. ICAO est~tes that the introduction of never, 
.ore fuel-eff icicnt aircraft utilizing iaproved aerodynaai~ designs, the 
retrofitting of acme aircraft vith new eflCJil.lea and saall airf.t'aae 
llOdlflcations would together reduce fuel consU11Ption per tonne-kilometre by 
nearly 20 per cent during 1978-90. For aariti .. transport, as with aviation, 
increased fuel efficiency will result frOll iaproved fuel MndUng, better 
maintenance, operational CbancJes,. engine retrofittiOCJ and, in the longer-run,. 
.:>ving towards more fuel-efficient vessels. 

Residential/Commercial 

61. Residential and commercial energy consumption has been 9rowing steadily 
in all r~qions ~ince it meets the demand for space heating, air-conditioning, 
hot water supply. cooking, refri9eration, lighting, small appliance usage and 
small workshop 11anufacturing. The end-use efficiency of this sector is 
presently around 45 per cent and could gradually incr6ase to between 55-80 per 
cent through iaproved building insulation, increased efficiency of appliances 
and optilllUJI use of th• available •ix of energy supplies. 

62. Any broad comparison between developed and developincJ econoay experiences 
in tbis sector runs into major difficulties. While, in develop.d market 
econoaies, space heating require .. nts account for around 85 per cent of 
reaidential/COllL'larcial energy consumption and upto a third of total primary 
energy consumption, such demand i• •ini .. l in developing countries, 110at o: 
whom are located in war11er regions. Thus, in developing countries, the 
C01111ercial energy consumed by this s41Ctor is only around lC-15 per cent of 
total energy de .. nd. When, however, traditional or •non-eo1111ercia1• fuels are 
con•idered, the residential/C01111ercial sector is often one of the largest 
consumers of energy in developiOCJ countries, its share varying betw.en 20-50 
per cent of total energy consumption. In Latin Aaerica, accordincJ to the 
paper contributed by CLAD&, while this sector accounts for only 18 pet' cent of 
commercial energy con•umption, it acc:ounts for 29 per cent of total energy 
consumption, vith bio11aas responsible for a.i.oct all th• eleven percentage 
point increase. 

63. Due to its i9!p)rtariee and potential for energy savings anc1 subatitution, 
apace heating has triqg•red significant research !n developed 11arket econc•ies. 
Thia research atteapts to satisfy several objectives siaultaneously, n ... ly, 
(a) rationalization of heat d ... nd by reducing hea~ lo•• in buildings tbr0U9h 
better insulation and design and sun orientationJ (b) rationalization of heat 
supply by liaiting capacity to •real• comfort needs' (c) illpro.ing tne 
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efficiency of the he.:at-g~nerating uni\~ (boilera. cUatrict beating. ~t pumps) J 
and (d) il!ltroving operationAl conditio.,. to .cbiev. the bigbeat poaaibl.e 
•fficiency. Efforts ~ve a1so been IYllle tovarda total or partial aubmtitution 
of oil and Mtur•l -Ja• by other faela (e.g. coal. solar energy. garbag• 
COllbuation. 

64. As can be a .. n froa T<2bl• 5, there i• aignificant mcope for incre.aed 
theraa.l effic.i.•ncy in this aector. The Grour found that one of the moat 
•ttractive beating optiona for building• vaa the beat pUllp vbich runa on an 
evaporation-condensation cycle (like trllditional refrigerator•) bl't in 
re .. r .. , i.e. it abaorba l.ow-tellp9rature beat froa the atllOapb•r• and relea .. a 
thia heat &t a higher t.eap9rature into the ~ or th• water to be heated. A 
drcvback is that vben the outdoor te911e~ature fal.la and the demand for beat 
incr .. aea, th• capability of the be.t P'lllP to prcwid• beat drop• and a back-:.ip 
beat eource (e.g. an oil burner) is neecbd. 'l'hia working mode of a beat pump 
plus a back-up beater used interld.ttently ia term.d a •bivalent• operation. A 
1911 atu-~ for the Federal Republic of Ge~ found that replacing a 
traditional oil heating ayst• in a aingle-f-11.y bauH by a bivalent beat 
pump saves about two tonnes of oil ";)er y~ and result.a in both overAll energy .. •in9• (less electricity used) and a significant substitution •way frClll oil. 
If, for the sake of argument, all .. ,,.n a1ll.ion one-and-~faaily bou .. a in 
tbe Federal Republic of Ger11any ver• heated tbua. between 14-17 •illion tonne• 
of oil eqtJivalent could be saved annully. 

Table 5 

Usage 

Burning of wood or eo&l in fireplace• 
S~c• heating withs coal . 

oil 
nat11ral gas 
elec:tricit.y 

Cooking vitb gas 

'fberaal efficiency at th• point 
and tiJM of converaion 

(per cent) 

.....•.•• 20 . ........ 45 

.••••.... u 

......... 75 

......... 95 
••......• 37 

Cooki."'9 with electricity (ucluding generation 
and tranaais•ion J.oa .. a) .•....... 75 

Beating of water in a Mtural gas appliance ••• 62 
B•at pullpS ......... 85 !I 

~· y But rising to 200-250 per cent if gains froa recycling ar• included. 

source•• 
Increased Bnersx Eco!!C!Y and Efficiency in th• BCE Region, E/ICE/883/Rev.l, 
United •ation• aalH publication B~'16.II.B.2. Baaed on tabl•• frcm M. 
Deveiman and G. *ier, 9fte Bnerg Sniwf1 !tfinsu• DU!!!f•, 1974 and 
froa J. St.paon and P.a. ao.a. "tlorid an.rv and Nuclear-Electric Eco!!Oll)',• 
paper preaented at the llDrld Energy Conference. Detroit, 1974. 
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65. Su99e•ted energy efficiency atrat.gie• for tbi• sect.>r included• 

(a) energy audiU for bailding.r and t.c:bnical ... bbnc:e progr-• for 
illprond energy •n'9•mt. and perticul.uly in large CX'Wcial/ 
inatitutiO'!lal buildiftlJ• with SpilCe b .. tiftl) or cooliftl) requ~lllleftbi 
when enuv •••incJ• of 25 per cent or .:>re could be euily aclai....S. 

(b) aurny• and atudiH of r .. idential energy subatitati'lD optioaa with 
special reference to eDYirOI anu.1 upecta. blprOftd •tedag and 
the pouibl• role of enerv supply enterpri .. a in extendhg 
technical and fi~ial miataace (e.9. for ~ audlta. tuulation. 
comru•iona, fuel aubetimtion. and appliance and •to.. ~at:Mnta). 

(c) atratetb• a!Md at illlprodng the diatributiOll of .or·• efficiuat 
cookatofta (allowing for tlM different probl-/opt:iona in rural 
nrn• urban reaidencea) and .,..._•laing the eca ••••=-• marketing 
and ~rc:ialiAtion of coolcatofte. 

(d) illprc.nd at.mdarda and regalationa for bouMbOld electrical 
applianc" and HW baildiftl) deaign (where sa•iftl)li could r...:b 
40-70 per cent). 

Agriculture 

H. ParwiiftCJ •thod• range from traditional faming that reliea pr1-dly on 
huaan and animal power. wi.nd enerv, wter power ana organic -~ter -
fertilizer to llOdern fa.raing that la fairly energy-inc.naive; utilizing 
increaaiftCJ quantitie• of foaail fuel.a and electricity for fertilizer•. 
irrigation, pesticidea, f•.ra Mdtinery and tran..,art. It vaa poinbd out that 
agricultur.i production itaelf only cansuma around l.5 per cent of mtal 
final energy conauaption in deftlaped .. rket econaaiea and around 4.5 per cent 
in dnelopincJ c:ountriea. It la in tbe PQ9t-baneat fC'Od ayat• that dneloped 
u.rket econoaiH uae 15-20 par cent of final energy co1wu11pUon. where the 
poat-harve•t food syn• (Plln) ia defined to ~nclude food proceuiag. 
trani1P0rt, ato.r1t9e, and cooking and preparation. According to the no pmper 
prHer.ted a~ ~e aeHion, eneru canau.ption in the poat-barftst food ayat• 
••rie• 9.reatly by ~ntry •• abcNn in Table &. 

''· S.••ral concluaiona were dratfll from Table '' 

(a) of the ten de•eloping cnantri•• wlyaed, ..._.. 9bowd PUS w.rgy 
UH conatituting between 32-43 per cent of total energy .... , tbe 
Iwory Cout (59 per centJ, Bangla.Jeu (7' per cent) and Tauaaia (19 
per cent> were aic;nificaatly aboft the ranc.Je. 

(b) in general, th• bigber the abare of tBrS enerv aae in tot.al enerv 
uae, tbe hither tbe perc:mtage of l'IOftw<:Hurc:ial fuela 11tlHaed. 
S.:ept.iona we. Brasil. CoJ.aebia and •icaregu.a where nmt=1:1 1rc:ial 
fuela ~ted foe ta.a.a ll-51 per cent of total MMCV ae and 
wbere non-cc mrcial fuel w in 8Q9U s;roceaaing vaa Hceediftllly 
lli9b ft'-100 per cent). 

(c) oil and natural 9u producera {Al9eria, Mexico, TUniaia and ~) 
11tilia• pcoportianatelr far .:>re ~rcial ener9J' in the ,... tbaa 
do non-energy producera. 
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Ebeccn t:ee in th• Post Harvest Pood SI!t.a (PBPSl in 
Sei..ctecl Dr!laeins COUntri- in 1980 

(Per cent) 

IOS"r-1aavBS'T POm> S!Sftll POeuLATIO. H11S Diel SI u .. 
hr cent Per cent abare D UBAll Pood · aad cooking 
~total llDn- 0-r- Ams Proceaaing and 
eneEgy ~r- cial ~..-ration .... cial energy (per cent) (per 1':9Dt) 

energy 

Colambia 32 66 l4 73 40 ~8 

Algeria 35 ll 89 50 1 98 
Brazil 37 81 19 62 24 72 
Mexicc. _ 37 19 81 64 23 " Ricaragua to 92 8 57 30 " Tvniaia 40 35 65 60 ' 92 
Bgypt u 38 62 50 7 92 
Ivory Coast 59 91 9 21 11 86 
Bangladesh 7' 98 2 16 2 8 
Tanzania 19 99 l 20 1 98 

Sources Bnem Qd the PoK-BarYeat Pood SX•U. in the Developins \":aantri .. , 
eurreat Use, SaYin! and SUbetitution Potential, PAD paper pK.-nted 
at tbe fourth saesioa, lllX Technical Bnergy Croup, Unit.d .. uona, 
ll-15 Pee t•r 1'12, ..., York. 

(d) in ge119ra1, tbe bigber t:be degree of urbanisation, the grHter th• 
coaemiptian of ~rcial fuels in the PSPS. ExceptiORS 11gain were 
Brull, C01(111bia and •ic&ragua due to their large enaa..-nta of 

rcial fael.s. 

(•) food coating and ~-saaration CC>llSU9e• the mat energy in tbe ..,., 
it:a llbare ranging from 69-91 per cent. More efficient cooking 
iito.e8 can significantl:r reduce energy conaU11Ption. ft• abar• of 
PBrS wrgy ue in food proceaaing r.ng.. fraa 1-11 per cent in 
caaat:rl• tbat dO not'. n.a.. signficant .grlcultural oc iUt;y uporta 
ad be~ 23-40 per cent in tboM tbat do (Col.Cllbia, Brazil, 
llaico ad •icara.gaa). 

'8. Bneru efflct.Dc:r iapEuuwwwat:a are ewntial in agriculture, e..,_,i&lly 
since incr ..... ..,....tuU• _. lift irritation are contributing to 
aub9tantlall:r lal-• wru O"M' pU.Gd. In t:be Pbilippinea, total 
-.cltaniMtiae of laad ~..,.rat.iaa, i.crlgatian, threabing, baneaUng llad 
c!qing in doe calti•&tlon ('JDUld r....tt in enerqy (diHel) con.u11ptioa ah or 
..,,... tiw lalglner tban t:bat ....S in tbe traditional syat• ut'iliaing .. 1aa1, 
bwn and 80lar zqy. la lDllJ.a, w::h.niaation of l.r.~ pnpuatiaa aim. 
roughly cloqb1• tot:al ... rv arew 1 tioa per beot:are tor cultivatian. 
ban.sting ...i drJ'ing. ..u .. incr.....S yields cantribute to offsetting tbe .. 

1 
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cost increases, the dramatic i~t on ene~gy deaand is evident. Subsidised 
food prices reduce the incentive to fAL-..rM to increase outputs and yields. 
Subsidies may also wrongly influence the choice b9tveen, say, electric ver=1us 
dies•l-povered irrigation pumpsets. Impr~ efficiency of tractors, pwapsets 
and other aqricultural llaCbinery and better pl~ing and control of fertilizer 
application to reduce indirect energy cons~ion were also stressed. 

VI II. THE ECONOMICS OF ENERGY CONSEJM\TIOM 

69. While the technical aJY.l environmental benefits of energy conservation are 
often well accepted, no real progresa is possible unless the economics oi 
energy conservation are favourablC'I. The 1.et econc:mic benefit frcm en!!rCJY 
conservation is obtained by C011paring the initial capital invesbaent required 
for a specific energy ~nservation 11easure vit:h the discounted value of all 
the energy saved over the period since the initial investment aust either be 
borrowed at the prevailinq interes~ rate or give a return on capital. 

70. It was noted that cost ra~~s for conservation t'leasures are fairly vi~e 
and that as the number of roughly siailar conservation measures (e.g. froa 
double to triple glazing of vindows) increases, they become less and less 
cost-effective. As regards the period un~er con3ideration, home insulation 
costs, for example, are normally spread over thirty years - the same period as 
a traditional home mortgacJe. In industry, while a process aay last for ttf@nty 
years, project evaluations are normally done over a 5-10 year period. 

71. While a positive net econoaic benefit, as defined above, from a specific 
energy conservation measure; would enable one to justify its i.mpleaentation, it 
does not help one in the determination of how quickly invest.ents in different 
energy conservation measures would pay off. This can ~ judged by calculation 
of the payback period - the nuabe1' of years over which ~ue:-gy savinqs, 
discounted to their present value, are equal to or larger tlian the initial 
capital inve~taent. Consumer beti.viour, in general, sbovs a aarked preference 
for relatively quick pay-offs, i.e. abort payback periods. The pa'.fback period 
itself, accordin9 to Beijdorff and Stuerzinger (6), is deterained usillCJ the 
following logarithaic formulations 

Payback period (in years) • 

where 1 ,I.). I is the initial constant dvll• : imrestment 

u E.CE is the constant do! lar coat ot energy saved annually 

( il E is the energy saved in energy uni ts) 

( Cz is the coat of energy) 

i is the real value or conatant dollztc discountinq rate utilized 

p is the relati~ fuel price increa ... 

l 
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72. It has been found that for payback period• of upto five years, neither 
intereat rate nor fuel price increase assumptions are very significant. Siaga 
several i?lport.~t energy ef!iciency 99aaure• fall into thia category, the 
calcu~ation of a sillple econoaic indicator - initial capital in,,.at:.ent 
divided by th• cost of energy saved in the first year - is accurate ~nougb. 
Thus diacounting procedures are not eaHntial in evalu.ting IMDY energy 
efficiency .. aaures and siaple ratios will often auffice. 

73. Aaswaing a COl11'ervation aeasure is technically feasible and econoaically 
justified, conditions that aust, in practice, be aatiafied before the 
con,ervation measure is iaplemented include the followings 

(a) consumers auat be aware tbat there is ~ long-run energy probl .. and 
that energy p~ices in future would riae in real teraa1 

(b) following such ".'eali&ation, the consumer should have aoee ide• how 
to proceed. Price signals - following world-level pricing of 
aarkete.4 energy - are often the qre•teat induce11ent to conserve 
energy. Significant IM!dia exposure and related effort• including, 
if needed, the direct .. rketing of energy-efficiency equipment by 
9over1111ents, aay be called for. 

(c) the availability and coat of capital are fairly critical. Many 
options, other than reducing energy costs, coapete for llC4lrce, 
available capital. Subsidies and/er tax deductions can act as an 
effective induceaent to enhanced energy con9ervation. Siailarly, 
the higher the interest rate, the more economical:Ly attractive auat 
conservation -••urea be to justify the money borrowed. For payback 
periods of less than five years, however, the rat• of interest, as 
pointed out earlier, aay not be a key deteraining factor. 

(d) Conservation measure• should be easy to impleaent with adequate 
stocks of the necessary equip1ent readily available and at 
reasonable installation C09ta. 

74'. The most iJIP()rtant non-econamic, non-technical consideration, hovever, 
concerns the conauaer'• ti• horizonc It baa been argued that the average 
conau .. r will react only to de.anstrated short-tera benefita. Tbua an energy 
conau.er aay either diacard conservation .. aaure• which are in reality 
cost-effective or aay choo .. only those .. aaurea relevant at current energy 
prices ignorift9 the fact that a slightly higher investaent would aake .:>re 
econoaic •~n .. when weighed against future (higher) energy prices. One reAaon 
for the apparent lack of con•~t foresight on energy is•ue• aay lie in the 
f.:t that the capital investllent in energy conservation for indiviaual 
consumers i• noraally eabodied in other types of capital aftcets (houaea, cara, 
etc.). Once th••• conMrvation inveat:aenta are aade, they can only be traded 
together with the larger ••••t• 1n which they have been eabodied. Thus, 
unleaa energy conaervation .. aaure• are generally recognized aa ecol"IClllie&lly 
worthwhile, consumers will tend to inabt on very abort payback period• for 
oonaervation .. a•urea while, at the .... tiae, accepting aucb longer payback 
period• fur the asaet• the .. •lvea (e.g. 25 years for a hou .. ) (6). There are, 
however, encouraging signs that consumers recognize the long-run benefits of 
eneru conMrvation and thus are willing to consider longer paybeck perioda. 
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75. Table 7 pre .. nt• det•iled economic calcu~•~- 3 for thirty different 
energy conHrvation •aaur•• in the industrial, tr~. ·lport and residential/ 
CQll9ercial sectors reapec:tively (6). !'bey have been ordered by the length of 
the payt>.ck period. A rouqb ranking ba•ed on the relative efft"Ctiveneaa of 
tb• conservation meaaure• ~iv•• th• following: 

(A) Very Ef.fective Measures 

improved mainten•nc• of equipaent 
recycling of waste mat~rial 
energy management 
integrated design of processes 
training of dr~vers 
weight reduction ~f passenger cars 
training of heat. managers 
improved control of air-conditioning 
improved boilers 

(8) Effective Measures 

correct choice of energy and COIE'bustion 
improved insulation 
reduced vehicle air resistance 
tranaaission improvements 
engine iaprcYe .. nts 
improved efficiency of lighting 
draught reduction 
rooa thermostats 
improved electric cooking Appliances 
waste heat recovery 
integrated design with insulation 

(industry) 
( . ) 
( . ) 

( . ) 

(transport) 
( . } 

(residential/co1111ercial) 
( . ) 
( . 

technclogy (industry) 
( . ) 

(transport) 
( . ) 

( • l 
{reaidential/consercial) 
( . ) 

{ . ) 
( . ) 

( . ) 

( . ) 

(C) Not Very Effective or Having Ce_ Ln Economic/Technical Uncertainties 

increased perform.ance of electric motors 
cogeneration of heat and power 
reduced losses :rOll friction 
newly-designed engines 
increased perfor .. nce of electric D>tors 
individual heat .. tering in hou••• 
heat pumps 
double/triple window glazincJ 
insulation in houses 
district heatil\9 

(industry) 
( . ) 

(tranaport) 
( . ) 

(residential/co ... rci~l) 
( . ) 
( . ) 
( . ) 

( . ) 
( . ) 

7'. It should b4 noted that this rough rankin9 ayatea ea.bodies eonaiderable 
aubj.ctive judg ... nt and is illustrative only. ~hile the true effectiveness 
of variou• con .. rvation aeasure• will b4I influenced by condition• prevailing 
in specific nations, the ranking syat .. does point out the reLttive econoaic 
attractiveness of at least twenty energy con .. rvation/sut>.titution aeaaurea. 
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EXMP!=li Ol' EC> lllCMIC rnti!l!I m! !JMU: 1~1w51aws 

....:r l!:llBIGf l!Pnaa:2 18ftet- Val• of Tile -11:9!! Zffeet.-
c:D90- OPnml ..nt per -~ 

PaytMlcll ._ i .. _. 

EllDCT CDllDltVartA' .-uun lll'TlC. Impr- Coltt toe p.a. -tper periol -1c of 
aT 5SC'IW ar~ -- ..... aait lit~ -· ,_ i~I a u.. 'V 

p.a.) 
( ' rae.1 '"'°" pee tD9 (19ara) ..... , 

IllDLBtat 

l.. iJIFra.ed -ill~ of boilva 10.0 " 1.~ t5 t5 0.5 1 A 

2. r~ing of we.lite Murial. J.ll,000.0 lS soo.o. JJO 75 1.7 5 " c ... u but bollu a pr~ ~ 
3. correct c:t.aice of -n ~ --..uon 6,200.0 10 •oo .... 6U 1'0 3.5 5 • 

t ... 1m0Jogy 

'· -'17 -H9-nt (in elec:tdc J,llO.O " 600,8C9 l.,275 210 l.7 5 A 

-1ectarill9 indaatly) 
5. h.Ui•ated de•i'Jn of~- 4,500.0 20 "··- 72" to J.7 10 A 

::. ifbt -t&l famiU]'J 

'· ..._,. 1-1.&U- tp.per iDdut.r'JI to.o lC , ... IJO 100 •• 5 10 I 

7. J.acrea..o ~rf- of elctric .otor• Sl.6 lS ..... J,too J2l 7.3 u c 
I. ~aU- of h-t and power l.ooo.o 20 700,llO J,50C 100 11. 7 15 c 

Cc:beaical. l.~Utr]') 

TU.!.i!!SZlf 

'· tr&L"lino) of dr1-n Ci•rt• truck fleet) ~.soo.o 10 70,000 200 70 c.c l " 10. redsced 1- trcm fricti- l..6 2 '° l.,250 4•0 ~-1 3 c 
(fibreo;la•• b..:lUd tirea) 

u. .. 19bt reductiol ot ~r car• 1.6 5 150 l.,110 270 3.l I " u. reduced wehic:le air r .. iatanc:e (wiad 1'0.0 3 1.000 l,too 270 3.5 I • 
deflector•, gap -iera for truck n-t) 

u. tra....t .. 1- i.llpr°"-ta 1.6 5 200 2,500 l60 •• 5 • • 
1'. anglne u.r-u (al.eeuonic 1.6 10 500 3,l.25 '50 5.7 I • 

ipition, fuel injection) 
15. MWl)"-des19Md ....,illaa 1.6 15 MO 3,750 540 7.0 I c 

MSmDetAJ.tanp:IAL 

u. training o! b .. t -.-,an cawu.ial pcml.) J2G.O 30 S,DOO 50 15 0.1 3 " 17. incr .. Md par:-- of ~leccdc motor• 3.0 ' 120 SID 70 1.6 10 c 
11. i.llprcwed effici~ of li9bt1 .. l.l JO U5 1,6'0 ltO 2.1 10 I 

Coffica bu11411WJ) 
1!11. Uproe.d co:1trol of air""'--.nditioal.af no.: 12 J5,00ll too 7:5 2.2 15 A 

(office buiUiall 
20. 4ra119bt ntcUoe l•iall• fully ._, 4.5 10 •OO 110 7Ci 2.5 15 • 
21. inl!iTi4ual beat •ter!Dt u.o 20 7,COO l.,050 '° 3.1 15 c 

(aul.tit..U.1 ~-> 
:u. r- tJte~tau (public ~U4in91 20.5 !O 2.5'1 1,250 110 J.7 u I 

21. i.llpraftd electric ODOllil'llJ appi~• 0.1 12 20 l,lOO 271) 4.l 10 • 
2•. .... u .... t r-ry couto. tau114in91 J60.0 l5 107 .... 1,150 165 6.0 u • 
25. illpc°"4! boilers C-1.tUaally .._..) 10.0 25 s .... 2.uo ltO 7.0 u A 

u; integrated dffi'Jl' witb iuulatiaa J.6 ll C,7'10 J,too 200 l.3.3 JO , 
,_ •infl• f..UJ ,_, 

27. beat pU111119 1811111• i .. 111 a.ou-, 5.0 51 ll.50G :,tso 310 ll. 7 15 c 
.. 1n1n1 oil boil.er backup) 

21. 4oubla/tripl• window tlaain!I (oUioe oi.,.1 52.c:> 15 33,500 ,,JOO 2l0 15.1 JO c 
2t. inaul•tioe 1•11111• caa11J llOll9e) 2.1 l5 2.000 ,,aoo 2'5 17.l JO c 
JO. district b .. tiag (publ.ic bu1141119•1 5,'30.0 25 u.ooo .... •.~oo JJO 25.0 50 c 

J!2Sl!l. 
l/ Jouth rank11'11 of th• effeoti- of tbe --rw.iition -HH taU111 into acco.a11t uc:l'lniaal potantial 8M -.t 

euecu ... _ .. Yb., !• "CJ' affeotiH• I• effecti"' £• not too efl!ect1" O:!' ... .,int - technicav--11t -na1au ... 

M•aes•or•• 
Cal taeoline pr1oH of OS I 600/toe Col buti""!I price• of as IHO/toe ccJ fuel oil pric .. of as I 200/toe ,., electricity prica• of UI 10.05/kwh C•I real i11ter•H ra~' of l ,.r -t P·• If> no real e11ern prio. illCllMH 

lilt!W .r..r ... ijdorff and r. Pt11err1..,.r. llJ!IC!'!td Ener!Y ltfis¢vDF1'' Y:,• ID•itible ~ellOl.lrce 1App.tn.lie •>. ~ttiOll 
•aper on &riern CcnNr•ati011, &J.-tb tlorld &nerty Collf•r-. •-ll 5-pteaber J.HO, Mu .. tch, Gel'Mll)'. 
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IX. MEASURES TO PR<MlTE ENERGY COllSEllVAT!ON 

77. Develcped aarket economies ba99 achieved considerable suc~ess in recent 
years in blprovincJ energy efficiency, beth by raduc:ing energy input per unit 
of output and throu9h sub8titutt.on by utilisincJ cheaper fuels. Many 
de•eloping countries are attempting to increase their efficien<.-y of energy use 
and recent developin·~ country ezperiences are also invaluable for other 
countri .. vbicb aay be faced with roughly siailar fl'COftOaic conditiOIUI. The 
Group diacuased obatacles to ertergy efficiency 1-prov ... nta and needed policy 
••aur•• as reviftred in th• world BAnk paper presented at the ••••ion. 

71. Obstacles to energy efficiency 1-prove-nta, in general, can be 

cat99orized a• followsa 

(a) Lack of Avaren-sa/Attitudes: 9over~nt officials, aanagera, 
technicians, drivers, bou .. holders and the like are frequently 
uuware of the importance of, or opportunities for, energy 
conMrvation. Many are unaware of the cost of energy !n their 
personal or occupation&! activities, that energy efficiency aay be 
significantly affected by their own decisions/behaviour and of th~ 
impact that ~nergy savings could have on th• profitability of 
enterprises. They .. Y not feel that edergy-efficient beti.viour or 
decisions deserve priority and may not consider it as attractive as 
increa•ing ener9y supplies or may bel!eve that the benefits of 
energy-efficiency ... asurea aay not sufficiently exceed their cost. 

(b) Institutions: govern11enta ~ften have no institutional entities with 
clear responsibility for desi9nir9 and iaplem.ntincJ energy-efficiency 
policies or prnqra1111e• and there is often inadequate legislative or 
regulatory fr ... work addressing such issues. Enterprises often do 
not have organizational units or employee• specifically deai9nated 
or adequately trained for energy manage .. nt responsibilities. 

(c) Technicals the technical knov-bov within governmnts and 
enterprises or on the part of individuals MY be iluadequate to th• 
task o! de•i9ning and impl ... nting ener9y conserYation .. aaure• or 
inveat..nta. Further, th• appropriate technololJy to«jether ..,1th 
related good• and aervic•• needed MY not be readily available. 

(d) Ec:or\Ollic Attractiveneua urltets uy not r••pond rationally or 
quickly if the energy price charged consumers i• J.-:.3• than iU 
economic opportunity C09t or if tariffs, taxes, intereat rate• or 
other economic policy variable• restrict th• availability of 
energy-efficient equipment and/or more efficient ener9)' alternati•••· 
!be impact of bigber ener9)' prices uy also be diluted if 

interJlediate-stage ener9)' consumers can eaaily paaa on tbe.. coats 
through higher price• for their good• and .. r~ice9. 

(e) rinancial1 individu.ala, enterpri••• or go¥er-.ats aay ha•• 
in.ufficient financial r..aurce• at an attr.cti .. coat to induce 
in .. st..nt in energy dficiency Mtboda. Altnnatbely, they uy 
prefer to spend on other purpc••• (e.g. ezpanaioo of production) 
wblcb they· conaider of bi9ber priority. 

I 
I 

I 
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79. Experience has sba.m that rational ~ecisi0n-9aking on energy efficiency 
can be induced through a aix of energy d..and aanag .. nt strat99ie• which 
could includes 

- appropriate legisl.Ative and institution&! fr..-vorks 
- rational pricing policies 
- pra.otional/educ.tional progr-s 
- audit, t.ecbnical auistance and training progr-• 
- econcmic, fisc:al and tr.a. policies 
- capital all.ocation or financial aasiatance 
- devel~nt of energy infor.ation sys~. 

Le9i•l.Ati9't Fr...wort 

80. Moat developed -rket economies and certain developing countdea Mft 
so.i fora of legisl.Ation dealing vitb energy conservation. 'rbe .. law vary in 
acope, aay desig~te the organisational respoosibilitie• of a specific 
gover.-ntal unit for varioua CODHrvation policies and progr.-s, uy 
require certain practices (audits, energy .anagers, etc.) on the part of 
enterpriMs, and aay set th• fr~rk for regul.Atory -..urea to be d ... :.oped 
for particular sectors of the ecoacmy. Such legisl.Ation is one i.Jlportant d9n 
of ~ CJC)ftrrment'• ~ia.ent to improving energy efficiency. 

Inatituti~l Frawievork 

81. Th~• usually takes the for• of officia1ly-establisbed agencies or 
de~rt:llents with specific responsibility for national energy COftSQrvation 
policies and pr01ram1es. While norll&lly part of tbe Ministry or Department of 
Energy or Power, they aay, in ._. C&HS, be affiliated with the Ministry of 
Industry. Several developing countries are considering the est&blisbllent of 
such functioual entities. TbeM agencies often develop and .m.inbter 
inforaation&l/pro.otion&l progr._• at.Md at tbe various energy-consuaing 
sectors and uy overs" sizeable budget• for the support of indu•trial 1ner9y 
audit progr-s, technical uaiatance, heme inaul.Ation, and reHarch and 
develiof int. A few countries (e.9. J~) Mft also ••t:abliabed ga.er ... nt or 
industry-supported Energy Con .. rvatiM Centres proddinlJ technical ... iatance 
to energy user•• llC>St. nations, bowenr, bAve left aucb direct involv-nt to 
private firm. Certain countri•• uve also eatabUabed energy audit Qr 
technical aaaistance functions vi\.bin or linked to energy supply enterpriae• 
(utilities, petroleua C09P&Jlies). 

lational Pricing Policies 

12. Energy pricing should reflect opportunity costs if ration.al patterns of 
energy delland and supply are to be acbieved. G09er.-nts ... rci.. varying 
degr .. s of control over enercr.: pricing. 'fbe .. controla, wbicb .. y dbt-:>rt 
eMrgy 4-and/aupply patterns, are of tbr" -jor type•• (a) direct price 
eontroi., (b) indirect controls through tall polici .. J and (c) direct or 
ind.&.rect ener9)' price aubaidi... A91regationa for .... n ujor developed urket 
ecortaaiea (Canada, o.s.A., Italy, Japan, Prance, o.K. aftd the federal lepublic 
of Gemuy), durift9 1'70-IO sbolf tbat for ewery l.O per cent ir1Cre'.'lH in their 
illported oil price, industrial oil, reaidential/ccm1111rcial oil and 80tor 
9aaoline prices, on avera9e, roae 0.76, 0.71 and 0.0 per cent respectively. 
Tbe low pa••-througb for 9aaoline (only 0.43 per cent) increaaea dra .. tically 
if one adds on motor CJHOline tax•• whicb awera4Jed 161 per ~nt of the gasoline 
price ~, lt73, 119 per cent in 1977 and 12 per cent in 1980 r••pectively. 

t 
i 
I 



,~-

- 1ift -........ 

83. In developing countrh·s the experience is mixed. Of the twenty countrie• 
covered thua far by the UllDP/World Bank Energy Aases59ent Prograa, leA than a 
third follow acros•-th-board opportunity co•t pricing, over a third hAft a 
•aixed• appra.cb (e.g. highly taxed ga.oline, subsidized diesel fuel) and about 
a Clird do not follow world enerqy prices at all. The high energy intensities 
in centrally plAJUted ec:oftOllie• can be traced to lonc;-run belo.-.arket energy 
prices. Puel •ubatit• .. Uon poHibilitie• are also seriously affected by 
distortion• in inter-fuel pricing stroctures1 while such distort.'~OIUI are few 
for indu•trial petroleU11 products or gasoline, they are videspre.d for power, 
domtaatic coal, kerosene and diesel fuel. 

Pro.otional/!ducation.al Progra.maes 

84. 'fbe lack of awareneu and attitudinal barriers to i.aproved energy 
efficiency have been the target of a variety of pra.otional and educational 
progr .... • blpl ... nted by government agencie•, energy conservation centre• and 
in•titute•, conaultant9 and energy supply enterprises. A variety of 8edia ~re 
u•ed, and in .. ny countries special progr-s are targeted at specific 
industrial or commercial groups. Same gover1111ents (e.g. Brazil, U.S.A.) have 
gon- beyond prOllOtion and entered into acJreements with industrial group8 or 
associationa tel iapl ... nt energy efficiency programmes. The .i.8pact of •UC:h 
progr.-• is liaited, however, without stepped-up complementacy efforts 
involving apeciali•ed energy audits, training and technical/managerial 
assistance. 

Audit, Technical Assistance and Training Programmes 

85. Many countries uve introduced or pramoted the developaent of national 
progr .... a and ca~ilitiea tc provide industrial and C0111aercial enterprises,· 
farmers aftl' bousebolders with a variety of technical services to anAlyM and 
iaprove their aanag ... nt of energy use. These service• are prcwided through 
government agencies, eo11111ercial/induatLial trade associations, private 
conaultanta, acad-ic/re .. arch inat.itutions and energy supply enterpri .. •. 
Such progr-u can t,e very effectiw. in industrial plants, transportation 
firu, ccmMrcial building• and rffidence• and are an eHential c•1aaent of 
any national energy efficiency progr...-. SOiie countries have legislation or 
r99ul~tiona that require energy audits for c~rtain enterpris .. , and _,.. 
subsidize the coat of aucb audits. 

Econo:aic, Pisc:al and Trade Policies 

8'. Government policiH ce influeace energy efficiency progr-• tbr<1U9b 
tariff and non-tariff policie• ~t affect the availaDility of alternative 
forms of energy. Tariff, t.aaation and otber r99ulatory policie• that 
encourag•/rutrict tb• inveatmant in, illport of or dcmestic production of a 
variety of energy con .. rdng, c:on-•ng or converting equipment, technology or 
know-bow aJ.ao ban a •i9nificant illpllct. Such policies uy ult1-tely 
detecaine wbetber a nation bas available and uxee use of .,":., energy-
efficient indutrial plant and equipment:, mtor vehiclea, o.;her transport 
equi1199nt, electrical equi~nt, energy control ayste~, solar equis-nt, •toft•, electrical •pplial'.'(:e•, energy-efficient building uterial.a and tbe 
like. lec)ulatory policy uy alllo induce local aanufacturers to bprcwe and 
pr090te the .,..rgy efficiency of their products, as has b .. n the ca .. for 
automobile• and appliance• in certain countries. 
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87. With c.pital scarce and interest rates high !..ll real term;, invest.ants in 
energy supply options Dft!d CAreful. scrutiny. £zp9ri9Dee baa abown that 
governments and enterprises often do not realize t:bat imrastment in energy 
ef fic:-iency illpro.ementa can have high ec:oncmic and fi~ial return• at a coat 
often much loller than that of new, incr-.ital &QtJPl.y. Proudi.ng special 
funds for energy efficiency ilipcou111nta is often a necesaary incentive. 
Bra~il bu done this with &ame s1Jcce .. , and the lfl')rl.d Bank baa supportod energy 
consenration financing by develq int finance institutions. Such fund• could 
be earaarked not only for energy-a.vi.ng or substitutioo bw.st:Eents b!f energy 
consU11ers, but also for productive inveat:ment and re.eearcb mid develoi;.ent for 
more efficient equipw !nt (e.g. boilers, generators, sol.ar beater&). 

Energy Infomtion Systeas 

88. Pf!V de9el.oping countries have detail.ed energy CD119U1111Ptian data. Most 
have bra.cl statistics by sector and by type of cc nuci&l wrgy although such 
data often •overlaps• between sector• as, for ex.mrpl.e, tr..-port energy u .. in 
industry/agricul.tuir:e or residential energy use in agriculture. Data on the 
energy aix in sub-sectors (e.g. in iron and steel., fertil.iaara, road transport) 
dre often unaYAilable. Conswiption data on fuel.Mood And other traditional 
fuels are extreaely rough, even though in aany c:level.aping countries such fuel• 
account for over half of national energy COllSUll!ptioo. 589eral countries are 
prep.ring, often with assistance, detailed energy billancea to provide an 
inforaatian ba~e for energy planning and ~ 11i11Y9~t. Energy audit 
program111ta in larger industrial plants f.cilitate the creation of en•rgy 
consumption data banks at-enterprise level.a. The long-run goAl is noraally a 
national energy inforaation systea adequate to effectively llDDitor energy u .. 
patterns so t:bat de.and aa1Y9-nt and supply •trategies can be developed, 
assesed and revised in a ~c, £)'St ... tic manner. 

89. Table 8 is an attempt to rank certain policy 9easures -=cording to their 
relevance by sector. 

Table 8 

Relevance of Policy Measure• to Sectoral Ene.v Conservation 

Financial Pricing lnforaation, Bnbanc9d use of 
Sector and/or policy -...1ce and new and renewabl• 

fiscal teclmic&l aource• of 
incent.iYea asaiatance •n•rSJ: 

Building insulation A c c • 
Other r .. idential/C01L1ercial c 8 A c 
Industry B A 8 c 
Transport c A B nil 
Eleclricity generation B c c • 
Energy--oonr et ng equii-nt A • • c 
Agricultur!!rw:al u- • c 8 A 

~·· A 1 irniediau and direct relevance B z moderate relevance 
C 1 not: Yery relevant at tbe preHnt ti-

Sourcer Znerqy Conservation in tbe !DIA l!!9io1u PrC!!P!£9 and Possible Lin•• 
of Action (E/F.CWA/IGl/12/2), June 1982 and ~•sent.eel at the fourth HHion, 
Mx: Technical Energy Group, United .. t:iona, ll-15 :'leceeher 1982, ..., York. 
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!t9ional and Internatiooal <:o-operation 

90. Th• Group felt that there was need and scope for incrH.Md regional. 
co-.iperation since eJllChangea of espedences through amhMra, CQftf•rencea and 
•tudies le-1 to a deeper underst:Anding of regional eGL'V probl ... and 
poaaibiliti•• for co-operation. In Latin America, for instance, the Latin 
Alledc:an Energy Co-opeiation Prograa (PLM:B) was approwed at tbe OLAllB 
Ministerial Hsaion in lloftlllbec 1911 and a80ft9 th• ar ... ap9Cifi~y aandAt.S 
for • .• .creaaed regional. c:o-opecatiaa wr• de9ellOfF•nt and u .. of energy 
re.ources, ratlonalisatloa ot tbe u .. of energy, tecbnological co-operation, 
bu.an re.ourcH traininCJ, energy infomtion and diHrl1M1tion, and financial 
co-operation. Other initiatlwe• in Li.":;in A.9dca 1nclude the Mexic:o-¥enem4tla 
energy co-operation progr- for Central A.9rica. 

91. In the ESCAP area, a working group ... ting on efficiency and c:mmerYat:ion 
in the UM of energy was be.l.rat Bangkok in October 1979 and vaa auended by 
ninetffn BSCAP --.r aationa, ahd by .. veral OM and nan-m international. 
organizationa. Beference bu alreedy be-en ...Se to BCllA'• recent ~ebeaaiY• 
•tud-/ on energy coaaervation in the B:NA region (June 1912). ft-, ICIS baa been 
a pioneer in this area with ita 1976 •tudy on increued energy econcmt and 
•ff icienc:y in the l!ICZ region and ita 1910 report on r~nt experience and 
pro•pect• for energy c:oft8ervation in tb• BCE region. 

92. On the internatioul sphere, the Group ~nded the effort• of Mveral 
of ita •Jlber bodi•• in their pro:aotion of energy ~rntlon and substitution 
activities. The World B.;mk, in ..sdition to th• ongoing tlmP/WOrld Bank Bnergy 
Aase ....... t Progr- covering 60 countri .. , baa aad• several loana for purpoees 
that include technical assiaunce for energy audits, retrofitting in exbtlng 
planta, establislment of energy conaervation centre•, illprond power syst• 
una9-nt and distribution sys~. develosment of 111>re efficient woodstxwes 
and urban traffic 11.a1Wt9 ... nt projecta. A re .. arch project to 1...-atigate the 
illpact of various con-rvation policy optiona baa dso a.en pcaposcld. 

93. WIDO's work in energy conservation and subatitution ccmes under it• 
industrial energy unag-nt prog1.-. The need for an industrial energy 
information SY8t•• eepecially in deftloping countri .. , .,.. atr.....S to enal»le 
proper conaideratioo of energy efficiency opUona. fte Ir~ role of induatrial 
energy panning, at both nat:ianal. and pl&ftt leTels, wu ai.o •Ueaaed. PAD ia 
analysint the pouibilities for eab&nced energy efficiellC'J' and aubstibltiaa in 
th• poat-barve•t rood ayat• diacus...S earlier. .-P ia planning a workabop 
on enbancod rural energ:9 efficiency and stor.ge !" Sept911ber ltll at &mgkok 
and UllDCO 1a inwlved in educatioul and trainiDIJ progrw. to promote 
enerqy COnMrvation and fuel sub9titution. 

94. The Group felt that there waa significant scope for tbe experience• of 
thoae d .. ·eloping c:ountrie• (e.g. Brull, Philippi,,.., -.public of lorM) .taicb 
ban bAd notable auc.:eaa in enuv CORMrvation 111 .l fuel aub9tibttioa •our•• 
tG be applied to other deftlopiftl) countriH and strongly auppocted incr ..... 
technical co-operation between cboee c19nloping countrie• tbat baft adaieftd 
significant progreu in energy couenation and aab8titutian and ~ micb 
are atumpting to do ao. 

95. 'ftlQ guateat progre .. in .mergy COftMrvation and .W.titution b&a taken 
pi.c. in d":lveloped wket ecanaai .. d&M to their rigorous attellpU to r-lduce 
high •• ._.rgy conaumption leYels through the ir.troduction and Ulpl-ntation of 
existing and new energy con .. rvation tecbnoloCji.. in 80tlt sect.ors. Significant 

l 
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progreaa has also been achieved in fuel subetitution away frcm oil. Tbe G:oup 
felt that the developed .. rket econcaiea could, based on their doeesU.c 
experiences, assiat developing countriea in their efforts to increa•• their 
efficiency of energy u .. in the context of their cwerall energy requir .... nts 
during the industrialisation proce... Technical asaiatance and traini119 
progr.-s, co-operation in the develqment of national energy infor .. tion 
myat_. and financial auistance for r ... arcb, deYelop.ent and d..,natration 
projects were key areas that could benefit t...n .. ly frOll such co-operation. 

96. It vas decided that the fifth .. aaion would be held in the third quarter 
1983 and that the topic to be discuaaed would be chosen after con~ultation• 
with partici~ting agencies, with due regard to the relevant resolution• on 
energy aattera adopted during the 37th United Rations General Assembly. 

[11 A.F. 8eijdorff, Energy Efficienc:y, Report, Group Planning, Shell Inter
national PetroleLm ec.pany Ltd.• Shell Centre, London, April 1979. 

[2) World Energy OUtlook, International Energy Agency, OECD, Paris, 1982. 

[3) see Annex III, Technical Energy Gr~ Fourth Session, DocuMntation Pt .r 
No.8. 

[4] see Annex III, Technical Energy Group Pourtb Settsion, Documentation Paper 
No.9. 

[SJ Increased Energy Ec0!!9!Y ana ~ffici•ncz in the ECE Region, Econoaic 
Comaiaaion for Europe, United .. tiona, Bew York, 1976 (sale• nUllber 
E.76.II.E.2. s .. alao '!'he Bc:onaaic COlllliaaion for EuroP! and Znet9)' 
ConMrvation1 Recent Experience and Proapecta, United Nations, llew 
York, 1980 (sale• number E.10.11.S.4 and An Efficient Ener91 Putur•• 
Prospect• for Europe and Horth America, U.N. Econcaic C:O..i••ion for 
Europe, Buttervortha, tOndOft, 1983. 

(6) A.!. 8eijdorff and P. Stueuinger, l!proved Bn•rsx Effici•ncx•...I!!! 
Inviaible Resource, position ~per on •nergy conaervation, Eleventh 
World Energy Conference, 1-12, Septe9ber 1980, Munich, Geraany. 

I. Agenda 

II. Liat of Participants 

III. Doc:Ullentation 
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OHITED NATIOllS 

Technical Energy Graue 
(Fourth S.Nion, 13-15 O.Cellber 1982, Nev York) 

TllB ECCllCIUCS OP, AHD PO!Dl'flAL fOR, DIDGY CONSERVATIOll AHD SUBSTITUTION 

Agenda 

1. Opening r ... rk• by Mr. P. H. Dhar, AadaUnt Secretary-General for 
O.vel.opment Raaearch and Policy AnAJ.ysi• 

2. Adoption of the Agenda 

l. Tbe Mear.ing, Rationale, Potential and Means of Enecgy Co~-rvation 

4. Recent Experiences and Prospects for Energy Conservation 

(a) in de'1eloped aarket econo11ies 
(b) in dev~loping countries 
(c) in centrally planned economies 

5. Th• Potential for Increa..cl Energy Conservation 

(A) At the Primarx Fuels Stage 
(a) hydrocarbon• 
(b) renewable energy reeources 
(c) othe.: fuei. 

(B) In the Enersx Sector (Proce••incJ, conversion, Tranaaission, 
Di•tribution and StorA4)e of Energy) 

(C) In zna-o.. Sector• 
(a) indu•try 
(b) tran•port 
(c) reaidential/ca111ercial 
(d) agriculture 

6. \"he Econcmic• of Rnerqy Conservation 

(a) investment requir ... nt• 
(b) coapar.iaon between the unit coat of end-use energy conservation and 

that needed to expand energy production 
(c) environ11ent:Al Aspect• 

7. ...aaures to PrOllOte Energy Conservation 

(a) dclleatic .. aaur•• including edu...ational, institutional, legal, 
pricincJ and relat..S policie~ 

(b) international co-operation between developinq countries and 
between developed and developinci nation• 

I. future Mork Pr09ra ... of th• Technical Energy Group 
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ANNEX II 

tJlilTED MTIONS 

Technical Enersx Group 

(Fourth s. .. ion, 13-15 Dectmber 1982, Nev York) 

PARl'ICIPAllTS 

Chairmani Andrew G. Brown, Director, Gene~al Analysis and POlicle• 
Division, DRPA/DIESA 

Secretary: Frank Pinto, Technical Energy Co-ordinator, DIESA/UllDP 

Off ice of the Direetor-<">eneral for 
Develoi-ent and International 
Econoaic Co-operation (DIEC) 

Department of International Econollic 
and Social Affairs (DIESA) 

-do-

-do-

-do-

Dep•rblent of Technical co-operation 
for Develos-nt (D'l'CD) 

Tabar Hadj-Sadok, Senior Officer 

Vladiair Pozharaky, Special Adviser to 
the Under-secretary-General 

Cesar Moleatina, Chief, Industrial, 
Envi.ronaent and Energy Statistic• Branch, 
Statistical Office 

le-cbiang Wang, Chief, Econoaic Outlook 
Section, Pro~ections and Permpectlft 
Studies Brancb, DllPA 

Villi.all Clift, Officer-in-Char9e, :Inergy 
Statistics Unit, Statistical Offioe 

Joaepb Shaw, Econoaic Affairs Offiaer, 
Energy Unit, GAPD/DIPA 

Christine Kronauer, Bconaaic Affair• 
Officer, Energy Statistic• Unit, 
Statistical Office 

Yuso luaaaaka, Aaaociate Bconaaic Affairs 
Officer, Office of th• Director:, GAPD/DU~ 

Stanton Saith, Senior Technical Adviser, 
Energy Planning S.C:tion, llatural 
.. aource• and Energy Di•i•ion 

Yu~o Yano, uaociate Bc:onallic Affair• 
Officer, Inergy Planning Bection, llatural 
a.aource• and Energy Division 

!J Mr. P.11. Dhar, Aaaiatant S.Cretary-Gene:al for Development Rea"tarcb and 
Policy Analysis, DIESA, opened the HS sion on 13th Decellber. 
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Bconoaic Colmiadon for Europe 
(&a) 

Onit-4 llation• Centre on Tnna
n.ational Corparationa (OllCTC) 

Onit-4 llation.8 Conference on Trade 
and O.ve!osiMnt (DICTA!>) 

Onit-4 Nation• Incluatrial Develop
•nt Organization (OllIDO) 

United llation• Bnvir01U1ent 
trogr._ (UllU) 

vatted llatieina Centre for Bwun 
lettl ... nta (Babiut) 

Unit-4 Nation• Development 
trogr- (UllDP) 

United Ration• PinAneing Syate• for 
lcienc9 and TechnolOCJY for 
DevelopM9't (UllPSS'm) 

J'ood and Agriculture Organisation 
(PAO) 

laternational Monetary Pund (Dl7) 

.. it-4 llatiana lducational, 
lcientifio and Cultural 
Organization (UBICO) 

lllibd .. uona Inatitut• for 
t'rainial and ..... rall (UllIDll) 

aiu.a latiou UftiYUalty (ml) 
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lllau• Brenclow, Deputy Chief, Energy 
Division 

A1UMd Rbasaoui, Trantmational Corpora1tions 
Albin Officer 

Belen Argaliaa, Bc:onoll!c Affairs Officer, 
Money, Finance and Development Division 

Se-Bark Park, Senior Induatrial Develop1ent 
Officer, Global and Concept~ Studies 
Branch, Division for Industrial. Studitt• 

1'ebia Bl-Mahgary, Cbairaan, Energy Taak 
Poree, Bnviroimen~ ttan.g ... nt Progr.._, 

Carloa Rodrigues, Buaan S.ttl.-.nta Officer 

MD~ Yeganeb, Senior COll9Ultant to 
th• Adainiatrator 

Laura Canuto, Project DevelOplMftt 
AdviHr 

Saifullab Syed, Energy Analy•t, 
Agriculture Df!partllent 

llphec:c:a Mutt.rdy, !!conomiat, '-'Olllla _,IU 
Diviaion, Reaea&"c:h Depart:mnt 

Sbikon Takei, Senior Liaison Officer, 
UllllCO Liai90ft Office with th• u.•. 
in •• York 

Philippe de Seynea, Director, Project on 
tbe htur• 

lvu Kantercwlts, Liaieon Officer, ..., York 
Liaiaon Offic:e 

.. roU lleolrMn, Deplty Division Chief, 
Snern l.aM.-nta Division, Bnergy 
Departmftt 

Aadr• Llebentbai, Snuff Sc:ona.iat, Snern 
a.ea-nu Divialoa, SaHff Depect.nt 
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CDNSOLTAHTS 

State University of Nev ~ork (SUllY) 
at Stony Brook 

University of lfe, Nigeria 

Lawrence Berkeley Laboratory (I.BL), 
University of California 

International Ecergy Agency (IEA), 
Paris 

International Energy Development 
Corporation (IEDC), Geneva 

International Institute for Applied 
Systems Analysis (IIASA), Laxenburg 

Organizacion Latinoa.eric.na de 
EMrgia (OLAIJB), Quito 

Norld Energy Conference (llBC) 

T. <>wen Carroll, Associate Research 
Professor, Institute for EnGrgy Research 
and W. Averell Rarrillan College of 
Policy Sciences 

Victor Ogunukin, Senior Engineer (Project 
Planning and Development), Center for 
Bnergy Research and Development 

Lee Schipper, Research Professor and 
Project Leader for Energy Conservation 
Studies, Energy and Environment Division 

Benning von Wiatingbausen, Bead, Relations 
vit:h Producer and Consu.er Countries 
Divis, on 

Kenneth C. Roffman, Senior Consultant (and 
Sr. Vice-President, Mat:htech Inc.) 

llAn• Bolger Regner, Leader-Designate, Energy 
Devel~nt, Economy and Investments 
Project 

Claire Doblin, Research Scholar, Energy 
Development, Econc.y and Invest.enta 
Pro~ect 

Jo.o Pi .. ntel, Co-ordin.tor, Regional and 
Ext:ra-a.,ional Cooperation 

Charles Robbins, 1IBC Representative to 
tbe lbited N~tiona 

1. ICM> taa not repre•·.ated but cant:dbut:ed • paper to the .. auon. 

2. Jayut Sat!Yy• of Lawrence .. rk•ley Laboratory, D~h•rdty of California, 
repr._.ted i.e Scllifptr of the .... iaatitutioft on !5t:b Deceaber. 
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ANllEX III 

UNITED NATIONS 

A.CC TECHMIC.l\L ENERGY GROUP 

(Fourth Session, 13-15 December 1982, New York) 

DOCOMEHTATION 

1. Energy Conservation ~n the ECNA Region: Prospects and Possible Lines 
of Action CECXA) 

2. Energy Conservation in Developed Market Econ0111ies (IEA/OECD) 

3. Future Availability and Consumption of Aviation Fuel in the Transport 
Sector (ICAO) 

4. Ene~gy Conservation and Oil Substitution in Latin Alllerica (QI.ADE) 

s. •An Efficient En~rgy Future•: SW111ary (ECE) 

6. Proceedings of the working Group Meeting on Effic~ency and Conservation 
in the Use of Energy (ESl"..AP) 

7. Energy Savir.9s and Conservation (IIASA) 

8. The Potential for Energy Efficiency and Substitution in Developing 
Countr\es: Case Studies of Brazil and Nigeria (D~vid Jhirad and 
Victor OCjumukin, Consultants) 

9. Energy Conservation in Developi119 Countries: Observations frOll Kenya 
and Korea (Lee Schipper, Consultant) 

10. En~rCJY Efficiency in t~e Japanes~ Economy 1965-80 
Analysis (OIESA) 

An Econometric 

12. Energy Efficiency in the Developing Countries (World Bank) 

13. Energy and the Post-Harvest Food Syste• in the Developing Countries: 
Current Use, Saving and Substitution Potential (FAO) 

14. MaQa9ement and Conservation of Energy in InJustry (UNIDO) 
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