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Ira. Principles of Intern 1a*cd Fnersy Pricing
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. I1TAa. Application and Impact of Pricing Policy ,L/
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I. TIatcoduztion

Ta recent yjears, cecisicn —akers {2 an increasing zumber
of counrt—ies hzve vealized tiat eneIgy Secior izvestmenc plannis
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and pricing should ba car=ied out om integrated basls, e.g., withi
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the “rz=ework of a azticcal energy master plzn which determines

enargy policy, TImgID3 fesm shors-rua supply—de—and cznagesent <O

lcng-run plaonizg. Sowever, ia przctise Investment olznning and
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pricing ace sz411 czr=ied cuz cn a3 ad-hoc zad at best partial cr

sub-seccor basis. Tous typically, electzicily oOT 0fl sub-sector

planning has tTadiiic cnally been carTied out ince epeccently of each

other as well as ci other ezeIlgy sub-snccors. &s long as enerzy wWas
Land Me resulting economic losses)
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energy CoOsts (especiially of o*ﬁk cﬁ,nges in *elagiv fuel oricesl and

substitution possibtlities, tﬂe—adv?ntnves of ar *ntegra“ed en ergy Bol*cy

have become evident,

Tn this paper the Izpertance of coordinared emergy plamning

v

ard pricing will be emphasized,wizh particular rafarance to the inter-

salacicnships zzcng the pTicizng sclizies adopted in varicus energ
sub~seczors such as eleczric tower, pecrolewm, ~acural gas, ccal aad

rraditicnal fuels (e.g., firewood, crop residues arnd dung). Nen—conventional

sources can also be fitrzed Into this framework, We will facus oa tle LDC

cantext wlere geaerally, Richer levels of market distoxtion, shortazes of Soreigr
. ol .
exchange and resources for development, larger numd=rs oL pcar househalds
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\I/ The opinicns expressed in this paper are the authork, and do not nefessa:il*
represent the views of the wWorld Bank or 1ts a-:iliated orgaaizaticns,
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whose basic needs must be met, greater reliance on traditional fuels, and
relacrive paucity of energy data, add to the already complicated problems
faced by energy planners in the devaloped countries. We will also tonch on
the chief investment issues to the extent that they strongly influence pricing
pelicy.

Zefore developing an integrated c-amework for power and energy oricing,

it %5 necessary to briefly discuss what is meant by national energy planning.

The broad underlying raticnale is to make the best use of energy resources to
oromote socio-aconomic development and improve the welfare and quality of life
of citizens. Therefore energy planning ig an essential part of overall natlonal
economic planning, and should be carvied out and implementad In close cocordi-
nation with the latter. However, i1 energy planning, tie orincipal emphasis is
on tha coumprehensive and disaggregate analysis of the energy seclor, with due
regard for the nain interactions «AAth the rest of the economy. In a serictly
reachnical sense, the energy planners role might be confined to seeking the
laast-cost method of meeting future energzy Tequlrements. However, energy planning
also includes a variety of other objectives including reducing dependance on
£oreign sources, supplying Yz s5ic energy needs of the poor, reducing =he trade
and foreiga axchange deficit, priority deveiorzent of specilal resgions or sectors
of the ecomomy, raising suflicient revenues &0 finapce energy sector development
(at lsast nartially), ensuring contizuizy of supply and price stabilicy, pra-

servation of the envircnment, ard 30 9n.
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In generzl, energy slanning requires analysis at the Isllowing

p-s
s
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hlararchical levels In telatlon <o Zyndagental national cbjeczives:: (a)
hetween the anerzy sector and the Test of rhe sconcmy; () Ilataractions terwaen
Jiffarenc sub-saczors withia the energy secioT; ard f¢) accivizies Iz 2ach iln-
uzl anerzy sub-secIar. Tne steps iqrolved 4a =he planning precedurs usuallye

s=clude eaerzy supplv and demard analvsas and Zoracasting, 2nersy balzncing,
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policy formulation, and impact analysis, to meet short, medium and long-range
goals. ~Tpitially, these activities may ve carried out at a relatively simple
level and later as data and local analytical capabilities improve more sophis-
ticated techniques including computer modelling, could be implemented. The
institutional structure should also be rationalized by setting up 2 central

energy authority (CEA), or ministry of energy, with 1its principal focus on €neray

The

planning and policy makingvgxecution of policy, and day-to-day operations would
remain the responsibility of line agencies like the electricity utilities or
petroleum corporations which already exist in practically all countries.

II. Scope and Objectives of Pricing

To put pricing {n proper context, We aote that it 1is only
one of the policy tools available for opti=al supply-demand nlanning
and management; others include physical controls, technical methods,

(including research and development), and education & propaganda,

Since these tools are intarrelated, their use should be well
coordinaced. Physical ccntrols are most affactive in the short-run
when there are unforeseen shorcages of energy. A1l nethods of
physicaily 1imiting comsumption such as load shedding and votating
power Cuts in the electricity sub-seczor, as well as reduciag the supply
of gasoline or barning the use of =motor cars during scme periods, are
{ncluded ia thils category. Technical neans iaclude, ca the supply
gide, the least cost OT cheapest eans of prcducing a given Zora of
energy, the best aix¢ of Ifuels, research and cdevelcpment of substiiute
fuels such as wood-alcohol for gasoline, and on the demand side,
incroducizng higher efficiency enerzy ccaversicn devices such as Setter

stoves for woodfuel etc. Tducation and oropaganda include, on the
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optizal levels, with the price (or willingness-to-pay of the consunmer)
for the marginal unit of energy used reilecting the increwental
resource cost of supply to the national econony. Relative fuel
prices should also influence the patiera of comsumption in the
direction of the optizmal or laast-cost mix of energy scurces required
to meet future demand. Distortions and cemstraiats in the econouy
gecessitate the use of shadow prices and economic second-best ad-
justzents, as desc=ibed in the next sectlom.

Second, the social objective recognizes the basic rignht

of all citzizens to be supplied with certain minioum energy needs.

Given the existence of significant aumbers of poor consumers and also
wide disparities of income, this implies subsidized prices, at least

for low income consumers,

Third, the govermment would be concermed with financial
objectives relating to the viability and auvtonomy of the energy
sector. This would usually be reflected, by pricing policies which
perzitted institucions (typically, goverament-cwned) in the different
energy sub-sectors to ear a fair rate of return on assets and to
self-finance an acceptable portion of the investzents required to
develop future energy Tesources.

fourth, anergy conservation 1s also an objeczive of pricing
policy. thile prevention of unnecessary waste i1s an important zoal,
there often are other reascms underlying the desire €O conserve cer-
taia fuels. These include the desire for greater {adependance Izcm
Zoreign sources (e.g., 0il i=porcts), the aeed to reduce the coustzp

tion of woodfuel due to deforestation and erosion problems, 2tc.
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Fifth, we recognize a number of additional objectives, such
as the need for price stability to prevent shocks to consumers from
large price fluctuations, the need for simplicity in energy §ricing
structures to avoid confusing the public and simplify metering and
billing, and so om.

Finally, there are other specific objectives such as promoting
regional development (e.g., rural electrification) or speciflc sectors
(e.g., expor:z-oriented tndustries), as well as other socio-political,
legél and environmental censtraincs.

In summary, therefore. prive Is =est effaecrive 3s a long-run
policy tool. Frcm the viewpoint of econcmic efficiency, the price
indicates to the suppliers, the consumers willingness-to-pay and use-value

w;w
of energy; while to the consuners, it signals theAfuture opporzunity costs
of supply based on varlous energy scuTces.

We conclude this section with a brief review of the pervasive
role that most goveramencts play in the oricing of comercial energy resources,
and the relative neglect of issues relaring to tradiczional feras of energv.
Gover—ments exarcize direct influence, usually through the ownership of anerzgy
sources or price controls. Iadirect influences occur through such means as
zaxes, i=mport dutles, su;sidies, market quotas, Iaxas on energv-using equipment
and govertmernt-gulded Investzents in energy resources,

Iz oractically all developing councries, the alagzric =cilicy is
goverament owned. Ta oil.and gas productionm, cafining and discridbutlon, as
well as coal mining, botd public and private organizaticns operats, oizen
gide~by-side. Fowever, {zvespective of the Iom of ownership, 2ll govermmenis

axcersize gome Zora of price comtTol, usually at sevevral levals ‘{ncluding the

)

szeducticn stage, tefizmery, alter tTansport OT rvansaissicn, wholesalza o
h 2 ] P | hH ]

caga?l, and 30 2n. Inccme and axcise =axes are also laviad Izca “oth Jublls
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and private energy sector companies.

Generally, certain fuels in specific uses tend to be subsidized,
although leakages and abuses of subsidies by non-targeted consumer groups
also occur. Thus kerosene for lighting ar ! cooking, rural electricity for
lighting and agricultural pumping, and diesel for tramsportation comzonly
qualify for subsidies. Cross-sub: .dies between different fuels, user groups
and gecgraphic regions exist. Thus highly priced gasoline may finance the
subsidy on kerosene, {ndustrial electricity users may subsidize household
consumers, and a uniform naticnal pricing policy usually ﬁqplies subsidization
of energy users in remote areas by those living in urban centers, The
principal prcblem assoclated with subsidies are that the energy producer may
not be able to raise sufficient revenues for firancing investment to meet
expanding demand, or even to maintain existing facilicles, thus eventually
leéding to shortages. Furthermore, cross—subsidies give consumers the wrong
price-signals with consequent aisallocation of investulents.

Import and export duties, excise and sales taxes are levied, often
by several levels of government, from federal to municipal, at various stages
in the production, processiag, distribution and retailing chain. In many
developing countriles, the ccmbined levies are several hundred percent of the
orig‘nal product price for some items, and negative or close to zero for others.
Several less obvious methods such as property taxes, water rights and user
charges, and franchise faes are also used to influence energy use. Energy
prices are also affected by the wide range of rovalty charges, profit sharing
schemes, and exploratlon agreedenats, hetween zovernments and multinational
companies for the developzent of o1l and zas resources.

Other policy Iinstruments are ofren used to reinforce pricing policies,

of energv, coupled witch high prices.

ts

such as quotas on imported or scarce fora
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.Conservation regulations may affect paximum depletion rates for 01l and
gas, while the availability of hydropower from some aultipurpose dams may
be subordinate to use of water for irrigation or river navigation. Many

special policies {involving tax holidays and concession, import subsidies,

export bonuses, govermzent loans or grants, high taxes on large autcmobiles
ete. are also used to aifect energy? use.

The traditional fuels sub-sector nas been relatively neglected
pecause transactions involving these Zorms of energy are usually of a
non-commercial nature. However, there 1s growing acceptance of the
coordinated use of indirect met-ods such as displacement of fuelwood used
in cooking by subsidizing xerosene and L2G, increasing the supply of fuelwood
by re-aiforestation programs and effective distribution of charcecal, enforcing
stiffer penalties for illegal felling of trees, proper watershed nanagement,

and so on.

=)

-

TI. Zconcmic Trameworh

SJecause the obiectives mentloned abtove are oftem not =zutually
consistent, a realistic integrated energy pricing structure muss be flexitle
enough to peralt evadeofis among them. To cchieve this, the formulation of
energy pricing policy zust Ye carried out in two stages. Ia the first stage,

a set of prices which strictly meets the economic afficiendy objective s

decarnined, based on a-csasiscenr and I220TIUS Z-zzework., The seccnd stage

consists of adiusting these 2fifcient aricas f(established in zhe Zizst sten) ,
latter

to meet all <he other cbiectives. The Aprocedu:e i5 more ad-toc, wizh the

exzent of the adiusctzenzs deing detarained 5v the relative inaporctarce atsached

co the diffarent objaczives. Ia zhe Tast of this seczilom,we discuss the

3
[o]
1]
oS
0
[N

importance of shadow aricing and develoD zhe ace ramework which per=its
she efiiciant pricizg ci =2zmerzy. ~ha seccnd scazg 2djustTents dua o aon-2conc:ic

fac=ar3 are discussed in tlhe nexT sec=icn. Shadew srizing ctheorw has heen
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developed mainly for use in the cost-benefit analysis of projects.

However, since in&estment decisions in the energy sector are closely
related to the pricing of energy outputs, for consistency the same shadow
pricing framework should be used in both instances. Shadow prices are

used instead of market prices (or private financial costs), to represent the
true 1conomic opportunity ¢osts -f resources.

In the idealized world of perfect competition the interaction of
atomistic profit maximizing producers and atomistic utility maximizing con-
sumers vield market prices which reflect the correct economic opportunity
costs, and scarce rescurces including energy will be efficiently allocated.
However, in the real world, distortions due to monopely practices, external
economies and disecononles (which are nnt {internalized in the private market),
interventions in the market process through taxes, import duties and subsidies,
etc., all result in market prices for goods and services, which may diverge
substantially from their shadow prices or true economic opportunlty costs.
Therefore, shadow prices must be used in iavestment and output pricing decisicns,
to ensure economically efficient use of resources. Moreover, if there are
large income disparities, we will see later that even these "efficient' shadow
prices must be further adjusted,especially to achieve socially equitable energy
pricing policies for serving poor households.

It is important to realize trat lack of data, time and manpower

resources, particularly in the LDC context, will generally preclude the analvysis

1/ For general use of shadow srices in developing countries, see:
L. Squire and H. Van der Tak, Zconomic snalysis of Projects, Johns
Bovkins, Baltimore, 1973 ; and I.M.D. Litcle and J.A. Mirrless, Profect
: : ’al nd P13 1. . n TAgi i 3
Apprals and Plarning for Ceveloping Countriles, 3asic Books, New York,
1974 . For more speciilc application to the energy Sector, see:
Vohan Munasinghe, The Ecornczics of Power Svstem Reliability and Planning,
Jots Hopkins, Baltimeve , 1979 b, Chap.9.
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. 1/
of a full economy-wide model when making energy-related decisions, =
Instead the partial approach shown in Figure 1 may be used, where xey
linkages and resource flows between the energy sector and the rest of the
economy, as well as interactlions among different energy sub-sectors are
selectively identified and analyzed, using appropriate shadow prices such
as the opportunity cost of capital, shadow wage rate, marzinal opportunity
cost for different ‘uels, and so on. In practise, surprisingly valuable

results may be obtained from even relatively simple models and assumptions.

. g . - ) - M .
Fraure L. Partial Squilibrium ErameworK For Energy Pricina

QUTAUTS

CSHa.dov/.

priced) REST _OF
INPUuTs
(shadow

priced) THE ECONOMY

SUB-SECTER
SNERGY SuB-SECTCR
INTERACTIONS '

1/ Tais holistic approach or gemeral equilibrium analysis is ccneceprzally
important. F<r example, the afZiptant shnadow »rice cf a ziven Tasourcs
may be rapresentad LY the change in value cI aggragacte natisnal consuze-
tiom or ourjuc, due =o 2 small change in the availabpilisy oI zhat TesouTza.
4 mora derailad discussion of zeneral versus sarzial aquilibrium In ralazis
20 anergy sectzcr znalvsis is given iaq Mohan Munasinghe, 32.23%%., LFTGE.

Ter a discussicn of 2concmy-wide 2nerzy z—odels, ses2 far axampla: Naszicmal
Academv 27 Sciances, Zznezav Modaling ap Tmeaveain Tusurs, Wasningoon,
D.C., 1975,
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To clarify the basic concepts involved in optimal energy poricing
we first analyze a relatively simple model. YNext the effects of more com-
plex features including short-run versus long-run dynamic considerations,
capital 1ndivisibilities, joint output cost allocation, quality of supply,
and price feedback effects on demand are exanined, The process of =stablishing
the efficient econcmic price in a given energy sub-sector may be conveniently
analyzed in two steps (see Appendix A for detai~s). First, the marginal
opporcunity cost (MOC) or shadow price nf supply nust be determined. l/
Second, this value has to be further adjusted to compensate for demand side
effacts arising from distortions in the prices of other goods, including other
energy substitutes. From a practical viewpoint, an optimal pricing procedure
which hegins with MOC is easier to implement because supply costs are generally
well defined (from ~echnological-econoaxic considerations), whereas data on
the demand curve is relatively poor.

{pure 2. Efficient Pricing With Shadow Prices
Unit
Price

P T~.H __Moe/b

Moc (@)

R

b, PD @

E L QoFt @l-(l;‘\t:.ts%

1/ The same aodel will be modified in the nex:t sectlon to establish
socially equitable subsidized prices for low income consumers.
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Suppose that the marginal opvortunity cost of supply ina a gziven
energy sub-sector 1s the curve MOC(Q) shown in Figure 2. Tor a.tvpical
non~traded item like electricity, MOC which 1s generally upward sloping is
calculated by first shadow pricing the inputs to the power sector and then
estimating both the level and scTucture of marginal Supply ce<ls (MSC)

based on a long-run svsrem expansion program.l/ Tor tradable
{items like crude oil and for fuels which are substitutas for tracdables at

the marzin, the international or border prices of the tradables (i.e.,

c¢.1,f. price of imporzs or f.o.b. orice of exports,with adjustments for

il hanaling 2/
internal transpor: Acost:;) are appropriace indicators of MOC.— For most

developing countries, such import or export MOC curves will generally be

flat ar perfactly elastic. Other Zyels such as coal and natural gas could

3/

be trreatad either way depending on whetar they are tradables or non-traded.=

The MOC of non-ranewabls, acn-traded 2nergy sources will generally incliude a

-t

"yser cost' or sconomic rant compenent, in addision to the marginal costs of

produccion. The acoromic value of zraditicnal Zuels are the =2ost diiZficule

1> deCermine tecause nnrnanu cases theve is no estaplished markal, Aowever,
as discussed latar, they may ‘e valued indireczly on the dasis of the savings

on alrarmative fuels such as kercsene, the opporzunity costs of labour fer
gathering Iirewood, and/or the external costs of deforestaticn and exrosion.

™us, for a non-traded Zorm of energy, MOC is the cpportunicy cost
of iapucs usad =0 oroduce iz plus 2 user cost wWners: ralavant, while Zor a

=radabla fuel or a substizucz, MCC rapra2sents =ha marginal Zorveizn exchange

1/ Tor a detailed Giscussica of the procecuras used i the electzic tower
__ sub-sectcr, see:! Mohan Munasinghe, '"Sleczric Power Pricing c‘cg”,ctan ‘Nerking
Paper Yo. 140, wWorld 3ank, Wwashiagron, J.C., Juze 13794, In ThesS Suaz-secrsr
TMEC s also called MRe long-run margimal cosz CL-?Z’MC/. i
a =he assumpotion of
value Zor shadow

9/ ‘ie aote that the use of border jrizes dgms netT T
fwaa zrada, Hut impilfag that the ~uzmaralre cr un

[

(81

[¥] -
~ 3 11

pricing is essencially encemmizzad foreiznm a2xchange (but converczad into
local aurremcy at the oiflcial axchange =ara), Tor datalls, sea I, Scuire
apd . Tan der Tak, osp.zic.

3/ A acn-tTzded item s gemerzlly chp a=ac-arized 57 a Zcmestic supply zTice
=hac lias above zhe I,0.3. price cf exporis, but Selsw the z,1.3, price

of ImpoTts
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cost of imporis or the marginal ewport earnings foregone. In each case,

MOC measures the shadow priced economic value of alternative output foregone,
jacause of increased consumption of a given form of energy. After identifying
the correct supply curve, we next exznmine demand-side effects, especially second

. . o . . . [
Yest corrections which capture interactions between Gifferent energy sub-sectors.™

This second step 1s just as impgYrtant as the first one, and therefore it will

be examined in some detail.

Ia Figure 2, the market priced demand curve sor the form of
energy under consideracion 1s given by the curve PD(Q), which is the
willingness-to-pay of consumers. Consider a small increment of consumption
A(Q at the narket price level p. The traditional optimal pricing approach
attempts to compare the incremental benefit of consumption due to AQ, l.e.,
the area between the demand curve and X-axis, with the corresponding supply
cost, i.e., the area between the supply curve and ®-axis. However, since
MOC is shadow priced, PD must also be transformed into a shadow priced curve
to make the comparison valid. This is done by taking the increment of .expen-
diture p.ZﬁQ and asking the question: "yhat 1s the shadow priced marginal
cost ot resources used up elsewhere 1in the economy 1f the amount p.AQ (in
market prices) was devoted to alrernative consumption (and/or investment)?.

Suppose that the shadow cost of this alternmative pattern of ex-
penditure Iis b(p.zﬁQ), +here b is called a conversion factor. Then the trans-
formed PD curve which represents the shadow costs of alzernative consumption

foregone is given L7 b.PD(Q); where in Figure 2, it is assumed that b¢<l.

Y/ The general theorem of +he second-best shows, for example, that if the

price of a given fuel is not set at it's MOC. then the efficienc price
of a close substitute also zust diverge from it's own MOC. For a
dacailed discussion of the theory of the secoad-best in eccnomics, see:
D.M. Winch, Analvtical Jel<are ETconomins, Perguin 3ooks, Qarmendsworti,
. K., 1971.
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was unavailabl-, so that b would be the ratio of the official exchange rate
(OER) to the shadow exchange rate (SER), also called the standard conversion
factor (SCF).LI This represents a global sacond-best correction for the diver-
gence between market and shadow prices averaged throughout the econcay.—

IV. Extensiocns of the 3asic Model

The analysis so far has beern static. However, in many iostances the
situation with regard to the avallability of a given energy source, interfuel
substitution possibilitles, and so on, tends to vary over time, thus leading to
disequilibrium in certain fuel markets, and divergence of the short-run price
from the long-run optimal price. This aspect is illustrated below by means of
an example which shows how the optimal depletion rate and time path for MOC
of a domestic non-rer: ‘Jle resource will be affected by varying demand conditions,
especially tradability, extent of reserves, and substitution possibilities.

Suppose that the present-day marginal supply cest (MsC) (includiag
extraction costs, and additional transport and environmental costs, etc., where
appropriate) of a2 domestic enervgy source such as coal lies below the thermal equi-
valency price of an internationally traded fuel (e.g., petroleum, OT nigh quality

coal), as indicated by points A and B respectively, in Figure 3.2/ The intermaticna

34/ Note that with the foreign exchange numeraire, conversion of domestic price

=  values into shadow price equivalents b7 application of the SCF to the former,
is conceptually the inverse of the traditional practise of multiplying foreism
currency costs by the SER (instead of the OFR) to comnvert to the demestic pric
equivalent.

d diesel is Pesos &4 per litre
)

e
<

2/ TFor example, supdcse she border price of import
(i{.e., USc20 per licre, converted at the OER, of Pesos 20 per USS). lLet t
approprizte STR which reflects the average 1evel of import cuties and expo
subsidies be Pesos 25 per USS. Therefore SCf = 0Ex/SER = 0.8, and the app

priate strictly efficient selling price of diesel: Pe=&/0.8 = Pesos 5 per -i

v (D

-~
>~
-

o-

3/ Thermal equivalentsare defined as the ualt gquantizieas cf wo substi-~

tucable fuels which provide the same zsaful energy output in a

given use (i.e., including the efliclency of coanversion). 'we zote
that the chcice berween the energy Zorms would depend cm the quality
of the Zimal heat cutput,capital and handling costs of cenversicn
and so on, but in order to gimplifv the analysis here we atstTacct

cm these proclems and ccmpare -he “uels only cn the basis cf unit
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energy price which acts as the bench-mark is assumed to rise steadily in real
terms, along the path BE. Let us first examine two polar extcremes based on
simple, intuicively appealing arguments.

First, if the reserves are practically infinite and the use of this
fuel at the margia will nct affect exports or substirution for imports of
traded fuels, then the ¥0C of the domestic energy source in the long-Tun would
continue to be based on the marginal supply cost, i.e., along the path aC,
which is upward sloping to allow for inecreases in real faczor costs or extrac-
tion costs. On the ocher hand, suppose chere is a ready export market Zor the

iadigenous resource, OT substirution possibilities with raspect o imported

th

wels. Thus the marginal use of this resource will raduce export earaings or
jacrease the imporz H:ill for the ingarnational fuels in che shorz-run, bacause

the reserves are small or output capacicy is limited. Then, the marginal opportu-
nity cost would cend to follew the path AD and rise quickly tcwards pariiy wich
the intarmational energy price.

teure 3, Dvmamic Prics Tarhs for Demestic Ixhaustgible Zneray

Price \

Tnternational
Fuel Price

Moc®)
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The actual situation 1s l1ikely to be between these two extremes, thus
yielding alternative price paths such as AFE, or AG!E . Here, the initcial use
of the resource has no marginal impact on exports oOr import substitutilon, but
there is gradual depletion of finite domestic reserves over time, and eventual
transition to higher priced fuels in the future. For a given volume of reser" 2s,
the -ate of depletion of rhe Jomestic energy source will be greater, and the tize
to depletion will be shorter if its priée {s maintained low for as long as possible
(i.e., pathAGHE) rather than when the price rises steadily (i.e., path AFE). The
macroecononmic coisequences of the former path are also more undesirable because
of the sudden price increase at the point of transition, when the domest .c resource
i{s exhausted. In practise the price path mway well be deterained by non-econonic
factors. ?of example, the price of newly discovered gas OT ccal may have to be

kept low for some years to capture the domestic =market and displace use of im-

porzed liquid fuels (which continue to be subsidized for political reasons). 1In
general. the desire to keep energy prices 1cw as—-leng 3s-pessible nust be balanced

against the need ro—auwcid_a large price shock in_the future.l

More rigorous dynaamic models which zaximize the net economic benefits
of energy consumption over a long period, have been developea, to determine the
optimal price path and depletion rate, but these depend on factors such as the
social discount rate, size of reserves,growth of demand, cost and time lag needed

.

to develop a backstop rachnology (which could replace tne international energy

1/ The preceding discussion is more useful for
1DC's. 1In the case cf major oil exporters,
world market price and to dererzine the rate oL T
much greater flexibilicy. The huge foreign exchang
capacity to absord {qvesczent imply decreased attractiveness of marginal
export earnings soupled with the need to conserve oil rescurces. There is
also greater ability o subsidize demestic oil censunmption to =meet hasic
needs and to accelerate econcalc development DY increasing investzent and
expanding ~on-oil gross demestic product. See for exazple: M. Vajed Sanii,
(AR o

Sconomic Growth and Oprimal Rate of 0il Extraction', OPEC Zeview, vol.3,
Autu=m 1979, pp. 1£-26€.
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In theory, this iteratige procedure could be repeated until
future demand, prices, and MOC estinaces beconme putually self-consistent.
In practice. uncertainties in price elasticities of demand and other
data may dictate a more pragnatic approach in which the MOC would be
used to devise prices after only one iteration. The Sehavior of ‘lemand
1s then observed over scme time period and the first round prices are re-
vised to move closer to the optimum, which may itself have shifzed as
described earlier.

When MOC is based on marginal production costs, the effect of capita

jndivisibilities or lumpiness of investments causes difficulties in many

rnh

energy sub-sectors. Thus, owing to economies of scale, investments LoT
electric power systems, gas production and transport, oil refiaing, coal
mining, re-afforestation etc. tend to be large and long-lived. As shown in
Figure 5, suppose that in Yyear 0, the maximum supply capacity is 6} while
the optimum price and output combination (po, Qo) prevails, corresponding
to the demand curve DO and the short run marginal cost curve SRMC (8.8,
variable, operating and maintenance costs).

As demand grows from Do to Dl over time and the linit of existing
capacity is reached, the price must be increased to Py to clear the market,
{.e., "price-rationing"” occurs. When the demand curve has shifted to D, and
the price 1is 949 plant 1s added on to increase the capacity tola. However,
as soon as the capacity increment is completed and becoumes a sunk cost, price
should £all to the old trend line of SRMC, e.Z., Py is che optimum price
corresponding to dezand D3. Generally, the large price fluctuations curiag
this process will be disruptive and unacceptable to consumers. This practiza
problem may be avoided by adopting a long run warginal cost (LRMC) apprecach,
which provides the required price stability while retaining the basic orincip
of matching willingness-to-pay and incremental supply costs. Essentlally,

the future capizal cests of a single prolect or an {qavestoent program  are
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consuzers only pay the latter costs;L/Peak load pricing can also be applied
in different seasons of the year.

Related problems of allocating joint costs arise in other energy sub-
sectors as well, e.g., allocation of capacity costs of natural gas,or of re-
firery costs among different distillates. The former may be treated like the
electricicy case. For oil products, the light refinery cuts such as kerosene,
gasoline and diesel which are tradable have benchmark international prices.
Rowzver, other items like heavy residual oils may have to be treared like non-
tradables. Furthermore, associated gas which may be flared at the refinery,
ig often assumed to have a low MOC, alchough subsequent storage and handling
for use as LPG will add to the costs. A more complicated approach would be the
use of a programming model of a refinery to determine shadow prices of distillates

based on solutiom of the dual problem.

Unit A

Pricz

—l -

—

0 o) kih

Figure 6. Peak Load Pricing Model

[+
-~

The —most recernt peak load pricing aodels iadicate that in an optimally
planned systen, margzinal capaclty costs cheuld Se allocated in prcportion
to margimal shortage costs during 2 or more different rating perlods.

o note <hat 1f the peak nerled Is toO narrowly defined, peak lcad pricic
—ay shiit the cearx -0 another rating pericd; Mmis wouid b2 an extreme cas
cf arice feecdbacx ¢ifects, discussedt earlier.
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Consider a simple expressioun for the net benefits (NB) of elec-

tricity consumption, which is to be maximized:
NB(D,R) = T3(D) - sc(D,R) - OC(D,R)

where T3 = total benefits of consumption 1f there were no outages; SC = supply
costs (i.e., system costsg); OC = outage costs (i.e., costs to consumers of
supply shortages); D = demand; and R = reliabilicy.

In the traditional approach to systeam planning both D and R ave
exogenously fixed, and therefore NB is maximized, when SC is aininized, i.e.,

least cost system expansion planning. However, {f R is treated as a variable:

A(NB) S (sc+oc) + 2= (T78-5C
LA G = =R - -0¢c). 2D _
2 E( ) ab( ). )

{s the necessary first order maximization coundition.

sssuming 82 =0 2(sc) . - 2(09)
T 3R EYa)
Therefore, as described earlier, reliability should be increased by

Q

telds -
> 7
adding to capacity until the above condition is satisfied. An alternmative
way of expressing this result is that since TB is independent of R, NB is
maximized when total costs: TC = (SC + 0C) are aininized. The above
criterion is one which effectively subsimes the tradictional system planning

rule of minimizing ooly the system costs. 1/

We note that this approach may be generalized for applicaticn in other

{
(o]

energy sub-sectors. Jhus while sophisticated neasures of reliabilitv like LOLP? do
not exist outside the dower sub-sector, the concept of ainimizing tctal costs o

socierty is szill relevant. For example, in oil and zas investment plaaning, the

costs of shortages due to gasoline quewes, lack of furnace oil cr gas Zor dcmastic

rt to measure these C2SCS,

1/ The emphasis on outage COSLS requires greater effo

riteria for Optimizing ZJower
c
c

see M, Munasinghe and M. Gellerson, ' 'Zcononic C
System Reliability Levels,” The 3ell Jourmal of =
1979, 2p.353-65; and M. Munasinghe, "The Costs Incurred by Residential Zlec-
tricity Consumers Due to fower Tailures," Journal of Consumer Research, Marzh
1980.

snomics, vol. 10, Spring
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In practice, the magnitude Q:in has to be carefully determined, to avoid
subsiding relatively well-off consumers; it should be based on acceptable
criteria for identifying "'low inccme" groups, and reasonable estimates of
their miaimum consumption levels (e.z., sufficient to supply bacic
energy raquirements for the housenold). The level of Pq relative to the
efficient price may be detzrmized on the basis of the poor consuzer's
izmceme level relative to some critical consumption level, as shown in the
Appendix. The financial requirements of the energy sector would
alsn be considered in determining P and Qbin' This approach may be
reinforced by an appropriate supply policy (e.g., subsidized house con-

necricns for electricity, special supply peints for kerosene, etc.).

Financial Viability

The financial constraints most often encountered relate tomeeting ¢
reverue requirements of the sector, and are often embodied in criteria °’
such as some target flnmancial rate of rerturn on assets, or an acceptable
rate of contribution towards the future investZent program. In principle,
for state-—owned energy suppliers, the zost efficient solution would be
to sat price at the efficient level and rely on govermment CO subsidize losses
tax surpluses exceeding sector financial needs. In practice, some Zeasuze of
financial automomy and self-sufficiency is an {mportant goal for the sector.
3ecause of the premium that is placed on nublic funds, a pricing policy
<thich results la failure to achieve ain.oum financial rarzets Zor continued
operaticn of the sector, would rarely be acceptable. The ccnverse and
more typical case, where efficient pricing would result ia financial
surpluses well in excess of tradicicnal reveave targeis, may be politically
unpopular, especially for an electric utilicy. Egsiiiiis_ii—ifﬁzgr case,

changes in revesues have to de achieved by adiusting the affic%iig/p:ices.

t {s intuitively clear that discriminating between the various

consu=zer categories so that the greatest ¢ivergence Irom Che zarginal
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often also entails subsidies because the beneficiaries are not able

y

to pay the full price based on high unit costs, could be made on
completely non-economic grounds, e.g., for general socio-political
reasons such as maintaining a viable regional induscrial or agricultural
base, stemming rural to urban migration, or alleviating local political
discontent. Similarly, uniform nation-wlide energy prices are a political

aecessity in many countries, although this policy may, for example, Zmply sub-

sidization of consumers in remota rural areas whera r-grgy transport costs are

1=

high, by energy users in urban centers. However, the ful

course of acticn may be much greater than the apparent efficiency costs which

£ +

arise from any divergence between actual and efficient price levels. Again

this possibility 1s likely to be much more gignificant in a developin

3 £ nigt of
country than in a developed one, not only because of the hignh cost

{ £ B uge the available
energy relative to inccmes ia the roTmer, but also beca

£ i i3 i o incomes or achieve
administrative Or fiscal machinery €O raedistribute

&
! i = ob] i her means 1s fvequently
ragional or industrial development objectives by ot

ineffeczive.

The conservation objective (o raduca dependence oOn importad
energy, improve the trade balance,and so on) usually runs counter to subsidy
arguments. <Ther efore it may be necessary to rascrict cheap anergy Lo Pro~
ductive economic secCors which need to de st-engthened,while In the case 0
basic energy needs of households, the anergy orice could e sharply increased for
ccnsumption beyond apprepr riate aininum levels. In other cases conservaticnm

* Y ko weamn ] % e n
and subsidized anergy prices may e censistent, Teor exampie, <heay kernsene

- SR 9% —PEN

. ' Sy )
gneciallv in rural areas, <0 reduce axcessive weodluel

"]

aight de required,

censumpticn, prevent daforastac=ion, =arosion, and so on.

.

: 5 o - » al e < d Ay 2
ia wiew of =tha costs which mar e impesed on taose WRo hWave zlraady locurTec
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ofren conflicting nature of national objectives; the ccmplexity of energy
policy tools currently in use, including oricing, physical controls, tech-
aical methods, and public educacion; and the many types of energy sources
wnich may be used in a variety of applicatioms.

ficul-

(a1}

Energy policymakers in developing countries Zface special di
ties such as high levels of zarket distorcicn, shertages of fereign exchange
and investzent funds, large numbers of poor consumers whose basic energy
needs must be met, and relatively greater usage of traditional fuels, in
addition to the energy 1ssues found in indv- trialized countries. Thus, an
integrated pricing framework must begin with a clear statezment of national
objectives, and provide a method for trading-off among mutually contradictory
goals. Important linkages between the energy sector and che rest-of-the-
economy, as well as interactions between and activities within different
energy sub-sectors mist be analyzed using shadow prices, essentially within
a partial equilibrium framework. For consistency, the shadow pricing methodo-
logy used for pricing energy sector Outputs ~ust be the same as the one used
to make investment decisions. Specilal attention ust also be paid to the
hitherto neglected area of rraditional fuels.

Energy pricing structures, disaggregated by energy sub-sactor, are
derived in two stages. First, the (shadow priced) marginal opportunity cost
(MCC) of a given Iorm of energy is determined “ased essentially on supply-side

considarations. For a tradable form of energy, an appropriate 2deasure of
MOC would be the margzinal cost of imports or axport earnings foregene, wizh
adjustments for local transport and handling costs. For non-cracded Itvels,

40C would be che marginal supply cost, plus a user cost componeat (in the

p—

ts including

0

case of non-renewable rescurces). Next, demand-side effe

}—

1y sub

w
(al

distortions fa the prices of other goods, especla irute fuels, are

.

used ro derive from the MOC, the gcrictly efficilent energy price level p .
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feamawork may be extended to cover dy-

In practise, this basic theoretical
pamic effects relating to both supply and demand, price feedback eflects,
1lities, problems of joint cast allocation, supply and

ty, shortage costs, and externalities.

capital indivisib
the pricing procedure, the efficient price

demand uncertain
Ia the second stage of
ag stTucture wnich Deets

(pe) is further adjusted zo vield a realigtic prici
f2aancial requirements, and other
v, sioplicity

gsocial-subsidy consideratlions, sector
aints such as the need to change nrices gradually,

practical constT :
for meTering and bulling)

t
of price structure, and so on.
Direct pricing policies are usually inapplicable in the traditional
S

uals i £ i £ :
uels subsector, due ta the lack of well developed zarkers for these tora

my

™ g - - ; : :
rherafore, indirect zethods including augmentation oI supply, the

of enarzy.

appropriate pricing of subsctitute Zfuels, improvements in she afficilency oi
<oodfuel enerzy conversicn, punitive zeasures for axcessiva use, and s¢ on,

qust be used in close coordination.
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Appendix A

Model

for Optimal Znergy Pricing Using Shadow Prices

In this appendix, a general expression for the soclally optimal

price ia the sub-sectoT for energy type A is developed based on

to ccmpensata ior distortions ia the eccnomy. T

rem

resulzs for optimal enerzy pricing are derived, for
(a) a periectly competitive economy (classizal
(o

(¢) subsidized social prices or lifeline rates

COonsSuners.

Unit l

Price

shadow prices,
rhe general aquation,
cases which reflact:

rasull);

)y efiiclent prices, including accnomic second best considerations; and

for poor

Ttgure A,L SUPTLY D 2EMAND IN ZNERCT

— -l et
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The supply and demand for a form of energy A is shown in Figure
A.l, where S is the supply curve represented by the marginal

cost of supply (evaluated at domestic market prices), and D is the correspond*

[N

ing demand curve for a specific consumer. Starting with the initial combina-
tion of ctrice and consumption (p, Q), consider the impact of a small price
reduction ( dp), and the resultant increase in demand ( d0), on the net social
benefits of energy A consumption.

Before evaluating the net social benefit of this price change, let
us define the shadew pricing Eramework.i/ Tirst, suppose we calculate the
marginal cost of supply MC withough shadow pricing, i.e., in market prices.
Then ap is defined as the energy A ccanversion factor (ACF) which transforms
MC into the corresponding real econcmic resource cost, 1.e., with correct
shadow pricing, the marginal opportunity cost is MOC = (ap.HC). Second, we
assign a specific social weight Wc to each marginal unit of consumption
(valued in market prices) of a given ind<vidual i in che ecomomy, e.3., if

this user of enargy A is poor, the corresponding social weight may be much

larger than for a rich custcmer, oo raflect society's emphasis on the increased

Lo 1

consumption of lcw income groubs. Third, i the given individual's consumption
of goods and services other than in the energzy A sub-sector (valued in market

orices), incresases by one enit, then the shadow priced marginal cost of econcmi

~agsources usad (or the shadow cost O the economy) 1s bi.

]
;/ Tor details, see: L. Squire and 3. Van der Tak, cp.cit.
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As a result of the price reduccion, the consumer is usiag dQ units

motre of emergy A, which has a market value of (5. dQ) (i.e., area IFGH). 1/

Sowever, the coaswmer’s income has fncreased by the amount - (p-dP). (QHQ),
! P

and assuming none of it Is saved, this individual's consumption of

~

other goods and searvices will increase by the amount (<

. dp-2. dQ), also

valued fa markec prices (i.e., area 3EZFG ainus area I7Gd). Thararnre, the

consumer’s total consumptlon, i.2., snexzy A plus other zoods, will in-

crease by the net amount (Q. dp) in narket prices. ~is is the traditional

(8 1)

{increase in consumer surplus benefits. The shadow value o this incraased

re

consumption is W . (Q. dp) where Wc {5 zhe scclal weight appropriats to this
c

consumer’s inccue/consunpcica level.

Vex: cousider the rasource costs of these changes in comsumption.

.

The shadow cost of increasing che supply cf enezgy A Is (aP.MC. dQ), (i.e., a

VO

tines area IJX), and the rasources used up to provide the other additional

>0ads consumed b .{Q. do - p. 4Q), wmere a_ is the coaversion Zzctor for
2 C b

energzy A, and b is the comversion Zzcrar Sor other gocds consumed 57 thIs

consumer. Ti=ally, che Iaccme change of orsducer of anerzy A (i any) =ust

also e considered, Sut this effect zay e ignmored iI we assuze quile alausibly

ghat the producer i1s the zovert:ent.
~e total imcreasa ia net social senefi:s due 1o the anergy A

arice decrease {s zivan 37!

B = W (9. dQ) = a_.(¥C. Q) = (4 - 5).(2. d3 - 2.d0)
: - -

L/ T™e lizsla triangla LTG aay e neglectad throughout zhis analvsis Hecause
1gs area is ( dp. 4Q)/2, whers Soth dp and dQ are small incraments.
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Therefore:

( dNB/ dp) = Q [(Wc - bc) + n.bc] - n.a. (MC/P)
where n = (p. dQ/Q. dp) is the elasticity of demand (magnitude) .
The necessary first order condition for naximizing net social benefits, in
che limit, is d(¥B)/dp=0. Tnis vields the optimal price level:

p* = ap. MC/[bC+ (Wc - bc)/n] (A.1)

This expression may be ceduced to a more familiar form, by making
some simplifviag assumptions.
Case 1: Perfectly competitive economy where market prices and shadow prices

are the same, and income ~ransfer effacts are iznored, i.e., 0O
social weighting.

Therefore, a_ = WC = bC = 1, and equation (A.1) reduces to:

pc* u MC (A.2)

This is the classical marginal cost pricing vesult whnere net social
benefits are aaximized when orice is set aqual o marginal cost at the market
cleariang point (pc,Qc) ‘n Figure A.l.

Case 2: Inacome rransfer eifects ionored, because the marzinal sccial benefit

of consumption is equal ©2 rhe marzinal social cost to the =a2conomy
of providing this consumption.

Therefore, W = b_, and equatiocn (A.1) becomes:
c c

p * = (a_.MC) / b, = MOC/b (A.3)
2 ol C C

H

sient price which amphasizes tae afficient allocation orf

rn
.l.

This is the optimal aZ
rasources and neglects Income dizcributicnal considarations.

ig mentioned earller, +he marginal opportunity cost af energy & (MOC
may usualily be avaluated in a scraighciorward manner (e.g., =he international
worder price Ior a -=adable fuel or, in the case of a1 non-tradable like aleczricily

B P

v applving -he appropriata snaccow orices to tle lazst cost mix of zechnl ally

£

tachnically determined InPucts used in ;roducﬂcn). Uoweyer, =he Ionversion iacto

3y depends erucially cn the tpe of consumer involved.
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Since the altermative anergy 1s priced below its worder marginal cost, i.2.,
bc> 1, then ?e* <vce  also. Therzfore, rhe subsidization of substitute
energy prices will result ia an optimal emergy A nrice which is below its
shadow supply cost.

1f it is not possible to determine the consumption patterns ot
specific consumer gIoups, then bc could be defined very broadly as the average
eonversion factor for all epergy A users, e.g., the SCT, as discussed in

the text.

Casa 3: General

Equation (Al) is the opcimal emergy A price when shadow prices
are used, whicii incorporate income distribucional ~onceras.
Consider the case of a 3Toup of very poor consumers for whom we @may

assume: Wc > bc(n—l). Therefore, squatlon (R.1) oay be written:

p *= M \

s n.-..OC/.‘I

c

An even greactsar simplification is nossible 1I it {s assumed that n = lj thus

* = .
Ps }{OC/VNC

(7]

or illustration, suppose that the income/consumption lavel of these poor

ya-
w
n
[
e
w

consumers (c) is 1/3 the crirical income/consumpcion level (T) which

a poverty line. Twen a simpla exprassion gor -he sccial weight is:

i

* = MaC/3, which is the M132aline” rats or subsidized rariZ

e
w

appropriacte oo zhis zroup of low lacome consumers.
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CHAPTER 1II

ENERGY CONSERVATION & EFFICIENCY
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. ENERGY' MANAGEMENT TRAINING. PROGRAM
ENERGY CONSERVATION AND EFFICIENCY

by Mohan Munasinghe

The relevance of energy comnservatiem, its uses in the technical
and economic context, and the means for effective implementation of conservation
measures are discussed in this paper. In a period of rising energy prices
and shortages, the goals of energy conservation seem to be intuitively acceptable
and even laudable. Energy conservation is an iImportant element of demand
management and therefore, a valuable tool for achieving most of the objectives of
integrated national energy planning discussed earlier,

The pursult of emergy conservation as a goal raises che issue of
whether the reduction cof énergf consumption is always socially beneficial
or desirable. Common sense indicates that while '"wasteful' energy use
should be disccuraged, there is a limit beyond which cornservation measures
could cause more harm than good. In order to define desirable comservation
levels more precisely, we start from the premise that the principle objective
of a natiomal economy is to maximize the collective welfare of its citizems.

If aggregate consumption or produétion (e.g., Gross Domaestic Product or GDP)
is taken as a proxy for national welfare, then welfare maximization implies
that scarce ra2sources such as energy, capital labor and land should be used

as efficiently as possible to maximize output.;/ This suggests that the
concepts of both econcmic and technical efficiency are important in determining
desirable conservation policies,

Conservation measures either by cutting back use or through energy
substitution usually lead to three types of consequences which are economically
significant. First, the reduction or substitution in energy use gives rise
to a net cost saving benefit, B. Second, the implementation of the comservation
measure may involve additiomal costs, e.g., hardware costs, C;. Finally, the

reduction or substitution in emergzy consumption will usually imply a cost

1/ TFor a detailed exposition of the market conditions and relationships that
give rise to efficient production and consumption of economic goods and
services, see for example: D. Henderson and D. Quandt, Microeconomic Theory.
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or foregone benefit to the consumer, CZ’ due to a reduction in the quantity

and quality of energy available for end use. 1In general, if B > (Cl + CZ),
then thé conservation measure is economically justified, i.e., it will improve
economic efficiency. The wuse of this basic cost-benmefit test for ecomnomically
Justifying conservation measures willl be explored and elaiz;;téd on later in
this chapter. ‘

In our discussion of pricing eari&ér, we argued thét
the rationale underlying effici;nt energy pricing at its opportunity cost is
that decentralized market forces should be used as far as possible to establish
economically optimal patterns and levels of emergy consumption which maximize
welfare. The acceptance of such optimal or desirable target levels of demand
underline the ﬁact that the conservation goal cannot be pursued as an end in
itself. Therefore, wastage and conservation of energy should be assessed in
relation to the use of energy in excess of the economically optimal or efficient
consumption level. For example, if the price of diesel fuel is below its
economic value or opportunity cost, then raising the price to this value would
reduce demand to the optimal level, and therefore comstitute an economically
beneficial conservation policy. In this simple case, the implementation of
a price increase is assumed to be costless, i.e., Cl = 0, and the energy cost-
saving benefit B exceeds the cost ca_represented by benefits foregone of
reduced diesel uge at the margin. 4s a corollary, we also note that, conversely,
1f energy prices were significantly higher than opportunity costs, then reducing
prices and stimulating demand would improve the economic efficiency of energy

use. Thus, from the economic viewpoint, conservation need not be always

desirable.
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- The role of price as powerful tool for achieving desirable energ
usage levels was stressed earlier. We will also explore here, the other
non-price tcols such as rationing, physical controls, technical deviceé,
legislation, taxes and subsidies, education and propagaunda, etc. for realizing
conservation goals. Price and non-price methods for precmoting energy conservation
are most effective whenbused in ccordinated fashion. The use of non-price and
especially technical methods of comservation often require an understanding of
the concepts underlying the technical efficiency of energy use. Therefore,
we discuss below two technical measures of energy efficlency, and then indicate

how they relate to the broader economic efficiency criterionm.



Technical Efficiency uf Zneray Use

The First and Second Laws of Thermodynamics give rise to two

distinct definiticns for the technical efficiency of energy conservation or use,ij
The First Law of Thermodynamics in its simplest form states that

energy (i.e., chemical, electrical, gravitational, neat, mechanical, nuclear,

etc.) can only be transformed from one form to another, but cannot be creatad

or destroyed. The corresponding first law efficiency of an energy using

process may be defined as:

el = useful energy output/energy input

Application of this efficiency measure requires definition of the
boundaries of the system within which the process occurs, and the determination
of energy flows across these boundaries. Consider, for example, the act of
heating witer in a home using a wood-burning stove as shown in Figure 6.1.

Let El be the energy input representing th. calorific value of Sirewood burned,
EO be the useiul energy output absorbed by the water, and EL be the conductive,

convective and radiant heat losses. Then the First Law of Thermodynamics

defines the energy balance Ep = Ey T E , and

(6.1)

el = EO/EI =1 - EL/EI .
Thus the first law efficiency of any process may be determined by correctly

- -—

identifying all the appropriate emergy flows and losses. This type of energy

"bookkeeping" may be quite complicated for a complex system such as a
thermal electric power stationm involving flows of many forms of eunergy

including heat, electrical,mechanicai and chemical energy.g/

1/ The first and second law efficiencies described here are also loosely

" called the comservarion and thermodynamic efficiencies respectively.
We will avoid the latter terminology because of the potential for
misinterpretation.

2. TFor details of erergy balancing see for example, John E. Ahern, The EXergzv
Method of Enerzy Svstems Analvsis, (New York: Wiley, 1980), pp. 24-30.
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Figure 6.1 Application of First Law Efficiency: Heating Water




Energy balance analyéis‘%rovzdes a convenient framework for
determining the first law efficiency from primary emergy source to final
end use, and therefore may be used as one criterien to discriminace between
different_energy deiivery systems!- Consider the example of domestic water
heacing.using either natural gas and electricity, the respective firsc law

efficiency of the processes in the home being about 0.5 and 0.95. Use of
electricity appears to be superior. Next, let us take into considerati;n
the first law gfficiency of 0.4 for generating electricity from natural gas
at the power stat;on, the electricity losses in the transmission and distribution
networks of 13%, and the lcsses In the gas delivery system of 30%.

The first law efficiency of the total chain from gas to hot water

via the electric cption is given by:

eis = 0.4 x 0.85 x 0.95 = 0.323

The corresponding efficiency value for direct heating of water using piped
gas would be:

eiG = 0.7 x 0.5 = 0.35

Yow the direct zas option appears.to be slightly superior. In conclusion,

we note that this simple analysis has neglected many other relevant factors
such as convenience of electricity versus gas including substitutability with
regard to non-heating energy uses like appliance use, relative costs of the
delivered energy, and so on. The influence of these other consideratiomns

may be dominant as discussed later in this chapter.

1/ Some advocates of emergy -analysis take the extreme viewpoint that the desirability
T of all processes and activities should be assessed on the basis o§ energy algne.
Such an energy theory of value, would seek to establish the relative value of
all other goods and services in relation to a numeraire or yardstick based on
the energy embodied in them, or required to produce them. Clearly, this elevates
energy to the position of the principal scarce rescurce and would tend to doynplay
or neglect the value of other productive factors such as labor, land and capital,
This could lead to significant misallocation of scarce resources and reduced
economic efficiency. See for example: Frank J. Alessio, "Energy Analysis and
the Epergy Theory of Value", The Enmerzy Journal, Vol. 2, January 1981, pp. 61-74,
Further difficulties ari. . in the application of an energy theory of value and
optimization of human activities with recpect to energy alone because first'
law and second law optimization of the same process will not always be coasistent.
See for example: Donald I. Hartzmark, op.cit. Therefore, energy analysisl '
energy audits, emergy bookkeeping, energy efficiency and energy balance informatio:
are best used as a supplement to the economic assessment of conservation measures
described later in this chapter.
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The Second Law of Thermodynamics seeks to distinguish between
energy that is available and unavailable to do useful work. It states
that the entropy (or unavailable energy) of a closed system must remain
constant or increase over time.l/ The entropy of a system is closely
linked to its state of order. Consider, for example, two glasses of water,
one at 100°C and the other at 0%c. By virtue of the temperature difference
heat can {low from the hotter to the colder glass and this flow m-y be used
to perform useful work (e.g., using a thermocouple). We note also that the
water in this two glass system is ordered into two basic categories: hotand co;d;
If we now mix the two glasses of water together and then separate
them again so that each glass full will be at a temperature of 50°C (assuming
that the system is well insulated and there are no heat losses). By eliminating

the temperature differential, we have also eliminatad the possibility of heat

flow between glasses, and the capébility to extract useful work from the
gystem. The system entropy has increased while its state of order has
decreased since there is only ome category of lukewarm water now available.

The total heat context of the system is however unchanged since there were

no heat losses. The lower entropy of the original system can be regained only
by external use of energy to heat ome glass and cool the other. If this occurs
the system is no longer closed to the outside world as required by the Second
iaw definition. Furthermore, the Second Law aléo ensures that the availzble
energy used extermally to rescore the two glass system to ity origiamal state
will always be greater than the available energy which can bg reextracted from
the system. Thus if the original hot-cold system is restored,the total available
energy in the system and its external environment would have decreased further,

i.e., total entropy has increased.

1/ This implies that the total entropy of the universe will keep on increasing
until a condition of complete thermal disorder known as the "heat-death'" is
reached.
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The second law efficiency may be accordingly defined as:

ez = Theoretical Minimum Energy Required/Enmergy Actually Input

= EM/E1 (6.2)

In the simple case of heat transfer from a heat source to a heat reservoir

1/

which is to be heated, Em is defined by:=

Em = EO(TT - TA)TT (6.3)

where Eo is the quanticy of thermal energy transferred, TT is the absolute

temperature (in degrees Kelvin) at which the heat is traonsferred, and T&

2
is the absolute (ambient) temperature of the reservoir.:/

Combining equations (6.1), (6.2) and (6.3), we get:

= - :e —-— L]
@ =9 (Tp - TPTp = U - T,/T) — (6.4)
Therefore, an increase in first law efficiency el implies an increase in
second law efiiciency, and vice-versa, provided the other parameters remain

3/

unchanged.= If TT is high, 1i.e., TT)) TA; then €, and €, are approximately

2

equal, but if the temperature differential is small, €

than el.

, may be much lower

4s a numerical illuscration, consider a process such as fluidized
bed coal combustion to produce electricity where heat is transferred at a

very high temperature. The corresponding first and second law efficlencies

1/ EW 1s defined with respect to the ideal Carnot energy cycle between two
- I

temperatures. For details, see John E. aAherm, op.cit., pp. 9-10,

2/ Degrees Xelvin (°K) = 273 + Degrees Cantigrade (°C).

3/ Examples have been quoced where an increase in €, 1s accompanied by a

decrease in e . See Donald I. Hertzmek, "Joint Energy and Economic

Optimization: A Proposition', The Energy Jourmal, Vol.2, pp. 75-88,
January 1981.
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are approximately the same usually.lying between 0.4 and 0.45. In contrast,
the first law efficiency of a gas furmace used for space heating would lie
approximately between 0.75 and 0.8, while the corresponding second law‘
efficiency would be only about 0.05 to 0.1. This large difference is caused
by the fact that natural gas which- can develop.a very high flame temperature
(1500 - 2000°C) 1is being used to suéply low quali;y heat, i.e., the burning
gas heats air or water to an intermediate temperature which in turm transfers
thermal energy to the living space. The second law efficiency is low because
heat is ultimately transferred across a relatively low temperature difference
of a few hundred degree X, instead of utilizing the full difference between
the flame at, say lSOOoK, and_the_room temperature of 300°K.

The Pligi_fpplfca?iOH of first law efficiency to a process therefore
conceals the fact that high quality energy sources such as fossil fuels which

have a great potential to do work at high temperaturé may be used in relatively
low temperature processes like water and space heating or cooling, industzial
process steam production, and so om. Second Law efficiency permits better
matching of energy sources and uses, so that high quality energy is not uced

to perform low quality work. Some approximate first and second law efficiencies
for typical energy uses or processes are given in Table 6.1.

We note that both First and Second Law efficiencies are increased by
cascading energy use. Thus, a working £luid such as steam maS be successively
utilized i: several processes. As the steam cools along the chain of processes the
quality of heat desired is matched with the steam temperature at each stage to

provide the best efficilency. This point is further discussed in Section 6.3,

under Energy Comservation in Industry and Elactric Tower Gemeratlon.



Table 6.1 TFirst and Second Law Efficiencies for

Some Typical Energy Uses

Use

Electricity Generation
or Traction (large scale)

Industrial Steam Production

Fluidized Bed Electricity
Generation

Transportation (Piesel Powered)
Transpotrtation (Gasoline Powered)
Space Heating or Cooling
Domestic Water Heating

Incandescent light bulb

Firsc Law
Efficiency

0.9 - 0.95
0.85

0.4 - 0.45
0.4
0.25

0.5 - 0.8

0.5 - 0.7

0.05

Second Law
Efficiency

0.3

0.25

0.1
0.05
£.0.05

<0.05
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9.2 An Economic Assessment of Conservation

The econcmic concept of efficiency most generally recognizes that energy
as a scarce resource should be conserved at a level that maximizes the national

welfare. More specifically, in an economy where non energy products and

‘gervices aréwééffectly pfiééd”;t éheir economic value, a simple static model
indicates that pricing emerzy outputs at theilr marginal opportunity cost would
result in energy consumption at welfare maximizing optimal levels. Consumption
of the variocus forms of energy either above or below these optimal levels would
be economically inefficient and result In reduced aggregate output.

Therefore, from the viewpoint of economic efficiency, 1f energy prices
are below marginal opportunity costs (MOC), then increasing prices to curtail
demand constitutes a desirable or economically justified conservation measure
that relies on decentralized market forces. Earlier discussions also indicate
that determining the MOC for emergy may be quite complicated in a dynamic world
where the prices of other products are non-optimal. Non-economic objectives
such as raising govermment revenues or providing subsidized emergy for the poor
may be used to justify divergence of price from M0C. This in turn may require
non-price methods to push energy consumption towards ontimal levels. We therefore
go beyond this broad pricing policy approach to comservation, and attempt to
define below an operational éricerion‘which will establish the economic acceptability
of any given comservation measure. We begin by illustrating with the aid of several
simple examples, the principal comsiderations that will determine whether an energy

conservation measure is economically justified.
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- Consider a particular end use for enevrgy such as home lighting.
Suppose there is a cholce of two distinct types of light bulbs, incandescent
and fluorescent, bouth of which have the same eccnomic cost, same lifetime,

and provide light output of the same quality. TIf the fluorescent bulb uses less

4

electrical emergy than the incandescent one, then rep!

i~

acing the latter by
the former is a conservation measure that results in an unambiguous imérovement
in economic (and also technical) efficiency. In this case, using flucrescent
bulbs instead of incandescent lamps reduces the economic resources axpended
to provide the desired ocacrput, i.e. Lighting. Elactrical energy has been
conserved, with no change iIn other aeconomic costs and berefits.

Jext, suppose that the fluorescent bulb 1s more costly to iastall.
There 1s a trade—off between the higher capital cost of the fluorescent lamp
and the greater consumption of kilowatt-hours by the incandescent bulb. The

relevant data to determine whather substitution of inczndescent bulbs by

fluorescent ones is economically justified, is summarized ia Table 6.2. At

this stage we distinguish between the =conomic value (or opportunity cost or

.shadow price, as discussed in chapter V, Integracted Framework for Zaergy

Pricing II) of a good or service, and its market price. The former is relevaat
to decision-making from a national perspective and the latter 1s more appropriate

from a private individuals viewpcint.



Table 6.2 Physical and Economic Data to Assess the Economic Efficiency
' of Energy Conservation for Lighting

Incandescent Fluorescent
Bulb Bulb

Econormic Value
Tostallation (Opportunity Cost) 10.5 32
Cost (Dineros) Market Price 18 36
Physical Energy Consumption
(kwh per year during 2 year lifetime) 40 11
Value of. Economic Value
EZnergy (Marginal Opportunity 16 4,4
consumption cost) a/ '
(Dineros per year
during 2 year /
lifetime) Market Price ~ 12 3.3
a/ Dineros 0.4 per kwh " b/ Dimeros 0.3 per kwh

The nationmal cost (based on economic values) of using the incandescent and
fluorescent uulbs over their two vear lifetimes are respectively:éJ
EC, = 10.5 + 10 + 16 /(1 + r) and

EC; =32 + 4.4+ 4.4/(1 + 1)

Assuming an economic discount rate r = 0.1, we find ECI = 41.0>*ECF = 40,4

1/ The term ecomomic value 1s used synonymously with opportunity costs or
efficiency shadow prices. The discounting procedure converts future
costs and benefits into present value terms.
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As described earlier in this chapter, an equivalent way of economically
assessing the conservation measure i3 to compare the energy cost saving

of dineros (16 - 4.4) = 11.6 per year for two years against the increase
in capital costs dineros (32 ~ 10.5) = 21.5. Therefore we find that

(16 - 4.4) + (16 = 4.4)/(L + ) > (32 - 10.5) which is equivalent to
comparing ECI against ECF. Therefore the use of fluorescent lightbulbs
and associated counservation if enmergy will improve aeconcmic erficieﬁcy.
However, if r = 0.2, ECI = 39,8 £ ECE = 40,1, and the conservation measure
is no longer beneficial. This switching effect tends to occur whenever anm
increase in initial investment costs is traded off against the future cost
savings realized by conservation, because a larger discount rate will
_effectively scale down the present value of energy savings. In general,
the impact of the discount rate will be greater if the investment Jifferential
is increased and if the expected energy cost savings are larger and extend
many years into the future.

This type of economic cost-benefit analysis will help policymakers
determine the desirability of a conservation measure. But, the next sctep
of analyzing whether market forces will influence energy users to adopt an
economically desirable conservation measure is equally important.

The private cost (based on market prices) of using incandescent
and fluorescent lighring respectively, may be assessed using the data in
Table 6.2:

PC_o= 18 + 12 + 12/(1 + r) and

I
PCF = 36 + 3.3 + 3,3/(1 + 1)
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suppose'r = 0.1, so that BC_ = 40.9<.PCF = 42,3,

I

Therefore a private individual would prefer to use incandescent lightbulbs,
because this 1s the cheaper option in terms of market prices. ’

Thus the analysis of data in Table 6.2 points out a situation in
which market forces are discouraging consumers from conserving energy and
improving both the economic and tecﬁnical efficiency of energy use. To
resolve this anomaly, the first option policymakers might consider would be
to raise the market price of electricity from 0.3 dineros per kwh to its
economic value of 0.4 dineros per kwh. We now have: PCI = 48,5) PCF = 44,4
and rational electricity consumers will make the correct decision in favor
of fluorescent lighting. In additlon, setting the electricity price equal
to its marginal opportunity cost will also establish electricity consumption
for non-lighting purposes at optimal levels,

Suppose that public resistance or other soclal pressures make it
impossible to railse electricity prices. Let the economlc value of an lacandescent
bulb be its cost of production or producer price, while the imposition of
a government tax of dinmeros 7.5 determines the market price, Similarly, assume
that an import duty of dineros 4 represents the difference in the c.i.f. lmport
cost (dineros 32) and the market price of fluorescent bulbs, Instead of raising
electricity prices, an alternative policy optica might be to railse the tax
on incandescent lightbulbs to dineros 9.5, making the market price dinmeros 20,

In this case, EC _ = 42.9)PCF = 42,3, which encourages the desirable consumer

I

decision. Reducing the duty on fluorescent bulbs to dineros 2 and lowering

the retail price to dineros 34 would also yield a favorable result, since
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now: PFI = 40.9}?0F = 40.3. Some combiration of the tax increase and
"lowering of duty could also be used. From the general economic viewpoint
and ignoring effects outside the lightbulb market, reducing the import duty
would be preferable to raising the producer tax because the former action
reduces the divergence between wmavket price and economic opportunity cost
of fluorescent bulbs whereas the latter has the opposite effect and increases
the market distortion in the price of incandescent lightbulbs.

Vext, assume that the tax on incandescent lightbulbs cannot be
increased because the legislation affects a much larger class of related
proeducts. Similarly, suppose that the import duty on fluorescent bulbs

cannot be reduced because it would undercut the price o” @ high cpst

local producer and drive him oug of business. 1In this instance, some final
options left to the enerzy policymaker might be to legislate that all

incandescent lightbulbs be replaced by fluorescent ones, or to give a direct
cash gubsidy to consumers who adopt the measure, or to mount a major public

education and propaganda campaign to bring about the required change.é/

We may summarize the steps that an energy policymaker should take
before adopting and implementing any given conservation measure. First,
using economic opportunity costs consistent with the national viewpoint,
he should establish whether the benefits of such am action exceed the costs.
If this is the case, then the same test should be repeated using market

prices relevant to the appropriate consumer group, co establish whether a

1/ The evidence concerning the effectiveness of education and propaganda

T as a energy conservation policy tool is mixed. See for example:
James M. Walker, "Voluntary Responses to Energy Conservation Appeals”,
Journal of Consumer Research, voi. 7, June 1980, pp. 88-92; aad
A.E. Peck and 0.C. Doering, "Voluntarism and Price Response: Consumer
Response to the Energy Shortage', The Bell Journal of Economics, vol. 7,
spring 1976, pp. 287-292,
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rational consumer would adopt the comservation measure. This is unlikely
to be the case, because otherwise the conservation measure would already
be in use. Therefore, changes in energy prices taxes or import duties on
equipment, subsidies to consumers, legislatiom, and other policy options
would have to be used to successfully implement the conservation technique.
In general, price changes that reduce the divergence between market prices
eand opportunity costs would be especilally preferred. Hcwever, care should
be exercised to ensure that these policy actions do not have adverse
repercussions in other energy as well as non-enerzy markecs. We discuss
next, some complications that coula 2 %se in the assessment and application
of conservation measures.

If the useful lifetimes of iechnological altermatives are different,
then their ecc.icmic comparison becomes somewﬁ;t more complicated, e.g., iz
our earlier example, 1if the lifetime of incandescent bulbs is onlv one year
while fluorescent light last 3 years. Two alternative aporoaches may be
used to overcome this difficulty. In the f:rst, the investment costs of each
alternative is annuitized over its lifetime at the appropriate discount rate
and the associated energy consumption and other recurrent costs for one year
are added on. Then these total costs for each option are compared. The

second method 1s to compare the full costs of each altermative over a long

period. cz7 20 years, including cthe costs of periodic replacement of worn out
equipment.L/ The two methods shoul& give consistent results, assuming the same
values are used for parameters such as the discount rate.
Another type of difficul:y assoclated with changes in the benefits of
consumption arises if either the quality or quantity ¢f the end product of
energy use 1s differeﬂt for the Zwo altermatives. 4As an example of the first
1/ Strictly speaking the discountad scrap value of equipmert left at the end of the

~ 20 year period should also be deducted from the costs stream associated with the
corresponding alternative.
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effect,” consider a comparison of electric versus kerosene lamps for lighting.
In addition to the differences in equipment and fuel costs, the cost-benefit
assessment of the two options should also include a temm to recognize éhat
electricity is likely to provide lighting of a superior quality.ij While
the quantification of this qualitative superiority in monetary terms will

be difficult, one measure might be the willingness-to-pay of the consumers

Hh

for -the different forms of lighting, usually represented by the area under

the relevant demand curve,

An example of the quancity effect might be the physical rarioniag of gasoline.

In this case, the cost or welfare loss to the consumer due to the reduction

in the miles he hay travel in hils car should be added to the cost of implementing
the rationing scheme and then compared with the bemefit of reduced gasoline
supply. Once again, the willingness-to-pay of gasoline users would be the

approprlace measure of the foregone consumption benefit. In contrast,

the appropriate measure of the foregone consumption tenefit. In contrast,
we note that the introduction of a more fuel efficient automobile engine can
conserve gasoline without reducing miles travelled. Therefore a reduction
in enmergy consumption does not always izply reduced consumption benefits.
The focus should be on the service derived from the energy use, .
Finally, the costs and benefits associated with extermalities should
be included in the ecouomic.cost-benefit comparison of altermatives. For example,
improvements in technical efficiency or fuel substitution measures may give rise

to pollution, as in the case of comverting from oil burning to coal fired electric

power generation. The effect of sunk costs should also be recognized. Thus,

1/ The ease and convenience of handling of a fuel, danger from its use, social
acceptability, and so on, are all factors that may affect the consumers
choice. See for example, the Thal case study chapter: use of energy for
tabacco curing.
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using our earlier example, if the oil burning generating plant already exists,
the initial comparison should allow for the fact that the oil option has no

associated capital costs until that plant is fully depreciacted physically.
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6.3 Conservation Opportunities in Energv Producing and Using Sectors Lj

-

Aggregate economy-wide measures such as the ratio of energy use to value added
or GDP are not very helpful in determining specif;c policies to improve
the energy situation. The practical application of energy' conservation
policies requires the disaggregate analysis of the tachnical, economic
and behavioral relationship underlying the various types of energy con-
version and end-use. In this section, we attempt to summarize the prin-
cipal practical possibilities for energy conservation in the near term

in several selected energy producing and consuming sectors of the: economy,
based on the recent experience of both industrialized and developing
countries. Since the emphasis here is on conservatlon, mentiom of
improvements in efficiency generally refers to increases in the first

law efficiency of energy use that will yield actual reductions in energy
iaputs required to perform a particular task. It is also understood

that the desirability of adopting any couservation measure must depend

on the economic criteria discussed in the previous section, and on the
social, political, overall physical and other constraints peculiar to

the country concerned.

1/ General references which explore in greataer detail some of the aspects
discussed in this section include: Richard C. Dorf, Energy Resources
and Policy, (Reading, Mass: Addison-Wesley Publ. Co., 1978); Energy
Programs and Policies of IE4 Countries, 1977 Review, OECD, Paris; 2bid
1978 Review; ibid., 1979 Review; ibid., 1980 Review; John C.Sawhill
(editor), Enerzy Couservation and Public Policv, (Englewood Cliffs,
N.J.: Prentice-Hall, Inc., 1979); and Sam Schurr, et. al., Enerzy
in America's Future, (Baltimore: Johns Hopkins Univ. Press, 1979).
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Transvortation

The principle purpose of a transportation system is to physically
convey people or goods from one location to another. Therefore, any medsure
which increases the payload in terms of energy used per passenger-mile
or ton-mile would help the comservation effort. Important methods of
achieving this result include: (a) changing from move to less anergy
intensive transport modes; (b) increasing the technical efficiency of
energy use of given modes of transportation; and (c) changes in behavior
and overall systems effegts. We will examine each of these three aspects,
below:

Table 6.3 summarized some typical characteristics of the chiefly
used transport needs. The energy intemnsity figures for a given mode will
vary widely depending on the geographic characteristics, goods transported,
beha&ioral characteristics, and so on. However,'even on a rough basis,
it may be seen that switching modes could provide substantial savings.

For example, a change from passenger-car travel to mass transit modes

such as bus or rail, or a transition from freight-trucks to freight-trains
would reduce fuel consumption. In a pertod of rapidly rising petroleum
prices, conservation inm the principallyliquid fuel using road transport

mode should have a high priority. Im particular, savings in traffic
congestion costs In urban areas ana also reductions 1in air poliution may

be significant. However, behavicral, physical and other impediments such

as the unwillingness of motor car owners to use public tramsport, or the
inaccessibility of railway stations for freight hauling will make it difficult

to effect these changes.
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Table 6.3

Typical Energy Use Characteristics of Principal Transport Modes (1975-80)

Energzy Intensicy Share of Emerzy Consumn;ioui/
Btu/Passenge:= Btu/Ton Industrialized Developing
Mode Mile Mile Countrv3/ Countrv®/
Walkiné/Bicycle/AnimaL%/ 300- 500 - ¢ .01 .05
- Pdpeline - 300~ 600 .05~-.1 {.05
Water - 400- 700 .05 .05-.1
Rallway 2,000-~3,000 500- 900 <:05 .05
Busg 1,000-1,500- - .01-.1 .05-.1
Truck - . 1,500~ 2,000 1 -2 .35-.4%
Car 2,000-4,000 - A .25-.35

Air 5,000-9,000 15,000-25,000 . .05 .05

1/ As a fraction of total commercial energy consumption.
2/ VNon-commercial energy use given as a fractionm of commercial energy total.
3/ Source: Author's estimates and OECD, IEA and USDOE data.

4/ Source: Author's estimates and "Emergy in the Developing Countries", The World Baumk,
Washington, D.C., August 1980.
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" The technical efficiency of energy use may be increased by introducing
more fuel efficient engines, improving the quality of roads, electrifying
railways, and so on. A combination of price, legislation and governmen:‘invest-
ments or other initiatives.can be used effectively.

Behavioral changes include car-pooling, getting people to live closer
to their place of work, using alternarive methods of communication like telephones
where poésible, and so on. In many cases people may be very resistant to adopt
these changes in lifestylesj many of which affect the whole socio economic
system rather than the transportation system alone (e.g.,urhan living patterms,
travel and migration patterns etc.). Ia the developing countries scme of the
developmental changes themseives may encourage shifts to move emergy intemsive
and modern modes, e.g., use of motor vehicles instead of walking,bicycles or
animal drawn carts. Therefore, the desirability of any conservation policy
must be assessed against the overall economic criterion discussed earlier.
Coordinated use of price and noa-price tools are again important. For example,
public exhortations alome are unlikely to be effective.

Puilding, Lighting, Space Heating and Cooling

Three factors affect the counsumption of energy in buildings: (a)
behavioral characteristics and‘aCtiCudes of occupants; (b) energy using
equipment installed; and (c) architechtural design practices and material used.
Keeping living and working space lighted and cool are the chief concerns in the
tropics where most of the developing countries lie. In these areas the use of

air-conditioning is growing rapidly for commercial buildings such as businesses,
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tourist hotels, etc., and to a lesser extent for residences of upper income
urban and expatriate groups whose numbers are fortunately small in this
respect. In the industrialized countries, which are located more in the’
temperate and colder zones, lighting and both space heating and cooling are
required.

Tha principles that govern the application of energy conservation
practices remain the same. Thus the full range of policy tools including
increases ir energy prices; legislation, tax Zncentives, and so on will help
to implement conservation measures. However these policies and their consequences
Just be simple and easily comprehensible. Educating occupants of building
(especlally domestic residents) concerning simple conservation practices, making
them aware of new but readily avaiiable energy saving devices, and explaining
the consequences of new pricing structures and taxes should have a nigh priority.
The so-called "imformation gap" is particularly critical im this area of conservation.

Chanées in behavior and attitudes often take time to occur. FYor example,
admcnitions to switch off unused lights or set back thermostats may take years
to sink into the public consciousness especially if these requests run up against
false but commonly held beliefs. Thus in Indonesia, where a fixed charge lifeline
electricity tariff was 1ia effect, low income households were found to be using
thelr lightbulbs as many as 16 boursva day. This occurred despite'an energy
conservation campaign, because it was widely helieved that switching lights on and
off would reduce their lifetime wmore than 1f the bulbs were kept continuously
lighted, while the electricity bills were fixed and unrelated to kilowatt-hour

consumption.
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- In other cases, people are unwilling to give up comforts they have
grown accustomed to, unless some costs arz involved. Thus requests to set
back thermostats in many industrialized countries have not beer efi:ctive
except when accompanied by increased energy prices, and only after the effect
of increased energy bills were felt, Public resistance may also occur in
developing countries where people who are just beginning to enjoy the Lenefits
of economic growth resent being asked to cﬁt back on consumption of electricity
for lighting, air-ccnditioning, and so on. Pricing of energy at economic
opportunity cost 1s very uséful in all these cases, because the consumers can get
the correct pr%ca sigaal acd then qhoqse how mu;h energy to use cn the bagis of
w}llingnés;-to—pfy: Even then responses to price changes could be slow because

thegse adjustments in energy usage patterns may ilmply major expenditures for purchasin]
new energy using equipment as discussed below. Ia brief, behavior changes thac
facilitate conservation may be realized only slowly, and policymakers should

fully investigate local attitudes and jidiosyncracies with respect to energy

use patterms.

Improvements in energy using equipment and appliances in buildings
are an obvious target for comnservation programs. Thus occupants must be made
aware of the many opportunities for replacing inefficient equipment such as
furnaces and air-conditioners, vetrofit or improvements to existing equipment,
or simply improved operation and maintenance procedures. 4Appropriate fimancial
incentives should be provided to reinforce the message. Technical advice,
energy audits and guidance could be provided by the government, especially
in tha case of large buildings e.g., some of the modern heating and cooling
systems are very effective, using an array of techniques ranging from heat

pumps to computerized control of equipment in different parts of the building.
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Legislation on minimum energy efficiency standards for equipment and appliances
is also helpful.

As mentioned earlier, the high cost of replacing old equipment may delay
consumer response to higher energy price signals. For example, the lump sum
cost of a new refrigerator may be a significant fraction of income, thus causing
the consumer to wait until his old izefficient refrigerater is worn out before
replacing it. Replacirg incandescent lighctbulbs with fluorescent Ifittings is
another energy saving measure whose costs may deter a poor consumer. This
phenomenon 1s particularly significant in developing countries where incomes
are low and the fuel may be relatively cheap or subsidized (relative to its
shadow price). For example, several programs are under way to replace open
hearth fires whose first law efficiency 1s only about 37 with simple stoves
that are over four times as efficiént. These have had limited success,and only
wien government officials provided the improved stoves free or at a subsidized
price, coupled with a strong promotion campaign. In all these cases, financial
incentives or subsidies on new equipment could be most effective. Thus energy
saving improvements in equipment will be realized quicker in general, with the
combined use of higher prices, legislation, rublic education and equipment
subsidies,

Architectural design, building practices and construction naterials

1/

used is the third area in which energy comservation gains may be made=

1/ See for example: G. Dallaire, "Designing Eanergy Conserving Buildings',
Civil Engineering, April 1974, pp. 54-8.
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Policymakers may make a significant impact by altering building codes and
implementing legislation rélating to minimum efficiency standards. The
orlentation of buildings, locatlon of windows, type of glass used, and ther
architectural features can improve heat losses. Use of improved insulating
materials and high standards of construction to avoid flaws or gaps in
Insulation are also helpful.l/ If bulldings are not completely enclosed
as in some developing countries, proper design will promote natural air
circulation. Use of simple local materials such as brick tiles (instead
of asbestcs), higher ceilings and installation of fans are offen substitutes
for air conditioning in the tropics. Much can be achieved in the way of
conservation by a well Informed and imaginative architect.
Industry

Improvements in the efficiency of industrial energy use cover such
a broad range of techniques that only the general principles can be touched
on hére. Contrary to widespread belief, m;ny induscries are unaware of Increases
in efficiency that can be realized quite simply and are extremely cost effective.
Because the concentrated nature of industrial energy users, both govermments
as well as energy suppliers and utility companies can be particularly effective

in legislating improvements, counselling, providing energy audits and helping

consumers carry out technical improvements. Three broad zreas for conservation

1/ There are practical limits to counservations gains that may be achieved in

T this respect. Thus, improving comstructilon practices or using better
bullding materials will become increasingly costly and beyound a certain
point they would not justify the reduction heat losses, accordimg to
the economic criterion described earlier. Again, a perfectly air-tight
and insulated building may be ideal from the viewpoint of emergy efficiency,
but would be stifling and uncomforable to occupants, impose health hazards
due to stale or polluted air being constantly recirculated and so on.
In brief, savings due to energy comservation must be weighed against the
bcth quantifiable and sometimes non—quantifiable costs incurred.
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are: (a) waste heat recovery and cogeneration; (b) other retrofits and
improvements in operation; (c) major changes in manufacturing processes
and production methods; and (d) recycling and recovery of waste materiéls.
We will briefly examine each topic in turn. |

Hdost large industries use energy for ﬁeating and a significant
fraction of this thermal energy is expelled into the external environment
at temperatures well above ambient conditioms, usually in the form of hot
gases, Steaﬁ, or water. Thils waste heat can be harnessed in z number of
ways, thus improving the overall efficienc& cf energy use in the rlant by
as much as 30Z. In complectely integrated or total energy systems (also:
called cogeneration systems), fuel would be used to generate electricity,
yileld process heat for industrial use, heat buildings in the area (i.e.,
district heating), prcvide hot water, process solid and liquid wastes, and
so on. A central ccucept in this type of system is that the overall efficiency
of energy use ror the total plant be maximizgd rather than-the efficiency of
any single component cr sub-system such as electricity generation.l/ In fact
the energy efficlency of certain componments may have to be reduced below what
it would h;ve been if it was operating on its own. The gains in other parts
of the system more than compensate for this loss, a:. -hus overall efficiency
improves. For example, the exhaust heat from an electric power gemerator in

a cogenaration scheme would be extracted at a somewhat higher temperature than

a stand-alone unit, with consequent loss of power output. However, the waste

1/ See for example: P. Bos, et al., The Yotential for Cogeneraticn Development
in Six Major Industries by 1985, FEA Report, Resource Plapning Associates,
Cambridge, Mass., 1977.
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heat could be used much more efficiently in another task because it is
available at a higher temperature.

The best potential for development of cogeneration or total ene;gy
systems occurs when new industrial plants are being set up. Many examples.
of cogeneration exist already iﬁ Europe, and the U.S. is not for behind.l/
There is also considerable scope for such schemes in large industrial estates
being set up in many developing countries. In many cases, legal and institutional
barriers to agreements that facilitate the exchange of energy between different
entities such as utility companies, indusﬁries and municipalities, appear to
pose greater difficulties than technical constraints. Energy policymakers
should take action to smooth out these problems. In the case of existing
industries where major changes in plant layout are not possible, there is
still scope~for more limited use of waste-heat. For example, an industrial
plant ;sing steam for heating could alsoc run an auxiliary gemeration to produce
electricity, or hot exhaust gases could be used for drying industrial materials,
preheating incoming air, and so on.

The effectiveness with which waste heat can be put to use depends on
several factors including the temperature of the exhaust and the degree of
compatibility with the quality of heat required in the articular application
(as discussed in Sectiom 6.1, under Secornd Law Efficiency ; the availabildity
of sufficient quantities of waste heat to achieve economies of scale, and
the distance between the source of the waste heat and its final use.

1/ See for example: L. Schipper and A.J. Lichtemberg, "Efficient Znergy Use
and Well-Being: The Swedish Example'", Science, Dec. 3, 1976, pp. 1001-12,
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In general, the higher the temperature of the exhaust fluids, the more

efficiently it can be used based on the thermodynamic concept of cascading

= ., o~ :
(see Section 6.1). Some industrial activities that produce waste heat

at different temperatures are presented in Table 6.4.

TasLE &4 Sources oF WastE HEAT BY TEMPERATURE RANCE

» .

 Hialt Temperature

Medium Temperature

Low Temperature

Temperature : Temperature Temperature
Saurca (°F.) Sowrce (°F.) Source (°F.)
Nickel refining furnace 2500-3000 Steam boiler exhausts 450-900 Process steam
Aluminum refining Gas wrbine exhausts 700-1000 cotulensate 130-190
furnz: 1200-1400 Reciprocating engine Cooling water from:
Zinc refining {urnace 1400-2000 exhausts 600-1100 + Furnace doors 90-130
.Copper refining Reciprocating engiue + Bearings 90-120
furnace 1400-1500 exhausts (turbo » Welding mnachiines. 90-190
Steel hieating furnaces 17001900 charged) 450-700 » Injection molding
Copper reverberatory Heat treating furnaces $00-1200 macliines 90-190
furnaces 165(0~2000 Drying and baking » Annealing furnaces 150-t50
Open hearth furnace 12001300 ovens £30-1100 + Forming dies 80-190
Cement kiln (Dry Cacalvtic crackers 800~-1200 . Air compressors 80-120
process) 1150-1350 Annealing furnace « Puinps 80190
Glass melting furnace 180y-2800 cooling systerus $00-1200 » [nternal combustion
Hydcogen plants 1200-1300 : engines 150-250
Solid waste Air conditioning and
incinerators 1200~1800 refrigeradion
Fume incinerators 1200-2600 condensers 90-110
Liquid still condensers 90-190
Drying, baking, and
curing ovens 20050
Hot processed liquids 90450
Hot processed solids 200450

Sourre: W, M, Rohirer and K, Kreider, “Sources and Uses of Waste [leat,” Waste Heat Management Guidrbonk, NS
(Washigtng, D0 Govermment Printing Offiee, January 1977), p. 5.

Handhook 121
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The second broad area for encouraging conservation is in the
improved operation of existing plant and by approprilate retrofits. Adapting
old equipment for cogeneraticn i1s of course alsc a form of retrofitting:'
but this has been discussed earlier. There are many other ways in which
the energy efficiency of industrial processes may be improved. For example,
the thermal insulation or lagging of boilers and pipes carrylng heating or
cooling fluids may be increased, the mixing of fuel and air could be improved
to provide better combustion, heat transfer can be enhanced, and so onm.

More sophisticated techniques such as comﬁuterized control of industrial
processes can also increase conservation. In many cases, detailad enmergy
audits by extermal experts can pinpoint thesye improvements, identify new
energy efficient devices that are readily available, and demonstrate the cost
effectiveness of such conservatlon practices to the icdustrialists concerned.

The third aspect of comnservation involves major changes in industrial
activity. Shifts in technology and production processes most oftem occur in
response to changes in the relative prices of emergy and other imputs such as
capital and labor. Thus, an increase in the real cost of emergy would favor
a shift towards a less energy intensive teéﬁnology. We note that autonomous
technological improvements can alsq occur quite independently and sometimes
routrary to price changes, due to inventions that improve the elficiency of
industrial processes. For example, in the case of aluminum smelting which is
one of the most enmergy intensive industrial processes, the electricity requirements
f;r'smelting a kilogram qf alumipum from bauxite ore decreased from about

26 kilowatt-hours im 1940 to about 17 kilowatt-hours by 1975 despite an overall
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decrease in the real price of electricity. With the added impetus of higher
energy costs, a new chlarine process now being introduced will decrease
energy consumption to about 10 kilowatt-hours per kilogram of aluminmmﬁl/

More génerally, the energy inputs per dollar of industrial value added in

the U.S. decreased from about 110,000 Btu to 80,000 between 1945 and 1975.
Appropriate price signals regarding higher energy costs and incentives to
encourage research and aevelopment to improve the energy efficiency of major
industrial production processes are important tocls in the conservation
specialists arsenal.

While the bulk of manufactured products are derived from the processing
of raw input materials, the recycling of previously manufactured but discarded
materials may be léss energy inteﬁsive. The difficulties of collecting and
sorting waste materials prior to recycling could significantly increase processing
costs especially where labor inputs are réquired to do this. Some typical figures

for emergy saving through recycling are given in Table 6.3

Table 6.5 Energy Savings From Recycling (1978)

Share of Energy Use for
Energy Costs Processinz (Rwh/kg) Energy
in Value From Raw From Waste Saving Chief
Material of Qutput Material Material (%) Constraints
Glass 0.35 2.3 2.3 Nome  Collection
Paper 0.35 1.9 g.95 50 Separation
: Impurities, Separati
Steel 0.35 13.4 6.6 50 and collection
Plastics 0.05 13.0 0.58 95 Technology
commercially
unavailable

1/ Rdichard A. Charpie and Paul W. Mcivoy, "Conserving Energy in the Productiom of
Aluminum", Resources and Energy, vol. 1, September 1978, pp. 21-42. A minimum
value for energy use of about 8 kilowatt-hours per kilogram of aluminum based
on thermodynamic limits has been estimated in: Elias P. Gyftopoulos, J. lazarcs,
J. Lazaridis and Thomas F. Widmer, Potential Fuel Effectiveness in Industry,
(Cambridze, Mass.: Ballinger, 197&4).
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Electric Power

Flectric power is a relatively mature energy sub-sector where
conservation techniques are ;Zii déveloped, and this permits us to cl;érly
illustrate the links between energy comservation, demand management and
pricing. The three principal opbortunities for comservation arise in the
(a).generation; (b) transmission and distribution; and (c) efficiency and
patterns of end use of electricity.

Conservation gains in the production of electricity may pe
achieved through efficiency improvementslin individual generating plants
or with respect to the whole power system.lJ In the former category,
efficiency improvements in generation technology have occurred steadily
over the last fifty vears or more. Many of these advances have stemmed
from ecomomies of scale as unit-sizes of generators have increased.
For example, the largest steam units of about 200 MW.available in 1930 had first
law efficiencies of less than 207%, while the largest unit size forVCOday's-:hermal
plant is about 1,500 MW and they operate at much higher steam pressures and
temperatures to achieve first law efficiencies of about 35-40%. New
technologies such as fluldized bed combustion and magneta-hydrodynamic
generation could improve this figure substantially in the future, but
thermodynamic laws will limit ultimate efficienciles to around 55%.

In the case of large mcdern hydroelectric gemerating units,

the hydrostatic or potantial emergy of stored water are already converted into

1/ Switching some generation where possible from fossil fuels to renewable
™  and new sources such as solar wind and wave power can conserve depletable
' energy resources. The possibilities are extremely country specific
and depend on resource endowments.
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electrical energy at efficiencies exceeding 90% and the scope for improvement
is somewhat more limited. Retrofitting of existing thermal and hydro plant,
and improving 6perating and maintenance procedures to at least bring them

up to original design standards is another area for comservation. The
cogeneration type arrangements discussed earlier under industrial energy
conservation will also improve efficiency. While introducing new plant is
likely to be highly capital intensive, the altermative of upgrading of
existing units is $0 case specific that high inputs of skilled manpower will
be required. The cost effectiveness and'desirability of these various
options will have to be established case by case accordingly to the overall
economic criterion oﬁtlined in Section 6.2.

System wide improvemengs in the éfficiency of producing electricity
can also be achileved by correctly matching the available technology to the
pattern of demand. As explained in greater detail in chapter 8, Introduction
to Investment Planning, meeting a certain s@gpe of load duration curve- at
the least possible cost requires optimal long-range planning and operation
of the power system. For example, the least cost generation planning of
an all thermal system implies that steam or nuclear plants should be built
for base load duty (i.e. operating at least 6,000 out of 8,760 hours per year)
because thelr fuel costs are low although their investment costs are high.
The same logic dictates that gas turbine units which have low capital costs
but bigh fuel costs should be used for peak period operation, usually about
2,500 hours per year. Similarly, in optimal system operation and load

despatch, the available generating plant 1s used sequentially starting with
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the newer base load units that are cheapest to run and ending with old
or peaking units that have the highest fuel costs. Many electric
utilities offer scope for improvements in system efficiency, especially
in mary developing countriles where engineering-economic optimization of
system planning and operation is neglected or poorly done.

Conservation in the delivery of electric power is achieved by
reducing technical losses in the transmission and distribution (T&D)
networks. These losses may be as high as 307 of gross generation in
some developing countries, although notms in industrial countries are
about 1l0X. The determination of optimal or desirszble loss lavels are
based essentially on the. trade-off between the increased capital costs
of augmenting T&D capacity, and.the cnrresponding savings in both kilowatt
and kilowatrt-hour losses. The rapid increasesin the costs of electricity
supply in the 1970's indicate that the levels of losses previously con-
gldered desizable are likely to be unacceptably high today. As shown
in Figure 6.2, the optimal trade-off occurs when total costs defimed as
the costs of lossas plus the system investment znd operation ard maintenance
costs (all in present discounted value terms over a long period of about
10-20 years) are minimized.ij The desirable loss level shifts from LL to
LH as energy costs rise. Losses due to theft can alsc be significant,
reaching levels of 10-15Z in some developing countries. U.S. norms are
about 2-3%. Such losses may be reduced by appropriate improvements in

legislation and management of the power utility.

1/ We note that as system losses decreases, the quality of electricity
supplied may also improve (e.gz., better voltage and fewer supply
interruptions or outages). Therefore, some adjustment to total costs
defined above, may be required to account for the accompanying change
in consumption benefits due to improved quality. There is no comsumption
change due to loss reduction because these losses were not consumed
originally, in any case.
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6.2 Optimal Trade-off Between Losses and System Costs for
Electricity Transmission and Distribution Systems.
Total Costs = Costs of Losses + System Costs
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Energy conservation at the end use stage may be achieved by
two principal methods: improving the technical efficiency of energy using
devices and appliances, or changing the shape or characteristics of the
load through demand management techniques. The first aspect, increasing
the energy efficiency of devices and appliances, has already been discussed
in tbe sections on energy conservation in buildings and industry. The
second aspect, uses demand management as a tool to conserve energy and
increase the econmomic efficlency of energy use. In the electrici:iy sector
the term load management is used synonymously with demand management.
Because of the relative sophistication znd maturity of this sector, load
management techniquas are well developed and fall into two basic categories:

soft load management which relies on prices, financial incentives and public

educatiorn to achieve voluntary changes in consumer electricity use patterns;
and hard load management which seeks to realize the same result by actual

physical control of ccnsumer loads.

" XYt is more costly to supply electricity during certain
seasons or hours of the day known as peak periads than during other off-peak
- periods. Therefore changing the shape of the power utility's load curve
by shifting electricity consumption from peak to off-peak periods will
reduce the costs of supply and conserve energy. Charging higher prices
(equal to long run marginal costs) during peak time-of-day or seascnal

periods signals the consumer that he should try to switch at least some of
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his load te off-peak periods.i/ Separate capacity and energy changes
may also be used. Providing financlal incentives to retrofit old
equipment, imnrove power factor (by adding a capacitor bank), and so on;
are also soft demand management techniques.

The clearest example of hard load management is the case of
interruptible loads, where certain industrial consumers raceive cheap
power but may be cut-off or shed at short notice when the total system
load approaches the available capacity (during peak periods). Domestic
loads such as water heaters can also be éontrolled through ripple control
or radio by the utility. Within the next decade’ advances in solid state

hardware and metering will allow greater control and switching of individual

loads through use of microprocessors, and so on.

1/ For details of peak load pricing, see Mohan Munasinghe, Principles of
~  Modern Electricity Pricing, Proc. IEEE, March 1981l. Shifts from
peak to off-peak consumption result in an increase in the load factor.
Huwever, from an economic efficiency point of view the objective of
load management 1s aot to achieve a load factor of 1.0, but to see
as far as possible that the price or consumers willingness-to-pay
(i.e., benefit) equals the marginal cost of supply at all times.




6.4 Conservation and the Environment

Much has been written regarding the relationship between energy
and the environment. We begin this section by noting that the economic
criterion for comservation described in Section 6.3 seeks to include N
environmental gains and losses wherever these can be identified, in the
cost-benefit analysis, so that the desirability of a conservation measure
is judged in relatiom to its environmental impact. This is importaﬁt
because different enmergs conservation practices can either improve or
worsen the environment.

In the case of auctomobile exhaust emission, pollution limiting
devices will generally decrease fuel efficiency. Therefore, there is a
conflict between the conservatiqn and envirommental otjectives, requiring
the trading-off of various gains and losses, preferablly in the economic
framework discussed earlier. Where quantification of environmental costs
and bemefits is difficult, judgement must be used. On the other haru
reducing the use of fuelwood in certain developing countries may prevent
severa deforestation problems, with associated envirommental comsequences
such as soill erosion, loss of vegetatio~, reduced watershed potential, and
so on. Thus conservation of fuelwnod is comnsistent with the ecological
goal, but may involve other costs such as substitution «f a more expensive

commercial fuel for firewood. Once again, an ecomomic analysis provides

the basis for rational decision making.
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CHAPTER 1III

POWER TARIFFS
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DEMAND MANAGEMENT POLICIES:

1Ib, UPrinciples of Inteprated Energy Pricing

and

IIIb. Application and Impact of Pricing P~licy

ELECTRIC POWER 1/

by
MOHAN MUNASINGHE

Energy Depariment
World Bank, Washirgton D.C.

Introduction and Overview

Modern societies have become increasingly dependent on various
types of energy sources, among which electric power has occupled a dominant
position. Traditionally, electric power pricing policy in most countries
has been determined mainly on the Lasis of financial or accounting criteria,
e.g., raising sufficient sales revenues to meet operating expenses and debt
service requirements while providing a reasonable contribution towards the
capital required for future power system expansiou.

However, in recent times several new factors have arisen, including
the rapid growth of demand, the increase in fuel oil prices and prices of
fossil fuel and nuclear plant, the dwindling availability of cheaply exploit-—
able hydro-electric resources, and the expansion of power systems into areas
of lower consumer density at relatively high unit costs. These.develvpments
have led to increasing emphasis being laid on the use of economic principies
in order to produce and consume electric power efficientiy, while conserving
scarce resources, especially in the developing country context. In partic-
ular, a great deal of attention has been paid to the use of marginal cost

pricing policies in the electric power sector.

.l/ The views expressed in this paper are the suthor's. and not necessarily
those of the World Bank.
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The objectives of power tariff policy In the national context, and
a pricing framework based on long run marginal costs (LRMC) which meets these
requirements, are summarized in this section. In Section B, the economic
principles underlying the LRMC approach are described, and in Section C, a
framework for calculating stric: LRMC is nresented. Finally, the process of
adjusting LRMC to devise a practical tariff structure which meets other
’national constraints is discussed in Section ?, followed by several technical
appendices.

A.l Requiren2nts of a Power Tariff

The modern appros:h to power pricing recognizes the existence of
several objectives or criteria, not all of which are mutually consistent.
First, national economic resources must be allocated efficiently, not only
among different sectors of the economy, but within the electric power sector
itself. This implies that cost-reflecting prices must be used to indicate
to the electricity coasumers the true economic costs -f supplying their
specific needs, so that supplv and demand can be matched efficiently.

Sécond, certain principles relating to fairness and equity must
be satisfied, including: (a) the fair allocation of costs among consumers
according to thé burdens they impose on the system; (b) the ensuring of a
reasonable degree of price stability and avoiding large fluctuations in price
from year to year; and (c) the provision of a minimum level of service to
persons who may not be able to afford the full cost.

Third, the power prices should raise sufficient revenues’to meét
the financial requirements of the sector, as described earlier. Fourth, the

power tariff structure must be simple enough to facilitate the metering ard
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billing of customers. Fifth and finally, other economic and political
requirements must also be considered, e.g., subsidized electricity supply to
certain sectors to enhance growth, or to certain geographic areas for pur-
poses of regional development.

Cince the above criteria are often in conflict with one another, 1t
is necessary to accept certaln trade-offs between them. The LRMC approach to
price setting described below has both the analytical rigor and inherent
flexibility to provide a tariff structure which is responsive to these basic
objectives.

A.2 Long Run Marginal Costs (LRMC) Based Tariffs

A tariff based on LRMC is consistent with the first objective, 1i.e.,
the erf’cient allocation of resources. The traditional accounting approach is
concerned with the recovery of sunk costs, whereas in the LRMC calculation it
is the amount of future resources used or saved by consumer decisions which is
important. Since prices are the amounts paild for increments of consumption,
in general they should reflect the incremental cost thereby in-~urred. Supply
costs increase if existing consumers increase their demand or if new consumers
are connected to the system. Therefore, prices which act as a signal to
consumers should be related to the economic value of resources to be used 1in
the future, to meet such consumption changes. The accounting approach which
uses historical assets and embedded costs implies that future economic re-
sources will be as cheap or as expensive as in the past. This could lead to
oQér—investment‘and waste, or under-investment and the additional costs of

unpnecessary scarcity.



In order to promote better utilization of capacity, and to avoid
unnecessary investments to meet peak demands (which tend to grow very
rapidly), the LRMC approach permits the structuring of prices so that they

vary according to the marginal costs of serving demands:

- by different consumer categories;

- in different seasons;

- atr different hours of the day;

- by different voltage levels;

- in different geographical areas; and so on.

In particular, with an appropriate choice of the peak period, struc-
turing the LRMC based tariffs by time-of-day generally leads to the conclusion
that peak consumers should pay both capacity and energy costs, whercas off-
peak consumers need to pay only the energy costs. Similarlf, analysis of LRMC
by voltage level usually indicates that the lower the service voitage, the
greater the costs imposed on the system by consumer:.

The structuring of LRMC based tariffs also meets sub-categories (a)
and (b) of the second (or falrness) objective. The economic resource costs
of future consumption are allocated as far as possitle among.the customers
according to the incremental costs they impose on the power system. In the
traditional approach, fairness was often defined rather narrowly and led to
the allecation of (arbitrary) iccounting costs to various consumers. Because
the LRMC method deals with future costs over a long period, e.g., about 10
lfears, fhé fésﬁltiﬁgligifes (in constant terms) tend to be quite stable over
time. This smoothing out of costs over a long period is especlally important

because of capital indivisibilities or lumpiness of power system investments.



The use of economic opportunity costs (or shadow prices, cspeclalily
for capital, labor, and fuel) instead of purely financial costs, and the
conslderation of externalicies whenever possible, also underiine the links
between the LRMC method and efficient resource allocation.

The development of LRMC based tariff struccures which also meet the
other objectives of pricing policy mentioned earlier, are discussed below.

A.3 Practical Tariff Setting

The first stage of the LRMC approach 1s the calculation of pure or
strict LRMC which reflect the economic efficiency criterion. If price was
set strictly equal to LRMC, consmers could indicate their willingness—to-pay
for more cousumption, thus signalling the justification of further investment
to expand capacity.

In the second stage of tariff setting, ways are sought in which the
strict LRMC may be adjusted to meet the other objectives, amcng which the
most important one is the financial requirement. If prices were set equal
to strict LRMC, it is likely that there will be a financial surplus. This
is because marginal costs tend to be higher than average costs, during a
period when the unit costs of supply are increasing. In principle, financial
surpluses of the utility may be taxed away by the state, but in practice the
use of power pricing as a tool for raising central government revenues 1is
usually politically unpopular and rarely applied. However, such surplus
revenues can also be disposed of in a manner which i. consistent with the
other objectives. For example, the connection charges can be subsidized
without violating the LRMC price, or low income consumers could be provided
with a subsidized block of electricity to meet their tasic requirement, thus

satisfying soclo-political objectives. Conversely, 1f as in some cases,
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marginal costs are below average costs (e.g., due to economies of scale),
then pricing at the strict LRMC will lead to a financial deficit, which will
have to be made up, for example, by higher lump sum connection charges, flat
rate charges, or even government subsidies.

Another reason for deviating from the strict LRMC arises because
of sacond-best considerations. When prices elsewhere in the economy do not
reflect marginal costs, especlally in the case of substitutes and complements
for electric power, then departures from the strict marginal cost pricing
rule for electricity services would be justified. For example, in rural
areas alternative energy may be available cheaply in the form of subsidized
xverosene and/or firewood. In this case, pricing electricity below the LRMC
may be justified, to prevent excessive use of the alternative forms of energy.
Similarly, 1if incentives are provided for the importation of private gener-
ators, while their fuel is also subsidized, then charging the full marginal
cest to industrial consumers may encourage them to purchase captive power
plant, which is economicallv less efficient from the national viewpoint.
Since the computation of strjct LRMC is based on the power utilities’ least
cost expansion program, LRMC mav also need to be modifisd >y short tera con-
siderations if previously unforese=n events rander the long run svstem plan

sub-optimal 1In the short run, Tvpical examples include a sudden r ‘uction

o
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in demand zrowth and a large excess oi installed capscicv which n=a:

somewhat reducs=d capacity charges, or a rapid increase i1 Zuel prices, whiczch

could warrant s shert term fuel surcharge.

rt,

As discussed earlier, the LRMC approach veraics a ndizh degrea o
tariif structuring. However, data cons-raints and the obieczive of siapli-

)

fvying metering and billing procedure usually requires that cthere should be
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a practical limit to differentiation of tariffs by: (a) major customer cate-
gories (e.g., residential, industrial, commercial, special, rural etc.);
(b) voltage levels (e.g., high, medium and low); (c) time-of-day (e.g., peak,
off-take); (d) geographic region, etc. Finally, various other constraints
also may be incorporated into the LRMC based tariff, such as the political
requirement of lLaving a uniform national tariff, subsidizing rural electrifi-
cation, and so on. However, in each case, such deviations from LRMC will
impose an efficiency cost on the economy.
A.4 Summary

To summarize, in the first stage of calculating LRMC, the economic
(first best) efficlency objectives of tariff setting are satisfied, because
the method of calculation is based on future economlc resource costs {(rather
than sunk costs), and also incorporetes economic considerations such as shadow
prices and externalities. The structuring of marginal costs permits an effi-
cient end fair allocation of the tariff burden on consumers. In the secoud
stage of developing a LRMC based tariff, deviations from strict LRMC are
considered, to meet important financial and other social, economic (second-
best) and political criteria. This secoud step of adjusting strict LRMC is
generally as important as the first stage calculation, especlally in the
developing country context.

The LRMC approach provides an explicit framework for analyzing
system costs and setting tariffs. 1If departures from the strict LRMC are
;equired for non-economic reasons, then the economic efficlency cost of these
deviations may be estimated even on a rough basis, by comparing the impact

of the modified tariff relative to (benchmark) strict LRMC. Furthermore



since the cost structure may be studied in considerable detail during the
L.RMC calculations, this analysis helps to pinpoint weaknesses and ineffi-
clencies Iin the varlous parts of the power system, e.g., overinvestmenc,
unbalanced luvestment, or excessive losses, at the generation, transmission
and distribution levels, in different geographic areas, and so on. This
aspect is particularly useful in improving system expansion planning.
Finally, any LRMC based tariff is a compromise between many dif-
ferent objectives., Therefore, there is no "ideal" tariff. By using the LRMC
approach, 1t Is possible to revise and improve the zariff on a consistent and
ongoing basis, and thereby approach the optimum price over a period of several
vears, without subjecting long~standing consumers to "unfair" shocks, in the

torm of large abrupt price changes.



._qo_

Section B

Economics of Marginal Cost Pricing

The origins of mi-ginal cost pricing theory date back as far as the

pathbreaking efforts of Dupiit and subsequently Hotelling; Ruggles provides

a comprehensive review of wirk in this zrea up to the 1940°s. 1/ The devel-

opment of the theory, esper ally for apslication in the electric power sector,

received a strong impetus [rom the work of Boiteux, Steiner, and others, from

the 1950°s onwards. 2/ Recent work has led to more sophisticated investment

models which permit determination of marginal costs, developments in peak load

pricing, consideracion of the effects of uncertainty and the costs of power

shortages, and so on. 3/

" La Reforma Soziale, Turin,

(1932); H. Hotelling, "The General Welfare in Relation to Problems of
Railway and Utility Retes," Econometrica, vol. 6 (July 1938), pp. 242-
269; and N. Ruggles, "The Welfare Basis of the Marginal Cost Pricing
Principle," Review of Economic Studies, vol. 17 (1949-50), pp. 29-46,
and "Recent Developments in the Theory of Marginal Cost Pricing," ibid.,

See for example: M. Boiteux, "La Tarification des Demandes en Pointe,"
Revue Generale de 1’Electricite, vol. 58, (1949), P. Steiner, "Peak Loads

and Efficient Pricing," Quarterly Journal of Zconomics (November 1957);
M. Boiteux and P. Stasi, "The Determination of Costs of Expansion of an
Interconnected System of Production and Distribution of Electricity,” in
James Nelso., Ed., Marginal Cost Pricing in Practice, Prentice-Hall,
Englewood Cliffs, N.J. (1964); 0.E. Williamson, 'Peak Load Pricing and

" The American Economic

Review, vol. 56, No. 4 (September 1966), pp. 810-827; and R. Turvey,
Optimal Pricing and Investment in Electricity Supply, Cambridge M.I.T.

1/ P. Nupuit, "De 17Utilize et de sa Mesure,
pp. 107-126,

2/
Optimal Capacity under Indivisibility Constraints,
Press (1968).

3/

See for example: Symposium on Peak Load Pricing, in The Bell Journal of
Economics, vol. 7 {Spring 1976), pp. 197-250; R. Turvey and D. Anderson,
Electricity Economics, Johns Hopkins (1977), M.A. Crew and P.R. Kleindorfer,
"Reliability end Public Utility Pricing," American Economic Review,

vol. 68 (March 1978); R. Sherman and M. Visscher, '"Second Best Pricing

with Stochastic Demand," ibid.; Marpginal Costing and Pricing of Electrical
Energy, Proceedings of the State of the Art Conference, Canadian Elec-
trical Assocjation, Montreal (May 1978); and M. Munasinghe, Economics of
Payer Systewa Reliability and Planning, Johns Hopkins Press, Baltimore
(1979).
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This section consists of a review of the basic economic principles
of marginal cost pricing and a summary of the current state-of-the-art.
Further details of the theory may be found in the references given earlier.

B.1 Basic Marginal Cost Theory

The rationale for setting price equal to marginal cost may be
clarified with the simple supply-demand diagram shown in Figure B.l. Llet
I-‘GDO he the demand curve (which determines the kWh of electricity demanded

per year, at any given average price level), while AGS 1s the supply curve

(3]

(represented by the marginal cost MC of supplyring additional unics of output).

At the price p, and demand Q, the total benefit of consumption is
represented bv the consumers willingness-to-pay, i.e., the area under the
demand curve OEFJ. The cost of supplyving the output is the area under supply
curve 0AHJ. Therefore, the net benefit,or total denefit minus supply cost, is
given by the area AEFH. Clearly, the maximum net benefit AZG is achiaved when
orice is set eq.a. to marginal cost at the optimum narket clearing point G,
i.e., (2 ,0).

o' o

In mathematical terms, the net benefit is given by:

] &
NB - folb(g)_a/'q/— éMC(ﬁ.).dq,

where p(Q) and MC(Q) are the =2quations of the demand and supply curves respec-
tively maximizing N3 vields: d (NB) /d@ = P (@) -M C (@) =0
which is che point of intarseczion of the demand and marzinal cost curves
(p_,0 ).

2 0

The analvwsis so far has been static, and cthereiore we now consider

1,
1

the dynamic effect o rowth of demand frocam vear ) to vear !, wnich leads to

r

2
2

an outward shiftc in che demand curve from O ¢to Dl. Assuming that the corrac:
0
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market clearing price P, was prevailing in year 0, excess demand equal to GK
will occur in year 1. Ideally, the supply should be increased to Q1 and the
new optimum market clearing price established at Py - However, the available
information concerning the demand curve Dl may be incomplete, making it diffi-
cult to locate the point L.

Fortunately, the technical relationships underlying the production
function usually permit the marginal cost curve to be determined more accu-
rately. Therefore, as a first step, the supply may be increased to an inter-
mediate level Q°, at the price p’. Observation of the excess demand MN indi-
cates that both the supply and the marginal cost price should be further
increased. Conversely, if we overshoot L and end up in a situation of excess
supply, then it may be necessary to wait until the growth of demand catches
up with the over-capacity. 1In this iterative manner, it is possible to move
along the marginal cost curve towards the optimum market clearing point. It
should be noted that, as we approach it, the optimum is also shifting with
demand growth, and therefore we may never hit this moving targec. However,
the basic rule of setting price equal to the marginal cost and expanding

supply until the market clears, is still valid. 1/

1/ This simple rule has to be modified when there are constraints in the
economy; in particular, the consequences of shadow pricing of inputs,
second best considerations, and subsidized social prices for poor
consumers, are clarified in Appendix 2.
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B.2 Capital Indivisibilities and Peak Load Pricing

Next, the effect of capital indivisibilities or lumpiness of invest-
ments, is examined with the help of Figure B.2. This analysis recognizes the
fact that,owing to economies of scale, capaclity additions to.power systems
(especially generation) tend to be large and long-lived. Suppose that in
year 0, the maximum supply capacity is Q, while the optimum price and output
combination (po, Qo) prevails, correspondiang to the demand curve Do and the
short run marginal cost curve SRMC (e.g., fuel, operating and maintenance
costs). New if capacity is to be increased from 6 to 6, there will be a sharp
spike in the marginal cost curve.

As demand grows from DO to D, over time, the price must be increased

1
to p1 to clear the market. When the demand curve has shifted to D2 and the
price is Py plant is added on to increase the capacity toia. However, as
soon as the capacity increment is completed and becomes a sunk cost, SRMC

falls to its old trend line. Therefore, is the optimum price corresponding

Ps

to demand D.. Generally, the large price fluctuations during this process

3
will be unacceptable to consumers. This practical problem may be avoided by
adopting a long run marginal cost (LRMC) approach, and recognizing the need
for peak load pricing, as described below.

The basic peak load pricing model shown in Figure B.3 has two demand
curves; for example,Dpk could represent the peak demand during the x daylight
and evening hours of the day when electric loads are large, while DOp would
indicate the off-peak demand during the remaining (24-x) hours when loads are

light. The marginal cost curve is simplified assuming a single type of plant

with the fuel, operating and maintenance costs given by the constant a, and



Figure 3.3.
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Peak Load Pricing Model
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the LRMC of adding to capacity (e.g., investment ccsts suitably annuitized
and distributed over the lifetime output of the plant) glven by the constant
b. The static diagram has been drawn to indicate that the pressure on
capacity arises due to peak demand Dpk’ while the off-peak demand Dop does
not infriage on the capacity Q. The optimum pricing rule now has two parts
corresponding to two distinct rating periods (i.2., differentiated by the
time of day);

peak period price = a+b

Ppk
of f-peak period price: p = a
op
The logic of this simple result is that peak period users, who are the cause
of capacity additions, should bear full responsibility for the capacity costs
as well as fuel, operating and maintenance costs, while off-peak consumers

only pay the latter costs (see also Appendix 1.

B.3 Extensions of Simple Models

The mode's presented so far have been deliberately idealized and
simplified to clarify the basic principles involved. Extensions of these
model s which incorporate and analyze the economics of real-world power systems
more realistically are reviewed below.

First, the usual procedure adopted in marginal cost pricing studies
may require sowe iteration. Typically, a long-range demand forecast is made
assuming some given future evolution of prices, a least cost system expansion
plan is determined to meet this demaad, and LRMC is computed on the basis of
latter. However, if the estimated LRMC whicl. is to be imposed on consumers is
.significantly different from the original assumpt ion regarding the evolution
of prices, thun the first round LRMC estimates must be fed back into the

model to revise the demand forecast and repeat the LRMC calculation.
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In theory, this iterative procedure could be repeated until futura
demand, prices, and LSMC estimates become mutually salf-consistent. In
practice, uncertainties in price elasticities of demand and other data may
dictate a more pragmatic approach in which the LRMC results would be used
to devise power tariffs aftec only one iteration. The behavior of demand is
then observed over some time period and the LRMC re-estimated and tariffs
revised to move closer to the optimum, which may itself have shifted wmeanwhile,
as described in subsection B.l. The price feedback effects are most importart
in the so-called shifting peak case, when peak load pricing may shift the
demand peak from one rating period to another. In general, problems érising
from changes in the level of demand at any given time of day due to differen-
tial pricing during other rating periods have been recognized, and are being
investigated.

Second, the interrelated issues of supply and demand uncertainty,
reserve margins, and costs of shortages raise certain problems. The least
cost system expansion‘plan to meet the demand forecast is generally deter-
ained assuming some (arbitrary) target level of system reliability (e.g.,
loss~of~load-orobability or LOLP, reserve margin, atc.) Therefore, marginal
costs depernd on the target reliability level, when in fact economic theory
suggests that reliability should also be treated as a variable to be optimized,
and both orice and capacity (or eguivalently, reliability) levels should be
optimized simultansously. The optimum price is the marginal cost price as
described earlier, while the optimum reliability level is achieved when the
marzinal cost of capacity additions (to improve the reserve margin) are equal

to the expectad value of economic cost savings to consumers due to electricity
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supply shortages averted by those capacity increments. These considerations
lead to a more generalized approach to sys;em expansion planning as shown
below. 1/

Consider a simple expression for the net benefits (NB) of elec-
tricity consumption, which is to be maximized:

NB(D,R) = TB(D) - SC(D,R) - OC(D,R)

where TB = total benefits of consumption if there were no outages; SC = supply
costs (i.e., system costs); OC = outage costs (i.e., costs to consumers of
supply shortages); D = demand; and R = reliability.

In the traditional approach to system planning both D and R are
exogenously fixed, and therefore NB is maximized, when SC is minimized, i.e.,

least cost system expansion planning. However, 1f R is treated as s variable:

6((ﬁ/8) o S °
22/ - - 2 +oc) + - (78-5c-0c).22 _- 0o
dR a/e( ) oD ) SR

is the necessary first order maximization condition.

anin 2D _ Celds . 2(59) - _2(0c)
Assuming 52‘0’76 55 S5

Therefore, as described earlier, reliability should be increased by
adding to capacity until the above condition is satisfied. An altermative
way of expressing this result is that since TB is ind=pendent of R, NB is
maximized when total costs: TC : (SC + 0OC) are minimized. The above
criterion is one which effectively subsumes the traditional system planning

rule of minimizing only the system costs. 2/

1/ For details see M. Munasinghe, '"A New Approach to System Planning,"
"IZEE Transactions on Power Apparatus and Systems, vol. PAS-78, (July-
August 1979).

2/ The cmphasis on outage costs requires greater effort to measure these
costs; see M. Munasinghe and M. Gellerson, Economic Criteria for
Cptimizing Power System Reliability Levels," The Bell Journal of Eco-
nowics, vol. 10 (Spring 1979); and M. Munasinghe, "Tne Costs of Elec-
fric Power Shortages to Residential Consunmers,' Journal of Consumer
Econonics (forthcoming) . T T
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Third, some problems are raised by the dichotomy of having to choose
between short and long run marginal costs, i.e., SRMC versus LRMC. The shorc-
run (SRMC) may be defined as the cost of meeting additicnal eleztricity con-
sumption, with zapacity fixed, while the long run matrginal cost (LRMC) is the
cost of providing an increase in c605umption (sustained indefinitely into the
future) in a sictuation where optimal capacity adjustmencs are possible. When
the system is oprimally planned and 'perated (i.e., capacity and reliability
are optimal), SRMC and LRMC coincide. However, if the system plan is sub-
optimal, significant deviations between SRMC and LRMC will have to be resolved
within the pricing policy framework. Finally, if there are substantial out-
age costs outside the peak period, then the optimal marginal capacity costs
may be allocated among the different rating periods in proportion to the
corresponding marginal costs. 1/

B.4 Shadow Pricing

In the idealized world of perfect competition the interaction of
atomistic profit maximizing procedures and atomistic utility maximizing con-
sumers gives rise to a situation that is called pareto-optimal. In this
state, prices reflect tha trﬁe marginal social costs, scarce resources are
efficiently allocated, and for a given income discribution, 20 one person

can be made better off without making someone eise worse off. 2/

1/ It has been suggested that capacity costs should be allocated to dil-
ferent rating periods in inverse proporcion to LOLP, buc this would De
.

unsatisfactory bacause aggregace reliability indices such as LOLP are
poor proxies for pro-rating outage cCostCs.

2/ See for example: E. J. Mishan, Cost 3enefit Analvsis, Praegar, New Yorx
(1976) part wvil.




However, conditions are likely to be far from ideal in the real
world. Distortions due to monopoly practices, external economies and dis-
economies (which are not internalized in the private market), interventions
4in the market process through taxes, import du-ies and subsidies, etc., all
result in market (or financial) prices for goods and services, which may
diverge substantially from their shadow prices or true economic values. More-
over, if there are large income disparities, the passive acceptance of the
existing skewed income distribution, which 1is implied by the reliance on
strict efficiency criteriz for determining economic wvelfare, may be socially
and politically unacceptable. Such considerations necessitate the use of
appropriate shadow prices (instead of market prices) of inputs to the elec-
tricity sector, to determine the optimal investment program as well as LRMC,
especially in the developing countries where market distortions are more
prevalent.

The basic concepts of shadow pricing are summarized below, with
special reference to so called efficiency (shadow) prices which emphasize effi-
cient resource allocation and neglect income distributional considerations. 1/

In order to derive a consistent set of shadow prices for goods and
services it is necessary to adopt a common yardstick or numeraire to measure
economic value. For example, a rupee’s (or dollar’s) worth of a certain gond

purchased in a duty free shop is likely to be more than the physical quantity

1/ For details including a discussion of social shadow prices which incorpo-
rate income distributional effects, see: M. Munasinghe and J. J. Warford,
"Shadow Pricing and Power Tariff Policy," in Marginal Costing and Pricing
of Electrical Energv, op. cit., pp. 159-180. A more general reference is:
L. Squire and H. van der Tak, Economic Analysis of Projects, Johns
Hopkins Press, Baltimore (1975).
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of the same good obtained for one rupee (or one dollar) in a retail store,
afrer import duties and taxes have been levied. Therefore, it is possible to
intuitively distinguish between a border priced rupee, which is used in inter-
narioral markets free of import tariffs, and a domestic priced rupee, which
is used in the domestic market subject to various distortions. A more sophis—
ticated example of the value differences of a curvencv unit in various uses
arises in countries where the aggregate investment for future 2conomic growth
is considered inadequate. In such a case, a rupee of savings (which could be
invested to increase the lavel of future consumption) may be considefed more
valuable in the national context than a rupee devoted to current consumption.
One numeraire that has proved to be most appropriate in many in-
stances is a unit of uncommitted public income at border prices, which is
essentially the same as freely disposable foreign exchange available to the
government, but expressed in terms of units of local currency converted at the
of ficial exchange rate. 1/ Therefore, the discussinn in the next section is
developed in terms of this particular vardstick of value. The border priced
numeraire is particularly relevant for the foreign—exchange scarce developing
countries, and represents the set of opportuniries available to a country to
ourchase z00ds and services on the international market., The numeraire and

shadow prices are in real terms, i.e., net of inflation.

The estimation and use of shadow pric

4]

S facilitazad bv dividing

-
us

aconomic resources into tradable and non-tradabls {zams. The wvalues of

i/ Sae I[.1.D. Little and J. A. Mirrless, Pro‘ect 2poraisal and 2lanning Zfor
Devaloaning Countriss, 3asic 3ooks, New York (1374, Chap. 9, aad L. 3quire
and H. van der Tak, oo, c¢it., chap. 3. A numeraire based on orivate con-
sumption is advocated inm: ?. Dasgupta, A. Sen and 3. Margzlin, Guidelines
for Proifecz Zwvaluatioa (UNIDO), United Nactions, MNew York (1372),
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directly imported or exported goods and services are already known in terms
of their border prices, i.e., their foreign exchange costs, converted at the
official exchange rate. However, locally purchased items whose values are
known only in terms of dowmestic market prices, need to be converted to border
shadow prices by multiplying the former prices by appropriate conversion
factors (CF). 1/ The free trade asswaption is not required to justify the
use of border prices since domestic price distortions are, in effect, adjusted
by netting out all taxes, duties and subsidies.

The most important tradable inputs used in the electric power sector
are capital goods and petroleum—-based fuels; in each case world market or
border prices (c.i.f. for imports and f.o.b. for exports) may be used as
shadow prices where appropriate. 1In some countries other fuels, such as coal
deposits, are available, for which there may be no clear-cut alternative (ex-
port) market. In thesc cases, the marginal social cost (MSC) of production
e.g., resource cost of extracting the coal, may be used. The most important
non-tradable primary factor inputs are labor and land, which are discussed
later. The shadow prices of other non-tradable goods and services from many
sectors can be determined in terms of their MSC through appropriate decompo-
sition. For example, suppose one rupee’s worth (in domestic market prices)
of the outpuf of the domestic construction sector may be broken down succes-
sively into n components (such as capital, labor, materials, etc.), which
are themselves valued at rupees a

a a_ (in terms of border prices).

1) 2) A ]

1/ In the subsequent discussion the pair of terms: border and shadow
prices, will be used synonymously, as well as the pair: domestic and
market prices,
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Since the conversion factor of any good is defined as the ratio of the border

price to domestic price, %he construction conversion factor equals:
2 %
L=

In the case of non-tradables which are not important enough to
merit individual attention, or lack sufficient data, the standard conversion
factor (SCF) may be used. The SCF is equal to the official exchange rate
(OER) divided by the more familiar shadow exchange rate (SER), appropriately
defined. Conversion cf domestic priced values into border price equivalents
by application of the SCF to the former, is conceptually the inverse of the
traditional practice of multiplying foreign currency costs by the SER (instead
of the OER), to convert to the domestic price equivalent. A convenient
approximation to the standard conversion factor 1s the ratio of the official
exchange rate to the free trade exchange rate (FTER), when the country is
moving toward a freer trade regime. This estimate of the SCF therefore
reflects the average level of import duties and exports subsidies, and is
usually less than unity.

Consider a typical case of unskilled labor in a labor surplus
country, e.g., rural workers employed for dam construction. The foregone
output of workers used in the electric power sector is the dominant component
of the shadow wage rate (SWR). Complications arise because the original rural
income =arned mav not reflect the margzinal product of agricultural labor, and
furthermore, for every new job created, more than one rural worker mav zive up
his former emplovment. Allowance must also be made for seasonalitv of activi-
ties such as harvesting. In theory, i the laborer has to work harder in a
new job than before, then the disutility of foregone leisure should be included

in the 3WR, Sut in practice this component is ignored. Overhead costs incurrad,
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such as transportation expenses, should also be considered. The foregoing
may be summarized by the following basic equation for the efficiency shadow
wage rate:

ESWR = a.m + c.u
where m and u are the foregone wrarginal output and overhead costs of labor
in domestic prices, and a and ¢ are rerresponding conversion factors to
convert these values into border prices.

In the case of land inpu-s, the appropriate shadow value placed on
this primary factor depends on 1ts location. In most cases, it is assumed
that the market price of urban land is a good indicator of its economic
value in Homestic prices, and the application of an appropriate conversion
factor, e.g., the SCF, to this domestic price will yield the border price
cost of urban land inputs. Rural land which has an alternative use in agri-
culture may be valued at its opportunity cost, 1.e., the net benefit of fore-
gone agricultural output. The marginal social cost of other rural land is
usually assumed to be negligible, unless there 1s a specific reason to the
contrary, e.g., the flooding of virgin jungle because of a hydroelectric
dam may involve the loss of valuable timber or spoilage of a recreational
area which has commercial potential.

The shadow price of capital is usually reflected in the discount
rate or accounting rate of interest (ARI), which is defined as the rate of
decline in the value of the numeraire over time. 1In practice the opportunity
cost of capital (OCC) may be used as a proxy for the ARI, in the pure effi-
ciency price regime. The OCC 1s defined as the expected value of the annual
stream of consumption (in border prices), net of replacement, which is yielded

by the investment of one unit of public income, at the margin.
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If the LRMC {s calculated by shadow pricing the inputs using
border prices, it is necessary to make a further adjustment to convert this
shadow priced LRMC into an equivalent optimal electricity price which will
be perceived and Interpreted by consumers like any other domestic market
price. Thus, if only economic efficiency considerations are considered, a
tyvical expression for the optimal market price based on LRMC would be:

Da* = (MCBe/b)

As explained in Appendix 2, the value of b for a ziven consumer
group depernds on the expenditure pattern of these electricity users, and
therefore it is possible to have different prices pe* for various cacagofies
of electricity consumers, e.g., residential, industrial, etc., based on the
same value of HCBe. However, it may sometimes be simpler to use an econonmy
wide average value of b, such as the SCF, for all electricity consumers, espe-
cially when detailed information on different consumer categories is unavail-

able. In such a case, since SCF < | usually, the optimal market price is

greater than the border priced LRMC, i.e., pe* > HCBe. 1/

1/ A simple numerical axample will illustrate this point. Suppose that
based on the world import price for high speed diesel fuel and the
running costs of peaking gzas turbines, the border priced LRMC of peak
period 2nergv is MCB = Pesos i.A ner kWh, i.e., LS¢S8 ser <Wwh Iimes the
ofiicial axchanza rafa DER) of Pesos 20 per USS. Llet the appropriate
shadow 2xchang= rate ¢ )

which reflects the averagze lavel of impore
duties and export subsidies [e.z., FTER) bde 2esos .5 oer USS. There-
fore SCF = SER/SER = J.3 and the ootimal narkec price for peax periad
energy: o * = 1,5/0.8 = Pasos ) per xWh.

Com
&u
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Section C

Calculating Strict LRMC

Strict LRMC may be defined broadly as the incremental cost of
cptimum adjustments i1 the system expansion plan and system operations
attributable to an incremental demand iacrease which is sustained into the
future. 1/ However, LRMC must be =valuated within a disaggregated frame-
work. This structuring of LRMC is based chiefly on technical grounds and
may include: differentiation of marginal costs by time of day, voltage level,
geographic area, season of the year, and so on. The degree of structuring
and sophiscication of the LRMC calculation dependc on data constraints and
the usefulrness of the results, given the practical problems of computing and
applying a complex tariff; e.g., in theory, the LRMC of each individual
consumer at each moment of time, may be estimated. !

i

The calculation of strict LRMC is discussed below,xéiﬁh the struc-

turing framework limited to one which is of operational valuéiin a tynical
S
developing country. Points at which the computation may be pursued at a2 more

sophisticated level are indicated in the text. The methodology of computing

'
' 1

1/ The word increment is used to convey the concept of a small but dis-rete
lump of costs or demand, since the term marginal 1s often interpretec in
the strictly mathematical sense, with reference to an infinitesimal -hange.
In the present context, both words may be used interchangeably, to dz2note

a discrete change.
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LRMC is summarized but no attempt has been made to present a complete case
study, because of space limitations. L/

C.l Cost Categories and Rating Periods

Three broad categories of marginal costs may be identified for
purposes of the LRMC calculations: capacity costs, energy costs and con=
sumer costs. ‘arginal capacity costs are basically the investment costs of
generation, transmission and distribution facilities associated with supplying
additional ¥W. Marginal energy costs are the fuel and operating costs of
providing additional kWh. Marginal customer costs are the incremental costs
directly attributable to consumers including costs of hook-up, metering and
billing. Wherever appropriate, these elements of LRMC must be structured by
time of day, voltage level and so on, as mentioned earlier.

The first step in structuring is the selectiou of appropriate rating
periods. By examining the system load duration curves, it is possible to
determine periods during which demand presses on capacity, e.g., at a partic-
ular time of day, or in a given season of the year. To clarify the following
presentation, we make :zhe simplifying assumptions that the system under study
does not exhibit marked seasonability of demand (or supply, where hydro gen-

eration is involved), and that these are only two rating periods by time-of-

L/ Several recent case studies are available, iavolving LRMC calculations in
a variety of situations including: R. Turvey and D. Anderson, Electricity

Zconomics, op.cit.; C. J. Cicchetti, W. J. Gillen and P. Smolensky, The
“Marginal Cost and Pricing of Zlectricicv, 2allinger Publishing Co.,'___
Cambridze, Mass. (1977), and M. Munasingne, '"Marginal Cost 3ased Tarifi
Caiculations in Ceveloping Countries," ZIWT Dept. Renort, World 3ank,
Wasnington, D.C. (1979),
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day, i.e., peak and off-peak. 1/ Other aspects of structuring will be intro-
duced later during the analysis.

C.2 Marginal Capacity Costs

Consider Figure C.l1 which shows the typical annual load duration
curve (LDC) for the system ABEF in the starting year 0, as well as the two
rating periods: peak and off-peak. As demand grows over time, the LDC
increases in magnitude, c¢nd the resultant forecast of peak demand is given
by the curve D in Figure C.2, starting from the initial value HVO. The LRMC
of capacity may be determined by asking the following question: what is the
change in system capacity costs AC associated with a sustained increment AD
in the long run peak demand (as shown by the shaded area of Figure Cc.l and
the broken line D + AD in Figure C.2). Consequently, the LRMC of generation
would be (—é%%), where the increment of demand AD is marginal both in time,

and in terms of MW. 2/

1/ 1f the duration of the peak period is defined too narrowly, peak-load
pricing is more likelv to cause a shift in the peak to the off-peak
period (see also sub-section B.3). For a review of the application and
results of peak load pricing policies in European countries, see:

B. M. Mitchell, W. G. Manning, Jr., and J. P. Acton, Peak Load Pricing,
Balliner Publ. Co., Cambridge, Mass. (1978). Some very recent results
of time—-of-day pricing studies in the U.S. are given in: A. K. Miedama,
S. B. White, C. A. Clayton and D. P. Lifson, “"snalysis of Experimental
Time of Use Electricity Prices,'" Tenth Annual Conference on Current
Issues in Public Utility Regulation, Williamsburg, Va. (December 1978),
Research Triangle Institute, North Carolina.

2/ In theory, AD can be either positive or negative, and generally the
ratio ( AC/ AD) will vary with the sign as well as the magnitude of AD.
If many such values of ( &C/ AD) are computed, it is possible to average
them to obtain LRMC. However, the easiest procedure would be to consider
only a single representative positive increment of demand.
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In an optimally planned system, the change in che expansion program
to meet the new incremental load would normally consist of advancing the
comnissioning date of future plant cr inserting new units such as gas turbines
or peaking aydro plant (see Figure C.2). If system planning 1s carried out
using a computerized model, it is relatively easy to determine the change in
capacity costs AC by simulating the expansion path and system operation, with
and without the demand increment AD. 1/ Even 1f such a computer zodel is
unavailable, it is usually possidl: to use simple considerations to derive
marginal capacity costs. For example, suppose gas turbines are used for
peaking; then the required LRMC cf generating capacitv (LRMC Gen. Ca?.) is the
cost of advancing 1 kW of gas curbines, which may bSe estimated in terms of
the cost per kW installed, annuitized over the expected lifetime.l This figure

must be adjustad for the reserve marzin (R’M7%) and losses due to station use

(L_ %). Thus, a typical expressicn would be:

su
LRMCQen.Cap. - {QEE?:&%?W} e+ RM/'OO) /(' — Lsy /iec)

In our simple model, all capacity costs are to be charged to peag
period consumers. 2/ Therefcre, if the cavmacity costs of base load generating
units are to be included in the calculations, it is very important to net out

potential Zuel savings due to displacement of less efficlent plant bv these

=
~

If a more sophisticated tarif? structure naving more rating periods is
used, then the LRMC in anv razing perind may be estimatad by simulating
the computzrized system expansion aodel with a sustained load incremeat
added co the LOC during that periad, i.e., just as in the case of tche
Jeak period analvsis,

lio
~
S
n
D A
b
w

ussed in Section 3.3, 1f expected outage costs are si,
ting period outside the peak periasd, then it 51
@ marginal capacity costs over several rating seriods.
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be computed, and annuitized (using the discount rate) over the lifetime of
the plant (e.g., 3C years) to provide an estimate of this element of marginal
costs ( ALRNCHV). Then, the total LRMC of capacity during the peak period,

at the HV level would be:

LRM = LRM '(1-L 100) + ALR»
CHV Cap. R‘1CGen. Cap./( HV/ ) RiCHV

where LHVZ is the percentage of incoming peak power that is lost in EHV and
and HV network.

This procedure may be repeated at the MV and LV levels. Thus the
LRMC of capacity to medium voltage consumers is given by:

LRMC = LRACHV

- D) + 1C
MV Cap. p./(1 LHV/IOU) ALR“CM

Ca v

where ALRMCHV is the element of incremental MV capacity costs (e.g., AIC of
distribution substations and primary feeders), LMVZ is the percentage of in-
coming peak power that is lost at the MV level.

The LRMC of T&D calculated in this way is based on actual growth of
future demand, and averaged over many consumers. However, some exceptions
should be noted. First certain transmission 1li es may be specifically asso-
ciated with particular generating sites (e.g., remote hydro), and therefore
could be considered a generation cost rather than a transmission cost.
Second, some transmission may be associated with specific loads, and there-
fore the costs of such facilities should be allocated accordingly. For
example, suppose that a particular system has two geographically distinct
load areas: a central area consisting of a group of cities, and a remote
area which is predominantly rural. Then the concept of a generation power

pool can be used to calculate a common generating cost for serving both areas,

but different transmission costs may be determined for each area by allocating
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the costs of transmission links appropriately. Third, it may be possible

to identify facilities which are specific to certain consumers, and these
~ould be allccated to consumer costs; e.g., a special sub-transumission link
and substation for a large industry. This last point is also important in
dividing the distribution costs between LV and consumer costs; e.g., a given
customer may have a very long service drop line which should be specifically
dllocated to this user, rather than being included in the LV AIC calculation,

C.3 Marginal Energy Costs

With reference to Figure C.l, it may be deduced that LRMC af energy
during the peak period will be the running costs of the machines to be used
last in the merit order, to meet the incremental peak kWh represented by D.
In our simple model, this would be the fuel and operating costs of gas tur-—
olnes. These costs have to be adjusted by the appropriate peak loss factors
at each voltage level, as in the case of marginal capacity costs.

Similarly, the LRMC of off-peak energy corresponding to a load
increment during the off-peak period would usually be the running costs of the
least efficient base load or cycling plant used during this period. 1/ We
note that the loss factors for adjusting of f-peak costs will be smaller than
the peak period loss factors; resistive losses are a function of the square of

the current, and current flows are greatest during the peak period. 2/

L/ Zxceptions to this generalization would occur when the margzinal plant
wsed during a rating period was not necessarily the least zfficient
machine zhat could h tass erffl

ave heen used. For exampie, C
rt-up times and are reguired in the next ¢
ed ealier in zhe loading order rthan ao
spond <o ainimization of 2perating costs over

¢ rather than on an hourlv hasis.

which have long 3
pericd, mav be op
nplant. This would ¢
sevaral rating perio

(x.

/ Sea Ior example: Z. J. Cicchecti, W. J. Gillea and 2. 3molensky,
op. cit.

lto
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S¢ie craplications arise particuiarly in the case of all-*w’ro and
mived hydro-therzal systems. First, a predominantly hydro systea may be
energy constrained, i.e., it may be short of reservolr storage rather than
generating capacity. Thus all incremental capacity is needed primarily to
generate more energy because the energy shortage precedes the capacity con-
straint. In this case, the distinction between peak and off-peak costs,
and between capacity and energy costs, tends to blur. Because hydro energy
consumed during any veriod (except when spilling) usually leads to an equi-
valent drawdown of the reservolirs, it may be sufficient only to levy a simple
kWh chage at all times, e.g., by applying the AIC method of total incremental
system costs.

Second, where hydro is involved, marginal energy costs have to be
determined carefully. These costs would be close to zero, at times when water
is being spilled or mandatorily run~off for other purposes (e.g., irrigation).
However, in a mixed hydro-thermal system, if the hydro is used to displace
more expensive thermal plant, then the running cost of the iatter is the
relevant marginal energy costs.

Third, if the pattern of operation is likely to change rapidly in
the future (e.g., shift from gas turbines to peaking hydro as the marginal
peaking plant, or vice versa), then the value of the LRM( of energy would have
to be calculated as a weighted average, with the weights depending on the
share of future generation by the different types of plant used.

C.4 Consumer Costs

These costs are those which can be readily allocated to customers.

Fixed customer costs consist of non-recurrent expenses attributable to items
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such as service drop lines, meters and labor for installation. These costs
may be charged to the customer as a lump sum or distributed payments over
several years. '

Recurrent customer costs occur due to meter reading, billing,
administrative and other expeuases. These could be imposed as a flat charge,
on a repeated basis, in addition to the usual kW and kWh charges. In general,
the allocation of incremental (non-fuel) operation, maintenance and adminis-
trative costs among the three basic categories of costs: capacity, energy and

customer, varies from system to system and requires specific analysis. How=

ever, these costs are usually small and will not greatly affect the results.
Section D

Adjusted LRMC Tariff Structure

Once strict LRMC has been calculacted, che first stage of tariff
setting is complete. In the second stage, the actual tariff structure which
meets economic second best, social, financial, political and other constraints
must be derived dv modifying strict LRMC, and this topic is dealt with below.
This process of adjusting LRMC will, in general, result in deviations in both
the magnitude ard structure of strict LAMC. Changes in tariff structure at
this scagze will Ye based mainly on socio-political factors, =.3., differen-
tiation v zvpe of consumer (residential, commercial, industrial and so ou),

or by income level (poor, middl d nizn income residencial)., Praccical con-

[47]

a

e

rmn

iculties »f metering and billing will also aflect

Lo 1Y

siderations such 3as :zhe di

the final rariff scructure,
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The constraints which necessitate deviations in the final tariffs
relative to strict LRMC fall into two categories. 1/ The first group consists
of distortions which may be analyzed basically within an economic framework,
i.e., second best considerations and subsidized (or lifeline) tariffs for low
income consumers. In these cases, it 1s possible to quantify the extent of
the deviation from strict LRMC by using an appropriate pricing model and
explicit system of shadow prices. The second group {ncludes all other con-
siderations such as financial viability, socio-political covstraints and
problems of metering and billing where strict economic analysis is difficult
to apply. These two groups of constraints may be interreclated, e.g., sub-
sidized tariffs can simultaneously have economic welfare, financial and
soclo-political implications.

D.l1 Second Best Qgggiderations

Where prices elsewhere in the economy, especially in the case of
substitutes and complements for electric power, 2/ do not reflect marginal
costs, a "second best" departure from a strict marginal cost pricing policy
for electricity services may be required. For example, the subsidies

for imporcted generators and/or diesel fuel,which exist in many developing

1/ We note that strict (shadow priced) LRMC also deviates from the LRMC
calculated on the basis of financial costs, because shadow prices are
used instead of the marxet prices of electricity sector inputs. This
is done to correct the distortions in the economy. Therefore, the
constraints which force further departures from strict 1RMC (in the
second stage of the tariff setting procedure) may also be considered
consequently as distortions which {mpose their own shadow values on the
calculation. See M. Munasinghe and J. J. Warford, op. cit., for details.

g/ More generally, price distortions affecting inputs into the production
of electric power and outputs of other sectors which are electricity
intensive (e.g., aluminium) should also be considered. The former
category may be dealt with by direct shadow pricing of inputs, while
the latter requires more detailed analysis (alihough such cases are rare).
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countries, may make it advantageous for users to set up their own captive
plant, even though to the economy as a whole this is not the least cost way
of meeting the demand. The appropriate solution in this case might be for
the government to revoke such subsidies or restrict imports of private
generating plant. However, if transportation policy dictates the need to
maintain subsidies for diesel fuel, or if strong pressure groups make such
changes politically unfeasible, the low cost of (subsidized) private genera-
tion may require the setting of an optimal grid supplies electricity price.
which is below strict LRMC. The extent of the deviation from strict LRMC is
determined by the magnitude of the subsidy and degree of substitutability of
the alternative energy source (see Appendix 2 for details).

A related question concerns the availability of subsidized kerosene
which in many developing countries is aimed mainly at providing bacic energy
requirements for low income consumers at prices they can afford. 1/ In part,
the subsidy may also prevent low income households especially in rural area
from shifting to use of non-commercial fuels, e.g., wood, the over-use of
which leads to deforestation and assoclated envircnmental consequences, or
animal dung, which has a high cpportunity cost as a fertilizer. If we assume
the kerosere subsidv as given, then once agalin the price of electricity must

be reduced proportionatelv.

[

However, a number 5I uniartunate side effects mav Zollow, including the
sractice of aixing xerosene with zasoline, wnich is tvpically sold at a
Aigher pricze per zalloa., The income distriburtion =IZects oI such i
colicv mav 1lso ™e pervarse. TFor 2xampl2, in scme :ouncrizs  the rela-
tively weirlthv have benerl 34 iv Sv Zonvercing prine
movers whizh use other fuels, such as aotsr Jar engines, Lo karosane use.,
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D.2 Subsidized or Lifeline Rates

In addition to the second best econumic arguments (e.g., associated
with subsidized kerezcne), socio-political or equity arguments are often
advanced in favor of "lifeline" rates for electric power, especially where
the costs of electricity consumption are high in comparison to the relevant
income levels, While the ability of electric power utilities to act as dis-
criminating monopolists gives them an advantage in addressing these issues,
it is clear that the appropriateness of the "lifeline" rate policy and the
size of the rate blocks requires detailed analysis. Such an analysis would
involve the study of a whole chain of interrelated energy and other effects,
which are generally of a higher order of complexity in developing countries

than in the developed-country context.
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Figure D.l: ECONOMIC BASIS FOR THE SOCIAL OR LIFELINE RATE
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The concept of a subsidized "social" block, or "lifeline" rate,
for low income consumers has another important economic rationale, based on
the income redistribution argument. We clarify this point with the aid of
Figure D.l which shows the respective demand curves AB and GH of low (Il) and
and average (IZ) income domestic users, the social tariff PS over the minimum

consumption block 0 to Q , and the marginal cost based price level Pe. all

min
tariff lavels are in domestic markat prices. If the actual tariff P = Pe’

then the average “ousehold will be consuming at the "optimal” level QZ’ but

the poor household will not be able to afford the service.

If increased benefits accruilng to the poor have a high social value,
then, although in nominal domestic prices the point A lies below Pe , the con-
sumer surplus portion ABF multiplied by the appropriate social weight w could
be greater than the shadow price of supply. The adopcion of the increasing
block tarifi shown in Figure D.l, consisting of the lifeline rate PS, followed
by the full tariff Pe , helps to capture the consumer surplus of the poor user,
but does not affec: the optimum consumption pattern of the average consumer. 1/
In practice, the magnitude Qmin has to be carefully decermined, to avoid sub-
siding relativelvy well-off consumers; it should be based on acceptable cri-
teria for ideatiZying "low income" groups, and reasonable estimates of ctheir
minimum consumption levels (e.g., suificient to supply basic requirements for

lighting and minor appliances). 2/ The level of ?S relative to strict LRMC

1/ Ignoring the income effect due to reduced expenditure of the awvarage

consumer for the first block of consumption, il.e., up to Qmin'
{

2/ In most developning countries Q i would be less than 100 ¥Wh per month.
2in
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wmay be deterwmined on the basis of the poor consumer’s income level relative
to some critical consumption level, as shown in Appendix 2. The utility’s
revenue constraints would also be considered in determining PS and Qmin'
This approach may be reinforced by an appropriate connections policy (e.g.,
subsidized house connections, etc.).

D.3 Financial Viability

The financial constraints most often encountered relate to the
revenue requirements of the sector, and are often embodied in criteria
such as some target financial rate of return on assets, or an acceptable
rate of contribution towards the future 1nvestment program. In principle, for
state—owned power utilities, the most efficient solution would be to set
price equal to marginal cost and rely on government subsidies (or taxes) to
meet the utilities financial needs. 1In practice, some measure of financial
autonomy and self-sufficiency 1s an important goal for the sector. Because of
the premium that is placed on public funds, a marginal cost pricing policy
which results 1in failure to achieve minimum financial targets for continued
operation of the power sector, would rarely be acceptable. The converse and
more typical case, where marginal cost pricing would result in financial
surpluses well in excess of traditional revenue targels, most often leads to a
situation which is politically embarrassing. Therefore in either case,
changes in revenues have to be achieved by adjusting the strict marginal cost
tariffs.

It is intuitively clear that discriminating between the various con-
sumer categories so that the greatest divergence from the marginal cost price

occurs for the consumer group with the lowest price elasticity of demand, and



-1

vice versa, will result in the smallest deviations from the "optimal' levels
of consumption consistent with the sctrict marginal cost pricing rule. 1/
Generally, in developing countries the necessary data for the analysis of
demand by consumer categories is rarely available, so rule-of-thumb methods
of determining the appropriate tariff structure have to be adopted. Hovever,
the fiscal implications of an increasing cost industry (i{.e., marginal costs
greater than average costs) should be exploited to the full. Thus electric
power tariffs (especially in a developing country) constitute an excellegt
means of raising public revenues in a wmanner which is generally consistent
with the economic afficiency objective, at least for the bulk of the consumers
who are not subsidized, while at the same time nelping to supply basic energy
needs to lcw income groups.

D.4 Other Considerations

There are several additional economic, political and social con-
siderations that may be adequate justification for departing from a strictly
marginal cost-based tariff policy. The decision to electrify a remote rural
area, which may also antail subsidized tariffs because the bhaneficiaries are
not able to pay the full price based on high unit costs, could be made on
completely non-economic grounds, e.g, for geneial socio-political reasons such
as maintaining a viable regional industrial or ariculrtural base, stemming
rural to urban migration, or alleviating local political discontent. How-

ever, the full zconcmic Senefits of such a course .5 action mav De much

1/ See W. J. 3aumol and D. F. Bradford, "Optimal Departures from Marginal
Cost Pricing," Am. Econ. Rev., June 1970, po. 265-232; and M. S. Feldstein,
i onal = tv and the Optimal 3Structure of Public Prices,"”
1
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greater than the apparent efficiency costs which arise from any divergence
between actual price and marginal cost. Again, this possibility is likely

to be much more significant in a developing country than in a developed one,
not only because of the high cost of power relative to incomes in the former,
but also because the available administrative or fiscal machinery to redis-
tribute incomes «r achieve regional or industrial developrent objectives by
other means is {requently ineffective.

For the same reason, it 1s particularly difficult to reform pricing
policy where low incomes and a traditioun of subsidized power combine to create
extreme difficulties in raising prices to anywhere near marginal costs. In
practice, price changes have to be gradual, in view of the costs which may be
imposed on those who have already incurred expenditures on electrical equipment

and made other decisions, while expecting little or no changes in traditional

power pricing policies. The efficiency costs of "gradualism'" can be seen as

an implicit shadow value placed upon the social benefits that result from this
policy.

D.5 Metering and Billing

Owing to the practical difficulties of metering and billing, the
tariff structure may have to be simplified. For example, the numnber of
customer categories, rating periods, consumption blocks, voltage levels, and
so on, will have to be limited.

The degree of sophistication of metering (e.g., by time of day)
depends on the net benefit of metering, problems of installation and mainte-
nance, and so on. Thus, for very poor consumers receiving a subsidized rate,
a simple current limiting device may suffice, because the cost of even simple

kWh metering may exceed the net benefit equal to the lower supply cost of
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reduced consumption, less the decrease in consumption benefits. In general,
various forms of peak load pricing (i.e., maximum demand or time-of-day
metering) would be more applicable to large MV and HV industrial and commer-
cial consumers. 1/

dost LV consumption, especially for households, is metered only on
a kWh basis, with the price per kWh based on a combined energy and "rolled in"
capacity charge (e.g., using appropriate coincidence and load factors). More
sophisticated meters, such as time-of-day meters which incorporate synchro-
nous clocks, may be afifected by power outages. At the other end of the scale,
current limiting devices are easier to tamper with. Some developing countries
may lack techanically skilled labor for installation and maintenance of sophis-
ticated meters, or even reliable meter readers. Therefore, choice of appro-
priate metering is usually very country specific, and is likely to involve

many practical considerations.

1/ For details of metering, see: Elecrric Utility Rate Design Study, Rate
Design and Load Contrecl, NARUC study, Palo Alto, California (November
1977), pp. 67-77.
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Appendix 1

Allocation of Capacity and Energy Costs Among Peak and Off-Peak Users

The simplified model of a typical electriz power generation system
is used below to show from a conceptual viewpolnt, how a long run marginal’
cost (LRMC) analysis based on the optimal system expansion plan yields the
following idealized conclusions. 1/

1. Peak users should pay off-peak LRMC of capacity as well
as energy costs.
2. Of f-peak users should pay only off-peak LRMC of energy.
3. LRMC of peak capacity = LRMC of base load capacity
- net fuel savings due to this base

load plant.

1/ A more realistic cystem model would have to consider a number of
complicating factors such as a larger number of rating per'ods and
plant types, non-ccincidence of the ratirg periods with the economic
crossover points between different plart types, economies of scale
and variable heat rates for a given plant type, hydroelectric plant
including pumped storage, reserve margins and stochasticity of supply
and demand, and so on. The most important difference with respect to
the general case is that some capacity costs would have to be borne by
consumers outside the peak period. However, the bulk of the capaclity
costs would still be allocated to peak period users. A simplified
exposition of this result is provided in: J. T. Wenders, '"Peak Load
Pricing in the Electric Utility Industry," The Bell Jjournal of Economics,
Vol. 7, (Spring 1976), pp. 232-41,
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Consider an all thermal generation system having the annual load
duration curve (LDC) shown in Figure 1.1. There are only two types of plant
whose linearized cost characteristics are given in the table below, and also

in the figure. We ignore for the moment, all losses, reserve margin, etc.

Capacity cost per

kW installed Operating Costs
Plant Type (annuitized) per hour
1. Peaking {e.g. Gas
Turbines: GT) a e
2. Base Load
(e.g. steam) b f

Total cost of 1 kW which 1s used h hours per year:

GT : a + e.h
Base: b + f.h

Let H be the hours of operation which corresponds to the crossover
print for which GT and Base Load plant total costs are equal.
Therefore, a + e.H = b + f.H

b-a

H = (@7F ) eeveenenruenensoasnenensnenesasenenenns
The moust economic use of plant can be determined by examining the
LDC, OABCEF:
(1) rcor planned base load operaticn (i.e. more than H hours per
year), use base load plant; X kW
(2) For planned peak operation (i.e. less than H hours per year),
use GT; (Y-X) kW
Total annual costs of meeting the demand depicted by the LDC is:-

CO = X (brf.T) + (Y-X) (ate.H)
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Onlv peak period demand increases by 1 kW (as shown by shaded
area AGNB in Figure 1l.1):
The optimal system planning response 1s to increase GT by 1 kW.

Total annual cost is C, = X (b+f.T) + (Y+1-X) (ate.H)

1

Therefore, increase in cost: Cl—Co = a+ e.H

This Ls the increase in system costs incurred because of the
1 kW increase {n marginal (or incremental) demand during the
peak period, and thus the peak period user must pay this cost.
The peak costs consist of:

(1) Capacity charge = a per kW per year

(2) Energy charge = e per kWh.
It may be seen that peak users payment = ate.H = increase in
system costs.
Only off-peak perlod demand increases by 1 kW (as shown by shaded
area CIJE in Figure 1l.1).
The optimal system planning response is to add 1 kW more of base
load plant. But now there is 1! kW less of GT required than before.
Total annual cost: C2 = (X+1) . (oFE.T) + {Y-(X+1)] (ate.H)
Therefore, increase in cost: CZ—CO = (b+f.T) - (ate.H)

= (b-a) + (f-e).H + £ (T-H).

Sustituting for Hd from equation on (1l.1)
C -CO = (b-a) + (f-e).(b-a)/(e~£f) + £.(T-H)

2

C.-C = f(T-H)
2 o
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Therefore, the increase in system cost incurred due to the 1 kW
Increase in marginal off-peak demand 1s equal to the energy cost of operating
the base load plant during this period, and thus of f-peak users must pay only
this energy charge f per kWh. There are no capacity costs incurred by off
peak users, since off peak users payment = f(T-H) = increase In system cost.
In particular, we note that the base load capacity cost (b) is
exactly offset by the total cost saving due to GT which is not required any
more ({.e., capacity cost ‘a’ plus net fuel cost saving {e-f).H inside the
shaded area LKIC). 1In other words: Peak capacity cost = Base load capacity
costs - net fuel savings: a = b - (e-f).H
Case 3: Both peak and off-peak demand increases by 1 kW. This case is
a linear combination of Cases 1 and 2, and therefore consumer
charges are:
(1) Peak capacity charge: a per kW per year;
(2) Peak energy charge: e per kWh;
(3) Off-peak energy charge: f per kWh.
Clearly, total peak and off-peak users payment = b+f.T = increase in system
cost. These results may be generalized to include more types of generating
units, and rating time periods; e.g., n plant types and n rating perinds,
where these rating periods are chosen to coincide with the economic crossover

points between competing types of plant.
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In this case LRMC prices would bYe:

0 to Hl = peak period : capacity charge a, per kW per year, and

energy charge e per kWh

1

d
H, toH, = 2" period : only energy charge e, per kWh

h
Hn_ to T = nt period : only energy charge e per kWh
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Appendix 2

Model for Optimal Electricity Priclng in a Distorted Economy

In this appendix, a general expression for the socially optimal
electricity‘price is developed tased on the border prices, to compensate for
distortions in the economy. From the general equation. results for optimal
electricity pricing are derived, for cases which reflect:

(a) a perfectly competitive economy (classified results);
(b) economic second best considerations; and
(c) subsidized social prices or lifeline rates for poor

consumers.

Unit A
Mavrket

Pyice

I H

@) & Q+tAQ G Codiem b €

Figure 2.1 SUPPLY AND DEMAND FOR A GOOD
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The supply and demand for electricity is shown in Figure 2.1, where
S is the supply curve represented by the marginal cost of supply (evaluated
at domestic market prices of inputs), and D is the corresponding demand curve
for a specific consumer. Starting with the initial combination of price and
consumption (p, Q), consider the impact o:f a s.all price reduction ( dpj,
and the resultant increase in demand ( dQ), on the net social benefits of
electricity consumption.

Before evaluating the net social benefit of this price change, let
us- define several parameters. First, suppose we calculate the marginal cost
of electricity supply MC without shadow pricing the inputs, i.e., in market
prices. Then ap is defned as the 2lectricity conversion factor (ECF) which
transforms the (market priced) marginal cost of electricity supply MC into the
corresponding real economic resource cost, i.e., when all the inputs to the
electricity sector are correctly shadow priced, the (border nriced) marginal

supply cost is HCBe = (aD.MC). Second, we assign a specific soclal weight W_
-

to each margzinal unlt of.consumption (valued in market prices) of a given
individwal 1 Iin the economy, e.z., if thkis electricity user is poor, the
corresponding social weight may be much larger than for a rich customer, to
reflect socletvy’s emphasis on the increased consumption of low income gcoups.
Third, if the given individual’s cousumption of zoods and services other than
electricity (valued in market prices), increases by one unit, then the border

priced marginal soclal cost of economic resources used (or the snadow 2ost to

the economy) 1is b,.
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As a result of the price reduction, the consumer is using dQ units
more of electricity, which has a market value of (p. dQ) (i{.e., area IFGH). 1/
However, the consumer’s .income has increased by the amount PQ - (P~ P)
(Q + dQ), and assuming none of it 15 saved, this individual’s consuaption of
other goods and services will increase by the amount (Q. dp-p. dQ), also
valued in market prices (i.e., area BEFG ninus area LIFGH). Therefore, the
consumer’s total consumption, i.e., electricity plus other goods, will in-
crease by the net amount (Q. dp) in market prices. This 1is the traditional
Increase in consumer surplus benefits. The shadow value of this increased
consumpt ion is Wc . (Q. dp) where WC i1s the social weight appropriate to this
consumer’s income/consumption level.

Next consider the resource costs of these changes in consumption.
The shadow cost of increasing electricity supply is (ap.MC. dQ), (i.e., ap
times area [JKH), and the resources used up to provide the other additional
goods consuned bc.(Q. dp - p. dQ), where ap is the conversion factor for
electricity production, and bc is the conversion factor for other goods con-
sumed by this consumer. Finally, the income change of the electricity pro-
ducer must also be considered, but this effect may be ignored if we assume
quite plausibly that the producer is the government.

The total increase in net social benefits due to the electricity

price decrease {s given by:

L/ The little triangle LFG may be neglected throughout this analysis because
its area is ( dp. dQ)/2, where both dp and dQ are small increments.
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Therefore:
( dNB/ dp) = Q [(W =-b ) + n.b ] = n.a. .(MC/p)
c c c )

where n = (p. 4Q/G. dp) is the elasticity of demand (magnitude).
The necessary first order condition for maximizing net social benefits, in
the limit, is d(NB)/dp=0. This yields the optimal price level:

x = n.\ + (5 - 2.

p a (C/[bC (JC bc)/n] (2.1)

This expression may be reduced to a more familiar form, by making
some simplifying assumptions.
Case 1: Perfectly competitive economy where market prices and shadow prices

are the same, and income transfer effects are ignored, i.e., no
social weighting.

Therefore, ap =W =05 1, and equation (2.1) reduces to:

o
*
1}

MC (2.2)

This is the classical result (discussed in subseccion 3.1), where net social
benefits are maximized when price is se: equal to marginal cost at the market
clearing poinat (pC,QC) in Figure 2.1.

Case 2: Income transier =ffects ignored, because the marginal social berefit

of coansumption is equal to the marginal social cost to the economy
of providing this consumption.

]

Therefore, W b , and equation (2.1) becomes:
c c

p*

=
=

(a_MC) / b = M4CB /b (2.3)
D c e ¢
This is the optimal marginal cost dased electricity price, when 2fflciency
(shadow) prices are used which emphasize the efficient allocation of resources
and neglect income discributional considerations.
Ais mentioned earlisr, the margzinal social cost of slectricity

supplvy (HCBe) mav be evaluated in a straightfinrward manner by applving the
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appropriate shadow prices to the least cost mix of technically determined
inputs used in producing electricity. However, the conversion factor bc
depends crucially on the type of consumer involved.

For residential electricity consumers, bC represents the consump-
tion conversion factor (CCF), which reflects the resource cost or shadow
value of one (market priced) unit of the households marginal consumption
tacket., TIf the CCFKI1, then pe*>(HCBe).

snother interesting case illustrates the application of equation
2.3) ts correct for economic second-best consideration arising from energy
substitution possibilities. As an extreme case, suppose all expenditures
diverted from grid supplied electricity will be used to purchase alternative
energy which I3 subsidized by the government (e.g., kerosene for lighting,
or diesel for zutogeneration). In this case, bc is the ratio of the border
priced marginal cost of alternative energy to its market price; and may be
written:

+CB
b = ae

Cc
ae

Thus from equation (2.3): 1/

p*=MCB . (P /MCB ) (2.4)
e ae ae

1/ The logic of this expression may be clarified by considering the case
when the actual p >p * Then the shadow cost of one unit of expenditure
on electricity is “yuch /p while if this sum was used to purchase alter-

native encrgy the shagowecost would be MCB_/p Since p >p *, MCB /p >

WCB /c o’ and the country is better off i$°mote electrlcxgy ¥s used®
instead’Sf the alternative energy. Therefore, Po should be reduced to
Po *, Similar reasoning can be used to show that®if P (p , then p should
be increased to the value Pe €
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Since the alternative energy is priced below its border marginal cost, i.e.,
bc> 1, then pe* < .\ICBe also. Therefore, the subsidization of substitute
energy prices will result in an optimal electricity price which is below its
shadow supply cost.

If it is not possible to determine the consumption patterns of
specific consumer groups, then bC could be defined very broadly as the average
conversion factor for all electricity users, e.g., the SCF, as discussed in

subsection 3.4.

Case 3: General

Equation (2.1) is the optimal electricity price when social (shadow) prices
are used, which incorporate income distributional concerns.
Consider the case of a group of very poor consumers for whom we may

assume: Wc >> bc(n—l). Therefore, equation (2.1) may be written:

p * = n.MCB /W

s e ¢
An even greater simplification is possible if it is assumed that n = l; thus

n * = MCB /W

s e ¢
For illustration, suppose that the income/consumption level o{ these poor

consumers (c) is 1/3 the critical income/consumption level (Z) which is like

a poverty line. Then a simple expression for the social weight is:

Wo=c =3
c <
Therefore ps* = HCBe/3, which is the "lifeline" rate or subsidized tariff

apprepriate to this group of low income consumers.
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CASE STUDY I

ELECTRICITY TARIFFS IN INDONESIA
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Sector Background

The electricity sector in Indonesia comprises PLN ~ the government-
owned enterprise statutorily responsible for all generation, transmission and
distribution of electricity in the country - captive ;/ plant installations
and some municipal franchises.

It is estimated that the aggregate capacity of captive plant now
equals that of PLN.

The total generating capacity available to PLN 2/ at the end of
FY78 was about 2,000 MW, 40% of which was in the form of gas turbines, 23%
diesel, 227 hydro and 15% steam. In Java, gas turbines now account for 50%
of the total of 1,255 MW. This development of generating capacity was due
to a crash program of gas turbine installations in the early seventiles when
PLYN suffered major breakdowns in generating capacity and gas turbines were
seen as the only mezns of adding new generating capacity quickly. It is
being corrected now with the commissioning ia 1975 of new steam generating
capacity at Perak and Gresik (East Java), Semarang (Central Java) and Muara-
Karang (West Java). These new steam stations will add 1,200 MW of base load
capacitcy by 1982. At that time, the PLN system in Java will have 53% of
steam, 207 of hydro and 277 of gas turbine plant; all PLN's uneconomic small
diesel plant would be retirad. The proportion of steam, hydro, gas cturbines
and diesel in the encire country would be 417, 187, 20% and 217% respectively.

PLN operates about 3800 m of transmission lines, mostly in Java,
About 2000 ¥m of high voltage (70/150 kV) transmission- lines are currencly
under constructicn and these will be completed during 1979-82, The attached
Figure 6,1 shows the existing 150 kV system and extensions in orogress
in Java. The presently 1solated systems of West, Central and East Java will
be Interconnected in 1980 to form an all Java grid. In addition to its main
transmission lines, PLN now has 1n operation distribution systems aggrsgating
some 40,000 km.

PLN's capacity expansion plams, parcicularly in Java, are based
on tight reserve margins. The existing diesel captive installations with
any economic life left will therefore continue to be utilized by their owners
as emergency staadby or for use during peak periods when there are restrictions
on supply. Captive power installations im Java, with a few exceptions, are
too small to be interconnected with the PLY system; theilr utilitzation will
therefore continue to te poor. To a limited extent they can be taken over by
PLX where the equipment is in satisfactory condition, for use in isolated
areas wnere public supply has to be introduced. The age of these installations
and difficulties in obtaining spares would however be deterring factors. PLN agrees
that such equipment as can be advantageously used should not be left redundant when
the sector needs 1it.

1/ 1Installed by private partifz for éIéctricity production for thelr onw use.

g/ Includes the 125 MW aydronelactric station owned by the Jatiluhur Authozity,
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PLN agrees that such equipment as can be advantageously used should not be left
redundant when the sector aneeds it. PLN's connection policy for consumers with
existing captive plants is to consider cases on theilr merits, as the situation
is not amenable to generalizatiom.

Indonesia's population has low access to electricity when compared
to other countries. About 6% of the households were connected at end FY77
compared te 27% in Thailand and 327 in the Philippines. Regional imbalances
exist as shown by the degrees of electrification in the regions given below.

DOMESTIC CONNEC.IONS

Region Domestic comnections %

Sumatra

Kalimantan

Sulawesi

Amban

West Irian

Bali and Other Islands
Java a/

Indonesia

ook OW

(U, BV I LR O VSR S VI
.

f, SO
Rural electrification (RE) has been underczakan ian a small way from

funds provided to PLY by the govermment. 4An RE division was fcrmed ia 1975
in PLY to premota RE projects and the divigieon nius several projects in view.

Demand Forecast and Svstem Characteristics

Several attempts have been made 1a recent years to prepare a usable
demand Zorecast for Indomesia. This has been difficult because of low cou-
sumption levels and the background of public power supply which did not cover
the total market, Furthermore, the restrictions om PLN's ability to provide
supply, made PLN's past record of sales an unreliable base for future projectilons.
In 1973, a consultant, Chas. T. Main of the USA applied an indirect mathod of
ugsing growth probabilities in selected sensitive aeconomic sectors and thelr
probable impact on other sectors. A mora direct detailad assessment of the under-
lying demand 1/ in Java was made during 1974-76 5y PCR of the UK. This study
quantified the effects of restzictions on supply during peak hours, low voltage,
self-generation and PLN's walzing lists. There have been 10 similar comprehensive
demand surveys foc the other islands,

Agsuming that PLN's sales would not immediately rise to the levels
of the underlying demand estimated by PCR in Java and that a certain portion
of this market will continue to be met by captive installations for some time,
PCR also determined what it considered realistic targets of sales on which PLY

a/ Includes Jakarta at 20.3%.

1/ The demand PIN %ould have served if its installations had beea adequata
and all selli-supplied ingtallaticns had been served by ?LN.
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d base its future development program. These are substantially lower than
underlying high market forecast, but of the same order of magnitude as
andependent macro estimate which used per capita GNP projections 1/. These
ies show that PLN's future salas, in the short and medium term, will depend
rely on the rate at which PLN is capable of satisfying an increasing pro-

lon of the existing demand whereas, in the long term, sales zre expected
eflect more closely the growth of the power market based on the overall level
conomic development. The demand forecast used in this study is based omn

s growth of sales. All forecasts are given in Table 1,

Forecasts of Future Generation Requirements (GWh)

Year PCR (High) PCR (Low) TAEA (Low) PLN/IBRD a/ (1978)
(1) (2) (3) (&) (5)
1979 13,826 7,500 - 5,780
1980 16,078 9,728 9,165 7,005
1981 18,538 11,639 - 8,491
1982 21,513 13,285 12,926 10,291
1983 24,894 15,054 - 12,388
1984 27,212 16,999 - 14,771
1985 31,393 19,198 20,142 17,332
1986 36,187 21,646 - 20,478
1987 41,684 24,370 - 22,643
1988 47,986 27,393 - 36,039
1989 55,266 30,739 - 29,945
1990 53,669 34,439 43,400 34,437
1/ 3By the International Atomic Energy Authority in 1976.

The figure in this column are for PLN's fiscal vear which ends in March
of the succeeding vear. To compare with the figures in the preceding

columns, they should be decreased by about 3% up to 1984, and 4T therealter.
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The Java demand forecast i{s determined at three voltage levels, high,
medium aad low, assumfing that the dagree of intsrconnection is sufficlent to
treat the three grids: West, Central aad East Java, as a single systam, during
the time horizon 1979-87,

The system peak demand at the generators is determined by taking
PLN's current energy forecast and applying the projected load factor of 0.68.
As shown in Tables 1 to 3 -and the accompanying Figure 3, the peak demand at
each lower voltaga level is estimated by deduczing the system losses and con-
sumer demand drawn off directly at the higher voltage level. The HV and LV
peaks coincide with the system peak (approximasely from 1800 to 1900 houzrs in
the evening, as deseribed later). The contribution of MV consumers to the systam
peak demand 1s estimatad co be about 0.5 of their own peak demand (which cccurs
during the day-time).

Typical daily load duration curves for West, Central and East Java, and
the composgite all Java annual LDC's are given irn Figures 4 to §. The system
peak occurs everywhere at or around 1900 hours.

No significant seasonality was observed (e.g., wet versus dry season)
with reference to either the magnitude of the peak, or the shape of the LDC as
shown in Figure 8. Therefore, the principal variation in the demand Zor power
is by time of day, acd it Is assumed that the evening peak, caused maialy by
vesidential coosumers, would remain the dominant one within the time horizon
1979-37. The rapid growth of HV demand at high load Zactor would increase the
demand uniformly throughout the day, while .'e MV demand increase would aot
be sufiicfent %o make the day reak the dominant one.

STRICT 3MC COMPUTATICNS (JAVA)

The LRMC calculation comsigts of the Zollowing components:

1. peek capacity cost
2, peak energy cost

3. off-peak erergy cost
4, customer costs

All cost have to be adjusted for losses up to the point of delivery to comsumers.
Capacity costs per %W are convertad Zo costs per %W per year, by annuitizing
over the lifetime of the equipment.

Tte costs are compuzed in comstant 1973/9 Rupiah (3p.), at border prices
(BP). 1In the light of inadequate data, a relatively simple shadow pricing frame-
work is applied. The new official exchange rata (OER) of Rp. 625 per USS is used
to convert foraign costs to,3p. (in 3P). Local costs are converzed to 3P by the
conversion faccor(CF) 0.78 = The total costs (i.e., foreign plus local) in 3P
are transtforued inro domestic priced (DP) costs by dividing by the standard con-
version factor (SCT), which is assumed to 1.0 Zollowiag the devaluation. TFor
comparison, the casts without shadow priciag are also shown. The discount. Zfactor
is 127 (opportunity cost of capital, 0OCC). ’

% of Local Costs Conv. Fac.
;/ Unskdlled Labor 35 x 0.7 0.25
Other 85 x 1 = 0.65

Local Costs CF = 0.3
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Capacity costs per peak kW served are first determined at the voltage
level they are incurred in. They are converted to costs per kW per vear by
annuitizing at 127 over the plant life-span. The capacity coscs per kW per year
at lower voltage levels are determined by dividing by the appropriate power
loss factor (sze Tabla 3), as described after Table 10.

Peak Capacitv Costs: Generation

Consider the simplified anaual load duration curve and demand forecast
shown in Figures 1 and 2. The LRMC of capacity may be determined by asking the
following question: what is the change in system capacity costs AC associatad
with a incremental increase AD in the long run peak demand (as shown by the
shaded area of Figure 1 and the_.broken line D + 4D in Figure 2). The canacity
cost of generation would be (-5=2) in present value zerms, annuicized over the
lifetime of the plant, and this figure must be adjusted Zor reserve margin and
losses at the various voltage levels. Therefore, :he increment of demand .D
is marginal both in time, and in terms of kW.

In an optimally planned system, the change in the expansion program to
meet the new incremental load -would normally consist of advancing the commission-
ing date of new plant or inserting units such gas turbines or peaxing nydro. In
tie case of Java, the generating system Iis imbalanced at present, 1/ e.g., in
1977/1978, there was almost 600 MW of gas turbines cut of a total installed
capacity of about 1300 MW (dependable capacity, only 1060 MW). Consequently, gas
turbines are currently being used to serve base load. Thersfore, to restore
the normal generating balance, during the period 1978/1379 to 1383/1984, about
1500 MW of base load steam plant will be added to the systemn. This will lead
to large reserve margins during this period, scmetimes exceeding 357 of the
installed capacity.

The fuel savings alcne from displaced gas turbines, will help to
justify these base load plant additions. Consequently an incremental block of
peak period customers (as shown in Figures 1 and 2) can be served ar essentially
zero capacity cost, from gas turbines which have been freed. Yew peaking capacitw
will be required only by about 1584, when the reserve margin will have become low
and the Saguling hydro units will come on-stream (Zor peaking purpcses).

Therefore, it may be deduced that the LRMC gzeneration capacity ccst
will bte represented by the costs of Saguling, but discountad to the present tinme,
appropriatzly annuitized, corrected for losses and so on. The average costs of
the first 175 MW unit from Table 4 1is used to calculate the generation capacity
costs per kW per vear at HV, MV and LV.

1/ During the late 1960's and early 70's, a large amcunt of gas turbines were
commissioned because these were the only type of plant which could be added
on fast enough to meet the growth of demand at that time, which had not
been foreseen earlier when PLY was institutionally weak.
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Peak Capacity Costs: Transmission and Distribution

All transmission and distribution (T & D) investment costs are allocated
to capacity (or kW) costs. The present discounted value of T & D costs ver kW
of serving incremental consumers may be computed using the Average Incremental
Cost (AIC) method, i.e., the (discounted) ratio of future investment costs to
incremental kW served. 1/

Transmission investment costs at EHV/HV are computed from the
transnission investment plan, as shown in Tables 5a, and 5b. Distribution invest-
Lent costs are allocaced tetween MV and LV levels, as given in Tables 6 to 8.

The incremental costs and demand at each voltage level, are also given in TAbles
6 to 8. The incremental costs and demand at each voltage level are summarized

in Table 9. The average incremental cost (AIC) is calculated as the ratio of the
above guantities, for transmission and distribution.

Total Peak Capacitv Costs

These are summarized in Table 10 in domestic prices. The method of
derivation is shown in the next sheet.

Other Costs: 0 & M, G & A, Facilities

These costs are taken Irom PLN financial projections and calculated as
costs per kW per year. Ideally, they should be opportioned between kW and kWh
costs,

However, siuce these costs are small, (e.g., a few percent of ifavest-
mant costs) and no accurate data on allocation is available, they are all opportioned
to capacity costs of generation, transmission and distribution and computed as
whown in Tables 11 to 16 on a per kW per year basis.

Energv Costs: Peak

The energy costs of meeting a block of incremental peak consumers will
essentially be the cost of running the gas turbines. Zven after 1984, when the
peaking hydro at Saguling has come on stream, gas turbines will still need to be
run as the marginal units, Owing to the variations in fuel prices, the cost per
kWh of generation has been computed using 2 values for high speed diasel (HSD)
costs: USS 15.5 and 13 per barrel, (international prices).

The long run marginal energy costs during the off-peak pericd shown
by the shaded block of kWh in Figure 1, would be the costs of tunning the marginal
base load steam plant (e.g., the Muara-Xarang units). 1/ The cost per XWh has been
computed using 2 prices Ior Bunker C Fuel corresponding to the HSD prices, i.e.,
U.5.5 12 and 10 per barrel.

1/ Suppose AMW, and I, are the Iacremental demand served and the corresponding
investzment coSt in ydar L. Then, the AIC of capacitcy is given Hy:

T . T
> P ph . , i- . . . .
AIC = T:iLLi /\lft)_/tz;ibﬁ;/(l?r) . whera r s cthe discount vata (e.z. che

cpporIunity cost of capif@ll) and T is the zime horizcn (a.5., 10 rears).
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Typical calculations for both peak and off-peak energy costs are
sumarized in Tables 17a, 17b, 18 and 19, at HV. MV and LV levels.

Custcmer Costs

These are available from PLN costs, i.e., comnection labor costs, meter
costs, service drop line costs, etc.

The costs of meter readiag and billiag etc. are already included in
4 & G costs.

Java Bagic LIMC

These results are summarized in Table 20. The capacity costs have been
converted to equivalent kWh costs assuming different consumer coincidanmcs and
load faczors in Table 21.

LRMC Qutside Java

Ideally, the LRMC for each of the islands should be computed separataly
(as for Java) because the system paraneters are widely diffarent in easp case.

However, this was not done, because the available data on demand, investment and

operating costs, losses etc. is unreliabla.
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Figure 3.
DIAGRAM FOR TABLE | : LOAD/DEMAND & LOSSES FORECAST H.W.
System Peak (:)

at Generaticn

Station Use

Z (3 L e

Transmission

Losses
v
HV consumer peak : (:) (:) System Peak at HV
}So/Fo kv :
MV Losses
—_:Z____q(:) (Substation)
+ MV Lines
MV consumer peak (:) . (:) System Peak at MY

:.o/lz kY

-_Z____,(:) LV Losses

(Substation +

"O , LY Lines).

380/110 Y @

System Peak at LY
= LV consumer peak
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1L0AD FORECAST 7CR JAVA
Table ta . PEAK GEHERATION
YEAR 771773 78779 79/80 bo/83 g1/82 82/83 83/6h 3h/85 H5/86 86/87
G.M.H. 3.909 %.769 5.780 7.00% 8.491 10.29) 12.388 1 h. N 17.332 “20.478
ETRTA 656,2 300,6 | 970,3 | 1.175,9] 1.h25,4 1.727.6] 2.079,6 | 2.079,7 | 2.909.6 | 3.437,8
Note

wal - G.MH

T 8,70 x L.l

Lf, = 0,68




TABLE : 1b

JAVA DEMAND AND LOSS FORECAST
AT TIME OF SYSTFM PEAX

Un it MW
Syst. peak Seatfon e Systea Hv MV losuesg System MYy Consuner peak LV lossea System
ERV & liv ——

YEATD at penera- Transmiasid Peak Conusumer (subst. + Peak b ny:an' (subst. + Peak

tion (MW). on  loss. at Wy peak MV Lines) at MV poak time swn peak i.inesg ). at Lv.

(1) (2) @) =(1)}-( “» (5) (6)=(3)-(1) -{s) (Na (Mh (8) 19)= (¢3-(7)a-(8;

77/178 656,2 63,98 592,2 13,00 52,13 527,07 L0,55 121,10 155,23 315,15
78/179 B0V, 6 82,06 715,54 43,76 60,73 614,05 69,86 139,721 179,58 364,61
79/80 970,53 106,73 863,57 68,13 71,59 723,85 48,68 177,35 200,08 439,09
8ou/81 1175,9 J 135,23 1040,67 146,4 80,48 813,79 97,24 194,47 225,71 490,84
81/82 1425, 4 174,61 1250,79 196,51 94,89 959,31 123,18 246,15 250,86 585,35
82/83 1727,6 220,27 1507,33 229,27 95,86 1182,2 165,82 331,64 304,91 711,47
83/84 2079,6 280,75 1798,85 262,02 115,26 1421,57 220,05 404,90 342,92 858,80
84/85 2479,7 347,16 2132,54 294,177 137,81 1699,94 258,93 577,85 402,14 1008,87
85/86 2909,6 407,34 2502,26 327,52 163,11 2011,63 374,80 749,460 hh1,94 1194,89
86/87 3437,8 481,29 2956,51 360,27 194,72 2401,52 h47.68 895,36 527,54 1426, 30




1Y Incr.
Discount
W) x(e) -

h9,46

62,71

61,27

B0, 15

93,47

\ FAVA THCRENENTAL: DEMAND FORECAST
S AT TIME OF_SYSTEM PEAK
|\ (dcr:’v'cl jrom Table i)
TABLE : 2 In constant : WY
Discount Gener, i Gener Gen.incr. A nv W Incr. Hy nv HY Incr., v Lv
Year Ffacter teak Increment Discount Peak Incremnnt Discount Meak fncrement Olscount Paal Increment
(n} (1) {n) (A} x{n} (3) (c) {r)Yx{cC) (6) (v} {A)x(n) (8} (E)
767177
71/18 $56,2 592,2 527,07 315,15
78/71 1 800,6 144, 4 144, 4 718,54] 126,34 | 326,34 614,05 | 86,98 86,90 64,51 49,46
79/80 0,5979 970,3 169,7 151,53 | 863,57 145,03 129,50 723,85 | 15,3 90,04 635,07 70,48
8o/81 0,7972 1175,9 205.6 163,90 |1040,57 177.1 141,16 813,79 49,54 71,70 490, B/ 55,75
81/82 G.7118 1%25,4 269,5 177,59 {1250,79 210,12 149,56 959,39 | 145,6 103,64 585%,3 24,51
82763 0.6355 | 1727,6 302,2 192,05 |1507,33 256,54 163,03 1182,2 | 222,m 141,60 710,61 16,11
83/8h 0,5674 | 2079.6 ‘352 199,73 \i79m,85] 291,52 165,61 | 421,57 239,37 135,87 | 858,80 147,)3
. Bh/85 0,5066 2679,7 400, 1 202,69 12132,5h 333,69 169,05 699,94 | 278,37 141,02 |tova, a7 150,07
85/066 0,4523 2309,6 429,9 194,06 12502,26 369,72 167,22 2011,63| 341,65 140,98 P94, 9 186,02
- 86/87 ©,5039 3437,8 528,2 213,34 {2956,51 454,25 183,47 2A01,52{ 382,89 157,48 |1426,30 731,61
ToTALS 1639,67 1394,76 1077,26

fli IS

t




TABLE : 3 LOSSES
Av. & Peak Locs. Factors for Encrgy/Power { % of in Comlng )

(Peuk 15¢ses .u?e.r{ in Table |)

v - I - o Togel L '
Year Stg:lo.‘ l(!\s'-i\.,g'/l;} . Stat Use-+ EHV/NV Mv .Losscs 1KY l__osses __J'ﬂ 7 P_f_g‘gﬂg?_a_ggqn
‘5 ' Av.E/P Peaiz P Av.E/P Peak P Av.E/P peak P} Av.E/P !
N B V3 (3) (W) (A (s) (6) (B) (7} 8y () (9)

17/78 : 3 h,5 7.5 9,75 6 9 22 13 24,9
78719 3,5 h,5 8 10,25 6 9 ' 2 13 23.6
79/80 3,5 5 8.5 11,00 6 9 21 11,5 21,8
80/81 4 5 9 11,50 6 9 21 31,5 21,2
81/82 L 5.5 9,5 12,25 6 9 20 30 21,2
82/83 h,5 5.5 10 12,75 5 7.5 70 30 21,2
83/84 L5 6 10.5 13,50 5 7.5 i3 28,5 21,1
8h/85 5 6 11 141,00 5 7.5 19 28,5 2i,h
85/86 : S 6 H| 14,00 5 7.5 12 27 20,9
86/87 : 5 6 1 1,00 5 7.5 18 27 20,7

3 = 1 + 2 3 = Total average josses Av. = averaqe

fccording to program ~
- - * - e
h 1 "(7( 2 (O/b ‘l. ﬂl:nCYt\.{'l‘Jh) k_ = E'y\(_rg\j iOSS
6 -~ KL+ 5 J !
P = Pawer (V-1 34
g =L + 1
OC - peak hi ~ 1,5

av. MW
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CALZULATION OF GENERATICN CCHMEOMENT CAPACITY
COST FOR & PEAK  {.JAVA)

SAGULING HYDRO PLANT LSE uMIT L7S5 MW

A. SHADCW PRICED
1. Ganeration & peak.
a. HV Consumer -.;2.11.:.122_3p.,+_ 1 x 1,2 ——0.927
, 175 x 103 xw
Per kW = Rp.293.888/%kW
Per kW/ycar = 3p.293.888/kW x 0,120925 (annuity factor)
@ Rp.35.538/kW/year (DP)
b, 4.V. Consumer :

Rp.293.888/xW . 0,918
Rp.32C139/%W

[p.320.139/kW 2 0,120925 ")
Rp.38.712/kW/year (DP)

Per kW

Per kW/year

c¢. L.V. Consumer :

Per kW

Rp.320.139/kH —— 047
Ap.457.341

Rp.457.341/%W x Q,120925 *)

Per kW/year
| S,

Rp.55.304/14/year (cp}

B. NOT SHALOQW PRICTD

43,14 x 10° Ro. x 1,2 . 0,927
175 x 105 xm

a. H.V. Consumer

Per kW Rp.304.318/%W
Ap.304.318,/kW x 0,L009%S *)

Rp.36.799/kW/year

Per xW/vear



b. M.V. Coniumer
Per kW

Per kW/year

¢. L.V, Consumer

Per kW

Per kW/yzro

Rp.304.318

0,918

Rp.331,501 / xW i
Rp.231.301 / kW x 0,120925 «

Rp.40.086, -

Rp.331.501/kW
Rp.473.572

0,7

.
b
t
i

Ap.473.572/%xW x 0,120925
Rp.57.266, kW/yzar

Note : *) annuity factor (for generation)

n =35 + 8 = 43 years )

L = 12% = 0,12

0.927,0218,07

are gcwer loss

1,2 is factor for 20% averags

1,0° = scF

)

factors

Teserve margin.

ann.f. = 0,12

)

0925
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IBVESTMENT IROGRAIEE -JAVA
elvhy, Thassmpssion 1 rp. 107,
, _
. , , ) . FUTAL
79 | ies | soral | mizaz 62/83 | a3s84 aa/ss | Bs/Be | 86/R7 | o Re
e L5 | 1e.80 | 130 | 14.00 27.80 27.30 15.00 7.00 10.50 | 143.6
cetns )
| TRANSHISSION 5.4 5.00 5.10 a.2u | o12.60 | 10.20 A.80 3.3 .00 | 61,7
e 7.10 4 1140 9.50 0.00 | 1940 | 11.20 570 | 10,60 | 27,40 | uia,9 }
2| SUBSTATION . 2.60 3.40 1.00 1 3.00 A.40 2.20 1.20 3.90 7.40 30.6
i - 2.08 3.45 1.77 2.06 1.67 1.67 1.07 1,67 | 16.04
3 100t L.p.C. - 0.4 0.63 0.54 0.67 0.1 0.11 0.11 0.11 2.68
(Lond Dezpaieh, 34 —
Cer.l‘n] ———
e 1 18.¢ 33.28 | 26,05 | 25.97 49.26 1 a0.17 22,37 % 19.27 {3051 j24a |
4 TOTAL . 5.4 10.6 7.63 | 12.: 17.67 12.51 6.11 7.31 12.41 | v4.98

Multiply al) foreign costs (rc) by 1.5 and local costs (1LC) by 1.2.
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TRALRSHISSION CAPACITY COLTS (v cosT)
{TRANTHISSION EIN/IWY_ TEVESIIENT PLAK) .

i 9
Table : Sb In constant mp.1o
. e — - + - I - -
year Foreign LOCAL RO SHADOW Shadow I'rice | Shadow Price Discount | No shadaw Fricing ! Shadow Pricine
Frice tocal Total Factor Discount Discount
Total Total Total (np)
e e e ———————— ——— e Y S ———— —_—
il) i2) (3)-(114(2) (4)=(21x0.9 (5)={1)4(q) (6) (7)) ={1) x(6) (B} =(S)x(h;

70/79 27,9 10,08 37.04 9,07 36.07 1 37.an 36.07

79/00G 149.9? 12,72 62.64 11,45 Gl .2 U,8229 55.93 54.8

Br/n1 19.0n S.15 an .24 a.24a 47.32 0,7972 3R . 40 37.72

81/82 ig.95 1a.p} 53.76 11.1) 52.280 0,7118 3R.26 7.2

nz/03 71.89 21.20 95.00 -1 19.0m 92.97 0.6355% 60,41 1 s9.0n

B3/84 60.25 15.01 75.26 13.%1] 73.76 0,5674 41,70 -11.185

B4/8S 33,55 7.32 140.38 G.00 an_.1s5 00,5066 20.71 20.34

85/86 28.90 8.77 17.467 7.89 6,79 00,4523 17.04 16.64

86/87 59. 3¢ 14.39 74 .25 13.40 72.76 0,030 29_99 29.39

- —t - r_._ —
TOTAL 111.80 113,97 525,77 102.57 514.37 341,5 334~
|
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JWVESTMENT PROGRAMMIE ~JAVA

N.V. PISTRIBUTION

Y

-7 9
Table 6a rp. 109,
. TOIAL
779 | 79780 | suzet | osi/s2 pz/e3 | 83784 aa/ss | 8s/e6 | Bo/87 o
i 5.306 7.40 9.08 10.41 11.49 11.96 15.20 1B.59 9.84 a6 . 1O
sistinuiion ¢ — — _
L : 8.37 11.48 13.78 15.86 18.03 | 15.08 21.51 27754 12.30 | 144.66
W - LING _ 30 _
Ic .
- . 1.25 .08 1.25 .01 - - } - 5.6 |
; 1003 D.C.C. ]
. 2.1 0.2 0.2 0.1 0.2 ; ; 0.0
{(Distrt, Codrl |
_ Centre) . — -
- N 13 13 .20 1.2¢ 1.79 1.29 1.29 9 .RA
60% T.M. rC LR 1.13 1.1 . .
3 LISTRIK- } - 1.69 1.59 1.65 1.94 1.9 1.94 1.94 1.44 .77
DESA 1C _
re |5-36 9.54 12.29 12.79 11.22 12.35 14.42 19,88 1.3 | 123
! TOTAL 8.37 13.27 15.68 17.75 20.07 18.12 23.45 26.720 14.24 | 160.23
c i _

1/ Multiply all foreign costs (FC) by 1.5 and local costs (LC)

by 1.2.
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My (DISIRI

Cos!
{19 THVESTMINT PIAN T

nuricn

JABLE : 6b e . _In constant Wp. "(‘] o
Tear foreiyn Loca! Ngrfi.lclgdow SI:E:::»:]PH(:Q SImx!yx;:}?rice D;_::::(E::t ggig’;;’)gm{jis- :i';]t:]mgi:f‘ {or)
Total v ' count Total | count To-
tal ([H‘)
() (2)__j_(3=1042) | _(0:(2):0,9 | (=) |_(6) | _()=(3)x(6) | (@=(9)u(e) |___
78/79 8.04 10.04% 18.08 .04 17.08 1 18.08 17.68
76780 14.76 15.92 —_30.69 Mi?} ) 29.09 o 0. P')?; ?:;43;_-—» “"_‘(*5— ')—7“ ME“-————
80/81 18.43 13.32 37.25 v 16 .'Al"l“w- '3‘3..;7 - “0“1»0_7_2 N ——:"_‘_ -:9-_ i “?i).;~2 S
sizgz | 1908 | 213 sz | tear | s |ooaus | o a2 | B
82/83 1. 3.”;“ 24,60 a5 .—QTV—"‘ o ——72_1-.—6'7“— _-—4_3_.-“,—“ 0. 61""'77 ;’_‘1—71‘1.6‘_ 0 “‘2"";3" I
83/84 in.53 21 .74—' 40.27 _1—9_._56 33.09 o _jl;)M ‘“““’?‘ ﬂ'i_ 2]_.1—')‘|_ N
84785 21.73 28.14 4c.87 25.3_3_— 47.06 N 0.506;— —-—-_2_5—.;«6—_ B *——2‘3_.[;1:—“-_~--
85/86 25%.82 35.14 61.96 31.63 61.45——* f).4523_ 29.38 B 27.79 |
86/87 16.70 17.09 33.79 o 15.38 32.03— 0.403y '3.65— 12.96 o
Total 168.52 192.27 360.79 173.05 341.57 223.97 212.08
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IWVESTMENT PROGEAME JAVA

—
falle F v. pisimirion., 1/ K
L.V, pisiminrion. L tn conatant Hp 10
] 3 T
: |
7879 | 79780 | so/81 | si/ez 1 Rzes | ex/ma | osasms | as/ed po/a7 | TN
MISTRIRUTION . 1C | 7.7 10.40 | 12.56 | 11.53 16.50 | 15.42 | 18.41 | 25.93 | 13.75 | 130.60 ]
IV - LINE e 1167 16.01 | 19,24 | 2:2.13 25.06 | 22.29 | 3000 | 3e4 § 3716 § 200,03 | |
DISTRIUTION .. | 15.03 22.37 1 27.53 | 3.3 1157 | 48.91 | 56.61 | 65.26 | 74.24 | 388.35
TIANSEOR IR - ] T - N
ML EARANSE. e | 4:51 5.0 6.88 | 8.46 10.9 | 12.23 | :aas | ye.3 | yase | 97 |
rc 1.17 0.94 | 0.4 .oz | 1.02 1.02 1.0 1.02 £.15
725 PUT.R. :
L 1.60 .36 | 1.15 .47 1 La7 147 1.47 :.47 11.5
60% (Im.LISTRIE-FC 1.22 L4s |68 | 2.09 | 247 | 2.47 241 LELE A S LS A3 SR
g{ffm; SRR 1.5 1.73 | 1.0 242 0 2079 2.79 2.79 2.79 13.78_
rc | 25.5 35.16 | 42.53 | s0.99 61.27 | 67.82 | 78.51 i 94.68 | 91.4 | s47.97
TOTAL . 4
| 1c | 16.18] 248 29.2i | 33.71 39.44 | 38.78 | 48.42 | 58,72 { 30.06 | 320,24

1/ Multiply all forefgn costs (FC) by 1.5 and local costs (LC) by 1.2.
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LY (DISTRIBUTION) COST
LV INVOSTHENT PLAN)

JAYA )
JABLE : & 1n constant Rp.10°
. Foreign Local No!. S?.:adOE-J_ Shadow Pri- _-Sh.-:r_‘ow Priced Discoun.t NoF Shnd?w 5!_eadow Pric"e-t; -Sh_a_('—o;—l;:
ear Rp. Rp. I;;;c‘ga ced local Total Factor z;:jf‘fégdl)ls- ?;ig?ur(r;t'e’()i l{);};lcntg:ssd
.. o {Domestic
Total Prices )
() (2) @] (=209 G- | (6)  |[(M=0)xle) | (@)=(5i6) |
78/79 ) 38.25 19.42 57.67 17.48_— 55.73 1 57.67 55.73
79/80 52.74~ 29.76 82.5 26.78 79.52 0,8929 73.66 71 .-
80/81 63.87 35.05 93.92 31.54 95.41 0.797¢ 78.86 /606 a B
8;/-{;2 76.18 10.45 N 116.93 36.40 112.88 0.7118 83.23 80.35
82/83 71.90 47.33 139.23 . 42.59 i 134.49 E).—G_SSS 88.48 85.47
83/84 i01.73 46 .54 148.27 41.88 143.61 0.5674 84.13 81.48 ‘
84/83‘ 117,76 58.10 B FSB&- 5:.29 170.05 0.5066 89.09 86.15
85/86 142.02 70.46 212.48 63.41 205.43 0.4523 96.10" 92.91
86787 137.19 47.97 185.16 43.17 180,38 - 0.4039_ .78 = . 72.85
Total e€21.%4 395.08 1.217.02 355.54 1.177.48 c - 702.-
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TABLE 3
INCREMENTAL CAPACITY COST SUMMARY
:1
A). SHADOW PRICED Increm. Increm.
Costs Demand
| Rp.10° 10° kN
GENERATION( & PEAK
SAGULING 15% UNIT) ‘
TRANSMISSION HY 334, - 1,394.75
M.v.DISTRIBUTION 212,08 1,077.26
L.V.DISTRIBUT (O 702 §41.49
SHADON ORICED
Rp. 10° 10° ki
GENERATION(A PEAK
SAGULING 15TunIT Lo
TRANSMISSION HY 31,5 1.394.75
M.Y.DISTRIBUTION 223,97 1,077.26
L.Y.0ISTRISUTION 726, - §41.49

(8P)
Ratio

(a1c)

computed
separately

239.5 (AIC)
196.9 (AIC)

1094.0 (AIC)

Computead
separately

244,8 (AICY
207.9 (AIC)

1131.4 (AIC)



PEAK CAPACITY COST
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( JAVR )
 TABLE : 10 ' _ . . \ ia constant Rp. 10°
GENERATION TRANSMISS 10N PRIMARY DISTR. | SECCNDARY DISTR. TOTAL
1
SUPPLY VOLTAGE (1) EHV/HY - M LV (5)
o ) (2) (3) (4)
. adow Priced - -
. per kW/ per XKW/ per kW/ per kW/ . per kW/
_ per ki Year per ki Year per ki Year per kW Year |P®" i Year
. MV (70/150kv) | 293.888| 35.538] 239.467| 20.532 \/‘T:.:><:.’.'_‘f/ T e—o7 | 533.355 | 66.070
M (6712720kv) | 320130 38.713] 260.857 33.254| 196.869| 25-100 | T o 777,565 | 97.072
_ LV (120 v/380V)| 457.341] 55.308] 372.652 47.513| 281.241 35.955 [.09a.327{ 139.526]2.205.51{278.201

. Not Shadow Priced

v (707150 kv)| 304.318 | 36.799] 244.845] 31.2%7 549 63| 68.916

MV (6712/20kV)| 331.501 | 40.086| 266.715| 34.006| 207.907 26.508 806.123 | 100.600

Lv (120v/3B0v)}| 473.572 | 57.266( 381.021| 43.580} 297.010 37.869 1.131.740 144.296] 2.283.343 288.010
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CAPACITY COST CALCULATION SUMMARY

A. Shadow Priced :
(1). Generation oeak load

(a). HY - ———= 3 (1) = Ganeration Cost of saquling (DP)

]

Rp.par kd
(b). ¥ ———> b (1) = (a. (1)]-x 0,918 Rp.per kW
(¢). L =———=c (1) = [b. (M1+ 0,7 Rp.per kW

* To abtain Rp. per kW per fear = ....... Rp. per kW times annuity
factor

2 Rp.per ki

(2). Transmission :

HV Cost (BP) . _
AV Incr. discount(im) 1 (sCF)

(a. (2)] = 0,918

(a). HV ——> a (2) =

(b). MY —————> b (2)

(c). LV >c (2) « [b. (2)] = 3,7
* To abtain Rp. per kW per Year = .......000.e Rp. per fear x
0,1223166
(3). Primary Distribution AV
. Inny -
(b). W ——= b (3) = HLLosE 5%, = 1 V)
My lacr. ,discount i
(). LV ——pc{3)=[> (31]"-237
* To abtain Rp./kM/Year = ..... .00 Ap. VYear x 0,1241436
(4). Secondarv Distributicn LV : ’
(c). W ——c (4} = LiCost (BF) =1 (sCF)
LY Incr., discount MM
* To abtain Rp./kW/Year = ...........2D.per Year x Q,1241436
Note : 1 = Standard Conversion Factor (SCF)

BP a Border Prices
pp * = Domestic Prices )
0,918 0,7 are pawer loss factors
0,9 a shadow price factor of the Local Costs
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CALCULATION OF TRANMSMISSION COMPONEMT CAPACTITY COST (JAVA)

A. SHADOW PRICED
2. TRANSMISSION
a. H.V, Consumer : 334 x 109

1.394,76™X LOpy ~—+~

Per kW = Rp.239.467 / kWh
Per KW/year = Rp.239,467 x 0,127500 (annuizy facror) *

= Rp.30,5232/kW,/ vear

b. M.V. Consumer :
Per kw = Rp.239.467/kWw _. 0,913
= Rp.260.857 ' »
Per kW/year = Rp.260,357/k x 0,127560 *)
= Rp.33.259/KkW/yuar

c. L.V. Consumer :
. 3,7

Per kW = Rp.260.dS7
= Rp.372.53352 , "rt

pO8

Per xiW/year = Rp.IT2.0352/kW x 0,127550 =}

= Rp.47,il% / wW,year

8. NOT SHADOW PRICED

a. H.V, Consumer = 341.5 x lo° &p.

1.394,76 x lo3 &W
Per kW = Rp.244.245 /kW

fer xd/year = Rp.244.345/kW x 0,127500 *)
= Rp.31.217/kW/year

b. M.V, Consumer :
Per kW = Rp.244.845/kiW—— 0,918
= Rp.266,715/\W l
Per kW/vyear = Rp.266.7L5/kW x 0,127500 *)
= Rp.34.006 / kW/vear
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e. L.V. Consumer :
Per ki = Rp.266.715.kd —— 0,7
' = Rp.J81.02,/%W
Per kW/Year ~ Rp.J81.021/kW x 0,127500 *)

= Rp.48.580/kW/year

NOTE
*) annuity factor (for transmission)
n =« 25 years )

=12 % ) annuity factor = U,127500



CALCULATION OF M.V. DISTRIBUTION COMPOMENT =APACITY COST {JAVA)

A. SHACCW PRICE

3. PRIMARY OISTRIBUTION MV,
b. MV. Consumer

212,08 x 10%0 .,

1.077,26 « 107k

Per kW = Rp. 196.869,-/kd

Per kW/vear = Rp. 196.862,~ x 0,127500 (annuity factar) *)
= Rp. 2%.100,- xW/year

C. L.Y. Consumer :

Per kW = Rp. 196.869,~/kW =— 0,7
= Rp. 281.241,-/k4
Per kW/year = Rp. 281.241,-/k¥ x 0,127500 =)

= Rp. 35.858,- kW/year

B. NOT SHADOW PRICE

223,97 « 10°2n

1.577,25 x 1074

b. M.V, Censumer

Per ki = Rp. 207.907,-/KH
Per kW/year = Rp. 207.907/%4d x 0,127500 <)

= Rp. 26.508 kW/year

C. L.V, Consumer

Per kW a Rp. 207.927,-/kW =~ 0,7
= Rp. 297.010,-/X4
Per kW/year = Rp. 2%7.010,-/k{ % 0,127500 =)

= Rp. 37.863,- kid/vear

NOTE
*) annuity factor (for M.Y. Oistribution )

no.= 2 yedrs ) niity factor = 0,127500
129 '

P

i H
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CALCULATICN OF L.V, DISTRTBUTION COMPOMNENT CAPACITY COST {(Java)

A. SHADOW ERICE

4. SECONDARY DISTRIGUTION L.V.

©. L.V. Consumer : 202 _,L.Lﬂng._+~ 1

= 841,49 Led
Per Kw = 3p.1.024,327 / kW
© Per RW/year = Rp.1.294,327 / k¥ x 0,127500 =)

= Rp.139.526 / kW/yuar

B. NOT SHADOW @RICE

€. L.%V. Consumer : 726 x 107 Rno.
841,49 x 103 kw
Per kW = Ap.1.131,740 ./ AW
= Rp.1.121.74C, kW x 0,127500 *)
= Rp.ld4d.296/kW/ynar

NOTE

*)  annuxny factor : (fer L. Liseribution)

n = 25 vears ) annuisy fictor = 0,127540
Lotw 120y )


http:annu).ry
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OPERATION & MAINTENANCE COST

{ JavA )
TABLE : 11 , in constant Rp 0’
17/72 74779 79/80 80/81 81/82 |8Z/83 |13/84 84/n5 85/86 l86/87 Total
(1) o&n 28.15 | 38.03 | 46.24 50.95 57 .49 60 65.571 70.70) 78.25 | 6 .05
(2) Increment Cost of 0 5 M 9.80 8.21 .72 6.74 2.30 6.57 4.13] 7.5% 8.5
(3) Discount factor 1 0.8929] 90.7972 | 0.71ii {0.635% [0.5674 [0.5065 | 0.4523 [0.4039
(4) - (2) x (3)
0 & M incr.discount 9.57 7.33 375 i 1.8 1.46 3.73 2.09 3.4 3.42 39.88
i
“““““ o 9
Total ¢ & M Incr. Discounted Cost = 33,24 x 1¢ Rp.x1.2 = :
Note : The result of 0 & M is directly calculated in
- Rp./kW/Year
10 rp. | 10° hu
"_ ’ Without multiplying by the annuity factor, tecausez
Generation 30% 11.96 1639.67 0 % M Cost i< recurrent and used up within the Year.
Transmission 12% 4.73 1394,76
MV Distr. 132 -5.10 1077.26
LV Distr. 45% 17,9% 641.49
1007 3b.87
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OPERATION & MAINTEHANCE COST

( JAVA )
TASLE @ 12 o _in constant Rp x 10
Generation Transmission Primary Distr. ] Secondary Distr. Total
Shadow Price ENV/IV Hy v (5)
(2) (2) (3) (4)

__ Supply Voilage Per kW Par kW Per kW Per kW Per kW
a. NV (70750 &V) T | T g

for peak/Saguling 7.070 1.432 _— \// S~ 11.302
b. MV (5/12/20 kY) —~___

for peak/Sagang 6.574 1.719 4.812 o \\\ 17:125
C. Lv {120 v/380 V)

for peak/Saguling) 12.248 5.341 6.875 27.984 52.448

9
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GENERAL & ADMINISTRATION COST

( JAVA )
ARLE : 13 107 Rp.
TARLE : 13 in conatant
J—— —_— - ’, b - —
77778 78/179 79/30 8¢/81 81/82 | 82/82 83/84 84/85 |85/86 86/87 |Total
(1) Gen. & Adm.
increment Coot 0.06 0.6 0.6 0.6 0.6 0.12 0.:2 0.12 0.12 0.12
(2) Insurance 0.08 0.11 2.77 - 0.17 0.25 0.67 0.50 | o9.%0
Incremsnt Cost - - ) ’
(3) Survey Incv.Cost 2.4 - - - - - - - - -
(4) (1) + (2) + (3) 1.10 N 2.80 1:1;‘~_‘ 0.4 0.6 0.29 0.7 - 0.79 0.52 0 .62
Discount factor 1 0.8929 0.7972 0.7115 J.6355 0.5674 0.5066 1.4523 10.4039 {0.3606
= (3) x (4) 1.19 2.5 2.69 0.59 0.38 0.17 0.19 | 5.36 25 ; 8.51
Gen. & Adm. Incr.Disc ’ o : ’ 1 @15 0.22 :
fotal Gen. & Adm. incr. Disc. Cost =7,09 x 1,2 = 8.51
_ Note : The result of Gen.Adm.Cost is directly calculated in
9 3 _l Rp./kW/Year: .
10 Rp. | 197KH Without multiplying by the annuity factor because
- 1 o 1 ho
Genaration 302 5 55 1639 .67 Gerni. & Mdm. is recurrent and used up within the Year.
HV Transmission 1.02
part 12x 1394.76
MV Distr‘ibution 1.11
part 132 1077.26
LV Distribution 1.83
part 457 641.49
Total ioo% | B.51
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GENERAL & ADBINISTRATICH COST

¢ JAVA)
9
TABLE 1 14 in donstant Rp 1CG
.Gen ratlion Tranxinlssion ’ Primary D str. Secondary D. str. Total
Shaduw Price () EVH/HY v Lv (s)
’ (2) (3) {4)
Supply Vealitage Per kW rer kW Per kW Per kW Per kW
. = <
a. nv { 703150 xv ) 1.601 731 . - 2412
for peak/Gas Turbine ]
-———— . S~
as \
b. v (B}9/20 xv) 1.931 796 1.925 ~. 3552
fo- peak/Gas Turbire )
Base
Lv (120/v/380 V) : ¥ 5.967 11.185
. N . . 1.138 1.464
¢ for peek/Gas Trubine .2 616 gy ¢ R
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_FACILITIES COST

( JAVA )
TABLE : 15 < in constent POJOQ
—_— I .
78779 75/80 Bo/81 i B1/82 §2/33 83/84 Ba/Rs R5/86 £6/87
1) Facilities Cost )
( ( Increment ) 9 12241 1.2 1n.71 12.07 12.56 | 12.56 12.56 , 12.56
(2) Discount factor 1 0.8929 0.7972 0.7115 1.6355 0.5674 U.5066 0.4523 074039
(33 (1) x (2) 9 10.93 8.94 8.34 7.67 7.33 6.36 5.69 5.G7
Total Facilities Incr. iiiscounted Cost = 69.13
lOng. 103kw Nota : To cbtain Facilities cost Rp/KW/Y=ar.
- Rp./klh x annuity factor
Gzneration 0% 20.74 1.639.67 0,146824 {12%, 15 years)
Facilities (fixed assets) have a life-time + 15 Year.

Transmission
part (HY) 127 8.30 1.394,76
MY Distribu-
ticn part 137 3.98 1.077,26
LV Distribu-
tion part 45% | 31.11 641.49
Tetal 100X § 69.13




FACILITIES COST

(JI\\IA‘
Table 1 16
Shadow Pr t ce
9
.. in cponstant Rp 10
Generatlon Transniis<ion J Primary Distr. Secondary Disatr. Totkal
v/ A
Supply Voltage (1) ENV/in MV v
(2) (3) (1) (5)
P kW ___\P kW Per kW M, W W, w .
er er / e Per kW/ per k gggrk / Per k gggrkwl rer kW Per ki/
year year yrar
. \\\\ . ////
a.1v(70/150kv) 13.642 2.003 5.945 n72 \\\\\‘\~<::j//’///’ \\\\,//,/’ 15.507 2.075
for prak - ™~
Sagutling ) //’////// \\\\\\\\>~ \\'\\\
A 4 ~ - -
..... . - —~
.3V (6/12/20kV) \ "
for fi"k/ 14.060 | 2.182 6.475 950 B.342 1.224 - 29.677 | 4.356
Sagul Lny ///,/////
c Base .
' 1f,vuzo :53""“'3’ 21.220 | 3.116 9.251 1.357 . 11..918 1.750 4B.505 71.21 90.902 | 13.344
or pea
Saguling .

Note 1 1. To convert Rp./kW to Pp./kW/Year,multiply by the annuity [actor 0,14c824 (17\, 15 year)

2. Not ahadow Price ~ Shadow l'rice.
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Téble 17a

ENERGY GENERATION COST

A). Gas Turbine (peaking)

Fuel Use = 0,456 litres per kWh

Lube 0il Use = 3,6 x 106 1/ kwWh @ Pp.1300.92/1 negligible cost

1. shadow Price {international price for high speed diesel--dSD) 1/
Fuel price US 5 15.5 per harrel

13.5.48) % 625 ‘Bp./S) _ . ,
— 159 (lit/barrel) Rg. 60,93

o)
(M

-

[

D

—
(0
H
'

(border g

Fuel Cost = Rp..60.93 x 0,456 = Rp. 27,78 / XWh

1o
-

Not Shadow Price (demestic pricel

fuel price = Rp.43,93 / 1 HSD for Cas 'Murbine (lccal crice)
Fuel Cost = Rp.43 x 0,456 = Rp. 19.62 per kWh

R). Steam (Base load).

Fuel Use = D,303 1i/kWh
1. sh. pr, (intarrational price for medium Zuel oil/Bunker C) 1/
Fuel price = US $12 per barrel

Fuel Cost = 12 x 625

159 x 0.303 = Rp. 14.29 per kWH

18]

. Nor sSh.rr,
Fuel Cosit = 310,93 (Rp./1) x 0.303 (1/kWih) = Rp.9,37 / KkWh,
Nute : dom.pr = demestic price
sh.Pr. = shadow price.
bBased ¢a ¢ 1 USS = Rp.625.-

For not ( HSD fuel for peak Gen ( Gas 1.) + 70% of existing price =Ry .43,03/1

. . {  Banker "C",for base G, (steam 1)+ 0% of existing nrice=in.3U,vs,?

shadow price : =

1/ Most recent ex-Singapore prices (Feb. 1979). However, these values may hzave to be
revised if intesmational o1l prices Increase in the future.
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ENERGY/FUEL COST

Based on G.T. Using H § D. Based on Scteam Plant Using Bunker C
A. Shadow Priced Rp.27.78 / kwh Rp. 14.29 / kwh
(output £rxmm Generator} (output from Generator).
|
Station use = 2 % Station use = 4,5 %
a). HV Ttansmission : Transmission
consumers Losses B¥V/HV = 4,5 x 1,8 Losses EVH/HV= 4,5 x 9,8
Totsw = 8,75+.8,8 % Total = 8,1 %
27.78
14,29 15,53 ot
— = A — - = Rp. Kwh
o513 Rp.30.4%8 / kwh 0515 /
MJ Losses =6 % x 1,5 =9 4% MW Losses =6 + x 0,8 = 4,8 1
30.46 s 15.55
b)o MV — Rp_33.47 / kdn - RP-16.33 /kwn
Consumers ‘ 0,31 0.952
LV losses = 20% x 1,5 =301 LV Losses = 20% x 0,8 = Lo t
33,47 ' 16.
cl. 1V = = Rp.47.82 / kwh §.33 Rp.19.44 / kwh
0,7 = 0,384
Consumers
|
. Rpw.19,62 / kxwh ] Re.9,37 / kwh
: ox o - ’ . -
B). Not Shadow Price (output from Generator) ( output from Gencrator)
' B - .37
a) . HV Consumecrs 19,82 Rp. 21.51 / kwh 23T, Rp.10.20 / kwh
0.912 0.919
21.51 10.20 Re.10.71 |
- :x ———— < Ro. y /7 Kwi ——S | Rg.10.71 / kwh
b). ¥V Consumers 5ol Rp. 23.684 7/ iwh 3,952 /
23.684 . 10.71
c). LV Corsumers c———— = Rp.33.77 / kwh —~—=—- = Rp. 12,75 / Lwh
- 0,7 V,84 o
Mote : -~ For peak load : the losses = L,35 x averayce lossus
- For base load the losses = 0,8 x average losscs
- 0,312 = 100 % - 38,8 % = and so on foc loss favcsors


http:Rp.33.77
http:Rp.10.20

-1§2-

JAVA BASIC L R M C (LONG RUN MARGINAL COST)
TABLE : 20
A. SHADOW PRICED
FUEL COST Rp./kwh 1/
EW COST ( Rp.kW/YEAR } F— -—
SUPPLY VOLTAGE A (B)
Barrel Barrel
Capacity {0 & M |G & Adm | Facili Total k¥ BASE PEAK RASE PEAY
Cost | ties Cost

HV Consumers Pcak ©66.070 31.302 2.412 2.87S 82.659 15.55 In. 46 12.96 25.54
|
l v Consumers Peak 97.072 17.125] 3.652 [4.356 122,205 16.33 33.47 13.61 28.06
1

LV Consumers Peak 278.201 | S2.448] 11.185 {13.344 355.178 19.44 47.82 110.20 }40.08
i i i N - .
! N. NOT SHADOW FPRICED

HV Consum~ar Peak 68.016 11.302(" 2.412 2.2175 A5.605 10.20 21.51

MV Consumer Peak 100.600 17.125] 3.652 |4.356 125.733 10.71 23.64

sume 288.01 .448) 11. 13,344 6.4987 _

LV Consumer Peak 88.010 52 1.185 3.3 3 98 ! 12.75 32,77

/ fuel prices in US ¢ per barrel are:

(A) Base (Fuel o0il) = 12
(B) Peak (HSD) = 15.5
(A) Base (Fuel Gi1) = 10
(B)__Peak (HSD) = 13


http:Consume.rs
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TADLE ¢ 21

EQUIVALENT BASIC L R M C (LONG RUN MARGIMAL COST ) - JAvVA

A. SHADOW PRICED - . N
CAPACLTY| EQUIVALENT ENERGY COST WITH OWN (LOAD FACTOW ifUEkp?gﬁg) TOTAL COST WITH OWN LOAD FACTIR
SUPPLY VOLTAGE (ﬁg?;kw/ (Rp/kWh) 1/ o (A) (rp. skt 4/ |
year P-3 ,Zy 0.4 ] o5 los | 0.7 ! 0.8 | 0.9 | mase] reakj Aver | 0.3 | 0.4| 0.5 | 0.6 O.V'ib.u 0.9
1V Consumers Peak © 82.659| 28.3i] 21.23§ 16.99 14.15_ 12.13 llg:fl .3;21__15-'529-“(19-28 33.43 215112;§22§;71
MV Consumnrs Peak 122,205} 34.87 26.15 _ig'e: 11.23 14.95 Ilﬁ.3333.h720.62 441.54 NB.05 35.57
Lv Consumers reak | 355.178| 94.6 | 70.e5] 56.75-147.3 40.54 to.adi7.8203. 63 [128.23'%%*30.39 | n0.03

B, HCT EUADOYW PRICED

Y Gansumers Feak 85.605{ 29.32} 21.98] 17.59 |14.66 12.56
HV Consumers Peak 125.733| 3s.a8, 26.91] 21.53 [17.94 15.308
LV Consumers Fenk 3e4.087| 97.22| 72.91| 58.33 [48.61 41.66 . .

Mote : - Colcidence Factor (cf) : HV=0,9; tv=0,75 and LV=0,7

Rn./kw/yeér x C.E.
8760:0wn load factor

L Zquivalent Rp./k%h
L

own load Factor=Load [actor with respect tu own individual peak demand.
For MV Conuumers equivalent Rp:/kWh decreased by factor 0,5 because MV demand at time of system
peak is one half the MV own peak demam! ({.e.thelr peak falls outside system peak),.if necessaryje.q., max demand metering.

;1- Average Fue) Cost 1 UV 1 75% Base + 25% Peak
MV t 75V Base + 25\ Peak
IV ¢ 50% Base ‘' 50% Peak

4/ These are only appronimate total costs per average kWh.
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Adjusting Strict LRMC

A power tariff revision for Indonesia was particularly urgent in
1978 because the existing tariff was first introduced in 1973 folilowing a
SOFRELEC power pricing study. Because of administrative reasons relating
te the regulations governing tariff changes, however, subsequent tariff
increases that raised the average price by ailmost 1007 vetween 1973 and 1978
were implemented by applying a surcharge to the energy price alome. Therefore,
the structure of tariffs was badly distcrted; in particulzr, the ratio of kWh
to kW charges was far too high. Also, since price increases wares introducad
ia an ad hoc manner, based almost exclusively on financial requirements,
rhe level and structure of tariffs did not reflect the economic costs of
supply for the various consumer categories.

Uncii quite recently, PLN was 2ot in a position to satisfy =he
rapid growth of demand of the Indonesian powzsr market and, therefcre, their
policies were not designed to encourage new consumers. for 2xample, paymenut
of the full -onnection charge was reyuired in advance; for medium and large
consumers, this amountad -o the substantial figure ¢f Rp 120 per Va. In
some casas, aven customers who had paid the relevant fees were nct connected
because of lack of system capacity and administrative bcttlenecks. As a
result, a rapid increasz in captive generaticn occured, am.unting to almost
half the toral Indonesian power market by 1977. Since 1978 the situatinn has
improved considerably, however, PLN has embarked on a program of balancad
system expansion, which includes adding base load generatiug plant, strength-
euing transmission interconnectiown, alleviating distribution bottlenecks, and

upgrading existing networks. PLN is also trying to increase their market share
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provided to alleviate the high connections cost. This can be done by sub-~
sidizing possilly from 50 to 9C% of tne costs and by lenient payment optionz,
(perhaps extending for several years). PLN is reconsidering detailz of its
connections policy, given its impact on its cask flow and general financial
situation.

The tariff study raises several issues. The first and probably the
most important is whether or not to coantinue a uniform nationmal tariff policy.
Strong practical consideratinsns would appear to support implementation of a
uniform tariff, as a first step in tariff revision. In theorv, LRMC of
supply should be estimated for 2ach separate islaud grid aad a correspoading
geographically differentiated tariff should be devised. LRMC should be based
on a least cost expansion program, however, and the Java system invescment
plan is the only one that may be considered acceptable, while the planning Zor
capacity additions and cther data for the other islands are fsr less reliable.
Therefore, only the Java LRMC way be calculated with sufficient confidence at
the present time. Furthermore, Java constitutes about 80% of the total
Indonesian power market, and will continue to do so during the planning period
(1979-80).

Therefore, giveu that geographically distinct electricicy prices
would be unacceptable to the government and that tariff reform is urgen:,

a uniform natiomal tariff based oun the Java LRMC alone would constitute a
first-step improvement. As aystem planning, least cost investment policy,
and other data ou the outer islands, are improved, ir may be possible to
calculate geographically disaggregate LAMC and introduce these in subse-

quent tariff revisionms.
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The Java LRMC should be refined by improving the data relating to
tne .oad forecsst, demand chafacteristics, losses, investmants, and operating
costs. Similarly, the LRMC for che other island grids should be computed,
after building up the data base. Since the load outside of Java is only abonut
20% of the total lcad for Indonesia, an approximate estimate of transmission
and distribution costs may b: made as an average “or all the islands (outside
Java). Genevation costs would have ftc be determinea on the basis of capacity
and fuel costs of the spacific plant types used for each of these smailer
grids. O0&, A&G, and other costs would also have to be estimated from
improved PLN data. In subsequent tariff calculations it may also be necassary
te examine specifically rural electricity supply costs and pricing policy;
This is not a problem now because the number of these customers is negligible.

Typicel Strict LRMC Pricing Structure

Given a 4 hour peak period, from 1745 te 2145 hours (see Figure 6.8),
a possible strict LRMC tariff structure would bhe the following:
l. EV Consumers
a. With time~of-day metering:
Assme coincidence factor of 0.9.
Peak charges: capacity cost = 82.659 x 0.9 (CF)

12

= Rp. A199/kw/mor.ch

energy cost = Rp. 30.46/%wh

Of f-peak charges: energy cost = Rp. 13.55/kwh

be With maximum demand metering:
HV consumers’ peak 1s assumed vo fall within the system peak

period. Therefore, same charges as those in 1l(a) apply.
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Transition to Tariff

Generally, the average level of tariffs is constrainted. An average
price of approximately Rp. 40 a kWh is assumed necessary to ensure adequate
values for projected finaacial perfoimance indiators and therefore, the
tariff structure had to have an average elactricity price near this value.
Other tariff constraints that are more consumer specific will be ditcussed
acrording to the appropriate tariff category.
The proposad new tariff is given in table 6-23, The columms in
the table may be described as follows:
l.  Origimial {1973) consumer categories

2. New consumer categories that do not always ccrrespond
exactly to the old oues. The mzin criteria for structuring
the new tariff ave type of electricity use, volcage level,
aud connected kva. Tharefore, the catagories A, B, C, D
and T represent residential, special (for example mosques),
commercial, industrial, and temporary consumers, respentively,
The letters R, M, and T indicate lew, medium and high voltige
supply. The category Khusus represants consumers who obtain
gpecially negotiated contracts.

3. The range of connected voli-amps

4. Total aumber of consumers (1977/78)

5. Total counected VA (1977/78)

6. Total kWh consumption monthly

7. VA per custumer

8. kWh per consumer monthly

9. Tariff: capacity charge per moanth per kv. (The charge per
peak kw is given in parentheses for MV and HV consumers with
adequate metering--the equivalenf charge par kva is giveua

only to actimate revenue).

10. Tariif: energy charge per kWh divided into peak and off-peak
n
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1. Expected revenue oa the bacis of 1977/78 consumption and new
tariff

12, Average price per kWh
13, Comments
In general, tariff levels are balow strict LEMC to keep within the
bounds for the overall average price per kWh. The residential and low voltage
categories receive the gzreatest reductions as a fraction of strict LRMC.

Al/R: Low Income Residen=ial/LV. Government policy requires this

category to be heavily subsidized. There is no kWh wetering; only a load
limiter,

Suppose the average charge to the consumer is Rp.x for each coanec-
tion mcatly; but average consumer cost per kWh for monzh is 70.

Average price per ¥Wh = Rp.x/70 per kih.

Full LRMC tariff = Rp. 105.3/kWh.

Full equivalent charge is giveq by:

105.3 x/70

[

X = Rp. 7,371 /connection/month
Assume that Al/R ceasumer's income is 0.25 times tiie national average. There-
fore, reduce x by a factor 0.25 to obtain subsidizad "social" tariif (see
Chapter 4 for theory).

Subsidized tarif? is approximately Rp. 1,850 per connection

monthly,

A2/R, A3/R, A4/R: Middle to digh Income Residential/LV. In these

categories, kW metering exists and a f¢parate capacity charge is levied as a
flat tariff on each comnection wonthly. Also, there is a separate energy charge.

The tocal price per kWh (column 13) lies between the Al/R tariff and full LRMC,
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and increases with increasing ability to pay. That is, a departure from
strict LRMC decreases as income level increases.
To compare the tariff with strict, LRMC, assume that the utilization

factor = contribution to system peak kw = 0.3
installed kva

LRMC Capacity Cost = Rp. 29, 598/kw monthly
= Rp. 8,880/kva monthly
LRMC Average energy cost: F = Rp. 34.4/kiWh

A4/M: Very High Income Residential/MV. Assume time-of-day metering

exists for measuring peak demand. Both the capacity and euergy charges are
effectively the full LRMC. Note that the actual tariff of Rp. 8,000/peak xw
is assumed to be equivalent to Rp. 5.330/kva to estimate the projectad revenue.

B1/R, 3l/M, B2/R, B2/R: Svecial/LV and MV. Tariffs are generally

less than strict LRMC, but the deviation is smaller for the MV tham for the
LV consumers, who are assumed to be less well-off. The large difference
between capacity charges per kva and per p2ak kw for MV cousumers is because .
rheir own peak occurs during the day, thus making the contripution to the

system peak rather small.

Cl/R, C2/R, Dl/R: Commercial and Industrial/LV. Average tariff

levels are comparable withi high income residencial users.

D2/M, D3/T: Industrial/MV and LV. Upper bound on averags tariffs

and energy charges will be competitive with auto-generation. Tariffs can
be modified given more detailed iaformation on privace genmeratiou costs.

F, Rhusus: Temporary and Special Concracts. Temporary users pay

very high kWh rates. Special contracts will be user-specific.
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Total average tariff level for all consumers = Rp. 39.7 for
every XWh sold which is within the bounds discussed at the begiuning of

this section.
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CASE STUDY TIL

INTERFUEL SUBSTITUTION ISSUES
IN SRI LANKA
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I. Introduction

In recent years, decision makers in many countries have
realized that energy sector investment planning and pricing
should be carried out within the framework of a national energyv
master plan vhich deteraines energy policy, supply-demand
management and planning. Howeve ', in practice investment
planning and pricing are still carried out on an ad hoc and
at best partial or sub-sector bhasis. Thus, for example, plan-
ning in the petroleum and electricicy sub-sectors has tradi-
tionally been carried out independentlv of each other, and of
other energy sub-sectors. As long as energyv was cheap such
partical approaches were acceptable; with todar's rising enercy
costs and fluctuating relative fuel prices, the importance of
analyzinc interactions among different energv sub-sectors in
the process cif cptimal resoarce allocation has become evident.

A framework for integrated national energy planning,
varticularly In iLhe LDC context, should include imprortan% con-

siderations such as: ==he interrelationship and substitution

s
(D

possibilities cetween different energy sources, the difference
between privace and social costs and beneé;ts (e.g., shadow
pricing and externalities), the medification of the economic
efficiency cbje~tives in investment and pricing policv necessi-
tated bv other firancial and socio-pelitical considerations,

and the coordinated use of policy tools (e.g., sricing-investment,


http:benef.ts
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1/

physical-technical controls, public educaticon-propaganda).
Furthermore, given the freguent over-emphasis on commercial
fuels in energy sector analysis, the important rcle of tradi-
tional fuels such as firewood should be recognized.g/

Ia this paper, we use a case studvy of Sri Lanka to illu-
strate energy sub-sector interactions in a developing country.
More specifically, the use of woodfuel, rerosene and liguid
petroleum gas (LPG) for domestic cooking is analyzed, including
the effects of fuel prices, capital costs of different energy
conversion devices and associated thermal efficiencies (e.qg.,
open versus closed wood stoves). The importance of using cor-
rect shadow prices (which represent economic opportunityv costs
instead of distorted market prices) to establish the least cost
mix of fuels to meet given energv needs is emphasized. The
policy implicaticns of this analysis are also discussed
(especiélly for energy pricing) in an environment in which the
relative scarcity of different fuels may change dynamically

over *time.

1/

— See: Mohan Munasinghe, "Power and Energy Pricing and
Investment Folicy in Developing Countries," Proceedings of the
International Association of Znergv Zconomists Annual Mesting,
Washington, D.C., June 1979.

g/See for example, Mohan Munasinche and Colin J. Warren,
"Rural Electrificaticn, Energv Zconomics and Nacional Policy
in Develobing Countries," Future Zneryv Concepts, Conf. Publ.
Ne. 171, Inst. of Electrical zngineers, Loncen, Jan.-Feb. 1979.
pp. 414-417. A survey of non-commercial energy uses in LDC's
is fourd in E. Ceelski et al., Household Energy and the Poor in
the Third World, Resources for the Future Research Paper, 15,
1979.
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The basic 1976 energy balarce for Sri Lankaé/ is
summarized in Table 1. About one-third of the gross energy
needs are supplied from commercial fuels (excluding re-exports
of residual o0il) and the rest from traditional fuels, chiefly
wood. Petroleum products account for almost 90 percent of com-
mercial fuel use resulting in a heavy import bill for crude
0il. The principal focus of this paper is on domestic cooking,
which is dominated by woodfuel use, some kerosesne and a very
small amount of LPG. Although thermal generation of electric-
ity was negligible in 1976, this situation will change sub-
stantially in the early 1980's. Therefore, the mix of outputs
from Sri Lanka's petroleum refinery and their use in the
electricity producing and other sectors are also of crucial

importance.

IT. ANALYTICAL FRAMIWORK

In the idealized world of perfect competition, the inter-
action of atomistic profit maximizing producers and atomistic
utility maximizing consumers gives rise to a parsto-ootimal.

In this state, prices reflect the true marginal social costs,
scarce resources are eIficientlv allocated, and for a given
income distribution, no one nerson can be made hetter off with-
out making someone else worse off.

However, conditions avrs likely to be far from ideal in

the real world. Distortions due to monoooly practices, external

§/1976 populaticn approximately 14 million and GNP per
capita about USS190.



Table I. ENERGY BALANCE FOR SRI LANKA, 1976

(million Gigadoules of gross input value)

Secondary Commercial Railway Truck Air Plane BRuto Bus Rail Home Total
Electricity lise Transport Transport Use Travel Travel Travel Lighting Cooking Exports Use

Ilec. Generation -— 3.35 - - - - - -— 0.73% - - 4.08b
Total Elec.
Gasoline - - -= .46 -= 4.13 - - - ~-— .02 4.61
Diesel & Fuels - 2.63 .53 5.09 - - 4.39 1.22 - - -- 13.86
Kerosene - 1.02 - -— - - —— - 6.62° 2.21 - 9.85
Aviation Gasoline - - - — .46 - - -— - -- 3.26 3.72
Residuals .36 5.18 - - - - - - - - 18.86 24.40
LeG thtledd - .03 -— - - - - - -= .03 -- .06
LG Piped ) . _.05 == == = - -—=_ -—— —— .01 - .06
TUTAL PETROLILEUM .36 8.91 .53 5.55 .46 4.13 4.39 1.22 6.62 2.25 22.14 56.56
WOOD & WASTES - n.a.® - - - — — - — 40-60 -~ 40-60
GRAND TO'TAL

dIncludes very small component for cooking.

b98 percent of this total is primary electricity (hydro) and the rest is sccondary electricity

(thermal). Losses = 12 percent.

C25 percent of domestic use is assumed to be for cooking.

dI.PG purchased by Coloubo Gas Works is used about 50-50 for bottle and piping. For bottles we assume

consumption is splil cqually between household and other users; for piped cas househoids are assumed

to take 20 percent. The leakage factor of the pipeline system, estimated at 65 percent, is ignored nere.

e . . . . .
It is npt known how much tea drying is still done with wood. If one-faurth

proportions and we assume a metric ton of wood has a value of 10-14 6.J
might be about 2.0-4.0 G.J.

-

to one-half werc the

the range of consumption

~ &l
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economies and diseconomies (which are not internalized in

the private market), interventions in the market prccess
through taxes, import duties and subsidies, etc., all result

in market (or financial) prices for goods and services, which
may diverge substantially from their shadow prices or true
economic opportunity costs. Moreover, if there are large in-
come disparities, the passive acceptance of the existing skewed
income distribution, which is implied by the reliance on strict
efficiency criteria for determining economic welfare, may be
socially and politicallvy unacceptable. Such considerations
necessitate the use of appropriate shadow prices instead of
market prices. These shadow prices should be used instead of
market prices (or private costs) in evaluating alternative
programs to determine the least cost mix of fuels to supply
given energy needs. In this paper, we use the term efficiencv

prices to denote shacdow prices based on =concmic opportunity

Hh

costs that reflect onlv the e

4/

ficiency considerations cf re-
source allocation.
In the context of a general eguilibrium model, the shadew

price of a given resource represents the change in the value of

i/Income distributional considerations which mav be used
to derive social weights (applicable to costs and benefits
according to income level) are ignorzé. Sea Sor example: L.
Squire and #. Van der Tzk, Economic Analvsis of Projects, Jzhns
Hopkins Raltimcre (1975); I. M. D. Lit<le and J. X. Mirrless,
Project Apcraisal and Planning for Develooing Countriss, 3asic
Books, New Yorx (1974); P. Dasgudta, A. Sen and 5. Marglin,
Guidelines for DProject Evaluation (UNIDO), Cnited Nations, New

York (1972).
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the national okjective function such as aggregate consumption
due to a marginal change in the availability of that resource,
subject to a set of distorting constraints.é/ However, a
general eguilibrium model sufficiently detailed to be of prac-
tical use can rarely be realized, especiallv in the LDC's because
of analvtical difficulties, lack of data, and the time and man-
power recuired to build and use it. Therefcra, we are forced
to use a partial equilibrium approach to examine the market for
each energy sub-sector. Linkages with other sectors of the
economy and between energy sub-sectors have to be selectively
taken care of by appropriate shadow prices, e.g., shadow wage
rate, opportunitv cost of capital, shadow prices for fuels,
and so on.é/

In summary, what is meant by integratad energv pricing
policy in the economic sense is not a general ecuilibrium
analvsis; instead, interactions of the energv sectcr with other

parts of economy, as well as interactions between compating

5/ -

= See for example: P, Dasgupta and J. Stiglitz, "3ensfic-
Cost Analysis znd -rade Policies," J. P20l. Econ., Vol. 82
Jan.-Fep. 1974, pp. 1 33 and Peter Varr, "On the Shadow Pricing
of Traded Commod'tles J. Pol. Econ., Vol. 85, 1977, pw. 5653~
872,
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energy sub-sectors are handled by examining selected linkages
and using appropriate shadow prices or ocportunitv costs as

shown in Figure 1. 1In practice, qguite useful results can be
obtained from even simple models and considerations as shown

below.

_ - ?ﬂWTS

- Shadow
EMNERGY priced) REST OF
SECTOR4 hfuTs
e ey THE ECONCMY

-~ -
- ELECTRICITY
SNB'SECTOP. -
-

e

ENERGY SuB-S$&EcToR
INTERACTIONS

ot

_—

Figure 1. Partial wquilibrium Framework

The demand for energy products is best considered as the

demand for the useful service energy provides, in the snirit of
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Kelvin Lancaster's new consumer theory.l/ Thus, for example,
households demand energv to cook their meals; they produce the
requisite heat by combining capital equipment, fuel, and some
labor. The total cost of producing the energv output will de-
pend upon technical parameters such as the efficiencv of con-
version, and energy input value of fuel; and upon economic
parameters such as initial capital charges, fuel costs, and
labor costs. To produce cooking heat, one may use a numcer of
different modes and fuel combinations: wood with open and closed
stoves, coal, charcoal, kerosene in wick or pressure stoves,
LPG, piped gas, and electricitv. Since each of these methods
will face varving values cof the technical and economic para-
meters noted, the overall costs may vary.

In an equilibrium disregarding personal predilections for
one or the other type of cooking method, the private marginal

cost of cocking neat will equate across these differant methods.

Tirst, differesnt ccokings methceds have other charactiariscics
besides technical eificiency anéd =ccnomic cest, 2.y., charcoal

is traditiorally shunned in favor of wcod; Xerosene is messvy
and has an unplsasant snel
SO on. Eecondly, ths imperfections of the capital markets--

particularly for the small amounts of ccoking eguipment in-

volved--means that at a given time the capital unit ownad -

7 . - ; ;
—/KelVLn Lancaster, "A New Approach to Consumer Theory,"
J. Pol. Econ., Vol. 74, 1966, po. 135-1453, :
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cannot be sold for its economic vilue, and the switch over

to the lower marginal-cost method will only occur with some
time lag. Furthermore, even if private marginal costs are
equated, this need not be the case for ma.qginal efficiency
costs. A case in point may be fuel wood in Sri Lanka, which
some forestry experts fee] bears a high social cost because

the forest cover of the countrv is endangered bv the cutting

of wood for fuel. 1If indeed this is the case, then the private
cost of wood understates its economic opportunitv cost, and a
private market equilibrium of cooking modes wherein the private
marginal cost oI cooking with wood eguals the private marginal
costs using using other means, is socially undesirable for it
means that the margiral efficiencv cost of wood cooking is
likely to be higher than with cther methods, unless other fuels

are also heavilv subsidized (

(M

.g., Xerosene).

ITII. PRIVATE MARGINAL COSTS OF COOKING IN COLOMBO AREA

In what Zollows, we rtrovide an illustration of this ap-

e}

1

proach azclied %o the case cf ccoxing fuels in urban areas o
Sri Larnka, Colombo in particular. Techrical and economic para-

8/

meters for this are not well established or easv to come bv,

o

T Dde

therefore, the estimates are indicative a= best andé
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situation of rising petroleum prices, votential deforestation
and the mid-term exhaustion of major hydro sites, it is neces-
sary tc focus on the allocative efficiency of alternative
energy forms by analysis of the type described. Wwhat we pre-
sent here can be elaborated with more precision for the para-
meter values, but even with such rough approximations, the
calculations can indicate general policv directions that are
likely to be useful.

We focus upon urban arsas because for the immediate future
the choices available there are substantial and extending these
same choices to rural areas would involve considerable cost of
networks such as L2G and electricity. Furthermore, the low
incomes in rural areas would oreclude high-capital-cost ovtions
unless substantial subsidy and/or credit facilities were to be

] ]

provided by the government. OQur calculations .re limited to
five cptions: wood in opern fires and in closed stoves, kerosene
in wick-type stoves and in pressure-type stoves, and LPG. For
this last, a range of values is given for lack of precise
taechnical parameters. We do not consider charcoal because of
the apparent traditional resistance to it, and we exclude piped

.

ecausa they are more limited as options

(o2

gas and elactricity
to upper-incerme housaholds.

Marginal cost calculaticns are usuallvy done relative to
some natural quantitative unit, which for the case of energy
mav be a kxilowat hour, or a BTU or a GJ. In this instance,
however, we shall comgute the marginal cost as the annual cost

e .

of providing cooking heat for an average family of six ceople.



The family or household is the natural purchasing unit for
this product, and we assume it does not decide to cook less
or more, but rather it decides to svwitch from one mode to
another. With the exception of open fires, the sunk-cost
aspect of carital-equipment means the decision is decidedly
long term, and therefore the marginal-cost perspective of
the decision maker is likely to be with respect to the total
cost for a fixed period of time. 1In estimating these total
costs, we exclude any labor involved for two reasons. First,
the labor used in generating cooking heat as such--distinct
from the labor used in the culinary process itself--is in-
significant except in the case of wood. Second, even with
wood the labor ccst is verv low because of the low shadow
price of labor; this is even more true where the labor is
done by members of the familv for whcm, and at times when,

re non-existent. The amount of

fu

alternative orportunities
useful energy output for a year's cooking may be estimated

9/

at 3.42 G.J. Thus, the annual marginal cost as defined will

be given by:

where e, is the energy efficiency of the mode i, Evi is the
energy input content in G.J. per unit of fuel type i, P, is
the price of fuel i, r is the annual capital charge, and X

in mcde 1i.

Ql

is the cost of the capital stock reguire

9 . . -
—/Basec on estimates of

firewood used by an average family
of six in the Consumer Finances Survavs (1953, 1963, 1973), and
an energy c<ontent o:f 1l4G.J./metrictcn--the mid-point of the range

noted in Footnotza 3§,
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Approximate capital costs (Ki) for the various modes are
shown in Table II; they range from zero for an open fire (a
few stones) to 700 RS for a simple one-burner LPG stove plus
the cylinder. For the kerosene and LPG options, the most rudi-
mencary one-burner commercial stoves are taken as the basis for
the computations. Larger two-burner models of better gquality
can be as much as 600-700 RS for Kerosene, and over 1,000 RS
for LPG. On the other hang, rudimentaryv handcrafted ecuipment
can probably be made for much lower costs, pcerhaps as low as
$7.00.%%/

For the case of LPG, marginal efficiency costs mus% inclucde
the potential capital costs incurred by the Colombo Gas Works
to permit expansion of the use of LPG, because at present the
facilities for storage and distribution are fully used up. A
feasibility studv of such an expansion was done for the Colombo
Gas Wo.xs recentlv and from this ons can attrikzute such capital
costs at 25 million RS for 40,000 households, or 625 RS ner
household or family. Annual capical-use cos* would be given
by the aprropriate capital charge "r" (rate of discount in cost-
benefit avporoach), which we show as taxing two wvalues of .13
and .20,53/ resulting in private capital charges annually ¢f

15-20 RS Zor wood stoves, 30-40 RS “or kerosene stoves with

wicks, 45-60 for kerosene prassure stoves, and 105-140 for LPG
' &

10 . .
/At the Gannaruwe biogas site in Sri Lanka, a hand-
fashioned gas burner was said to cost less than 100 3S.

1l/We use re1=t1vel§ higher "r" wvalues to bias the calcu-
lations in Zavor of filefood, thereby fortifving the conclusion
that LPG which has a high cavpital cost, mav te the most
economically 2fZicisnt mods.



equipment. Efficiency costs (at the given r values) would be
the same except for LPG, where it rises to 200-265 RS. Clearly,
the capital cost element is strongly unfavcrable in the case

of LPG and highly favorable in the case of wood. The various
modes ranked in ascending order of capital cost are: open

fire, wood stoves, keroscsene wick stoves, kerosene pressure
stoves, and LPG stoves.

Table II. APPROXIMATE CAPITAL COSTS IN RS OF
COOKING EQUIPMENT PER FAMILY

Total
Mode Capital Cost Annual Cost at r=
Open Fire .15 .20
0 0 —0
Closed Stove 100 15 20
One Burner
Kerosene Stove
wick 200 30 40
pressure 300 45 60
One Burner
LPG Stove 250
Cvlinder 450
Private Total (L2G) 700 105 140
Additional
LPG Social Cost* 625 5 125
Total LPG
Social Cost 1,325 200 265

*Based on prorosed Gas orks project of axpanded
delivervy to 40,000 houses.

Source: Estimates from auvthor's observation, informaticn
provided by Colembo Gas Works and other ubpublished
Sri Lanka data.
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The fuel cost component, at 1979 private market prices,
changes this ordering considerably as can be seen in Table III,
under the "Fuel Cost” column. Kerosene has the lowest fuel
cost, LPG is next,ig/ while wood is most expensive regardless
of the type of converter used. The very low capital charges
for wood cooking are not enough to outweigh the high fuel cost;
and the overall marginal cost (last two columns of Table ITI)
for open fires is decidedly higher than for the other modes,
which with a closed stove it is akout comparable to LPG if
the latter's "high recguiremen<ts" are takan, but more expensive
than LPG if the "low" value is considered for LPCG. Both wood
and LPG have marginal costs much higher than ksrosens stoves
of either type. Even if the capital costs of kerosene stoves
were in fact substantially grsater--sav 300 RS instead of
200-300 RS--this conclusion would still hold, as the overall
marginal cost for kerossne would be in the range 315-350 RS,
still below all the othaer opbtions. For the orivate dacision
maker--the household or familv unit--it seems clsar Shat in
terms of cost, xarosene is the hest option at 19/9 prices.
Fragmentaryv and casual evidences on usage patterns suggests

that a very la
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Or even more, still continue to use wood, whila onliv abcut 35
percent use Xerossns, the rest usinc 3as (mostly Lotitled LPG,

and some piped) and electricitv. Whv is thers such a very kich

1)

use of wood given its costs are nearly twice that of Xeroserne,
12/ v A Aan - s nt -
— Lacik of data on LPG precluded comctarable computaticns
of efficiency and energy contant. We “ook istead an estimate
of annual vsages by a2 "customer" as shown in a Colombo Cas hWicrks
feasibility study. The studv gave “we valies (100 and 159 XG)
which we use as a low and nhizh.



Mode

WGOD

Open Fire
Closed Stove

KEROSENE

Wick Stove
Pressure Stove

1.rG

fligh Requirement
lLow Requirement

Table I1X.

PRIVATE

MARGINAL, COST OF COOKING HEAT TN URBAN AREAS,

PER FAMILY/A

(required output = 5.421 G.J.)

Input
Input Yy lue Units Unit
Efficiency in GJ in GJ Required Price
(Rs)
.15 36.13 15/7on 2.4 M 204 /M1
.20 27.1 15/Ton 1.8 M1 204 /MT
.43 12.6 .1569/1G 80.3 IG 2.48/1G
.51 10.6 .1569/1G n7.6 16 3.48/1G
- —-— - 150 kg 2.6/ky
- - - 100 kg 2.6/ky
Source: Author's estimates

as described in text and earlier tablus.

Overall Cost

lruel Capital Cost (2r) at Market Prices
Cost r=.15 .20 r=_15 .20
(Rs) (Rs) (Rs) (Rs) (Rs)
635 Rs 0 0 635 G35
475 15 20 490 495
280 30 40 310 320
240 45 60 285 300
390 105 140 195 530
260 105 140 365 400

k7 -
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and why such a low use of LPG given it is only somewhat

higher than kerosene, but far less costlvy than wood? Various
explanations can be put forward. The high price of wood is
recent, doubling in the last two years, while kerosene prices
have been steady at 3.48 RS in that period. <Therefore, in

1977, the marginal costs were about egual, and since adjustment
involves time lags of recognition, and capital investment needs,
the process may be cnly beginning. Further, we have noted that

traditional preferences favor wood for its "taste" cualities, and

(SN

n fact the equilibrium is perhaps one in which wood does have a

somewhat higher cost. Aas to LPG, it is even less well known to

low-income people than kerosene (the latter having been used
for lighting for scmetinme), may be considered risky, and it may

be considered inconvenient given the refilling--say 50 RS per

rty

annual for taxi fares to take kottles to a depot--and our

figures may be a slight underestimata. This is not likelw
to be enough to make its cost aporoach that of wood. Further,

it may be argued =hat onlwy owning one totile is inconvenient

3

as refilling must be cdone at inconvenient times, or that to

avoid this one must invest in an additional bottle. 2t a cost
of £50 RS per nottla, this means an additionzl 75-100 RS cer
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ani'um in costs;
zost of 190-150 RS to LPG use, making it ccmparable to wood at
current orices. Inasmuch as it 1s arguable whether these cost
items are essential, we hawve not included them in the total,

but it i1s important to recognize this "inconvanisnce" cost

associated with LPG in trving to understand the aprarant
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differences in marginal costs that exist. Such factors may
result in a market equilibrium wherein observed marginal

costs are not equal.

IV. MARGINAL EFFICIENCY COSTS OF COOQKING IN COLOMBO AREA

In the preceding discussion, comparative costs of alterna-
tive cooking methods were based upon current market prices.
AS such, the marginal costs computed are appropriate onlv tc
analyze and understand how private individuals made their
choices of cooking methods. This is a critical aspect of any
actions tzken to implement policy goals for after all policies
are intended to induce c¢ertain behavior bv individuals. 1In
addition to this, however, policy goals must be decided upon,
and in this the objective of social optimization 1s pertinent.
Therefore, the cost comparison of alternative methods must

also be done using social opportunity costs, or shadow prices.

Wcod mav be in shori supply andéd i%s cutting mav be causing
deforestaticn; the market oprice of wood of 264 RS /metricton

CosT.

Xerosene prices at 3.48 RS/gallon undouktzdly understates the
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opportunitv cost, being kept lcw bv the goo
policy. LPG which is in excess sucplv in Sri Lanka, on the
other handéd, a near-zero ogcrortunity cost at the reiinery
rather than the wvalue of 1.4 RS/!
Colombo Gas Works.

Although it 1s not possibles to speciiv with precision

vy for

}-+

the opportunity costs for thess thzs= fels, particular

firewood, it is reasonable to approximate these in rangas to
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permit analysis of the relative marginal costs in question.
Since the dicergence of private and efficiency costs of fire-
wood i1s not well established, we calculate first the efficiency
costs assuming the market price of wood is a correct reflection
of marginal efficiency cost, as shown in Case I of Table IV.
Kerosene's opportunity cost is reasonablv firmlv established

on the import-price basis at about 9 RS/gallon. LPG costs are
less clear, though they are certainly below the 2.6 RS/kg market
price currently charged consumers. Operating costs for the

the Gas Works sales are about 1.3 million

rh

proposed expansion o
RS for 5.5 million kilograms of L®G, or about .25 RS/kg. If

we add to this the ex-refinery efficiency cost estimated to be
about half the current price of 1.4 RS/kg, this implies a total
efficiency cost of about 1 RS/kg. To bias our estimate against
LPG, and to reflect the fact that anv substantial increase in
use of LPG would change the excess supply situation o the
Cevlon Petroleum Corporation (CPC) refinerv,==" we take 2 RS
as the shadow value cf LPG in 2fficiency crices. 1In addition

to the fuel cost of L?G, investments beyond the orivate ones of

stove and cylinder must be undertaksn. This consists primarily
of additional storage tanks, land ané some 3distributicn eguip-

ment, and is estimated by the aforementioned f2asipilitv study
as about 25 million RS for 40,000 customers, or %25 RS per
household. The resulting total annual capital charges are -

shown in Tabla II as 200-263 RS.

13/Srl Larka's refinery is orerated to meet needs of high
demand middle distillates, resulting in surcluses of certain
other prcducts; more than half of the potential L2G is therefore
flared of=.



a
Table IV. COMPARATIVE COOKING COSTS PER FAMILY/ANNUM AT SOCIAL OPPORIUNITY COST

Capital Cost Annual Social Cost F'uel Costs Annual Social
Mode r=,15 .20 Price Total r=.15 r=.20 Price  Total Cost
WOoon (MT)
Open Fire 0 0 204 635 635 635 396 950 950 950
Closcd Stove 15 . 20 2064 475 490 495 396 712 727 732
KEROSENE (IG)
Wick .30 410 9.0 723 753 763 9.0 723 753 763
Pressure 45 60 9.0 608 653 668 9.0 608 653 668
LPG (kg)
High 200b 265 2.0 300 500 565 2.0 300 500 565
(105) (140) {105) (440) (405) (440)
Low 200 2065 2.0 200 400 165 2.0 ZOQ 400 165
(105) (140) (305) (340) (305) {340)

a . . .
Economic opportunity cost is assumed to be 9Rs/IGC for kerosene and 2.0Rs/kg for LPG.

b - . . . -
Values from Table 1I. The values in brackets are the private capital costs. For purposes of
private, the bracket values in LPG are to be compared with the costs for other fuels.

Source: Author's estimates as described in text and carlier tables.

~E1T -



Under these conditions, the Case I results show kerosene
to be the least economic alternative, with a cost ranging from
at least 650 RS to 760 RS. This exceeds the open-fire cost of
635. The most economic method is less clearly identifiable,
because of the uncertainty as to the amount of LPG required.
If the low assumption is correct, LPG is doubtless the least-

cost method; if the high wvalue is taken, the use of a closed

[N

stove may be most economical. In any event, there 1s no ques-
tion that the market prices cf kerosene greatlv understate
its relative cost and procably resulss in an inefficient allo-

cation of resources, overutilizing kerosena. The incorrect

th

uels may also be overstating the cecst of LPG

iy

pricing o

usage, which again lzads o scme ine

tt

ficiency--albiet less

significant than for xerosene--with less LPG peing used than

a social optimum might dictate

t0o pe reflactad il markas roricas =ha nrivatra ~nst o 1la
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the opctertunicy cost c¢f Iirawcod wer2 to sxceed i%s markst

<,

price. Case II in Tabla IV shcws %he values for an efiiciency

price that is 1.5 times the curren=z market price for wood. -

price tc give L2CG a clsarer advantage. Were the true cost of

ting Zuel would tegin %o
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exceed kerosene methods, resulting in an overall marginal cost
of 537-615 RS, still well below the kerosens costs.

In conclusion, we find that efficiency pricing of kerosene
and LPG, while taking market prices for wood, makes kerosene
come cut as the high-cost method and LPG the probable low-
cost option. Higher efficiency costs for wood enhance the cost
advantage of LPG, but if the wood price rise is substantial,
kerosene may eventually once again be the low cost option,
given the severe volume limitations of LPG, and a conseguent
sharp rise in its marginal costs. This suggests a possible
reliance on kerosene as an economical cooking fuel at some
future time, wi*tll an intermittent period of expanded use for

LPG. Refocusing ugon kerosene sugcgests the nead to investigate
S ugp

u?
[Ve]

the robustness of the LPG cost. 1IZ we consicder only the higher-

case assumption and assume that stove costs are cdcuble (500

instead of 250 RS), wnile other costs are left the same since

total cooxin
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households, in a nmar!

The calculaticns presentzad here ars partial ones ex-

cludine scme cccking methods, and ccntaln 2 aumber ¢ uncer-

to prices. 1levertheless, thev are robust erouch o permit

some centative conclusions.
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1. LPG, which is essentially disregarded in energy
policy discussion in Sri Lanka because of its veryvy small
volume, may have a very important role to play in easing the
fuels preblem in urban areas. 1Its marginal efficiencv costs
are probakly lower in cooking than those of competing fuels
--wood and karosene--especially so if market orices of wood

is a

m

understate the social opportunity cost. Though chi
small contribution to the problem, so too is the cost of the
investment project in the Colombo Gas Works at about 50 million

)

RS, including the costs of bottles for re-sale to customers.
More important, there are future possibilities of gas usage
beyond this relying upcn coal gasification methods, perhaps

using imported coal from South Asian areas such as India,

Thailand, Indonesia, or even China or East African deposits,

of urban gas considerably without too sharp a rise in the

tance oif the medlum-term Iutura orotect of sottled, LBEG -
expansion in this context, 1s ©o provide an initial demonstra-

tion to consumers, In the naturs oI orcoraganda and =ducation
about the use cI c¢as for dcmestic cooking. In addition, it

y 1 -~ 3 = A o A - [ e T S T = -
will srovide scme <ynamism <o the L2C suscly enteroriss, a
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helpful basis Zor later investment orojects such as pipeline

-

r n

revitalization and coal-gasificatio The potential contri-

bution of gas would then be far more sigrnificant, servicing
60,000-70,000 customers via bottles and 40,000-50,000 with
the 172 million revitalized pipeline svstem. This accounts
for akbout half of the households in Ceolombo's present popula-
tion.
2. In the event of a sharp increase in deforestation
problems and a conseguent high efficiency cost of wecod, pres-

L risin
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sures upon an G switch over marginal
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cost of this product, resulting kerosene as an

alternative. Thu neffici-

economical
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should be used to bring about a realistic choice pattern
reflecting economic opportunity costs.

For governments, the fact of the rapidly rising relative
costs of energy should act as a strong stimulant to evaluate
systematically existing and projected future energy use patterns
on a disaggregate basis and relate them to existing or poten-
tiallv available sources of supplv; evaluate the economic oppor-
tunity costs of use of the latter; and attempt to bring about
desirable changes in future energv utilization patterns in all
sectors of the economv. Such prcmctional activitiss, however,
must take full account of the many ralated technical, econcomic

and social-psychological factors that affact and influence

energy uses and fuel choices.
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CASE STUDY TIII

INDUSTRIAL INTER-FUEL SUBSTITUTION
ISSUES IN THAILAND



I.

INTRODUCTION

The "energy crisis' is one of the most fmportant developments on the
world scene today. The rapid rise in energy costs, especially oil prices,
has crea;ed major dislocations in the economies of even the industrial giants
such as the USA and Japan. The oil importing developing countries have
suffered more, with balance of payments difficulties, reduced economic growth
rateé, and genarally adverse effzcts on economic development. Therefore,
energy planning (ecpecially in the long-run), and energy supply-demand manage-
ment require special emphasis. Even'relatively modest improvements in these
areas would yield substantial economic savings{ because of the huge expendi-
tures required to supply energy as well as to convert and use it. |

A framework for integrated national energy planning, particularly in the
LDC context, should include important ceonsiderations such as: the interrelation-
ships and substitution pessibilities between different energy sources, the
difference betweeﬁ private and social costs and benefits (e.g., shadow pricing
and externalities), the modification of the economic efficiency objectives in
investment and pricing policy necessitated by other finanéial and socio-
political considerations, and the coordinated use of policf ﬁools (e.g.,
pricing-investment, physical-technical controls, public education—-propaganda).l
Furthermore, given the frequent over-emphasis on commercial fuels in energy
sector analysis, the important role of traditional fuels such as firewood should
be recognized.2

This paper is a case study cof eﬁergy use ia the tobacco curing industry

in Thailand, which illustrates the various elements in energy planning

lSee: Mohan Munasinghe, "An Integrated Framework for Emergy Pricing in
Developing Countries,' The Energy Jourzal, July 1980.

25ee for example: Mohan Munasinghe and Colin J. Warren, "Rural Electrification,
Energy Economics and Natiocnal Policy in Develoring Countries' Future Energy
Concepts, Publ, MNo. 171, Inst. of Electrical Engineers, London,
January-Feb. 1979, pp. 414-417.
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discussed above. Tobacco production.and curing form a relatively small, but
nevértheless important part of Thailand's predominantly agricultural economy.
Over sixty percent of the output 1s regularly exported, and the domestic
tobacco industry accounts for some €% of the total value added of Thailand's
.manufacturing sector. The major importance of tobacco production is in terms
of employment. During the growing season some 275,000 peoplé are working in
the fieids:and another 125,000 find seasonal employment in the curing phase
of the production cycle.

Thai tobacco is cured in thousands of brick-lined curing sheds. This
process is highly energy intensive. Eneigy costs amount to between 15 and
20% of the gross mark-up of the curing industry, or 10-15% of the product
price.. Hence, the industry is quite sensitive to changes in energy costs.
All kinds of combustible materials have been, or are being used as heat
sources. Examples are: rice straw, sawdust, firewood, lignite coal, and
fuel and low-speed dieseal fuels.

Recently, a rather rapid switch=over has taken place from indigenous
fuels such as wood and lignite, o fuel and diesel oils, in spite of rising
prices for tne latter. This conversicn puts added strains on the unfavoratle
balance of payments of Thailand, because almost all petroleum products have
to be imported. However, from the industry's private point-of-view, the
switch-over is advantageous because of a complex combination of input costs,
unreliability of alternative fuel supplies, and resulting quality contzol
problems. From a national, ¢r public point-of-view, however, lignite coal,

—avallable in ample quantities close to the tobacco producing areas, should
~-be-the preferred fuel. - However, serious quality control problems recuiring
the upgrading of raw liznite ihto briguettes have to be overcome first before
lignite would be able to replace the how preferred fuels, petroleum products.
This paper discusses appropriate éhérpy pricing and invectment policies which

tould have a major effec:z oh fuel €hoices in the tobacco curing industry.
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THE ENERGY SITUATION IN THAILAND

Thailand's economy is growing rapidly. Between 1970 and 1977 the annual
average real rate of growth of GDP war about 6.2%. Energy consumption
between 1970 and 1977 was growing at an average annual rate of sdme 9.27%
(see also table }). Reflecting the rapid gfowth of the.modern sector of. the
economy energy.intensity per unit of CDP increased at hish rates. Between
1960 and 1973, it rose at about 87 per year, or some 273% for the thirteen year
period. Until 1973 this trend was actually accelerating. The oil price shock
of 1973 led to a temporary decline. However, by 1975 the upward trend once
again had reasserted itself.

Petroleum and its products provide the‘dominant form of energy. 1In 1977

they accounted for 69% of all consumption, followed by 17% for woodfuels, 7%

for hydro, 5.8% for bagasse, aud 1.67% for coal (see table 1).

National Enerzv Pnlicvy Issues

The most urgent policy issue confronting the government is the country's
overwhelming dependence on oil, all of which is imported (217 of total inputs,
costing $1.1 billion in 1977). This makes it highly wvulnerable to supply
interruptions and trade deficits, as happened in 1973, and, more recently, in
1979. These consequences could have a severe effect on economic growth
rates. But continued economic growth is needed to absorb the country's
rapidly rising labor force and to reduce the substantial econowmic inequalities
that threaten to de-stabilize the country's political structure and cohesiveness.
But continued real ecouomic growth depends on the availability and utilization
of ever larger quantities of inanimate energy resources, requiring energy/GDP
ratios significantly in excess of unity for the time belng. For example, some
recent projections call for an overall elasticity of about 1.2 for the first

half of the decade and a (somewhat optimistic) hoped-for decline to about 0.9

thereafter.



- TABLE 1
) -
THAILAND, ESTIMATED ENERGY CONSUMPTION 1970-1977
ITEM 1970 1971 1972 1973 1974 1975 1976 1977
TOTAL 77,122 90,269 | 100,145 |111,131 | 113,491 | 119,732 | 133,851 | 142,581
1007 1007 1007 100 100% 100 1007, 1007
£
fnnual Rate of 17.1 10.9 11.1 2.1 5.5 11.8 6.5
Growth, Z -
Petroleum Products 47,088 58,909 68,534 | 77,427 75,460 77,995 | 88,073 7,843
: 61.1% 65. 3% 68.47 69.7> 66. 5% 65.1% 65. 87 €8.6%
Hydroelectricity 5,210 5,976 5,596 6,067 7,754 10,571 | 11,281 | 10,235
6.8% 6.67 5.6% 5.5% 6,8% 8.8% 8. 4% 7.2%
Bagasse 2,699 2,597 3,083 4,170 5,565 5,880 8,172 g,303
3.5% 2.97 3.1% 3.8Y 4.9% 4. 9% 6.3 5.8%
Coal 1,667 1,661 1,389 1,372 2,159 2,169 2,539 2,274
1.97 1.8% 1.4 1.2% 1.97 1.87 1.97 1.6%
paddy Husk 372 394 324 389 360 437 379 386
0.5 0.47 0.3% 0.47% 0.3% 0.4% 0.37% 0.3%
Fuelwood and Charcoall| 20,286 20,732 21,219 | 21706 22,193 | 22,680 |'23.207 | 23,735
(FAO estimate) 26.3% 23.0% 21.2% 19.5% 19.6% 18.97 17.3% 16. 6%
Fuelwood and Charcoal” 981 982 767 750 575 567 625 577

(NHEA Statfistics)

Sources:

and Result, Rome, 1972, table AS-2.

1) Based on pro-rated growth rates of FAO 1970 estimate of 50 tons and 1985 projection of 70 million m3 FAO. op. cit
2) As published by NEA.

National Energy Adm., Oil and Thailand, 1977. Bangkok, 1978.
were based on Food and Agricultnral Oreanization, Timber Trends Studv,

The FAO Fuelwood and charcoal estimates
Thailand, Detailed Description of Surveys

- Wil
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But while total energy use, as well as energy use relative to GDP
necessa vily will have to increase further to support modernization, mechaniza-
tion, and industrialization, efforts can be made to shift energy consumption
from dritical, imported resources, i.e., petroleum, to potential domestic
ones, such as natural gas, lignite, hydro, wéod, charcoal,.-crop residues, and
possibly, solar. Such a shift is genaerally not possible for energy uses that
are needed to provide motive power. There are, as vet, no technically or-
economically suitable substitutes available for gasoline, diesel, and jet fuels
for powering motile equipment such as trucks, cars, tractors or aipplénes:—
Substitution possibilities therefore are largely limited to energy uses that
produce heat for activities such as processing, steam production, cooking,
drying, etc.

Oﬁe major, exﬁected shift willlresult froa the development of newly
discovered off{shore natural gas deposits in the Gulf of Thailand. Another will
come from the development of the Mae Mon lignite deposits. Both of these
developments will largely affect the future use of fuel oil because all of the
lignite,g/ and over 90% of the naturai gasél will be utilized for nower

production. Other domestic resources such as undeveloped hydrcpower sites—

1 . .
—/In1977,the transport sector accounted for some 447, and agriculture for

another 11% of total petroleum products ccnsumption.

Q/However, at "east one deposit near Li, in northemn Thailand, containing
some 15 million tons, has heat rates high enough (6,200 XKeal/Kg dry)
to be suitable for other uses such as tobacco drving. In recent vears,
some 100,000 tons of coal were preoduced annually from chis deposit, all
by open-pit mining methods. Most of the coal produczed here is actually
used by the tobacce industry.

é/Potential industrial or residential naztural gas markets outside the greater
Bangkok area are far too small to warrant the high costs of pipeline con-
struction.

ﬁ/Except for several large, potential sites along the Mekoag and Salawin rivers
which cannot be developed at present for pnlitical reasons since the rivers
form the borders between Thailand, Laos and Furma respectively.
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and wood fuels are fairly limited, Localized shortages of wood fuels and
charcoal are developing in various regions of the country. In spite of

these wel;ome changes, demands for petroleum products, in physical terms, are
still expeéted to increase at between one to six percent per year between

1980 and 1990,2/

which is less than the nrojected real rate of GDP increase
of around seven percent per year for the same period. However, high crude

oil prices imply that petroleum imports will continue to represent a serious

drain on Thailand's foreign exchange resources.

Shadow Pricing Issues

The existence of protective barriers to trade in Thailand indicate that
the local currency is overvalued and thus foreign exchange has a scarcity
value. |

If we use foreign exchange as the numeraire or unit of value, then this

implies that on average, domestic market prices must be reduced by the standard

2/

conversion factor (SCF) of 0.79= to compare these values with tradedigoods

valued‘ﬂi{ectly in terms of foreign exchange converted at the official exchange
. | 2

ratc %1 e., for imports and exports measured at border (or international) prices.=

For_shddow pricing the inputs used in the comparison of fuel costs however,

;/This range brackets several forecacts from official Thai and World Bank sources.

z/Based on the most recently available data (19Y77) - see Committee for Coordination
of Investigations oI the lower Mekong Basin, Calculztion of Conversicn Tactors
For Project Appraisal, Bangkok, Sept. 1977. These shadow prices ars based
on econouic erfrficiency consideration only, and igncre income distributional
considerations.

é/This numeraire is based on the Little-Mirrlees, Squire-Vandertak methodology
of shadow pricicg. For derails: see for euample L. Squire and H. Vander Tak,
Economic Anaivsis of Projects, John Hopkins Press, Raltimore, 1975. The
tradictionallv used snadow exchange rate (pased on a domescic priced numeraire)
1s equal to the cffical exchange rate divided by the SCF.
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more specific conversion factors have to be used. Thus, using the same
numeraire the 1976/77 conversion factor for unskilled labor in the tobacco
growing northern areas was estimated at 0.32, and the lignite conversion factor
was 0.52, based on the proportionsof labor, capital and transport used to
produce and deliver lignite, These factors have been applied here to the
market prices of the corresponding items to measure the real economic costs

of producing raw lignite coal, and of using unskilled labor, respectively.

The internaticnal price of diesel was used directly since i: is already in

border prices. _
While shadow prices may be used to evaluate energy decisions from a

\

4 \
national perspective,private sector energy use decisions are being made on cthe

i il

basis of market prices, convenience of use, reliabilityv of supply, etc. The

>
—

same” applies to energy users in the public sector unless they are under direct
/
ordergto behave otherwise. Given the high real ecoromic costs (or shadow
costs) .of perrolaum imports which often exceed transaction prices, constant
N
vigilance is needed to evaluzte any substantial deviation of economic from
market prices that may lead to inefficient energy use decisions frow a national
point of view. Corrective action, through changes in prices, taxes, or regulat-
tions must be tzken when this occurs. The case of the Thai tobacco curing

industry provides a useful example of such differences in social and private

costs.

Energv Pricing

Energy prices for petroleum products, natural gas (presently umder develop-
ment) and electricity are govermment controlled, the former through regulated
prices, the latter because the power campanies are government ownéd. ‘Only
locally traded woodfuels and coal are free from regulation. Thailand, for-

tunately, has avoided the pitfalls of heavily subsidizing petroleum prices
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in the wake of the 1973 OPEC price iﬁcreases.i/

However, while prior to 1973

petroleun products were heavily taxed and thereby made a substantial contribu-

' 2/ .
tion to overall governmental revenues, - most of these excise taxes, except

those on gasoline, were either reduced or completely eliminated.

Estimates

for 1978 indicated that over 857 of all excise tax revenue on petroleum prod:cts

would come from gasoline only. As a consequence, market prices for products

such as low-speed diesel o0il o. kerosene compare favorahbly with those of other

energy resources except lignite, as can be scen from taole

2. Compared to

woodfuels for example, lowspeed diesel o0il is somewhat less costly on a net

heat content basis. Only lignite coal appears to be considerably lower-priced.

. TABLE 2
Comparative Energy Prices, Northern Region, Fall 1978
FUEL LOCAL PRICE, ¥ U.S.S u.s. / 10% keal
TFuelwood delivered 6.00/m> $14.79
Lowspeed diesel 0.13/1tr 14.14
Kerosene 4 0.14/icr 15.36
Lignite (from Li) delivered 12.50/ton 3.11
Sources: lational Enersy Administration of Thailand, and the tobaccu Industry.

8)ssumes a net heat rate of 4,000 lical per kg of (moist) coal.

The government makes no attempt to shadow-price

products and to adjust market prices accordingly.

THE THAI TOBACCC TINDUSTRY

The Thai tobacco industry plays a small, but regionally
the economy of the country. Tobacco growing is concentrated

most provinces where soils and climate provide exceptionally

A/Except for a limited period of time following the 1973 upheaval.

2

/
='Some 87 of total government revenue in 1972,

the imporzed petroleum

important role in
in the four northemmn-

favorablo conditions.



-229 -

flue—cured Thai tobaccos, particularly the Virginia leaves, are famous for their
quality. Over sixty percent of total production is regularly exported, mainly
to Western Europe, North America, and Jepan. Demands have been particularly
strong in recent years becausc Thai Luoaccos have the lowest nicotine content

in the world. Furthermore, Rhodesia, Thailand's most important competitor,

was until recently strongly affected by the trade embargo.

While only about one-third of one percent, or somewhat less than 50,000
hectares of Thailand's agriculturzl land is devoted to tobacco growing, (see
table 3) the impact on nationﬁl income, employment and export earnings are

. 1/
much higher., During the tobacco growing season,~ some 275,000 farmers and
farm workers find employment.g/ To this have to be added some 125,000 workers
during the four-months curing season. Most of the tobacco is produced by
small—gcale farming unicts of 2 hectares or less.

Tobacco expor:c, almost all of them coasisting of cured tobacco leaves,
accounted for some 1.3% of total exports in recent years, while domestic tobacco
product manufacturing represented somewhat more than 8% of the total value
added of the manufacturing sector.

Overall, then, in terms of value added, ewmplovieent creation, secondary
derived industrial activities and exports, the obécco industry plays a far
larger role relative to its use of agricultural land than any ocher agricultural
oroduct. Only the limited availability of suitable soils and appropriate

¢limatic c-nditions prevent its further rapid expansion.

1/

='Planting periods start either between August and October, right after the end
of the rainy period on seasonal land, or start in late November on ivice paddy
land after the end of the rice harvesc.

2 o . '

—/Equal to some 1.9% of the total agricultural labor force. This means that
the labor iatensity of tobacco is about 5 1/2 times higner than those of
all crops combined.
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Tobacco Curine

The tobacco harvesting and curing season lasts through most of the winter,
from about November to the end of February. Two or three leaves are picked from
each plant every five to seven days early in the season and every ten to twelve
days later on, The leaves then are brought to the curing stations which consist
of rows upon rows of two-story high frazme and brick-sided curing barns. The
capacity of'each of these barns is about four tons of fresh leaves, vhich reduce
to between 300 and 500 kg when cured.

Quality differentials of fresh-picked tobacco leaves are pronounced. Thiz
can be seen frem the prices paid te farmers whi.ch vary from US¢3 (B/0.60) per
kg, the legal minimum in 1978, to USc¢cl4 (B2.70). The average pricé éaid in 1978
amounted to US¢8 (£1.60).

Each of the barns is equipped with two simple firing boxes which conrect
to concrete-linad baffles and then to large diameter cheetmetal ripes inside the
barns which éerve as heat exchangers. The firing boxes can accept a wide range
of combustible materials. 1In recent years by far the most important were
firewood, charccal, lignite and low-speed diesel or fuel oil. Firewood and
charcoal come from the surrounding mountein forests. However, available supplies
are quite insufficient tc supply the needs of the curing industry. The lignite
comes frow a number of open pit mines to the south of the tobacco growing areas.
The most important source of lignite is at Li. Diesel or fuel oil is bought
from local wholesalers at the government-controlled price.

; , . 1

The major comnsideration in flue-curing of tobacco is temperature control.=—
Ideally, temperatures are not allcwed to increase at rates of more than 1 or 2
degrees per hour, and maximum temperatures must be carefully coantrolled to
obtain a high qualicy product. The type of fuel used for the curing process

has a major effect on the ease or difficulty of contrel. For control purposes,

l/Thai Leave Tobaccos", Thail Export Bulletin, No. S. Bangkok, 1967, p. 16.



THE TOBACCO INDUSTRY IN THAILAND.

1. 'E 3

SOME COMPARATIVE STATISTICS

e

Area Planted Total Valuq Value of Total Value |Value of
Area As A Of Tobacco | Tobacco Of Tobacco Tobacco Exports
Year Planted Percentage Yield Total And Tobacco | Products Exports As A
Hectares Of Total (Dried) |Production Products | As A % Of Million U.S.$ |Percentage Of
Agricultural KG/HA Tons Milllons Total Value Total Exports
Land U.s. § Of MFG Output

1974 46,000 0.35 804 37,000 190 8.0 22.3 0.9

1975 47,000 0.34 915 43,000 230 8.8 28.4 1.3

1976 48,000 0.34 833 n.a. 250 8.3 35.0 1.2

1977 47,000 0.34 766 n.a. 300 8.3. 46.2 1.3

SOURC Bank of Thalland, NESDB, Agricultural Statistics of Thailand

All locel currency data converted to U.S. § st ar oxchange rate of °1.S. $1.00 = BAHT 20.0

-1&0-.
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firewood and diesel or fuel olls are far superior to lignite.

Cured leaves are hand-sorted into some 26 different grades. Grades depend
in part on the ofiginal structure and size of the green leaves, but even more
so on the subsequent curing process. The ideal leaves are of uniform, yellow
color, have a thin to medium body, bright shade, clear finish, fairly fine
texture, oily, ripe, firm and strong, small to medium size fibers and have
less than five percent injury.1 If temperatures during the cure are too low,
leaves will stay green; if they are too high, the leaves will turn brown and
crinkle. Either way, they lose value.’ Dapending on grade, export prices
(in 1978) varied between US$0.50 to USS$3.00 per kg (Bl0 to BA0); the average
price amounted to US$1.50.

According to industiy sources, woodfuel provides the casiest temperaturc
contrel, followed by diesel or fuel oil. Lignite, zlthough it has been used
extensively in recent years,2 is very hard tec control ané has a strong tendency
to overheat. This affécts both quantity and quali:tv. For wood or oil-cured
tobacco, the fresh to dry leaves weight ratic is 7 - 8 to L; for lignite-cured
tobacco it is on average 9 to 1, a weight loss of some 15 to 20 percen:
compared to the former. Because the quality of the cured leaves are, on average,
also lower, the value of the finislied product from the lignite-cured shed is
considerably lower; these differences may amount to between $200 and $300 per
barn load, or $0.50 to $0.75 per kilo.

Use of lignite has other problems attached to it. Deliveries from the

mine are unreliable; sometimes a truck will have to wait several hours to

lThai Leave Tobaccos", Thai Expor:t Bulletin, No. 5. Banpkok, 1967, p. 16.

2Production at Li amounted to some 100,00C tons per vear, of which perhaps
80,000 tons were used by the tobacco curing industry.
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get loaded. The quality of the lignite supplied is poor. Only about 70
percent is useable because of excessive breakage and admixtures of clay.
Stored ligﬂite has a tendency to self-ignite, and the water content of the
lignite usually is high. Because of the temperature control problem, over-
heating of sheds is frequent, leading to fires. 1In 1977/78 one curing station
lost 3 barns because of lignite-caused fires. Because the lignite has a
high sulfur content, baffels and heating ducts must be frequently renewed.
With lignite as fuel, baffels usually last only one or two drying cycles
before they have to be replaced. . ‘ .

Lignite firing also requires more manpower. One man can supervise tne
firing of 2 or, at the most, 3 lignite-fired kilns; with oil or diesel fuel,

he can supervise six.

The Economics of Lienite Versus Diesel Fuel

Given all of these problems related to the use of lignite it is not
surprising that the tobacco industry is constantly looking for alternative
fuels. One option offered by the Government are the use of'forest stands in
remote, high mountain areas. Costs of access, cutting and transport were
found to be excessive. Another alternative under consideration is reforest-
ation of overcut arcas with fast growing species for the production of fire-
wood or charcoal. Such schemes are under comsideration, but would require a
number of years for implementation and first harvest.

The only realistic fuel alternatives are either lignite or some hydro-

. : . 1/
carbon fuel, because wcod fuels are in increasingly short supply.= Government

1In economic terms, the increasing shortage of wood and forest depletion as
well as erosion problems resulting from overcutting imply significant external
diseconomics associated with wood fuel use, i.e., the sovial cost of woodiuel
use would be very high althoumh data is not available for quantifying this
value preciselv. For an znalysis of the physical dimensions of the problem
see FAO, Timber Trends Studv, Thailand, Rome 1672,
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officials in Bangkok expexr the Tobaeco industry to greatly expand the use of
lignite and predict 2 use of some 300,000 to 350,000 tons annually. Such a
quantity would be suffizient to cover the total energy requirements of the
industry. Indusfry spokesmen believe otherwise, and they strongly resist
Govarnment pressure to sign long-term, expanded contraccs for lignite supplies.
Instead they are rapidly converting their drying bLarns to the use of diesel
or fuel oil instead.

Lignite, at present prices, is by far the lowest-cost fuel (see also table
2.) This is clearly apparent from the data of table 4, which indicate that
the costs of lignite, delivered, per barm per year awount to only US$4Z0
compared to US$1,325 for low-speed diesel fuel: However, the combined disad-
vantages cf using lignite compared to diesel or fuel oil far outweight the
initial price advantage. Additional labor costs increase the costs of using
lignite by some $100 per barn per year.l/ However, the major disadvantages
of using lignite are a result of the poorer quality and reduced quantity of
‘output resulting from the use of this fuel. Overall, the value of output of
an oil-fired barn in market prices amounts to an average of US$7,500; from a
lignite-fired one it is only US$5,25C, a difference of UsS$2,250, cr 30% of
the value of output of the former. This differential dominates the initial
cost advantage of lignite. The residual mark-up between selling price and
fuel-cost related inputs plus raw tobacco is US$3,103 for oil-fired barms,
but only US$1,628 for lignite-fired ones, a net difference in favor of the
former of US$1,475, or 20% of the value of output.

It might be assumed that appropriate shadow pricing of the imported fuels

versus the more labor-intensive lignite would substantially alter these

;/Additional costs are coal storage, coal waste and higher handling costs;

these are partially offset by the Investment costs for oil burners, tanks
and feedlines. Overall, these costs may mutually cancel out.
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results in favor of lignite. This, ﬁowever, is not the case, as can be seen
from the economic data in table 4. Evaluated at the appropriate shadow
prices the net advantage of oil-curing over lignite-curing is still about
$1,069, or 16% of the value of output of oil-cured tobacco. This stems from
the fact that about sixty percent of the tobacco -- particularly the higher
quality leaves -- is exported, and that the main difference resulting from
the use of diesel oil is a large increase in the total value of output. This
increase is larger than the increase in the shadow-priced economic costs of
the imported diesel fuel. Hence regardless of the magnitude of the foreign-
exchange shadow coefficient,l/ it is economically always more efficient at
prevailing fuel market prices to use diesel instead of lignite.z/

This conclusion, of course, holds only within certain fuel price limits.
As import pricec rise for diesel fuel the market as well as economic advantage
of diesel compared to lignite steadily shrinks. Assuming that all other costs
and prices remain constant, the diesel import market price at which lignite
is competitive with diesel is ¢25/1tr., ($39.75/bl.) or ¢28/ltr. at the pump.é/
This translates into total fuel costs per barn per vear of $2,800, a cost
sufficiently high to eliminate the original advantage of the diesel. Evaluated
in econowic terms the import price for diesel would have to rise to about

¢23/1tr. ($36.98/bl.) until equivalence with lignite is reached. Hence, once

1/

='Since foreign exchange serves as the numeraire in our evaluation, increased
scarcity would result in a downward adjustment of all domestic shadow-price
coefficients relative te foreign exchange.

o)

:/This assumes, however, that the social value of additional foreign exchange
earnings accruing to private tobacco traders is equal to the shadow price
of additional imports. This may not necessarily be true.

é-/This price is 210% higher than the ¢13.3/ltr. ($21.07/bl.) used in the
analysis.
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diesel prices reach or exceed this level policy measures such as taxes or
direct fuel allocations should be introduced te force a switch to lignite,
even though market prices still would favor the use of diesel fuel.l

If these industry-supplied data truly reflect the average values of
output and input costs, it is clear that the industry will continue to
convert its curing operations from lignite to diesel or fuel oil as quickly
as possible. 7This will be the case even if the recent, (1979) OPEC price
increases for hydrocarbon fuels are fully passed on to users by Thailand's
fuel pricing authorities. For similay reasons it appears that frop 2 national
economic perspective the use of imported petroleum-based fuels is preferable
to the utilization of domestic lignite, as long'as their costs are below $37

per barrel, and other costs remain constant in real terms.

SOME POLICY ALTERNATIVES

Uther potentizl domestic fuel sources are wood or charcoal, crop residues
or natural gas. Wood is ewminently suitable, but in short supply within a
reasonable radiuc determined by transportation costs. Its costs on a heat-
content basis already are as high as those for petroleum-based fuels (see
. . i o af
table 2). Some formerly forested land unsuitable for general agriculture—

is available in the region for the establishmant of forest plantations. How-—

. L3 . . . .
ever, even fast-growing spec:es—/ require at least six to eight years until

1/ s . :
—/Thls assumes, of course, that all other cost and prices remain constant.

If not the appropriate switching prices have to be recalculated.

2 . , - .

—/Because of continuing population pressure on the land forest plantations
could probably not be protected and maintainad on potential agricultural
land.

4
éjSuch as Leucaena, which may produce as much as 35 cubic meters per hectare

per year.
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harvesting can begin. Ia any case, it appears unlikely that sufficient land
can be found to satisfy both the needs of the tobacco curing industry and
the competing and growing demands of households, commercial and other
industrial enterprises.i

Experience has shown that locally available crop residues, mainly rice
straw, is not suitable for tobacco drying because of handling and temperature
control problems. Natural gas cannot bte brought into the area because pipeline
costs from Langkok would be prohibitive. Shipping uncured tobacco leaves to
the pipeline terminals near Bangkok would be equally impractical because of
added transportation costs, product deterioration in transit, the need for
constructing completely new drying facilities on high-priced land near
Bangkok, and the difficulty of getting skilled.temporary labor for curing and
sorting of the uncured tobacco leaves.

This leaves the seemingly qualitatively and economically inferior lignite
as the only major alternative fuel source. However, the conclusions derived
above about its various disadvantages hold only because, as utilized at present,
it is a low-quality, unreliable and difficult to manage fuel. But lignite
does not have to be utilized as mined. Technological methods to upgrade raw
lignite into a more uniform product are well known and have been in use in
other countries for many decades.gj These up-grading methods usually consist
of washing, cleaning, drying, milling and briquetting. The resulting product,
in the form of briquettes, is of uniform quality, allows controlled burning,
and is widely used by industry and households in lignite-rich countries.2

Once disdained as an infericr fuel when fuel oil prices were $3 to 84 a barrel,

l-/Somc 98% of all rural households use e. *t:r wood or charcoal as primary
fuel. From: FAO, Timber Trends Studv of Thailand, Rome, 1972.

2/

£/ ps in East and West Germany and Czechoslovakia, for example.

A/For example, some 20% of the lignite produccd per year by the
Rheinisch-Westfdlische lignite mines in West Germany are converted into

briquettes for such uses.
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at between $20 to $40 a barrel 1igni£e briquettes look attractive for many
uses.

Lignite briquettes of uniform quality and size would overcome the major
objections against lignite use for tobacco drying; the lack of control over
the burning rate and, hence, the rate of temperature increases. Transport,
storage and handling costs for briquettes would be higher than for diesel or
fuel 0il, but these differences are minor compared to the cost differential
between lignite and petroleum-based fuels on a heat content basis.

Conversion of lignite into briquettes would increase the costs of the
fuel. In 1978, a small-sized briquetting plant based on the Li deposit was
under construction, with a target production date of summer, 1979.£/ Its
design capaciry was 12,000 tons of briquettes per year, destined mainly for
an acetylene plant and other local users. Total capital costs of the plant
were estimated at US$75C,000 and projected sales prices for the briquettes
were $70.00 per ton.

West German manufacturing sources of briquetting plants estimate that
" the total installed costs of a highly mechanized plant at Li, for an annual
capacity of some 500,000 tons, would amount to about US$103 willion. Assuming
a life expectancy of 30 years, capital cost charges for such z plant would be
$24/ton at a real opportunity cost rate of 11%, and $62/ton at a market
discount rate of 30%. Fcr such a highly automated plant labor requirements
would be only 30 men per shift.

2/

These scmewhat sketchy cost estimates— nevertheless irdicate that lignite

l/Derek industty of Synthetic Coal Co., Ltd.

2'-/-'I‘he data on the Derek Industry plant are somewhat more reliable since they
were obtained when the piant was already under construction. The wWest G2rman
data are bascd on desk studies only, without detailed engineering site
evaluations.



TABLE 5

BRIQUETTE PRICES PER TON THAT MAKES THEM COST EQUIVALENT

TN DIESEL FUELS IN ECONOMIC '[‘ERMSl
Delivered Diesel | Quantity of Briquettes Max. Allowable Economic Equivalent
Price Required, per Bamn, Cost per Ten Delivered Market Price
Per Season in Border Prices with Shadow Coefficient
of 0.8033
Tons $ $
$20/bl. = 15 81.80 101. 87
¢12.57/1¢r. 20 61.35 76.40
’ 25 49.08 61.12
$32/bl. = 15 131.20 163.39
¢20.08/1tr. 20 98.40 122.54
25 78.72 98.03
i

lFor underlying data see Table 4,
2In::ludes ¢3.25/1tr. (shadow-priced ¢2.57/1tr.) for domestic handling and delivery charges.

3Based on 80% cost share of manufacturing at a shadow-price of 0.86, 10% transport at 0.63 and 10%

mining at 0.52. :

=06 -
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briquettes are likely to be a competitive fuel for the tobacco curing industry.
This can be seen from the data in table 5 which estimate a range of briquette
prices that would make them cost equivalent with diesel fuels in real
economic terms. The wain assumption wderlying the analysis is that lignite
briquettes, bezause of their uniform quality, would provide the same con-
trollability of barn temperature changes as do wood or petroleum fuels at
present. Two diesel fusl prices were assumed. The first, of $20 per barrel,
represents the delivered, shadow-priced 1978 fuel costs as used in table 4.
The second, of $32Z per barrel, approximates the average 1979 world market
price. Several ranges of votential lignite briquette requirements were used.
At present, average raw lignite requirements per barn per season are 30 tons
(see table 4). Howevel, lignite briquettes would have a higuer neat race per
unit of weight, because they would be free from impurities, as well as dried,
and have superior burning characteristics. On a cowparative heat content
basis, 10,000 liters of diesel fuel arc equivalent to 15 tons cf dried and
clean lignite frow the Li deposit.ij llovever, the burning efficiency of
briquettes may be somevhat lower than those of diesel fuel burners that blow
the generated combustion gases directly into the heat-exchanger pipes. How
much lower this thermal efficiency would be can only be established through
field trials.g/ Such data aro not availzble at present; hence, three ranges
of briquette requirements per barn per year have been shown: 15 toas, 20 tons

and 25 tons.

216,200 Keal/Kg dry. From: National Energy Administraticn, Gil and Thailand

1977, Bangkok, p. 43.

2/Factors that will affect actual heat rates will be the cleanliness and
qualitative uniformity of the briquettes; their moisture content; their
shape, and the frequency and manner of stoking of the fireboxes, as well
as the shape of the fireboxes themselves.
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At diescl costs ¢f $20/b1, maxirum allowable delivered briquette costs
Per ton in terms of border prices range from $49, if 25 tons are needed, to
$82, if 15 tons suffice. In equivalent market prices they range from $51
to $102 per ton. At diesel prices of $32/bl., which are more in line with
Post-1979 world market Price levels, briquette costs Per ton can range from
$78 to $131 in border prices, and from $98 to $163 in marker prices. At
their lower boundl/ these equivalent market prices arce lower than the quoted
market price of $70 of Derek Industry. However, a larger briquetting plantg/
is likely to be more efficient so that even in this extreme case the
briquettes are likely to be the more efficient alterrative in both economic
and financial terms. At all other prices, briquettes are clearly less costly
than diesel in economic terms., From a national point of view, therefore,
every effort should he made to promote the use of liganite briquettes for
tobacco curing.

Unfortuﬁately, the issue is not quite so clear-cut when the analysis
is done strictly in firancial terms, i.e. on the basis of wmarket prices.
Clearly, the results of the financial, rather than the econonic analvsis,
will determine actual industry behavior, unless the government deliberately
intervenes in the industry's decision brocess. Table 6 repeats the anzlysis
of table 5 in financial rerms. At prevailing 1978 diesel fuel prices,
maximum delivered briquet:ze costs must be as low as $53/ton if as much as
25 tons per bamn PEr season are needed, or $88/ton, 1f 15 tons are found to

be sufficient. The lower limit is below the quoted price of $70/ton fron

l/At the 1978 diesel prices and with briquette requirements of 25 tons.

2/

= 0f at least ten times the capacity of the Derek plant.



TABLE 6

BRIQUETTE PRICES PER TON THAT MAKES THEM COST EQUIVALENT
TO DIESEL FUELS IN TERMS OF MARKET PRICESl/

QUANTITY OF BRIQUETTES

MAXIMUM ALLOWABLE

DELIVERED REQUTRED, PER BARN, COSTS PER TON
DIESEL PRICE PER SFASON DELIVERED

TONS $
$21/b1, = 15 83. 33
¢13.25/1¢tr. 20 66.25

25 53.00
€33/ bl. = 15 138,40
¢20.76/1tr. 20 103.80

25 3.04

l/Dat:a based on tables 4 and 5.

¥
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Derek Industries, the only existing briquecrte producer at present. At
average 1979 diesel fuel prices of $33/bl., however, the allowable briquette
price range is more attractive - from 383/tcn for 25 tons per barn to $138
for 15 tons per barn ~ substantially above the $70/ton Derek Industry price.
Hence, if 1979 petroleum product world market prices prevail, and if domestic
prices for lignite briquettes do not rise substantially relative to prevailing
prices, briquettes are likely to be the more attractive fuel in strictly
financial terms as well. This would obviously make it much easier for the
government to persuade the tobacco curing industry to switch to lignite
briquettes, provided, of course, that the teéhnical assumptions about their
suitability can be proved, and provided that the needed investment capital
and know-tow for the production of qualitatively acceptable lignite briquettes
can be found.

With an estimated demand by the tobacco curing industry alone of between
120-200,000 tons of briqueties per year this would result in a new industry
with a value of output of some $§ to 14 million;l/ it would increase local
employment;g/ it would provide an opportunity for otﬁer users of heating
energy to tap a new scurce of supply, reducing pressurc on dwindling suprlies
of firewood and charcoal and, best of all, it would reduce dependence on
hydrocarbon imports by another US$l4 to 16 million or so per year.

For the Thai economy, this specific use of the lignite deposit at Li
would mean that for a period of over 20 years a locally produced erargy

product would replace $14 to $16 million of hvdro-carbon imports per year.

ljBased on the 1979 announced selling price of $70/ton of Derek Industry.

2/In mining, processing and transportution from the plant to the tobacco
curing sheds, Additional employment ol some 580,000 man-days would be
ereated during the curing process froa the greater man—-power requirements
of briquette compared to oil firing.
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The present value equivalent of this switch-over would be between $122 and
$139 million, evaluated at an estimated 117 opportunity cost of capital for
Thailand. Considering that the fereign exchange costs of starting a
briquetting plant to serve the needs of the tobacco curing industry is likely
to be in the $10 to $15 million range, this appears to be a worthwhile

. 1
investment, 1ndeed.—j

CONCLUSIONS

A number of important conclusions with regard to energy use patterns in
developing countries can be drawn from this specific case study. The first,
and most important one, is that user choices among alternative energy sources
will ‘usually not only be determined by the financial costs of each altemnative
fuel compared on a net heat content basis. Lqually, or more important, may
be the auxiliary costs to the user of utilizing each one of them. These will
be made up by the costs nf labor, capital and land related to receiving,
unloading, stcrage, handling, ease of control in use and potential risks,
waste material disposal and system maintenance. Reliability cf supply zand
transportation, uniformity of quality, and the effect on the quality of
processed materials will be other important consideraticns. Habits, and the
availability and reliability of experienced operators may significantly
affect use. Particularly in situvations in which the potential choice lies
between a known, customarily-used energy materizl and new alternatives of
unknown characteristics, resistance to change may be formidable. Lack of
knowledge and experience is perhaps one of the most formidable barrilers to
change 1in energy use pattermns, particularly in developing countries

(although this was not a particular issue in the case of the Thai tobacco

l/Based on the Derek Industry capital costs. Proportional capital costs
for a highly automated, large-capacity plant as proposed by West German
sources would probably be in the $25 to $30 million range.
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industry). Only 1f all of these factors are systematically and carefully
taken into consideration will it be possible to bring about desirable changes.

Anothér important consideration from a national point of view should be
that market prices to users frequently do not reflect the true, economic
costs of the specific energy use, Appropriate shadow pricing is necessary
to determine tho difference, if any, and ei&hér changes in market prices or

s
regulations affecting alternative fuel choices should be used to bring about
a more realistic choice pattern reflecting real economic costs.

For govarnpents, the fact of the ‘raridly rising, relative cos:s of
petrolent products should act as a strong stimu;ant to establish energy-uce
oriented evaluation and development task forces that systematically analy:ne
existing and projected future energy use patterns for major specific activities,
and relate them to existing or potentizlly available sources of supply; these
task forces should evaluate the true financial as well as economic systems
costs of the various alternatives, and attempt to bring about desirable changes
in enerpgy utilization patterus in industry, commercial activities and house-
holds. In the majority of cases, this will not call for the introduction cf
new, exotic and unproven enargy use or conservation technologies, but simply

in the rearrangement and proper utilization of alrecady existing ones.



