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T.. introductic-n 

in an inzeas-ng 	nunber
i recent years, 	decisicn ca:ere 

:"t- energy sector "nves~en plannin
of countries -ave realized 

be carre.d out on integrated basis, e.g., :bith!=
and pricin-g should 

dere-res 
the franework of a aaticnal energy =aster plan -hich 

- toanaKentto 
energy policy, rangi-g fra short-r--- supply-d	 and 

' 
-
P1 ' andinvesnClcmg-_un pLan-ing. Eo";ever, in practise 

a=d at best partiaJ.cut on an ad-hocpricing are st i. carried 
Or 

or il sub-sector
basis. T -us typica!!y, elec-.ricitsub-sector 


been ca=ried out in-dependen-1.Y of each
 
p-nnr.in-g has traditinallY 


long as energy -.­
other as "yell-as cf ot'.har energy sub-srictors. 	 A-s as
 

But lately, * ih-_sLng

cheap such pr-i approaches .;ere accetable, 


chainges in relative. fuel prices., and
 
energy, costs (eapicially of oi2) 


of ar fnte-grated energy, policy

the- advantagessubstitution possibilities, 

have become 	evident,
 

th:is paper the i-portance of coordinated energy plann-ig
In 

reference to the inter­
and pric-Ig -wil be =ph-asized,u-.ih paric:!±ar 


adopted in various energy

rel.aticn-ships anng t e pzi -g 


such as elec:ric no-er, petrole,-, natural gas, coal and
 
sub-sectors 


(eg., f rewood, crop residues =d dung) Ncntlcfl
 
traditional. 	fuels 


also '- f!.tt e~d -. to this fraewark' We il., focus on the LDC
 
sources can 

re i3r 
, g ne ra 'lA" 	. .....cQnt e.'t wJcre 2 .
 

ezrchange and resources for development, larger nu"mnbrs of poor households
 

.. ....... ,..... ,..%--,.-e..
 

and do not necessari!,
 
-I/,- The opinions 	ex.ressed in this paper are 

the authorh, 

its affiliated organizations,
the World Bank or 
represent the views of 


http:h-asized,u-.ih
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whose basic needs must be met, greater reliance on 
traditional fuels, and
 

to the already complicated problems
relative paucity of energy data, add 


faced by energy planners in the developed countries. We will also touch on
 

the extent that they strongly influence pricing
the chief investment issues to 


policy.
 

Before developing an integrated framework for power 
and energy pricing,
 

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

to
 
The broad underlying rationale is to make the best 

use of energy resources 


promote socio-economic development and improve 
the welfare and quality of life
 

an essential part of overall national
 of citizens. Therefore energy planning is 


economic planning, and should be carried out and 
implemented in close coordi-


However, in energy planning, tie principal emphasis is
 
rith the latter. 


on tha comprehensive'dnd disaggregate analysis 
of the energy sector, with due
 

regard for the main interactions with the rest of the economy. In a strict!7
 

seeking the
 

nation 


technical sense, the energy planners role might be confined to 


least-cost method of meeting future energy requirements. However, energy planning
 

a variety of other objectives including reducing 
dependance on
 

also includes 


the poor, reducing the trade
 
foreign sources, supplying btsic energy needs of 

and foreign eaxchange deficit, priority development of special regions or sectors 

finance energy sector developmentto
the economy, raising sufficient revenues
of 


supply and price Stability, ?re­(at least oartially), ensuring continuity of 


ser-ation of the environment, and 
so on.
 

the folloing three
 
In general, energy planning requires analysis at 

to fundamental national objec:i.ves:. (a) links 
levels in relationhierarchical 

the rest of the eccncmy; (b) interactions becween 
betveen the energy sector and 

the energy sector; and .c) act4rties in each in­diffarent sub.sectors within 

nhe steps irnolved in the -planningprocedure usuall" 
dividual energy sub-secz:r. 


include energy sup17 and dempd analyses and forecasting, 
energy balancing,
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policy formulation, and 
impact analysis, to meet 

short, medium and long-range
 

a relatively simple
 
goals. -initially, these activities may 

be carried out at 


data and local analytical capabilities 
improve more sophis­

level and later as 


The
 

ticated techniques including 
computer modelling, could be 

implemented. 


a central
 

institutional structure should 
also be rationalized by setting 

up 


on eer
 
energy, with its principal 

focus 

or min istry of 
energy authority (CEA), 


planning and policy makingexecution 
of policy, and day-to-day operations 

would
 

line agencies like the electricity 
utilities or
 

remain the responsibility of 


petroleum corporations which 
already exist in praczically all countries.
 

1I. Scooe and Objectives of Pricing
 

is only
that it 

To put pricing in proper 

context, we note 


one of the policy tools 
available for optimal supply-demand 

planning
 

and management; others include 
physical controls, technical 

methods,
 

and education & propaganda,
 
(including research and developmentI, 


their use should be well
 are interrelated,
Since these tools 


are most effecti7e in the 
short-run
 

?hysical ccntrols
coordinated. 


All methods of
 

when there are unforeseen 
shortages of energy. 


load shedding and rotating
 
physica.ly limiting consumption 

such as 


reducing the supply
 
in the electricitY sub-sector, 

as well as 

power cuts 


during some periods, 
are
 use of motor cars or banning theof gasoline 
the supply
include, on
Technical means 


included in this category. 

producing a given form of 
cost or cheapest m=ans of 

the leastside, 
of substituteand developmentfuels, researchthe best mix of energy, 

and on the demand side,for gasoline,as wood-alcoholfuels such 

such as betterdevicesconversionhigher efficiency energy
introduuLig 

Education and propaganda 
include, on the
 

for voodfuel etc.
stoves 


http:physica.ly
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' ' 2 + .: 

- ake -4et 

, J ,. .+ . . :. ... .I. . +f . , . . . 

su ly'side', effortso"to make citizens aware, of ezteaald'isecoiomies 
Iffir 

apolluion, and support-ve-o6f re-afforestaio n schemesylto prene 

such -

enviroment, and on the demand 'side ior en v 

Pricing is a very importiiit tool especia'ly in the long run. 

As discussed,,below thie pricing ,and invesement decisions shou.Ld be 

systems e.g., electr'cit7

(~closely related. However, energy, supply 


gdheratizn, tzansm~ission and distribution, oil and gas w;elfis and r,~
 

usually require large canizal
pipelines, coal mines, forests etc., 


e
investments J-h long lead ties and L±nes. Thera-ore once, te 

ccnventiorna'investments decision is made, usualfly on'the basis' of the 

least-cost method of meeting demand by sub-sector,,with~due regard for 

inter"'uel substitution possibilit es, there is *alck-in effec: with 

supply, and thus prices should be related to the long-run,'respect to 


sie asoenergy conversion devices,
f, he eman o Su +.......:..... :
horionlinnng.On o !,s e i~ 'i~ ah,g + ~ e y,'p rT>........' :+ ... >:: 

' ."-N'+ +'::' ? 

1 ' : 
+ ,, ::+ .. . '. r . '..r.,, ,5"...'.+ ,/ O ''L:'' .;.:PL.'': J 5 ":} ::'+{' : : machines5' j' + j';:? and'.so. on, areLe...+g:+:;1" -.F 1 ++>+ : ; :" 1"+" .: 


. '"'. .. " '+ " 
{ . .A..: ' :'/ } . £ % + +:e~g.moor. . " crsgasstoves, electric appliances, 

togIeimes,e~esiv vergeincmelevels and have relativelyrlatveto 


thus limiting the ability of-"consumers to respond to changes~ Li relative fuel * 
;;qa~t 

-prices in the short run. + h!O~ lfa tl­::, '+ted=Lus'vs~e~s ~d -- s. a}#oe +°ce =h,: "::tq+

:elatedThe obj4ectives of ener3y pricing are closely 

energy7 ?lamning, but are =ore specilic. 7First,.
to the goals of " 

the econcmic 9=1owth obi ec:±.ve requizes atpri-cing r sh~ouldc 

,rc~.a aconcica'1l7 er ±cien: allocation o=. resources boch.j- hi 

- <~ 
th neZ sector and bet-.em an :.h zes:of'othe etcnc=;; 

u ur ne 3 u e,-;chzaIra th s,~:a lip s,,', t 

http:linnng.On


imal levels, with the price (or willingness-to-pay 
of the consumer)
 

op 


for the marginal unit of energy used reflecting 
the incremental
 

Relative fuel
 
resource cost of supply to the national economy. 


prices should also influence the 
pattern of consumption in the
 

sources required
laast-cost mix of energy
direction of the optimal or 


in the economy
Distortions and constraints
and. 


necessitate the use of shadow prices 
and economic second-best ad­

to meet future de-
­

jus-ents, as described in the next section.
 

Second, the social objective recognizes 
the basic right
 

ith certain minimum energy needs.
 all citizens to be supplied
of 


Given the existence of significant 
numbers of poor consumers and also
 

wide disparities of income, this 
inDlJ.es subsidized prices, at least
 

for low income consumers.
 

Third, the gover-ment would be concerned 
with financial
 

the energy
 
objectives relating to the viability and autonomy of 


This would usually be reflected, 
by pricing policies which
 

sector. 


(typically, governent-owned) in 
the different
 

permitted institutions 


earn a fair rate of retur'-n on assets and to
 
energy sub-sectors to 


self-finance an acceptable portion 
of the investments required to
 

develop future energy resources.
 

Fourth, energy conseration is also 
an objective of pricing
 

an important goal,
 
While prevention of unnecessary 

waste is 

policy. 


v
e cer­
there often are other reasons underlying 

the desire to conser
 

These include the desire for greater 
independance from
 

tain fuels. 


reduce the consu-p
 
foreign sources (e.g., oil i-ports), the need to 


tion of woodfue! due to deforestation and erosion proble-s, 
etc.
 

http:inDlJ.es
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Fifth, we recognize a number of additional objectives, such
 

to consumers from
 as the need for price stability to prevent shocks 


large price fluctuations, the need for simplicity in energy pricing
 

structures to 
avoid confusing the public and simplify metering 
and
 

billing, and so on. 

Finally, there are other specific objectives such as promoting 

rural electrification) or specific sectors
 regional development (e.g., 


as well as other socio-political,
(e.g., exporz-oriented industries), 

legal and environmental constraints. 

t-s mest. a Zs a long-run
In summary, therefgT~e-. or±t 


From the viewpoint of economic efficiency, the price

policy tool. 


the suppliers, the consumers willngness-to-pay 
and use-value
 

indicates to 

preset o-r 

the future opportunity costs 
of energy; while to the consumers, it signals 


supply based on various energy 
sources.
of 


the pervasive

We conclude this section vith a brief review of 


the pricing of co=ercial energy resources,
 role that most 3overnments play in 


issues rela:Ing to traditional forms of energy.
and the relative neglect of 


energy

Governments exercize direct influence, usually through 

the ownership of 


or price controls. Indirect influences occur :hrough such means as
 sources 


taxes on ener--using equipment
 
taxes, 1-port duties, subsidies, market quotas, 


and gcver.en:-suided investments in energy resources,
 

In orac:ically all developing countries, the electric u.ilI=7 is
 

In oil.and 3as production, refining and distribution, as
 government owned. 


coal mining, both public and orivate organizations 
operate, of:en
 

well as 


side-by-side. *owever, irrespective of zhe form of ownership, all gover.=en:s 

several Levels including
some form of price control, usual7 at the 

excercize 


ortransnisslcn, wholesale 
orCducticn stage, tefInery, after transport or 

so o . nco-e and excise :=es are aLso 'evied frcm ':oth -. 'vblf 
reoail, and 
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and private energy sector companies.
 

tend to be subsidized,
 
Generally, certain fuels in specific 

uses 


subsidies by non-targeted consumer 
groups
 

although leakages and abuses of 


cooking, rural electricity for
 Thus kerosene for lighting ar!
also occur. 


for transportation commonly
 
lighting and agricultural pumping, 

and diesel 


user groups
 
qualif7 for subsidies. Cross-subLdies between different 

fuels, 


Thus highly priced gasoline may finance 
the
 

and geographic regions exist. 


subsidy on kerosene, industrial electricity 
users may subsidize household
 

a uniform naticnal pricing policy 
usually Mplies subsidization
 

consumers, and 


in remote areas by those living in urban centers. The
 
of energy users 


that the energy producer may
 
principal problem associated with 

subsidies are 


for financing investment to meet
 to raise sufficient revenues 


thus eventually
 

not be able 


to maintain existing facilities,
expanding demand, or even 


Furthermore, cross-subsidies give 
consumers the wrong
 

leading to shortages. 


price-signals with consequent misallocation 
of investments.
 

taxes are levied, often
 
Import and export duties, excise and sales 


at various stages
to municipal,

by several levels of government, from 

federal 


In many
 
in the production, processing, distribution 

and retailing chain. 


the
 
developing countries, the combined 

levies are several hundred percent 
of 


zero for others.
 
some items, and negative or close to 


orig.nal product price for 


user
property taxes, water rights and 

Several less obvious methods such as 


Energy

also used to influence energy use. 


charges, and franchise fees are 


royalty charges, profit sharing
 
prices are also affected by the wide range of 


schemes, and exploration agreements, 
between gove=-.ments and multinational
 

resources.
 
companies for the development of oil and gas 


to reinforce pricing policies
 
Other policy instr'--ents are often used 


fr-. of energycoupled with high prices.
 
such as quotas on imported or scarce 
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Conservation regulations may affect maximum depletion 
rates for oil and
 

gas, while the availability of hydropower from some multipurpose dams may
 

Many

be subordinate to use of water for irrigation 

or river navigation. 


special policies involving tax holidays and 
concession, import subsidies,
 

large automobiles
 
export bonuses, goverzent loans or grants, 

high taxes on 


affect energy use.
etc. are also used to 


The traditional fuels sub-sector has been relatively 
neglected
 

because transactions involving these forms of energy are usually 
of a
 

However, there is growing acceptance of the
 non-commercial nature. 


displacement of fuelwood used
 use of indirect methods such as
coordinated 


fuelwood
 
in cooking by subsidizing kerosene and LG, 

increasing the supply of 


programs and effective distribution of charcoal, 
enforcing
 

by re-afforestatio-


stiffer poenalties for illegal felling of trees, proper watershed management,
 

and so on.
 

I. 	 Economic Framework
 

Because the objectives mentioned above are 
often not mutually
 

consistent, a realistic integrated energy 
pricing structure must be flexible
 

To achieve thisthe formulation of
 enough to permit tradeoffs among them. 


In the first stage,
two stages.
must be 	carried out in 

energy pricing policy 

a set of prices which strctly meets the economic efficiendy objective -s" 

determined, based on qr iz •d_:qrrtL%ork. The second stage 

consists of adjusting these _ff'cient --'cos (eszabi'shed in the first step) 

v more ad-hoc, with the 
the other obecti' e . The Aprocedure is 
to meet 	a!L 


etearmined by the relative importance attacned
 
extent of the adjust=en:s being 


the rest of this secton..;e discuss the 
the different objec:ives. 7nto 


develop the economic framework which pe--its
of shadow nrizing andimportance 

cue to non-econcmzsta g adjus-encsor energy. The secondthe e._ficint ricinz 

- r":iin rhe nex section. Shadow theory has been
factors 	 are discussed 
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-

developed mainly for use in the cost-benefit 
analysis of projects. 


are closely
 
However, since investment decisions 

in the energy sector 


shadow
 
the pricing of energy outputs, for consistency the same 


related to 


Shadow prices are
 
should be used in both instances. 


pricing framework 


used instead of market prices (or 
private financial costs), to represent the
 

-f resources.

truE iconomic opportunity costs 


In the idealized world of perfect 
competition the interaction of
 

atomistic profit maximizing producers 
and atomistic utility maximizing 

con­

sumers yield market prices which 
reflect the correct economic opportunity
 

including energy will be efficiently 
allocated.
 

costs, and scarce resources 


to monopoly practices, external
 
However, in the real world, distortions due 


internalized in the private market),
 
economies and diseconomies (which 

are nnt 


through taxes, import duties and subsidies,
 interventions in the market process 


all result in market prices for 
goods and services, which may diverge
 

etc., 


true economic opportunity costs.
 
substantially from their shadow prices or 


Therefore, shadow prices must be used in investment 
and output pricing decisions,
 

resources. Moreover, if there are
 
to ensure economically efficient use 

of 


these "efficient" shadow
 see later that even 

large income disparities, we will 


achieve socially equitable energy
 
prices must be further adjustedespecially 

to 


pricing policies for serving poor households.
 

lack of data, time and manpower
 It is important to realize t1-at 


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

analysis
 

see:
 
shadow prices in developing countries, 


1/ For general use of 

malysis of Projects, Johns
 

L. Squire and H. Van der Tak, Economic 

; and I.M.D. Little and J.A. Mirrless, 

project 
Hookins,.Baltimore, 1975 Basic Books, New York,

eve2oping Countries,
Apprais5 and Plannin.g for 

the energy sector, see:
 
For more specific application to


1974 . 
of Power System Reliability and Plannin9,

Mohan Munasinghe, T-he Econmics 
, 1979 b, Chap.9.Tols Hookins, &ftn' 
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of a full economy-wide model when 
making energy-related decisions. 

/
 

Instead the partial approach shown in Figure 1 may be used, where 
key
 

the
 
linkages and resource flows betw-een the energy sector and the rest of 


economy, as well as interactions among different energy 
sub-sectors are
 

such
 
selectively identified and analyzed, using appropriate 

shadow prices 


as the opportunity cost of capital, shadow wage rate, marginal 
opportunity
 

so on. In practise, surprisingly valuable
 cost for different fuels, and 


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

ENER-CY 5dW 

(s PUdaSECTzO1 
c THE ECONOMY 

N1E8AC77NS " 

or general eculibrm_= analysis, is cznceptua1l':
1/ T.is holistic anoroach 

.r a ziven resource
important. -. r eNamole, the efficiant shadow o~rce 

consunr­in value cf aggrega:a nat.nal nay be represented by "he change 
change in the availabiit-7 of -'hat resourze.

cion or output, due to a small 
oar-ial euilibrium in re-l- i more .etaled discussion of zeneral versus 

nals is iven in Mohan Munasinghe, -.,i:,, _.to energy sec.o: 
see for exa=ple: 'Ta-:_nal 

a iiscuss4:n of econcm-w4le ener$:: models, 
f=r an cerain T,:-re, 7ashcn, 

:Cr 

Acade--v f Sciences, 'zerv M!odeli2
 
D.C., I?7 . 
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involved in optimal eng.__gY pricing
 
To clarify the basic concevts 


Next the effects of more com­
we first analyze a relatively simple 

model. 


plex features including short-run versus 
long-run dynamic considerations,
 

supply,
allocation, quality of 

capital indivisibilities, joint output cost 


establishing
are examined. The process of 

and price feedback effects on demand 


a given energy sub-sector may be conveniently
 the efficient economic price in 


steps (see Appendix A for detai>3). First, the marginal
 
analyzed in two 


(MOC) or shadow rjice rnf st!oDly must 
be determined. ­
opportunity cost 


to be further adjusted to compensate for demand side
 
Second, this value has 


ef'ects arising from distortions 
in the prices of other goods, including 

other
 

From a practical viewpoint, an optimal 
pricing procedure
 

energy substitutes. 


are generally

easier to implement because supply costs 
which begins with MOC is 


whereas data 
on
 
well defined (from technological-economic considerations), 


the demand curve is relatively poor.
 

Figure 2. Efficient Pricing-With Shadow Prices
 

.e
 

E Q~
 

in the nex section to establish 
l/ The same model -ill bn modf; ed 

low income consumers.
 
socially equitable subsidized prices 

for 
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Suppose that the marginal opportunity cost of supply in a given
 

For a.typical

energy sub-sector is the curve MOC(Q) shown in Figure 2. 


non-traded item like electricity, MOC which is generally 
upward sloping is
 

to the power sector and then
 
calculated by first shadow pricing the inputs 


(tMSC)
r,.o-giO.g :. -e 

estimating both the level and structure of 


based on a long-run system expansion program.- For tradable
 

items like crude oil and for fuels which are substitutes for tradables at
 

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

c.i.f. 	price of imports or f.o.b. price of ecports,with adjustments for
 

For most

internal transport Acosts) are appropriate indicators of MOC.-

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


coal and natural gas could
 flat or perfectly elastic. Other fuels such as 


tiadables 
or non-traded.-3
 
be treated either way depending on 

wheter they are 


a
 
The MCC of non-renewable, non-traded energy sources will genera!y 

include 


"user cost" or economic rent component, in addition to -he narginal zosts of
 

the most .i..ficult
traditional fuels are
production. .e economic value of 

- tkee is M.o esa ili'sh ,.rt. However.cmamWr..
•a c r' ,ne b ,zcuse;% s 

the basis of the savings
oe valued indirectly on 
as discussed lacer, they may 


kerosene, the opporunity costs of Labour rcr
 
on alternative fuels such as 


gathering firewood, and/or the external costs o' deforestation and erosion.
 

-%us, ror a non-traded form of energy, MOC is the ooportunity cost
 

where relevant, while for a
 
of inpucs used to produce it plus a user cost 


foreign exchange

-radable fue! or - Substitute, .MCCrepresents -he =arginal 

1/ For a detailed discussion od the procedures used in the electr-c ower 
?ricinz ?=;-w _________sub-sectcr, see: .ohan Munasinghe, '"Flectrl: Power. 

-
3,, ,or.d 3ank, ".ashington, D.C., June 1-799i a. aS-._SOiP Oflc
?a.er *o. 	 aq--.ish
m~~~~=c,- -e o~-u% 

2/ ;e 	 .c_ the ass...t.. o 
note :hac the use of border or-es ices 

:ree trade, but i'-les t*.at t-e numbraire or unit of "alue for shadow 
cut in:o-r'cig is essential!7 unczi--ed foreizn exchan-e r conver-ed 

For e=taiLs, see L. Squire
local currenc7 at the of-fIcial echange rata), 

and .. 7an der -ak, oo.:it. 

-
'
 iS 7 r-e i chract:erized "ra -cr-esric 3uoo1': crice 
k,/acn--raded it=m 

above :.o.o. price cr exports, but bel the­that ies tne 
of imPorts.
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the marginal export earnings foregone. In each case,
 
cost of imports or 


,OC measures the shadow priced 
economic value of alternative output 

foregone,
 

After identifying
a given form of energy.
of increased consumption of 
ozcause 


the correct supply curve, we 
next examine demand-side effects, 

especially second
 

best corrections which capture interactions 
between different energy sub-sectors.
 

and therefore it will
 
just as imprtant as the first one, 


This second step is 


some detail.
be examined in 


-or the form of
priced demand curve 
In Figure 2, the market 

curve ?D(Q), which is the 
energy under consideration is given by the 


Consider a small increment of consumption
 ronsumers.
willingness-to-pay of 


The traditional optimal pricing 
approach
 

A at the narket price level p. 


compare the incremental benefit 
of consumption due toAQ, i.e.,
 

attempts to 


curve and X-axis, with the corresponding 
supply
 

the area between the demand 


owever, since
 
area between the supply curve and 

X-axis. 

cost, i.e., the 


a shadow priced curv7e
 
MOC is shadow priced, PD must also 

be transformed into 


This is done by taking the increment aq-fexpen­
to make the comparison valid. 


"what is the shadow priced marginal
 
diture p.AQ and asking the question: 


the amount p.6Q (in
 
resources used up elsewhere in the 

economy if 

cost ot 


alternative consumption (and/or 
investment)?.


to
market prices) was devoted 


ex­this alternative pattern of 

Stvpose that the shadow cost of 


Then the trans­
penditure is b(p.-O), where b is called a conversion 

factor. 


curve which represents the shadow costs of alternative consumption

formed PD 


foregone is given 1: b.PD(Q); where in Figure 2, it is assumed that b41. 

for example, that if the
the second-best shows,

I/ The general theorem of 
then the effi2ienr price
is not set at it's MOC.
price of a given fuel 


own MOC. For a
 
of a close substitute also must diverge from 

it's 

see:


theor7 of the second-best in economics, 
c:ailcd discussion of the 


D.M. Winch, knalvical Welare Economics, ?engguin 
Books, Harmondsworth,
 

U.K., 1971.
 



in...-..........rm n a
inc~emerixaed 

e i, ed :Shehesric'Pichrental 

enel is Qopt, here the MOC and b.PD 
7EFK T~i~ 

pdoha sepicue; ,n 
cross "curves'equivalently -where a new pseor 

the market demand curve ?D intersect. The optimal, or erficient sein r4 c 
~V~'~~J)~ 

n s , o~umVoees durmen-:a 
; 'r'~ L opUrsecfctia" ",den ThO 

beutocharged to consumers(because they reactonly along the market demand 

curvewhh rther than the shadow priced 'urve b.PD) will be:, at h 

B. 'At this level of consumption, the shadow ' 
actual market clearing point 

equal i.e., OC bsince b
 
costs and benefits of marginal consumption are 


deIpends on user specific consumption patt'ns difan~values of the 

on the
derived fo various consumer categories, all based 

efficient price p may be 

clarify the foregoing by considering several specific
,e
. same value of MOC. 


pract.cal examples. -, .
 

used to~ purchaseFirst, suppcsa:-_hat all the expenditure (p.A 0) is 

a substitute fuel i.e., complete substitutionl. Then the conversion~factor
 

br ratio of the shadow price to market price
0 is the rFrative distortipri 

a specific second-best
this o.er fuel. Therefore ceOC/b-represents
of 
 s a 

the MOCof thefirst fuel,.to compensae for the distortion 
adjustment to 


Next, consider a less specific case
 ~, in the price of the substitute fuel.-

is used to buy an average basket of goods. If . 

in which the amount- (.p.AQ) 

b would be, -he rati±o of the shadow,:price.
the constme~ is a residential onie, 

b is al'so called 
tthe mnarket price of the household's market basket (here, 

The most 3emeral'N7:se would bea when :he
 
the consumption conversion factor). 


categories wasinform-ation on consumer consumer was unspeci± ied, or detailed 


j1/ For example, MCC could represent 'the lon 6 run margin-al cost of .*1.±ral
 
be inportac . 

electri'city' (fort'Zghting) , and. the. substitute fuel could 
orice of keroae

'Kerosene. Suooose that the (subsidized) domestic market 
half Lt's import (border), price~for socio-ooli 4 cal'reascns. 

4. is set at one 
ef f icient4 selling, price of elec:riC4 c. " Then b - 2, 'and the 

of' the t-wo' fuels, capit~a . costs a: 
r .goringdiEfferences in qualit7 lamps p.arzal substitution version eouipment such as lht bulbs.kerosene ....... .

a 'more ref ined 'analysiso su tion 'oossiblitias -would .ave­* ~eff~acts etc. : 
t .. I"these' :.= additional...:,,-,'..... ' ' ;:cons-';,-= 44-'eratcons): , - it wouldbe€ , ;-themisleadin.'bas i•sof hwever.cbm -mi,.,-: -0 

n cecm 
ncor.orate .... •+. 


ass 

' . ~~to thenattempt to justifv' the subsidiz-ed kerosene 

Sucn circuar-r' Sr,,*:he new! ca culated low ;rice or lec---ci'--2na.ri'scu 

Ing is !ar more li y to Occ-ar when pricing policies in d n:nergy su 

herian io ai ,n.ng-,d ener- i.cng ':a ewo 
sectors are .co _natod ':r 


carau'l y targeted to a 
at all these energy sector subsidies =us..ao'
.e
'-'a
note th~'enext sec "on.Llakagas and abuses, as discussed 

http:fuel,.to
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that b would be the ratio 
of the official exchange rate
 

was unavailabl%, so 


also called the standard conversion
(SER),
the shadow exchange rate
(OER) to 


factor (./CF) This represents a global second-best correction for the diver­

"o 	 2/
 

gence between market 
and shadow prices averaged 

throughout the econcmy.-­

asic Model
IV. 	 Extensions of the 


However, in many instances the
 
far has been static.
The analysis so 


a given energy source, interfuel
 to the availability of 
situation with regard 


to vary over time, thus leading to
tends 

substitution pnssibilities, and so 

on, 


disequilibrium in certain fuel markets, 
and divergence of the short-run price
 

This aspect is illustrated below by means of
 
from the long-run optimal price. 


example which shows how the optimal 
depletion rate and time path for MOC
 

an 

resource will be affected by varying demand 

conditions,

'le
of a domestic non-rec 


of reserves, and substitution possibilities.
 
especially tradability, extent 


(MSC) (including
 
Suppose that the present-day marginal 

supply cost 


extraction costs, and additional 
transport and environmental c-rs, e-c., 

where
 

coal lies below the thermal equi­source such as 
a domestic energy
appropriate) of 


petroleum, or high quality
 
valency price of an internationally 

traded fuel (e.g., 


indicated by points A and B respectively, in Figure 3.-
/ The internationa
 

coal), as 


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

I/ 	 the SCF to the former,
 

values into shadow price equivalents 
by application of 


the traditional practise of multiplying 
foreign
 

is conceptually the inverse of 

the OER) to convert to the dcmestic prio 

currency costs by the SER (instead of 


equivalent. 
perimoorted diesel is Pesos 4 

the border orice of 

Z/ For example, su-oose 	 per USS). Let the 

the OER, of Pesos 20 
USc20 per litre, converted at 
(i.e., import duties and export 

SER which reflects average level of 
the appro­appropriate 

the 
SCF 	 = OER/SER - 0.3, and

Therefore = 
subsidies be Pesos 25 per USS. 	
p/0.3 Pesos 5 per
 

selling price of diesel: 
priate strictly efficient 


cf t;o substi­-uant'ti5
the unit 
3/ The_--al equivalentsare defined as 

output in a 
fuels which provide the same zsaeul energy

tutable We noteof conversion).
given us( (i.e., LncludLng the ef ficienc7 

the qua!itywould depend cn 
that the choice between the energy forms 

costs of conversionand handling
of the final heat cutputcapital 

we abstract
order to si-Dlify the anaPsis here 

and so on, but in 
basis of unit 

:rcm these oroblems and copare the fuels on!y cn the 


price.
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as the bench-mark is assumed to rise steadily in real
 
energy price which acts 


first examine two polar extremes based on
Let us
terms, along the path BE. 


simple, intuitively appealing arguments.
 

this
 
First, if the reserves are practically infinite 

and the use of 


fuel at the margin uill nc: affect exports or substitution 
for imports of
 

the domestic energy source in the long-run would
 traded fuels, then the MOC of 


continue to be based on the marginal supply cost, i.e., along the path AC,
 

which is upward sloping to allow for increases in real factor costs or 
extrac-


Cn the other hand, suppose there is a ready export 
market for the
 

tion costs. 


imported

or substitution possibilities with respect to 


indi enous resource, 


this resource will reduce export earnings or
 fuels. Tus the marginal use of 


fuels in the short-run, because
 
increase the import bill for the internacional 

Then, the marginal ooportu­
output capacity is limited.

the reserves are small or 


parity with 
nity cost would tend to follow the path AL and rise quickly tcwards 

the international energy price.
 

?rie Paths for Cmestic 7haustib4e Enerzy

Figure 3. Dv-.a=r 

?riceI 

"V 0C
 

T l -me 
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likely to be between these two extremes, thus The actual situation is 


Here, the initial use
A-FE, cr AqHIE . 
yielding alternative price paths 

such as 


on exports or import substitution, but
 
of the resource has no marginal impact 


there is gradual depletion of finite domestic 
reserves over time, and eventual
 

For a given volume of reser gs,
 
transition to higher priced fuels in the future. 


the time
 
the domestic energy source will 

be greater, and 

the -ate of depletion of 


long as possible

its price is maintained low for as 


to depletion will be shorter if 


path AFE). The
 
(i.e., pathAqHE) rather than when the price rises steadily (i.e., 


the former path are also more undesirable 
because
 

macroeconomic cosequences of 


resource
 
the point of transition, when the 

domest.c 

the sudden price increase at
of 


In practise the price path may well 
be determined by non-economic
 

is exhausted. 


or coal may have to be
 
For example, the price of newly discovered gas 
factors. 


to capture the domestic market and 
displace use of im­

kept low for some years 


In
 
liquid fuels (which continue to be 

subsidized for political reasons). 

ported 


" must be balanced
r: nn q-,ekeep energy prices
to
general. the desire 
 1/

be future.­

large price shock in 
r.--
against the nee,4 


More rigorous dynamic models which 
maximize the net economic benefits
 

a long period, have been developed, 
to determine the
 

of energy consumption over 


but these depend on factors such as the
 
optimal price path and depletion 

rate, 


social discount rate, size of reserves,growth 
of demand, cost and time lag needed
 

international energy
 
to develop a backstop technology (which could replace 

the 


or energy deficit 
is more useful for o41-mporting

1/ The preceding discussion influence the
 
the case of major oil exporters, the ability to 

LDC's. :n 
- - the rate of resource depletion provides
to dete- ne
world market price and 


foreign exchange surpluses and limited
The huge

much greater flexibilitv. 


capacity to absorb investment imply decreased 
attractiveness of marginal
 

There is
oil resources.to conserve 
export earnings coupled with the need basic
 

subsidize domestic oil consumption 
to meet 


also greater ability to 


accelerate economic development 
by increasing investnent and
 

needs and to Y. Vajed Sami,
See :or example:
ecxpanding non-oil gross domestic 

product. 
, Vol.3,

or Ol Extraction", OPEC 

"Econcmic Growth and Cotimal Rate 


Aut'- 1979, pp. 16-26.
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Sdeveloped'in: 


137-75, indicates tha't'the rate of 
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33 

increase in the optimal rent (or difference between price an~d a~rginal extractonl
 

. hisreturn on capital (r).-
rate of 

for the resource, should equal the 

'cost) 


implies that the opti.mal path of MOC would beI7TE in Figure 3,deiined at any time,
 

tby the equation: 

"O -- M3 C 71-. . rent at the time of 
..TL,..... where JL is the 

marginal costs of extractionl,.
Current 
3 

Thus MOC consists of the
depletion T.-


(XMSC),?lus the appropriately discounted 

environmental degradation etc. 


3.3transport,> 


'ie future consumption (Jij. As T 
ot o .. re~esrlsbnfts of 

3 

~~V. 
7 

approaches infinity, 1J would tend towards AC,, which is the infinit, reserve case, 

ate A. -more closeily, correponding to 
while as T falls to zero, IJwould approcx 

t:heexpensive fuel.
 
the case of very small>,reserves and 

rapid transition to 


e ;ot~e t "fc ea--:act due to thWe n:u"mj± 

s 3 , an cut -war 
4 an - - rC ea 0 to year , "- .± h l a 

. . grov h of 
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aa c.aa=rLng

splyshcu.4 *06 -1-c ased to and _he :~ ~ii 
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in theory, this iterative procedure could be repeated until
 

future demand, prices, and MOC estimates become mutually self-consistent.
 

In practice. uncertainties in price elasticities of demand and other
 

data may dictate a more pragmatic approach in which the MOC would be
 

to devise prices after only one iteration. The behavior of demand
used 

over scme time period and the ;r- ra-ound prices are re­
is then observed 

itself have shifted asvised to move closer to the optimum, which may 

described earlier.
 

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

indivisibilities or lumpiness of investments causes 
difficulties in many
 

economies of scale, investments for
 
energy sub-sectors. Thus, owing to 


electric power systems, gas production and transport, 
oil refining, coal
 

to be large and long-lived. As shown in
 
mining, re-afforestation etc. tend 


Figure 5, suppose that in year 0, the maximum supply 
capacity is Q, while
 

the optimum price and output combination (po' 
Q.) prevails, corresponding
 

to the demand curve D and the short run marginal cost curve SRMC (e.g.,
 

variable, operating and maintenance costs).
 

over time and the limit of existing
As demand grows from D to DI 
o1 

capacity is reached, the price must be increased to p1 to clear the market, 

When the demand curve has shifted to D. and 
i.e., "price-rationing" occurs. 


increase the capacity to Q. Rowever,
to
the price is p2 1 plant is added on 


as soon as 
the capacity increment is completed and becomes a sunk cost, price 

is :he optimum pricethe old trend line of SRXC, e.g., p 3should fall to 


Generally, the large price fluctuations during
corresponding to demand D3 . 

!his prautica
this pr'cess will be disruptive and unacceptable to consumers. 


cost (LRMC) approach,
problem may be avoided by adopting a long run marginal 

price stability while retaining the basic ?rincip
which provides the required 

Essentially,

of matching willingness-to-pay and incremental supply costs. 


of a single project or an investment program are
 
the future capital costs 
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1/
 
also be applied
 

consumers only pay the latter costse- Peak load pricing can 


of the year.
in different seasons 


Related problems of allocating joint costs arise 
in other energy sub­

re­
well, e.g., allocation of capacity costs of natural gas,or of 


sectors as 


The former may be treated like the
 
among different distillates.
finery costs 


kerosene,
 
electricity case. For oil products, the light refinery cuts such as 


are tradable have benchmark international prices.
gasoline and aiesel which 


be treated like non-

However, other items like heavy residual oils may have to 


tradables. Furthermore, associated gas which may be flared at the refinery,
 

is often assumed to have a low MOC, although 
subsequent storage and handling
 

the costs. A more complicated approach would be the
 
for use as LPG will add to 


to determine shadow prices of distillates
 a refinery
use of a programing model of 


the dual problem.
based on solution of 


P'. Cz 

Figure 6. eak Load ricing Model
 

indicate that in an optimally

The most recent peak load ?ricing models
/ 


costs shculd 1e allocated in orcpor:ior
system, argl zapacit7planned 

more different rating -eriods. 
to Iarg-'nal shortage costs during 2 or 

-eak nericd is too narrowly defined. Deak load 7rio!: 'e note teat if t*'e 
ratIng percd; K " ;t 6, ay ex erme~ 

y shift the peak to another 

' Cderter. or prtce +eedoacx, cts 
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.... .	 o raise-to icai n- . . .,.
..:-. . . .- . . .	 :! 
:ii:;:on., , Then :ths :values of 'MCae "obemodified to' reffect, dmand. ". ::.: 

:.:.:..:,side "considerateions- (as discussedl earlier). 7efo ,the ecooically r: ''; : 
' 

':, efficient prices. in a given energy sub-sector may .chibit ::consideraible i:::I ' 

. demand.. 

! :<. : ? ... margins and shortage costs als s e coplicaion. We fi ilutrt " 

, :, ..... :: .. :. ..The interrelated issue of supy an uncertainy; safet 

:rst.... .his 


Thus the5" 	 ... oth..enr sub-sector$..... . ... least -'s ytmexaso lnto meet a 

:'ii:::i:electricity demand forecast is generally determined assuming some ('arbitrary)":
 

ta rgZet level of system ,reliability .(e. g., lad p ob b .....li y or L U 
h e t a r g e t' r e -
::i reserve .margin, -etc. ) Therefore, marginal costs depoend on t

:i'." . liability level, when in -act economic: theory-suggests that reliability: i,,.
 

.should 	 created as i al pimzd,,:,.:'!:i< also be a tob 	 n, ohprc n 
strucTur ncing. onwrAca
 

- capacity:(or equivalently,,reliability).levels should beIoptimlzed Simu-aneousi­
AUl,18) 

AThe is he marginal cost priceas described earlier, whle".he. optmum orice 

• 	 opotimum reliability level' is achiev¢ed .when the marginal cost of capa cityI .. 

adtona s (to improve the rese-esmarcin) are equal to thee. ected value of 

:'" i: ' 	 : e c on om i c cost savings to consumers due to electrici-7' sU.vuiy short.ages averted. 

sb those capacity increents. These considerations lead o a ore generalized 
time roach r. planning sho ( below).-.. a.evscoupansion as 	 ) 

on. or details see M.o 'unasine,t ,oTeAppro to Set em_anndng,, 
-sde as -- arlr rSsefs, h e-79, (Hrc -­-condeTations dscussd 	 vo 


http:whle".he
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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 supplyoutages; SC 

costs (i.e., system costs); OC - outage costs (i.e., costs to consumers of 

supply shortoges); D - demand; and R = reliability. 

In the traditional approach to system planning both D and R aie
 

is maximized, when SC is minimized, i.e.,
exogenously fixed, and therefore NB 


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


k1 -( ( c'ac 	 z 

is the necessary first 	order maximization condition.
 

AS sum ing -& o ~L5 

Therefore, as described 	earlier, reliability should be increased by
 

capacity until the above condition is satisfied. An alternative

adding to 


is that since TB is independent of R, NB is
 
way of expressing this result 


TC - (SC + OC) are minimized. The above
maximized when total costs: 


criterion is one which effectively subsumes the traditional system planning
 

system costs. _/
rule of minimizing only 	the 


We note that this approach mn.y be generalized for applicaticn in other
 

energy sub-sectors. _-Thus while sophisticated measures of reliability like LOLP do
 

exist outside the power 	sub-sector, the concept of minimizing zctal costs to
 

For example, in oil and gas investment planning, the
 

not 


society is still relevant. 

gas for dcm'sic
 

to gasoline quetLes, lack of furnace oil cr 

costs of shortages due 


to measure these costs;

1/ The emphasis on outage costs requires greater effort 


see M. Munasinghe and M. Gellerson,"Economic Criteria 
for Ootimizing Power
 

Journal of Economics, vol. 10,Spring

System Reliability Levels," The Be!l 


Lncurred by Residential 	Elec­1979, pp.351-
6 5; and M. 	Munasighe, "The Costs 


tricity Consumers Due to ?ower Failures," Journal of Consumer Research, Marzh
 

1980.
 



* and industrial usemay be traded off against the supply costs of increased
 

Finally externaiies especaialiy evronmencua onsiderations,
 

'have to be included as far as possible in the dereination of efficiant 

energy prices. For exmple, i the building of a new hydro-electric dam 

results in the flooding of land having recreational or agricutural value, 
co air polluticn,. r if urban transportation growth leads congestion and 

then these costs should be reflected in XOC. While such e.x:er-al =t costs
 

S .may be quite diffcuIt to quantify, in certain cases, these costs =ay
 

already be included (at least partially) on the supply side, in terms of
 

cost of pollution con­measures Ato avoideavironmental degradation e.g., 

crol ecuioment at an oil refinery or coal-burn±ng Electricity plant, cost 

of landscaping st.ip-mined land, and so on. 

.n theEszinalron of environmental costs are most problama:c i

sources such as woodfuel,case of non-ccoe-cial or traditional energy 

where marginal opporzuni:-t costs could be based (-.;hen appropriate) on 

the exter-.alit7 costs of deforestation, erosion, loss of watershed and 

so on. Other measures of the economic value of tradiziinal fuel would 

include the oppor:uni:7 cost of labour :aquired to collect wocdfue or the 

cost savings frcm displaced substituta fuels such as kerosene and LPG. 

Meet- Ot'er ObjectivesVi. :d1us~encs :o "-f4cent ?-ices :o 

dece= :ed , Second" theenergy I 

sranS, 

Once ef-ficienc Prices have :een 

Stage of -)r-cizg3 to mee: social1, f-'ancial, ol:c and other z 

must be ca~ie out. 

lit-.- case could form tebasis --or ra~sin f -lprices,-7ehicle cecnL/ -.'re 

r ar-s- - - I--. , " ,, -. 
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efficient 'energy, prices deviate from the prices calculated,,'SWe note that 

are used instead of the 
on the basis of financial costs, because shadow prices 

market prices. This is done to correct for, distortions in~the economy.: Therefore', 4 

the :constraints which force further departures from efficient prices (in the second'*
 

stag;eof the pricing procedure) may also be considered as distortions which impose,
 

th"eir o shadow values on the calculation. See X. Munasinghe and J.J. Warford,
 

oro it.,.for details.
 

Subsidized Prices and Lifeline Rates
 

Socio-political or equity arguments are often advanced in favor of
 

prices or "lifeline" rates for energy, especially where the costs
 

incomes of poor households. Economic
 

Ssubsidized 


. : of energy consumption are high relative to 


to support subsidies,
reasoning based on externality effects may also be used 


cheap kerosene to reduce excessive firewood use and prevent deforestation,
 e.g., 


leakages and abuse of such subsidies, energy su'pliers'
erosion, etc. To 'reyat. 


(for

must act as discriminating monopolists. Targeting specific consumer classes 


a minimum block
exaipl', poor households and limiting the cheap price only to 


, .. of consumption is easiest to achievein practise, for metered forms of energy like 

electricity. Other means of discrimination may also be required suchas gas, ..... 

'4:. or electri.city..o..yOreher
".. gas
..4.. 

All these complex and inter-related issues require
rationing, licensing, etc.-/ 


. •detailed analysis.
 

The concept of a subsidized "social" block, or ".ifellne rate,
 

has another i.orzant econoic rationale, basedfor low incme consumers 

on the i-c-me zed.strbution arguent. We clar.7 this oint .ith the aid 

.
of ?Igi-re 7 which shows the respective 'de.and c,.rves tor ener67 AB and GH 

tar -r ',:-. '
 '"" '' i 'cn dcme-s:~c users,'the soc'_a i 

'44 

.. users, social":r - '". ...' haerage. " (ir,)T incoe - - t.. .:of low (i 7 and 

over the cconzsuv...on 'block 0 to Qn, and the e.icienz nrice level 

?*::. i._a leve!- ara -. dcmest i c n=arkat orices.' : t.e actua! prze 

at "cpci.al'"-he.en 
'

'.-,:.p-, :he average household be ccnsu=igoill ­
e 

he ser, .0 .:U the :ocr hcusehold vill 4 ot b'--able :o _:fcrd' .:.: 

households, or a special I. ce 

44''level 


I~/ ~:or exanpie, a minlm=m rationAcheap kerosene for 
ass'''4

senge' car444 '4, 4 44~ 4 ban on diesel'- iven ?a - for truclks using subsidized diesel oil and 
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In practice, the magnitude Qin has to be carefully determined, to avoid
 

it should be based on acceptable
subsiding relatively well-off consumers; 


criteria for identifying "low income" groups, and reasonable 
estimates of
 

their minimum consumption levels (e.g., sufficient to supply basic
 

The level of ps relative to the
 
energy requirements for the household). 


the basis of the poor consumer's
 efficient price may be detarmined on 


as shou in the
c1itical consumution level,
inccme level relative to some 


financial requirements of the energy sector would
 
Appendix. 'the 


This approach may be
 
also be considered in determining ps and Q=in 


subsidized house con­
reinforced by an appropriate supply policy (e.g., 


for kerosene, etc.).

necticns for electricity, special supply points 


Financial Viability
 

The financial constraints most often encountered relate 
tomeeting t
 

often embodied in criteria '
 
revenue requirements of the sector, and are 


or an acceptable

such as some target financial rate of return on assets, 


In principle,

rate of contribution towards the future investment program. 


for state-owned energy suppliers, the most efficient solution would be 

and rely on government to subsidize losse: to set price at the efficient level 

or
In practice, some measure 

tax surpluses exceeding sector financial needs. 


financial autonomy and self-sufficiency is an important goal for 
the sector.
 

a pricing policy
Because of the premium that is placed on public funds, 


ancial targets for continued
which results in failure to achieve min-um 


the sector, would rarely be acceptable. The converse and
operation of 


pricing would result in financial
 more typical case, where efficient 

surpluses -well in excess of traditional revenue targe:s, may be politic i l l 

Therefore in either case,
for an electric utility.unpopular, especiall7 

cs.
changes in revenues have to be achieved by adjusting zhe efc 


It is intuitively clear that discrizinating between the various
 

the greatest divergence from the marginal 
consumer categories so that 



nn t wita
deviations o h i e fGenrl-.1n 

conm ou wie te
 ... rtct icienc p cin regime.ocrf I/ rally, y 

-or the analysis of demand by consiumer categories is
necessary data 

rarely available, so rule-of-thumb methods of determining the appropriate 

However, i-£the energy sub-sectortariff st.ucture have to be adopted. 


exhibits increasing costs (i.e., marginal costs greater than average costs), 

Thus for e-maplethe -fiscalimplications should be exploited to the full. 

electric power tariffs (especially in a dgivtI.oping country) constitute , 

in a manner which is generallyrevenuesa oractical means of :aising public 

consistent with the economic efficiency objective, at least for the bulk, 

of the consumers who are not subsidi±zed, while at the same ti e helping to 

to low income groups. Similar arguments may be
 
* -. supply basic energy needs 

made in : he pec-oleum sub-sector where high prices for gasoline, based on 

conseriiiacion argtents, nay be used to cross-subsidi:e ::heaefficllenc-7 and 


diesel used for transportation. 2/

poor-man's" fuel-kerosene, or 

Other Considerations
 

There are several additional econcmic, oolitical and social
 

depar-:ing !rcm a
consideratious that nay be adequate juszification focr 

pricing pol;cy. The decision to provide cocmerc-alstrictly eff- cn 


energy such as kerosene or elecricit7 in a r.ote rural area, which 

I/ See 'iW2. 3aum.o and D. , "Osc3raIid"Oiptii:L :.c 1,ai;al 

? I::q on. Rev., june L970, 1.63-22] ____C.)sct 

Z/ 	 ioevr a aumber of undesiable side er acts may follow, such as :L'e 

?rac:tse or =:Lx gasoline w~i 'e'osene, substiutton of d asel Eor 

17aso' ie, and so on. Te income d~s=4'zu:ion eoroc-!s may also b-e oe~re 
wi- ~-e rela zevwea': ,y verzing earo kerosene or d esel -r~sdi ...

nLiiehicles or in indusry.
 

http:Genrl-.1n
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often also entails subsidies because the beneficiaries are not able
 

to pay the full price based on high unit costs, could be made on
 

for general socio-political
completely non-economic grounds, e.g., 


agricultural

reasons such as maintaining a viable regional industrial or 


base, stemming rural to urban migration, or alleviating local 
political
 

Similarly, uniform nation-wide energy prices are a political
discontent. 


necessity in many countries, although this policy may, for 
example, imply sub­

in remote rural. areas where rigrgy transport costs are
 
sidization of consumers 

high, by energy users in urban centers. However, the full economic benefits of such a 

course of action may be much greater than the apparent efficiencv costs which 

Again

arise from any divergence between actual and efficient price levels. 


be much more significant in a developing
 this possibility is likely to 


the high cost of
 
country than in a developed one, 

not only because of 


incomes in the former, but 
also because the available
 

energy relative to 


redistribute incomes or achieve
 

administrative or fiscal 
machiner7 to 


4-dustrial development objectives 
by other means is frequentlY
 

regional or 


ineffective.
 
dependence on imported

The conservation objective Qto reduce 

on) usually runs counter to subsidy 
energy, improve the trade balanceland 

so 


may be necessary to restrict cheap energy to pro­
arguments. Therefore it 


ductive economic sectors which need 
to be strengthened,while in the case o
 

could be shary increased -obasic energy needs of households, the energy price 


:n other cases conser'az.on
 
consumption beyond appropriate minium 

levels. 


cheap kerosene
 
and subsidized energy prices may be 

consi3tent. For example, 


" to reduce excessive wcodfuel
 
might be required, easeci-allyi .7 ral areas, 


so on.
 
consumption, prevent deforestation, 

erosion, and 


t'he
?rices to any where near 
-artEcuarly
difficult to raise 

:t is 

and a tradition of subsidized energy nave
J,

; Zs 4e n here LC -=..whnere Low inccmes- -acint levels 

be gra,'ua.
pract7cn ?riee zhanges have to 


in-creasedoinsu;er resistace. 


have already incurred 
in view or 1ihe costs which may be imposed on those who 

eci'sizs, - exrectingusing ecuiment and made otherexpendituras on -e 

http:conser'az.on


li tl ..............no in .......pr cing.policie's.' :At the same ;. . - ;'
 
.... change en rg 

'-a time, std .. ie will.prepae nsumers fo highnutu neg
.. . prn,ic 


:o avoid ng consumers,- t-he . 
.dscrimination,U 

.. 
:" ~... IA""prcn r-....~Aur ma have to be simplified. Thus, the number of customer ,: 

• ' .rating periods, c¢onsumption blocks, and so. on, will.have to .be:.._. .. ::! 
.... :categories, 

I ;=:as offer-the greatest :possibilitiles for stru'cturing. :i!',:)},':"-mied Elctict4 and g": 
lihes t e samerng ,
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K - Vttlhe 

1"n gnravriu
• )::. iproblems of :installation an aneacand :so-,on. 

form.... pea elrctricit pricing (i.e., i;,,cm demand or. tLre-of-day mete:-.... ;!." 

n andtim)would be partic lary applicable o lare edium high volage- i:n . 

receiving ,:::,'; dustrial_ and ccaercial consumers.' However, for ver-ypoor consumers ii 

a, si-_Pl :current ! ongiu~ eiemys--ie ekagitiing avetoelectric 
e 

subsidized rate :conupin' caegoriesa ratings perM~odsnfor bldockos, adso 


the cost of even simple k metering may exceed she net beneis(equa
because 

in siplysts due reduced consumpion, tessihe decease n consump
bo sv ns 


chre os-?,c...

tion bene;its. For elactri-it-I or gas, difrn 


aplied with cnveniianal '-hns Hcwever,erfo-aiouses geeavemeteringblocks maybe effectivelypnrobem pricesadfluctuatidnmaineace and soon 


diuid Fuels lke-kierosene, 
subs dized or discrid!.aory .ricong woumds
 

d -ede.
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energy
 
often conflicting nature of national objectives; 

the ccmplexity of 


tech­
policy tools currently in use, including 

pricing, physical controls, 


nical methods, and public education; and the many types of energy sources
 

a variety of applications.
which may be used in 


-

Energy polic} akers in developing countries 

face special difficul­

.
foreign- exchange

high levels of market distorticn, shortages of 
ties such as 


large numbers of pocr consumers whose basic energy
 
and investment funds, 


in
 
needs must be met, and relatively greater 

usage of traditional fuels, 


triai-zed countries. Thus, an
 
addition to the energy issues found in indu 


integrated pricing framework must begin 
with a clear statement of national
 

objectives, and provide a method for trading-off among mutually contradictory
 

sector and the rest-of-the­
goals. important linkages between the energy 


economy, as well as interactions between 
and activities within different
 

be analyzed using shadow prices, essentially 
within
 

energy sub-sectors m-ast 


shadow pricing methodo-
For consistency, the 
a partial equilibrium framework. 


be the same as the one used
 
logy used for pricing energy sector outputs must 


make investment decisions. Special attention must also be paid to the
 
to 


area of traditional fuels.
hitherto neglected 


Energy pricing structures, disaggregated 
by energy sub-sector, are
 

the (shadow priced) marginal opportunity 
cost
 

derived in two stages. First, 


energy is determined based essentially on supply-s'de
 (MCC) of a given rorm of 


of
 energy, an a~oropriate measure 
For a tradable form of
considerations. 


export earnings foregone, w th
 
MOC would be the marginal cost of imports or 


costs. 
 For non-traded fuels,
 
for local transport and handling
adjustments 


a user cost component (in the
 
!OC would be the marginal supply cost, plus 

Next, demand-side effects including 
case of non-renewable resources). 


are
 
the prices of other goods, especially substitute fuels, 


distortions i.n 


used to derive from the MOC, the strictly efficient energy price level ?e•
 



- 34 ­

to cover dy-
In practise, this basic theoretical framework 

may be extended 


namic effects relating to both supply and demand, price feedback effects,
 

capital indivisib!lities, problems of joint 
cost allocation, supply and
 

demand uncertainty, shortage costs, and 
externalities.
 

the pricing procedure, the efficient ?rice
 In the second stage of 


yield a realistic pricing structure ,;hi:h meets
 
(1e) is further adjusted to 


social-subsidy considerations, sector financial 
requirements, and other
 

the need to change prices gradually, simplicity
 practical constraints such as 


of price structure, and so 
on.
 

Direct pricing policies are usually inapplicable in the traditional
 

the lack of well developed markets for these forms
fuele subsector, due to 

Therefore, indirect =ethods including augmencation of supply, the 
of ex_rgy. 


appropriate pricing of substitute fuels, Improvements in the efficiency of
 

for excessive use, and so on,
woodfuel energy conversion, puni:ive measures 


must be used in close coordination.
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ADpendix A 

Model for Optimal Energy ?ricing Usine Shadow Prices
 

In this appendix, a general ecxpression for the socially optimal 

based on shadow ;rices,
price in the sub-sector for energy-:e A is develop ed 

From the general equation,to ccensate Zor distortions in the economy. 


results for optial energy pricing are derived, for cases which reflect:
 

(a) a perfectly competitive economy (classizai result);
 

(b) efficient prices, including economic second best considerations; and
 

rates for .ooor
(c) subsidized social prices or lifeline 


coastmers.
 

Unit 
;ceR e 

I I 
II 

•H 

L~ : IFG ".3~ccx~ure A.~~?.AT 

http:A.~~?.AT
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The supply and demand for a form of energy A is shown in 
Figure
 

A.1, where S is the supply curve represented by the marginal
 

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


ing demand curve for a specific consumer. Starting with the initial combina­

a small price

Con of price and consumption (p, Q), consider the impact of 


on the net social
 
reduction ( dp), and the resultant increase in demand ( dO), 


benefits of energy A consumption.
 

Before evaluating the net social benefit of this price change, 
let
 

First, suppose we calculate the
 
us define the shadow pricing framework.-


in market prices.

marginal cost of supply MC withough shadow pricing, i.e., 


Then a is defined as the energy A conversion factor (ACF) which transforms
 

with correct
 
C into the corresponding real economic resource cost, i.e., 


= 
(aP.C). Second, we
 
shadow pricing, the marginal opportunity cost is MOC 


to each marginal unit of consumption
assign a specific social weight W c
 

if
 a given individual i in the economy, e.g.,
(valued in market prices) of 


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

a rich customer, to reflect society's emphasis on the increased
 larger than for 


Third, if the given individual's consumption
consumption of lcw income groups. 


of goods and services other than in the energy A sub-sector (valued in market
 

prices), increases by one unit, then the shadow priced marginal cost of economi
 

used (or the shadow cost =. the economy) is bI.
 resources 


L. Squire and H. Van der Tak, oo.cit.
1/ For details, see: 
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is using dQ units
As a result of the price reduction, the consumer 

more of e-erg- A, which has a market value of (p. dQ) (i.e., area I7GH). 1/ 

Eowever, the consumer's income has increased by the amount pQ - (p - dP). (Q+dQ), 

consumption of
 none of it 	is saved, this -ndividual's

and assuming 

ocher goods and seriices will increase by the amount (C. dp-p. dQ), also 

valued in market prices (i.e., area B-FG minus area I.T.). Thera"re, the 

A p!us ocher goods, w-.-l in­consumer's total consumption, i.e., energy 

crease by the net amount (Q. dp) in markie- :ricei1. .his is the traditional 

increase in consumer surplus benefits. The shadow value of this increased 

weight a&propriate to this
consumpcion is W . (Q. dp) 4here W is the social 

consumer' s inc-me/consumption level. 

these changes in consumption.Next consider the resource costs of 

(i.e., aThe shadow 	cost of increasing the supply of energy A is (a p.MC. dO), 


T-.M), and the resources .sed up to provide the ocher additional
tines area 


do - p. dQ), "-nere a is :he conversion factor for
goods consumed b .(Q. 


-actor for other goods consumed br this
 
energy A, and b is the conversion 


Ft 4 a''y, ":he income change of producer of energy A (if any)nus
 
consumer. 

also -e considered, but this effect =ay be ignored if we assume Cuite p-ausib17
 

that the producer is the 3over-enc.
 

The total increase in net social benef:i-s due to the nerg7 A
 

price decrease is given b7: 

-
NB - W (p. 	 dQ) - a .(MC. dQ) (W - b ).(Q. d; - p.dQ) 

¢c' p 

/ The litle :=4iangle L2G =ay be neglected :hroug .ouc this analysis because 
dO are small increments.its area is ( do. iQ)/2, -whereboch do and 
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Therefore:
 

- b ) + n.b - n.a. .(MC/p)
( dNB/ dp) Q [(W 
C C C 

(p. dQ/Q. 	dp) is the elasticity of 
demand (magnitude).
= 
where n 


The necessary first order condition 
for maximizing net social benefits, 

in
 

This yields the optimal price level:
 the limit, is d(NB)/dPO. 


(/n)
MC/[b c+ (Wc - bc )/n]p* •- a p . c 

a more familiar form, by making
 
This expression may be reduced to 


some simplifying assumptions.
 
rices
orices and shadow 


?erfectly 	competitive economyv 
where market 


Case 1: 	 ignored, i.e., no
 
same, and 	income transfer erfects 

are 

are he 

social weihting.
 

W b 1.,and equation (A.1) reduces to: 
Therefore, a 


(A.2)

P C 


social
where net
n OL cost pricin9 Yes"Lt ,rro.reinThis is the classical 
the market
 

set equal 	to marginal cost 
at


price Lsmaximized whenbenefits 	are 

(pCQC) in Figure
clearing 	 point A.I.
 

income transfer effects ignored, 
because the marznal social benefit
 

Case 2: 	 tothe economy

to he mar2inal social cost 
of consumotion is eaual 


orovidinz this consumotion.
of 


(A.I) becomes:b , and equationW =Therefore, C C 

(A.3)
0 * (a 	 .MC) / b c - MOC/b ..."ep 

This is the optimal efficient price which emphasizes t-e e ; en allocation of 

resources 	and neg acts income distributional 
considerations.
 

c: anergy 	A C,,
-a -ia 	 opportunitY cost

As mentioned ealir the 
- . . -e_' h -.ineraioat a-'smn:oederir 

the international
manner Ce.g.,in a scraighto-Tardmay usually be evaluated 

4n the case of a non-tradable Like electri*i"
 
border price for a tradable fuel or, 

cost mix of technicallyto the least 
by appl!ying the appropriate sadcow prices 


the ccnversion 
 tactor 
inputs used in oroduct;cri) . However, 

tecnica!y determined 


.;.?e of consumer involved.

b depends c-ciall on the 



--

,represents the consu p­
i-~ ~ :oO ri:::esidential. consumers of energy A, c 

'	 (maritec priced) unit of, the household' s margina'l, conscmption
v'
<;alue of one 


deration ising from
'1-n.... 


energy
consiea!o, asng," 

- (A.3)to corr-ect 'or economic sen-bs 


As an e-%t_-ee case, suppose all expenditures
S 	 substi-tution possibilities, 


diverted f.rom energy A consumption .,_11 be used to purchase alt.ernative
S 


In 	this case, b is the ratio of the
 
or diesel Z-or autogeneration). 


r
unit cost of alt-ernative energy to .its .
S marginala!or 

S -;ztten: 

CC 	<. , the ,O - . 

o ae/Pae
.~~ 


ii Thus from equation (A.3):. I_/
 

pe* MOC. ( ae /MOCae (A.4)
 

The 	Logic of, this e:mression may be c¢!arified by considering 'he caseI/ 

" 	 Then Ishadowi of udnit of casexnendi-ure:n~yhe >?,. e:he costsmasone:i nwhen acv. ..! 'O.I 

/oai Since 0 >0* nOc /p >
•inative energ-j the shadow cost would bre 4aC 

oe -4
:f .:" H.C-,/'", and t.he :country is be:=r of 
re pr sutd te reducdn .o . nscad o.- the al onasuve e..ener ye ,
o io a <hu shouu:hat t shiw 'hen °
-. 	Similar reasoning can be used :o 


o 
, .e a.4
bZ 
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Since the alternative energy is priced below its border marginal cost, i.e.,
 

Therefore, the subsidization of 
substitute
 

also.
b > 1, then ? * <MOC 
price which is below its
 in an optimal energy A 

energy prices will result 

shadow supply cost. 

If it is not possible to determine the consumption patterns 
of 

the average
could be defined very broadly 

as 

specific consumer groups, then 

b 


the SC7, as discussed in
 users, e.g.,
energ-
conversion factor for all 


the text.
 

Case 3: 
 General
 

sbadow prices
energy A price when 

Equation ( Al) is the optimal 

are used, which incorporate income 
distributional !oncerns. 

a group of very poor consumers 
for whom we may 

case of
Consider the 


may be written:
 
W >> b (n-I). Therefore, equation (A.1) 

assume: 


n.mOC/WP5 = I; thus
is assumed that n 
An even greater simpLification 

is possible if it 

s MOC/WP5 


For illustration, suppose that the income/consumption level of 
these poor
 

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

consumers 


:he social weight is:
 
Then a simple expression for a poverty 1ne. 


Wc3 
rate or subsidized tariff 

which is the "lifeline"HQC/3,Th-ereforeo* 


low income consumers.
this 3oup of
appropriate to 
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ENERGY CONSERVATION & EFFICIENCY
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ENERGY MANAGEMENT TRAINING. PROGRAM 

ENERGY CONSERVATION AND EF!CIENCY
 

by Mohan Munasinghe
 

The relevance of energy conservation, 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 important element of demand
 

management and therefore, a valuable tool for achieving most of the objectives of
 

integrated national energy planning discussed earlier.
 

The pursuit of energy conservation as a goal raises the issue of
 

whether the reduction of energy consumption is always socially beneficial
 

or desirable. Common sense indicates that while "wasteful" energy use
 

should be disccuraged, there is a limit beyond which conservation measures 

could cause more harm than good. In order to define desirable conservation 

levels more precisely, we start from the premise that the principle objective 

of a national economy is to maximize the collective welfare of its citizens. 

If aggregate consumption or production (e.g., Gross Domestic Product or GDP) 

is taken as a proxy for national welfare, then welfare maximization implies 

that scarce resources such as energy, capital labor and land should be used 

as efficiently as possible to maximize output.-/ This suggests that the 

concepts of both economic 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 conservation
 

measure may involve additional costs, e.g., hardware costs, C1 . Finally, the
 

reduction or substitution in energy consumption will usually imply a cost
 

l/ 	For 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.
 



or foregone benefit to the consumer, C., due to a reduction in the quantity
 

and quality of energy available for end use. In general, if 3 > (CI + C2),
 

then the conservation measure is economically justified, i.e., it will improve
 

economic efficiency. The use of this basic cost-benefit test for economically
 

justifying conservation measures will be explored and elaborated on later in
 

this chapter.
 

In our discussion of pricing earlier, we argued that 

the rationale underlying efficient energy pricing at its opportuniy cost is 

that decentralized market forces should be used as far as possible to establish 

economically optimal patterns and levels of energy consumption which maximize 

welfare. The acceptance of such ovtimal or desirable target levels of demand 

underline the fact 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 rlising the price to this value would
 

reduce demand to the optimal level, and therefore constitute an economically
 

beneficial conservation policy. In this simple case, the implementation of
 

= 
a price increase is assumed to be costless, i.e., C1 0, and the energy cost­

saving benefit B exceeds the cost Crepresented by benefits foregone of
 

reduced diesel use at the margin. As a corollary, we also note that, conversely,
 

if energy prices were significantly higher than opportunit7 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 energy
 

usage levels was stressed earlier. We will also explore here, the other
 

non-price tools such as rationing, physical controls, technical devices,
 

legLslation, taxes and subsidies, education and propaganda, etc. for realizing
 

conservation goals. Price and non-price methods for promoting energy conservation
 

are most effective when used in coordinated fashion. The use of non-price and
 

especially technical methods of conservation often require an understanding of
 

the concepts underlying the technical efficienc7, of energy use. Therefore, 

we discuss below two technical measures of energy efficiency, and then indicate 

how they relate to the broader economic efficiency criterion. 
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Technical Efficiency of Energy Use
 

The First and Second Laws of Thermodynamics give rise to two 

distinct definitions for the technical efficiency of energy conservation or use.-/
 

The First Law of Thermodynamics in its simplest form states 
that
 

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

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

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

process may be defined as:
 

eI = 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 water in a home using a wood-burning stove as shown in Figure 6.1.
 

Let F1 be the energy i.put representing th calorific value of firewood burned, 

E 
be the useful energy output absorbed by the water, and 7 be the conductive,
 

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

defines the energy balance E1 E0 + E , and
 

e E /E = I- IE1
1. 0 1 ~ (6.1)
 

Thus the first law efficiency of any process may be determined by correctly
 

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

"bookkeeping" may be quite complicated for a complex system such as a 

thermal electric power station involving flows of many forms of energy 

including heat, electricalmechanical and chemical energy.-/
 

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

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

2. For details of energy balancing see for example, John 21.Ahern, The EXer.y
Method of Energy Systums .navsis, (New York: Wiley, 1980), pp. 
24-30.
 



F 6Ai oP A4 

Figure 6.1 Application of First Law Efficiency: Heating 'Water
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Energy balance analysis provides a convenient framework for
 

determining the first law efficiency from primary energy source to final
 

end use, and therefore may be used as one criterian to discriminate between
 

different energy delivery systems.- Consider the example of domestic water
 

heating using either natural gas and electricity, the respective first law
 

efficiency of the processes in the home being about 0.5 and 0.95. Use of
 

electricity appaars to be superior. Next, let us take into consideration
 

the first law efficiency of 0.4 for generating electricity from natural gas
 

at the power station, the electricity losses in the transmission and distribution
 

networks of 15%, and the losses in the gas deliver1 system of 30%.
 

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

via the electric option is given by:
 

e 0.4 x 0.85 x 0.95 = 0.323
 

The corresponding efficiency value for direct heating of water using piped
 

gas would be:
 

e '0.7 x 0.5 0.35 

Now the direct gas op ion 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 considerations
 

may be dominant as discussed later in this chapter....
 

I/ 	Some advocates of energy-analysis take the extreme viewpoint that the desirability
 

of all processes and activities should be assessed on the basis of energy alone.
 

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. Clarly, this elevates 

energy to the position of the principal scarce resource and would tend to downplay 

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 Energy Theory of Value", The Energy journal, Vol. 2, January 1981, pp. 61-74. 

Further difficulties ariL in the application of an energy theory of value and 

optimization of human activities w-ith resDect to energy alone because first 

law 	and second law optimization of the same process will not always be consistent.
 

See for example: Donald . Hertzmark, oD.cit. T1herefore, energy analysis,
 

energy audits, energy bookkeeping, energy efficiency and energy balance informatio7
 

are best used as a supplement to the economic assessment of conservation measures
 

described later in this chapter.
 



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 tme.-/ 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 00C. By virtue of the temperature difference
 

heat can flow from the hoter 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: hot-nd cold.
 

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 500 C (assuming 

that the system is well insulated and there are no heat losses). By eliminating 

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

flow between glasses, and the capabil.ty to extract useful work from the
 

system. The system entropy has increased while its state of order has
 

decreased since there is only one 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 one glass and cool the other. If this occurs
 

the system is no longer closed to the outside world as required by the Second
 

Law definition. Furthermore, the Second Law also ensures that the available
 

energy used externally to restore the two glass system to itj original state
 

will always be greater than the available energy which can be 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.
 

http:capabil.ty


The second law efficiency may be accordingly defined as:
 

e. . Theoretical Hinimum Energy Required/Energy Actually Input
 

- EI/E -(6.2) 

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

which is to be heated, E is defined by:--

E - E0 (TT - TA)TT (6. 3) 

where E0 is the quantity of thermal energy transferred, TT is the absolute
 

temperature (in degrees Kelvin) at which the heat is transferred, and TA 

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


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

e -el (TT - TA)T- =e(i - T,~/9 . (6.4) 

Therefore, an increase in first law efficiency el implies an increase in 

second law efficiency, and vice-versa, provided the other parameters remain 

tmchanged.l / If T is high, i.e., TT>> TA; then e2 and e are approximately 

equal, but if the temperature differential is small, e2 may be much lower
 

than e . 

As a numerical illustration, 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 efficiencies
 

/ is defined with respect to the ideal Carnot energy cycle between two
 

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

2/ Degrees Kelvin ('K) - 273 + Degrees Centigrade ('C).
 

3/ Examples have been quoced where an increase in e,, is accompanied by a
 

decrease in e1. See Donald I. Hertzmek, "Joint Energy and Economic
 

Optimization: A Proposition"', The Energy Journal, Vol.2, pp. 75-88,
 
January 1981.
 



are approximately the same usually-lying between 0.4 and 0.45. In contrast,
 

the first law efficiency of a gas furnace 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) is being used to supply low qualit7 heat, i.e., the burning 

gas heats'air or-water- to an intermediate temperature which in turn 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 K, instead. of utilizing the full difference between 

the flame at, say 18000K, and the room temperature of 300 0K. 

The blind application 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 temperature may be used in relatively
 

low temperature processes like water and space heating or cooling, industrial
 

process steam production, and so on. Second Law efficiency permits better
 

matching of energy sources and uses, so that high quality energy is not utad
 

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 fluid such as steam ma; 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 efficiency. This point is further discussed in Section 6.3,
 

under Energy Conservation in Industry and Electric 'ower Generation.
 



Table 6.1 First and Second Law Efficiencies for
 
Some Typical Energy Uses
 

First Law 

Use Efficiency 


1. 	Electricity Generation 0.9 - 0.95 

or Traction (large scale)
 

2. 	Industrial Steam Production 0.85 


3. 	Fluidized Bed Electricity
 
Generation 0.4 - 0.45 


4. 	Transportation (Diesel Powered) 0.4 


5. 	Transportation (Gasoline Powered) 0.25 


6. 	Space Heating or Cooling 0.5 - 0.8 


7. 	Domestic Water Heating 0.5 - 0.7 


8. 	Incandescent light bulb 0.05 


Second Law
 
Efficiency
 

0.3
 

0.25
 

0.4 - 0.45
 

0.1
 

0.1
 

0.05
 

/0.05
 

<0.05
 



-52­

6.2 An Economic Assessment of Conservation
 

The economic concept of efficiency most generally recognizes that energy
 

as a scarce resource should be conserved at a level that maximizes the national 

wmelfare. More specLfically in an economy where non energy products and 

services are correctly priced at their economic value, a simple static model 

indicates that pricing energy outputs at their marginal opportunity cost would 

result in energy consumption at welfare maimizing optimal levels. Consumption 

of the various forms of energy either ?.bovL or below these optimal levels would 

be economically inefficient and result in reduced aggregate output. 

Therefore, from the viewpoint of economic efficiency, if energy prices 

are belov 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 energy may be quite complicated in a dynamic world 

where the prices of other products are non-optimal. NIon-economic objectives 

such as raising government revenues or providing subsidized energy for the poor 

may be used to justify divergence of price from MOC. Tihis in turn may require 

non-price methods to push energy consumption towards optimal levels. We therefore 

go beyond this broad pricing policy approach to conservation, and attempt to 

define below an operational criterion which 'will establish the economic acceptability 

of any given conservation measure. We begin by illustrating with the aid of several
 

simple examples, the principal considerations that will determine whether an energy
 

conservation measure is economically justified.
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Consider a particular end use for energy such as home lighting. 

Suppose there is a choice of two distinct types of light bulbs, incandescent 

and fluorescent, buth of which have the same economic cost, same lifatime, 

and provide light output of the same quality. !f the fluorescent bulb uses les 

electrical energy than the incandescent one, then replacing the latter by 

the former is a conservation measure that results in an unambiguous improvement 

in economic (and also technical) efficiency. In this case, using fluorescent 

bulbs instead of incandescent lamps reduces the economic resources expended 

to provide the desired output, i.e. lighting. Electrical energy has been 

conserved, with no change in other economic costs and benefits. 

Next, suppose that the fluorescent bulb is more costl7 to install.
 

There is 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 whether substitution of incandescent bulbs by 

fluorescent ones is economically Justified, is summarized in Table 6.2. At
 

this stage we distinguish between the economic value (or opportunity cost or 

.shadow price, as discussed in chapter V, Integrated Framework for Energy
 

Pricing II) of a good or service, and its market price. The former is relevant
 

to decision-making from a national perspective and the latter is more appropriate
 

from a private individuals viewpoint.
 



Table 6;2 Pbysical and Economic Data to Assess the Economic Efficiency
 
of Energy Conservation for Lighting
 

Incandescent Fluorescent
 
Bulb Bulb
 

Economic Value
Tnastallation 

(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
 
Energy (Marginal Opportunity 16 4.4 
consumption cost) a/
 
(Dineros per year
 
during 2 year 
lifetime) Market Pr±ce 12 3.3 

a/ Dineros 0.4 per kwh b/ Dineros 0.3 per kwh 

The national cost (based on economic values) of using the incandescent and
 

their two year lifetimes are respectively:-­fluorescent b'Ulbs over 


ECI = 10.5 + 10 + 16 /(1 + r) and 

EC 7 32 + 4.4 + 4.4/(l + r)
F.
 

Assuming an economic discount rate r = 0.1, we find EC, 41.0>ECF 40. 

i / The term economic value is used synonymously with opportunity costs or 
efficiency shadow prices. The discounting procedure converts future 
costs and benefits into present value terms. 



As described earlier in this chapter, an equivalent way of economically
 

assessing the conservation measure is to compare the energy cost 
saving
 

of dineros (16 - 4.4) 
= 11.6 per year for two years against the incree.­

in capital costs dineros (32 - 10.5) 21.5. Therefore we find that 

(16 - a.4) - (16 - 4.4)/(1 + r) > (32 - 10.5) which is equivalent to 

comparing ECI against ECF. 
 Therefore the use of fluorescent lightbulbs
 

and associated conservation if energy will improve economic erficiency.
 

However, if r = 0.2, ECT =.39.8< EC_ 
= 40.1, and the conservation measure
 

is no longer beneficial. This switching effect tends occur whenever an
to 


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 differential
 

is increased and if the expected energy cost savings 
are larger and extend
 

many years into the future.
 

This trpe of economic cost-benefit analysis will help policymakers
 

determine the desirability of a conservation measure. 
But, the next step
 

of analyzing whether market forces will influence energy users adopt an
to 


economically desirable conservation measure is equally important.
 

The private cost (based on market prices) of using incandescent 

and fluorescent lighting respectively, may be assessed using the data in 

Table 6.2: 

PC, = 18 + 12 + 12/(l + r) and 

PCF = 36 + 3.3 + 3.3/(1 + r) 



supposer = 0.1, so that PC, = 40.9< PCF = 42.3.
 

Therefore a private individual would prefer to use incandescent lightbulbs,
 

because this is 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 technical 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 wh to its
 

economic value of 0.4 dineros per kwh. We now have: PC, = 48.5> PCF = 44.4
 

and rational electricity consumers will make the correct decislon in favor
 

of fluorescent lighting. In addition, setting the electricit7 price equal
 

to its marginal opportunit7 cost will also establish electricity consumption
 

for non-lighting purposes at optimal levels.
 

Suppose that public resistance or other social pressures make it 

impossible to raise electricity prices. Let the economic value of an incandescent 

bulb be its cost of production or producer price, while the imposition of 

a government tax of dineros 7.5 determines the market price, Similarly, assume 

that an import duty of dineros 4 represents the d±fference in the c.i.f. import 

cost (dineros 32) and the market price of fluorescent bulbs, Instead of raising 

electrict1 prices, an alternative policy optica might be to raise the tax 

on incandescent lightbulbs to dineros 9.5, making the market price dineros 20. 

In this case, EC = 42.9> PCF = 42.3, which encourages the desirable consumer 

decision. Reducing the dut7 on fluorescent bulbs to dineros 2 and lowering 

the retail price to dineros 34 would also yield a favorable result, since 



now: PC, = 40.9>PC. = 40.3. Some combination 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 mav'ket 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.
 

Next, assume that the tax on incandescent lightbulbs cannot be
 

increased because the legislation affects a much larrer class of related
 

products. 
 Similarly, suppose that the import duty on fluorescent bulbs
 

cannot be reduced because it would undercut the price o7 a high cost
 

local producer and drive him out of business. In this instance, some final
 

options left to the energy policymaker might be to legislate that all
 

incandescent lightbulbs be replaced by fluorescent ones, 
or to give a direct
 

cash subsidy to consumers who adopt the measure, or 
to mount a major public
 

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

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 an 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
 
as a energy conservation policy tool is mixed. 
See for example:
 
James M. Walker, "Voluntary Responses to Energy Conservation Appeals",
 
Journal of Consumer Research, vol. 7, June 1980, pp. 88-92; and
 
A.E. Peck and O.C. Doering, "Voluntarism and Price Response: Consumer
 
Response to the Energy Shortage", The Bell Journal of Economics, vol. 7,
 
spring 1976, pp. 287-292.
 



rational consumer would adopt the conservation 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, legislation, 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
 

and opportunity costs would be especially preferred. Hcwever, care should
 

be exercised to ensure that these policy actions do not have adverse
 

repercussions in other energy as well as non-energy markets. We discuss
 

next, some complications that coula aise in the assessment and application
 

of conservation measures.
 

If the useful lifetimes of .echnolog'cal alternatives are different,

/ 

then their ecciomic comparison becomes somewhat more complicated, e.g., in
 

our earlier example, if the lifetime of incandescent bulbs is only one year
 

while fluorescent light last 3 years. Two alternative approaches 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 is to compare the full costs of each alternative over a long
 

period, =z7 20 years, including the costs of periodic replacement of worn out
 

equipment,.! The two methods should give consistent results, assuming the same
 

values are used for parameters such as the discount rate. 

Another type of difficult-7 associated with changes in the benefits of 

consumption arises if either the quality or quantit cf the end product of 

energy use is different for the two alternatives. As an example of the first 

I/ Strictly speaking the discounted scrap value of equipment left at the end of the 
- 20 year period should also be deducted from the costs stream associated with the 

corresponding alternative. 



effect, conslder 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 ce-m to 
recognize that
 

electricity is likely to provide lighting of a supeior quality. / 'While
 

the quantification of this qualitative superiority in monetary te.-s wi±l
 

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

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

the relevant demand curve_ 

An example of the quantity effect might be the physical rationing of gasoline. 

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

in the miles he may travel in his car should be added to the cost of implementing
 

the rationing scheme and then compared with the benefit of reduced gasoline
 

supply. Once again, the willingness-to-pay of gasoline users would be the
 

appropriate measure of the foregone consumption benefit. In contrast,
 

the appropriate measure of the foregone consumption benefit. 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 energy consumption does not always imply reduced consumption benefits.
 

The focus should be on the service derived from the energy use.
 

Finally, 
the costs and benefits associated with externalities should
 

be included in the economic cost-benefit comparison of alternatives. For example,
 

improvements in technical efficiency or fuel substitution measures may give rise
 

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

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

l/ 	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 Thai 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 depreciated physically.
 



6.3 Conservation Opoortunities in Enerv Producing and Using Sectors l/
 

Aggregate economy-wide measures such as the ratio of energy use to value added 

or GDP are not very helpful in determining specific. policies to improve 

the energy situation. The practical application of energy conservation 

policies requires the disaggregate analysis of the technical, 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 conservation, mention of 

improvements in efficiency generally refers to increases in the first 

law efficiency of energy use that will yield actual reductions in energy 

inputs required to perform a particular task. It is also underotood 

that the desirability of adopting any conservation 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. 

l/ 	General references which explore in greater detail some of the aspects
 
discussed in this section include: Richard C. Dorf, Energy Resources
 
and Policy, (Reading, Mass: Addison-Wesley Publ. Co., 1978); Enery

Proerams and Policies of IF Countries, 1977 Review, OECD, Paris; ±bid
 
1978 Review; ibid., Review; 1980 Review; John1979 ibid., C. Sawhill 
(editorl, Enerzy Conserration and Public Policy, (Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1979); and Sam Schurr, et. al., Enrgy 
in America's Future, (Baltimore: Johns Hopkins Univ. Press, 1979). 



-62-


Transportation
 

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 vould help the conservation effort. Important methods of
 

achieving this result include: (a) changing from mor'e to less energy 

intensive transport modes; (b) increasing the technical efficiency of 

energy use of given modes of transportation; and (c) changes in behavior
 

and overall systems effects. We will examine each of these three aspects,
 

below:
 

Table 6.3 summarized some typical characteristics of the chiefly 

used transport needs. The energy intensity figures for a given mode ,;ill 

vary widely depending on the geographic characteristics, goods transported, 

behavioral 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 period of rapidly rising petroleum 

prices, conservation in the principalyliquid fuel using road transport 

mode should. have a high priority. In particular, savings in traffic 

congestion costs in urban areas and also reductions in air pollution may 

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

as the unwillingness of motor car o-ners to use public transport, or the 

inaccessibility of railway stations for freight hauling ill make it difficult 

to effect these changes. 



Table 6.3
 

Typical Energ7 Use Characteristici of Princival Transport Modes (1975-80)
 

Energy Intensity Share of Energy Consum tion /
 

Btu/Passenge: Btu/Ton Industrialized Developing

Mode Mile Mie CountrV/ Counr. /
 

2/
Walking/Bicycle/Animal- 300- 500 
 - < .01 .05 

Pi.peline - 300- 600 .05-.1 <.05 

Water - 400- 700 <.05 .05-.1 

Ral!way 2,000-3,000 500- 900 <.05 <.05 

Bus 1,000-1,500 - .01-.1 .05-.1 

Truck 1,500- 2,000 .1 -.2 .35-.45
 

Car Z,000-4,000 - .4 -.5 .25-.35
 

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

1/ As a fraction of total commercial energy consumption.
 

2/ Non-commercial energr use given as a fraction of commercial energy total.
 

3/ Source: Author's estimates and OECD, EA and USDOE data.
 

4/ Source: Author's estimates and "Energy in the Developing Countries", The World Bank,
 
Washington, D.C., August 1980.
 



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 government 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 alternative methods of communication like telephones
 

where possible, and so on. In many cases people may be very resistant to adopt
 

these changes in lifestyles.7 many of which affect the whole socio economic
 

system rather than the transportation system alone (e.g.,urhan living patterns,
 

travel and. migration patterns etc.). In the- developing countries some of the
 

developmental changes themselves may encourage shifts to move energy intensive
 

and modern modes, e.g., use of motor vehicles instead of walkng,.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 alone are unlikely to be effective.
 

Fuilding, Lighting, Space Heating and Cooling
 

Three factors affect the consumption of energy in buildings: (a)
 

behavioral characteristics and attitudes 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,
 



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
 

incraases in energy prices, legislation, tax incentives, and so on will help
 

to implement conservation measures. However these policies and their consequences
 

must be simple and easily comprehensible.Educating occupants of building
 

(especially aomestic residents) concerning simple conservation practices, making
 

them aware of new but readily available energy saving devices, and explaining
 

the consequences of new pricing structures and taxes should have a high priority.
 

The so-called "imformation gap" is particularly critical in this area of conservation.
 

Changes in behavior and attitudes often take time to occur. For emample,
 

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 in effect, low income households were found to be using
 

their lightbulbs as many as 16 hours a day. This occurred despite an energy
 

conservation campaign, because it was widely believed that switching lights on and
 

off would reduce their lifetime more than if 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 ate involved. Thus requests to set
 

back thermostats in many industrialized cwuntries have not been efi.ctlve
 

except when accompanied by increased energy prices, and only after the effect
 

of increased energy bills -ere 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 cut back on consumption of electricity
 

for lighting, air-conditioning, and so on. Pricing of energy at economic
 

opportunity cost is very useful in all these cases, because the consumers can get
 

the correct price signal and then choose how much energy to use on the basis of
 

willingness-to-pay. Even then responses to price changes could be slow because
 

these adjustments in energy usage patterns may imply major expenditures for purchasi 

new energy using equipment as discussed below. In brief, behavior changes thac
 

facilitate conservation may be realized only slowly, and policymakers should
 

fully investigate local attitudes and idiosyncracies with respect to energy
 

use patterns.
 

Improvements in energy using equipment and appliances in buildings
 

are an obvious target for conservation programs. Thus occupants must be made
 

aware of the many opportunities for replacing inefficient equipment such as
 

furnaces and air-conditioners, retrofit or improvements to existing equipment,
 

or simply improved operation and maintenance procedures, Appropriate financial
 

incentives should be provided to reinforce the message. Technical advice,
 

energy audits and guidance could be provided by the government, especially
 

in the 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.
 



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 inefficient refrigerator is worn out beforL
 

replacing it. Replacirg incandescent !ightbulbs with fluorescent fittings is
 

another energy saving measure whose costs may deter a poor consumer. This
 

phenomenon is particularly significant in developing countries where incomes
 

are lowr and the fuuL 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 is only about 57 with simple stoves
 

that are over four times as efficient. These have had limited successyand only 

when overnment of-fcials 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, nublic education and equipment 

subsidies.
 

Architectural design, building practices and construction materials
 

the third area in which energy conservation gains may be madeI.
used is 


/ 	See for example: G. Dallaire, "Designing Energy Conserving Buildin',
 
Civil Engineering, April 1974, pp. 54-8.
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Policymakers may make a significant impact by altering building codes and
 

implementing legislation relating to minimum efficiency standards. The
 

orientation of buildings, location of windows, type of glass used, and other
 

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.-/ If buildings 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 asbestos), higher ceilings and installation of fans are often substitutes 

for air conditioning in the tropics. Much can be achieved in the way of 

conservation by a well informed and imaginative architect. 

Industry 

Iriprovements in the efficiency of industrial energy use cover such 

a broad range of techniques that only the general principles can be touched 

on here. Contrary to widespread belief, many industries 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 governments
 

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 areas for conservation
 

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

this respect. Thus, improving construction practices or using better
 
building materials will become increasingly costly and beyond a certain
 
point they would not justify the reduction heat losses, according to
 

the economic criterion described earlier. Again, a perfectly air-tight
 
and insulated building may be ideal from the viewpoint of energy 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 conservation must be weighed against the
 
bcth quantifiable and sometimes non-quantifiable costs incurred.
 



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 materials.
 

We will briefly examine each topic in turn.
 

Most large industries use energy for heating and a significant
 

fraction of this thermal energy is expelled into the external anvironment
 

at temperatures well above ambient conditions, usually in the form of hot
 

gnses, steam, or water. 
This waste heat can be harnessed in a number '.f 

ways, thus improving the overall efficiency cf energy use in the riant by 

as much as 30%. In completely integrated.or total energy systems (also 

called cogeneration systems), fuel would be used to generate electricity,
 

yield process heat for industrial use, heat buildings in the area (i.e.,
 

district heating), provide hot water, process solid -nd liquid wastes, and
 

so on.. A central concept in this type of system is that the overall efficiency
 

of energy use for the total plant be maximized rather than the efficiency of 

any single component or sub-system such as electricity generationA! In fact
 

the energy efficiency of certain components may have to be reduced below what
 

it would have been if it was operating on its own. T1- gains in other parts
 

of the system more than compensate for this loss, a. thus overall efficiency
 

improves. 
For example, the exhaust heat from an electric power generator in
 

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

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

I/ See for example: P. Bos, et al., The Potential for Cogeneration Developmeit

in Six Major Industries by 1985, FEA Report, Resource Planning Associates.
 
Cambridge, Mass., 1977.
 



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 energy
 

systems occurs when new industrial plants are being set up. Many examples.
 

of cogeneration exist already in Europe, and the U.S. is not for behind.i
/
 

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, industries 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 using steam for heating could also run an auxiliary generation to produce
 

electricity, or hot exhaust gases could be used for drying industrial materials,
 

preheating incoming air, and so on.
 

The effectivefiess 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 Section 6.1, under Second Law Efficiency), the availability 

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. Lichtenberg, "Efficient Energy Use
 
and Well-Being: The Swedish Example", Science, Dec. 3, 1976, pp. 1001-12.
 



in general, the higher the temperature of the exhaust fluids, the more
 

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

S(see Section 6.1). Some industrial activities that produce waste heat
 

at different temperatures are presented in Table 6.4.
 

TABr 6.. SOURCES OF WAs'r HEAT By TtPEATu~tz R.k.Ncr 

Mledium Temperature 
. Hialr Temperature Low Temperature 

Temperature Temperature Temperature 
aou.?ce (OF.) Sou.rc. (OF.) Source (OF.) 

Nickel refining furnace 2500-3000 Steam boiler exhausts 450-.900 Process steam 
Aluminum refining Gas turbine eliausts 700-1000 condensate 130-190 

furn::e 1200-1400 Reciprocating engine Cooling water from: 
Zinc refining furnace 1410-2000 exiausts 600-1100 Furnace doors 90-130 
.Copperrefining Reciprocating engine • Bearings 90-190 

furnace 140-1500 exiausts (turbo - Welding machines. 90-190 
Steel heating furnaces 170(1-1900 charged) 450-700 - Injection molding 
Copper reverberatory Heat treating furnaces 300-1200 machines 90-190 

furnaces 1650-2000 Drying and baking - Annealing furnaces 150.-t50 
Open hearth furnace 1200-1310 ovens 430-I100 * Forming dies 80-190 
Cement kiln (Dry Catalytic crackers 800-1200 Air compressors 80-120 

process) 1150-1350 Annealing furnace • Pumps 80-190 
Glass melting furnace 1SC-2800 cooling systems 800-1200 • Internal combustion 
Hyde'ge: plants 12*0.-S00 engines 150-250 
Solid waste Air conditioning and 

incinerators 1200-1800 refrigerantion 
Fume incinerators 1200-2600 condensers 90-110 

Liquid still condensers 90-190 
Drying, baking, and 

curing ovens 200-450 
Hot processed liquids 90-450 
Hot processed solids 20-450 

,Niurre: W. M. Rohrt.r ad K. Krcider. "Siirccs and I1t of Wite 1eat." Waite Heat Management Guidebnok. NNS Handhowk 121 
I,'.a.h6%itt.ii. I).(.: ;ti,.iet:iom rimi tIt J:intiary 1977). 

)
.I ollir-. 1 1. 
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The second broad area for encouraging conservation is in the
 

improved operation of existing plant and by appropriate retrofits. Adapting
 

old equipment for cogeneration is of course also a form of retrofitting,
 

but this has been discussed earlier. There are many other ways in which
 

the energy efficiency of industria-L processes may be improved. For example,
 

the thermal insulation or lagging of boilers and p-4es carrying 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 on.
 

More sophisticated techniques such as computerized control of industrial
 

processes can also increase conservation. In many cases, detailed energy
 

audits by external experts can pinpoint these improvements, identify new
 

energy- efficient devices that are readily available, and demonstrate the cost
 

effectiveness of such conservation practices to the industrialists concerned.
 

The third aspect of conservation involves major changes in industrial
 

activit 7 . Shifts in technology and production processes most often occur in
 

response to changes in the relative prices of energy and other inputs such as
 

capital and labor. Thus, an increase in the real cost of energy would favor
 

a shift towards a less energy intensive technology. We note that autonomous
 

technological improvements can also occur quite independently and sometimes
 

*ontrary to price changes, due to inventions that improve the efficiency of
 

industrial processes. For example, in the case of aluminum smelting which is
 

one of the most energy intensive industrial processes, the electricity requirements
 

for smelting a kilogram of aluminum from bauxite ore decreased from about 

26 kilowatt-hours in 1940 to about 17 kilowatt-hours by 1975 despite an overall
 



decrease in the real price of electricity. With the added impetus of higher
 

energy costs, a new chlorine process now being introduced will decrease
 

energy consumption to about 10 kilowatt-hours per kilogram of aluminum.-"
 

More generally, 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 development to improve the energy efficiency of major
 

industrial production processes are important tools 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 less energy intensive. The difficulties of collecting snd 

sorting waste materials prior to recycling could significantly increase processing 

costs especially where labor inputs are required to do this. Some typical figures 

for energy saving through recycling are given in Table 6.5 

Table 6.5 Energy Savings From Rec7ciing (1978) 
Share of Energy Use for 

Energy Costs Processing (<wh/kg) Energy 
in Value From Raw From Waste Saving Chief 

Material of Outout Material Material (%) Constraints 

Glass 0.35 2.3 2.3 None Collection 

Paper 0.35 1.9 0.95 50 Separation 

Impurities, separati
Steel 0.35 13.4 6.6 0and collection
 

Plastics 0.05 13.0 0.58 95 	 Technology
 
commercially
 
unavailable
 

I/ 	Richard A. Charpie and Paul W. McAvoy, "Conserving Energy in the Production of
 
Al.uminum", 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. Lazaros,
 
J. Lazaridis and Thomas F. Widmer, Potential Fuel Effectiveness in Industrv,
 
(Cambridge, Mass.: Ballinger, 1974).
 



Electric Power
 

Electric power is a relatively mature energy sub-sector where
 

conservation techniques are well developed, and this permits us to clearly
 

illustrate the links between energy conservation, demand management and
 

pricing. The three principal opportunities for conservation 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 be
 

achieved through efficiency improvements in individual generating plants
 

or with respect to the whole power system.- / In the former category, 

efficiency improvements in generation technology have occurred steadily 

over the last fifty years or more. Many of these advances have stemned 

from economies 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 20%, while the largest unit size for today's -thermal
 

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
 

fluidized bed combustion and magneta-hydrodynamic
technologies such as 


generation could improve this figure substantially in the future, but
 

thermodynamic laws will limit ult±mate efficiencies-to around 55%.
 

In. the case of large modern hydroelectric generating units, 

are already converted intothe hydrostatic or potential energy of stored water 

1/ Switching some generation where possible from fossil fuels to renewable
 

solar wind and wave power can conserve depletable
and new sources such as 

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 operating and maintenance procedures to at least bring them
 

up to original design standards is another area for conservation. 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 alternative of upgrading of 

existing units is ,o 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 outlined in Section 6.2.
 

System wide improvements in the efficiency of producing electricity
 

can also be achieved 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 shape 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 their fuel costs are low although their investment costs are high.
 

The same logic dictates that gas turbine units which have low capital costs
 

but high 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 is used sequentially starting with
 



the newer base load units that are cheapest to run and ending with old
 

or peaking units that have the highest fuel costs. *Manyelectric
 

utilities offer scope fcr improvements in system efficiency, especially
 

in ma y developing countries 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 30% of gross generation in 

some developing countries, although no-ms in industrial countries are 

about 10%. The determination of optimnal or desirable loss levels are 

based essentially on the. trade-off between the increased capital costs 

of augmenting T&D capacity, and the acrresponding savings in both kilowatt 

and kilowatt-hour losses. The rapid increasesin the costs of electricity 

supply in the 1970's indicate that the levels of losses previously coi­

sidered desirable are likely to be unacceptably high today. As shown 

in Figure 6.2, the optimal trade-off occurs when total. costs defined as 

the costs of losses plus the system investment and operation and maintenance 

costs (all in present discounted value terms over a long period of about 

10-20 years) are minimized.- / The desirable loss level shifts from LL to 

as energy costs rise. Losses due to theft can also be significant,
 

reaching levels of 10-15% in some developing countries. U.S. norms are
 

about 2-3%. Such losses may be reduced by appropriate improvements in
 

legislation an management of the power utility.
 

1/ 	We note that as system losses decreases, the quality of electricity
 
supplied may also improve (e.g., 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 consumption
 
change due to loss reduction because these losses were not consumed
 

originally, in any case.
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Figure 6.2 Optimal Trade-off Between Losses and System Costs for 

Electricity Transmission and Distribution Systems. 

Total Costs = Costs of Losses + System Costs 



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 the sections on energy conservation in buildings and industry. The
 

second aspect, uses demand management as a tool to conserve energy and
 

increase the economic efficiency of energy use. In the electricity sector
 

the term load management is used synonymously with demand management.
 

Because of the relative sophistication and maturity of this sector, load
 

management techniques are well developed and fall into two basic categories:
 

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

education 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 consumer loads.
 

It is more costly to supply electricity during certain
 

seasons or hours of the day known as peak periods 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 seasonal
 

periods signals the consumer that he should try to switch at least some of
 



his load to off-peak periods./ Separate capacity and energy changes
 

may also be used. Providing financial incentives to retrofit old
 

equipment, imrjrove 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 
receive 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 controlled through ripple control
 

or radio by the ut±lity. 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 1981. 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 is not 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 cimes.
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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 conservation described in Section 6.3 seeks to include
 

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 relation to its environmental impact. This is important
 

because different energ; conservation practices can either improve or
 

worsen the environment.
 

in the case of automobile exhaust emission, pollution limiting
 

devices will generally decrease fuel efficiency. Therefore, there is a
 

conflict between the conservation and environmental o'jectives, requiring
 

the trading-off of various gains and losses,. preferabl7 in the economic
 

framework discussed earlier. Where quantification of environmental costs
 

and benefits is difficult, judgement must be used. On the other haL"*
 

reducing the use of fuelwood in certain developing countries may prevent
 

severe deforestation problems, with associated environmental consequences
 

such as soil erosion, loss of vegetatiQ-, reduced watershed potential, and
 

so on. Thus conservation of fuel,,nod is consistent with the ecological
 

goal, but may involve other costs such as substitution of a more expensive
 

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


the basis for rational decision making.
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POWER TARIFFS
 



DEMAND MANAGEMENT POLICIES: 

lib. Principles of Integrated Energy Pricing
 

and
 

IlIb. Application and Impact of Pricing P-

ELECTRIC POWER l/ 

by 

MOHAN MUNAS INGHE 
Energy Department 

World Bank, Washivgton D.C. 

Introduction and Overview
 

Modern societies have become increasingly dependent on various
 

types of energy sources, among which electric power has occupied a dominant
 

position. Traditionally, electric Trower 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.
 

times several new factors have arisen, including
However, in recent 


the rapid growth of demand, the increase in fuel oil prices and prices of
 

fossil fuel and nuclear plant, the dwindli.ng availability of cheaply exploit­

areas
able hydro-electric resources, and the expansion of power systems into 


of lower consumer density at relatively high unit costs. These developments
 

have led to increasing emphasis being laid on the use of economic principles
 

in order to produce and consume electric power efficiently, 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.
 

The views expressed in this paper are the author's. and not necessarily
1/ 

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 LR11C approach are described, and in Section C, a
 

framework for calculating strict LRMC is presented. Finally, the process of
 

adjusting LRMC to devise a practical tariff structure which meets other
 

national constraints is discussed in Section D, followed by several technical 

appendices.
 

A.1 Requireo,2nts of a Power Tariff
 

The modern appro. 1 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 thie economy, but within the 
electric power sector
 

itself. This implies that cost-reflecting prices must be used to indicate
 

to the electricity coaisumers the true eco&aomic costs -f supplying their
 

specific needs, so 
that supply and demand can be matched efficiently.
 

Second, certain principles relating to fairness and equity must
 

be satisfied, including: (a) the fair allocation of costs among consumers
 

according to the 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 meet
 

the financial requirements of the sector, as described earlier. Fourth, the
 

power tariff structure must be simple enough to facilitate the metering and
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billing of customers. Fifth and finally, other economic and political
 

subsidized electricity supply to
requirements must also be considered, e.g., 


certain sectors to enhance growth, or to certain geographic areas for pur­

poses of regional development.
 

Since the above criteria are often in conflict with one another, it
 

is necessary to accept certain trade-offs between them. The LRMC approach to
 

price setting described below has both the analytical rigor and inherent
 

structure which is responsive to these basic
flexibility to provide a tariff 


objectives.
 

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

A tariff based on LRMC is consistent with the first objective, i.e.,
 

the 	eL"icient allocation of resources. The traditional accounting approach is
 

sunk costs, whereas in the LRMC calculation it
concerned with the recovery of 


future resources used or consumer decisions which is
is the amount of saved by 


the amounts paid for increments of consumption,
important. Since prices are 


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
 

should be 	related to the economic value of resources to be used in
consumers 


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
 

over-investment and waste, or under-investment and the additional costs of
 

unnecessary 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;
 

- at 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, whereas off­

peak consumers need to pay only the energy costs. Similarly, analysis of LRMC
 

by voltage level usually indicates that the lower the service voltage, the
 

greater the costs imposed on the system by consumers.
 

The structuring of LRMC based tariffs also meets sub-categories (a)
 

and (b) of the second (or fairness) objective. The economic resource costs
 

of future consumption are allocated as far as possible 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 allocation of (arbitrary) accounting costs to various consumers. Because
 

the LRMC method deals with future costs over a long period, e.g., about 10
 

years, the rdsultfnW9rices (in constant terms) tend to be quite stable over
 

time. This smoothing out of costs over a long period is especially important
 

because of capital indivisibilities or lumpiness of power system investments.
 



The use of economic opportunity costs (or shadow prices, cspecially
 

for capital, labor, and fuel) instead of purely financial costs, and the
 

consideration of externalicies whenever possible, also underline the links
 

between the LRMC method and efficient resource allocation.
 

The development of LFJIC based tariff structures 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 is 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 coiLsurmption, 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, among which the
 

most important one is the financial requirement. If prices were set equal
 

to strict LRUMC, it is likely that there will be a financial surplus. This
 

is because marginal costs tendi 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 is
 

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 basic requirement, thus
 

satisfying socio-political objectives. Conversely, if as in some cases,
 



- 0r.. 

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 d.o not
 

reflect marginal costs, especially 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
 

kerosene and/or firewood. In this case, pricing electricity below the LRIMC
 

may be justified, to prevent excessive use of the alternative forms of energy.
 

Similarly, if incentives are provided for the importation of private gener­

ators, while their fuel is also subsidized, then charging the full marginal
 

ccst to industrial consumers may encourage them to purchase captive power
 

plant, which is economically less efficient from the national viewpoint. 

Since the computation of strict LRM1C is based on the power utilities' least
 

cost expansion program, LR.MC may also need to be modified by short term con­

siderations if previously unforeseen events render the long run system plan 

sub-optimal in the short run. Typical examples include a sudden r 'uction 

in demand growth and a large excess of installed capacity which av justif.' 

somewhat reduced capacity charges, or a rapid increase 41 fue! prices, Whi2h 

could warrant a shert term fuel surcharge.
 

As discussed earlier, the L'_RC approach perm3its a high degree of 

tariff structuring. However, data constraints and the oblecive of simpl­

fying metering and billing procedure usually requires that there should be 



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 h.aving 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) efficiency objectives of tariff setting are satisfied, because
 

the method of calculation is based on future economic resource costs (rather
 

than sunk costs), and also incorporetes economic considerations such as shadow
 

prices and externalities. The structuring of marginal costs perrits an effi­

cient and fair allocation of the tariff burden on consumers. In the second
 

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 second step of adjusting strict LRMC is
 

generally as important as the first stage calculation, especially in the
 

developing country context.
 

The LRMC approach provides an explicit framework for analyzing
 

system costs and setting tariffs. If departures from the strict LRMC are
 

required for non-ecOnomic reasons, then the economic efficiency cost of these
 

deviations may be estimated even on a rough basis, by cormaring the impact
 

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



since the cost structure may be studied in considerable detail during the
 

LTRMC calculations, this analysis helps to pinpoint weaknesses and ineffi­

ciencies in the various parts of the power system, e.g., overinvestment,
 

unbalanced investment, 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 LR.MC 

approach, it is possible to revise and improve the nariff on a consistent and 

ongoing basis, and thereby approach the optimum price over a period of several 

years, without subjecting long-standing consumers to "unfair" shocks, in the 

form of large abrupt price changes. 
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Section B
 

Economics of Marginal Cost Pricing 

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

pathbreaking efforts of Duiit and subsequently Hotelling; Ruggles provides
 

a comprehensive review of ,, rk in this area up to the 1940's, I/ The devel­

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

received a strong impetus r.om the work of Boiteux, Steiner, and others, from
 

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

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

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

shortages, and so on. 3/
 

IT 	 P. Dupuit, "De l'Utilize et de sa Mesure," La Reforma Soziale, Turin, 

(1932); H. Hotelling, "The General Welfare in Relation to Problems of
 

Railway and Utility RFtes," 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.,
 

pp. 107-126.
 
2/ 	 See for example: M. Boiteux, "La Tarification des Demandes en Pointe,"
 

Revue Generale de l'Electricite, vol. 58, (1949), P. Steiner, "Peak Loads
 
and Efficient Pricing," Quarterly Journal of Economics (Novwinber 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., Nlarginal Cost Pricing in Practice, Prentice-Hall, 

Englewood Cliffs, N.J. (1964); O.E. Williamson, "Peak Load Pricing and 

Optimal Capacity under Indivisibility Constraints," The American Economic 

Review, vol. 56, No. 4 (September 1966), pp. 810-827; and R. Turvey, 

Optimal. Pricing and Investmeut in Electricity Supply, Cambridge M.I.T. 

Press {1968).
 
3/ See for example: §_ymposium 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 and Public Utility Pricing," American Economic Review,
 
vol. 68 (March 1978); R. Sherman and M. Visscher, "Second Best Pricing
 

with Stochastic Demand," ibid.; Marginal Costing and Pricing of Electrical
 

Energy, Proceedings of the State of the Art Conference, Canadian Elec­

trical Association, Montreal (May 1978); and M. Munasinghe, Economics of 
Pi')..er Syste2 Reliability and Planning, Johns Hopkins Press, Baltimore
 

(1979).
 



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 show-n in Figure B.I. Let 

EFGD0 be the demand curve (which determines the kWh, of electricity demanded 

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

(represented by the marginal cost MC of supplying additional units of output). 

At the price p, and demand Q, the total benefit of consumption is 

represented by the consumers willingness-to-pay, i.e., the area under the 

demand curve OEFJ. The cost of supplying the output is the area under supply 

curve OAHJ. Therefore, the net benefit, )r total benefit minus supply cost, is 

given by the area AEFH. Clearly, the maximu- net benefit AEG is achieved When 

price is set eq. to marginal cost at the optimim narket clearing point G, 

.e., (P 0Q). 

_n mathematical terms, the net benefit is given by:
 

0 0 
'Where p(Q) and MC(Q) are the equations of the demand and supply curves resoec­

tv:maximizing NB yiields: ol (NS)/d CV ) - MI C (, ) z0 
which is the point of intersection of the demand and marginal cost cur'es 

( ,oQ) 

The analysis so far has been static, and therefore *4e now consider 

the dynamic effect of growth of demand from year cto year 1, whizh leads to 

an outward shift in the demand curve from D to D . Assuming that the correct 
0o
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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 Q and the 

new optimum market clearing price established at p1. However, the available 

diffi­information concerning the demand curve DI may be incomplete, making it 


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. In this iterative manner, it is possible to move
 

along the marginal cost curve towards the optimum rmrket 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 target. 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 Pricin_
 

Next, 	the effect of capital indivisibilities or lumpiness of invest-


This analysis recognizes the
ments, is examined with the help of Figure B.2. 


fact thatowing to economies of scale, capacity additions to power systems
 

Suppose that in
(especially generation) tend to be large and long-lived. 

year 0, the maximum supply capacity is Q, while the optimum price and output 

combination (po, Q ) prevails, corresponding to the demand curve D and the 

(e.g., fuel, operating and maintenanceshort run marginal cost curve SRMC 

costs). Now if capacity is to be increased from Q to Q, there will be a sharp 

spike in the marginal cost curve. 

grows from D to D over time, the price must be increasedAs demand 

to p to clear the market. MiTen the demand curve has shifted to D2 and the 

price is p., plant is added on to increase the capacity to Q. However, as 

soon as the capacity increment is completed and becomes a sunk cost, SRMC 

Therefore, p3 optimum price corresponding
falls to its old trend line. is the 


to demand D3 . 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 demand
two 


curves; for example, pk could represent the peak demand during the x daylight 

and evening hours of the day when electric loads are large, while D 
op 

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 luel, operating and maintenance costs given by the constant a, and
 



pk 
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Figure 33. Peak Load Pricing. Model 



the LRMC of adding to capacity (e.g. investment costs suitably annuitized
 

the plant) given by the 	 constantand distributed o,.er the lifetime output of 

b. 	 The static diagram has been drawn to indicate that the pressure on 

peak demand Dk' while the off-peak demand Dop doescapacity arises due to 


now has two parts

not iiifringe on the capacity Q. The optimum pricing rule 

to two distinct rating periods (i.e., differentiated by thecorresponding 

time of day);
 

peak period price : pk = a + b
 

off-peak period price: pop = 
a
 

are the cause
The logic of Lhis simple result is that peak period users, who 


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
 

Extensions of these
simplified to clarify the basic principles involved. 


the economics of real-world power systems
modeli which incorporate and analyze 


more realistically are reviewed below.
 

First, the usual procedure adopted in marginal cost pricing studies
 

is made
 may require soime iteration. Typically, a long-range demand forecast 


assuming some given future evolution of prices, a least cost system expansion
 

this demaad, and LRMC is computed on the basis of
plan is determined to meet 


latter. However, if the estimated LRMC whicl is to be imposed on consumers is
 

different from the original assumption regarding the evolution=significantly 

of prices, thbn the first round LRMC estimates must be fed back into the
 

model to revise the demand forecast and repeat the LRMC calculation. 



In theory, this iterative procedure could be repeated until future 

demand, prices, and LU.MC estimates become mutually self-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 after only one iteration. The behavior of demand is
 

then observed over some time peciod and the LRMC re-estimated and tariffs
 

optimum, which may itself have shifted meanwhile,
revised t move closer to the 


important
as described in subsection B.I. The price feedback effects are most 


peak shiftin the so-called shifting peak case, when load pricing may the 

demand peak from one rating period to another. In general, problems arising 

any given time of day due to differen­from changes in the level of demand at 


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

mined assuming some (arbitrary) target level of system reliabilf.ty (e.g.,
 

losE-of-load-,orobability or LOLP, reserve margin, etc.) Therefore, marginal
 

costs depend 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 price and capacity (or equivalently, reliability) levels should be
 

optimized simultaneously. The optimum price is the marginal cost price as 

described earlier, while the optimum reliability level is achieved when the 

marginal cost of capacity additions (to improve the reserve margin) are equal 

to the expected value of economic cost savings to consumers due to electricity
 

http:reliabilf.ty


-- 

those capacity increments. These considerations
supply shortages averted by 


lead 	to a more generalized approach to system expansion planning as shown
 

below. I/
 

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)
 

= supply

where TB = total benefits of consumption if there were no ootages; SC 


consumers of
 costs (i.e., system costs); OC = outage costs (i.e., costs to 


D = demand; and R = reliability.supply shortages); 


In the traditional approach to system planning both D and R are
 

exogenously fixed, and therefore NB is maximized, when SC is ninimiz!d, i.e.,
 

system expansion planning. However, if R is treated as a variable:
least cost 
_(8 (5c+ or-) -B-r-c.a­=_ a 	 +f 

is the necessary first order maximization condition.
 

-
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Therefore, as described earlier, reliability should be increased by
 

the above condition is satisfied. An alternative
adding to capacity until 


is that since TB is indpendent of R, NB is
 way of expressing this result 


(SC + OC) are minimized. The above
maximized when total costs: TC 1 


criterion is one which effectively subsumes the traditional system planning
 

rule 	of minimizing only the system costs. 2/
 

System Planning,"
I/ 	 For details see M. Munasinghe, "A New Approach to 

(July-
IEEE Transactions on Power Apparatus and Systems, vol. PAS-78, 


August 1979).
 

these
2/ 	 The emphasis on outage costs requires greater effort to measure 


costs; see M. Munasinghe and M. Gellerson, Economic Criteria for
 

Optimizing Power System Reliability Levels," The Bell Journal of Eco­

nomics, vol. 10 (Spring 1979); and M. Munasinghe, "Tlhe Costs of Elec­

tric Power Shortages to Residential Consumers," Journal of Consumer
 

Economics (forthcoming).
 



Third, some problems are raised by the dichotomy o. having to choose
 

between short and long run marginal costs, i.e., SFMC versus LP4C. The short­

run (SRMC) may be defined as the cost of meeting additional ele,_cricity con­

sumption, with capacity fixed, while the long run marginal cost (LRMC) is the
 

cost of providing an increase in consumption (sustained inuefinitely into the
 

future) in a situation where optimal capacity adjustments are possible. When
 

the system is opCimally planned and iperated (i.e., caoacity and reliability
 

are optimal), SPIMC and LRMC coincide. However, if the system plan is sub­

optimal, significant deviations between SPRMC 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 aarginal 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. !n this
 

state, prices reflect the true marginal social costs, scarce resources are
 

efficiently allocated, and for a given income distribution, no one person
 

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

1/ 	 7P has been suggested that capacity costs should be allocated .o dif­

ferent rating oeriods in inverse proportion to TOLP, but this would be
 

unsatisfactory because aggregate reliability indices such as LOLP are
 

poor 	proxies for pro-rating outage costs.
 

2/ See for example: E. J. Mishan, Cost Benefit Analysis, Praeger, New Yor: 

(1976) part vii. 



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 

in the market process through taxes, import du ies and subsidies, etc. , all 

result in market (or financial) prices for goods and services, which may
 

or true economic values. More­diverge substantially from their shadow prices 


over, if there are large income 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 politically unacceptable. Such considerations necessitate the use 
of
 

market prices) of inputs to the elec­appropriate shadow prices (instead of 


tricity sector, to determine the optimal investment program as well as LRMC,
 

the developing countries where market distortions are more
especially in 


prevalent.
 

The basic concepts of shadow pricing are summarized below, with
 

special reference to so called efficiency (shadow) prices which emphasize effi­

resource allocation and neglect income distributional considerations. I/

cient 


In order to derive a consistent set of shadow prices for goods and
 

to adopt a common yardsti _K or numeraire to measure
services it is necessary 


rupee's (or dollar's) worth of a certain gold
economic value. For example, a 


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


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 Pricin­

cit., pp. 159-180. A more general reference is:
of Electrical Enrgy, op. 


L. Squire and H. van der Tak, Economic Analysis of Projects, Johns
 

Hopkins Press, Baltimore (1975).
 



of the same good obtained for one rupee (or one dollar) in a retail store,
 

after import duties and taxes have been levied. Therefore, it is possible to
 

intuitively distinguish between a border priced rupee, which is used in inter­

national 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 currency unit in various uses
 

arises in countries where the aggregate investment for future economic growth
 

is considered inadequate. In such a case, a rupee of savings (which could be
 

invested to increase the level of future consumption) may be considered more
 

valuable in the national context than a rupee devoted to current consumption.
 

One aumeraire 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
 

official exchange rate. I/ Therefore, the discussion in the next section is
 

developed in terms of this oarticular yardstick of value. The border priced
 

numeraire is particularly relevant for the foreign-exchange scarce developing
 

countries, and represents the set of opportunities available to a country to
 

purchase goods and services on the international market. The numeraire and
 

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

The estimation and use of shadow orices is facilitated by dividing
 

economic resources into tradable and non-tradable items. The values of
 

i/ 	 See !. !.D. Little and J. A. >.irrless, Project Aoraisa! and Planning for 
Develooini Countries, Basic Books, New "ork (s>: , Chap. 9, 'and . ,uire 

and H. vari der -ak, o. cit., chao. 3. A numeraire based on .ri.'vate con­
sumption is advocated in: P. Dasgupta, A. Sen and S. arglin, Gidelines 
for Pro 'ect Evaluation ('NDO), United ations, 'ew ',ork (1972). 
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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 domestic market prices, need to be converted to border 

shadow prices by multiplying the former prices by appropriate conversion
 

factors (CF). 1/ The free trade assumption 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. In some countries other fuels, such as coal
 

deposits, are available, for which there may be no clear-cut alternative (ex­

port) market. In these 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 output. 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 al, a2 , ... , a (in terms of border prices).
 

n 

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. 



Since the conversion factor of any good is defined as the ratio of the border
 

price to domestic price, the construction conversion factor equals:
 

CLI 

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 is 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 earned may not reflect the marginal product of agricultural labor, and
 

furthermore, for every new job created, more than one rural worker may give up 

his former employment. Alowance must also be made for seasonality of activi­

ties such as harvesting. In theory, if the laborer has to work harder in a
 

new job than before, then the disutility of foregone leisure should be included
 

in the SWR, but in practice this component is ignored. Overhead costs incurred,
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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:
 

ESWtR = a.m + c.u 

where m and u are the foregone warginal output and overhead costs of labor 

in domestic prices, and a and c are corresponding conversion factors to
 

convert these values into border p:ices. 

In the case of land inputs, the appropriate shadow value placed on 

this primary factor depends on its location. In most cases, it is assumed
 

that the market price of urban land is a good indicator of its economic 

value in domestic 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, i.e., the net banefit of fore­

gone agricultural output. The marginal social cost of other rural land is
 

usually assumed to be negligible, unless there is 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. In 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 is 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 is calculated by shadow pricing the inputs using 

border prices, it is necessary to make a further adjustment to convert this
 

shadow priced LR.MC 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 

typical expression for the optimal market price based on LRMC would be: 

D * 	 = (MCB /b)" = e
 

As explained in Appendix 2, the value 
 of b for a given consumer 

group depends on the expenditure pattern of these electricity users, and 

therefore it is possible to have different prices Pe* for various categories 

of electricity consumers, e.g., residential, industrial, etc., based on the 

same 	 value of MCB . However, it ma; sometimes be simpler to use an economy 

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 < I usually, the optimal market price is
 

greater than the border priced LRC, i.e., 
pe* > MCB . I/ 

I/ 	 A simple numerical e,:ample will illustrate this point. Suppose that
 
based on the world import price for high speed diesel fuel and the
 
running costs of peaking gas turbines, the border priced LR.MC of peak

period energ; is MCB = Pesos i.6 Der kWh, i.e., !'Si3 Der kwh times the 
official exchange raEe ('ER) of Pesos 20 Der 7S2.Let the aorroriate 
shadow exchang-e ate (SER) 'whizh reflects the average lev;el of import 
duties and export subsidies FTER)=e.g., be Pesos 25 per U'SS. h ere­
fore SCF = D.8 and the optimal prarkit for peak peri.doice 

energy: o = I.6/0 = Pesos 2 Der kwh.
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Section C
 

Calculating Strict LRMC
 

Strict LRMC may be defined broadly as the incremental cost of
 

cotimum adjustments i the system expansion plan and system operations
 

attributable to an incremental demand i,,crease which is sustained into the
 

future. 1/ However, LR IC must be 1valuated within a disaggregated frame­

work. This structuring of LR.MC 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 sophis:ication of the LR-MC calculation depends on data constraints and
 

the usefulness 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.
 

The calculation of strict LRMC is discussed below, wilh the struc­

turing framework limited to one which is of operational value in a typicaL 

developing country. Points at which the computation may be pursued at a more 

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

1/ The word increment is used to convey the concept of a small but dis-r-ete
 
lump of costs or demand, since the term marginal is often interpreter in
 
the strictly mathematical sense, with reference to an infinitesimal :hange.
 
In the present context, both words may be used interct.angeably, to d note
 
a discrete change.
 



LRMC is summarized but no attempt has been made to present a complete case
 

study, because of space limitations. I/
 

C.1 	 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

costs. Marginal capacity costs are basically the investment costs of
sumer 


generation, transmission and distribution facilities associated with supplying
 

additional kW. 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 ani so on, as mentioned earlier.
 

The first step in structuring is the selection 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 -he 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

1/ 	 Several recent case studies are available, involving LRMC calculations in 

a variety of situations including: R. Turvey and D. Anderson, Electricity 

Economics, oo.cit.; C. J. Cicchetti, W. J. Gillen and ?. Smolensky, The 

Marginal Cost and Pricing of Electricity, Ballinger Publishing Co., 

Cambridge, Mass. (1977), and M. Munasinghe, "Marginal Cost Based Tariff 

Calclacions in.Developing Countries," E7' Deot. Report, World Bank, 
Washington, D.C. (1979). 



Other aspects of structuring will be intro­
day, i.e., peak and off-peak. I/ 


duced later during the analysis.
 

C.2 Marginal Capacity Costs 

Consider Figure C.I which shows the typical annual load duration 

the starting year well0, as as the two 
(LDC) for the system ABEF in
curve 


time, the LDC
 
rating periods: peak and off-peak. As demand grows over 


peak demand is given

increases in magnitude, cnd the resultant forecast of 


The LRMC
 
by the curve D in Figure C.2, starting from the initial value MVWo. 


following question: what is the
 
capacity may be determined by asking the
of 


in system capacity costs AC associated with a sustained increment AD 
change 

the shaded area of Figure C.1 
in the long run peak demand (as shown by and 

AD in Figure C.2). Consequently, the LRMC of generation

the broken line D + 


would be (-AD), where the increment of demand AD is marginal both in time, 

and in terms of 'MW.2/
 

the peak period is defined too narrowly, peak-load
I/ If the duration of 

to the off-peak


pricing is more likely to cause a shift in the peak 

For a review of the application and
 

period (see also sub-section B.3). 


results of peak load pricing policies in European countries, see:
 

W. G. Jr., Acton, Peak Load Pricing,B. M. Mitchell, Manning, and J. P. 
Some very recent results
 

Balliner Publ. Co., Cambridge, Mtass. (1978). 

are given in: A. K. Miedama,
of time-of-day pricing studies in the U.S. 


S. B. White, C. A. Clayton and D. P. Lifson, "Analysis 
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
 

well as the magnitude of AD.
 
ratio (,6C/ AD) will vary with the sign as 

If many such values of ( C/ AD) are computed, it is possible to average 
consider 

them to obtain LRMC. However, the easiest procedure would be to 


only a single representative positive increment of demand.
 



In an optimally planned system, the change in che expansion program
 

to meet the new incremental load would normally consist of advancing the
 

commissioning date of future plant cr inserting new units such as gas turbines
 

or peaking hydro plant (see Figure C.2). 
 If system planning is 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. I/ Even if such a computer model is
 

unavailable, it is usually possibla to use simple considerations to derive
 

marginal capacity costs. 
 For example, suppose gas turbines are used for
 

peaking; then the required LMC cf oeneratingpeakng;thentherequredLRM of eneatin capacity (LMC Gen ) is thecaacit (LMCGen. Cap. 

cost of advancing 1 kW of gas turbines, which may be estimated in terms of
 

the cost per kW installed, annuitized 
over the expected lifetime. This figure 

must be adjusted for the reserve margin (.M%) and losses due to station use 

(L %). Thus, a typical expression would be:Su " 

C = . ( I-it RM110 ) /(0 L 5 //0 

In our simple model, all capacity costs are to be charged to peak
 

period consumers. 2/ Therefore, if 
the caoacity costs of base load generat'.ng 

units are to be included in the calculations, it is very important to net out 

potential fuel savings due to displacement of less efficient plant by these 

1/ If a more sophisticated tariff structure having more 
rating periods is 
used, then the 'RMC in any :a:ting period may be estimateday simulating
the zomputerized system expansion model with a sustained !oad increment 
added to the LDC during that oericd, i.e., just -s in thie case )f the 
peak period anal'ysis. 

2/ As discussed in Section 3.3, 'f expected outage costs are significant 
in a rating period outside the ceak period, then it is rossible to 
all rate marginal czaacitv costs over several rating eriods. 

http:generat'.ng
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be com-puted, and annuitized (nsing the discount rate) over the lifetime of 

the plant (e.g., 30 years) to provide an estimate of this element of marginal 

costs (ALRMCHv). Then, the total LRMC of capacity during the peak period, 

at the HV level would be: 

LRCHv Cap. = LRMCGen. Cap./(1-L HV/100) + ALRMCHI 

where L % is the percentage of incoming peak power that is lost in EHV and
HV 

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 = LRMC /(1-L /100) + 6LRMC 
MV Cap. HV Cap. MV MV 

where 6LRMC is the element of incremental MV capacity costs (e.g., AIC of
 

distribution substations and primary feeders), LV% is the percentage of in-

MV
 

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 li 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
 

could be allocated to consumer costs; e.g., a special sub-transmission 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
 

custoner may have a very long service drop line which should be specifically
 

allocated to this user, rather than being included in the LV AIC calculation.
 

C.3 	 Marginal Energy Costs
 

With reference to Figure C.1, it may be deduced that LRMC qf 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 kWqh represented by D.
 

In our simple model, this would be the fuel and operating costs of gas tur­

bines. 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. I/ We
 

note that the loss factors for adjusting off-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/ 

_ 	 Exceotions to --his generalization would occur when the marginal Diant
 
_ ed during a rating period was not necessarriy :he least efficient
 
macnine that could have been used. For example, less efficient plants
 
which have long starr-up times and -re required in the next rating 
pericd, may be ooernted ealier in the Loading order than more efficient 
ola,.t. This would zorresoond to minimization of o.eraring costs over 
several raring periods rather t-han on an hourly basis. 

2/ See 	for examole: C. 2. Cicaherti, W. i. Gillen and P. Smolenskv,
 
00. cit.
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c-,e ,c'uplicat ons arise particularly in the case of al,-- .yro 3nd 

mixed hydro-ther':al systems. First, a predominantly hydro systn-m -ay be 

energy constrained, i.e., it may be short of reservoir 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. E-ecause hydro energy 

consumed during any period (except when spilling) usually leads to an equi­

valent drawdown of the reservoirs, it may be sufficient only to levy a simple 

k h 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 >.tter 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 LRNV 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
 



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,
 

imposed as a flat charge,
administrative and other expeases. These could be 


on a repeated basis, in addition to the usual kW and kwh charges. In general,
 

the allocaion of incremental (non-fuel) operation, maintenance and adminis­

trative costs among the three basic categories of costs: capacity, energy and
 

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

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


Section D
 

Adjusted LRMC Tariff Structure
 

Once strict LR.MC has been calculated, The first stage of tariff
 

setting is compleLe. In the second stage, the actual tariff structure which
 

meets economic second best, social, financial, political and other cinstraints
 

must be derived by modifying strict LRMC, and this topic is dealt with below.
 

This process of adjusting LRMC will, in -eneral, result in deviations in both
 

the magnitude and structure of strict LRMC. Changes in tariff structure at
 

this stage will be based mainly on socio-political factors, e.g., differen­

tiation by :yDe of consumer (residentiaL, commercial, industrial and so on), 

or by income level (poor, middle and high income residential). Practical con­

siderations such as -he difficulties -f metering and billing will also affect
 

the final tariff: structure.
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The constraints which necessitate deviations in the final tariffs 

relative to strict LR.,IC 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 is 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 includes all other con­

siderations such as financial viability, soclo-political coistraints and 

problems of metering and billing where strict economic analysis is difficult 

to apply. These two groups of constraints may be interrelated, e.g., sub­

sidized tariffs can simultaneously have economic welfare, financial and 

socio-political implications. 

D.1 	 Second Best Considerations
 

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

I/ 	 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 market prices of electricity sector inputs. This 
is done to correct the distortions in the economy. Therefore, the 
constraints which force further departures from strict IRMC (in the 
second stage of the tariff setting procedure) may also be considered 
consequently as distortions which impose their own shadow values on the 
calculation. See M. Munasinghe and J. J. Warford, op. cit., for details. 

2/ 	 More generally, price distortions affecting inputs into the production 
of electric power and outputs of other sectors which are electricity 
intensive (e.g., aluninium) should also be considered. 'Me former 
category may be dealt with by direct shadow pri,_'ing of inputs, while 
the latter requires more detailed analysis (although 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 nor. 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 basic energy
 

requirements for low income consumers at prices they can afford. !! 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 associated environmental consequences, or
 

animal dung, which has a high opportunity cost as a fertilizer. If we assume
 

the keroser.e subsidy as given, then once again the price of electricity must
 

be reduced proportionately.
 

'However, a number Df -nfortunate side effects nay fol low, inc1uding the 
practice of ixing keroene wiith gasoline, which is typical:L sold at a 
h-aher 'rice er a')lo1. :he income 4;stributlon -tects a: such a 

:oLic "-.:' -Iso 'he perv'erse . For e:. .e, in soine _:oun.ries e relo­
tivelv we .Lthy have be .e-ted frrm the subsidy ' v nvert in g prime 
novers uh:hother fuels, such as notor car engines, to kerosane'.se use. 



D.2 Subsidized or Lifeline Rates
 

In addition to the second best econumic arguments (e.g., associated 

with subsidized kr~ro.-c!e), 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 relcvant 

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 appiopriateness 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.
 

Domestic
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Figure 0.1: ECONOMIC BASIS FOR THE SOCIAL OR LIFELINE RATE 
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The conceot 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.1 which shows the respective demand curves AB and GH of .ow (I ) and 

and average (I,) income domestic users, the social tariff Ps over the minimum 

consumption block 0 to Qmin' and the marginal cost based price level Pe. All
 

tariff lavels are in domestic market prices. If the actual tariff P = P
e 

then the average h.ousehold will be consuming at the "optimal" level Q2 ' but 

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

if increased benefits accruing 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 adoption of the increasing 

block tariff shown in Figure D.1, consi.iting of the lifeline rate Ps' followed 

by the 2ull tariff P , helps to capture the consumer suirplus of the poor user,
e 

but does not affect the optimum consumption pattern of the average consumer. 1/
 

In practice, the magnitude Qmin has to be carefully determined, to avoid sub­

siding relatively well-off consumers; it should be based on acceptable cri­

teria for identifying "low income" groups, and reasonable estimates of their
 

minimum consumption leveL (e.g., sufficient to supply basic requirements for
 

lighting and mainor appliances). 2/ The level of ? S relative to strict LR.MC 

I/ 	 Ignoring the income effect due to reduced expenditure of :he average
 

consumer for the first block of consumption, i.e., up to 9..
 

2/ 	 In most developing countries Qmin would be less than 100 'Kh per month. 



D.3 

-120­

may be determined 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 P and Qm
 

This approach may be reinforced by an appropriate connections policy (e.g.,
 

subsidized house connections, etc.).
 

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 investment 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. In practice, some measure of financial
 

autonomy and self-sufficiency is an important goal for the sector. Because of
 

the premium that is placed on public funds, a marginal cost pricing policy
 

which results in failure to achieve minimum financial targets for continued
 

operation of the power sector, woula rarely be acceptable. The converse and
 

more typical case, where marginal cost pricing would result in financial
 

surpluses well in excess of traditional revenue targets, 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
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vice versa, will result in the smallest deviations from the "optimal" levels
 

pricing rule. 1/

of consumption consistent with the strict marginal cost 


Generally, in developing countries the necessary data for the analysis of
 

demand by consumer categories is rarely available, so rule-of-thumb methods
 

to be adopted. Ho,.ever,
of determining the appropriate tariff structure have 


the fiscal implications of an increasing cost industry (i.e., marginal costs
 

greater than average costs) should be exploited to the full. Thus electric
 

excellent
 power tariffs (especially in a developing country) constitute an 


means of raising public revenues in a manner which is generally consistent
 

with the economic efficiency objective, at least for the bulk of the consumers
 

who are not subsidized, while at the same time helping to supply basic energy
 

needs to 	low 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
 

to electrify a remote rural
marginal cost-based tariff policy. The decision 


area, which may also entail subsidized tariffs because the beneficiaries are
 

not able to pay the full price based on high unit costs, could be made on
 

completely non-economic grounds, e.g, for gencial socio-political reasons such
 

or aricultural base, stemming
as maintaining a viable regional industrial 


rural to urban migration, or alleviating local political discontent. How­

the full economic benefits of such a :curse -2 action may be much
 ever, 


See W. 2. Baumol and D. F. Bradford, "Optimal Departures from Marginal
I/ 

pp. 265-283; and M. S. Feldstein,
Cost Pricing," Am. Eccn. Rev., June 1970, 


Public Prices,"
"DistribuLonal Equity and the Optimal Structure of 


Am. Econ. Rev., 1973, pp. 32-36.
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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 development objectives by 

other means is frequently ineffective. 

For the same reason, it is particularly difficult to reform pricing 

policy where low incomes and a tradition 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 nuLnber of
 

customer categories, rating periods, consumption blocks, voltage levels, and
 

so on, will have to be limited.
 

The degree of s~phistication 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 



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/
 

on
Most LV consumption, especially for households, is metered only 


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-


At the other end of the scale,
nous clocks, may be affected by power outages. 


current limiting devices are easier to tamper with. Some developing countries
 

may lack technically 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: Electric Utility Rate Design Study, Rate
 

Design and Load Control, NARUC study, Palo Alto, California (November
 

1977), pp. 67-77.
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Allocation of Capacity and Energy Costs Among Peak and Off-Peak Users
 

The simplified model of a typical electric po-'er generation system 

is used below to show from a conceptual viewpoint, how a long run marginal 

cost (LRMC) analysis based on the optimal system expansion plan yields the 

following idealized conclusions. I/ 

1. 	 Peak users should pay off-peak LRMC of capacity as well
 

as energy costs.
 

2. 	 Off-peak users should pay only off-peak TLMC 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 system mode] would have to consider a number of 

complicating factors such as a larger number of rating per'ods and 

plant types, non-coincidence of the ratir.g periods with the economic 
crossover points between different plar.t 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 capacity
 
costs would still be allocated to peak period users. A simplified
 

ex~osition of this result is provided in: J. T. Wenders, "Peak Load
 

Pricing in the Electric Utility Industry," The Bell Journal 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 is 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 

po-int for which GT and Base Load plant total costs are equal. 

Therefore, a + e.H = b + f.H 

b-a 

H = ( e-f ) .......................................
 

The most economic use of plant can be determined by examining the
 

LDC, OABCEF:
 

(I) 	cor planned base load operation (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:-


C = X (b+f.T) + (Y-X) (a+e.H)

o 
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Case 1: 	 Only peak period demand increases by I kW (as shown by shaded
 

area AGNB in Figure 1.1):
 

The optimal system planning response is to increase GT by I kW.
 

Total annual cost is C = X (b+f.T) + (Y+I-X) (a+e.H)
 

Therefore, increase in cost: CI-Co = a + e.H
 

This is the increase in system costs incurred because of the
 

1 kW increase in 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 = a+e.H = increase in 

system costs. 

Case 2: 	 Only off-peak period demand increases by I kW (as shown by shaded 

area CIJE in Figure 1.1). 

The optimal system planning response is to add I kW more of base 

load plant. But now there is I kW less of GT required than before. 

Total annual cost: C2 = (X+1).(b+f.T) + [Y-(X+1)I (a+e.H) 

Therefore, increase in cost: C -C = (b+f.T) - (a+e.H)
2o0
 

= (b-a) + 	(f-e).H + f (T-H). 

Sustituting for H from equation on (1.1)
 

C2-C = (b-a) + (f-e).(b-a)/(e-f) + f.(T-H)
 

C -Co = f(T-H)
2 
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Therefore, the increase in system cost incurred due to the I kW 

increase in marginal off-peak demand is equal to the energy cost of operating 

the base load plant during this period, and thus off-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 (i.e., capacity cost 'a' plus net fuel cost saving (e-f).H inside the 

shaded area LKIC). In 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 periods,
 

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 be:
 

0 to H1 = peak period capacity charge aI per kW per year, and
 

energy charge eI per kWh
 

H1 to H2 	 - 2n d period only energy charge e2 per kWh
 

=
 Hn_ to T nth period : only energy charge en per kWh
 



Appendix 2
 

Model for Optimal Electricity Pricing in a Distorted Economy
 

In this appendix, a general expression for the socially optimal
 

electricity price is developed based 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.
 

o 	 Q +AQ
 

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 of a s..ai! price reduction ( dp), 

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 a is defned as the electricity conversion factor (ECF) which

P 

transforms tlc (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 priced) marginal 

supply cost is MCB = (a .MC). Second, we assign a specific social weight W 
e p c 

to each marginal unit of consumption (valued in market prices) of a given 

individual i in the economy, e.g., if this electricity user is poor, the 

corresponding social weight may be much larger than for a rich customer, to 

reflect society's emphasis on the increased consumption of low income g:oups. 

Third, if the given individual's consumption of goods and services other than 

electricity (valued in market prices), increases by one unit, then the border 

priced marginal social cost of economic resources used (or the shadnw :ost to 

the economy) is b, . 
.1. 



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 i5 saved, this individual's consumption of 

other goods and services will increase by the amount (Q. dp-p. dQ), also 

valued in market prices (i.e., 
area 	BEFG minus area IFGH). 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 is the traditional
 

increase in consumer surplus benefits. The shadow value of this increased
 

consumption is W . (Q. dp) where W is the social weight appropriate to this
c c 

constumer's income/consumption level. 

Next 	consider the resource costs of 
these changes in consumption.
 

The shado-icost of increasing electricity supply is (a .MC. dQ), (i.e., a
 
P 	 p 

times area IJKH), and the resources used up to provide the other additional 

goods consumed b c .(Q. dp - p. dQ), where a p is the conversion factor for 

electricity production, and b is the conversion factor for other goods con­c 

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 is given by: 

NB = W (p. dQ) - a .(MC. dQ) + (W - b ).(Q. dp - p.dQ)c p 	 c c 

1/ 	 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 p 

where n = (p. dQ/Q. dp) is the elasticity of demand (magnitude). 

The necessary first order condition for maximizing net social benefits, in
 

the limit, is d(NB)/dp=O. This yields the optimal price level: 

p* = a . MC/[b C+ (W - b )/n] (2.1)
p C c c 

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 = Wc = bc = 1, and equation (2.1) reduces to: 

p * = MC (2.2) 
c 

This is the cl.assical result (discussed in subsection B.1), where net social
 

benefits are maximized when price is se: equal to marginal cost at the market
 

clearing 	point (pc)Q ) in Figure 2.1. 

Case 2: 	 Income transfer effects ignored, because t:he marginal social benefit
 

of consumtion is eEual to the marginal social cost to the economy
 

of providing this consumption. 

Therefore, W4 = b , and equation (2.1) becomes: 
c c
 

p * = (a .MC) / b = MCB /b (2.3)
 
o 	 c e c 

his is the ootimal marginal cost based electricity price, when efficiency 

(shadow) prices are used whizh emohasize the efficient allocation of resources 

and neglect income distributional considerat.ions.
 

As mentioned earlier, the marginal social cost of electricity
 

supply (MCB) may be evaluated in a straightfrward manner by applying the e 



appropriate shadow prices to the least cost mix of technically determined 

inputs used in producing electricity. However, the conversion factor b
C 

depends crucially on the type of consumer involved. 

For residential electricity consumers, b represents the consump­c 

Li'jn cnversion factor (CCF), which reflects the resource .ost or shadow
 

value of om-e (ma rket priced) unit of the household's marginal consuinption 

basket. If che CCF<l, then p *>(.ICB ). 
e e 

Another interesting case illustrates the application of equation 

1'2.3) ta correct for economic second-best consideration arising from energy 

s3ubstitution possibilities. As an extreme case, suppose all expenditures 

diverted frcm gid supplied electricity will be used to purchase alternative
 

energy which "s subsidized by the government (e.g., kerosene for lighting,
 

or diesel for Eutogeneration). In this case, b is the ratio of the border
 c 

priced marginal cost of alternative energy to its market price; and may be
 

written:
 

MC B 
b = ae
 

C F
 
ae
 

Thus 	 from. equation (2.3): 1/ 

Pe = 11CBe. (Pa e /MCBae) 	 (2.4) 

I/ 	 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 iC , while if sum was used to purchase alter­e>9 /p this 
native energy the shaowecost would be MCBe /pae. Since p >p *, MCBe /Pe > 
HCB /p , and the country is better off i more electricity is used 
inae ae 
instead of the alternative energy. Therefore, p should be reduced to 
Pe * Similar reasoning can be used to show thateif pe <p e*, then pe should 

be increased to the value pe
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Since the alternative energy is priced below its border marginal cost, i.e.,
 

b > I, then Pe* < MCB also. Therefore, the subsidization of substitute
 c e 

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
 

then b could be defined very broadly as the average
specific consumer groups, c 

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: W >> b (n-1). Therefore, equation (2.1) may be written:
 c c 

p *zp n.MCB /W 
s e c 

An even greater simplification is possible if it is assumed that n = 1; thus 

= Ps * MCB /W 
e c 

For illustration, suppose that the income/consumption level of these poor
 

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

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

W =c =3 

Therefore p* = MCB /3, which is the "lifeline" rate or subsidized tariff 

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

ELECTRICITY TARIFFS IN INDONESIA
 



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 l/ 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, 22% 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 seventies when
 
PUT suffered major breakdowns in generating capacity and gas turbines were
 
seen as the only means of adding new generating capacity quickly. It is
 
being corrected now with the commissioning in 1979 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
 
capacity by 1982. At that time, the PLN system in Java will have 53% of
 
steam, 20% of hydro and 27% of gas turbine plant; all PLN's uneconomic small
 
diesel plant would be retired. The proportion of steam, hydro, gas turbines
 
and diesel in the entire country would be 41%, 18%, 20% and 21% respectively.
 

PUIT operates about 3800 I of transmission lines, mostly in Java.
 
About 2000 km of high voltage (70/150 kV) transmission-lines are currently
 
under constructicn and these will be completed during 1979-82. The attached
 
Figure 6.1 shows the existing 150 kV system and extensions in progress
 
in Java. The presently isolated 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 in operation distribution systems aggregating
 
some 40,000 km.
 

PFN's capacity expansion plans, particularly in Java, are based
 
on tight reserve margins. The existing diesel captive installations with
 
any economic life left will therefore continue to be atilized by their owners
 
as emergency standby or for use during peak periods when there are restrictions
 
on supply. Captive power installations in Java, with a few exceptions, are
 
too small to be interconnected with the FLN system; their utilitzation will
 
therefore continue to be poor. To a limited extent they can be taken over by
 
PLUa where the equipment is in satisfactory condition, for use in isolated
 
areas where 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 it.
 

1/ Installed by private parti-; for electricity production for their onw use.
 

2/ Includes the 125 MW hydroelectric station owned by the Jatiluhur Authority.
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PLN agrees that such equipment as can be advantageously used should not be left 
redundant when the sector needs it. PN's connection policy for consumers with 
existing captive plants is to consider cases on their merits, as the situation
 
is not amenable to generalization.
 

Indonesia's population has low access to electricity when compared
 
to other countries. About 6Z of the households were connected at end FY77
 
compared to 27% in Thailand and 32% in the Philippines. Regional imbalances
 
exist as shown by the degrees of electrification in the regions given below.
 

DOMESTIC CONNECTIONS
 

Region 	 Domestic connections Z
 

Sumatra 4.3
 
Kalimantan 5.0
 
Sulawesi 4.2
 
Amban 3.2
 
West Irian 4.6
 
Bali and Other Islands 2.1
 
Java a/ 9.6
 
Indonesia 5.9
 

Rural electrification (RE) has been under:aken in a small way from 
funds provided to PIN by the government. X. RE division was formed in 1975 
in ?UT to promote RE projects and the division has several projects in view. 

6.2 Demand Forecast and System Characteristics
 

Several attempts have been made ia recent 7ears to prepare a usable
 
demand forecast for Indonesia. This has been difficult because of low con­
sumption levels and the background of public power supply which did not cover 
the total market. Furthermore, the restrictions on PIN's abiit7 to provide 
supply, made PIN's past record of sales an unreliable base for future projections. 
In 1973, a consultant, Chas. T. Main of the USA applied an indirect method of 
using growth probabilities in selected sensitive economic sectors and their 
probable i.mpact on other sectors. A more direct detailed assessment of the under­
lying demand l/ in Java was made during 1974-76 b7 PCR of the UK. This study 
quantified the effects of restrictions on supply during peak hours, low voltage, 
self-Seneration and PLN's -waiting lists. There have been no similar comprehensive 
demand surveys for the other islands. 

Assuming that P1N'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; 
?CR. also determined what it considered realistic tar-ets of salei on which P-IN 

a/ 	 includes Jakarta at 20.5%. 

l/ 	The demand PTIN would have seried if its installations had been adequate 
and all seIL-suppl.ed installations had been served by ?N. 
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could base its future development program. These are substantially lower than
 
the underlying high market forecast, but rf the same order of magnitude as
 
an iadependent macro estimate which used per capita GNP projections l/. These
 
studies show that PLN's future sales, in the short and medium term, will depend
 
entirely on the rate at which PLN is capable of satisfying an increasing pro­
portion of the exiscing demand whereas, in the long term, sales are expected
 
to reflect more closely the growth of the power market based on the overall level
 
of economic development. The demand forecast used in this study is based on
 
PLN'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) (4) (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 21,6A6 - 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/ By the International Atomic Energy Authority in 1976.
 

a/ The figure in this column are for PLN's fiscal year which ends in March
 
of the succeeding year. To compare with the figures in the preceding
 
columns, they should be decreased by about 5% up to t
.984, and thereafter.
 



The Java demand forecast is determined at three voltage levels, high, 
medium and low, assuiyng that the degree of interconnection is sufficient to 
treat the three grids: West, Central azd East Java, as a single system, 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 I to 3 and the accompanying Figure 3, the peak demand at 
each lower voltage level is estimated by deducting 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 (approxima:ely from 1800 to 1900 hours in 
the evening, as described later). The contribution of MV consumers to the system 
peak demand is estimated to be about 0.5 of their own peak demand (which occurs 
during the day-time). 

Typical dall7 load duration curves for West, Central and East Java, and
 
the composite all Java annual LDC's are given n Figures 4 to 8. The system 
peak occurs ever7where at or around 1900 hours.
 

No significant seasonality was observed (e.g., wet versus dr7 season) 
-withreference 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 for power 
is by time of day, and it is assumed that the evening peak, caused mainl7 by 
residential consumers, would remain the dominant one "within the time horizon 
1979-87. The rapid growth of T7 demand at high load factor would increase the
 
demand uniforMly throughout the day, whileIe MV demand increase would not
 
be sufficient to make the day peak the dominant one.
 

6.3 STRICT L.fC COZPUTATICNS (JAVA) 

The LI.MC calculation Consists of the following components: 

1. peak capacit-7 cost
 
2. peak energy cost
 
3. off-peak energy cost
 
4. customer costs 

All cost have to be adjusted for losses up to the point of deliver to consumers. 
Capacity costs per kW are converted to costs per kW per 7ear, by annuitizing
 
over the lifetime of the equipment. 

The costs are computed in constant 1978/9 Rupiah (Rp.), at border prices 
(BP). ta the light of inadequate data, a relatively simple shadow pricing frame­
work is applied. The new official exchange rate (OER) of Rp. 625 per USS is used 
to convert foreign costs to! p. (in BP). Local costs are converted to 3P by the 
conversion factor(CF) 0.78 - The total costs (i.e., foreign plus local) in 3P 
are transformed into domestic priced (DP) costs by dividing by the standard con­
version factor (SCF), which is assumed to 1.0 follow-ing the devaluation. For 
comparison, the cnsts without shadow pricing are also shown. The discount. factor 
is 12% (opportunit7 cost of capital, OCC). 

" of Local Costs Cony. Fac. 
I/ Unskilled Labor 35 x 0.7 0.25 

Other 65 x 1 0.65 
Local Costs CF 0.9 



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 year by

annuitizing at 12% over the plant life-span. The capacity costs per kW per year

at lower voltage levels are determined by dividing by the appropriate power
 
loss factor (vae Table 3), as described after Table 10.
 

Peak Caoacitv Costs: Generation
 

Consider the simplified annual load duration curve 
and demand forecast
 
shown in Figures I and 2. The LRMC of capacity may be determined by asking the
 
following question: what is the change in system capacity costs 
IC associated
 
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 + 
 D in Figure 2). The capacity

cost of generation would be 
(6C) in present value terms, annuitized over the
 
lifetime of the plant, and this figure must be adjusted for reserve margin and
 
losses at the various voltage levels. Therefore, the increment of demand .AD
 
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 peaking hydro. 
 In
 
the case of Java, the generating system is imbalanced at present, 1/ e.g., in
 
1977/1978, there was almost 600 MW of gas turbines out 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. Therefore, to restore
 
the normal generating balance, during the period 1978/1979 to 
1983/1984, about
 
1500 MW of base load steam plant will be added to the system. This -will lead
 
to large reserve margins during this period, scmetimes exceeding 35% of the
 
installed capacity.
 

The fuel savings alone 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 at 
essentially
 
zero capacity cost, from gas turbines which have been freed. 
 New peaking capacity

will be required only by about 1984, when the reserve margin will have become low
 
and the Saguling hydro units will come on-stream (for peaking purposes).
 

Therefore, it may be deduced that the LRMC generation capacity cost
 
will be represented by the costs of Saguling, but discounted to the present time,

appropriatey annuitized, corrected for losses and so 
on. The average costs of 
the fi.rat 175 MW unit from Table 4 is used to calculate the generation capacity
cobLs per kW per year at FV, MV and LV. 

1/ During the late 1960's and early 70's, 
a large amount 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 ?LN 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 per 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 -HV/HV are computed from the
 
transmission investment plan, 
as shown in Tables 5a, and 5b. Distribution invest-

Lent costs are allocated between V 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 sumrarized
 
in Table 9. The average incremental cost (AIC) is calculated as the ratio of the
 
above quantities, for transmission and distribution.
 

Total Peak Caoacity 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 from PLN financial projections and calculated as
 
costs per kW per year. ideally, they should be opportioned between kW and kWh
 
costs. 

However, si:ce these costs are 
small, (e.g., a few percent of invest­
ment 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.
 

Energy Costs: Peak
 

The energy costs of meeting a block of incremental peak consumers will
 
essentially be the cost of running the gas turbines. 
 Even 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 diesel 
(HSD)
 
costs: US$ 15.5 and 13 per barre.l, (international prices).
 

The long run marginal energy costs during the off-peak period shown
 
by the shaded block of kWh in Figure 1, would be the costs of running the marginal

base load steam plant (e.g., the Muara-Karang units). l/ The cost per kh has been
 
computed using 2 prices for Bunker C Fuel corresponding to the HSD prices, i.e.,
 
U.S.$ 12 and 10 per barrel.
 

1/ 	 Suppose AMW7 and 14 are the incrementa. demand served and the corresponding 
investment coit in y;ar i. Then, the AIC of capacity is given by:

T 	 T 
i-C-. (i+t) 
 ('V1r9)Wwhere - is the discount rare (e.g. :he
 

opportunint' 
 cost of capitol) and T is :he :4i-e horizcn (e.g., 0 :rears). 



Typical calculations for both peak and off-peak energy costs are
 

sumarized in Tables 17a, 17b, 18 and 19, at HV. W, and LV levels.
 

Customer Costs
 

These are available from PN costs, i.e., connection labor costs, meter
 

costs, service drop line costs, etc.
 

The costs of meter reading and billing etc. are already included in
 

& G costs.
 

Java Basic LRMC
 

These results are summarized in Table 20. The capacity costs have been
 

converted to 
equivalent k'eh costs assuming different consumer coincidence and
 

load factors in Table 21.
 

L._C Outside Java
 

Ideally, the LRMC for each of the islands should be computed separately
 

(as for Java) because the system paraneters are wide!7 different in each case.
 

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

operating costs, losses etc. is unreliable.
 



F1.' re 3 
OIAGRAM FOR TABLE I LOAD/ODEMAND ; LOSSES FORECAST M.W. 

System PeakQ 
at Generation 

Station Use 

+ HV & HV 
Transmission 
Losses 

HV consumer peak 	 System Peak at HV
 
15/okv 

MV Losses
 

" - (Substation)
 
+ MV 	Lines
 

MV consumer peak 	 System Peak at MV
 
z.o/ 	 12. J4v 

" 	LV Losses
 
(Substation +
 
LV Lines).
0 


System Peak at L
 
- LV consumer peak
 



10...PEAK 

LOA FORECAST 7CR JAVA 

GENEItl~ 

Y E A R 

G.W..11. 

MI.W. 

77/78 

3.909 

656,2 

78/79 

1-769 

3100,6 

79100 

5.780 

970,3 

bo/0i 

7.005 

1.175,9 

81/02 

8.191 

1 -475, 

02183 

10.291 

1.727,6 

83/8 

12.388 

2.079,6 

3'i/B5 

1 .771 

2.1179,7 

115/0 

17.332 

2.909,6 

66 /7 

20.4.78 

3.437,0 

Hote "--'---'GA.II 

H.I. -
L.'r. - 0,68 



TABILE I{ 
JAVA DEIANt 

AT TIME 
AND .OSS 

OF sYsTr.qi 
FORECAST 
PEAK 

YE.A . 

Syst. peak 

e 
tion. (Nw). 

Statler1 itit, S sLe 

E V 
Tnnmis.i- at 11V 

osN. 

- ) 

] 

/ 

(2) 

pca 

C-) 

~ 

IHk 

vlsIQ 

NV os 
V(.1ne.
Vpe;ak 

(5) 

) 

.;y 

Sytm 
rt MV 

c6)-(3)-=)-(4) 

U n tt 

I-IV Constner peak IN loese 
t ny.qLem "WEI + 

r wn p.rk l.1n.' ) 

(7) (7)h ( ) 

W 

"IM 
Penk 

it I.V. 

-

77/78 656,2 63,911 592,2 1.3,00 52,13 527,07 ,0,55- 12L_,10 155,23 15,15 

78/79 800,6 82,06 713,54 3,76 60,73 616, 05 69,86 139, 7L 179,58 j6!, 61 

79/80 970,3 106,73 863,57 68,1 3 71,59 723,85 18,68 177,35 200,08 ,35 ,09 

80/8). 

81/82 

1175,9 

1425,5 

135,23 

17.,61 

1040,67 

1250,79 

116,4 

I 
196,51 

00,,8 

94,89 

81.3,79 

959,39 

97 ,21t 

123,18 

194,47 

246,35 

225,71 

250,06 

490,04. 

___I 

585,35 

82/83 1727,6 220,27 1507,33 229,27 93,86 1182,2 165,82 331,61 304,91 711,.47 

83/84 2079,6 280,75 J98,85 262,02 115,26 1421,57 2P0,45 4It,,90 342,32 85 ,,) 

84/85 2479,7 347,16 2132,54 294,77 137,83 1699,94 2108,93 577,85 402,14 1008,87 

85/86 2909,6 407.34 2502,26 327,52 163,11 2011,63 374,80 749,60 41,C4 1194,89 

86/87 3437,8 481,29 2956,51 360,27 194,72 2401,52 447,68 895,36 527,54, 1426.30 



3JAY/Y INCiEt.TAL DEMIAND FOR ECAST 

LCAT TIME OF SYSTEM PEAK 

In constaiit 11'4 

TABLE ________ _ 

DI 'conmt Gener. IGener Gen. lncr. fIV liv IIV lhicr. 1iV IN MV InF:r. IV 1 LV INV Ific r 
Y aa r FaCictor(A} Eeak Increakentn Di scount(A xW( B() Peak] (3) Incretirnt(C) DI scotint(A),), (C) Peak(,(D i crement Oscount(A)x(n)) P .(A} IaInceume t 1scol,,t^) xE(r.)" 

77178 656,2 I592,2 527,07 J15,1 

717- 1 800,6 34,,4 144,4 71 ,54 .126,34 .1.26,311 6 14.05 86,98 86,90 Ji6, , f,,6 

79/80 0,8929 970,3 169,7 1.51.53 flu3,5 7 145.03 129,50 723,85 109,8 90,0's f35,(P 71), fi 62.,? 

00/81 0,7972 1175,9 205,6 1.63,90 1040,67 177,1 it,1.18 1313,79 69,94 71,70 190,l, 55.75 44,,, 

81/82 0,7118 1,25,4 249,5 177,59 I250,9 210,12 14.9,56 959,39 145,6 t03.( .5. ,.. ,151 67.77 

82/83 0,6355 1727,6 302,2 192,05- 1507,33 256,511 163,03 1 1I2, 222,1 141,60 711. V,12 - 81, ; 

83/81i 0,5671, 2079,6 352- 199,73 1799,05 291,52 165.41 14,21,57 239,37 115,97 1358,B30 V,7,13 813,6(l 

8'i/85 0,5066 2479,7 r 00,1 202;69 2132.54 333,,9 169,05 i699194 271,17 141,02 10(111,117 1it,C7 76, 0] 

05/6 0,4523 2909,f, 429,9 194,44 2502,26 369,72 167,22 2011,63 31,69 140,911 , !P946!0,02 84,14 

86/87 0,1,039 3137,8l 521,2 213,"34 2956,51 1054,25 183,47 2,01,52 3J.!,A9 157,48 1426,30 2314,8 93,,7 

ToTAL 5 1639.67 1394 76j 177,26 i4 



LOSSES 

Av. & Peak Loss. Factors for EnergyiPower ( % of In Coming I 
TABLE 3 

.---
-o----I-I-o---e----
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4,5 5,5 10 	 21,1
82/83 	 5 19 Z8.5
7,5
13,50
105
6 	 2!,4
83/84 4,5 	 7,5 19 28,.5

5
II 111,00 


811/85 5 6 
5 19 27" 20,9


7,5
111,00

5 6 	 27 10,7
85/86 	 18
7.5
5 


66/87 5 6 
 !1 I1,00 


AV. evyrtxqe
1 " 2 lotal average iosses 


3 iccordi;ig to program los
 

8 	 -+ 7 

.	 peak hW 1,5
 
av. MW
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CALCULATION OF GENERATICN CCAONE.l CAPAC="
 

COST FOP a PEA.K (.VA)
 

SAMLING UYORO ?LANT 1t UNlLT L75 MW
 

A. SHADCW,PRICED 

1. Ganeration a peak. 

a. HV Consumer . 
175 x 

09 q 
kW 

. 0,9,2 

Per kW 	 - Rp.293.986/kW 

Pnr kW/year 	 - Rp.293.S88/kW x 0,120925 (annuity factor) 

- Rp.)5.578/kW/year (DP) 

b. 	 M.V. Cznsumer 

Per kW - Rp.293.888/kW- 0,918 

- Rp.32C139/xW 

Per kW/year - Rp.320.139/kW x 0,120925 ') 

- Rp.38.712/kW/7ear (OP) 

c. 	 L.V. Consumer 

Per kW - Rp.320.139/kW _4__ 0,7 

- Rp.457.341 

Per kW/year - ip.457.341/kW . 0,j20925 ') 

- Ap.55.304/1,.N/vear (OP) 

3. NOT SIALOW PPUICE-D 

- U ,14 x 103 Rp. x 1,2 -. 0,927a. 	H.V. Consumer 
175 x 10 kW 

Per kW - Rp.304.318/kW 

Per kW/year - Rp.3C4.ZS8,kW x 0,2^0925 

a Rp.36.799ikW/year 



b. 	M.V. Consumer :
 

Per kW - Rp.304.318 __ 0,918
 

Rp.331.501 / kW 

Per kW/year - Rp.Z31.301 / kW x 0,120925 ,
 

- Rp.40.086.­

c. L.V. Consumer 

Per kW - Rp.331.501/kW 0,7 

- Rp.473.572 

Per kW/ya' - Rp.473.572/kW x 0,120925
 

- Rp.5'7.266.kW/yar
 

Note ) 	 annuity factor (for generation) 
n - 35 + 8 - 43 years ann.f. - 0,120925 

i - 12% - 0,12 

0.927,0918,07 
 are .cwer loss factors
 

1,2 is factor for :0% average reserve margin.
 

1,0' - SCF
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-r-,L, 

TIANSMISSIOR 

SIISTATIOI 

5 . 

LC 

Fc 

"C. 

711/79 79/00 

l.r 16 

C,SBj 

7.10 1.1.40 

2.60 3.40 

"_2.03_ 

0.4 

i:s,rSN.NT PROIIPAIu -JAVA 

TRAN18SS/871 

O 81 P0/2 I3 8 114 

13.10 14.__ 27.80 Z7.3u 

5.10 8.20 12.6 10.2t 

961.11) 14.60 211 12.3 

9.5. 4.6019.40 I 11.21 

1.91 ) 3_60 4.41) 2.20 

3.45 1.77 2.6 1.67 

63 10.540.67 0.11 

14/fS 

15.0_ 

4.R80 

5.70 

1.20 

1.67 

0.11 

M5/96 

7.V 

3.311 

IU_____ 

1U.60 

3.90 

1.67 

0.11 

86/87 

1_.5_ 

4 .90 

274f 

27,4__ 

7.40 

1.67 

Ol! 

lip.A0 

8AI 

143.6 

01.7 

114,9_ 

114 

30.6 

.16.01 

_.68 

____ _ 

T T-18.4 0.6 7.63 12.34 17.67 17..51 ,. 7.31 1.41 .98 

t~t 

I/ M1u1tiply nl. freign conta (FC) by 1.5 nnd locnl conts (LC) by 1.2. 
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Table : 5b 

year Foroiqs 

12T 

LOCAL, NO SiADOW 

r i.oc.Total 

(3)-

ShadOw 

)5-()-) 

/'ric. Shardow Price 

'.ota I 
I 

Di.;comlit 

Factr 

Nbo ShIadow l'ricing 

Di .Count 
Total 

!hadow /Priciti, 

1i ;coll t 
'rotaI (iO) 

x(6) 1 - (5 

7/7q 27,9 0 9,07 36.17 
.37.ciu36.97 

79/nfo 49.97 12,72 62.64 1i,45 6l.', 0.0929 55.93 54.R 

.1 '04 .24 .24 47.32 0,7972 3.46 37.72 

81/82 38.95 14.P] 53.76 .31 52.2n 0,711S 38.26 37.21 

7 .q9 11f/39.0 92.,37 0.6355 60.41 

3160.25 15.1 75.26 13.51 73.76 0.5674 4:..70 -41 .15 

84/85 33.55 7.13 40.1 6.r, '10.15 0,5066 2.71 20.34 

5/r, 8.77 37.67 7.1Q J 36,79 0,4523 17.04 16.64 

0;/87 59.36 14.39 74.25 11.40 72.76 0,4039 29.99 29.19 

TOT 411.0 113.97 525.7 102.57 514.37 341,5 334­



jVI'STMII'T PRO;iAHII: --JAVA 
" • --

78/79 79/110 0/1 81/8Z 87,/3 83/114 4185/6 86/87 

7 4f -. 9. I 10.41 11 .4119 11.06 13.20 1.59 9.811, 

11.48 13.79 15.86 18.03 , 15.99 21.51 27.'.A 12.30I-IV ,- lr1-M 8.37 •, 

F 1.25 2.f 1.2 II -().616.. -

S1I10 I9.C.C. .l1 0.2 .Z o..2 -. 

6(, T. H4. I. .1.13 1.2., _ _ - 1.229 .2 1! ..7 1.291._ 

1A,SRI K- - 1.69 1. 11 1.69 1 .!14 1.94 1.94 1.94 1 .94
1)i"f-)A LC 

c- 5.36 9.P4 12.29 IZ.79 11.22, 12.35 I 14.4" 19.89 11.13 

T 0 T-A L 8.37 13.27 ]5.68 17.75 2U.07 18.12 23.45 29.2R 14.24 

__ Multiply al foreign costa (FC) by 1.5 and local costs (LC) by 1.2. 

Rp. I9 

- 6
78 - (i 

96.119 

14,.66 

11 

9 .R ,I 

14.77 

111.35 

160.23
 



lI ,DISIlPVr, T10t) COSr 

Yea s 

TABLE : 6b 

fore n Loca I No Shadow1forelynis
Price 

s w Phrioe 
Shad'W.0Pri1 

Shadow 
S.zow.ce 

Disc 
Dscount 

-
t 

ti ao 
l 

Pricing Is-

In (.onstant 

KIdnw PriPrp1(1,cing Dz;-

i.lR 

ToLaIa cou-t-lotal croiti To­

____ (2)(2) (4) 2)A09 @-(1) (~ - (9~{}2J:~ y a6t1(5). , 

78/79 8.04 10.04 18.08 9.04 17.08 1 18.08 17.C80 

79/8) 11.76 15.92 30.69 14.33 29.09 0.8929 ?7.3q 25.97 

80/81 18.,A3 13.32 31.25 16. 94 35.37 0.i972 21.69 2}. 2 

P1!82 19.1p 21.3 40.43 19.17 3 . 5 0.711 H 2;.91 27.3 

82/83 21.33 24.60 '15.41 21 .67 43.- 0.6355 I 8.6 27. 13 

83/8,I 10.53 21.74 40.27 19.56 3,1.09 0.5674 22.85 21.61 

84/85 21.73 28.14 46.87 25.33 4Y.06 0.5066 25.26 23.84 

85186 29.82 35.14 I 64.96 31.63 61.45 ).4523 29.38 27.79 

86/87 

Total 

16.70 

-168.521192.27 

17.09 

Tt192.2 

, 33.79 

3360.79 "85 

15.38 

173.05 

32.08 

34.5341.57 -

0.4039 

__ [ 
""-3.65 

-.223.971 

12.96 

2.212.08 



IITq+S-jjI'+ F PPP'IU,O 1 JAVA 

7-9/79 7010 ,0/81 

.ii 

l1/8, 

,1 

/4/85 
/ 

-

.3/84 182 
1 

I. COXlhlt 

)/6-1 - ll, 
86/87 78- 86 

Rp 10 

2 

rJ4swtlrIT 1FC 

IN -

Mi,I"SOSTRI WlFICNHR 

IIS!0r*UR 

rTun[M F..ANSr*. 

I 

'. 

FC 

I 

7.47 

1NE1.67 

18.93 

41 

10.40 

16.01 

-2. 37 

6 

12.56 

19.24 

27.53 

6.88 

H.53 

22..13 

)3.1)f3 

8.46 

16.S9 

25.16 

4 1 .57 

10.39 

15.4Z 

22.29 

48.91 

I 
J12.23 

1 .41 

30.01 

56.61 

!4.15 

"5.93 

3.14 

65 .2 

16.3 

13.7. 

17.16 

7424 

.56 

13).6(P) 

, 

3IC,3 

I428.-, 

-

4 

721 P.T.R. 

7L. 

60% (TR.LISMT hI -C 

I'ESA + SN, IR CAN4DI/I). L 

FC_

RI'II).LC-
5UO:l.L 

_ 

_T.__. 

" 
_ 

25. 

16.18 --

Mlp 

1.17 0.9.1 

1.69 1.36 

_ 

-1.5 1.73 

_ _ _ _-

35.16 4.2'!.. 1t 

24.8 29.2j 

all f__ 

0. Pi 1.02 1.z 

1.!.5 1.47 f 1.47 

_ 7 

1.97 2.4z 2.79 

5019 61 .77 67-sj : ,.(1--- 67-8 

J33.71 ' 39.44 30.8_ 

_ I 

.( 

i.47 

2.47 

2.79 

._ 

48.412 

12 .. 0 Z I s 

1.47 i. 47 11.55 
. .47 . 5. __ 

2.79 18.78 

9I.__ 14.619 _47 1,i 11914 52L,17.97ALk ___158.72 - 39. 9 l 32q.24 _ _ 

1/ Hultiply all foreign costs (FC) by 1.5 and local, costs (LC) by 1.2. 



LV (DISTRISWtloll) COST 
_(LV INV[ST ENT PLAN) 

TABLE : 8 in constnnt Rp.l 

YearPrice 

78/79 

Foreign 

) 
38.25 

Locl 

(2) 

19.42 

Not Shadow.J Shadow Pri-
cd I.ocal 

TotUI.counted 

(3.(i)=+(?) (4)'(21x0,9 

57.67 17.4f, 

Sh.n'ow Priced 
Total 

(5)=(1)'(4) 

55.73 

Factor 

(6) 

1 

NDiscoui=Not Shadow 
Priced Dis-

Totl 

(7)=(3)x(6) 

57.67 

Shadow Priced Shafow Pri-
Discounted Disceunted 
Total ('P) (Domestic 

Prices 

!8)-(5)x(6) (R) 
5573 

79/80 52.74 29.76 82.5 26.78 79.52 0,F6929 73.66 71.­

80/81 63.87 35.05 911.92 31.54 95.41 0.7972 78.86 16.06 

81/82 76.48 40.45 116.93 36.40 112.80 0.7118 83.23 80.35 

82/83 

83/84 

9,3.90 

0l.73 

47.33 

46.54 

139.23 

148.27 

4?.59 

41.88 

134.49 

143.61 

0.6355 

0.5674 

88.48 

84.13 

85.47 

81.48 

84/65 117.76 58.10 175.86 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 

86/87 

lotal 

137.19 

2194 

47.97 

15.08 

185.16 

I1.2107.02 

43.17 

355.5 

180.36 

1.177.48 I 

0.4039 

-

74.78 

-726-.7,,-

--: 72.85 

70Z.­



TABLE 9 

INCREMENTAL CAPACITY COST SUMMARY £B }'---(BP) 

A). SHADOW PRICED Increm. Increm. Ratio (AIC) 

Costs Demand 

.... Rp.109 103 kw Ro.10 3/kW 

1 GENERATIONja PEAKSAG3ULING 1 I T,. Computedseparately 

2 TRAtSMISSON HV 334,-; 394.76 239.5 (AIC) 

.3 M.V.DISTRIBUTIO' 212,03 1,077.26 196.9 (AIC) 

4. L.V.DISTRIBUT [ON 702 641.49 1094.0 (AC) 

8). NOT SHADOW PRICED 

-L I Rp. 109 103 kW 

1 GENERATION(/! PEAKJ 

SAGUUL NG IStUITI 

Ccmputed 

separately 

2 TRANSMISSION HV 241,5 1.394.75 244.8 (Ccy 

3 M.V.DISTRtMUTION 223,97 1 ,077.26 207,9 (AIC) 

..DSRBUTIOI 726,- 641.49 1131.4 (AIC) 



PEAK CAPACITY COST
 

JAVA
 

,

TABLE 10 In constantjRp. I09
 

GENERATION TRANSMISSION PRIMARY DISTA. SECCNDARY DISTR. T 0 T A L
 
SUPPLY VOLTAGE (1) EllV/INV MV LV (5)

(2) (3) (4) 

1. Shadow Priced per eJ " 
r kW peper kW/ prr kW erW/per kW[ear
Year erpYear perW Year Year
 

533.355 66.070
a. 14V (70/150kV) 293.888 35.538 239.467 39.532 


b. MV (6/12120kV) 320.139 38.713 ?60.857 33.259 196.869 25.100 I 777.365 97.072
 
c. LV (120 v/380V) 457.341 55.304 372.652 47513 281.241 35.858 1.094.3271 19
 

35A53t094327 139.521; 2.205.561 282) 

2. Not Shadow Priced
 

h1V(70/150 kV) 304.318 36.799 244.845 31.2;7 4 .2549 i3 68.016
 

MV (6/12/20kV) 331.501 40.086 266.715 34.006 207.907 26.50E 806.123 100.600
 

LV (120V/380V) 473.572 57.266 381.021 48.580 297.010 37.86,1 1.13.4 14.9 2.8.4J8.1
 



CAPACITY COST CALCULATIOI SUMM'ARY
 

A. Shadow Priced :
 

(1). Generation oeak load
 

(a). HV - a (1) Generation Cost of sauling (DP) 

Rp.per kW
 

b (1) [a. l)].. 0,918 Rp.per kW
(b). . V-* 

(1)] + 0,7 Rp.per kW(c). LV - ;c (1) [b. 

To abtain Rp. per kW per Year. ....... Rp. per kW times annuity
* 

factor
 

Rp.per kW
 

(2). Transmission
 
11 (SCF)(a). HV- a (2) = HV C s' 

unttMHVincr. ~ cCo 

(b). MV---, b (2) = Ca. (2)]- 0,918
 

(c). LV - -,c (2) - [b. (2)] 0," 

To abtain Rp. per kW per Year z ............. Rp. per 'fear x
 
* 

0,1223166
 

(3). Prir.aylJistribution mV 

b (3) MV Cos: ,B,) 1 >SC1 )
(b). MV -

MV Incr. ,discount A4 

( )] *- 1,7(c). LV cc (3) - [b 

* To abtain Rp./kWiYear = ........... Rp. Year x 0,1241436
 

(4). Secondarv Oistribution L : 

(c). LV -c (4) LI Cost " (SCF) 
LV Incr., discount MW 

R.per Year : Q,12A1436To abtain Ro./kW/Year . ...........
* 

(SCF)
= Standard Conversion Factor 

BP - Border Prices 

OP - Domestic Prices 

are power loss factors
 

Note 1 


0,918; 0,7 


0,9 shadow price factor of the Local Costs
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c.;LCULATION OF 	 TRANSMISSION CO,.iPONENT CAPACITY COST (JAVA) 

A. SHADOW PRICED
 

2. TRANSMISSIOI
 

a. H.V. Consumer :34 x 109
 

7 5
139 L0 w--


Per kW - Rp.239.467 / k1Wh 

Per kW/year - Rp.239.467 x O,.27500(an:)uity factor) 

- Rp..30,532/k';/ycar 

b. M.V. Consumer 

Per kW - Rp.239.467/kW ___ 0,913 

- Rp.260.857
 

Per kW/year - Rp.260.857/kW x 0,127500 J
 

- Rp.33.259/k,/year
 

c. L.V. Consumer-

Per kW - Rp.260. v 3--,7 

" Rp.3Y2.*52 ikw 

Per kM/year - R[:.372.652/'ik :40,127500 -

- Rp.47,l3 /M:W,'.:ar 

8. NOT SHADOW PRICED
 

a. 	H.V. Consumer - 341.5 x ]09 "p. 

1.394,76 x 103 kW 
Per kW - Rp.244.245 /kW 

Per kW/year - Rp.244.645/kw x 0,127500 ,) 

- Rp. 31.217/kW/year 

b. MI.V. Consumer ; 

Per kW - Rp.244.845ikW .- 0,918 

- Rp. 266.715/.W 
Per kW/year 	 - Rp.266.7L5/kw x 0,127500 ,) 

- Rp.34.006 / kW/year 



c. L.V. Consumer 

Per kW - Rp.266.71S.kW 0,7 

- Rp.381.0217kW 

Per kW/Year - Rp.381.021/kW x 0,127500 ) 

- Rp.48.580/kw/year 

') annuity factor (for transmissio)
 

n - 25 years )
 

i - 12 annuity Eactor - U,127500
 



CALCULATION OF M.V. DISTRIBUTION COMPONENT 'APCITY COST (-JAVA) 

A. 	SHACOW PRICE
 

3. 	PRIMARY DISTRIBUTION MV.
 

. 
1.077,26 X 103kW 

Per kW - Rp. 196.869,-/kW 

Per kW/year = Rp. 196.869,- x 0,127500 (ann.ity factor) *) 

- Rp. 2.100,- .lvW/year 

b. MV. Consumer 	 x 10R3212,08 


C. L.V. Consumer
 

Per 	kW = Rp. 196.869,-/kW --.0,7
 
SRp. 281.211I,-/kW
 

Per kW/year 	 = Rp. 231.241,-/kW x 0,127500 )
 

= Rp. 35.858,- kW/year
 

B. 	NOT SHADOW PRICE
 

Consumer 
1.077,25 x 103k',. 

b. 14.'1. 223,97 x 109Rn 

Per kW = Rp. 207.901,-/kW
 

Per kW/year = Rp. 207.907/k' x 0,127500 )
 

= Rp. 26.502 kW/year 

C. 	L.V. Consumer
 

Per kW - Rp. 207.907,-/kW.-0,7
 

= Rp. 297.010,-/kW
 

Per kW/year = Rp. 297.010,-/kW x 0,127500 w)
 

= Rp. 37.858,- kW/year 

NOTE
 

*) annuity factor 	(for %I.'/.Oistribition 

n . 25years annuity factor - 0,127500 

i = 12 ft 



CALCULATION OF L.V. OTS'T~RISTIOt MO-tPONiEwr CAPACITY COST fJAVA) 

A. SUADOW 7-RT-C'E 

4. SEC0OMAY D):SqrprBryrrO? LA. 

C. 	L.V. Consumer 2C.'.i219 Rp..- 1 
6 41, 49 x 1.ul kw 

Per Kw - ~1.OC)4,327 /kW 
Per kW/year Rp.1..*94,3.7 / W x 0,1,-7500 

-Rp.139.526 -/kW/'jt~ar 

8. NOT SILAOW PRXE
 
cL.V'. Consumer 72 i0r .
 

641,49 x 103 jc~ 

Per kW - ap.1.13174~0 , ,.tq 

- Rp.1..121.74OA'kW x 0,127500 ' 

- Rp.144 .296/k W/yzar 

NOTE 

')annu).ry facto.- (:cr L..'. Dise.-ibution) 

r.-25 ypars .1 annuity 'actor -0,127500 

http:annu).ry


OPERATION 	 & MAIrTENANCE COST 

JAVA 

TABLE 11 	 In constant Rp 10 

R3/84 115/86Ttll/7 711/79 79/8]0 81182 PZ/8: h/81 

(1) 0 	 & M_ 2R.15 30.. 46.24 50.95 56j/9 7085 

9.80 8.21 it.72 6.74 2.30 ,.57 4. 7.55
(2) Increment Cost of 0 & M 

(3) Discotint factor 	 1 0.8929 9.7972 0.711h 0.6355 0.5674 0.5066 0.4523 0.40391 
(4) 	 (2) x'(3) 

A & M Incr.discoua- 9.Z17 7.33 3,75 '1.8 1.46 3.73 2.09 3.41 3.43 39.88 

Total C & M Incr. Discounted Cost - 33,24 x 1 Rp.xl.2 = 

Note The result of 0 & M is directly calculated in 

Rp./kW/Year 
109 Rp. 109 H Without multiplying by the annuity factor, because 

Generation 30% 11.96 1639.67 0 -AM Cost ic;recurrent and used up within the Year. 

Transmission 12% 4.78 1394,76 

MV Distr. 13% .5.10 1077.26
 

LV Distr. 45% 17,9i 641.49
 

100%J 30.87 



OPERAI ION & MINTENAICE COST 
JAVA 

TAIBLE : 12 

Shadow Price Generation TransmissionI EIIV/IIV Primary Dlstr.MY/ 

.n constnnt RP 

Secondary Distr. 1 T o t a 1 
LV (5) 

10 

(2) (2) (3) (4) 

Supply Voltage Per kW Pr kW Per k Per " k P'er kW 

a. Iv(70/50 kY)-
for peak/Saguling 7.170 

1 1-32-
1.432 L130 

.20 

b. MV (6/12/20 kV) 
for peak/Saguling .574 379 4 2 17125 

C. LV (120 V/38O V) 
for peak/SaguT tig) 12.240 5.341 / .975 27.9n4 52.448 



GENERAL A ADMINISTRATIOi 

JAVA 

COST 

(l) 

TA91-E : 13 

Gen. A Amincremen{t Cost 

77/78 

.0.06 

78/79 

.6 

79/.30 

0o. 6 

80/81 

0.120.(; 

81/82 82/83FEI 
0 .. .2 

83/84 

0-20: 

84/85 

0.1201 

in constnnt 

85/P6 86/87 

0.12 0.12.2l01 

1 Rp. 

Total 

(2) Insurance 

Incremt-nt Cost 

0 .08 0 -4 2.77 -­ 0 . P 0. 2!; .7 

o 
0 .5 0)I . 110 

(3) Survey Inc'.Cost 2.4 ..... 

(4) (1) 1Q) + (3) 1.10 ?.P%, I17 0.8-1 0.6 o.29 0.37 (1.79 0..2 0.62 

Discount factor 1 0.8929 0.1972 0,7115 0.6355 0.5674 0.5066 19.4523 {0.,039 0.3606 

(3) X (4)Gqn. & Adm. Incr.Disc.jo_, 1.10 2.5 2.09 ) 0.3 0.21 O.lq 0.336 0.22 8.51 

Grnation 

|IV Transmission 
part 

30 

12% 

109Rp. 

2.55 

1.02 

1O3]kW 

1619.67j
1394 76 

Note 

Total Gen. & Adm. incr. Disc. Cost =7,09 x 1,2 = 8.51 

The result of Gen.Adm.Cost is directly calculated in 
Rp./kW/Year. 
Without multiplying by the annuity factor because 

Gen. & Adm. is recurrent and used up within the Year. 

MV Distribution 
part 

LV Distribution 

part 

13% 

45' 

1.11 

.3 

s077.26 

641.49 

T t a I i00T . 



GENERAL 9 ADM1_NISTRATICM COST 

JAVA) 

TABLE 14 In tonstant opo9 

Shadow Price ..Gen ration Transminssion 
EVIl/Iv 
(2) 

rrimary D 
ltv 
(3) 

str. Secondary D. 
LV 

14) 

str. T n 
(5) 

t a I 

Supply Voita,.Te Per kW Per kW Per kw rer hW Per kw 

a. 11V ( 9750 kv ) 1.681 731 2412 
for peak/Gan Turbine 

b. FuV t(P'L9/ 2 0 kV) 3 ..9 1.025 3S52 
fo- peak/Gas Tjrbie 

Base 
LV (120/V/380 V)
for pea#t/Gas Trublne 

2
2.616 1.130 ,1.46. 5.967 11.105 ___ _--.... _ __._..... 



TABLE 15 

FACILITIES COST 

(,JAVA 

.1 '. constelit PI).iO9 

(1) Facilities Cost 
Increment , 

78/79 

9 

79/80 

12.24 

80/81 

11.21 

i 81/82 

11.71 

82/83 

12.07 

83/P4 

12.S6 

84/85 

12.56 

"5/86 

12.56 

P,6/87 

12.56 

(2)Discount factor1 1 0.89291 0.7972 0.71IG 0.6355 0.5674 0.5066 0.4523 0.4039 

(3) (1) x (2) 9 10.931 8.94 8.34 7.67 7J3, 6.36 5.69 5.0 t 

Total Facilities Incr. Discounted Cost = 69-13 

Geration0 

Transmls~ion 
part (IIV) 1% 

109Rp. 

74 

8.30 

lO~kW 

1.639,67 

1.394,76 

Note To obtain Facilities cost Rp/KW/Year. 

Rp./kWh x annuity factor 
0,146824 (12%, 15 years) 

Facilities (fixed assets) have a life-time t 15 Year. 

MV Distribu­
ticn pirt 13% 3.98 1.077,26 

LV Distribu­
tion part 45% 31.11 641.49 

T o t al 100% 69.13 



FACILIT1ES COsr 

Table t 16 
Shadow P r I c e 

in cpnstsmL Rp 10 9 

Supply Voltage 

('eneraJoii Tratinlinon 

(2)Eli)(2 

Prim.ary Dl.mtr. 

(3)(4(5{3) 

Secondary 

(I 

DIetr. T o t a 

(5 

I 

Per kW __Per kW / 
year 

Per kW Per kW/ 

year 

Per kW Per kW/ 
eayear 

Per kW 

jy.1 
Per kW/ 
year Per kW Pr-r kW/

r 

a. !IV(70/150kV) 
for pek
Sagu I I ri)9 

13.64. 2.003 5.945 1172 
-­

. 

" 

15.5n7 2.R75 

RF 

b.:,'v(6/2/2OkV) 

fc peak/ 

S, q uUL_n,l__ 
11.116 

2 
. 

2 
6.475 950 8.342 1.224 29.677 4.356 

LV(120 V/300'M 
for peak/ 

21.220 3.116 9. 1.357 .918 1.7504.505 71.21 90.902 13.344 

Saguling • __. ...... _-____ 

Hote 

- -

I. To convert Pp./kW to Pfp./kW/Year,multiply by the annuity factor 0,146824 

2. Not shadow Price - Shadow Price. 

(12%, IS year) 
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Table 17a
 

ENERGY GENERATION COST
 

A) Gas Turbine (neakinq) 

Fuel Use - 0,456 litres per kwh
 

Lube Oi'l Use - 3,6 x 106 1/ kWh @ p..130.92/l negligible cost
 

1. Shadow Price (international price for high speed diesel--'RSD) I/
 

Fuel price US $ 15.5 per barrel
 

5j) 	 x 625. , - R.60.93 er litre 
159 (lit/ba:rel) -o. de peri e 

(border Iprice)
 

Fuel Cost - Rp..60-93 x 0.456- Rp. 27.78 / kwh
 

'Not Shadow Pri,:e (domestic pricei 

Fuel price - Rrp.43,03 / I HSD for Cas Turbine (lccal price) 

Fuul Cost - Rp.43 x 0.456 = Rp. 19.62 per kWh 

S). Steam (Base load).
 

Fuel Use - 0.303 i/kWh
 

1. Sh. Pr. (international price for medium -uel oil/Bunker C) l/
 
Fuel price - US $12 per barrel
 
Fuel Cost 12 x 625
125 x 	 0.303 = Rp. 14.29 per kWH159
 

2. Not- Sh.Pr.
 

Ful Cos.t 10,93 (Rp./!) x 0.303 (, p.9,37 / kWh.
 

Nujte 	 dom. pr - dcmtstic price­
sh. Pr. - shadow p.rice.
 

as~ed cn I US.$ Rp.625.­

Fo'r njU ( HSD fuci eor peak G:n ( Gas '".) + 70'" of existinig price -R. .43,03/i 

urice Baikeo" "C",for ba!u Gu.(sLj T)+ -10'. of existiiig ,rice-!r..J,shaUow 

1/ Most recent ex-Singapore prices (Feb. 1979). However, these values may have to be
 
revised if international oil prices increase in the future.
 



ENERGY/FUEL COST
 

TabX. 1 7 b: 

Based on G.T. U3sing 1 S D. Based on Steam Plant Using Bunker C 

A. Shadow Priced RP.27,78 / kwh Rp. 14.29 / kwh 

(output frxm Generator) (output from Generator) 

Station use = 2 % Station use - 4,5 
a) . iV Tansmission Transmission 

Consumers Losses FV/HV - 4,5 x 1,5 Losses -VH/HV= 4,5 x 1,3 

Tot,27.78 8,7518,S %2 11'9 Tot.al
-R. 

= 8,1 %' 5 /kh 

--0,912 
Rp.30.4S / kwh 0,919 

/,9kwh 

MW Losses - 6 %x 1,5 - 9 1 MW Losses - 6 t x 0,8 = 4,8 
b). V 

... 
30.46 Rp.33.47 / kwh 15.55 

-
. 

..16.33 /kwh 
Consumers 0,19 0.952 

LV 1,csses = 20% x 1,5 =30 % LV Losses - 20% x 0,8 16 't 

c). LV 
33.47 
M Rp. 4 7 . 8 2 / kwh 

16.33 
-8 = Rp.'9.44 / kwh 

Consumers 	 , 

RB.19,62 / kwh I Rc.9,37 / kwh 
(output from Generator) C output from Gentrator) 

a). V Consumers 19,62 Rp. 21.51 / kwh 	 Rp.10.20 / kwh
 
0.919
0.912 


21..51 10.20 

b). MV Consumurs 0.91 - RP. 23.64 / " 0,952 R10.71 

23.64. 	 10.71 
c) . LV Consumers • 0 7 Rp.33.77 / kwh 0 R . 12.75 / kwh 

0,7 U,84 

Note 	 - For peak load : t e losses - 1,5 x aveLayu lossus
 

- For base load : the losses - 0,8 x average lossus
 

- 0,912 - 100 A - 8,8 - and so on Eoc loss fu.tors. 

http:Rp.33.77
http:Rp.10.20


JAVA BASIC L R M C (LONG RUN HARGIMAL COST) 

TABLE : 20 

A. SHADOW PRICED 

FUEL COST Rp./kWh 1/ 

SUPPLY VOLTAGE I':W COST C Rp.kW/YEAR ((A) 
Barrel I Barrel-

Capacity 
Cos t 

0 & M G F Adm FaciI3 
tie s 

Total kV 
Con t 

3ASE PEAK RASE PFAr 

IIV Consumers Peak 66.070 71.302 2.412 2.I75 82.659 I1555 30.46 12.96 25.54 

:'7 Con.numers Peak 97.072 17.125 3.652 4.356 122.205 16.33 33.47 13.61 28.06 

LV Consume.rs Peak 278.201 52.448 11.1n5 13.344 355.1711 19.44 47.2 16.20 4 _0.08 

n. t1OT SHADOW PRICED 

UV Consuwer Peak 68.016 11.302 2.4121 2P75 05.605 10.20 21.5] 

MV Consumer Peak 100.600 17.125 3.652 4.356 125.733 1-0.71 23.64
 

LV Consumer Peak 288.010 52.448 li.105 13.344 36.4987 2
 

1! fuel prices in US I per barrel are:
 

(A) Base (Fuel oil) - 12
 
(B) Peak (ISD) - 15.5
 

(A) Base (Fuel Oil) - 10
 
(B) Peak (ISD) = 13 

http:Consume.rs


TABLr , 21 

EqUIVALEUT ASIC .. R H C (LONG RUN MARGINAL COST ) - JAVA 

A. SHADMW PC lc_ 

SUPPzY VOLTAGr 

-A jIF" EQUIVALEU1 ENERGY COST 

COST (Rp/kWh) 11 
(p.k 3 2 
year 3 - 0.4 0.5 

WITfl 

0.6 

061 ,-UAD 

o.0 7 

FACTO, 

0.o 0.9 

, 

B0i 

(A) 

Peak Aver 

TOTAL COST W!TII 

(np'/kw 
4 .5 

0. 

0W3, LOAD 

-" 
0.6. 
0.6 

FACIN) 

u 

. 

SPek 82.659 28.i 21.23 16.90 14.15 12.13 0...619.43 

14V Consuwn-rs Pe-,'k 122.205 34.071 26.15 20.!' 
11.5~ 

17i3M9 
~2 15.5!3.(92

16 3133.4720.62 121 
33.43 -,4 

.]504 383.05 
-­

35.57__ 

LV Consumers Peak 3558 94.6 70. 6.76- 40.54___11 V.7.8Z 3.63 .12, __2 _ 0.39 80.?3 

R. NOT "!",PO1W VJ1Cp 

I_____
12.5611V Qp).,sumers reak 05.605 29.31 21.98 17.59 14.66 

15.30
F Consumers Peak 125.733 35.80 26.91 21.53 17.94 

,L Co..~e~mrs enak 36 4 .907 97._2 7. 9 58.33 48.61 41.6 , 

Note - Colcidence Factor (cr) 2 hV=,91 iV=0,75 and LV=O,7 
Equi~valent Rp./kWh - Ea./kW/year x C.f. 

- v8760;own load factor 

2/ Own load factor=Load factor with reapect to own individual peak demand. 

For MV Con,.umers equivalent Rp,/kW decreased by factor 0,5 because MV demand at time of system 

(i.e.their peak falls outs;Ide system peak) ,f necessaryse.q., max demand metering.
peak is one half the NV own pak demanl 

3L Average Fuel Cost i l1V t 75% Base - 25% Peak 
MV t 75% Base + 25% Peak 
L.V t 50% Base 501 Peak
 

41 These are only approrimate total costs per average kwh. 



Adjusting Strict LRIMC
 

A power tariff revision for Indonesia was particularly urgent in
 

1978 because the existing tariff was first introduced in 1973 following a
 

SOFRELEC power pricing study. Because of administrative reasons relating
 

tc the regulations gove:ning tariff changes, however, subsequent tariff
 

increases that raised the average price by almost 100% between 1973 and 1978
 

were implemented by applying a surcharge to the energy price alone. Therefore,
 

the structure of tariffs was badly distorted; in particular, the ratio of kWh
 

to kW charges was far too high. Also, since price increases were introduced
 

in an ad hoc manner, based almost exclusively on financial requirements,
 

the level and structure of tariffs did not reflect the economic costs of
 

supply for the various consumer categories.
 

Until quite recently, PLN was not in a position to satisfy the
 

rapid growth of demand of the Indonesian power market and, therefore, their
 

policies were not designed to encourage new consumers. For example, payment
 

of the full .onnection charge was required in advance; for medium and large
 

consumers, this amounted to the substantial figure cf Rp 120 per VA. In
 

some cases, even customers who had paid the relevant fees were not connected
 

because of lack of system capacity and administrative bottlenecks. As a
 

result, a rapid increase in captive generation occured, amounting to almost
 

half the total Indonesian power market by 1977. Since 1978 the situation has
 

improved considerably, however, PLN has embarked on a program of balanced
 

system expansion, which includes adding base load generatiag plant, strength­

etling transmission interconnection, alleviating distribution bottlenecks, and
 

upgrading existing networks. PLN is also trying to increase their market share
 



provided to alleviate the high connections cost. This can be done by sub­

sidizing possiLly from 50 to 90% of tne costs and by lenient payment optionz,
 

(perhaps extending for several years). PLN is reconsidering details of itj
 

connections policy, given its impact on its cash flow and general financial
 

situation.
 

The tariff study raises several issues. The first and probably the
 

most important is whether or not to continue a uniform national tariff policy.
 

Strong practical considerations would appear to support implementation of a
 

uniform tariff, as a first step in tariff revision. in theory, LR.MC of
 

supply should be estimated for each separate islaud grid and a corresponding
 

geographically differentiated tariff should be devised. LR.MC should be based
 

on a least cost expansion program, however, and the Java system investment
 

plan is the only one that may be considered acceptable, while the planning for
 

capacity additions and other data for the other islands are f,r less reliable.
 

Therefore, only the Java LRMC may be calculated ;lfh sufficient confidence at
 

the pre.ent time. Furthermore, Java constitutes about 30% of the total.
 

Indonesian power market, and will continue to do 3o during the planning period
 

(1979-80).
 

Therefore, given that geographically distinct electricity prices
 

would be unacceptable to the government and that tariff ref,.n io urgen:,
 

a uniform national tariff based on the Java LIRMC alone would constitute a 

first-step improvement. As system planning, least cost investment policy, 

and other data on the outer islands, are improved, ir may be possible to 

calculate geographically disaggregate LRLMC and introduce these in subse­

quent tariff revisions.
 



The Java LRMC should be refined by improving the data relating to
 

the load forecast, demand characteristics, losses, investments, and operating
 

costs. Similarly, the LRMC for the other island grids should be computed,
 

after 	building up the data base. Since the load outside of Java is only about
 

20% 	of the total lcad for Indonesia, an approximate estimate of transmission
 

and 	distribution costs may b2 made as an average 'or all the islands (outside
 

Java). Generation costs would have to be determines on the basis of capacity
 

and 	fuel costs of the specific plant types used for each of these smaller
 

grids. O&M, A&G, and other costs would also have to be estimated from
 

improved ?LN data. In subsequent tariff calculations it may also be necessary
 

to 	examine specifically rural electricity supply costs and pricing policy.
 

This is not a problem now because the number of these customers is negligible.
 

Typical Strict LRMC Pricing Structure
 

Given 	a 4 hour peak period, from 1745 to 2145 hours (see Figure 6.8),
 

a possible strict T2MC tariff structure would be the following:
 

I. 	HV Consumers
 

a. 	 With tine-of-day metering:
 

Ass-ime coincidence factor of 0.9.
 
Peak charges: capacity cost = 82.659 x 0.9 (CF)
 

12
 

- RD. 6199/kw/month
 

energy cost = RD. 30.46/kwh 

Off-peak charges: energy cost - Rp. 15.55/kwh 

b. 	 With maximum demand metering:
 

HV consumers' peak is assumed to fall within the system peak
 

period. Therefore, same charges as those in 1(a) apply.
 



kw 

x 6y ------------ -- -- -- -- -- -- -- --­

x \ ,I 

0 

4 hour 

systeM 
peak 

j 
I 

24 
hours 
hodrs 



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 fiuancial perfoi:mance indiators and therefore, the
 

tariff structure had to have an average electricity price near this value.
 

Other tariff constraints that are more constuer specific will be diricussed
 

according to the appropriate tariff category.
 

The proposed new tariff is given in table 6-23. The columns in
 

the table may be described as follows:
 

1. 	 Originial (1973) consumer categories
 

2. 	 New consumer categories that do not always correspond
 
exactly to the old onies. The main criteria for structuring
 
the new tariff are type of electricity use, vo.tage level,
 
and connected kva. Therefore, che categories A, B, C, D
 
and F represent residential, special (for example mosques),
 
commercial, industrial, and temporary consumers, respectively.
 
The letters R, M, and T indicate low, medium and high voltage
 
supply. The category Khusus represents consumers who obtain
 
specially negotiated contracts.
 

3. 	 The range of connected volc--amps
 

4. 	 Total number of consumers (1977/78)
 

5. 	 Total connected VA (1977/78)
 

6. 	 Total kwh consumption monthly
 

7. 	 VA per customer
 

8. 	 kWh per consumer monthly
 

9. 	 Tariff: capacity charge per month per kv. (The charge per 
peak kw is given in parentheses for HV and HV consumers with 
adequate metering--the equivalent charge oer kva is givea 
only to estimate reven e). 

10. Tariff: energy charge per kWh divided into peak and off-peak
 
components for MV and HV consumers.
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11. 	 Expected revenue on 
the basis of 1977/78 consumption and 
new
 
tariff
 

12. 	 Average price per kWh
 

13. 	 Comments
 

In genera., tariff levels 
are below strict LEMC to 
keep within the
 

bounds for the overall average price per kWh. 
 The residential and low voltage
 

categories receive the 
greatest reductions as a fraction of strict LRMC.
 

AI/R: Low Income Residential/LV. Government policy requires 
this
 

category to 
be heavily subsidized. 
 There is no kwh ametering; only a load
 

limiter.
 

Suppose the average charge 
to the consumer is Rp.x for each 
connec­

tion montly; but average 
consumer cost 
per knWh for month is 70.
 

Average price per krh 
= Rp.x/70 per kwh.
 

Full LFUMC tariff = Rp. 105.2/kW'h.
 

Full equivalent charge is given by:
 

105.3 	= x/70 

x = Rp. 7 ,3 71/connection/month
 

Assume that AI/R casumer's income 
is 0.25 times the national average. 
 There­

fore, 	reduce x by a fac to
or 0.25 obtain subsidized "social" 
tari-f (see 

Chapter 4 for theory). 

Subsidized tariff is approximately Rp. i,850 per connection 

monthly. 

A2/R,A.3/R, A4/R: Middle to '{ighIncome Residential/LV. in these
 

categories, kW metering exists and 
a separate capacity charge 
is levied as a
 

flat tariff on each connection monthly. 
 Also, there is a separate energy charge.
 

The total 
price 	per kWh (column 13) lies between the AI/R tariff and full LRMC,
 



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/kWh
 

A4/M: Very High Income Residential/MV. Assume time-of-day metering
 

exists for measuring peak demand. Both the capacity and e!ergy charges are
 

Note that the actual tariff of Rp. 8,000/peak kw
effectively the full LRMC. 


is assumed to be equivalent to Rp. 5.330/kva to estimate the projected revenue.
 

BI/R, Bl/M, B2/R, 32/R: Suecial/LV and MV. Tariffs are generally
 

less than strict LRMC, but the deviation is smaller for the MV than for the 

less well-off. The large difference
LV consumers, who are assumed to be 


peak kw Zor MV consumers is becausebetween capacity charges per kva and per 

own peak occurs during the day, thus making the contribution to thetheir 


system peak rather small.
 

CI/R, C2/R, DI/R: Commercial and Industrial/LV. Average tariff
 

levels are comparable witb high income residential users.
 

D2/M, D3/T: ndustrial/MV and LV. Upper bound on average tariffs
 

and energy charges will be competitive with auto-generation. Tariffs 
can
 

be modified given more detailed information on private generation costs.
 

F, KhUsus: Temporarv and Special Contracts. Temporary users pay
 

very high kWh rates. Special contracts will be user-specific.
 



Total average tariff level for all consumers = Rp. 39.7 for 

every kWh sold which is witAin the bounds discussed at the beginning of 

this section. 
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CASE STUDY I
 

INTERFUEL SUBSTITUTION ISSUES
 

IN SRI LANKA
 



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 energy 

master plan which determines energy policy, supply-demand 

management and planning. Howeve , in pwactice investment 

planning and pricing are still carried out on an ad hoc and 

at best partial or sub-sector basis. Thus, for example, plan­

ning in the petroleum and electricicy sub-sectors has tradi­

tionally been carried out independently of each other, and of 

other energy sub-sectors. As long as energy was cheap such 

partical approaches were acceptable; with today's rising energy 

costs and fluctuating relative fuel prices, the importance of 

analyzing interactions among different energy sub-sectors in 

the process of optimal resoarce allocation has become evident. 

A framework for integrated national energy planning, 

particularly in Lhe LDC context, should include important con­

siderations such as: nhe interrelationship and substitution 

possibilities zetween different energy sources, the difference 

between private and social costs and benef.ts (e.g., shadow 

pricing and externalities) , the modification of the economic 

efficiency obje tives in investment and pricing policy necessi­

tated by other financiai and socio-pclitical considerations, 

and the coordinated use of policv tools (e.g., aricing-investment, 

http:benef.ts
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physical-technical controls, public education-propaganda).i/
 

Furthermore, given the frequent over-emphasis on commercial
 

fuels in energy sector analysis, the important role of tradi­
tional fuels such as firewood should be recognized.2/
 

In this paper, we use a case study of Sri Lanka to illu­

strate energy sub-sector interactions in a developing country.
 

More specifically, the use of woodfuel, kerosene and liquid
 

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.g.,
 

open versus closed wood stoves). The importance of using cor­

rect shadow prices (which represent economic opportunity costs
 

instead of distorted market prices) to establish the least cost
 

mix of fuels to meet given energy needs is emphasized. The
 

policy implications of this analysis 
are also discussed 

(especially for energy pricing) in an environment in which the
 

relative scarcity of different fuels may change dynamically 

over time. 

l/See: Mohan Munasinghe, "Power and Energy Pricing and
 
Investment Policy in Developing Countries," Proceedings of the
 
International Association of Energy Economists Annual Meeting,

Washington, D.C., June 1979.
 

2-/ See for example, Mohan Munasinghe and Colin J. Warren,
"Rural Electrification, Energy Economics and National Policy

in Developing Countries," Future Enerov Concepts, Conf. Publ.
 
Nc. 171, Inst. of Electrical Engineers, London. Jan.-Feb. 1979.
 
pp. 414-417. A survey of non-commercial energy uses in LDC's 
is found in E. Cue[ki et al., Household Energy and the Poor in 
the Third World, Resources for the Future Research Paper, 15, 
1979. 



The basic 1976 energy balance for Sri Lanka- / is
 

summarized in Table 1. About one-third of the gross energy
 

needs are supplied from commercial fuels (excluding re-exports
 

of residual oil) 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
 

oil. The principal focus of this paper is on domestic cooking,
 

which is dominated by woodfuel use, some kerosene 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.
 

!I. ANALYTICAL FR!EWORK 

In the idealized world of perfect competition, the inter­

action of atomistic profit maximizing producers and atomistic
 

utility maximizing consumers gives rise to a pareto-optimal.
 

In this state, prices reflect the true marginal social costs,
 

scarce resources are efficiently allocated, and for a given
 

income distribution, no one person can be made better off with­

out making someone else worse off.
 

However, conditions aie likely to be far from ideal in
 

the real world. Distortions due to monopoly practices, external
 

3/1976 population approximately 14 million and GNP per
 
capita about US$190.
 



Table I. ENERGY BALANCE FOR SRI LANKA, 1976 
(million GigaJoules of gross inpuL value) 

Secondary Comercial Railway Truck Air Plane Auto Bus Rail Home Total
Electricity ulse Transport Transport Use Travel Travel Travel Lighting Cooking Exports Use 

Elec. 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 -- -- -- -- -- 6.62c 2.21 -- 9.85 
Aviation Gasoline -- --... .46 .... ....-- 3.26 3.72 
Rusiduals .36 5.18 ........ ...-- -- 18.86 24.40 
LPG Bottled d 

-- .03 ........ .. ... .03 -- .06 
IL,(; Piped .05 ...-- --. .. ... .01 -- .06 
TOTAL PEITROI.EUM .36 8.91 

e 
.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 

(;RAN) TOTAL, 

CAIncludes very small component for cooking. 
98 percent of this total is primary electricity (hydro) and the rest is secondary electricity 
(thermal) . Losses = 12 percent. 

C 25 percent of domestic use is assumed to be for cooking. 
d.PG purchased by Colombo Gas Works is used about 50-50 for bottle and piping. For bottles we assume 

consumiption is split e!qul ly between household and other users; for piped gas househoids are assmied 
to take 20 percent. The leaka(.qe factor of the pipeline system, estimated at 65 percent, is ignored nere. 
It is nit known how much tea drying is still done with wood. If one-fmurth to one-half were the 
proportions and we assune a metric ton of wood has a value of 10-14 G.J., the range of consumption 
miglht b( about. 2.0-4.0 G.J. 

http:leaka(.qe
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economies and diseconomies (which are not internalized in
 

the private market), interventions in the market process
 

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 politically 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 efficiency
 

prices to denote shadow prices based on economic opportunity
 

costs that reflect only the efficiency considerations of re­
4,/
 

source allocation.-


In the context of a general equilibrium model, the shadcw
 

price of a given resource represents the change in the value of
 

/ Income distributional considerations which may be used
 
to derive social weights (applicable to costs and benefits
 
according to income level) are ignored. See for example: L.
 
Squire and H. Van der Tak, Economic Analysis of Projects, Johns
 
Hopkins Baltimcre (1975); I. M. D. Little and J. A. Mirrless,
 
Project Appraisal and Planning for Developing Countries, Baic
 
Books, New York (1974); P. Dasgupta, A. Sen and S. Marglin,
 
Guidelines for Project Evaluation (UNIDO), United Nations, New
 
York (972).
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the national objective function such as aggregate consumption
 

due to a marginal change in the availability of that resource,
 
subject to a set of distorting constraints.- However, a 

general equilibritum model sufficiently detailed to be of prac­

tical use can rarely be realized, especially in the LDC's because
 

of analytical difficulties, lack of data, and the time and man­

power required to build and use it. Therefcre, 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, opportunity cost of capital, shadow prices for fuels,
 
and so on./
 

In summary, what is meant by integrated energy pricing
 

policy in the economic sense is not a general eauilibrium
 

analysis; instead, interactions of the energy sector with other
 

' -Darts of economy, as well as interactions between comoe 

-/See for example: 
 P. Dasgunta and j. Stiglitz, "3enefiz-
Cost Analysis =nd Trade Policies," J. Pol. Econ., Vol. 82,
Jan.-Feb. 1974, pp. 1-33; and Peter Warr, "On the Shadow Pricing
of Traded Commodities," J. Pol. Econ., Vol. 35, 1977, pp. S65­
872.
 

6 /The zartial e-uilibrium method has '-een criticized, on 
the basis of non-marzina1itv, for its lack of simultaneity, and 
because of the judgmental element involved in choosing which 
linkages are to be analyzed and are to bewhich neglected,
when the impact of some disturbance is to be evaluated. ow­
ever, in principle, these objections can be met by usino an 
iterative process of successive (convergent) approximations,

and bv considering a sufficient number of linkages, so that the
 
partial ecuilibri-am shadow prices closely approximate the cor­
responding general equilibrium values.
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energy sub-sectors are handled by examining selected linkages
 

and using appropriate shadow prices or opportunity costs as
 

shown in Figure 1. In practice, quite useful results can be
 

obtained from even simple models and considerations as shown
 

below.
 

P' ) RES7 OF
 
SECTOP( rNPL-'5
 

4
- - py THE1- ECONOIY 

[N S- UATS -ENE;Z~Y SU.Z-SECt7Cg 
rN1EA.7lONS
 

Figure 1. Partial hquilibriizn Framework 

The demand for enerav products is best considered as the
 

demand for the useful service energy provides, in the spirit of
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Kelvin Lancaster's new consumer theorz.-
 Thus, for example,
 

households demand energy to cook their meals; 
thev produce the
 

requisite heat by combining capital equipment, fuel, and some
 

labor. The total cost of producing the energy output will de­

pend upon technical parameters such as the efficiency 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 number of
 

different modes and ruel combinations; wood with open and closed
 

stoves, coal, charcoal, kerosene in wick or 
pressure stoves,
 
LPG, piped gas, and electricit, Since each of
t _ _Si ce e ch f these method s 

will face varying values cf the technical and economic para­

meters noted, the overall costs may/vary.
 

In an equilirium disregarding personal predilections for 

one or the other type of cooking method, the private maroinal 

cost of cocking heat will ecuate across these different methods.
 

In practice, ,..; notthis IlI princialhaoen for :wo reasons. 

First, die-rent ccokincs methods have other characteristics 

besides technica efficiency and economic cost, e.u., charcoal 

is traditionally shunned in favor of wood; kerosene is mess,,,
 

and has an uncleasant smell; LPG is consl-ered danzerous, 
ano 

so on. Secondly, the imperfections of the canital markets-­

particularly 
for the small amounts of cco.%ing ecuipment in­

volved--means that at 
a given time the capital unit owned
 

7 /Kelvin Lancaster, "A New toApproach Consumer Theory,
J. Pol. Econ., Vol. 74, 1966, pp. 135-143. 



-203­

cannot be sold for its economic value, 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.qinal efficiency
 

costs. A case in point may be fuel wood in Sri Lanka, which
 

some 	forestry experts feel bears a high social cost because
 

the forest cover of the country is endangered by the cutting
 

of wood for fuel. If indeed this is the case, then the private
 

cost of wood understates its economic opportunity cost, and a
 

private market ecuilibrium of cookinq modes wherein the private
 

marginal cost of cooking with wood equals the private marginal
 

costs using using other means, is socially undesirable for it
 

means that the marginal efficiency cost of wood cooking is
 

likely to be higher than with other methods, unless other fuels
 

are also heavily subsidized (e.g., kerosene).
 

III. 	 PRIVATE >D.LARGI'NAL COSTS OF COOKING IN COLOIBO AREA 

In what follows, we crovide an illustration of this ap­

proach acplied to the case cf cooking fuels in urban areas of
 

Sri Lanka, Colombo in particular. Technical and economic para­

meters for this are not well established or easy to come by, 8 / 

therefore, the estimates are indicative at best and must be
 

taken with a lar.e margin o error. However, given the critical 

8-/In 	particular, the literature gives values cf wood's­
energy content that vary from as little as 10 G.J./metricton 
to 18 G.J./metricton. Estimates of the energy conten are 
given in Cedkki op. cit., Brookhaven Na Z4 Labcratory,icnal 
Energy Needs, Uses and .esources in Developing Coantries, 
B.IL50784, 1973, and in Earl, D.E., Forest _Enercav. and Economic 
Development, Oxford, 1975. Also as noted in Sec. IV, even 
ri-;ate market crices of .cod are n t well known in Sri Lanka. 
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situation of rising petroleum prices, potential deforestation
 

and the mid-term exhaustion of major hydro sites, it is 
neces­

sary to focus on the allocative efficiency of alternative
 

energy forms by analysis of the type described. What 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 policy directions that are
 

likely to be useful.
 

We focus upon urban areas 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 LPG and electricity. Furthermore, the low
 

incomes in rural areas would preclude high-capital-cost options
 

unless substantial subsidy and/or credit facilities were to be
 

provided by the government. Our calculations re limited to
 

five cptions: wood in open 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 

technical parameters. We do not consider charcoal because of 

the apparent traditional resistance to it, and we exclude piped 

gas and electricity becausa they are more limited as options 

to upper-inccme households. 

Marginal cost calculations are usually done relative to 

some natural quantitative unit, which for the case of energ7 

may be a kilowat hour, or a BTU or a GJ. In this instance, 

however, we shall compute the marginal cost as the annual cost 

of providing cooking heat for an average family of six people. 



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 s;itch from one mode to
 

another. With the exception of open fires, the sunk-cost
 

aspect of capital-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. In 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 very low because of the low shadow
 

price of labor; this is even more true where the labor is
 

done by members of the family for whom, and at times when,
 

alternative opportunities are non-existent. The amount of
 

useful energy output for a year's cooking may be estimated
 

at 5.42 G.J. / Thus, the annual marginal cost as defined will
 

be given by:
 

5.42/e.
 
MCA. - P.+rK.
 

1 

where e. is the energy efficiency of the mode i, By. 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 K.
 

is the cost of the capital stock required in mode i.
 

/ Based on estimates of firewood used by an 
average family
 
of six in the Consumer Finances Surveys (1953, 1963, 1973), and
 
an energy content of 14G.J./metricicn--the mid-point of the range
 
noted in Footnote 3.
 



Approximate capital costs 
(Ki) for the various modes are
 

shown in Table II; they range from zero for an open fire (a
 

few stories) to 700 RS for a simple one-burner LPG stove plus
 

the cylinder. 
For the kerosene and LPG options, the most rudi-­

mentary one-burner commercial stoves are taken as the basis for
 

the computations. Larger two-burner models of better quality
 

can be as much as 600-700 RS for kerosene, and over 1,000 RS
 

for LPG. On the other hand, rudimentary handcrafted equipment
 

can probably be made for much lower costs, perhaps as 
low as
 

$7.00. 10/ 

For the case of LPG, marginal efficiency costs must include
 

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 study of such an expansion was done for the Colombo
 

Gas Wo..<s recently and from this one can attribute such capital 

costs at 25 million RS for 40,000 households, or 625 RS per 

household or family. Annual capizal-use cost would be given 

by the appropriate capital charge "r" (rate of discount in cost­

benefit approach), which we show as 
taking two values of .13 

and .20,- resultinc in o.ivate canital charges arnual ­

15-20 RS for wood stoves, 30-40 RS for kerosene stoves with 

wicks, 45-60 for kerosene pressure stoves, and 105-140 for LPG 

10/At the Gannaruwe biogas site in Sri Lanka, 
a hand­
fashioned cas burner was said to 
cost less than 100 RS.
 

use relativel higher "r" values to bias the calcu­
lations in favor of firewood, thereby fortifying the conclusion 
that LPG which has a high capital cost, may be the most 
economically efficient node. 



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 unfavorable 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, kerosene 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 	 0 .15 .20
 
0 0
 

Closed Stove 100 15 20
 

One Burner
 
Kerosene Stove
 
wick 200 30 40
 
pressure 300 45 60
 

One Burner
 

LPG Stove 	 250
 

CMlinder 	 450
 

Private Total (LPG) 700 	 105 140
 

Additional
 
LPG Social Cost* 625 95 125
 

Total LPG
 
Social Cost 1,325 200 265
 

*Based on proposed Gas Works project of expanded
 

delivery to 40,000 houses.
 

Source: 	 Estimates from author's observation, information
 
provided by Colombo Gas Works and other uboublished
 
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,1 2
/ 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 III)
 

for open Fires is decidedly higher than for the other modes,
 

which with a closed stove it is about comparable to LPG if
 

the latter's "high recuirements" are ta-en, but more e:,ensive 

than LPG if the "low" value is considered for LPG. Both wood
 

and LPG have marginal costs much higher than kerosene stoves
 

of either tvoe. Even if 
the capital costs of kerosene stoves
 

were in fact substantially greater--say 300 
RS instead of 

200-300 RS--this conclusion would still hold, as the overall 

marginal cos- for kerosene would be in the range 315-330 RS, 

still below all the other cotions. For the private decision
 

maker--the household or 
familv unit--it seems clear that in
 

terms of cost, kerosene is 
the bes- option at 19/9 prices.
 

Fragmentary and casual evidence on 
usace catterns suggests
 

tha-t a ver 
 lrea n.n.. o urban househ.olds, z-r-acs .0 z.ercent 

or even more, still continue to use wood, while only abcut 35 

cercent use kerosene, the rest usinc as (cszl _ bottled LPG, 

and some piped) and electricity. Why is tnere such a very !.ich 

use of wood given its costs are near'.,' t.-.ice that of kerosene, 

12 /Lack of data _n 
LPG crecluded comcarable comoutations
 
of efficiency and enerav content. 
We took istead an estimate 
of annual usage ba a "custmer" as shown i:-a Colombo Gas or,ck.s
feasibiliy studt. :he study gave two values '100 and 153KG)
which we use as a low a ­



Table II. PRIVATE MARGINAL. COST OF COOKING HEAT IN URBAN AREAS, PER FAMILY/A 
(required output w 5.421 G.J.) 

II ut Overall Co3t 
Input walue Units Unit Fuel Capital Cost (2r) at Market Prices 

Mode Efficiency in GJ in GJ puqired Piice Cost r=.15 .20 r=.15 .20 
(Rs) (Rs) (Rs) (Rs) (Rs) (Rs) 

WOOD 

Open Fire .15 36.13 I5/Ton 2.4 MT 264/MT 635 Rs 0 0 635 635
 

Closed Stove .20 27.1 15/Ton 1.8 MT 264/MT 475 15 20 490 495
 

KlR OSENE 

Wick Stove .43 12.6 .1569/IG 80.3 IG 2.48/IG 280 30 40 310 320
 

Pressure Stove .51 10.6 .1569/IG 67.6 Iu 3.48/IG 240 45 60 285 300
 

H1igh Requirement ...... 150 kg 2.6/ky 390 105 140 495 530
 

Low Requireuent ...... 100 kg 2.6/kg 260 105 140 365 400
 

Source: Author's estimates as described in text and earlier tabl-s.
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and why such a low use of LPG given it is only somewhat 

higher than kerosene, but far less costly 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 equal, 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 

in fE.ct the equilibrium is cerhaps one in which ;ood does have a 

somewhat higher cost. As to LPG, it is even less well known to 

low-income people than kerosene (the latter having been used 

for lighting for scmetime), may be considered risky, and it may 

be considered .nconvenient given the refilling--say 50 RS per 

annual for taxi fares to take bottles to a depot--and our 

figures may be a slight underestimate. This is not likely 

to he enough to make its cost approach that of wood. Further, 

it may be argued that on!y owning one bottle is inconvenient 

as refilling must be done at inconvenient times, or that to 

avoid this one must invest in an additional bottle. at a cost 

of 450 RS per bottl-, t1-S means an additional 75-100 RS -rer 

an' um in costs; these two factors may therefore add a perceived 

cost of 100-150 RS to LPG use, making it ccmparable to wood at 

current orices. Inasmuch as it is arguable whether these cost 

items are essential, we ha=ve not included them in the total, 

but it is _mportant to recognize this "inconvenience" cost 

associated with LPG in trying 'o understand the apparent 
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differences in marginal costs that exist. Such factors may
 

result in a market equilibrium wherein observed marginal
 

costs are ilot eaual. 

IV. MARGINAL EFFICIENCY COSTS OF COOKING 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 only tc
 

analyze and understand how private individuals made their
 

choices of cooking methods. This is a critical aspect of any
 

actions taken to implement policy goals for after all policies
 

are intended to induce certain behavior by individuals. In
 

addition to this, however, policy goals must be decided upon,
 

and in this the objective of social optimization is pertinent.
 

Therefore, the cost comparison of alternative methods must
 

also be done using social opportunity costs, or shadow Orices.
 

Wood may be in short supplv and its cutting may be causing 

deforestation; the markeI price of wood of 4 RS /metricton 

may thereforeundersoate the economic c"-o . t cos< 

Kerosene prices at 3.43 RS/gallon undoubtedly understates the 

opportunity cost, being kept lcw by the government subsid.' 

policv. LPG which is in excess supolv in Sri Lanka, on the 

other hand, a near-zero opportunity cost at the refinerv 

rather than the value of 1.4 RS/kg currently paid the-v 


Colombo Gas Works. 

Although it is not possible to specify with precision 

the opcortunity for fh particularlycoszs these f'.els, for 

firewood, it is reasonable to aporoximate these in ranges 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 is 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 reasonably firmly 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
 

proposed expansion of the Gas Works sales are about 1.3 million
 

RS for 5.5 million kilograms of LPG, 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 any substantial increase in
 

use of LPG would change the excess supply situation of the
 

Ceylon Petroleum Corporation (CPC) refinery,13" we take 2 RS/kg
 

as the shadow value cf LPG in efficiency prices. In addition
 

to the fuel cost of LPG, investments beyond the private ones of
 

stove and cylinder must be undertaken. This consists primarily
 

of additional storage tanks, land and some distribution ecuio­

ment, and is estimated by the aor .entioned feasibility study 

as about 25 million RS for 40,000 customers, or 625 RS per 

household. The resulting total annual capital charges are 

shown in Table II as 200-265 RS.
 

1 3 / Sr La k '
 
=n.Sri Lanka's refinery is operated to meet needs of high


demand middle distillates, resulting in surpluses of certain
 
othem prcducts; more than half of the potential LPG is there:ore
 
flared off.
 



Table IV. COMPARATIVL COOKING COSTS PER FAMILY/ANNUM AT SOCIAL OPPORTUNITY COSTa
 

Capital Cost. Annual Social Cost Fuel Costs Annual Social 
Mode r=.15 .20 Pricu Total r .15 r=.20 Price Total Cost 

111OO1 (MT)
 

Open il e 0 0 264 635 635 635 396 950 950 950
 

Closud Sto.e 15 20 264 475 490 495 396 712 727 732
 

KEROSIlMEN ([G) 

Wick .30 40 9.0 723 753 763 9.0 723 753 763
 

PrLesSUre 45 60 9.0 608 653 668 9.0 608 653 668
 

lilP; (kq)
 

1iyli 200 b 265 2.0 300 500 565 2.0 300 500 565 
(105) (140) (405) (440) (405) (440) 

Low 200 265 2.0 200 400 465 2.0 200 400 465 
(105) (14o) (305) (340) (305) (340)
 

a conoivic opportunity cost is assLuned tL, bt 9Rs/IG for kerosene and 2.ORs/kg for LPG. 

b Values fr im Table II. The values in brackets are the private capital costs. For purposes of 
p rivatu, the brackut values in LPG are to be compared with the costs for other fuels. 

Source: Anthor's estimates as duscrihed in text and earlier tables. 



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 value is taken, the use of a closed
 

stove may be most economical. In any event, there is no cues­

tion that the market prices of kerosene areatly understate
 

its relative cost and prohabl': results in an inefficient allo­

cation of resources, overutilizing kerosene. The incorrect
 

pricing of fuels may also be overstating the cost of LPG 

usage, which again leads to scme inefficiencv--albiet less 

significant -han for kerosene--with less LPG being used than 

a social ootimum might dictate. 

Note that if the assumed efficiencv costs of Case 7 were 

to be reflected. in market -.rices, the private costs would 

favor 7 even mo.re .G (see br=cketed values for LI2), 

because Some o:" the investment costs for LPG are not private 

ones. 

Th cost advanz-ace c: -,culd '2 e--te de:uni"::' tt 


the orccrtuni-v cost cf flrewcod were to exceed its market 

price. Case ii in Table 1 shows the values for an efficiencv 

price that is 1.5 times thee current market orice for wood. 

This is taken to illustrate t'.e ::cnt, even thouch it would 

rsuffice to have the effici enc nice rise to 1.2 times mar.et 

orice to Cive LPG a clearer advantage. Were the true cost of 

wood tc be this hich, its use as stoking fuel -..'culd begin to 



exceed kerosene methods, resulting in an overall marginal cost
 

of 537-615 RS, still well below the kerosene costs.
 

In conclusion, we find that efficiency pricing of kerosene 

and LPG, while taking market prices for wood, makes kerosene 

come out 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 consequent 

sharp rise in its marginal costs. This u-:.Tests a possible 

reliance on kerosene as an economical cooking fuel at some 

future time, with an intermittent period of expanded use for 

LPG. Refocusing upon kerosene suggests th.e need to investigate 

the robustness of the LPG cost. if we consider cnlv the higher­

case assumption and assume that stove costs are double (500 

instead of 250 RS) , while other costs are left the same since 

they are more solidlv founded, we find that the supplies at 

the costs comil are.-cuite smal! in volume relative to the 

total coo'-inc-:ue Thev ac!,; to 40-50,000market. "erhaos 

households, in a market of 200,000 or more. 

V. CONCLUSIONS AND ?OLICY :-I T CT CNS 

The calculaticns nresented here are cartial ones ex­

cludinc some ccckino methcds, and conta__ =umber of uncer­

tanities pertaining to tec'hnical energy-value contents and 

to prices. Nevertheless, eare roust enouc.h t.o'e...t
 

some tentative conclusions.
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1. LPG, which is essentially disregarded in energy
 

policy discussion in Sri Lanka because of its .,ery small
 

volume, may have a very important role to play in easing the
 

fiiels problem in urban areas. its marginal efficiency costs
 

are probably lower in cooking than those of competing fuels
 

--wood and kerosene--especially so if market ori:ces of wood
 

understate the social opportunity cost. Though this is a
 

small contribution to the problem, so too is the cost of the
 

investment project in the Colombo Gas Works at about 50 million
 

RS, includina 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.
 

Even thouch this is a long-term possibility, its Prospects
 

might fruitfull. be investigated very soon, to take advantace 

of lower oriced coal contracts that may be arranged now before 

the surge of coal demand expected in a decade. 

This coal gasiication could oossib>v extend ze suoolies 

of urban cwsab 1 ithout too shar p a - rose -hegas D. 'n 

_marginal cos-s of t"-. .resent, frthe us__..ing an economic 

refurbisnment o the acino onieiine sys-em on Color-.o, which 

at oresent suf-ers 65 oerc...1.t a.o .s..ric losses. eimpor­

tance t-] medim-ter future_ ct zottled, -I o of L7G 

expansion in ts contex.t, is to orovi a.n initial demonstra­

tion to consumers, in te nature _f prc-aganda and education 

about the use of z-s for omesti: rookinc. In addition, it 

will orovide some d.namis to the LG suLP- v enter-rise, a 



helpful basis for later investment projects such as pipeline 

revitalization and coal-gasification. The potential contri­

bution of gas would then be far more significant, servicing 

60,000-70,000 customers via bottles and 40,000-50,000 with 

the 172 million revitalized pipeline system. This accounts 

for about half of the households in Colimbo's present popula­

tion.
 

2. In the event of a sharp increase in deforestation
 

problems and a conseqz.ent high efficiency cost of wood, pres­

sures upon an LPG switch over might lead to rising marginal 

cost of this product, resulting in a -eturn of kerosene as an 

economica' alternative. Thus, despite zhe apparent ineffici­

enc cf: kerosene use now, policy otions should be ke-ot open 

for a flexible refocusing upon its prcmction as a way to save 

upon scarce firewcod. This is made .... c"- morei 

tant by p kero.----- -_---a-reas, com­the.re=atr cotential of 

pared to LPG, because the former's distribuz-in costs are 

lower e:cluding the need f-r 'eavy mezal c-linders, Zu!us t.e 

existence of a ssc rral network for kerosene now used for 

lighting only. 

3. T.e f.arreater therm .a.... secd stoves 

(recall we have over-esoptcen fires) 

makes this oczion zozentially, important in ceartain ocDcrtunit 

cost circumstances, for axam- ,le, further dramatic , ric­

rises it suggests also that . !n mthe . .... rocess 

of charco= '-,- and use oc closed stces shou..c e inv.estaCated 

as vet another mode of cocking before.:nderta;nc any definitiv 

Po1icv I-i-.c- . .s t-his recard. 



.numberof important conclusions, in the cotext of 
- 77-energy--use -p'atterns--in -­ de've-loping countrie cn b rw 

freoi tht s eri case studv. The first and most-important 
choices among alternativeenergy sources 

will not only be determined by the financial costs of'each 

alterniative fuel delivered to the point of use and compared 

on a net heat content basis. Equally, or more important 

may be the auxiliary costs to the user of converting and . 

S... utilizing each type. These will be made up by the costs of 

labor, capital and land related to receiving, unloading, 

storage, handling, ease of control in use and potential riaks, 
SW ... .w s e m tr adso a !a d " ' 

waste material disposal and system maintenance. Reliability 

of supply and transportat on and uniformity of quality will 

also be important considerations. Habits and the avai.i.abilitv 

* :and reliability of experienced operators may significantly 

affect use,, particularly in situations in which the potential 

choice lies between a known, customarily-used energy material 

* and new alternatives of unknown characteristics where resistance 

to change may be formidable. Lack of knowledge and experience 

is perhaps one of the most formidable barriers to change in 

energy use patterns in developing countries. Only if all of 

t'.-.ese factors are systematically and carefully taken into con­

sideration will it be possible to bring about desirable changes. 

Another important issue raised in this paper is that market 

prices to users frequently do no,t reflect the true national 

economic costs of energy use, Appropriate shadow pricing is 

necessary to determine the difference, if any, and either changes 

in market prices or regulations affecting alternative choices 

i1I N­



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

tially available sources of supply; evaluate the economic oppor­

tunity costs of use of the latter; and attempt to bring about
 

desirable changes in future energy utilization patterns in all
 

sectors of the economy. Such prcmotional activities, however,
 

must take full account of the man' related technical, economic
 

and social-psychological factors that affect and influence
 

energy uses and fuel choices.
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CASE STUDY III
 

INDUSTRIAL INTER-FUEL SUBSTITUTION
 
ISSUES IN THAILAND
 



I. 	INTRODUCTION
 

The "energy crisis" is one of the most i.mportant developments on the
 

world scene today. The rapid rise in energy costs, especially oil prices,
 

has created 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
 

rates, and generally adverse effects on economic development. Therefore,
 

energy planning (ezIpecially 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 considerations such as: the Interrelation­

ships and substitution possibilities between different energy sources, the
 

difference between 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 financial and socio­

political considerations, and the coordinated use of policy tools (e.g.,
 

pricing-investment, physical-technical controls, public education-propaganda).
 

Furthermore, given the frequent over-emphasis on commercial fuels in energy
 

sector analysis, the important role of traditional fuels such as firewood should
 

2
 

be recognized.
 

This paper is a case study of energy use in the tobacco curing industry 

in Thailand, which illustrates the various elements in energy planning 

See: Mohan Munasinghe, "An integrated Framework for Energy Pricing in
 

Developing Countries," The Enerzv Joural, July 1980. 

2 See for example: Xohan Munasinghe and Colin J. Warren, "Rural Electrification, 

Energy Economics and National Policy in Developing Countries" Future Energv 
Concepts, Publ. No. 171, inst. of Electrical Engineers, London, 
January-Feb. 1979. pp. 414-417.
 



-222 ­

discussed above. Tobacco production and curing form a relatively small, but
 

nevertheless important part of Thailand's predominantly agricultural economy.
 

Over sixty percent of the output is regularly exported, and the domestic 

tobacco industry accounts for some 8% 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 people are working in 

the fields :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. EneLgy 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 diesel fuels.
 

Recently, a rather rapid switch-over has taken place from indigenous
 

fuels such as wood and lignite, z0 fuel and diesel oils, in spite of rising
 

prices for the latter. This conversion puts added strains on the unfavoracle
 

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 control
 

problems. From a national, cr public point-of-view, however, lignite coal, 

-available in ample quantities close to the tobacco producing areas, should 

-be-the preferred fuel. ---However, serious quality control problems recuiring 

the upgrading of raw lignite into btiquettes have to bL overcome first before 

lignite would be able to replace the h6w preferred fuels, petroleum products.
 

This paper discusses appropriate Eftergy pricing and investment policies which 

--could have a major effect on L-ubl thbies in the tobacco curing indust--y. 
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Ila. THE ENERGY SITUATION IN TPAILAIND 

Thailand's economy is growing rapidly. Between 1970 and 1977 the annual 

average real rate of growth of CDP wa. about 6.2%. Energy consumption 

between 1970 and 1977 w~s growing at an average annual rate of s6me 9.2% 

(see also table 1). Reflecting the rapid growth of the modern sector of the 

economy energy intensity per unit of GDP increased at high rates. Between
 

1960 and 1973, it rose at about 8% per year, or some 270% 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. In 1977
 

they accounted for 69% of all consumption, followed by 17% for woodfuels, 7%
 

for hydro, 5.8% for bagasse, and 1.6% for coal (see table 1).
 

National Enerzv Policv Issues
 

The most urgent policy issue confronting the government is the country's
 

overwhelming dependence on oil, all of which is imported (21% of total inputs, 

costing $1.1 billion in 1977). This makes it highly vulnerable 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 economic inequalities 

that threaten to de-stabilize the country's political structure and cohesiveness. 

But continued real economic growth depends on the availability and utilization 

of ever larger quantities of inanimate energy resources, requ'.ring energy/GDP
 

ratios significantly in excess of unity for the time being. 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.
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THAILAND, ESTIMATED ENERGY CONSUMPTION 1970-1977
 

ITEM 1970 1971 1972 1973 T 1974 1975 1976 1977 

TOTAL 
 77,122 90,269 100,145 111,131 113,491 119,732 
 133,851 142,581

100% 100% 100% 
 100% 100% 
 100% 100% 
 100%
 

Annual Rate of 
Growth, % 17.1 1(.9 11.1 2.1 5.5 11.8 6.5 

Petroleum Products 47,088 58,909 68,534 77,427 
 75,460 77,995 88,073 
 7,843
 
61.1% 65.3% 68.4% 69.7% 
 66.5% 65,1% 65.8% 68.6%
 

Hydroelectricity 5,210 5,976 
 5,596 6,067 7,754 
 10,571 11,281 10,235
 
6.8% 6.6% 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 8,372 8,303

3.5% 2.9% 3.1% 3.8% 
 4.9% 4.9% 6.3% 5.8% 

Coal 1,467 1,661 1,389 1,372 2,159 
 2,169 2,539 1 2,274
1.9% 1.8% 1.14% 1.2% 1.9% 1.8% 1.9% 1.6%
 

Paddy Husk 372 394 
 324 389 360 
 437 379 386
 
0.5% 0.4% 0.3% 0.4% 0.3% 0.4% 0.3% 0.3%
 

Fuelwood nnd Charcoal 20,286 20,732 21,219 '2 221;706 22,193 
 680 '23.207 23,735(FAO estimate) 26.3% 23.0% 21.2% 
 19.5% 19.6% 18.9% 17.3% 16.6%
 

nielwood and Charcoal2 
 981 982 767 750 575 567 625 
 577
 
(TIEA Statistics) 

Sources: National Energy Adm., Oil and Thailand, 1977. Bangkok,1978. The FAO Fuelwood and charcoal estimates were ba;ed on Food and Agricultiral Oroanization, Timber Trends Study, Thailand, Detailed Description of Surveys
and Result, Rome, 1972, table A5-2. 

1) Based on 3
pro-rated growth rates of FAO 1970 estimate of 50 tons and 1985 projection of 70 million m FAO. op.cit. 
2) As published by NEA.
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But while total energy use, as well as energy use relative to GDP
 

necessaz':iv will have to increase further to support modernization, mechaniza­

tion, and indistrialization, efforts can be made to shift energy consumption
 

from critical, imported resources, i.e., petroleum, to potential domestic
 

ones, such as natural gas, lignite, hydro, wood, charcoal, crop residues, and
 

possibly, solar. Such a shift is generally not possible for energy uses that
 

are needed to provide motive power. There are, as yet, no technically or­

economically suitable substitutes available for gasoline, diesel, and jet fuels
 

for powering mobile equipment such as trucks, cars, tractors or airplanes.-


Substitution possibilities therefore are largely limited to energy uses that
 

produce heat for activities such as processing, steam production, cooking,
 

drying, etc.
 

One major, expected shift will result from the development of newly
 

discovered offshore natural gas deposits in the Gulf of Thailand. Another will
 

come from the development of the Mae Moh lignite deposits. Both of these 

developments will largely affect the future use of fuel oil because all of the 

lignite,- / and over 90Z of the natural gas 3 / will be utilized for power
 

production. Other domestic resources such as undeveloped hydropower sites­

-/In1977, the transport sector accounted for some 44%, and agriculture for 
another 11% of total petroleum products cons=mtion. 

-/However, at .east one deposit near Li, in northern Thailand, containing
 
some 15 million tons, has heat rates high enough (6,200 Keal/Kg dry)
 
to be suitable for other uses such as tobacco dr.ing. In recent years, 
some 100,000 tons of coal were produced annually from this deposit, all
 
by open-pit mining methods. Most of the coal produced here is actually
 
used by the tobacco industry.
 

!/Potential industrial or residential natural gas markets outside the greater
 
Bangkok area are far too small to warrant the high costs of pipeline con­
struction.
 

-/Except foi several large, potential sites along the Mekong and Salawin rivers 
which cannot be developed at present for political reasons since the rivers 
form the borders between Thailand, Laos and Burma 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 welcome changes, demands for petroleum products, in physical terms, are
 

still expected to increase at between one to six percent per year between
 

1980 and 1990,- which is less than the projected 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 forei.gn 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 traded goods
 

valued-d-rectly in terms of foreign exchange converted at the official exchange
 

ralte 0i.e., for imports and exports measured at border (or international) prices.­

Fa._shzrdow pricing the inputs used in the comparison of fuel costs however,
 

-/This 
 range brackets several forecasts from official Thai and World Bank sources.
 

-/Based on the most recently available data (1977) - see Committee for Coordination 
of Investigations of the lower Mekong Basin, Calculation of Conversicn Factprs 
For Project ADpraisal, Bangkok, Sept. 1977. These shadow pr:ces are based 
on economic efficiency consideration only, and igncre income distributional 
considerations. 

/	This numeraire is based on the Little-Hirrlees, Squire-Vandertak methodology
 
of shadow pricing. For details: see for ex-ample L. Squire and H. Vander Tak,
 
Economic Analvsis of Projects, John Hopkins Press, Baltimore, 1975. The
 
traditionaiiv used snadow exchange race (based on a donescic priced numeraire)
 
is equal to the cffical exchange rate divided by the SCF.
 

http:forei.gn
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more specific conversion factors have to be used. Thus, using the same
 

numeraire the 1976/177 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 proportions of 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 international price of diesel was used directly since ic is already in
 

border prices.
 

While shadow prices. may be used to evaluate energy decisions from a
 

national perspective)private sector energy use decisions are being made on zhe
 

,
basis of market prJ-sz- convenience of use, reliabil~ty of supply; etc. The
 

same applies to energy users in the public sector unless they are under direct
 
I 

orderSto behave otherwise. Given the high real economic costs (or shadow 

costs) of petroleum imports which often exceed transaction prices, constant 

vigilance is needed to evaluate any substantial deviation of economic from 

market prices that may lead to inefficient energy use decisions fron, a national 

point of view. Corrective action, through changes in prices, taxes, or regulat­

tions must be taken when this occurs. The case of the Thai tobacco curing 

industry provides a useful example of such differences in social and private 

costs. 

Energy Pricing 

Energy prices for petroleum products, natural gas (presently under develop­

ment) and electricity are government controlled, the former through regulated 

prices, the latter because the power campanies are government ov ed. Only
 

locaily 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 increases.- However, while prior to 1973
 

petroleum 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 complctely eliminated. Estimates
 

for 1978 indicated that over 85% 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 oil oz kerosene compare favorably with those of other
 

energy resources except lignite, as can be seen from taole 2. Compared to
 

woodfuels for example, lowspeed diesel oil 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.$ U.S. / 106 kcal 

Fuelwood delivered 6.00/m-3 $14.79
 
Lowspeed diesel 0.13/ktr 14.14
 
Kerosene 0.14/itr 15.36
 
Lignite (fron Li) delivereda 12.50/ton 3.11 

Sources: ,'Xitional Energy Administration o- Thailand, and the tobacco industry. 

aAssumes a net heat rate of 4,000 kcal per kg of (moist) coal. 

The government makes no attempt to shadow-price the imported petroleum 

products and to adjust market prices accordingly.
 

[I. THE THAI TOBACCO INDUSTRY 

The Thai tobacco industry plays a small, but regionally important role in 

the economy of the countrvy. Tobacco growing is concentrated in the four norzher-n­

most provinces where soils and climate provide exceptionally favorable conditions. 

-/Except for a limited period of time following the 1973 upheaval.
 

!!Some 8% of total government revenue in 1972.
 



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 Japan. Demands have been particularly
 

strong in recent years becausc Thai tooaccos 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 agricultural land is devoted to tobacco growing, (see
 

table 3) the impact on national income, employment and export earnings are 
1/ 

much higher. During the tobacco growing season,- some 275,000 farmers and 

2/ 
farm workers find employment.- To this have to be added some 125,000 workers
 

during the four-months curing season. most of the tobacco is produced by
 

sma.ll-scale farming units of 2 hectares or less.
 

Tobacco exportc, PImost all of them consisting of cured tobacco leaves,
 

accounted for some 1.3% of total exports in recent years, while domestic tobacco
 

product manufacturing represented somewhat more than S% of the total value
 

added of the manufacturing sector.
 

Overall, then, in terms of value added, emploNyment creation, secondary
 

derived industrial activities and exports, the obacco industry plays a far
 

larger role relative to its use of agricultural land than any ocher agricultural
 

product. Only the limited availability of suitable soils and appropriate
 

climatic cvnditions prevent its further rapid expansion.
 

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 rice paddy
 

land after the end of the rice ha¢rest.
 

-/Equal to some 1.9% of the total agricultural labor force. This means that
 

the labor intensity of tobacco is about 5 1/2 times higher than those of
 

all crops conbined. 
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Tobacco Curinz
 

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 frame and brick-sided curing barns. The 

capacity of each of these barns is about four tons of fresh leaves, which reduce 

to between 300 and 500 kg when cured.
 

Quality differentials of fresh-picked tobacco leaves are pronounced. 
 This
 

can be 
seen from the prices paid to farmers which vary from US€3 (B/0.60) per
 

kg, the legal ainimum in 1978, to UScd4 (B2.70). The average price paid in 


amounted to US¢8 (2..60).
 

Each of the barns is equipped with two simple firing boxes which 
connect
 

to concrete-lined baffles and then 
to large diameter sheetmetal pipes inside the 

barns which serve as heat exchangers. The firing boxes can accept a wide range 

of combustible materials. 
 In recent years by far the most 
important were
 

firewood, charcoal, lignite and low-speed diesel or 
fuel oil. Firewood and
 

charcoal come 
from the surrounding mountain forests. 
However, available supplies
 

are quite insufficient tc 
supply the needs of the curing industry. The lignite
 

comas 
from a number of open Dit 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.
 

The major consideration in flue-curing of 
tobacco is temperature control.-/
 

Ideally, temperatures are not allowed to increase at 
rates of more than 1 or 2
 

degrees per hour, and maximum temperatures must be carefully controlled to
 

obtain a high quality producL. 
 The type of fuel used for the curing process
 

has a major effect on the ease or difficulty of control. 
For control purpo,;es,
 

I/Thai Leave Tobaccos", Thai Export Bulletin, No. 5. Bangkok, 1967, p. 16.
 

1978 



Planted 


Year Plaed
Hectares 


1974 46,000 


1975 47,000 


1976 48,000 


1977 47,000 


SOURCES: Bank of 

A-l local currency 

1. E 3
 

THE TOBACCO INDUSTRY IN THAILAND. SOME COMPARATIVE STATISTICS
 

Area Planted Total Valu I Value of

A A Of Tobacco Tobacco 


Percentage Yield Total And Tobacco Products
Of Total (Dried) Production Products As A % Of 

Agricultural KG/HA Tons Mill tons Total Value 

Land U.S. $ Of MFG Output 

0.35 804 37,000 190 8.0 


0.34 915 43,000 230 8.8 


0.34 833 n.a. 250 8.3 


0.34 766 n.a. 300 8.3 


Thailand, NESDB, Agricultural Statistics of Thailand 

data converted to U.S. $ at an exchange rate of "I.S. $1.00 = BAHT 20.0 

Total Value 

Of Tobacco 


Exports

Million U.S.$ 


22.3 


28.4 


35.0 


46.2 


Value of
 
Tobacco Exports
 

As A

Percentage Of 

Total Exports
 

0.9
 

1.3
 

1.2
 

1.3
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firewood and diesel or fuel oils are far superior to lignite.
 

Cured leaves are hand-sorted into some 26 different grades. Grades depend
 

in part on the original 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 meditnn size fibers and have
 

1
 
less than five percent injury. If temperatures during the cure are too low,
 

leaves will stay green; if they are too high, the leaves will turn bro-n and
 

crinkle. Either way, they lose value. Depending on grade, export prices
 

(in 1978) varied between US$0.50 to US$3.00 per kg (ZIO to 60); the average
 

pricq amounted to US$1.50.
 

According to industry sources, woodfuel provides the easiest temperatura 

control, followed by diesel or fuel oil. Lignite, although it- has been used 

2. 
extensively in recent years, is very hard to control and has a strong tendency
 

to overheat. This affects both quantity and quality. For :ood or oil-cured
 

tobacco, the fresh to dry leaves weight ratio is 7 - 8 to I; for lignite-cured 

tobacco it is on average 9 to 1, a weight loss of somie 15 to 20 percent 

compared to the former. Because the quality of the cured leaves are, on average, 

also lower, the value of the finished 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
 

1Thai Leave Tobaccos", Thai Exoort Bulletin, No. 
5. Bangkok, 1967, p. 16.
 

2Production at Li amounted to 
some 100,000 tons per year, of which perhaps
 
80,000 tons were used by the tobacco curing industry.
 



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 lignite 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. In 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. I
 

Lignite firing also requires more manpower. One man can supervise the
 

firing of 2 or, at the most, 3 lignite-fired kilns; with oil or diesel fuel,
 

he can supervise six.
 

The Economics of Li-_nite 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 areas with fast growing species for the production of fire­

wood or charcoal. Such schemes are under consideration, but wou2d require a
 

number of years for implementation and first harvest.
 

The only realistic fuel alternatives are either lignite or some hydro­

carbon fuel, because wood fuels are in increasingly short supply.-
/ Government
 

In economic terms, the increasing shortage of wood and forest depletion as
 

well as erosion problems resulting from overcutting imply significant external
 
the social cost of woodfuel
diseconomics associated with wood fuel use, i.e., 


use would be very high althouzh data is not available for quantifying this
 

value precisely. For an anal!sis of the physical dimensions of the problem
 

see FAO, Timber Trends Stud','. Thailand, Rome 1972.
 



officials in Bangkok expect the Tobacco industry to greatly expand the use of
 

lignite and predict a use of some 300,000 to 350,000 tons annually. Such a
 

quantity would be sufficient to cover the total energy requiremenLs of the
 

industry. Industry spokesmen believe otherwise, and they strongly resist
 

Govarnment pressure to sign long-term, expanded contracts for lignite supplies.
 

Instead they are rapidly converting their drying barns 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 barn per year amount to only US$450
 

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
 

1/
 
lignite by some $100 per barn per year.- 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$5,250, a difference of US$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 barns,
 

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.
 



results in favor of lignite. This, however, 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
 
2/

diesel instead of lignite.-­use
prevailing fuel market prices to 


This conclusion, of course, holds only within certain fuel price limits.
 

As import prices 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
 
3/


($39.75/b.) or 28/ltr. at the pump.-­
is competitive with diesel is 25/ltr., 


This translates into total fuel costs per barn per year of $2,800, a cost
 

sufficiently high to eliminate the original advantage of the diesel. Evaluated
 

in economic terms the import price for diesel would have to rise to about
 

¢23/ltr. ($36.98/bi.) until equivalence with lignite is reached. Hence, once
 

L/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 to foreign exchange.
 

2/
 
-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.
 

3/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 tc 	Force a switch to lignite,
 

use of diesel fuel.­
even though market Drices still would favor 

the 


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. This 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 sinilar reasons it appears that from a 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.
 

IV. SO E POLICY ALTERNATIVES
 

Other potential domestic fuel sources are wood or charcoal, crop residues 

or natural gas. Wood is eminentl; suitable, but in short supply within a 

reasonable radius determined by transportation costs. Its costs on a heat­

content basis already are as high as those for petrolem-based fuels (see 

2/ 
table 2). Some formerly forested land unsuitable for general agriculture7­

is available in the region for the establishmant of forest plantations. How-

S3/
 
ever, even fast-growing s-pecies- require at least six to eight years until 

1/This assumes, of course, that all other cost and prices remain constant.
 

If not the appropriate switching prices have to be recalculated.
 

of continuing population pressure on the land forest plantations
 

could probably not be protected and maintained on potential agricultural
 

land.
 

-/Because 


1/Such as Leucaena, which may produce as much as 35 cubic meters per hectare 

per year.
 



In any case, it appears unlikely that sufficient land
harvesting can begin. 


can be found to satisfy both the needs of the tobacco curing industry and
 

the competing and growing demands of households, commercial and other
 

enterprises.l/industrial 

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 be 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 difficaliy 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.2 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,
 

widely used by industry and households in lignite-rich countries.-­
and is 

were $3 to $4 a barrel,Once disdained as an inferior fuel when fuel oil prices 

-l/Some 98% of all rural households use e:'t.2r wood or charcoal as primary 

fuel. From: FAO, Timber Trends Study of Thailand, Rome, 1972.
 

'/As -in East and West Germany and Czechoslovakia, for example.
 

!/For example, some 20% of the lignite produced per year by the 

lignite mines in West Germany are converted intoRheinisch-Westa'lische 

briquettes for such uses.
 



at between $20 to $40 a barrel lignite 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 oil, 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, 1979.11 Its
 

design capacity 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$750,000 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 a 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. 

These somewhat sketchy cost estimates
2 / nevertheless indicate that lignite
 

/Derek industry of Synthetic Coal Co., Ltd. 

2 /The data on the Derek Industry plant are somewhat more reliable since they
 

were obtained when the plant was already under construction. The West German 

data are based on desk studies only, without detailed engineering site 

evaluations. 



TABLE 5
 

BRIQUETTE PRICES 
 PER TON THAT MAKES THEM COST EQUIVALENT 

TO DIESEL FUELS IN ECONOMIC TERMS I 

Delivered Diesel Quantity of Briquettes 
 Max. Allowable Economic Equivalent

Price2 Required, per Barn, Cost per Ton Delivered Market Price
 

Per Season 
 in Border Prices 
 with Shadow Coefficient
 

of 0.8033 
Tons $ $ 

$20/bl. 15 
 81.80 101.87
 

€12 .57/ltr. 20 
 61.35 
 76.40
 

25 
 49.08 
 61.12
 

$32/bi. - 15 131.20 
 163.39
 

C2 0.08/ltr. 20 
 98.40 122.54
 

25 
 78.72 
 98.03
 

1
 For underlying data see Table 4.
 

2
2Includes c3.25/ltr. (shadow-priced ¢ .57/ltr.) for dc:restic 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.
 

(Z 



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 main assumption underlying the analysis is that lignite
 

briquettes, benause of their uniform quality, would provide the same con­

trollability of barn temperature changes as do wood or petroleum fuels at 

present. Two diesel fuel 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 $32 per barrel, approximates the average 1979 world market 

price. Several ranges of potential lignite briquette requirements were used. 

At present, average raw lignite requirements per barn per season are 30 tons 

(see table 4). Howevei, lignite briquettes would have a higi-er heat raze per 

unit of weight, because they would be free from impurities, as well as dried, 

and have superior burning characteristics. On a comparative heat content 

basis, 10,000 liters of diesel fuel are equivalent to 15 tons of dried and 

clean lignite fro. the Li deposit.- / However, 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.- / Such data ara not available at present; hence, three ranges
 

of briquette requirements per barn per year have been shown: 15 tons, 20 tons
 

and 25 tons.
 

-/6,200 Keal/Kg dry. From: National Energy Admimistrrtin, Oil and TInailand
 

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 n-inner of stoking of the fireboxes, as well
 

as the shape of the fireboxes themselves.
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At diesel costb tf 
 /-bl, maximum 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 market prices. At
 
their lower bound-/ these equivalent market prices 
are lower than the quoted
 

market price of $70 
of Derek Industry. However, a larger briquetting plant 2/
 

is likely 
to be more efficient so 
thaC 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 lignite briquettes for 

tobacco curing.
 

Unfortunately, the issue is not 
quite so clear-cut when the 
analysis
 

is 
done strictly in financial terms, i.e. on 
the basis of market prices.
 

Clearly, the results of 
the financial, rather than the economic analysis,
 

will determine actual industry behavior, unless the government deliberately 

intervenes in the industry's decision process. 
 Table 6 repeats the analysis
 

of table 5 in financial terms. At prevailing 1978 diesel fuel prices,
 

maximum delivered briquette costs must be 
as low as $53/ton if as much as
 
25 tons per barn per areseason needed, or SS8/ton, if 15 tons are found to 
be sufficient. 
The lower limit is below the quoted price of $70/ton from
 

I/ At the 1978 diesel prices and with briquette requirements of 25 tons. 
2/ Of 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 PRICES /
 

QUANTITY OF BRIQUETTES MAXII.MUM ALLOWABLE 
DELIVERED REQUIRED, PER BARN, COSTS PER TON 
DIESEL PRICE PER SEASON DELIVERED 

TONS $ 

$21/bi. = 15 88.33
 

¢13.25/ltr. 20 
 66.25 

25 53.00 

$33/ bl. = 15 .138.40
 

c20.76/ltr. 
 20 103.80
 

25 83.04
 

l/Data based on tables 4 and 5.
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Derek Industries, the only existing briquette producer at present. At
 

average 1979 diesel fuel prices of $33/bl., however, the allowable briquette
 

price range is more attractive - from $83/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 term.s 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 technical assumptions about their
 

suitability can be proved, and provided that the needed investment capital 

and know-how for the production of qualitatively acceptable lignite briquettes 

can be found. 

With an estimated demand by the tobacco curing industr.' alone of between 

per year this would resLlt in a new industry120-200,000 tons of briquettes 

with a value of output of some $S to 14 million;1 / it would increase local
 

/ for other users of heatingemployment;- it would provide an opportunity 

supply, reducing pressure on dwindling suppliesenergy to tap a new source of 

of firewood and charcoal and, best of all, it would reduce dependence on 

or so per year.hydrocarbon imports by another US$14 to 16 rrillion 

of the lignite deposit at LiFor the Thai economy, this specific use 


for a period of over 30 years a locally ?roduced en.orgy
would mean that 


product would replace $14 to $16 million of hydro-carbon imports per year.
 

-/Based on the 1979 announced selling price of $70/ton of Derek Industry. 

2/In mining, processing and transport,,tion from the plant to the tobacco 

Additional employment of some 580,000 man-days would becuring sheds. 

created during the curing process from the greater nan-power requirements
 

of briquette compared to oil firing.
 



The present value equivalent of this switch-over would be between $122 and
 

$139 million, evaluated at an estimated 11% opportunity cost of capital for
 

Thailand. Considering that the foreign exchange costs of starting a
 

the needs of the tobacco curing industry is likely
briquetting plant to serve 


to $15 million range, this appears to be a worthwhile
to be in the $10 


investment, indeed.l-


V. CONCLUSIONS
 

A number of important conclusions with regard to energy use patterns in
 

The first,
developing countries can be drawn from this specific case study. 


that user choices among alternative energy sources
and most important one, is 


will *usually not only be determined by the financial costs of each alternative
 

Equally, or more important, may
fuel compared on a net heat content basis. 


be the auxiliary costs to the user of utilizing each one of them. These will
 

be made up by the costs rf labor, capital and land related to receiving,
 

unloading, storage, handling, ease of control in use and potential risks,
 

waste material disposal and system maintenance. Reliability of supply and
 

the quality of
transportation, uniformity of quality, and the effect on 


processed materials will be other imnortant considerations. Habits, and the
 

availability and reliability of experienced operators may significantly
 

affect use. Particularly in situations in which the potential choice lies
 

between a known, customarily-used energy material and new alternatives of
 

change may be formidable. Lack of
unknoun characteristics, resistance to 


of the most formidable barriers to
knowledge and experience is perhaps one 


change in energy use patterns, particularly in developing countries
 

case of the Thai tobacco
(although this was not a particular issue in the 


l/Based on the Derek industry capital costs. Proportional caital costs
 

for a highly automated, large-capacity plant as proposed by West German 

be in the $25 to $30 million range.sources would probably 



industry). Only if all of these factors are systematically and carefully
 

taken into consideration will it be possible to bring about desirable changes.
 

Another 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 the difference, if any, and either changes in market prices or
 

regulations affecting alternative fuel choices should be used to bring about
 

a more realistic choice pattern reflecting real economic costs.
 

For governments, the fact of the 'rapidly rising, relative costs of 

petrole,m products should act as a strong stimulant to establish energy-use 

oriented evaluation and development task forces that systematically analyze 

existing and projected future energy use patterns for major specific activities,
 

and relate them to existing or potentially 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 energy utilization patterns in industry., commercial activities and house­

holds. In the majority of cases, this will not call for the introduction cf 

new, exotic and unproven energy use or conservation technologies, but sipr.ly 

in the rearrangement and proper utilization of already existing ones. 


