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| keep six honest serving nen

(They taught nme all | knew);

Their nanmes are What and Wiy and Wen
And How and Where and Who

-- Kipling
1. VWHAT is | RP?
IRP is an approach to energy planning. It is based on
the view that what human beings want -- as individuals and as
societies -- is not energy per se but the services that energy

provi des. Devel opment requires, therefore, an increasing

| evel of energy services to satisfy basic needs nore fully, to
i mprove the quality of life, to increase production and to
advance devel opment. Thus, the | evel of energy services nust
be taken as the measure of devel opnent, rather than the

magni tude of energy consunption and supply.

The | evel of energy services can be inproved by

i ncreasing energy consunption -- this requires an increase of
energy supplies and/or by increasing the efficiency with which
end-use devices utilize energy -- this requires efficiency

i nprovenents®. Further, an increase of energy supplies can be
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achi eved either by centralized generation (from conventi onal
sources) or from decentralized generation from non-
conventional sources. The additional constraint that the
sources should be environmentally sound | eads to the
restriction that the centralized sources should be "cl ean"
(clean coal, natural gas, hydro) and that the decentralized
sources shoul d be renewabl e (bi omass bi ogas and producer gas),
wi nd, small hydel and solar).

Such an abundance of possibilities inplies that a central
task is to arrive at a mx of sources to increase energy
services that satisfies an objective. |Integrated Resource
Pl anning is an energy planning approach to identify the m x of
"clean" centralized, decentralized renewabl es and efficiency
i nprovenents that will neet the demand for increasing energy
services for instance at |east cost or |east environnental

i mpact .
2. VHY is | RP essential ?

The electricity systens of nost devel oping countries are
trapped in several crises if by the word crisis is neant a
situation that does not permt continuation of old patterns of
behaviour. In particular, there are four crises: the capita
crisis, the performance crisis, the access crisis and the
environnental crisis.

The performance crisis is characterized by the serious
deterioration in the technical and financial performnce of
the electricity utilities. The access or equity crisis arises
because the electricity systemwas (and is) expanded in the
nane of the people but a significant fraction of the
popul ati on does not benefit directly fromelectricity because
It has no access to it. The environnental crisis is based on
the fact that al nbst every conventional electricity generation
project -- whether coal -based, oil-based, nuclear or hydro --
has maj or environnental inpacts due to which they are often
under public attack on environnmental grounds.

The essence of the capital crisis of the electricity
systens is that their financial requirenents are several tines
nore than what can be provided by its traditional supplier of
capital, nanely, the governnents.

In quantitative terns, the investnent |, required in any
particular year t for expansion of installed capacity, can be
estimated with the follow ng formula*

I(t) = E(t-1) x a x g(GP) x UCOP = E(t-1) x g(CAP) x UCOP
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where E(t-1) is the installed capacity (in MN at the

begi nni ng of the base year, g(GDP), the growth rate of the
GDP, g(CAP) the growth rate of installed electrical capacity,
a = g(CAP)/g(CDP), the ratio of the growh rates of installed
el ectrical capacity and GDP, and UCOP, the unit cost of
installed capacity in US $/ MV

If E(t-1) the installed capacity (in MN at the start of
the base year, as well as a and UCOP, are taken as given, one

is left with I, the investnent required for expansion of
installed capacity and with g(GDP), the growth rate of the
GDP. If it is not acceptable to | ower the econom c growth

rate below a certain mninmumval ue of g(GDP), then a certain
m ni mum i nvestment | has to be ensured to sustain this growth
rate.

In theory, there are five sources for this investnent, I:
funding fromthe central governnent® fromthe Indian
electricity sector (consisting mainly of the utilities, but
al so including the corporations concerned with electricity
generation and el ectrical plant manufacturer if they exist in
the country), fromthe national private sector; fromthe
mul til ateral banks such as the World Bank and the Asian
Devel opment Bank; and fromthe foreign private sector.

The typical situation is that the government has reached
its limt as far as funding was concerned. Funding
possibilities fromthe electricity sector are al nost zero
because it has virtually no surpluses to nake avail able for
investment. The national capital market does not have
adequate spare funds to make a significant contribution from
the Indian private sector. The Wrld Bank highlighted in 1989
an "unbridgeabl e gap"” between capital demand and supply at the
| evel of the whol e developing world. The Bank stated that the
requests fromthe electricity systenms of devel oping countries
added up to $100 billion per year in response to which only
about $20 billion was available fromthe Wrld Bank and ot her
mul tilateral sources, |eaving a gap of about $80 billion. In
ot her words, there is no hope of getting funding fromthe
mul til ateral banks such as the World Bank and the Asian
Devel opnment Bank. In this capital crisis, Option #1 -- the
soft option preferred by governnents -- is the nendicant's
approach of begging for funds fromthe foreign private sector
to fill the gap between the annual investnment required and the
maxi mum fundi ng that could be provided by the central
gover nnment .

The hard option #2 arises fromtaking as given both E(t-
1), the installed capacity (in M at the start of the base
year, as well as a and UCOP. If, in addition, there is a
decision to tighten one's belt and manage wi thin one's neans,
then | gets fixed at what can be raised internally, and one

® cCentral and state governments in a federal set -up.



has to accept whatever economc growth rate comes out of the
analysis. The problemis that this growh rate may turn out
to be unacceptably |low, say 2 per cent, i.e., less than the

popul ation growh rate -- in which case this option based on
the reduced-growt h-rate approach i s unacceptabl e.

The I ntegrated Resource Planning approach is Option #3.
It takes both E(t-1) as well as a mninmumgrowh rate g(GDP)
as given, and explores the possibility of |lowering the annua
i nvestment required by decreasing the product (a x UCCP).



Decrease of the product (a x UCOP) can be achi eved by
decreasing a, the ratio of the growh rates of installed
capacity and GDP and/or by decreasing UCOP, the unit cost of
installed capacity in Rs crore/ MN The factor a which is
conventional ly taken between 1.5 to 2.0 can be reduced to nuch
| ower val ues through efficiency inprovements® i.e., through
getting a greater CDP bang for a | ower energy buck. [China
has reduced its energy intensity fromaround 1.4 in 1978 to
around 0.8 in 1993.] UCOP can al so be | owered by reducing the
cost of conventional generation through efficiency
i nprovenents and the cost of transmission by reducing T & D
| osses and/or by generating at the consunption sites through
non- conventi onal decentralized technol ogies (for exanple by
co-generating electricity in bagasse boilers in sugar
factories, or by decentralized electricity generation in
vill ages from bi ogas- or producer-gas). Thus, apart fromthe
i mprovenent of end-use efficiencies, the efficient production
and transm ssion of conventional energy and the harnessing of
non- conventi onal decentralized sources of energy can al so
reduce the financial requirenments of the power sector.

At the same time, the exploitation of decentralized
renewabl es and efficiency inprovenents are crucial ways of
reduci ng negative environnental inpacts. It is this concern
for achieving environnmental soundness that has been one of the
mai n notivations for Integrated Resource Pl anning.

Thus, Integrated Resource Planning is a powerful tool for
tackling the capital and environnental crises.

3. VWHO shoul d do | RP?

Thus far, IRP is mainly pursued in USA -- but not in
Eur ope and Japan -- where regul atory conm ssions have nmade | RP
mandatory in 40 out of 50 states. Also, in the USA IRP is
pursued only for electricity; it is not discussed for oi
product prices.

In the USA, IRP is done primarily by the utilities, but
there is nothing that restricts the central or provincial
governnments of a devel oping country (through the finance and
energy mnistries) fromcarrying out such exercises. There
are, however, concerns over |RP being done by governnents.
Since in the USA, IRP is often done under the mandate of the
regul atory conm ssions, there is a viewin sone quarters that
I RP necessarily neans a command and control econony.

® The term "effici ency inprovements" is used here in the general sense

to include using |ess energy for a given energy service in the
same type of device, but also inter-fuel substitution and
structural changes in GDP.



But, this not be the case at all. |If the governnents
carry out | RP exercises and have a reasonabl e idea of what
woul d be a rational mx of "clean" centralized, decentralized
renewabl es and efficiency inprovenents to neet the demand for
i ncreasi ng energy services, such an idea can then becone the
basis of prescribing the rules of the gane for the market and
ensuring that there is a level playing field for candidate
technol ogies to find a place in the mx. Governnent
intervention is involved but not necessarily with counter-
productive incentives or price controls as a pre-requisite for
| RP i npl emrent ati on.

In addition, the mx suggests the directions for research
and devel opnment support. The bias in research and devel opnent
agai nst some of the nost prom sing renewabl e technol ogi es and
efficiency inprovenents that characterized the past need not
be perpetuated. The governnent therefore has to play an
enabling role for the market to be fully effective since
prices alone cannot get it right. This nmeans that the market
for energy technol ogies and I RP nust conpl ement each ot her.

4. VWHERE shoul d | RP be done?

It has been suggested that apart fromutilities, the

governnments of devel oping countries -- of not only market but
al so central ly planned economes -- would benefit fromIRP
exercises at the central, provincial and city levels. In

fact, the nost inportant challenges are to devise policy so
that the plans of utilities and governnments are harnoni zed.

In fact, IRP can be done at the firmor farmlevel and in this
case too governnental policy fornmulation can attenpt to bring
about win-win situations so that what is in the interests of
the firmor farmis also in the interests of the governnent,
or at least that what is in the interests of the governnent is
also in the interests of the firmor farm

5. HOW shoul d | RP be done?
A step-w se approach to I RP woul d consi st of

(1) defining the objectives of the entity doing the IRP
for instance, in the case of a national governnent,
t he obj ective may be sustai nabl e devel opnent
consi sting of (a) economc efficiency, (b)
sati sfaction of basic human needs starting fromthe
needs of the needi est by w dening access to energy
services and increasing their level, (c)
strengt hening of self-reliance and the enpower ment
of settlenents, and (d) harnony with the
envi ronnent ;

(2) constructing demand scenari os incorporating the
objectives defined in the above step;



(3) listing of all the options of providing the energy
services making sure that the options are not
restricted only to centralized supply options but
al so include saving options as well as decentralized
supply options;

(4) costing all the options on a commopn basis, ensuring
t hat environmental costs (pollution controls,
em ssion fees, etc.) are included in the costing,
i.e., externalities are internalized’;

(5) estimating the potential contribution of each of
these options of saving and generation to a supply
m X;

(6) ranking the options according to increasing cost;

(7) and counting the cheapest option of the first
el ement of the supply m x, then the next nore
expensi ve option, ..... , and so on until the energy
requirenents are net, in which case the resulting
cost-supply staircase yields a | east-cost mx that
is the basis of the IRP

In fact, the DEFENDUS net hodol ogy provides a sinple
nmet hod of estimating energy demand and desi gni ng energy supply
so that the planner has conplete control over the entire
conmputation. The planner can evolve a nethod that can be
tailor-made for the particul ar case under consideration. The
use of spreadsheet packages enhances the power of the planners
because they can nake alterations w thout being dependent on
t he source-codes of the programmers. Auditing of the
conmputation is easy because the progress of the cal cul ation
can be checked manually with a calculator. Al so, the steps
foll owed are "transparent” enough to be easily understood and
amenabl e to easy nodification by another planner. And those
who wish to replicate conputations can use the first
conputation as a nodel and/or "default case" and therefore
avoid "re-inventing the wheel".

Though the nethodol ogy was initially devel oped for
el ectricity, it has been shown to be anenable for use for

ot her energy sources/carriers. It is also possible to go from
scenarios for a single source/carrier to scenarios for a
nunber of sources/carriers, i.e., fromsource/carrier planning

to energy planning. The nmethodol ogy also permits an estimate
of the environnental inpacts and the macroecononic
i mplications of the DEFENDUS scenari 0s.

" I'n much of the IRP that is done today, these environmental costs are

excl uded.



6. VHEN shoul d | RP be done?

To avoid "closing the stable after the horse is stol en”,
| RP shoul d obviously be carried out as part of energy pl anning
before the energy investnents are made and the policies to
gui de or induce such investnents are fornulated. |In any case,
such a prior exercise before the inplenmentation of energy
plans wll quantify the problens of demand and supply and
provi de bench-marks for expenditures fromthe total cost of
the least-cost IRP. It will also screen technol ogi es of
saving and generation to highlight ones that are outside the
| east-cost range.

7. | RP and Denmand- Si de Managenent ( DSM

In view of the enphasis being devoted to DSM f or
devel opi ng countries by many industrialized countries and non-
governmental organi zations in those countries, it is inportant
to clarify sone differences in the scope and thrust of IRP
with respect to DSM

Firstly, whereas a | east-cost plan froman | RP exercise
invariably includes cost-effective DSM neasures, all DSM
nmeasures need not necessarily be a part of the outconme of IRP

Often, DSM progranmes do not conpare the costs of DSM
measures with generation options; thus, they argue for them
irrespective of their relative cost-effectiveness.

Secondly, I RP assunmes an attitude of humlity: "W do
not know whi ch technol ogi es of saving and generation will be
part of the |east-cost mx; |let us discover these technol ogies
which formpart of the mix!". In contrast, DSM stri kes a nore
confident note: "W know whi ch DSM neasures are cost-
effective; let us inplenment them"

The distinction is partly because in I RP the cost
conmparison is with other constituent of the m x including
generation options. DSM programmes tend to conpare costs with
a particular generation option.

Finally, IRP involves both supply-side managenent (SSM
and demand-si de managenent (DSM, but not a blind addition of
these two crucial approaches. An essential characteristic of
IRP is an integration of SSM and DSM by satisfying an
obj ecti ve such as | east cost.
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