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EXECUTIVE SUMMARY
————————
The power generation capacity in India has increased from 1,712 MW in 1950
to over 42,000 MW in 1986, representing a growth rate of about 9 percent per
year. Inspite of this significant growth of capacity,} increase in consumption,
population growth, agricultural expansion, and industrial growth‘ have caused

the demand for electricity exceed the generation capacity As of 1986, the
country is facmg a power shortage of over 10 percent of demand while some»
provinces, such as Kanataka and Haryana, are exper1enc1ng def1c1ts of 15 -

40 percent.

Because of the existing soclo-economlc prror1t1es 1n Ind1a, a large share of
this power deficit is borne by the 1ndustr1a1 sector. Durmg supply shortages,
the agr1cultura1 sector will have prlorlty over the mdustrral sector.
Therefore, the power cuts to the industry reaches, at times, 80 percent of
their need. The economic loss due to these power cuts are tremendous A
FICCI study', for example, est1mates that a 10 percent power shortage in “he
industrial sector can cause an annual ‘production loss of Rs. 7 000 crores ($6
b1lhon) And in fact these cuts have already affected the Indlan economy It
is estlmated for example, that power shortages in recent years have reduced
the annual growth rate of the Indian economy by 1-3 percent thus brmgmg

4 down the ‘annual growth rate to 3.5 percent.

As quoted in K.P. Srinivasa Setty, r. Natarajan, "Indxa s Power Scenarro - A L
» »Case for Captive Power Generation", National Semmar on Captwe Power Generatron.»
March 1986. S ‘
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EXECUTIVE SUMMARY 2
—_——____
Finanéing power sector expansion in the country has become a major burden
on the government. In the Seventh Plan (1985-1990), for example, power
activities absorb over 20 percent of total development budget, equivalent to
over 60 percent of the total energy sector budget. Inspite of this level of
budget allocatior‘l, the supply is further falling behind the demand. For
example, the projected demand for electricity during the 7th Plan is for about
30,000 MW of additional capacity, while because of the shortagz of financial
resources, only 22,000 MW of new capacity will be added. There is already
a short fall of 5,000 MW from the 6th Plan, which in addition to the 7th
Plan’s anticipated shortage of 8,000 MW adding up to a staggering 13,000 MW

shortage, would cause endugh dent in the industrial growth rate.

The financial status of State Electricity Boards (SEBs), also, does not allow
for any major expansion efforts on their part. Currently, SEBs are losing
over $1 billion per year. In addition various technical and managerial
inefficiencies have reduced the effectiveness of SEBs in providing power to

states.

In light of the financial difficulties of the government and state electricity
boards in expanding the country’s generation capacity, one answer to the
current power problem that immediately comes to mind is to look outside the
existing power sector for help. There are many power generation
opportunities that can be most efficiently developed by non-utility entities.

For example, industries with substantial steam de‘rn.énd can install cogerieration
systems and supply their power needs along with fﬁeir steam needs. Some
industries may have access to low cost fuels, such as rice husks, bagasses,

and low grade petroleum, which could be efficiently ixsed on site to generate

Hagler, Bailly & Company



EXECUTIVE SUMMARY 3.
\
power. Remotie small hydroelectric schemes is another example of power
generation opportunities which fall outside the traditional structure of utility
operation, and can be efficiently developed by local communities reduc. 1g the
need for transmission network expansion. In addition, non-utility entities, in
particular the private sector, can get involved in development of large scale
power plants to reduce the financial burden on the government and the electric

utilities.

If such activities are expanded and large non-utility power generation capacity
is brought on line, the financial and technical pressure on existing power
utilities would be reduced, and the quality of power supply in the country

would improve,

STUDY OBJECTIVES
In light of the above background, the objec.tives of this study are:

(1) Preliminary identification of the technical, economic, and financial
potential for non-utility power generation with emphasis on industrial
cogeneration and renewable and indigenous energy resources in two states of

Gujarat and Maharashtra.

(2) Identification of the technical, economic, financial, and constitutional
impediments to the development of non-utility power ‘g'eneration in Gujarat and

Maharashtra.

(3) Development of recommendations and an action plan for addressing the

impediments to non-utility power generation.

Hagler, Bailly & Company



EXECUTIVE SUMMARY 4

The analysis was carried out in India by a team of consultants of Hagler,
Bailly & Company during July 26 - August 23, 1986. The team was assisted
by the staff of the National Productivity Council (NPC) in India. The scope’
of work for this study is presented in Appendix A.

To realize these objectives, the study team collected data m Ind1a through a
review of the literature and interviews with key representatwes of the ,
government, industry, electric utilities, financial institutions: and, researchl
organization in New Delhi, as well as. the two etates of Gujarat and o |
Maharashtra. The list of interviews performed during this étudy is ﬁresehted
in Appendix B.

STUDY FINDINGS

The study fmdmgs are organized in three categorles' potent1a1 current

environment and major issues.

Potential

The preliminary analyses conducted in this study reveal that the f1nanc1ally
attractive non-utility power generation potential in GUJarat and Maharashtra
over the next 10 years is about 3,000 MW. By fmancmlly attractlve potentxal
we refer to the amount of generation capacity that can. be developed that will
result in lower electricity costs than that supplied by the existing state

electricity boards and electric utilities in Gujarat and Maharashtra.

About 2,300 MW of this potential is from industrial cogeneration (see Exhibit

1). The industries with highest potential are fertilizer, basic chemicals,

Hagler, Bailly & Company
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Exhibit 1

Electricity Generation Co.t..\and Potential for Non-—utility Power
Options (1986-1996) -

Economic : s Fihanzcial '
Generation o Generation ‘
Costs Potential " Costs Potential '

Technology - _(Ps/kWh) . __ (MW) (Ps/kWh) Mw)

A. Small Scale

Cogeneration , L
Industrial Topping Systeme - Under 85 -1;300 - Inder 130 2,280
Industrial Bottoming Systems 55-77 - 70-120 . - . .50
Commercial Systems'!) Under 80 230 nder 1.60 | .30

Power Only R
Sugar Cane Residue-Fired i
Systems - 40-49 -425
Other Agrowaste-Fired
Systems 40f-f49, .neg
Coal Fired Systems 60599 j.l’f(z fj"
Gas Fired Systems ' 78 117' ' (»2)4':'5
Municipal Waste-Fired ' T
Systems (! , 148 , =
Hydroelectric Systems  N.AL '
Dendrothermal Systems ' N

B. Large Scale

Coal-Fired Systems 76 103;"’ @ 95-145 @
Dxesel Generators oo .88 @ 93-94. . L)

. ” Analysis Was f&o"riei only yfor Bo‘rﬁb}qy.ﬁ

f2) The potentxal is not’ meamngful since there 1s no. resource” imitations fc',,'-'_l::,{hégé; A
svstems : e e RO A

_Source:  Hagler, Bailly. &Company



EXECUTIVE SUMMARY - 5
refineries and pharmaceuticals. About one,third of the cogeneration potential
lies in the existing plants (retrofit or «replacement of existing steam
generating equipment). Almost all this potential comes from topping cycle
cogeneration systems where steam 1s used first for power generation and
then for industrial processes.v The potential for bottommg cogeneration 1s
estimated at only 50 MW in refineries, and fertilizer and petrochemical

plants,

The study also looked mto the cogeneration potential m commercial buildmgs
in Bombay It found that cogeneration systems are only suitable for large
hotels and hospitals, thh a continuous demand for hot water for domestic
needs and steam for air conditioning. However, only applications m large
hotels were found to be financially attractive. In Bombay alone the estimated
potential éor commercial cogeneration in large hotels over the next 10 years
is estimated at about 50 MW.

- The potential for power generation from bagasse and cane remdue over the
next ten years is estimated at about 425 MW - 75 MW m GuJarat and 350'
MW in Maharashtra This resource represents the least expensive power
option among those studied in this report. The potential from other
agrowastes is very limited. In Maharashtra, rice husks, groundnut shells, |
sawdust and other agrowastes are. already being fully uscd and no excess is
available for power generation In Gujarat, 30 MW are bemg generated from
"these resources. Power can be generated from these -resources during the
dry season, November to April Wh.lCh is the period of peak agricultural

’elec_tricity demand and mimmum hydroelectric power availability. Therefore,

Hagler, Bailly & Company



EXECUTIVE SUMMARY 6
“
their development could reduce the peak generation expansion requirements of

utilities,

Power generation options from domestic fossil fuels, i.e., natural gas and
coal, are estimated to be only marginally competitive with power from
utilities. The cost of power from small-scale (under 50 MW) coal-fired
systems, in particular, is expected to be considerably higher than thg utilities’
generation cost. Natural gas-fired systems, however, could generate power at
financially attractive rates in sizes over 20 MW if gas is made available to
non-utility generators at concessionary rates. The actual size of the potential
for these options would depend on the government’s policy on the supply and

price of fossil fuels for power generation.

Dendrothermal and other renewable power systems do not represent any

considerable generation potential.

Finally, large scale conventional power systems fueled by domestic fossil
fuels, e.g. coal and fuel oil, are found to have generation costs compgtitive
with those uf the electric utilities. The financial cost of electricity from
large coal-fired plants is estimated at 95 to 145 Ps./kWh, and that of
electricity from slow-speed diesel generators running on fuel oil at 93
Ps./kWh (compared to the cost of electricity from the utilities at 120
Ps./kWh). At these costs, large scale power plants developed by the private

sector would represent a viable solution to power shortages in the country.

Current Environment

The study team found that there are basic differences in the current power

sector structure and power supply environment in Gujarat and Maharashtra,

Hagler, Bailly & Company

Y



" EXECUTIVE SUMMARY , 7

which to a large extent determine the development of non-utility power options

in these states. In Gujarat, a severe power shortage causes the utilities to
commonly cut the power supplied to 1ndustry by 10 to 40 percent Wlth even
hlgher cuts durlng the dry season and peak agrlcultural demand As a result
mdustry is exper1enc1ng high productlon losses and is very w1111ng to explore
~and develop alternative power supply optlons, as 1nd1cated by the fast pace at
which they are installing captive power umts In addltlon, the Gu1arat -
Electr1c1ty Board (GEB) has shown extreme mterest in encouragmg such
options. GEB is purchasing power from a number of industries with excess
power at prices equivalent to the 1ndustr1es generation costs. GEB is also
purchasing power from a wmd farm at pr1ces even higher than its own
avolded costs, to verify the feas1b111ty of renewable power sources and to

encourage the future development of such resources.

In Mahrashtra, on the other hand the power shortage 1s only margmal w1th

roughly 10 percent cut to some 1ndustr1es durmg the dry season OtherW1se, ‘

the power supply is very reliable and steady Industry 1s 1nstallmg some
captive power units, but as the supply situation in the past 3 years has
v1mproved and is expected to contmue improving at least for the next four
years, the momentum for 'self-generation or capt1ve power generatlon has
;-‘slowed down. The Maharashtra State Electricity Board (MSEB) and the
‘Ilpr1vate ut111t1es 1n the state are less enthusiastic about non-ut111ty power _
f’;optlons than the1r Gu1arat counterparts. ' For example, parallel operatlon wﬂh
:',»the gr1d 1s not allowed in Maharashtra and only a few exceptions have been
»;:made.‘ In addltlon, the Maharashtra utilities tend to beheve that non—ut111ty
}fpower, even from cogenex ation systems, will not be able to compete w1th

:power supplled by the grld in rehablhty and cost. Flnally, in large urban

Hagler, Bailly & Company
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EXECUTIVE SUMMARY - 8
areas, especially in Bombay and Pune, due to' government efforts to reduce
population growth and air pollution, industrial expansion has been very limited.

As a result, utilities are faced with a Avery slowly growing industrial power

demand. Since industries to a large extent subs1dlze the low electricity tarlff_

to res1dent1al and agrlcultural customers. the Utllltles m Maharashtra, in

general, are very concerned about the 1mpact on the1r fmanclal status of

losing their. large industrial customers. Th1s to a large extent has contr1buted

to the ut111t1es lack of enthusmsm for non-utlllty power generatlon

Gujarat and Maharashtra are very s1m11ar m terms of the structure of “
electr1cxty tariffs and the cost of power to large and medmm 1ndustr1es.
which happens to be among highest in the country (over 120 Ps /kWh) ‘
addition, the long run marginal electricity generatlon cost of utilities in"
Gujarat and Maharashtra is very similar and close to 80 Ps./kWh (thxs does
not include the transmission and distribution costs which could ra1se the

marginal cost of electricity supply to over 100 Ps /kWh)

Major Issues

The major 1mped1ments to non-utlllty power generation development m Gujarat
and Maharashtra can be d1V1ded mto three categorles techmcal

economlc/ fmancml and mstltutlonal

‘Tecohnical_zlssues N

In general mformatlon on. power generatlon equlpment ”erformance and costs |

Aamong non-utlllty enuues 1s scarce. Thxs applle‘ ‘”m partlcular to

'requlrements for 1nterconnect1ng to the gr1d In addmon, some 1nd'1str1es

Hagler, Bailly & Company
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EXECUTIVE SUMMARY 9
have eXperienced difficulties in operating their generation systems in parallel
to the grid. The industrial representatives indicated that their staff need

training .on operating power equipment and interconnection procedures.

Perspectlve power generators in general have a perceptlon that the domestlc
power equlpment and systems that are avallable are of poor quahty Th1s
has had an adverse impact on the1r des1re to 1nstall power generatlon
equipment. In addition, for some power options, the necessary equlpment |
cannot be found in India, .affecting the prospects for developmg such optlons,
e.g. small efficient steam turbines for power generation in the sugar

industry,
Economic/Financial Issues

The government has traditionally dominated power sector act1v1t1es in Ind1a,
and all non-government power activities are hlghly reg'ulated Therefore, the
private sector is very apprehensive about entermg 1nto such act1V1t1es.
Spec1f1cally, the private sector is concerned about the allowable rate of
return on power projects, which is determined by the government and is
currently at 2 percent over the interest rate. At such rates, the prlvate |
sector would find investments in nonpower projects more attractlve ‘than those
in power projects. In addition, there is an exclse tax on: power generated

even when generated for self-consumption.

Non-utility power producers are also concerned about the price ut1ht1es or
- state electricity boards (SEBs) would pay for the1r power wh11e cogenerators
are concerned about the rate utilities would' charge for provrdlng_ backup

power. No policies currently set the price of such transactions. Finally,

- Hagler, Bailly & Company



EXECUTIVE SUMMARY 10

“

non-utility power generators, in general, and the private sector in particular
are concerned about financing power projects. Most power projects are
capital intensive and current government policies require a debt-to-equity ratio
of 2:1 or less. The private sector would like to see a less restrictive policy
on investments in power projects. In addltlon, the private sector would like
to see more liberal policies on access to foreign exchange for power

proJects Fmally, the private sector wants the government banks:-t": remove

or reduce the markups on supplier’s cred1t to make 1nvestment 1n power

projects more attractive,
Institutional Issues

The major institutional issues that concern non-utility power g'eneratorsif’are': .

° Fuel availability and prices. The government sets the prlor1t1es

for fuel supply and prices in Indla. It 1s not clear, at present 1f
independent generators will have access to fuel or not, and 1f they |

will at what price.

° Import licenses and duties. The: current government pohcy is. not
clear on conditions under which the importation of power generatlon
equ1pment will be allowed. Furthermore, there is uncertamty W1th
regard to the amount of duty charged on 1mported power equ1pment
Under current regulations, 1mport duty rates could be between 20

percent and 105 percent.

@ Sale of power to SEBs. Although various government
representatives have implicitly‘ emphasized the need for private

sector power generation, there are no explicit policies setting the

Hagler, Bailly & Company =



EXECUTIVE SUMMARY o

terms of interaction between existing electric utilities and |
independent powerv. generators. The issues of main concern are the
: purchase price - the price utilities would pay. for non-utility

power -~ and the requirements for 1nterconnection With the grid

The ex1sting policy (of not requiring a perm1t from CEA for plants smaller 5
than 25 MW) has proven to be 1neffect1ve s1nce the generators need to obtain
licenses for 1mport1ng equipment, for obtaimng their fuel supply, and for

financmg the project. This process is known to be very time consuming and

discouraging
RECOMMENDATIONS

Based on the findings of th1s study, in order to 1ncrease the partlcipation of

non-utility entities in power generation in India, in “general, and 1n GuJarat and

Maharashtra, in partlcular, the followmg measures are recommended

1. The govermnent should defme and publicize a clear policy on non-
ut111ty power generation, covering cogeneration and power-only

»systems. Th.lS pollcy should

(1) Allow 1ndependent generators to operate m“parallel vw'th -and

sell electriclty to the grid In particular, standard ormat'

should exphcitly define the techmcal requlrements for

vinterconnection.

" (11) Define the terms of interaction between SEBs ‘and non-utility

_ generators. T‘iese terms should spell out the technical

Hagler, Bailly & Company
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EXECUTIVE SUMMARY : 12.
\
requirements for interconnection and parallel operation, the

purchase price, and the cost of back-up power.

(iii) Define a straightforward procedure for licensing independent
generation systems. This procedure should cover obtaining
construction and operation permits, impdrt licenses,

financing, and fuel supply.
In defining this policy, the government should take into account;

(i) The impact of power shortages on the economic growth and

prosperity, especially in the industrial sector

(ii) The inability of SEBs to satisfy the growing demand for

electricity

(iii) The positive impact of some non-utility power options on in-

creasing fuel use efficiency and the reliance on domestic fuels,

(2) An important issue for non-utility power generators is the purchase
price utilities pay for power. The government should establish
guidelines on defxmng this price. A price pohcy based on the
avoided cost of SEBs presents a fair value for the non-utility-
generated power. This will iead to the efficient allocation of re-
sources and expanded generation capacity. In defining the purchase

price, the government should take into account such issues as:

(i) The relatively high generation cost of SEBs that will result

from future plants

‘Hagler, Bailly & Company
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B
(ii) The excessive transmission and distribution losses of the

grid '

(iii) The seasonal, tim.evof day, and _regional values of private

power to utilities

(iv) The cost of providing power to 'remotelv areas and associated
premiums that might be considered for power generated in |

these areas

(v) Spec1al 1ncent1ves for pr1vate busmesses that are the f1rst to

invest in power generatlon. :

3. The government should prowde tralmng in def1mng purchase pr1ce
(according to SEBs’ avoided costs) to ut111ty personnel In addltlon,
the government should provide techmcal assistance to mdustrlal
cogenerators and independent power generators m'interconnection to
and parallel operation with the ‘grid In light of the extensive
experience of U.S. utilities and cogenerators in such activities, the
government should explore opportun1t1es for transferrmg tlns

technical knowhow to India.

4. Since there is a considerable potent1al for power generatlon 1n the
| sugar mdustry that is constrained by the shortage of proper '. ) 4
| equ1pment (small but very efficient steam turbines), the government
should 1dent1fy and pursue avenues for developing the capablhty for .

- manufacturmg such power systems in the country.

Hagler, Bailly & Company
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“
5.  The government should publicize local non-utility power generation
activities, in particular those projects that involve interaction
between SEBs and non-utility generators. The government should
undertake demonstration projects to reduce the uncertainty about

interconnecfing with the grid.

Hagler, Bailly &'Company
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INTRODUCTION

“ ‘
The power generation capacity in India has increased from 1,712 MW in 1950

to over 42,000 MW in 1986, representing a growth rate of about 9 percent per .

year, In spite of this significant growth of capac1ty, 1ncrease 1n consumptlon,»

populauon growth, agricultural expansion, and 1ndustr1al growth have caused
the demand for electricity exceed the generatlon capac1ty As of 1986, the
country is fac1ng a power shortage of over 10 percent of demand while some
prov1nces, such as Kanataka and Haryana. are exper1encmg def1c1ts of 15 -

40 percent

Because of the existing soclo-economlc pr10r1t1es 1n Ind1a, a large share of
this power deficit is borne by the 1ndustr1a1 sector. Dur1ng supply shortages,
the agricultural sector will have pr10r1ty over the 1ndustr1a1 sector. ‘
Therefore, the power cuts to ‘the 1ndustry reaches, at t1mes, 80 percent of
their need The economic loss due to these power cuts are tremendous. A
FICCI study1 for example, est1mates that a 10 percent power shortage 1n the
1ndustr1al sector can cause an annual productlon loss of Rs. 7 OOO crores ($6

bllhon) And 1n fact, these cuts have already affected the Ind1an economy

“the annual growth rate of the Ind1an economy by 1 3% thus brmgmg down the ,

,annual growth rate to 3. 5%2 '

. 'As quoted in K.P, Snmvasa Setty and R. NataraJan, "Indna s Power Scenano - ,A
Case for Captive Power: Generatlon" Natlonal Semmar on Captnve Power Generatlon
March 1986.

2. Ibid

Hagler, Bailly & Company
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The industry is faced not only with the inadequacy of supply, but also with
the unreliability of the entire power system. In most provinces, it is not
known when the next power cut will be imposed, and what the amount of cut

will be. Thus throwing out of gear all the production schedules.

Furthermor_e, the power sector bemg a part of the government fmancmg the

power supply expansion in the country has become a maJor burden on the
government. In the Seventh Plan (1985-1990), for example, power activities
absorb over 20 percent of total development budget, equivalent to over 60
percent of the total energy sector budget. In spite of this level of budget
allocation, the supply is further falling behind the demand. For example, the
projected demand for electricity during the 7th Plan is for about 30, 000 MW
of additional capacity, while because of the shortage of financial resources,
only 22,000 MW of new capacity will be added. There is already a short
fall of 5,000 MW from the 6th Plan, which in addition to the 7th Plan’s
anticipated shortage of 8,000 MW adding up to a staggermg 13,000 MW

shortage, would cause enough dent in the industrial growth rate.

The financial status of State Electricity Boards (SEBs), also, does not allow
for any major expansion efforts on their part. Currently, SEBs are losing
over $1 billion per year. In addition various technical and managertal 1
inefficiencies have reduced the effectiveness of SEBs in prov1d1ng power to

states.

NON-UTILITY POWER GENERATION

In hght of the financial difficulties of the: government and state electr1c1ty

boards in' expanding the country’s generation capacity, one answer to the ‘

Hagler, Bailly & Company
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current power problem that immediately comes to mind is to look outside the
existing power sector for help. There are many power generation
opportunities that can be most efficiently developed by non-utility entities.
For example, industries with substantial steam demand can 1nstall cogeneratlon
systems and supply their power needs along. w1th their steam needs. Some
industries may have access. to low cost fuels, such as rice husks, bagasse,
and low grade petroleum, wh1ch could be eff1c1ently used on S1te to generate
power. Remote small hydroelectr1c schemes is an example of other power
generatlon opportunities which fall outside the tradmonal structure of ut111ty ,
operatlon, and can be efficiently developed by local commumt1es reducmg the
need for transmission network expansion. In add1t1on, non-ut111ty ent1t1es,
particular the private sector, can get 1nvolved in development of large scale
power plants to reduce the financial burden - on the government and the electr1c

utilities,

In fact many orgamzat1ons exper1enc1ng msuff1c1ent and unrehable supply of
power have been pursuing various power generation act1v1t1es For example,
the Bharat Alummum Co. at Korba is installing 4 units of 67.5 MW capac1ty
The National Fertilizer Industr1es is installing 2 umts of 15 MW each. A
number of industries in Far1dabad are jointly comm1ss1omng a 100 MW diesel
generator. Five major industries in Baroda also are 1nstall1ng a 120 MW

coal-fired thermal power plant.

The main purpose of the above prOJects has: so far been to supply the1r own
. power needs There has been very 11m1ted sale of power from such e
»,1ndependent generators to the gr1d but this is mostly an exception, W1th1n an

approprxate regulatory and economlc env1ronment some organizations 1nclud1ng

Hagler, Bailly & Company
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“
the private sector could supply power for the sole purpose of sale to the
grid. The precedents for such activities already exist in India. Tata ‘

Electric Company in Bombay for example, is a private utility generatmg and

supply power at high and medium voltage to large customers and Maharashtra |

State Electricity Board. The Ahmedabad Electrrc Company, is another prlvate

utility, generating and distributing electr1c1ty m Gu3arat

If such activities are expanded and large nothitility power generation capacity
is brought on line, the financial and techmcal pressure on existing power
utilities would be reduced, and the quahty of power supply in the country

would improve,

Of particular interest to India is the case of the Umted States wh1ch enacted
the Public Utility Regulatory Policies Act (PURPA) in" 1978 to promote the
development of non-utility power generation options based_ on national
resources and more efficient use of energy. Because of this act, in a five
year period between 1980 and 1985 over 15,000 MW of power generation
capacity outside the electric utilities wa developed reducing the need for

utility expansion.
STUDY OBJECTIVES

The objectives of this study are:

‘ (1’) Preliminary identification of the techmcal economlc, and f1nanc1al -
potent1a1 for non-utility power generation W1th emphas1s on 1ndustr1al
cogeneratlon and renewable and indigenous energy resources in two' states of

‘ Gujarat and Maharashtra.

Hagler, Bailly & Company
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(2) Identification of the technical, economic, financial, and constitutional
impediments to the development of non-utility power generation in Gujarat and

Maharashtra.

(3) Development of recommendations and an action plan for addressing the

impediments to non-utility power generation,

The analysis was carried out in India by a team of consultants of Hagler,
Bailly & Company during July 26 - August 23, 1986 The team was asslsted
by the staff of the National Productivity Council (NPC) in Ind1a The scope
of work for this study is presented in Appendix A. o

To realize these objectives, the study team collected data in India~'ithfough’a
review of the literature and interviews with key representatives of the
government, industry, electric utilities, financial institutions and, research
organization in New Delhi, as well as the two states of Gujarat and
Maharashtra. The list of interviews performed during this study is presented

in Appendix B.
REPORT ORGANIZATION

The study report consists of four chapters:

In Chapter 1, an initial estimate of techinical, economic and financial potential
of power produc_tion from industrial and commercial cogeneratioh' as 'well as
other non-utility power generation options for the two states of Gujarat and

Maharashtra is presented.

Hagler, Bailly & Company
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In Chapter 2, first, the existing power sector structure in India in general and
Gujarat and Maharashtra in particular are described. Then the major issues ..
and impediments associated with the development of non-utilitv power

generation are identified and discussed.

In Chapter 3, first the U.S. experience with the development of non-utlhty
power options as it relates to India will be dlscussed Next maJor techmcal
and financial issues associated with the mterconnecuon between non-utlhty .
generators and the utility system will be 1dent1f1ed Fmally, some approaches
for estimating the value of non-utility power to the ex1stmg utilities w111 be
described and typical estimates of this value for ut111t1es in- GUJarat and

Maharashtra will be made.

Finally, in Chapter 4, the study conclusions and ‘r'ee'o“‘ri.imehdetiOns}_;’are,

presented,

Appendix A through E prowde addmonal mformatmn 1o: support- the main text
of the report. A bibliography follows the appendlces.

Hagler, Bailly & Company .



CHAPTER 1: POTENTIAL FOR NON-UTILITY POWER GENERATION

This chapter evaluates the potential for non-utility power generation in

Gujarat and Maharashtra., First, the available non-utlhty power generatlon

optlons are identified. Then the existing non-utility generatlon actw1t1es

these two states are reviewed. An finally, the techmcal ,,economlc and;.;-_,_j,; ; ”

financial potential of each option is estimated.

NON-UT[LITY'POWER GENERATION OPTIoNf'sf}EJ

There are two major options for non-utlhty power generatlon m' rIndla‘«routmde

the exwtmg structure electric ut111t1es These are. (l?) ogeneraa

industry or in commercial bu11d1ngs such asé otels and hospltals,

power-only systems.
Cogeneration

Cogeneratlon refers to the sequent1a1 productlon of electr1c1ty and useful _
thermal" energy (usually in the form of hot 11qu1ds and gases) as an mtegral
part of an 1ndustr1al process Tradltlonally, industrial thermal energy 1s |
-produced by boxlers and furnaces that typlcally have efficiencies of 50 to 80

percent electr1c1ty is normally produced by a ut111ty usmg a boxler and steam‘
turbine thh a combined efflclency of 30 to 35 percent Cogeneratxon _

| produces both electricity and thermal cnergy W1th a combmed efficiency of 80
to. 90 percent resultlng in greater energy efflczency and lower overall energy

- 'costs o

Hagler, Bailly & Company
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W
Similarly, cogeneration systems can be used in commercial buildings, such as
hospitals and hotels, to simultaneously produce electricity and steam. In this
case steam could be used for air conditioning or for domestic heat and .hot

water needs.

In addition to improving fuel efficiency, cogeneration systems Can itnpr'ove
power system reliability and reduce the env1ronmental 1mpact of power )
generation. By decentralizing sources of power generatlon. cogeneratlon
increases the availability of reliable power in the event of ut111ty'pr9blems.
In addition, a reduction in the fuel used to generate a given ambunt of 'etlergy

translates directly into a reduction in thermal and other types of pollution.
Power-only Systems

Power-only systems are used to generate electric power with no attempt to
use the thermal energy as cogeneration systems do. : Théyf can be either
small-scale or large-scale systems. In such systems, non-utlhty orgamzatlons
or individuals generate power for their own needs, for sale to the gr1d or
for sale to other customers. Small systems in this study refer to those. less
than 50 MW in size. Several indigenous renewable resources could be used
for such systems, such as bagasse, rice husks, smaii-scale hYdfo, wind, and
"dendrothermal” plantations on which trees are liarjvested‘-'as- fuel for power
generation. In addition, these system may use domestlc IOSSll fuels such as

coal and natural gas.

The large systems are over 50 MW in size. The;technologies that appear
most attractive for such systems are thermal pbtv'efr plants fired by coal, gas

turbines (simple or combined cycle) fired by natural‘ gas or oil and large

Hagler, Bailly & Company
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POTENTIAL FOR NON-UTILITY POWER GENERATION 1.3
diesel generators. For these systems, investments that would normally be
made by state electricity boards or the central government would be made

: 1nstead by the pr1vate sector or other non-utility ent1t1es Th13 opt1on would
rel1eve the f1nanc1al burden of generat1on expansmn currently faced by the

state and central governments |

EXISTING N ON-UTILITY POWER GENERATION

Most of the existing non-ut1l1ty power generatmr fac1l1t1es m Ind1a are located _
in the industrial sector. Many industries have the1r own capt1ve power plants
to supplement power purchased form utilities or for emergency use durmg

grid supply interruptions. A survey of 2,751 industrial plants W1th demand of ‘
over 100 kW by NMB indicates that 1,576 industrial units have capt1ve plants " |
Accordmg to the Advisory Board on Energy2 the total mstalled non-ut111ty |
power generat1on capacity in Ind1a in 1984-85 was about 3 500 MW generatmg ~

10 billion kWh of electricity. This represents over 6 percent of total

electricity generated in the country in that year

~An add1t1onal 2 573 MW of generat1on capaC1ty has been cleared by the Central

Out of tlus 2 573 MW 1 005 MW wﬂl be m the alummum mdustry
. and 786 MW in the steel mdustry’ 4

"Afv'“Niv'iB 4,7, i”98'5' .

v"z Advxsory Board on Energy. "Towards a Perspect:ve on Bnergy Demand and
’Supply in Indm in 2004 os", New Delhi, 1985,

3 Center for - Momtormg Indman Eeonomy, "Current Energy Seene m Indla" July 4
1986 - s

Hagler, Bailly -& Company -
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In 1982-83 over 294 MW of captive power existed in Gujarat, generating pyet‘f
720 GWh, representing a capacity factor of over 28 percent (see Exh1b1t 1. 1).
Similarly, in Maharashtra as of 1982-83, 434 MW of captive generatmn umts
were installed generating over 700 GWh of electr1¢1ty indicating a capa01ty
factor of roughly 19 percent. In both states, about 45% of the mstalled non-
utility generation capacny is from steam plants, mostly cogeneratlon systems
(see Exhibit 1.2). Over 50 percent of the captlve capac1ty comes from d1esel
generators used pr1mar11y for backup’ purposes during ut111ty supply - “
interruptions. There are very few gas turbmes used for power generatlon
The capac1ty factor for the steam plants is 40 percent, wh11e that of d1esel
generators is only 12 percent. This indicates that diesel units are usedfonly
for backup, while the steam units are operated rather continuously fo‘r‘:
process needs. The captive power generation capacity in Gujarat and
Maharashtra has increased substantially since 1982 and are estimated at 685
MW and 650 MW in 1986, respectively. The installed cogeneration capacity
also has grown substantially. In Gujarat, for example, the cogeneration
capacity has grown from 166 MW in 1982 to over 400 MW in 1986. The
breakdown of this capgcity among industry groups is shown in Exhtbit 1.3.

A number of non-utility organizations in India, to cope with the pbWer 4
shortage, are installing their own large generation units and will use the
existing grid to transmit the power to their members. For example, five
industries in Gujarat -- Gujarat State Fertilizers company (GSFC), GUJarat

Narmada Valley Fertilizers Company (GNFC), Petroflls Cooperative L1m1ted,

4 Center for Momtormg Indian Economy, "Current Energy Scene in India", July
1986. _

Hagler. Bailly & Company



Exhibit 1.1

Exioting CIptive Power Capacity and Genention in Gujal'-ovtf,‘a.nd “Meli.orashtlja',_ -

(1982 1983)
It‘ld\ustgx
Aluminurﬁ -
Automol‘aile
Cement
Chemicals

Elec. Engmeermg

Fertxhzers

Food Produe;e : :

Heavy Engineerin g
Iron &“S.teel:-

nght Engmeermg

Mmeral & Petroleum _

Mmmg ‘

, stcellaneous
‘Non Ferrous
Paper
Plasnc
:éRubber

Sugar
Textxle '

Total

 Source: NMB.

b 100 717‘ 294:71

’ 24 000;“5;;‘-\135 27;:
2000 0.05"
s .
D o

__Gujarat : Maharaohti‘a' ,
kW GWh kw GWh

S - | 1 ,648 5.21

- »11646 o 19.42

\ 16 795 1880 1 423‘;‘ 306

:»-*_‘364 640;"‘{" s
2,000 0.8
e T

2,142 051 |
', 2, 556;'; o %

138,883 | 29238

| 130.93°

434,326 705.00.

Y



Exhiijit ' 1.2 ..

Installed Captive Power Capacity in Gujarat and Maharaahtra

According to System Type (1982-83)

‘Total No. of
Industries Having

Statc:f»k;‘; Captive Plants

O]

Gujarat 134

Maharashtra N 286.

Source: NMB:

Steam  Diesel

166,885

_.Installed Capacity (kW) -
h - _Gas S
Turbine Total

127,987 - 204872
@s® ssm o (100%)

0. =+ - 434,32
* (100%)

e



Exhibit 1.3
Existing Cogeneration Systems in Gujarat

Plant

Tata Chemicals : 4990 -

~ Indian Rayon 1932
Saurashtra Chemicals 15.00
Central Pulp Mills 13.50
Baroda Rayon . 10.00

.. Gujarat Refinery 24.00

Atul Products

Dhangadhra Chemical

A.C.C. Savalia

10. Atic Industries

11. J.P.C.L.

12, Anil Starch o

13. Alembic Chemical Works

14. G.N.F.C.

15. O.N.G.C. (Hajira)

16. Reliance Textiles

17. Other Industries

Total

VPN NR W |

ASEBSwBvNe
2 33388833343

n

- ‘Source:  Gujarat Electricity Board:
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Gujarat Alkalies & Chemicals Limited (GACL) and Heavy Water Project,
Baroda (HWP) -- are in the process of installing a 120 MW coal power
plant This plant will supply its power to the Gujarat Electricity Board

( GEB) grid and in return the part1c1patmg mdustnes will receive power from

GEB A slmllar project is underway in Farldabad Haryana

4

In addition to the conventional captive power systems expla1ned above, there 1s :
also a wind power generation plant in GuJarat W1th a capac1ty of under 2 MW

where the power is supplied to GEB.

Finally, there are three private sector utilities in India which supply power to
the electricity boards-or directly to consumers. These are: Tata Electric
Company in Bombay, Ahmedabad Electric company in Ahmedabad‘ and Calcutta
Electricity Supply Company. We will discuss these private sector utilities in
Chapter 2. |
POTENTIAL FOR ADDITIONAL NON-UTILITY POWER GENERATION:
DEFINITIONS AND ASSUMPTIONS SR ' '

To determine the relative attractlveness of the various non-utility power
generation options, three sets of numbers were developed the techmcal
potential, economlc potent1al and f1nanc1al potentlal For each power
generation opt1on, the techmcal potent1al is that amount of generatlon that can
be developed glven the current and expected state of the technology and the
‘avallablhty of the natural resources . This is largely a resource-limited
number. The economic potential is that portlon of the techmcal potential that
~ can be developed with resultlng electrlclty costs lower than the marglnal

productlon cost of electrlc ut1l1t1es or state electrlc1ty boards. In determmmg

Hagler, Bailly & Company
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the production cost of electricity, this analysis uses only the true economic
costs and benefits inputs and factors out of the "transfer payments" such as
taxes, duties. and profits that do not represent actual costs but rather shifts
of resources from one sector to another. Slmllarly, the f1nan01al potential in
the generation capacny that can be developed with costs below the financial
cost of power provided by utilities. The fmancml analy81s looks at the
project from the viewpoint of the mvestor.‘ It determmes the actual °*
cashflows of a project using market values for cap1tal costs, labor, and
materials. It incorporates taxes, duties, profits and other transfer payments

explicitly, and determines that actual returns to the mvestor. i

The economic and financial costs (or value) of power from eleét_ric utilities,
and other key economic and financial assumptions used in these analyses, are
summarized in Exhibit 1.4.A and 1.4.B. The derivations of these valves are

discussed in more detail in Appendix C.

To allow comparison of systems having major d1fferences in the1r cash
flows, a capital recovery factor (CRF) approach was used Tms approach
which is equivalent to a net present value calculatxon, g1ves an estlmate of the

power cost in Rs./kWh or $/kWh.

It should be noted, however, that it is not the purpose of this study to
recommend or evaluate the non-economic or "soft" economic factors u.sedvto
justify such inVestments Rather, the study focused on how the Government
of India could stlmulate investment by the private sector in power systems as
a substitute for public-sector investment in electric power generating projects.
Consequently, projects requiring significant government assistance in the form

of s_ubsidies or soft loans (because of significant non-monetary benefits) have

Hagler, Bailly & Company
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- Exhibit 14.A
 Key Assumptions for Economic Analysis

'@ Energy Costs

Diesel 0il 1.8 R/1it 36,478 Btu/lit " 4.0
Furnace 0il 1.8 R/kg 40, 4/4 Btu/kg 3.5

Coal 260-600 Riton 19,840 Bruy s 1052, 42},

Electricity (to industry)
Gujarat 0.80 R/kWh 3,412 Btu/kWh
Maharashtra 0.80 R/kWh 3,412 Btu/kWh 18 76

® . Marginal Productivity of Capital: 12 percent -

e Standard Conversion Factor ‘
“(Domestic Cost/Import Cost): O 80

. Capxtal Recovery Factors (CRF‘):’"

 System Life _'CRF -
10 years 0.177 .
15 years. 0.147
20 years 0.134
25 years . 0.127

Source: - Hagler, Bailly & Company

- ~ Uthost S 'Iijhl;lié&a't,Content $/mmB.'H tu
Natural Gas 2.2 R/m3 ”36,850 Btu/m3 ‘4."3




Exhibit 1.4B

Key Assumptions for Financial A nalysis

Pr1vate Investment - '
Public Investment

20 percent
15 percent

° Cost of Debt (Net of Inflatlon) 9 percent

o I Debt/Equ1ty Ratio: 2/ 1
° ‘Margmal Tax Rate 55 percent

* Requ1red Return on Equ1ty (After Tax, Net of Inflatlon)

° “~Deprec1at10n Period: 1 year for cogeneratlon m ex1stmg plants, 10

- years for other projects

®  Energy Prices:
| vUnit Cost |
Natural Gas 2.2 R/m3

 Diesel Oil 3.2 R/1it
 Furnace 0il 3.0 R/kg
Coal 260-700 R/ton

~ Electricity 1.3 R/kWh
, ' _erapit_al “Recorery'Fact‘or's (CRF) |

sttem L1f

C ,10 years
15 years
20 years
25 years

Source: Hagler, Bailly & Company.

Heat Content

36,850 Btu/m3 4.8

36,478 Btu/lit 7.2

40,474 Btu/kg 5.9

19,840 Btu/kg 1.05-2.82
3,412 Btu/kWh '30.48
o CRF

anate : Pubhc
087 023
0257 - 0.198

- 0.247 . -0.185

0 0m
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been recommended for private investment. In general, such projects would
not significantly reduce the need for government fmancmg, ‘but merely change
its form (for example, for a single large loan guarantee to many small
ones). Therefore, the study team has assumed that a project must be ,
economically and financially viable W1thout significant pubhc subs1d1es or tax

concessmns, to ensure private sector support.

Finally, it is important to recognize that, where a particular technology is
deemed only marginally economic or not economic at all, that does not m'ean'm
the technology is not worth of development. Rather it means that on the l}as’is
of the project's most direct and obvious economic costs and'benefits, the |
private sector is not willing to undertake it without significant government

subsidies.

ADDITIONAL INDUSTRIAL COGENERATION

In this section, the potential for additional cogeneration in the industrial
sectors of Gujarat and Maharashtra is estimated. Cogeneration systems fall
into two categories: topping systems and bottoming systems. In a tonping
system, thermal energy exhausted in the production of electrical or mechanical
energy is used in industrial processes (see Exhibit 1.5A). This thermal
energy is usually in the form of low-grade (i.e, low-pressure, low- .
temperature) steam. Typical applications of this low-grade heat or steam
include heating, drying, distillation, and concentration. At any site ,using low-
grade heat and electricity, a topping system is usually an efficient alternative
to purchasing'power from the grid and generating the heat separately by -

dedicated system, usually a low-pressure boiler er a heater. The incremental

Hagler, Bailly & Compavny
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Exhibit 1.5.A Steam-Turbine Topping System

'15B  Rankine Bottoming System
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investment needed for the cogeneratlon alternatlve con51sts of the cost of the
power device (generally a gas or steam turbine or a d1esel engine) and the
difference in the cost«of purchasing and operating a higher pressure boiler .
than would otherW1se be used. The mam advantage of a topping cogeneratlon
system is the amount of fuel it saves. In addmon, cogeneration systems
located in industrial sites may also 1mprove power rehab111ty and quahty for

that site.

Bottoming cogeneration systems d1ffer from more conventlonal topping
systems in that they use waste heat from 1ndustr1al processes as the heat
source for electricity generation, rather than the heat released from the
combustion of commercial fuels. Basically; a bottoming cycle system consist:
of a waste heat boiler used to vaporize water or organic fluids and a turbine
generator with condenser, unless low pressure exhaust steam extracted from
the turbine used directly in the process (see Exhibit 1.5B). | Such systems ar¢
used in processes generating large waste heat streams at temperatures of
300°C and higher. Cement, steel, glass, and some chemlcal and petroleum

refining industries are posmble candldates for bottommg systems
Potential for Topping Cogeneration S'ysteins

To identify the potential for toppmg cogeneratlon. we use a computer model
developed by Hagler, Bailly which is used in the Umted States and other
countries. A detailed description of this model is presented in Appendlx D.
This model simulates the market for cogeneratlon equlpment based on :
industrial steam demand, fuel and electr1c1ty costs. technology costs, .‘

performance, and availability, and the relevant regulatory and tax env1ronment

Hagler, Bailly & Company
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in a country or a region. The model computes the life-cycle cost (LCC) for
each technology, assesses the market share, for each technology, and finally,
determines the total market size over the period of analysis. In the

followmg paragraphs we W1ll br1ef1y descr1be the 1nput data and the market

assessment procedure for GuJarat and Maharashtra

Thestarting point for‘ assessing the market size or the potential for
cogeneration is to determine the demand for industrial process steam. The
industry in each state is divided into public and private categories. This is e
required because of the difference in availability of funds and fuels, the
minimum acceptable rate of return on investment, and applicable tax rateS'_for
each category. Only industries with steam demand of over 20 tons per hour
are considered, as for smaller units the thermal and electrical loads are
often too low to justify cogeneration inveStments The 1985 steam demand in.
the 1ndustr1es of Gujarat and Maharashtra is shown m Exhibit 1.6. These
flgures do not include the steam already produced by cogeneratlon systems.
The 81ze dlstrlbutlon of steam demand is also presented in this exhibit.
Exhibits 1,7 and 1.8 show the d1str1butxon of steam by fuel type and by
electric to thermal load ratio. Exhibit 1.9 shows the expected rate of growth
for each industrygroup. The information presented in Exhibits 1.6 to 1.9
were provided by the National Productivity Council (NPC), based on their
experience and the available industry data in Gujarat and Maharashtra as

- presented in the Seventh Plan Document published by the Planning Commission,
‘various issues of URJA, and the 1985 and 1986 issues of Current Energy

: -‘:Scene m Ind1a pubhshed by the Center for Momtormg Indxan Economy.

Hagler, Bailly & Company.



Exhibit 1.6

Process Steam Demandand ‘Size Distribution in Gujarat and Maharashtra

Industrieg® ‘

Industry -

Textile
a. Gujarat (P)
b. Maha. (P)

Rayons
a. Gujarat (P)
b. Maha. (P)

Pulp & Paper

a. Gujarat (P)

b. Maha. (P)

Refineries
a. Gujarat (G)
b. Maha. (G)

Fertilizer
a. Gujarat (G)
b. Maha,

(P)

(G)

Basic Chémic'al_s
a. Guja;ag, o

a

Dyes
a. Gujarat(P)
b. Maha, (P)

Pharmaceuticals
a. Gujarat(P)
b. Maha. (G)

Tyres
a. Gujarat
b. Maha. (P)

Soaps
a. Gujarat
b. Maha. (P)

Foods _
a. Gujarat(G)
b. Maha. ;(P)

* Only m _;iﬁdustﬁes with »"(T'i?gmand:;:ov:er‘“‘20‘._td‘n‘_li'e§f;

Source: National Productivity Council -

.Steap Demand

10’, Kcal/yr)

609.70
605.15

377.25
653.25

392.10
804.00

1281.40
1812.50

8307.60

- 911,00
4824.00

3182.40
2753.20

1421.40
171.50

100.50
388.60°

743.70
125.60

214.40
201,00 -

100.50
388.60

P = Privately Owned Industry
G = Government Owned Industry

Size Distribution (%
20-50T7h 50-150T/h iéﬁ+’i‘7h Total

100.00
100.00

100.00

100.00
26.67

1.60
17.70

2020
13.40 .
. 4390

100.00

100,00

128.00
100.00

106.00_1
100.00- -

'100.00 -
100.00

- - . 100.00°
, 100.00

= 100.00
= 100,00

100.00
©100.00

100.00
100.00

10000

“r 100,00
00 100.00

© . 100.00
100.00

. 100.00
/100,00

'100.00
- 100.00

o ©100.00
- 1100.00

- 100.00

T R 1100.00

L - .100.00

'100.00

per hour.



Exhibit 1.7 -

Steam Distribution by Fuel Type (percent)

T T pyet Type L
Industry TR ) Gas .~ Waste .

Textile
a. Gujarat
b. Maha,

123 o

Rayons
a. Gujarat
b. Maha.

Pulp & Paper
a. Gujarat
b. Maha.

Refineries
a. Gujarat
b. Maha.

Fertilizer
a. Gujarat
b. Maha.
(P)
(G)

Basic .Chemicals
a. Gujarat
(P)
(G)
b. Maha.
(P). "
(G)

Dyes -
a. Gujarat(P)
b. Maha. (P)

Pharmaceuticals -
a. Gujarat
b. Maha. (G)

Tyres o i LA
a. Gujarat : e - B -
b. Maha. - 100,00 © - L= =

Soaps ‘ o '
a. Gujarat ; R R
b. Maha. (P) =~ - .100.00¢ . <o

Foods =~ - el
-a.. Gujarat(G) 10.0 - o - -
b. Maha. (P) 585 455 -

Source: National Productivity -Coungil



~ Exhibit 1.8

SteamDhtribution by Electric to’ SteamLodRatio(El T)v;(ﬁeicetiif) _

ln_d.“-‘.!!! : t? 0. . . Total R

Textile _ ,
~a, Gujarat =
b. Maha.

© 100,00
~100.00

Rayons
a. Gujarat
b. Maha.

©/100.00 "
Pulp & Paper -

a. Gujarat’ B
b. Maha. 10000

100.00 .
100,00

| Refineries
a. Gujarat
b. Maha.

10000 -

Fertilizer
a. Gujarat
b. Maha.
(P)

(G)

Basic Chemicals
a. Gujarat
(P)
(G)

b. Maha. .

©
Dyes - ..
a. Gujarat(P)
~.b. Maha. (P)

Ph’ai’-rﬁhvc‘e‘u'ti'cals .
“'a. Gujarat
b. Maha. (G)

Tyres
a. Gujarat
b. Maha.

Soaps
a. Gujarat
b. Maha. (P)

Foods
a. Gujarat(G)
b. Maha. (P)

©100:00
100,00

Source: - National Productivity Council
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Exhibit 19"
Industrial Growth Rate 1985-1995 (percent per year)

_Industry - Growth Rate

Textile -

‘Rayn 25
Pulp & Paper 52
; ;R:gf‘ine' ry “ 60
Pertilizer 50
Basic Chemicals 80
Dyes | 90
Pha }xv'avmaceutica_lﬁ |
«Tjreg

“Séaps

Food

Source; National Productvity Couril
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An industry will invest in a cogeneration system if the incremental savings
from lower electricity costs are higher than the incremental capital, fuel, and
operation and maintenance costs. The model calculates the cost and benefits
of each system on a life-cycle basis. It assumes that the industry will be
allowed to sell its excess electricity to the grid. Therefore, cost of
electricity to the industry and the price the utility (or other customers) will

pay for the excess power are both taken into account.
Nine cogeneration technologies are taken into account. These are;
- Oil-fired boiler with steam turbine,
- éoal-fired boiler with steam turbine,
- Natural gas-fired boiler with steam turbine,
- Advanced Fluidized bed boiler with steam turbine,
- Oil-fired gas turbine with waste heat recovery boiler,
- Natural gas-fired gas turbine with waste heat recovery boiler,
- Oil-fired combined cycle,
- Natural gas-fired combined cycle, and
- Oil-fired diesel engine with waste heat recovery boiler.

The cogeneration system costs and performance charactéristics for each
technology are presented in Appendix D. The boiler steam turbine systems
usihg oil, gas, or coal, and diesel engines with waste heat recovery boilers

are currently available in India and have been tiged rather extensively by the

Hagler, Bailly & Company
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industry. The other technologies are relatively new to the industry, therefore,
they will penetrate the market with a slower pace. To reflect this fact the
model assumes different diffusion rates for different technologies. Gas - A

turbines, for example, are assumed to start penetrating -the market in late
1980s and the combmed cycles in early 19903, while the conventional: boxler |

steam turbmes are already fully d1ffused

Based on the above'finformation, the model first determines what techndlo'gi'esv-
and fuels are apphcable to each industry, calculates the life-cycle costs and
beneflts for each technology, and selects the technology with highest net
beneflt. Based on the input data provided in previous exhibits, the model ,
estimates an economic cogeneration potential of 1 318 MW in Gu3arat and
Maharashtra 1ndustr1es (see Exhibit 1. 10A). o

The estlmated f1nanc1al potential for industrial cogeneration in GUJarat and :
Maharashtra over the next ten years is 280 MW (see Exhibit 1.10B). The
industries with the largest potential are fertilizer, basic chemicals and
refinery with potentials of 816 MW, 636 MW, and 352 MW respecti_rely.
About one third of the potential, roughly 730 MW, lies in the existing
industries with the remaining 1,550 MW in new plants coming on line between
1986 and 1996. The availability of natural gas has a very important impact
on the size of the potential. Based on the views expressed to the study team
on the availability of natural gas for process industries, it was assumed that
only fertilizer plants and refineries will have access to natural gas.
‘.Assummg that all industries will be able to receive natural gas, the potentlal
could be as high as 3,000 MW. This is primarily due to low capital and

O&M costs of gas-fired cogeneration systems.

Hagler, Bailly & Company



Exhibit 1,104

Economic Potential for Industrial Cogeneration in Gujarat and Maharashtra
(1986-1996) .~ o oEe ,

:";86-87’ 88-89 90-91 92-93 - .94-95 96 -

Textile 3 2 4 9 15 19
Rayon. 2 1 3 &
Pulp & Paper 2 1 3 s

Refinery. . 2

67.

-
Dyes R

Food
Pharamacetical

Tyfeéf

Soaﬁé,

 Source:"’ Hagler, Bailly'& Company: based on data from National Productivity Council.



Exhibit 1,108

Financial Potential for Indultrlal Cogenention in Gujarat and Mahauchtu

(1986~ 1996)

Textile

Rayon

Pulp & Paper
Refinery -
Fertilizexi

Basic Chemlcal
Dyes

Food
Pharamaé_é;ﬂxit;;cﬁ‘l
Tyres | |
Soaps

,Tbtaf

- Source: . Hagler, ‘Bailly & Compahy; based ‘on data from National ‘Productivity Council..

—— ' (MW) ,
g 20-91 92-93 94-95 96 Tot'::"l'{f

' 86-87

S T 5 1 19 12
2 24 8 13 8

T2 48 1m0 3 el s17 280
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The fact that the financial potential is higher than the economic potential

indicates the existing distortions in fuel and electricity prices in India.
Potential for Bottoming Cogeneration Systems

Bottommg cogeneration is suitable for industry with exhaust streams at 300°C |
or more. In general bottoming systems generating less than 500 kW of
electrical output (which corresponds to waste heat streams of over ‘10 '
mmBtu/hr) are not readily avallable, and not economically viable. Therefore,
in this analysis, we concentrated only on industries W1th contmuous waste heat
streams of over 10 mmBtu/hr. The pr1me candldates for such systems are
glass, cement, and steel industries, as well as some fertlhzer and

petrochemical plants and refineries.

According to NPC, all glass meltmg furnaces m GuJarat and Maharashtra have
a fuel consumption of between 3 500 and 15 000 kl ‘per year, ‘corresponding to
waste heat streams of 1.0 to 5. 0 mthu/hr. Therefore, none of these plants

are viable candidates for bottoming cogeneration apphcatlons.

Most cement plants in Gujarat and Maharashtra use wet process kilns. ‘In
addition, most large plants are very old and inefficient and do not represent
opportunities for cogeneration. The steel plants do not represent any potential
for cogeneration either, as they are too small and use batch processes not

allowing for continuous operatior

Refineries, petrochemlcal plants and fertlllzer plants are the only 1ndustr1es
in Gujarat and Maharashtra where there is any V1ab1e bottommg cogeneratron

potential. According to NPC 10 mstallatlons in Gujarat and Maharashtra fit

Hagler, Bailly & Company
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the minimum requirement of 300°C exhaust temperature and 10 mmBtu/hr
waste stream. The total waste heat available at these plants is estimated at
600 mmBtu/hr. Assuming an average thermal to electricity conversion
eff1c1ency of 15 percent the total cogeneration potent1al in these 1ndustr1es
will be about 25 MW. Assuming an average growth of 7 percent per year
between 1986 and 1996, the accumulative technical potential for bottommg;_

cogeneration in these industries in 1996 is estimated at 50 MW.

Using U.S. capital costs and annual O&M costs that are 5 percent of capital
costs, economlc levelized cost of electricity from bottoming cogeneratlon
systems range from 55.4 to 77. 0 Ps /kWh and the financial levelized costs
between and 698 to 119.9 Ps./kWh (see Exh1b1t 1.11). These costs are
lower than the estimated economic and f1nanc1al marginal cost of electrlclty
from utilities, 0.8 and 1.3 Rs/kWh respectively. Therefore, the entire

technical potential is both economically ‘and financially attractive.
Potential for Cogeneration in Comﬂ:ercial Buildings

In recent years attention has been turned to the possibility of puttlng
cogeneratlon systems (based primarily on diesel generators with waste heat
.recovery b01lers) in large commercial buildings such as hotels, hospltals, and
off1ce bu11dxngs In these systems, a diesel generator supplies most or all
the power needed by the building or by a complex of bu1ld1ngs Waste heat 1n
'Vthe form of hot water (typically at 90 to 95 degrees C) or low pressure |
.steam (typ1ca11y 15 psi) is recovered from the diesel’s Jacket water, |
’lubrxcatmg 011 and exhaust gas. Thxs waste heat recovery gives the system /

an overall eff1c1ency much greater than power generatlon alone.. Typ1ca1

Hagler, Bailly & Company



Exhibit 1.11 ..

Economic and Financial Costs of Producing Power From Bottoming Cycle
Cogeneratlon Systems o o

: SRR - Leyelized Cost of Electricity (Ps/kWh)
System Size - Cap1tal Cost o Financial

(MW) | L1986 USS/ kW) Economic Private Public
a0+ 1,800 55.4 86.3 . 69.8
2.0 2,100 64.8 100.1 8.4
10 250 0 770 119.9 969

Assumptlons

. System L1fe = 15 years
Economic CRF = 0.147
Financial CRF = 0.257 (Private investment)
= 0.198 (Public investment)
Annual O&M = 5 percent of capital cost

Source: . Halgle‘r, : Ba111y & Company :

M
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diesel cogeneration systems can have a power output between 31 and 35
percent of the fuel inpﬁt, and can at the same time recover useful thermal
energy representing between 35 and 45 percent of the fuel input. This

results in an overall system efficiency between 70 and 80 percent,

While it is possible to use a boiler/steam turbine or a gas turbine/waste heat
recovery boiler in a commercial cogeneration abplication, these alternative
systems generally do not appear as financially attractive as the diesel system
for three reasons. First, commercial buildings typically have a high electric-
to-thermal demand ratio (E/T) which a diesel system can match more easily -
than the others. For example, typical E/T’s for commercial buildings in
India and in other countries are between 1 and 10 and in some cases even
higher, since most commercial buildings require electric power for lights, air
conditioning, lifts, and equipment, while thermal power is needed only for hot
water. There is of course in Bombay little or no space heating requirement.
Niesel cogeneration systems normally have E/T ratios of 0.8 to 1.1, while
boilers with steam turbines have E/T’s from 0.1 to 0.3, .and gas turbines
with waste heat recovery boilers have E/T’s from .3 to 0.5. Thus the diesel

systems give a better match of supply to demands.

Second, many buildings already have diesel generators for erhergency
purposes. These can be retrofitted with waste heat recovéry boilers at a
comparatively low incremental cost. On the other hand, boilers in
commercial buildings are generally low pressure (150 psi or less) and thus

are unsuitable for cogeneration which requires high pressure boilers (300 psig

5 1t should be noted that part or all of the electrical demand for airconditioning
can be satisfied using steam in an absorption chiller. This has the net effect of
reducing the electric-to-thermal demand ratio.

Hagler, Bailly & Company
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or more) without replacement or expensive modifications. Gas turbines are
not generally used for standby in buildings because of their costs, relatively |

sophisticated operating requirements and noise.

Third, building operators are generally familiar W1th d1esel systems and have
little concern about operat1ng them contlnuously rather than JUSt a few hours
per month for test purposes as is currently done In fact many d1esels m

India are. operated at hig:. duty factors for 12 hours per day or more due to

the unreliability of grid power in some areas.

There are however several problems with the use of d1esel engmes Fll‘St
diesels have substantial noise and vibration associated W1th the1r operatlon
While this in not usually a major problem with systems operatmg only as
standby, it has been a serlous problem for systems operated contmuously in
densely populated areas. In many cases a separate building was constructed
to house the diesel system to keep the noise and vibration away from the
building(s) being served. A mitigating factor for cogeneration system
operations is that the waste heat boilers are effective mufflers for the

system.,

Second, diesels can contrlbute 31gmf1cantly to air pollutlon prlmarlly m the
form of nitrogen oxides (NOx) These can add to already serious . a1r quahty
problems in the densely populated areas large bulldmgs are usually 31ted in.
Large diesels with good operating practlces will emit approximately 1 6 kg of
NOx, 0.03 kg of particulates, and 0.4 kg of CO per 100 kWh generated. In
comparison, a large central coal-fired power plant ‘with good controls will
emit 0.3 kg NOx, O 14 kg of partlculates, and 0.02 . kg of CO per 100 kWh

While emission control technologies are available for diesels, these must be

_Hagler, Bailly & Company
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_monitored closely and it is very easy for them to go out of adjustment as the
diesel output changes to meet the load variations. In that case, the emissions
indicated above can easily be exceeded. This problem is exacerbated because
diesel engine exhausts are usually located relatively-ci()se to ground level,
which can result in serious concentrations of pollutants near the cogeneration

- site. In contrast, central power stations usually have high exhaust stacks
which give the pollutants time to disperse before they reach ground level.
Several organizations in the Bombay area interviewed in the course of this
study indicated that environmental problems were of serious concern in the
Borhbay area, as evidenced by restriction on coal use by industry. While no
specific regulations applied to diesel emissidns‘, they may be instituted if
significant numbers of diesels were operated on a continuing basis rather than

only sporadically as is now the case.

A final problem with installing a diesel cogeneration - system is space for the
diesel generators, waste heat boilers; .and absorptiott chillers. All of the
potential cogeneration facilities visited in the course of this study iridicated
that finding room for these systems would be a'problem. Gerierally, space

- now devoted to other uses such as parking or storage would need to be used.
The problem is particularly acute i‘psthe urban areas whex_je many of the
larger buidings are located and whéf’é land is very expensive or simply not

‘available.

To determine if commercial building cogeneration systems have significant
potential in India, we looked at its potential in Bombay In the followmg
sections, we examine the technical, economic, and f1nanc1al potential of these

' systems

Hagler, Bailly & Company "~
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Technical Potential

Cogeneration systetas based on diesel generatmg systems can m prmcmle be
used in any type of building having both an electrlc and thermal demand The,f
total commerclal building electrical consumptlon for Bombay Electrxc Supply
and Transport (BEST) which prowdes electrxcal servxce to most of Bombay
million kWh. If we assume a 40% overall load factor for the commercxal
buildings (BEST never estimated this figure; this value is approx1mately equal
to that realized in the United States), this gives a total commercial buxldmg
sector demand of approximately 182 MVA, out of a total BEST peak
maximum demand of 404 MVA. In principle, all of this demand could be
supplied by diesel systems, although rea11st1cally only a small portxon of tlus
potential is likely to be realized. .

Experlence in the United States and Europe 1nd1cate that the best _opportunities
for cogeneratlon systems generally lie in large buildings, particularly hotels,
hospxtals, and colleges. While there is some potential in large office -
buildings and retail centers, these generally have too low a thermal demand to
make such use economic, Tlus is true even for buildings in colder chmates
than India’s which may have some heatmg demand because usually these large
bu1ld1ngs will have such large mternal gams from people, lights, and =
equ1pment that they requ1re coolmg almost year-around, with space heatmg

'needed only for a few hours in the wmter mormngs

After d1scussxons with bu11d1ng owners and operators and consultants, m
~Bombay the study team" focused 1ts efforts on large hotels and hospxtals as

bemg the most attractive for congeneratlon opportumtxes Offlce bu1ld1ngs

Hagler, Bailly & Company
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were felt to have a very low potential because as discussed previously they
have little thermal load. The two building types which appeared to have
significant thermal loads are large hotels and hospitals. One. hotel guide lists
42 hotels in Bombay having 20 rooms or more, W1th a total of 4,585 rooms.
Of these, 6 have more than 200 rooms each (wrth a total populat1on of 2 432
rooms, soon to be expanded to 2,782 rooms), 5 have betwwen 100 and 200
rooms (with a total of 641 rooms), and 31 have less than 100 rooms (wrth a
total population of 1,512 rooms). While thrs gurde probably does not 11st all
of the hotels, it does appear to include all the larger ones of 100 rooms or

more.

The three larger hotels visited as part of this study (with- a total of 1528
rooms, or 1/3 of the estimated total) had peak demands of approx1mately 5 3
kW per room, and annual consumptions of approximately 27,000
kWh/room/year If these are representative of the remarmng hotels (and
they do appear reasonably close to consumptions in other countrles), and 1f
the hotel population grows at 3.6% per year (the expected Indian urban
population growth rate between now and 1996), this sector will have 7043
rooms by 1996, with a resultmg technical potential for cogeneranon systems |

to generate 37 MW,

The study team was unable to find deta11ed mformatron .on the number and
size of hospitals in the Bombay area. Three of. the largest hosprtals were
visited to obtain mformatron on energy use to. determrne 1f there was
significant potentral for cogeneratlon systems. These three together had a
total peak demand of 3.0 MW. Dlscussrons with personnel at these hospltals

mdlcated that the greater Bombay area had approxrmately 20% of the total

Hagler, Baill_y & Company
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hospital beds in Maharashtra, or approximately 16,340 beds. By 1996, the
total number of beds is projected to grow at a 2.6% per annum, for a total of
24,000 hospital beds in the greater Bombay metropolis. These three hospitals
together had a total of 1100 beds, with a specific power demand of about
2.7kW/bed. This implies the total greater Bombay hosp1ta1 power demand in
1996 will be approximately 65 MW, which can potentially be displaced by

cogeneration systems.

No other type of commercial buildings in Bombay were identified by the study

team to provide opportunities for cogeneration.
Economic Potential

The economic costs of diesel generators, waste heat boilers and éb§orption
chillers were estimated using information provided by Indiau t’nahufécturers
using the following procedures. Diesel generator sets and waste heat boilers
for gensets having individual outputs of 1 MW or less are manufactured in
India at present. Manufacturers estimate the forelgu exchange portion of the
gensets and waste heat boilers is euual to 10% of the installed cost, and for
absorption chillers is equal to 40% of the installed cost. Transfer payments
such as taxes, duties, and profits are equal to appyroxim‘ately 15% of the
installed costs for gensets and boilers and 20% for absorption chillers. Using
a Standard Conversion Factor of 0.8 gives a ratio of economic capital: cost to

selling price of 0.875 for gensets and boilers and 090 for absorption chillers.

The economic potential of commercial building cogeneration is estimated for a
large hotel, a mediuem size hotel and for a large hospital in Exhibits 1.124,

1.13A and 1.14A. These indicate that commercial cogeneration does not appear

Hagler, Bailly & Company

b



Exhibit L34

Estimate of Economic Costs for Medium Size Hotel Cogeneration System -

Conventmnal Cogeneratlon
S"stem . System
Installed Diesel Generator Capacity 2 X 550 kW 3 X 550 kW
Chillers: | o o >
Electric 2 x,200T 1 x 80T 2 x 200T 1 X 80T
Absorption o ' 1 x IOOT
Incremental Capital Costs: :
Diesel Generators (106Rs) - 25
Waste Heat Boilers (10Rs) e 0.5
Chiller o - 2.0
Total Incremental Capital Cost (106Rs) .5 ‘0

Incremental Operating Costs:

Fuel Oil (@ Rs 2.0/1, 106Rs) S 27;‘
0

Purchased Power (@ 0.80 Rs/kWh, 106Rs)
Operating and Maintenance

Net Operating Cost Savings (Loss) (105Rs/yr)
Annualized Incremental Capital Cost (105Rs)
Net Annual Savings (Loss) (106Rs)

- -dource: Hagler, Bailly. &:Company -.

"
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Estimate of Economic Costs for Large Siz;? “H(j)_t‘el ‘:Cogenerati:n Systen

Conventional ~ Cogeneration
__System System
Insvtallved; DiéselGérie"rét\ohCapé:cityn'f' L ‘2 x‘ 1,100'kW o 4 x 1,100 kW
Chillers: - R | |
- Electric -~ 2 x900T: 2 x 900T
* Absorption 1 x 500T -1 x500T
Incremental Capital Costs: I
Diesel Generators' (106Rs) ‘ -
Waste Heat Boilers? (105Rs) -
Tdtal Incremental Capital Cost ( 105R§) 7‘ -
- Additional Operating Costs: | R
Fuel Oil* (@ Rs 2.0/1, 105Rs) - 25
Purchased Power® (@ Rs 0.80/kWh, ]
10%Rs) '14.2
Operating and Maintenance® -
i v

Totél Opg‘rajti_n‘g Cost Savings (105Rs/yr) )
Annualized Incremental Capital Cost (105Rs)"
Net Savings (10%R)

L Includes diesel, synchronous generator, civil works, désigh and construction costs,
and power conditioning equipment, with an installed cost of Rs 4.375/kw.-

¢ Economic Cost of waste heat boilers = Rs 300/kW of diesel ‘output.
?> No additional chillers are needed for this site. R
4 Fuel 0il Requirements: absorption chiller = 154,0001/yr; hot water =,:l,0.80.00pl/:/r.
> Current electric consumption = 17.75 x 10° kWh/yr. Lo

6 Diesel/gen sets 0&M = 0.15 Rs/operating hour - kW (at 20 x 106 kw;f’-f“,fioé";e’i"‘é‘t‘ing hrs/
yr)6: absorption chiller at O&M = 3% of capital cost additional ,(capital"¢\:o‘_'s't’:gji2~..2 x
10° Rs). , I S T S

" Capital Recovery Factory (at 12% for 20 years) = 0.134, -

Source: Hagler, Bailly & Company
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Exhibit 1.14A

Bstimate of Economic Costs for Large Hospital Cogeneration Systen

Conventlonal | Cogeneratlon
System TR System

Installed D1esel Generator. Capac1ty , 1 X 2‘0 kVA 3 X 1000 1x 210 KVA

Chlllers .
- Electric » 2 X 350T 1 x 300T 2 X 350T 1x 300
Absorption = X 200,

’.ui RS

Incremental Capital Costs:
Diesel Generators (106Rs) Ca
Waste Heat Boilers (106Rs) "
Chiller

Total Incremental Capital Cost (106Rs) - -

Incremental Operating Costs:
Fuel Oil (@ Rs 2.0/1, 106Rs) ’
Purchased Power (@ 0.8 Rs/kWh, 106Rs) '
Operating and Maintenance

6
1

woi ST

Net Operating Cost Savings (Rs106) |
Annualized Incremental Capital Cost (Rle‘)v
Net Annual Savings (Loss), (106Rs)

.Source: - Hagler, Bailly & Company
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to be economically viable in these buildings. This economic unattractiveness
is due to the relatively high cost of oil imports needed to fuel these systems
and the relatively low economic costs of electricity from the grid which rely
on domestic coal and hydropower. It should be noted that this does not mean
these systems will never be economic. An increase in the avoided electricity
cost of between 10 and 20 percent will make the hotel 'systems economically
viable, and an increase in avoided electricity costs of 60 percent will make
the hospital system economlcally viable. However the present economic

potential based on present estimates of economic costs is 0.
Financial Potential

The financial performance of commercial building cogeneration systems is
summarized in Exhibits 1.12B, 1.13B, and 1.14B. These indicatethat /
cogeneration systems appea‘r attractive fo; the hotels, but not for the hospital.
The reason they appear attractive is the high cost of electric power, Rs.
1.6/kWh, Thus, it is possible over the next few years that cogeneration
systems may be installed in large hotels. It should be noted that at least one
major Indian hotel chain has installed a diesel cogeneration system at a hotel
in Calcutta. The primary reason for this was the poor reliability of
electricity supply in that city. Thus they have no plans at present to make a
similar installation in their Bombay sites which at least for the past 5 years
have had very reliable electricity supplies, even if the cogeneration systems
did make financial sense. However, if the Bombay electrlcal supply situation
deteriorates in the future to the point where the hotel S1tes requlre several
hours of operation of standby diesel generators every day, they will look

more closely at a cogeneration system.

Hagler, Bailly & Company



Exhibit 1.12B

Estlmate of F1nanc1al Costs for, Medmm Slze Hotel Cogeneratmn System

Conventmnal Cogeneratlon

System o System

Installed Diesel Generator Capacny B 2 x.550 kW 3 x 550 kW
Chillers: ) SR '

Electric 2 200T 1x 80T 2 X 200T 1x 80T

Absorption _ L 1x 100T '
Incremental Capital Costs: S R

Diesel Generators (106Rs) ISP AN A 2.5

Waste Heat Boilers (106Rs) = 0.5

Chiller A e 2.0

Total Incremental Capital Cost (105Rs)

Incremental Operating Costs:

Fuel Oil (@ Rs 3.6/1, 105Rs) S

Purchased Power (@ 1.6 Rs/kWh, 106Rs)

Operating and Maintenance )
Net Operating Cost Savings (Loss) (10%Rs/yr) f'-_l 04
Annualized Incremental Capital Cost (106Rs) 07 ﬂ
Net Annual Savings (Loss) (106Rs) (03)

Source: . Hagler, Bailly & Company
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Bstimate of Financial Costs for Large sungSym

Conventmnal Cogeneratlon
System System
lnstalled Dlesel Generator Capamty , 2 x 1,100 kW 4 X 1,100 kW
Chillers: | e R
-Electric - 2x 90T 2 x900T
" Absorption 1 o 1xS800T - 1x 500T

Incremental Capital Costs:

Diesel Genertors' (106Rs) PR . g
Waste Heat Boilers? (10°Rs) - = . -
Chiller? S _

Total Incremental Capital Cost (105st-'.‘

Additional Operating Costs: T

Fuel Oil* (@ Rs 3.6/1, 106Rs) "4'.?5.‘*

Purchased Power® (@ 1.6/kWh, 106Rs) 284

Operating and Maintenance$ R 3.1
Net Operating Cost Savings (106Rs/yr) j 65
Annualized Incremental Capital Cost (VI}OGRs;);.;_ 403 o
Net Savings (106Rs) o 25

! Includes d:esel synchronous generator, CIVll works, design and constructlon costs.
and power conditioning equipment, with a cost of Rs 5,000/kW.

2 Cost of waste heat boilers = Rs 400/kW of diesel output,
’ No additional chillers are needed.

* Absorption chiller = 154,000/yr; hot water = 1,080 000/ yr.
’ Current electric consumption = 17.75 x 10° kWh/yr

6 Diesel/gen sets O&M = 0.15 Rs/operatmg hour - kW (at 20 X 106 kW = operatmg hrs/
yr); absorption chiller at 3% of capxtal cost additional (capxtal cost - 2 2 x 10° Rs).

Sdurce: - Hagl‘er,‘i_Bgi‘l‘ly &Company |
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Exh1b1t l 14B

Estmate of Fmancml Costs for Large Hospxtal Cogeneratmn System

g C’oihv‘en'tx'onél 'Cogehefette‘n"
" System L System
Installed Diesel Genérafor,1Cé§a§iti;Eiff'f:??"' oo1x 210 kVA 3 x1 000 1x 210 KVA
Chillers: . hR '
Electric 2 x 350T l x 300T 2 x 350T 1 X 300
Absorption . x200 o

Incremental Capital Costs:
Diesel Generators (106Rs)

Waste Heat Boilers (106Rs) -

Chiller ey '.

Total Incremental Capital Cost (106Rs) e
Incremental Operating Costs: ,
Fuel Oil (@ Rs 3.6/1, 10%Rs) l"OJf »

Purchased Power (@ 156 Rs/kWh, 106Rs)
Operating and Maintenance ,

Net Operating Cost Savings (Rle5) R
Annualized Incremental Capital Cost (Rle‘)
Net Annual Savings (Loss), 106Rs

Source: Hagler, ‘Bailly &Company
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SMALL-SCALE POWER GENERATION FOR SALE TO THE GRID

In this section the potential for non-utility power generation from small scale
facilities will be discussed. In contrast to cogeneration systems discussed in
the previous section, these systems will be built sojely for generation of

electricity for sale to utilities or to other customers. These systems include;
o Sugar cane residue~fired systems |

L Other agro waste-fired systems

° Fossil-fueled systems

®  Municipal waste-fired systems

° Small-scale hydropower systems

L Other renewable Systems, i.e. wind, solar, dendrjothermal

In the following sections, the technical, economic, and financial potential for
each system is evaluated, and other factors that affect the potential of these

resources are discussed,

Potential for Sugar Cane Residue-Fired Systems

In the cane sugar industry, electric power can be'generated from bagasse, the
fiber residue from crushing available at the mill, or "frbmj leftovers at the
field, such as cane tops and leaves. Whereas generating power from bagasse
has been traditionally done for decades in medium and large scale sugar
mills, burning cane field residues in boilers to generate high pressure steam

and then electricity, is a new technology. In the following paragraphs the

Hagler, Bailly & Company
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\
characteristics of the cane sugar industry in India, and more specifically in
Maharashtra and Gujarat are reviewed and a preliminary assessment of the

technical, economic and financial power potential is presented.

India is the world’s largest producer of sugarcane, producing on the order of
190 million tonnes per yéar. Out of this as much as 33 percent is consumed
by the vacuum pan sugar factories for producing crystal sugar and 55 percent
is consumed by gur & khandsari manufacturers (traditional small scale
operation) and the balance of 12 percent is used for seed and chewing'
purposes. There are as many as 366 sugar factories now working in 18
different states and union territories of India. The breakup of these 366

sugar factories in the private sector, public sector and cooperative sector is
shown in Exhibit 1.15,

Several specific features of the Indian Sugar industry are important to

stress:

1. As mentioned above, only 33 percent of the total cane produced is

used in conventional sugar mills to produce (white) sugar.

2. Most sugar mills are privately owned, generally through

cooperatives (see Exhibit 1.15)

-3, Sugar mill capacity is standardized with a basic unit being'sized at
1250 tonnes of cane per day (tpd) in crushing capacity - only 3
mills have a daily capacity greater than 5,000 tpd (see Exhibit
1.16).

Hagler, Bailly & Company



Exhibit L15.
| TotalNumberof Installed Sugar FaCtdﬁes
State/Union Sl Public Sector/ ~ =
_ Territcry . Private © . State O’wne‘dv_-'%* Coop.:
. Uttar Pradesh 55 - 8 28 o
 Bihar | 2 : -
Punjab _ 2 .
Haryana  ~ 3
West Bengal 1

Assam . G-
Nagaland '
Rajasthan o 1
Madhya P;'ades.h‘ 5
10. Orissa o 1
11;'Maharashtra 11
12, .G‘ujarat‘ B | "
13. Goa o
14. Tamil Nadu " 12
15. Karnataka - 8
16. Pondicherry 1
17. Andhra Pradesh 10
18. Kerala 1
ALLINDIA 13 3

¥ PN AW~

Sources: National Federation of Coopérative Sugar Factories



Exhibit 116

Number of Sugar Factories According to Their Cane
Crushing Capacity (Tonnes of Cane Crushed Per Day)

State/Union 1250& 1251 2001-  3001- Above . .

Territory Below 2001 3000 5000 5001 - Total

Ulter Pradesh 58 27 10 6 - 10

Bihar 2 8 - - L 3

Punjab- 9 - [ D - 10
2

| Ayss‘a:th_‘
Nagaland
Rajosthen
10. 0 . 1 s S a G
oMb 716
2 Gujarat 9 3
13G°a R _
I Temil Nt 12 7 3
15. \Karn@t‘a‘k"a ; 15 5 5
4

¥ O N o AW

B T e O
N
1

16. Pdndiéﬁéij:y"“; 1
17. Andhra Pradesl. 25

Source: ' National: Federation of Cooperative. Sugar Factories -

"
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4. Most sugar mills are self-sufficient in electricity produced from
bagasse. A typical mill has 2 or 3 boilers. The Government of
India has been prescribing standard specifications fof the plant and
machinery required in the new sugar factories. The specificiations
of steam and power generation equipment for a typical 1,250 htpd
factory are described in Exhibit 1.17. | o

Technical Potential

A Committee constituted by the Delhi Productivity Council for energy s
conservation and surplus power generation in the Indian cugar industry,
submitted its report in November, 1982. According to this report, all the
existing sugar factories in India would be able to produce surplus electric
power to the extent of 1,800 MW by installing high pressure boilers and
special types of power generators in their factories The conditions for and

potential of power generation from cane field residue has not been analyzed.

To estimate the power generation potential from excess bagasse and cane
field residues in Gujarat and Maharashtra, detailed production and mill-
specific statistics were reviewed (see Exhibit 1.18)‘. BaSed on these
statistics, it was possible to build up a table showing the amount of excéss
bagasse and cane field residues (CFR) available in each state and estimate
the technical potential for excess pbwer generation, tising- the fbllowing

assumptions:

[ 70 kWh of excess power can be.gege,rateQ'f‘,‘frgm bgg'assg,_ for each

tonne of cane crushed (this is discussed m more: detail below)

Hagler, Bailly & Company



Exhibit. 1

Characteristics of Steam and Power Generating .Sy'eterriel' in a Typienl Sugar Mill o

Steanr Gerteuting Plant (Beileu)'
" For 1.25'0tennes per day |
For 2,000 tonnes per day
) Minirﬁum eontinuous load
,Pressure at superheated ou...et o

Temperature 8t superheater outlet’

Feed \water temperature ,

" Fuel

Efﬁcien_éy{; .

Povtrer:Cenerating Plant (Turbo-Alternetor Set)» ‘

" For 1,250 tonnes

~_For 2,000 tonnes
Turbine type
Speed |

Steam mput condmonﬂ‘

‘Steam consumptnon

“Back press(y rej ;

-‘Altemator L

’l‘hree bonlers

1’&'20 :'onnes per hour

"Mxmmum 300°C and Maxtmum
-340°% with 15° at MCR

gs%

Bagasse with 50 percent

" moisture or low vxscosnty,'
-furnace oil

65 percent + 2.5 pomts
G.C.V with bagasse at 50
percent moisture or 80 -
percent + 2.5 points wnth
furnace oil

f :_,One turbo-altemator
"“Two turbo-altemators
;:_"‘;BBCRDrr ssure. multxstage
:,900 1, ooo rpm

vf'vPressure 12-21 ksz/cm2
‘Temperature 300°C- 350°C:

Lese thart 13 kg/kw

_'0 95 ks;/cm2

1 875 kVA, generating 3
phase. 50 cycle, 500-440

volts, AC, with 0.80 power ,

factor

‘Sources: National Federation of CooperatnveSugar Factories
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° There are 4 net tonnes” of CFR available for each acre of cane

cultivation or 10 tonnes/hectare

®  Only individual sugar mills sized at 1250 tpd or higher can

genérated power

®  Crushing season duration averages 158 days or 5. 25 months in
Maharshtra and 137 days in GUJarat (4.6 months) For tlns ‘

states.

Results show that about 350 MW of excess power could techmcally be
produced in Maharashtra for 10-11 consecutive months and-about 75 MW in
Gujarat (see Exhibit 1.18).

According to Indian industry specialists, this potential can technically be
realized by: (1) increasing boiler pressure from 30 psig to 600-900 psig;
(2) using adequate and efficient turbo generators (extraction condensing); and,
(3) implementing general energy conservation measures in the mill such -as
improved mills, bagasse drying, improved evaporators, use- of thermo- and/or

turbo-compression and general steam conservation actions
Economic and Financial Potential

According to Indian sources, the cost of the above mentioned modifications
would be about 200 Rs. Lakhs (US $1.6 million) for new factories
(mcremental capital cost only) sized at 1,250 tpd and 500 Rs. Lakhs electric
(US $4 million) for retrofitting existmg mills (see Exhibits 1.19 and 1.20).

Both capital costs are for 5 MW installed electric capacity. These numbérs

Hagler, Bailly & Company

7



Sy

Bxhibit 118

Sugarcane Statistics (1984/85)

Maharashtra | Gujafat
Number,:f)f:Milylg‘.:fr:i : ' 78 S  -» 12
Planted ‘a’f'e'a"('ha)“”' 94,000 103,000

Total surgarcane produced |
(tonnes, million)? '

Of which, crushed in mills for
white sugar (tonnes, million)

Sugar production (tonnes, million)

Quantity of bagasse produced at
at 50% moisture (tonnes, million)

Quality of trash (leaves only)
available for power productlon
(tonnes, million)

Potential for Surplus Power Generation"

- From bagasse at 70 kWh/tonne
crushed for 5 months, GWh -
MW

‘From Trash at 3,000 kcal/kg,
. 20% efflclency, 5 extra months (MW)

262

f}8Q'€j"

';"z”‘ | Sbﬁrce "Cocmerauve Sugar" Vol #17 June 1986.‘

(On the bans of 4 tonnes/acre - Source Federatnon for thte Sugar Mxlls
. over.)



* Exhibit 1.19

Additional Cost _fo‘r“Mdidific&txon and Eqmpment to ;::é'ilncorporated
in New Factories for SurplusPower Generatmn (Rs. lakhs) e

1. Cane preparation - sphttmg 1500
- of cane carrier and mstalla-
‘tion of fibriser.

2. "M1lls - providing under-feed 115,00
. rollers on all the mills and T
- recirculation of imbibition
-+ liquid. : v
3. One Boiler - 40 tonnes per hr. 40.00 .
- capacity at 600 psig (incremental R
cost)

4.. Power house - one 2.5 MW +100.00
back pressure governed turbo- R
set and one 2.5 MW condensing
turbo-set (incremental cost)

5.  Step-up transformer and protection 1500
system for supplying power to grid. ST

6. Others | 15 oo;;fj',
5 Total ;;lé200 00

Sources: . Nationu Federation of Cooperative Sugar Factories



Exhibit 1.20

Equipment Required for Surplus Power Gerieration in Factories of 1,250

TPD and Above

Equipment

One 70 T/hr. boiler
operating at 600 psig
(at super heated outlet
and 780°F)

One 5 MW back-pressure 5

governed turbo generating
set and one 5§ MW
condensing set

Step-up transformer and

protection systems for sup-

plying power to the grid

Miscellaneous

“TOTAL

“ Cost

© " Complete with
~ water treatmen
“plant, conden-

2000

200

: .Réma'rks

sate storage
tank, etc.

Including founda-
tion, buildings,

electrical control
distribution, etc.

Source: National Federation ‘of Cooperative Sugar Factories
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are in line with a more recent World Bank study which estimates the

specific investment cost at US $480/kW for similar situations®.

Economic and financial fuel and O&M costs have been considered identical in
this preliminary analysis, and the opportunity cost of bagasse and CFR

a'ssumed equal to their best market alternatives, i.e., paper feedstock for

bagasse and cattle feed for cane leaves (cane crops are already entirely used L

for cattle feed and are not accounted for in the resource base estimate). B .
Both fuels have been assumed to have the same.market value of Rs.
150/tonne. Based on the above assumptions, power can be generated at mill "
gate for an economic cots of Ps. 40-49 and for a financial cost of Ps. 49-
Ps. 66 (see Exhibit 1.21)., These numbers being below both the economlc and
financial marginal cost of power, 0.80 Rs/kWh and 1 .30 Rs/kWh o
respectively, it is concluded that all the technical potential is economlcally and
financially attractive. Therefore the economics and f1nanc1al market for
power from cane residue is estimated at 350 MW in. Maharashtra and 75 MW

in Gujarat.
Potential for Other Agro Waste-Fired Systems

In addition to the cane sugar industry, a number of other agrdindustries also
produce significant amounts of residues that could be used to generate power.
The major agro wastes available in Maharashtra are rice husks, paddy straw,
ground nut shells, cotton sticks, sawdust, and animal dung. For Maharashtra,
all the above resources combined represent a total of 11.5 million‘tomlla,s, i

representing a theoretical potential of about 1,800 MW of power (see Exhibjt

»6. World Bank, Identifying the Basic Conditions for Economic Generation of Public
Electricity from Surplus Bagasse in Sugar Mills, October 1983.

Hagler, Bailly & Company



Exhibit 121

Economic and Financial Cost of Blectricity From Cane-Waste-Fusled Systems.

(Ps./kWh)

Days of Operation
Per Year

Economic Financial

Non Fuel Costs  Fuel

_Total Cost

150 - 25 42 4

250 6 25w

Assumptions:' |
Capital Cost = $480/kW
Capital Recovery = 0.150 for Economic Cost
=0.250 for Financial Cost
Fuel Cost |

Source:  Hagler, Bailly & Company. :

Cost  Economic

~ ="Rs.150 per tonne of waste

Financial -
o 6
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1.22). However, none of these wastes are available in sufficient quantities
in a small number of places to warrant further investigation (see Exhibit
1.23). All wastes are currently being used as cattle feed, fuel, constructlon
materials, etc., and are heavily traded. G1ven the existence of numerous
other options for power generation, it was . not consrdered worthwhlle to

pursue the analysis further.

In Gujarat, the same characteristics exist, but two by-products, ground nuts :
and cotton seeds appear to have some potential for power generation. ‘
According to a 1984 NPC study,” almost 500,000 tonnes of groundnut shells end
535,000 tonnes of various oil seeds would be available annually. Another
study®, however, finds smaller quantities, i.e., 115,000 tonnes and 140,000

tonnes.

Using a mid-point of 300,000 tonnes for groundnut shells and 350,000 tonnes
of cotton and other oil seeds and waste, and assuming that only 50% of these
quantities correspond to locations where these wastes can be collected, we
arrive at a technical potential of around 20 MW for each resource. The
small size of this potential does not warrant any further economic and

financial analysis.

Potential for Small Fossil-Fueled Systems

These systems include diesel engines, gas turbmes, and boilers W1th condens-

ing steam turbines, running on imported diesel 011 domestlc natural gas, or

7' National Productivity Council, 1984.

8 Utilisation of Agricultural Residues," by Gujarat Indxvxdual and Techmcal .
Consultancy Organization, 1983,

Hagler, Bailly & Company
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 Exhibit 122

Agrowastes Production and Avatlablhty for Power
Generatlon (in thousands tonnes, 1984) : ,

L o Maharashtra ' S Gujarat
Agrowaste Production  Available Production Available

Rice Husks st o 381 100 - (30)*

Groundnut Shells 328 02 - 1,500 500-(115) '

Cotton and Other Oil = 882 0o . - 787 | 535_(140)
Seeds and Waste o o NEERERY

Sawdust and Chips 10,158 0’ i’;negl
Total (rounded) 11500 0 270 1135

Power Generation o L 7
Potential (MW) 1,800 5 350 147

D All used onsite (power) or sold at an average RS 60/Tonne (P 177)
2 All used onsite .or sold as fuel (P 178)

3 All ‘sold

” GEDA study

. Source: National Productivity Council

%)



* Exhibit 1.23

‘Overall Utilization Pattern of All Types of Ag'rd-? .
Industrial By-Products in Maharashtra (in percent)

Used | Sold  Disposed of

. Rice Husk 17,05 82.95 -
- Bagasse - 100.006* - -
Molasses 101.89* } -
Groundnut Shells . 28.05 719 .-
Cotton Gin Waste - 9.60 540
Saw Dust & Wood Chips - 10000 . - a=ns

* Includes quantities pﬁréﬁaé._ed.

Source: National Productivity Council
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domestic coal. In this analysis we will concentrate only on systems fueled by
domestic fuels, i.e., coal and natural gas. As a practical matter these
schemes would not normally be cost competitive with power from utility’s
large central power stations. However, because of current power shortages
many industrial plants are seriously considering such "captive" generating

options to allow continuous operation of their prosuction systems.
Technical Potential

Well-developed systems exist that can produce as much power as desired
from fossil fuels. Thus, there is no technical limit to the use of small
fossil-fueled systems and the "technical potential” is not a meaningful number

and will not be estimated here.

Economic Potential

The estimated production cost for an economic delivered natural gas cost
between 1,500 and 2,200 Rs./000M3 is Rs.0.60/kWh to Rs.0.99/kW (see Ex-
hibit 1.24). These costs appear to be competitive with power from the
existing utilities (i.e., competitive with their long-range marginal costs of

about 0.80 Rs/kWh) at large systems or at low gas prices.

For small coal-fired boilers and steam turbines (less than 50 MW), the eco-
nomic costs are higher than for gas turbines, from Rs.0.78/kWh to

Rs.1.17/kWh. These are higher due primarily to the much higher capital cost
of small coal-fired systems (see Exhibit 1.25). Ohly at coal costs béloW 450

Rs/tonne, the cost of power from small-coal fired Systéms would be

Hagler, Bailly & Company
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Exhibit 1.24

Economic Cost of Electricity from Small_’:Nﬁfufai Gas-FlredSmple '.
Cycle Gas Turbines (Rs/kWh) o
. ~ Natural Gas Cost (Delivered Rs/100 M3)
Sz.é'tem Size ‘: _ISJQ - m 2000
50 MW 060 0.69 0.82
20 MW 066 075 088
CsMwW om 087 0%

As_su.m.;‘ptions: -

* Annual O&M

e System Size (MW) R Capltal Cost (slkW) (% of Capital Cost)

5 . 350 - 3
20 500 4
5 800 5

Capacity factor = 0.60 N B
Overall e_fficiency = 30%‘1(.Héa_t",rate =3,24OkWh/l.000M3)

® System operating life = 20 years

Capital recovery factor = 0134
Natural Gas = 9,300 kCal/1,000 M-

Source:  Hagler, Bailly & Company
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| Ex’ﬁi’i:“i’t’?"iizs"?

Economm Cost. of Small Coal-flredBoﬂer/SteamTurbmeSystem o

(Rs/ kWh)

" Coal Cost/ Electnclty Cost

" (Rs/tonne) . (Rs/kWh)

0.78-0.89
0.86-0.97
0.95-1.17

888

Assumptions:

® Total installed capital

K Annual O&M cost.,- 1 ceht/kWh (-0V08 -;Rs/kWh)

| ’vo,‘.'f'Capxtal rem.overy factor = 0 134

o '-_Annual capacxty factor = 0 60

- 0  3 Overall plant effxcxency 25% (Heat Rate = 3 440/kCal/kWh)
- "Coal heat value = : 3, 500 4 000 kCal/kg

- 0 'System generatmg hfe = 20 years

-~ Source:: Hagler, Bailly: & Company -


http:0.95-1.17
http:0.86-0.97
http:0.78-0.89
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“
competitive with the marginal cost of electricity generation by utilities (0.80
Rs/kWh).

Finaneial Potential

The Financial Costs for power from these systems (that is, the price the in-
vestor needs to obtain to meet his normal investment requirements) are estl-
mated in Exhibit 1.26 and 1.27. The larger gzs vwrbines (20 MW to 50 MW)
appear attractive with power costs ranging from Rs.0.92/kWh to
Rs.1.39/kWh, particularly if they were justified primarily to prov1de a rell-
able alternative to utility power (These numbers are compared w1th the cost
of eelctricity from the grid thac is about 1.3 Rs/kWh). Coal-systems in
these relatively small sizes do not appear competitive with the utlitity supplied
power as the unit cost of electricity for these systems is higher than the grid
supplied power (1.3 Rs/kWh)(see Exhibit 1.27).

The important issue with regard to the attracnveness of fossﬂ-fueled _
systems is the availability and price of natural gas and coal The government,
sets priorities in distributing the limited available coal and natural gas in the
country. Currently, the natural gas consumption is hmlted for feed stock in
fertilizer and petrochemical industry and a few power plants The coal
supply is nont as tight as that of natural gas, but the.ut;lltles and large
industries have priority in receiving coal. Furth‘ermdre, price of both fuels
is strongly administred by the government. Therefore, the pOSSIblllty of
power generation from small fossil-fueled systems is dlrectly llnked to the
.governemnt’s policy on supply of these fuels We wrll discuss this matter

further in the next chapter.

Hagler, Bailly & Company |
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Exhibit 1.26

Financial Cost of Electricity from Small Natural Gas-flred Slmple Cycle
Gas Turbines (Rs/kWh)

B - Natural Gas Cost (Delivered Rs/1000 M3)
System Size 2200 . 3000

Public  Private Public  Private
50 MW 0.92 1.00 117 1.24°
20 MW 1.03 1.14 1.28 1.39
5MW 1.26 1.4 S LSL 169
Assumptions
Annual O&M

System Slze(MW) ‘,_C'ar‘r‘)i.tal'Cost ($/kW) (26 of Cap1ta1 Cost)

50 350 3
- 200 . 500 g

) ,_Capltal Factor ix 0 60 ,

° Overall Effxclency 30%

[ Capltal Rerovery Factor = 0 351 for Prlvate, 0 257 for Pubhc
° Margmal Tax Rate = 55%

[ Deprecxatlon = Stralght Lme, 10 years

° System Operatmg L1fe =20 years

e Net Heat Rate = 3 240 kWhll 000 M3

Source: - ',;Haglé'_iﬁ-,if“Béilly? & Cbiﬁp'am'
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Exhibit 1.27

Fmanclal Cost

: (Rs/ kWh)

Coal Cost
" Delivered

(Rs/tonne)

300
450
600
700

A‘ssumpﬁo‘ns: |
. ,"i;‘Total mstalled capxtal cost = $l 500/ kW
. :'»‘av'Annual O&M cost = 1¢/kWh (0.125 Rs/kWh)

qubhc Sector
Electricity Cost
(Rs/kWh)

of Small Coal-fired Bioler/Steam Turbine Svstem

Private Sector
Electricity Cost
__(Rs/kWh)

° Capxtal recovery factor =0, 351 for prlvate, 0. 25% for pubhc
e Annual capacxty factor = 0 60
. ‘.L._V,Overall plant eff1c1ency 25% (heat rate:--3 440 kCal/kg)

. "Coal heat value = 4 000-6 000 kCal/kg
‘.Q}-E‘;{Margmal tax rate = 55%

® Depreciation = straight line, 10 years -

S uaree: | niagler, Bailly & Company::


http:1.76-1.96
http:1.44-1.61
http:1.72-1.89
http:1.38-1.55
http:1.64-1.77
http:1.30-1.43
http:1.55-1.64
http:1.21-1.30

vPotentlal for Mumclpal Waste-Flred Systems

.The study team also evaluated the potentlal for burmng mumclpal wastes m
Bombay to generate electr1C1ty for sale to the grid. The average dally waste
| 'generatlon of Bombay is 3 ,000 tonnes per day. which are dellvered to’ s1x |
landfllls A study by the the National Enuronmental Engineering Research
Insutute characterlzed the waste composmon9 (see exh1b1t 1.28). Thls ‘-5”53-";‘

1nd1cated an average calorific value for the waste of 2 028 kcal/kg The

energy content of varxous waste samples ranged from 900 to 4300 kcal/ kg

The performance of the waste-to-energy plant is based on a deslgn usmg
proven U, S. technology which was provided by Mr A. M1chaels, a consultant
for the U. S. Government who was in India at the time of this study looking
at the potent1al for waste-to-energy plants 1n Calcutta A single plant having
a 400 US ton per day capacity costs $9 000 OOO

Of tlus, $6,000,000 represents the boller cost (wh1ch is 1mported), 31 000000"
represents turbine/generator and materlal handlmg systems wh1ch are
available from Indian manufacturers, and the rema1nder 1s for s1te £ | “
preparation and 1nstallat10n The output of this system depends on the heatmg;
value of the waste supplying it. The maximum output is 5 0 MW w1th a .
waste calor1f1c value of 2800 kcal/kg. With waste calor1f1c values less

) than 1,300 kcal/ kg, the waste will not support combustlon Accordmgly, the |
total techmcal potential for electrlc power from the 3,000 tonnes per day of

| 'mumclpal waste in greater Bombay is est1mated ar 33 MW, based on a 400

.ton per day plant havmg a peak output of 4 MW

9, Natxonal Envu'onmental Engmeenng Research Instxtute. "Characterxstxcs of
Bombay Cxty Refuse" Nagpur, September 1985

Hagler, Bailly & Company
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© Bxhibit128

. ‘C}Q‘_irnp'osi.tion’ pf Bombay MumclpaISodeastes 2
- Average Higher Calorific Value : 2,500kCa1/kg
| Av“ef;t_‘ajéé"MdishtuxféflCthént O 50%

Average Lower Calorific Value' : -~ 2,028 kCal/kg

"S_bu'r,cé‘: -"Characterization of Bombay City Refuse", National Environmefi_tal
S Engineering Research Institute; Nagpur; September, 1985. .

Lower Caluiific Value Include a ‘6% redustion for Hydrogen content

av
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QM

Economic Potential

The economic potential for a Bombay waste to energy project is estimated in
Exhibit 1.29A. The economic capital cost of the system is Rs 131,250, 000
based on a foreign exchange requirement of $6.000,000 and local currency
requirements of $3,000,000. The annual operating expenses are estimated to
be Rs 12400 ,000. With an annual output of 20,246 MWh, the net power cost "
is Rs 1.48/kWh. This is not competitive W1th our estimated avoided cost of
Rs 0.8/kWh. However, this does not allow any credits for reducmg me 5
amount of waste that must be disposed of in landfills. Our dlscussmns wnh
the Bombay Municipal Corporation (BMC) indicate that these landflll A |
preparatlon costs are approximately 20 Rs/ton with no charge for the land
itself. if a credit of 18 Rs per ton is given to the waste-to-energy prOJect
because 1t reduces the was wh1ch must be landfllled by approxmately 90%

the economic cost is reduced to Rs 1 37/kWh wh1ch 1s Stlll ‘much higher than
the avoided electrlcny costs, Thus the estxmated,‘ ecohem,lc potential for these-

systems is nil.
Financiel» Potential

The fmanclal cost of electric power for a private mvestor mterested m
mvestmg in a mumc1pal waste-to-energy system is estlmated 1n Exhlblt 1 29B
This indicates that a private investor would require Rs 1. 95/ kWh to ach1eve
his desired return on investment. This is substantlally above the margmal
cost of electricity supplied by utilities m Maharashtra ( 1.3 Rs/kWh) Thus |

there is no nnanclal potential for these systems

Hagler, Bailly & Company =
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Bxhibit 1294

Economic Cost of Power from Bombay Municipal Wastes

Average’ DallyWastesDehvered 3.000tonnes/day (to s1x landfllls)

Uapital: Cost, 400 -ton/day Plant Forelgn Exchange = $6 000,000 = RS 93 750 ,000
B - Local Currency - =$3,000,000 = RS 37500000
TOTAL 131,250,000

Annual ‘Operating Costs . :if$8/t’<“>r;;;_".-‘jj RS 12,400,000

Anoual Days of Operation’

Annual O_ﬁ‘tput': |

14%., No. output power
 TOTAL 20246 MWh

'Analyzed Capital- Co'stf*." o : Rs 17,587,500 -

Total Annual Cost

: 'fNet Power Cost | R 148/kWh

‘Capital Recovery Factor (20 years, 12%) = 0.134°

dource:. . Hagler, Bailly & Company



Bxivit 1298

FinacilCost of Fomer rom Bomby Muricisl Wastes

Averag Daty Wats Dlvrsd 300 s/ dy o s i
Cotr Cos, 40 oty Pl + 50000 « R 13800000
Annual Operating Costs " $8/ton, - Rs 12,400,000 per year
Annual Days of Operation 1 ‘310

Annual Output- '+ 50% - 4.0 MW (=14,886 MWh)
" 7 36% - 2.0 MW (= 5.360 MWh)
14% - No output power '

TOT AL i : 20,246 MWh/year

Total Annualized Capital Cost!  :  Rs 27,120,600

" Total ::Ahhqal Costs Rs39,120.600 |

Net Power Cost - O Rs195

Ieapital Recovery Fastor (20 years, 20%, 55% tax. rate, 1 year deproeciation) < 0.247.

Source: Hagler, Bailly & Company -
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| Potential for Small Hydroelectric Systems

Many developing countries are interested in developing small and large
hydropower systems to either supply power to the electricity grid or to’
provide power to remote areas. This study tried to identify the potentlal for
small hydropower systems in India with a size less than 25 MW having a
cap1tal mvestment cost of less than Rs 1,000,000,000 ($80,000,000). Based on
experlence in other developing countrles this is a reasonable upper limit on
the size of project which might be developed by private investors.
Unfortunately, the study team was unable to find detailed information on'lsma.li
hydropower which would prowde estimates of capital and operatmg costs of
potential hydropower sites and estimates of annual outputs, so no reahst1c :
estimates of economic and financial potential could be developed Exhibit 1 30
gives information provided to the sudy team on small hydro electric sites in
Maharashtra. This indicates that. 127 MW of small hydropower is bemg |
developed at 14 sites, and another 124 prOJects W1th a total capacity of 101

MW is under investigation.
Potential for Dendro'thermal-tSﬁs:t’ems(

Dendrothermal systems are vi’ooq-firéd power generating Systems*fin which
wood is burned in a boiler whrch generates power using a conventional steam
turbine. The wood is gfown on-nearbj’ "plantaions" Which vare managed and
selectlvely harvested to- prov1de a contmually renewmg fuel supply Th1s
concept has been under study in India for a number of years by orgamzatlons
such as DNES and members of the Blo-Energy Soczety of Indla Most of

these efforts have focused on the use of species - of Eucalyptus. whrch are

‘Hagler, Bailly & Company -
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Exhibit 1.30

Po tent1a1 £ or Small Hydro Electric Power mMaharasht ra " f

- Name of
the Project

" Name of
. District

Total Installed ‘

A)

B)

o

”bampleted.
1) Radhanagari
2) Vir
3) Yeldari
4) Paithan

Under Construction

1) Warna

2) Khadakwasla
3) Dudhganga
4) Ujjani ~

5) Manikdoh
,‘6) 'Surya '

* 7) Dimbhe -
8) Va1tarna Toe of dam
9) Dhom -

10) Yeoteshwar

~11) Kanher -
12) Bhatsa

, 13)’ Bha_ndar_adara
”"14)‘ PaWna .

Unuer Invest 1gat10n

| Kolhapur

: Sangah ,‘;

‘Pun'e
Kolhapur

Solapur -

Pune .
Thane

) Satara

ﬁ Santara

Satara

: Thane
' Ahmadnagar

Pune >

Total

Capaclty

a8 MW

%0 MW
- 25MW
L 12MW

le MW
16 MW
MW
MW
6 mw
96».0 MW
5 MW.
15MW]
-2 MW :
o 057 MW
CaMw
15 MW
- 10 MW
10 MW
27575 MW

A total number of 124 pro_;ect w1th a total capac1ty;_;of 101 21 MW are

under investigation.
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fast growing, can in many cases be grown on marginal lands unsuited for
foood crops, and have a relatively high heat content. Much of the work
reported in research papers has focused on developing fuelwood for use in
cooking by rural famlhes, rather than on growing the wood on large

plantatlons for use in electric power generation by a relat1vely large (up to
50 MW) central plant,

The use of land for dendrothermal plants must cornpete with other uses such

as cash crops. Normally, these other uses are economically more attractive
than raising fuelwood. This restricts theavailability of land fro energy
plantations to degraded land, culturable wasteland, barren land, permanent
forest and grazing land, and perimeter land on private farms. The amount: of
these types of land available in Maharashtra and Gujarat is estimated at ll .78
million hectares, which have a potential annual yield of 34 mllhcn tonnes per
year. Assuming a plant load fictor of 60% and a heat rate of 129
kWh/tonne, the technical potential of dendrothermal plants is 840 MW..

LARGE SCALE POWER GENERAT'ION FOR SALE TO THE GRiD

It is also possible for Non-Utility entities to finance large-scale power plants
(over 50 MW) The objective of this type of investment is to d1splace the
funds needed by SEBs of the central government to fmance new power
projects, Well developed systems exist that can produce as much power as
desired from local or imported fuels. Therefor'e,.there are no technical

limitations to the development of large scale power generatin capacity.

The main issues associated with the develgpme-rit"o‘f‘.:l‘ar‘g'e scale power

projects by the private sector are associ‘ated,\}'v_iffhf—the government’s policy

Hagler, Bailly & Company"
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with regard to allowable rate of return on investment, availability and price
of fuels, access to imported equipment, and tax rates. These issues will be

discussed in detail in the next chapter.

In Gujarat and Maharashtra, there are already two private sector utilities, |
Ahmedébad Electric Company and Tata Electricf Company,_which have _beén
generaiing elelctricity and selling their supply to SEBs and é\flso direéﬂy to
consumers. One more private utility in Maharashtra, Bombay Suburban
Electricity Supply (BSES) which has been a distribution utility is planning to
install a generation plant. The fact that these utilities are planning to expand
their generation capacity indicates that l‘arge scale power prpduction for sale
is a financially attractive activity. Hov_&eve,x‘, these utilies have access to
foreign concessionary financing, i.e. World Bénk and other internaltional

development bank loans, and have priority in receiving fjxel‘s.

Recently, because of the existing power shortages in the’ céuntry, a gg{nber of
industries have decided to build large poWer plants to suppiy’their, needs A
number of industries in Gujarat, for example, have formed the ‘Guyja,r‘at
Industries Power Company (GIPC), and are planning to .install a 120 MW
coal-fired power plant in Baroda. A number of industries in Faridabad,
Haryana, similarly, are in the process of installing a 100 MW power plants
consisting of 8 diesel sets. The first plant, GIPC, is based on all Indian
equipment, while the diesel generators for the Faridabad plant are to .be

imported.

Using the capital and O&M costs of these plants, we estimated the economic
and financial cost of power from these units, ‘_using‘t'h',e' ,ffuel c_osfts and other

assumptions used for calculating electricity costs in this Study. It is found

Hagler, Bailly & Company
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that the economic cost of electricity from the 120 MW coal plant is between
76.3 adn 89.5 Ps./kWh (see Exhibit 1.31) depending on the cost of coal E
(between 300 and 500 Rs/tonne). These cos:s are competmve W1th the
economic marginal cost of electrrc1ty from SEBs especmlly at lower coal
costs. Similarly, the finacial cost of electr1r 1ty from. a 120 MW coal f1red
plant is between 1.16 and 1.40 Rs/kWh, which is competltt Je w1th the
marginal cost of power from SEBs (at 1.3 Rs/kWh), especmlly for lower
coal prices (see Exhibit 1.31).

Similar elelctricity cost calculations were done for a 100 MW d1esel plant
It was found that the economic cost of elelctr1c1ty from such a plant 1s abou
87.7 Ps./kWh which is very close to the economlc margmal cost of '
electricity generated by SEBs (see Exh1b1t 1 32) The flnanmal cost of
power from a 100 MW d1esel plant is estlmated at 93.1 to 994 Ps. / kWh ‘
which is very competitive with the marglnal cost of power supphed by SEBs
or exisintg utilities, at roughly 1.3 Rs/ kWh (see Exh1b1t 1 32)

The exact cost of power from such umts, and the feas1b111ty of the1r
development, however, depends on the governments pohcy on such proJects
These issues will be discussed in detail in the next chapter Th1s ,
priminilary cost calculation indicates that such units could generate elelctrlcxtw
at costs lower than the cost of power supplied by SEBs The economlc and
financial potential for power generation from such systems is not resouroe

limited. Therefore, no estimates of the potential ,1vs made,

Hagler, Bailly & Company



Exhibit 1.31

Estimated Cost of Electi'ié:i‘,t;’y»ffotﬁl 120 MWCoal-Fu'edPlant '

Electnclty Cost (Ps/ kWh)

Coal Cost ' B Fmanclal
(Rs/tonne) Economic - nvate _ udlic
300 76.3 95.5 119.1
400 82.9 102.1 125.7
500 89.5 - 108.7 132.3
600 96.1 115.3 138.9
700 102.6 - 121.9 145.5
Assumptions: |
Capital Cost = $1;400/kW¢')"
0&M = 8.05 Ps/kWh"
Plant Life = 25 years

Capital Recovery Factor = 0.127 (Economic) . ,
= 0.243 (Financial, Pr1vate Investment)

. = 0.179 (Financial, Pubhc Investment)
Capacity Factor = 67 percent

S an_‘edﬂf on cost of the plant at Faridabad.

 Source: - Hagler, Bailly & Company



Exhibit 1,32

Eatimates. Co.t of Blectrlcity from 100 MW Dielel GeneutorPl.n o

0&M Cost  Puel Cost
Pa/kWh

8.0(2)

- Capital Cost

(1986 _US $/kWh)

640"

Plant

Diesel

Assumption(:

= v15 yeéigi

w 0.147

0.257 (Private investment) -
0.198 (Public. investment)

System Life
Economic CRF
Financial CRF

ad) Based ‘qn”:f‘uel oil co’st‘:s"fgiaf;;;;i."OfRs:"‘/fl‘i»

Source:  Hagler, Bailly & Company

- Bconemic

(Ps/kxWh)

64.002) o

. Financial
Private

Public

.37.‘7"?".‘{;”‘: . 99.4 + 93.1

8.0 ';obgi'h‘ti‘q}_:lfper‘year.

[V
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SUMMARY

The electricity generation potential and cost of various Non-Utility power
generation options are summarized in Exhibit 1.33. Among the small scale
power generavion options, industrial cogeneration and agro waste-fired
systems represent the least cost options. The economic cost of power from
industrial cogeneration is under 80 Ps/kWh and the economic potential |
between 1986-1996 is 1,300 MW. The financial cost of elelctricity fronr_

industrial cogeneration systems is under 1.3 Rs/kWh and at these costs 2,280

MW of capacity could be developed between 1986 and 1996.

The econom1c cost of elelctrlcxty from cane residue-fired systems is: between* -»

40 and 49 Ps./kWh compared to the marginal generation cost of ut111t1es at 80 :

Ps./kWh. About 425 MW of generatlon capac1ty can be developed from tlus
resource in the next 10 years. This potential is also fmanc1ally very ‘ ‘
attractive. Although other agrowaste-fired systems could generate electricity
at financially attractive costs, the potential from such resources is hm1ted by
their availbility; in Maharashtra the potentlal is nil and-in Gu1arat only 30
MW,

The analy51s of feaS1b1hty of power generatlon from cogeneratlon systems 1n
commer01al bulldlngs in Bombay md1cated that only large hotels represent an
economlcally and f1nanc1ally attractive opportumty Cogeneratlon in hospltals
and and other commerlcal buildings results in electrlclty costs beyond the cost

of power from the grid.

The cost of elelctr1c1ty from small scale fossﬂ fueled systems depends on

the pr1ce of coal and natural gas and varies between 60 Ps. /kWh and 117 -

Hagier, Bailly & Company
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Exmbit’i].aé |

Electricity Generation COItl and Potentlnl for Non-utllity Powel
Options (1986-1996) ‘

Bconomlc : ‘ Financial
Generation - . - Generation E
‘ Costs Potential- - Costs Potential:
Technology (Ps/kWh) (MW) (Ps/kWh) (MW) -
A. Small Scale
Cogeneration
Industrial Topping Systems ° Under 85 1,300 -Under 130 2 280
Industrial Bottoming Systems 55-77 50 . 70-120 ‘50
Commercial Systems(" Under 80 30 Under 1.60 - 30
Power Only
Sugar Cane Residue-Fired
Systems 40-49 425 49 66 : . 425
Other Agrowaste-Fired . : R ‘ ' ‘
Systems 40-49 ‘neg- 49 66 ‘neg
Coal Fired Systems 60-99° w2 /. 92-169 (2)
Gas Fired Systems 78-117 120~ 189 (2)
Municipal Waste-Fired
Systems (! 148 195 -
Hydroelectric Systems o N.A.‘_-' - NuA, N.A.
Dendrothermal Systems - NAG B N.A. N.A.
B. Large Scale
Coal-Fired Systems ' 76-103 , @y '95-145 . (2)
Diesel Generators 88 y (2’ 193-94. . @

) Analysis was done only’for Bombay.

‘2) The potential 'is  not meaningful since there is ‘no. fés‘b“ﬁi-ée"?Iilj‘r:ni"t'é“'tsia’gis” forthese systems.

Source:" Hagler, Bailly & Compary”
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Ps./kWh for economic, and 92 Ps./kWh and 189 Ps./kWh for financial

anlysis (see Exhibit 1.33). At low fuel prices and relatively large unit sizes,

these systems could compete with the power supply from the grid.

Municipal waste-fired systems do not represent any economically or
financially attractive potential for power generation, as the cost of electricity

from such systems is much higher than the cost of supply from the grid.

Because of the lack of data, no estimates of power generation costs and

potential of small hydroelectric and dendrothermal systems were made;

Finally, large scale power systems, fueled by domestically availale fué‘lfoil
and coal could produce elelctricity at costs competitive to the cost of power

from utilities.

The financial cost of electricity from large coal-fired plants is estimated at
95 to 145 Ps./kWh, and that of electricity from slow speed diesel generators
running on fuel oil at 93 Ps./kWh. At these costs large scale power plants

developed by the private sector present a significant opportunity to reduce

power shortages in India.

Hagler, ‘Baill& & Company



CHAPTER 2: IMPEDIMENTS TO NON-UTILITY POWER GENERATION
T —————m—
In this chapter, major institutional, financial and technical issues associated to )
the development of non-utility power generatlon in India will be 1dent1f1ed and {;’
discussed. As before, the empha31s of the analysis will be on GuJarat and |
Maharashtra. The chapter starts with a descr1pt1on of the power sector

structure in Indra 1n general and in Gujarat and Maharashtra, in paltrcular

As part of thlS analyS1s the study team conducted a number of 1nterV1ews
with key representatlves of electric utilities, state electrrclty boards, prlvate
sector entities, financial 1nst1tutrons, power equ1pment manufacturers and
'government agencies involved in power sector planmng Thrs chapter

addresses the issues ra1sed durmg the course of the 1nterV1ews

Finally, the chapter reviews the structure of the caprtal market 1n Indla, -
analyzes the availability of private capital for 1nvestmen"§' m powe1 systems,

and identifies means of mobilizing pr1vate cap1tal for such prOJects

POWER SECTOR STRUCTURE

_;,At the t1me of 1ndependence in 1947 there were scattered generatmg facrhtres
’_m Ind1a supplylng surroundmg towns and 1ndustr1es The scattered generators
were ‘generally run by state governments, or by local author1t1es and pr1vate |
compames The 1ndustr1al generators were a part of 1ndustr1al plants, whlch :
kalso often sold electrlmty to surroundmg townshrps The central r)overnment

played only a regulatory role. Under the Indran Electr1c1ty Act of l9lO the

Hagler, Bailly & Company
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central government licensed the electricity generation undertakings and defined
the safety requirements. The administration of the Act was left to the state

governments,

Soon after the independence, the central government decided to make the
states responsible for the management of ‘powe}r systeﬁis, and for this
purpose passed the Electricity Supply Act of 1948, Under thls act,
subsequently, the State Electricity Boards (SEBs) were formed as
government-owned autonomous corporations responsible for generation,
transmission, and distribution of electricity on the state level, Although SEBs
are supposed to be autonomous in managing their day-to-day operatmns, m
practice they are under the contrnl of state governments in such matters as
capital investment, tariffs, borrowing, pay, and personnel pol1<:1es SEBs own

and operate over 70 percent of the power system in the country.

In 1964, as a first step towards power system integration in the country, the
government created the Regional Electricity Boards (REBs), responsible for
coordinating the operation of SEBs on a regional level. The REBs have
advisory functions and are, in effect, associations ‘Qf SEBs. There are five
REBs in India. The responsibilities of REBs include preparation of
coordinated mainienance schedules, development of integrated operétions and
efficient generation schedules, and formulation of pricing policy for inter-

state transfer of power.

The Central Electricity Authority (CEA) was also instituted under the 1948
Act and was created in 1950 to develop national power policy and o
coordinate the various agencies involved in supplying electricity. It is

formally responsible for approving investment proposals, providing consulting

Hagler, Bailly & Company
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m

support to SEBs, assisting in the integration of supply systems, training of
personnel, and research and development. CEA is administered by the

Department of Power within the Ministry of Energy.

In 1969 the government established the Rural Electr1flcat1on Corporatxon to -
coordmate rural electrlflcatlon efforts m the country and to prowde fmanclal ,
and a techmcal expertlse for SEB schemes Currently, REC fmances over 70

percent of total rural electr1f1catxon 1nvestment m the country

In 1975, the government created the National‘ Thermal Power corporation }} | =
(NTPC) and the National Hydropower Corporation (NHPC) to construct and "
operate large power'stations and associated transmission facilities. These
two organizations are intended to achieve higher operation efflclencles than
SEBs. The NTPC has already established a number of large pithead thermal
stations. The NHPC is also engaged in settmg up a few hydro-electrlc
stations. However, since the states control water r1ghts and are reluctant to
relinquish their rights to the central government the NHPC has not been

very successful.at accomplishing 1ts.mandate :

In GuJarat in addmon to the GuJarat Electrlclty Board (GEB), there 13 one

prlvate ut111ty, Ahmedabad Electrlc Company (AEC). generatmg and d1str1butmg

electr1c1ty in and around Ahmedabad AEC has been 1n operat1on smce 191

and is one of the few remaining pr1vate generatlon compames in the country '

: "In Maharashtra, in additioz to the Maharashtra State Electr1c1ty Board
- (MSEB), there are three private utilities. The Tata Electric Company
generates electricity in Bombay and sells its power to MSEB and to a number

~ of large industries. The Bombay Electricity Supply and Transoort (BEST)

Hagler, Bailly & Company - .
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and the Bombay Suburban Electricity Supply (BSES) are two distribution
companies operating in and around Bombay, respectively. These two utilities
purchase their power from MSEB .and Tata Electric Company. Private
utilities have to renew their operating licenses periodically with MSEB. In
addition, Atomic Power Authority of India operates a nuclear plant m

Maharashtra.

Generation Capacity

The power generation capacity in India has grown from 1 712 MW 1n 1950 to
over 42,000 MW in 1985. Between 1979 and 1985 alone the generatmn
capacity was expanding at an annual rate of over 8 percent. Almost 60
percent of India’s electricity is generated from coal, 34 percent from hydro,
and the rest from oil, nuclear energy, and natural gas. Although a number of
thermal projects are planned for the short term, the shares of hydro and

nuclear are likely to increase in the long run.

LS

As projected in the Seventh Plan, by 1990 the generation capacity in India ‘is
expected to reach over 64,700 MW, 31 percent from hydro, 67 percent from
thermal, and 3 percent from nuclear power (see Exhibit 2.1). During the
Sixth Plan, the actual generation capacity installed was 5,000 MW less than
the projected figure. For the Seventh Plan, it is expected that the actual
installation will be about 8,000 MW less.than planned,

The total generation capacity in Gujarat, as of March 1986 is 3,280 MW for
which 300 MW is from a hydro plant and the rest from thermal units (see
Exhibit 2.2). The Ahmedabad Electric Company owns and operates. two units
of 161 MW and 220 MW capacity. The remaining plants are operated by

Hagler, Bailly & Company
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Exhibit 2.1
Composition of Installed Generation Capacity in India (1985-199 )

Hydro Thermal - Nuclear Total |
1985 14,314(35%) 27,082(64%) 1,095(3%) 42,491(100%)
1989-90 19,855(31%) 43,081(67%)  1,800(3%) 64,736(100%)

Source: ' Center for Monitoring Indian Economy, "Current Energy Scene:in’
- India" July 1986. D ‘



Bxhibit 2.2
Power Generation Capacity in Gujarat (March 1986)

o Pemt  _ Loation _  Capacity (MW)
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Source Center for Momtormg Ind1an Economy, "Current Energy Scene m
Indxa", July 1986.



IMPEDIMENTS TO NON-UTILITY POWER GENERATION 2.5

“

GEB. The primary fuel for thermal plants in Gujarat is coal with oil used
only as a support fuel. Only one unit at Dhuvaran (280 MW) runs entirely on
oil. There is also a 54 MW gas turbine unit at Dhuvaran which is not being
used because of lack of natural gas. Currently, only the Utran plant has
access to limited amount of natural gas (sufficient for 32 MW). The
availability factor for GEB plants varies between 42 percent and over 97 |
percent (during 1984-85), with an average of 72.32 percent. The load factor
for GEB plants is between 30 percent and 76 percent with an average of
53.24 percent. In contrast, the availability factor for AEC plants is over 80
percent and the plant load factor over 70 percent. According to GEB, the
average variable generation cost in Gujarat (fuel and O+M). In cohtrast, the
average cost of supplying power to industry (ipclpding T&D costs and losses),
is 70-80 Ps./kWh, and to agriculture is more than 80 Ps./kWh,

The total installed generation capacity- in Maharashtra, as of March 1986, is -
7,200 MW. 4,883 MW from thermal plants, 672 MW from gas turbines, 320
MW from a nuclear plant, a:nd the remaining 1,325 MW from hydroelectric
plants (seé Exhibit 2.3). MSEB owns and operates 4,053 MW of thermal
capacity, 1,049 MW of hydro, and 672 MW of gas turbines. The Tata
Electric Company operates about 830 MW of thermal and 276 MW of
hydroelectric capacity. There is one nuclear piant in M_aharashtra at
Tarapur, close to Bombay, with a capacity of 320 MW, operated by ‘the
Atomic Power Authority. During 1984-19