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ADVANCING COGENERAnON IN THE
INDIAN SUGAR INDUSTRY

TbIee Mills in Tamil Nadu and Maharashtra

EXECUTIVE SUMMARY

BadIground

India currently fares a peak electric generating capacity shortage of 23 percent,
and approximately 10 percent of demand is left unserved. This power supply shortfall of
over IS thousand megawatts may become worse as demand growth exceeds the ability of
utilities to finance new capacity. Reduced levels of electric service and reliability are
impeding economic expansion and forcing utility customers who can afford them to
install costly backup generators.

One potentiallow-cost source of future supplies is industrial cogeneration, and
several studies in India, as well as experience L1J other parts of the world, point to the
sugar industry as a prime candidate for this form of supplemental power prodUction.
Advantao~ inclu~ relatively low capital requirements, a renewable, indigenous waste
material as a fuel, and sugar mills of sufficient numrer and size to make a measurable
contribution to power supplies.

Building on earlier work by the World Bank and others, the case studies
summarized in this report were designed to accelerate introduction of cogeneration in the
sugar industry by proposing several technical system alten~ves for three site-specific
installations and estimating their cost and performance. The. purpose was both to defme
better the prospects for cogeneration in the Indian sugar industry in general and to
identify specific opportunities for cost-effective investments b)' mill owners and others.

The study goes beyond the previous work in this area by s~-.cifying and
evaluating site-specific system design options at each of several milli.,- In addition, the
study addressed the economic value of power produced by t."e selected mills to the State
Electricity Boards in Maharashtra and Tamil Nadu, given each SED's ge."lel'ating capacity
mix and fuel costs, using a methodology that would be applicable for evah.uting
independent power from other sources as well. Finally the study team developed a
preliminary set of power purchase contract provisions, based on U.S. experience, in order
to iiCil1we any future negotiationsl5etweeli1liifSEB'S-8i1om1JJowneli- ------
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Findings and CondusioDS

The following principcl conclusicns arise from the case studies:

1. All of the sugar mills studied could be reconfigured to export power. The
amounts depend on the size of the mill, the choice of cogenerating scheme,
and the availability of additional fuel to supplement bagasse produced on
site. The maximum output that would be available for export from each of
the mills is as shown below: .

ElectrIc Power GeDeration for -

CropSeaoll Off-season GWh
MOl (MW) CMWl uervear

Anma Sugars. Tamil Nadu 34 51 295
1biru Arooom. Tamil Nadu 21 24 166
VSSK Sanlbli. Mabarasbtta 12 17 89

2. Typical of mills in India, these factories now employ low pressure (21
atmosphere, 330·C) boilers to generate steam and back-pressure turbo
alternators to provide for heat and mechanical power within the plant.
Installation of double extraction condensing turbines and boilers capable of
producing steam at 63 atmospheres and 480·C can greatly increase power
production per tonne of fuel and expand the quantity of power economically
available for export. This will be a departure from conventional industrial
practice in India.

3. Economic viability is highly sensitive to the amount of power exported per
unit of capital investment and thus depends upon year-round operation, with
supplemental fuels during the off season, and a large generating capacity
relative to the internal electric demands of the mill. In addition, process
steam requirements need to be reduced from over 500 kg down to 400 kg
per tonne of cane. The cases examined appeared to require annual exports
of at least five kWh for each US dollar (one kWh for every 5.1 rupee)
invested to yield attractive fmancial returns. 'Ibis is a reflection of the
required capital investment of roughly Rs 2S per installed watt of generation
capacity.

4. None of the cogeneration options at any of the mills would be profitable at
the current SEB prices for purchased power, which are based on ~nergy

value alone. Including an appropriate credit for avoided utility generating
capacity costs brings several technical options into the feasible range, at
lee3t for the mills in Tamil Nadu.

-5. -The folloWing table summarizesthe value of independenfpower to the tWO-~----
SEB'sb~d on the estimated avoided cost of energy and generating
capacity. The ranges reflect the influence of the location of the independent
generator within the transmission and distribution system, and capacity
prices correspond to fum contracts for output coincident with times of peak
load.

12



TamlIN..tu Maharasbtn

EDergy~Wh)

On·Peat Hours 1.40-1.65 0.77-0.94
Off·Peat Ibm 1.40-1.65 0.53-0.60

Capacity (RsItW per month)

October-April 171492 ~S3S

Ma- bel' 171492 79-378

6. The values of independently produced power shown above are based on the
amount each SEB should be indifferent to paying for a source of new supply
in the light of conventional alternatives. SinCP. wheeling and banking are
customary within the Indian utility industry, ~ .._~'.»e figures may also be
indicative of the benefits and costs of these transactions to the utility system,
given the timing and locatio:) of generation and consumption.

7. Whether an SEB banks and wheels power or purchases it outright, stable
long-term contracts are necessary both for the security of the investor in a
cogeneration system and for the reliance of the SEB on the added increment
of supply in planning and managing its generating capacity. This report
ends with a chapter discussing possible contractual provisions, based on US
experience, that parties in India may wish to consider.

DfsclIscfon
Cogeneration Case Studies

In the interest of maximizing the return on invested capital, the design options
analyzed in the cases provide for year-around power generation. Thus during the off
season, the generated power is kept at the same level as during the season, except for
sch~duled shutdowns, in order to ensure delivery of fum power to the utility. In all
instances, therefore, the mills require supplemental fuel during the off-season. The two
mills in Tamil Nadu are located in close proximity to Neyvelli, a major source of lignite,
while the one in Maharashtra would purchase, transport and store surplus bagasse from
neighboring factories.

All three sugar factories presently operate under conditions where excess bagasse
causes operational problems of storage and handling with no economic benefits as an
energy source. Thus, steam consumption is as high as 50 to 5S percent on cane, since
there is little incentive to save steam or elec:tricity. For this reason, improved steam
economy is possible, without sacrificing sugar output, through well-established technical
measures that entail only modest capital investments. In certain other cases, a tradeoff
may exist ~tw~n e!~tr!city~~ ~v~,!~ and ~B~~ove!1-"_ ..._

The sugar mills employ low pressure (21 atmosphere, 320 -340·C) water-tube
boilers and backpressure turbo-alternators that are adequate to meet the energy needs of
the plant but do not generate any exportable energy surplus. The boilers, in their present
con1iguration, are to a large degree incinerators to dispose of bagasse generated at the
mill.

13



To optimize surplus power generation, boiler pressure would increase to 63
atmospheres at 480·C, and installation of double extraction condensing turbines would
provide the flexibility to operate year round. Although these steam pressures and
turbines have not been used by the Indian sugar industry in the past, the potential gains
are expected to outweigh the costs and risks associated with this teehnologic& change.

Flnandal Analysis

At each of the three sugar mill sites, six or seven alternative investments were
examined initially under a variety of power purchase price and net exportable power .
scenariOs. While financial results were at best marginal for the VSSK mill in
Maharashn the Aruna and 1biru Aroonan mills presented several attractive options
reflecting alternative combinations of output, investment cost and power purchase price.
The power sale price at which the most attractive option at Arona Sugars would yield a
25% pre-tax return on investment (IRR) is Rs 1.26 per kWh, and at Thiru Arooran, the
equivalent figure is Rs 1.34 per kWh. Profitable cogeneration at VSSK would require a
price equivalent to the Maharashtta State Electricity Board's avoided cost of 1.64 per
kWh.

If a mill is in the process of expanding or updating its equipment for other
reasons, the net cost of an upgrade to cogeneration-quality boilers and TOs, may be less
than the values used in the analysis. Such a reduction in investment costs would improve
the returns on investment In the case of VSSK, a cooperative that pays no income tax,
the management may be willing to except a lower threshold IRR and thus be able to
justify a lower power sale$ price.

The financial assumptions appear in the table that follows.

PROJECT FlNANCUL STRUCTURE

Soureeof Fnctlonor Interest Rate GncePeriod Term
Flnanclmr mestnaent (vears) mars)

EQuity lOt, - - -
Surar DeveIODlllent Fund 4()f, "' 7 8

Indian Development SOt> 19% 0 7
FiDaDciDllDstitutioo LoaD

The monies from the Sugar Development Fund (SDP) are treated as equity by
financial institations.. irsa lesmt; plojects dww ch=btequity lanus of 50.50." (Vwitile the
Sugar Development Fund may account for up to 40% of an investment, the absolute
amount of funds available for a single installation may be less.) Inflation in Rs is
assumed to be 9% per year, corporate income taxes are at SS% for the two mills in Tamil
Nadu, and assets are depreciated using a 25% declining balance formula. More rapid
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depreciati()n might be allowed for i.\ portion ofeach project that does not involve
supplemental fossil fuel

Pricing of Power Sales by Cogenerators

In developing the power purchase tariff for the states of Tamil Nadu and
Maharashtra, the report presents two components of the value of independently produced
power to the u1ility, the avoided energy cO,US and the avoided capacity costs. Avoided
generation capacity cost estimates for the Tamil Nadu Electricity Board (TNEB) were
based upon a coal plant proxy. In the case of the Maharashtra State Electricity Board
(MSEBj avoided generation capacity costs aloe based upon the costs of gas turbine
peaking units. For estimating avoided energy costs during peak hours, a weighted
combination of gas turbines and the least-efficient coal plant was used During off-peak
hours, avoided energy costs were determined mling the more efficient coal plants.

Power Purchase Contracts

The report presents sample contract provisions specifying the terms and
conditions under which the SEB would purchase, bank. and/or wheel power generated by
a sngar mill. Based on cogenerator/u1ility cont:racts\ in the U.S., and taking into account
specific conditions that were encountered in India, the provisions are meant to provide a
starting point to facilitate successful negotiations between the mills and SEBs.

The sample provides for all three of the above! types of transactions: direct sale of
power, banking, and wheeling of power Lo third partit\S. Corresponding provisions can
be utilized selectively where one or more of the transactions is not contemplated.

The terms presume that the output of the mill hI nominal in comparison to the
total capacity of the SEB, and the key policy considera\tion embodied in the provisions is
the obligation on the part of the SEB to accept all kilowatt-hours made available for
purchase, banking or wheeling. In recognition of the calpacity needs of the sa and the
nature of the current load of the SEB, on-ud-off peak r,ates were adopted to reflect better
the true value to the utility grid of the capacity and enerJD' provided by the mill. To
simplify administration of the contract, the terms provide for accounting for all banking
and wheeling on the basis of the economic value of the E:lectricity involved, rather than
on the nominal kL 'watt hours banked or wheeled.
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ADVANCING COGENERATION IN THE
INDIAN SUGAR INDUSTRY:

Three Mills in Tami! Nadu and Maharashtra

1.0 INTRODUCTION

1.1 Background

1.1.1 EMCAT and the Current Study

The current study is a pan of the Energy Management Consultation and Training
(EMCAn project signed in June 1991 by the Government of India and the United States
of America through USAID. The purpose of EMCAT is to introduce technology,
fmancing and management innovations in the Indian power/energy supply aud end-use
sectors. EMCAT's activities are meant to enhance productivity of capital rewurces,
improve delivery of energy services and reduce adverse environmental impacts
associated with power generation. Expected accomplishments of EMCAT under its
Energy End-Use Component include loan portfolio design and appraisal of cogeneration
and energy conservation projects; demonstration units on cogeneration; information
dissemination on cogeneration; and preparation of feasibility reports for cogeneration and
energy efficiency projects.

1.1.2 Study Objectives

This study is designed to fulfill a portion of EMCAT's cogeneration component
program require~ents. The specific aims of this study are:

1) to QSSesS the technical options for installing cogeneration systems of various
sizes and parameters in three typical Indian mills;

2) to determine the commercial viability of each technical option and to
recommend those options that have the highest returns on investment;

3) to present a methodology for the utilities in two Indian states to calculate
their avoided costs;
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avoided cost analyses;

S) to offer model power purchase contract provisions between the mills and
their respected utilities, based on the experience gleaned from U.S. contracts
and those issues specific to the Indian states;
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6) to recommend future activities that could be undertaken by EMCAT to
promote commercial cogeneration projects in the mills selected and in
general; and

7) to stI-engthen institutional capability to implement cogeneration projects
from concept to commissioning.

In addition, the study was followed by three woIkshops in India. The purpose of
the workshops was to communicate and disQ1ss tJK, findings of the study and to structure
new activities that can be undertaken by EMCAT to promote these and other
cogeneration projects.

The current study is a natural sequel to the joint UNDPIWorId Bank Energy
Sector Management Assistance Program (ESMAP)1 study, in that it attempts to address
the remaining obstacles to cogeneration,e~y as they relate to institutional matters.
The cas: study approach was chosen, since it is an effective method to address real
problems that impede progress on a broader front. For example, a primary component of
the study was to develop model provisions :hat cl>uld serve as starting points for
contracts between private sugar mills and utilities. It is hoped that the framework
developed for the sugar mills selected in this S'.udy will be applicable to potential
cogenerators in non-sugar industries, where tlle total all-India potential is perhaps twice
that of the sugar industry.

1.1.3 Study Focus: Sugar Industry in Two States

The focus of the project is the sugar industry. The sugar industry - which has
lon~ been cogenerating for its own purposes -- is favored as the potential entry market
for cogeneration and presents a strategic opportunity to develop, test and validate
commercial and business approaches to overcome the barriers restricting development.
India is the largest producer of cane sugar in the world, and efficient cogeneration could
yield an additional 3,800 MW ofelectrical power, based on the assumption that average
mills can generate the same 60-80 kWh per ton cane, as achieved on average in Hawaii
and borne out in this study under conditions in India.

Progress in the sugar industry could pave the way for cogeneration projects in
other sectors of indUStry, such as paper, chemicals, and textiles. The modalities
developed in the proposed project will facilitate progress toward natural gas-based
cogeneration. Natural gas representS an attractive source for modular, compact
cogeneration plants that can be brought on stream quickly and economically. Indeed gas
turbine cogeneration plants have played a major role in the rapid development of
cogeneration and private power generation in the U.S. Over the long term, natural gas

_._._--_._--_._--~------------------ --.--- -- ---------------------------------- ------- --- -------------------~- --------------------------- - -------------------

l1be India. Mabarasbtta Bagasse EneraY Efficiency Project. repon No. 120191
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cogeneration is likely to play an important role in India, l)rovided market barriers are
adequately addressed.
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Technical Options

The study focused on the sugar industry in the two states of Maharashtra and
Tamil Nadu, where for the sugar industry, the greatest short-term opportunities exist.
FII'St, these states represent the second and third largest sugar states in India - and thus
were chosen for the potential market size. Second, cooperative mills in Maharashtra and
private mills in Tamil Nadu represented different "testing grounds" for commercial
projects. Third, Tamil Nadu and Maharashtra were chosen for thepro~ve attitude of
their respective utilities toward commercial cogeneration. Fourth, the Tamil Nadu and
Maharashtra mills which were identified by our Indian collaborator, Thermax Limited,
were known te' be interested in examining the potential for commercial cogeneration.
This was very important for a study that is meant, above all, to lead to commercial
projects.

1.1.4 Study Team and Assignments

Within the administrative framework of the USAID Biomass Energy Systems and
Technology (BEST) project, a six-person team was assembled for this study. This team
consisted of a team leader from IDEA Inc. and a deputy team leader from the Winrock
International Institute for Agricultural Development. A sugar industry and cogeneration
specialist, a fmancial analyst, and two power purchase contract specialists were retained
as independent consultants. and a subcontract was issued to RCGlHagler-BaiI1y, Inc. for
the servi(".es of an economist specialized in utility avoided cost analysis with experience
in India.

lbennax Ltd., a private sector energy technology company in 1I;.dia, functioning
as a resource institution, provided key technical and logistical support, carried out the
prequalification survey, participated in meetings, and reviewed reports.

Since the objective of the study was to identify bankable cogeneration projects,
the emphasis was to give equal attention to institutional issues that were considered
important pervasive barriers to cogeneration in India. The study and follow-up were
organized into a series of tasks, with each Task being principally carried out by one or
more team members, as follows:

Task

Task 1:

Task~:

Task 4:

~.
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This study is organized into five chapters centered around Tasks 2-5 discussed
above. Thus following the Executive Summary and Introduction (Chapter 1) the Study
provides technical case studies for Arona Sugars Ltd.. and Thiru Aroonan Sugars Ltd. in
Tamil Nadu and VSSK Mills in Maharashtra (Chapter 2).

The study then moves to the institutional arena, presenting a methodology for
determining tariffs ~ased on the principle of "avoided cost" and calculating actual tariffs
for both Tamil Nadu and Maharashtra (Chapter 4). -:Jus methodology should be
applicable to price setting between utilities and industry in future cogeneration projects
based on biomass and non-biomass fuels.

Contraet Specialist

Team Leader

Team Leader!
Deputy Team Leader

U.S. TeamlIbermax

Model Power Purchase
Contracts

EMCAT Cogeneration
Component Project Definition

Results Analysis and
Preparation

Workshop

TaskS:

Task 6:

Task 7:

TaskS:

1.1.5 StudylProject Phases and Study Cbapten

The study was prepared in three phases. FU'St, there was a Pre-Qualification
Survey conducted in MarchiApril '92 by Thermax Limited, discussed below. Second, the
study team spent two weeks in India visiting three mills, fmanciaI institutions,
Government of India officials, sugar assodations, etc. A special half-day seminar on
CANEPRO. a software program developed by Wj1JI'OCk International to assess the
fmancial and economic viability of bagasse-basa:\ cogeneration proj~ was presented to
the Industrial Development Bank of India (IDBij during this Mission. Third. the analysis
and report preparation task involved the participation of all team members.

This study was presented in India at three workshops in November 1992. At
these workshops. all of the concerned parties -- mill owners. utilities. GOI officials.
fmancial institutions. USAlDlIndia, etc. - discussed outstanding issues and explored
future activities to promote cogeneration in India.

The study then presents a set of fmancial and economic analyses for each of the
three cases studied (Chapter 3). These analyses were conducted with the help of
CANEPRO. described above. These analyses will help readers understand the economics
of cogeneration so that they may make informed decisions. In the case of a mill, this
may be simply to ~o ahead with a project or to reject a project. In the case of the utility.
the analyses help determine a fair power purchase price. As for Government of India
officials, the analyses may suggest policy changes in areas which influence project
fmancing.



1.1.6 Pre-QuaIilicatiOD Survey

Prior to the field mission, a screening survey was undertaken. For reasons
discussed, it was determined that the sugar industry in Tamil Nadu and Maharashtra
would be the focus. of the study. The task of the survey, then, was to assess the
qualifications and interest of the larger mills in being included in the study.

To identify candidate mills for teehno-economic case studies, detailed
questionnaires were sent to eight mills in the capacity range of 2,500 TCD to 7,000 TCD
in the two states. The questionnaire was divided into the following sections: 1) general
information. 2) cane and bagasse, 3) steam system, 4) power system S) turbines, and 6)
ACIDC or hydralilic drives. In addition, Thermax polled the management by personal
telephone cllls and site visits on their interest in investing in cogeneration. The
management's view on the commercial viability of such a proposal was considered a
critical input

Five sugar factories in Tamil Nadu and three in Maharashtra responded to the
survey. A rating system was developed to evaluate and to screen the eight mills based on
the following nine criteria. Thermax rated each area on a scale of 0-10 (I0 representing
the best rating for each criterion) and then totaled the points to anive at a general rating.

Chapter S presents model power purchase contract provisions between a state
electricity board and a sugar mill. Based on cogenen1tOrlutility contracts in the U.S. and
taking into account specific conditions that were encountered in India, this chapter is
meant to provide a starting point to facilitate successful negotiations between the mills
and the utilities.
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1) Management outlook, degree of commitment, decision making ability, and
fmancial resoUrces

2) Quality of operating personnel and availability of higher personnel skills

3) Proximity to a source of secondary fuel

4) Power availability in the region

S) Existing mill capacity and potential or plans for expansion

6) Possibilities for steam and power economy

7) Potential for boiler replacement

8) Presence of captive, neighboring end-user units

9) Quality ofresoo~ __._. ~__~ --_
In the interest of producing detailed case studies that could lead to feasibility

studies and bankable projects, Arona Sugars Ltd. and Thiru Arooran Sugars Ltd. in
Tamil Nadu and VSSK in Maharashtra were chosen for the study based on the
evaluation.

:.--------~



1.2 The IncUnn Sugar Industry

The following paragraphs provide a basic oveiview of the industry, especially its
size and health (growth) as it relates to the potential for bagasse-based cogeneration. For
a more detailed discussion of the sugar sector, the reader is referred to the ESMAP
study.2

India is the largest sugar and sugarcane producer in the world. Sugar output in
1989-90 was 10.8 million tonnes. Projected output is expected to increase to 13.4
million tonnes by 1994-95, sufficient to keep pace with a 5% annual growth rate in sugar
consumption.3

The total requirement of cane by sugar factories at a 10% rate of recovery (sugar
recovered from cane) will be 131 million tonnes in 1994-95.4 These estimates are
somewhat optimistic, since sugar output has grown on average by 3.5% over the period
from 1977-87. The country imports a small amount of sugar to meet demand (40,000
tonnes in 1987-88).5 The figures cited assume that the sugar factories have access to
50% of the total cane production. In India, about 60% of the cane produced goes into
making refmed (centrifugal) sugar, while the remaining 40% is used by the small-scale
industry to produce gur and khandsari -- traditional forms of sugar mad~ lrom an open
pan process at atmospheric pressure.6

In 1989-90, the country produced 222,628,000 tonnes of sugarcane from
3,405,000 hectares under cultivation or 65,383 kglhectare. The northern state of Uttar
Pradesh is the leading producer of cane, accounting for over 97 million tonnes or 44.6%
of the total. MaharashtrCi and Tamil Nadu are the second and third ranking sugarcane
producers, with 34,008,000 tonnes or 13.5% of total and 21,918,000 tonnes or 11.2% of
total, respectively. Bagasse, the fibrous residue of the sugarcane used for raising steam in
boilers, accounts for approximately 30% of the cane weight7

Sugar mills are privately owned, publicly owned, and owned by cooperatives. Of
the 491 licensed sugar factories, 288 are in the cooperative sector, accounting for 59% of

21Ddia: Mabarasbtra Bapsse Energy Efficieucy Project. Report No. 120191, pp. 11-18

3Natiooal Federation of Cooperative Sugar Factories Limited, ADnual Report. 1990-91. pp. 14-15.
4lbicl--------------------------_.- --------- - - --------------_ .._---------------------

SssMAP Study, p. 13.

6NR:sF Amlual Report. p. 16.

'Commercial Bio Fuel Availability Study for Tamjlnpdu, Tala Economic ConsultaDey Services, 1992.
pp.3O«.

22



~---------

the factories installed and 62.4% of the national output of sugar. Most of the remaining
mills are in private hands.8

The size of sugar mills in India is small by international standards. Average mill
size is under 2,000 tons crushed per day. Since 1987, however, a mjnimum 2,500 TCD
standard has been imposed for new mills, and incentives have been created to encourage
expansion to up to 5,000 TCD.

Estimates of the potential for cogeneration from the sugar industry vary widely.
The ESMAP study on Maharashtra identified 13 mills with a current or expanding
capacity of 3,500 TCD. This study estimated the potential of these mills to export
cumulatively either 87 MW or 102 MW, depending on whether four of the mills opt for
bagasse maximi71ltion or electricity ma'l'imjzJttion configurations.

1.3 Power Sector And Cogeneration In India

1.3.1 Organization Of The Indian Power Sector

The power sector organization and structure has changed considerably since the
country's independence in 1947. In 1947 isolated generating facilities supplied
surrounding cities, towns and industries. These generators were generally run by
provincial or state governments, although in some cases the generators were operated by
local authorities or private companies. Industrial generators were part of t~e industrial
plants, which often sold electricity to neighboring townships. The central or federal
government played only a regulatory role. Under the Indian Electricity Act of 1910, the
federal government licensed electricity generation undertakings and defmed safety
requirements. The administration of the act was left to the provincial or state
governments.

Soon after independence, the Government of India decided to centralize power
sector planning and made state governments responsible for the management of power
systems. The Indian constitution included power generation in a list of activities that
would henceforth be the responsibility of both the central (federal) government and the
state governments.

To discharge the above function, the Central Electricity Authority (CEA) and the
State Electricity Boards (SEBs) were fonned at the central and state government levels,
respectively. The CEA is a statutory organization constituted under the Indian Electricity
(Supply) Act, 1948. Its principal tasks are to develop a national power policy and
coordinate sector developm~_t_l11~__CE_~_is co~_tro_J.led tbrou2h the De...nartment of Power __ __ u __

(ooP) of the Ministry of Energy, Government of India (GOI).

8NFCSf, ADnual Report, p. 14.
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The DOP also controls the National Thermal Power Corporation (NTPC), the
National Hydroelectric Power Corporation (NHPC), the Rural Electrification
Corporation (REC), and, through CEA, the five Regional Electricity Boards (REBs).
NTPC and NHPC are bulk: supply utilities that sell power to the SEBs. NTPC provides
about 13% of India's total power supplies and is poised to increase its share of power
supply to 25%, thus playing the role of the principal gener&tion entity in the COllD.t:ry.

The NHPC supplies 3% of the national power and is not expected to increase its share of
the power mix.

The REC is primarily responsible for the planning and financing of investments
in rural power supply and for coordinating dispatch and interstate power exchanges in
each of the country's five regional power systems. The effectiveness of the REBs
presently js limited by their lack of statutory authority and by weakness in the structure
of bulk: power tariffs.

Finally, the DOP controls the Power Finance Corporation (PFC) and the recently
established National Power Transmission Corporation (NPTC). The PFC is responsible
for mobilizing non-state government resources for the SEBs; it promotes policy reform
by attaching conditionalities to its loans. NPTC is expected to coordinate the
development and operations of transmission systems. Initially these will be systems
associated withNTPC's and NHPC's power stations; later, systems owned by SEBs will
be covered. .

The SEBs account for about 75% of the total generation and most of the
transmission and distribution to end users. The SEBs were fonned by the respective state
governments as autonomous undertakings, expected to operate under guidelines
prescribed in the Electricity Act. However, in practice the SEBs must obtain state
government approval for decisions on investments, tariffs, borrowing, salary and
personnel policies. The SEBs are grouped into five regional interconnected generation
networks, coordinate overhaul and maintenance programs, and set tariffs for interstate
sale of power.

India has five private utilities, which account for S% of public supply. The
private utilities are the Bombay Suburban Electric Supply Limited (BSES), Tata Electric
Companies (TEC), Ahmedabad Electricity Company (AEC), Surat Electric Company
(SEC), and CESC Ltd. (formerly Calcutta Electric Supply Corporation). Unlike the
SEBs, the private utilities have been allowed by their respective state governments to
operate autonomously. resulting in a far greater degree of technical aI1d fmancial health
than the SEBs. Recent GOI legislation on private power has greatly expanded the ability
and incentives for private interests to undertake both generation and transmission

~---~-----~~._-~ .._ ....~._- .._•....._ .... _ .._..._....- ._ ...._ ..__.. -_.__ . __._.. _ .. _--_._---- -_..._-
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1.3.2 EJectridty Supply And Demand

India's power Systems have currently (1992) an installed capacity of 69,352
MW.91bis makes India's system comparable to those of France and the United
Kingdom. In 1950, installed capacity for public utilities totaled 1,712 MW; capacity has
expanded by a factor of 40 in the last 40 years and doubled in the last nine years.

The annual per capita consumption of electricity in India (about 270 kWh) is
among the lowest in the world In 1991-92, India's systems generated 286,700 GWh
about 70% from coal fired stations, 25% from hydro stations, and 5% from gas, oil and
nuclear stations. In 1981 installed capacity was only 30,000 MW and generation 104,000
GWh.

The rate of growth of "suppressed" power demand (not including latent demand)
averaged 12.19% per annum compounded during the decade 1960/61 to 1970nl and
declined sharply to 6.54% during the decade 1970nl to 1980181, mainly due to limited
availability of electric power. India's power supply position has since improved and the
growth rate of electricity demand has averaged 8.5% per year in the five-year period
ending 1985/86.

Despite this growth, India's power systems are struggling to overcome chronic
power shortages and poor power quality, resulting in a 2% loss to the GOP. Power
shorta~ vary seasonally, being less frequent after the monsoon in August-December, .
when the rivers are full and hydroelectric generation is at its peak.

To provide a perspective on the scarcity issue, India currently faces a peak
capacity shortage of about 23.1%, and approximately 9% of total energy demand is left
unserved.l° However, there are wide variations at the region,ll and state levels, with the
peak deficit in the Northern region being as high as 34% compared to a minor surplus of
peak capacity of 9.1% in the North - Eastern region of the country.

The response to the chronic power shortales in India has been voltage reductions
and involuntary load shedding by the utilities. As a result, industtial and commercial
estabIishments have tended to install stand-by generators. The extent of such non-utility
generating capacity (as per data available from the CEA) has remained at about 10-11%
of the total installed utility capacity in India since 1970-71. The utilization rate of these
captive units varies significantly from region to region. A National Council of Applied
Economic Research (NCAER) study in 1983-84 showed that total self-generation by all
industrial consumers in the Northern region (Haryana, Punjab, Uttar Pradesh, Himachal

---------------~---

9 "Electricity Sector in India-. Department of Power, Government of India, May 1992

10 Department of Power, Government of IDdia
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Pradesh and Jammu & Kashmir) was as high as 50% of grid consumption. For the
Western region (Maharashtra and GujarPl), this percentage was 10%.

Supply constraints are exacerbated by inefficient use of power by end-users (e.g.,
industry) and poliCies that encourage waste and leave SEBs financially UIl8ble to
modernize and improve efficiencies. Demand-side problems include technological
obsolescence of industrial processes and equipment, poor tariff structures, and market
biases in the form of inadequate commercial incentives, various price controls and
producer/consumer subsidies. I J

The GOI has recognized that increased efficiency of electricity end-use and
demand management must be implemented along with supply options to miJgate power
shortages and reduce the need for capital mobilization associated with capacity
expansion. The latter concern has forced the GOI to institute its new private power
policies.

1.3.3 Capital Constraints

To meet a higher proportion cl demand and improve the quality of supply, GOI
studies reveal that an additional 142,000 MW of capacity by the year 2005 at a cost of
over Rs 5000 billion ($180 billion) will be neededl2• 'Ibis is equivalent to between 25%
and 30% of expected allocations under the Eighth (1989190-1994/95) and N'mth
(1995/96-2000/01) Plans. This level of invesunent is unlikely to be funded in view of

. the unprecedented resource crunch faced by the GOl Capital scarcity has already forced
a major reduction in IntJia's power expansion plans in the Eighth Plan.

Against a target of 38,369 MW (reduced from an earlier projection of 48,000
MW) estimated to cost $64 billion, as recommended by the GOI working group on
power, the Planning Commission has approved an allocation of only $34.5 billion, thus
effecting a cut of 46 percent Consequently, the actual addition to power generating
capacity during the Eighth Plan is expected to be only 24,468 MW. The reduced
installed power generation capacities in the current Eighth Plan will almost certainly
affect planned targets in the subsequent plans and, equally seriously, perpetuate the
regime of endemic shortages that India faces.

1.3.4 Recent PoUcy Changes • Role of PrIvate Sector

To augment resources for the capacity development in the Indian power sector,
the GOI has formulated a scheme to encourage greater participation by private

----~~~-~--_.~--- -----------
11 Office ofEueraY, USAID Report on "Opportunities for Improvinl End-Use Electricity Efficiency in
India", November 1991

12 Department of Power, Government of IDdia
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enterprises in electricity generation, supply and distribution. The GOI has established an
L1Vestment Promotion Cell (IPC) in the DOP to coordinate and assist the private sector in
the formulation and approval of projects.13 The new policy widens the scope of private
investment in the sector by making modifications in the financial, administrative and
legal environment Some of the changes include the following:

i The private sector can set up coal/Iignite or gas-based thermal.
hydroelectric, wind and scIar energy projects of any size.

ii. Private sector can set up units either as "licensees" distributing power in a
licensed area from own generation or purchased power; or as "generating
companies." generating power for supply to the grid.

iii. licensees holding license to supply and distribute energy in a specified area
issued by the State Government will function under a liberalized economic
and legal environment

iv. Captive Power Plants set up to serve an industrial or other units by the
private sector will be permitted to sell or distribute the surplus power to the
State Electricity Boards.

This change has major bearing on the present study.

1.3.5 Cogeneration to Date

Industrial cogeneration has been the subject of considerable interest and inquiry
in India for over a decade. The main arguments for cogeneration in India have centered
on two compelling needs: i) to augment supply of power inexpensively in a regime of
endemic power shortages, and il) to promote energy conversion efficiency and thereby
conserve scarce fossil fuels. In other words. the debate, until now, has centered on the
use of cogeneration to ensure reliable, continuous delivery of cost effective power and to
reduce dependence on fossil fuels.

Cogeneration in the sugar industry brings additional benefits. The carbon
released to the atmosphere as CO2 by cogeneration is no greater thM what would have
been produced by alternative methods of bagasse disposal (i.e., burning the bagasse
inefficiently in the boilers or letting the bagasse decompose). Also, to the extent that
cogeneration represents a good investment opportunity for sugar mills throughout India.
itin~ their fmancial health and the health of the agricultural sector as a whole.

To date, cogeneration in India has been restricted to the production ofelectrical
energy for self use or "captive power" and has been viewed as a way to meet
simnlta"to"s nn_sibll he3~ srd pcwer Acm:rnds md~p0Dd~ntlj· of tlie grid. Iiidamies S"'deh

13 "IDdia's Elec1licity Sector • WideDing scope for private participatiOll", Depanment of Power
publication, Aprllim
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as sugar, pulp and paper, and textiles have been "cogenerating" electricity and steam for
many years. The location of these industries in regions removed from the grid (e.g.,
sugar mills and paper plants), the availability of by-product fuels (e.g., bagasse and black
liquor), and the steam requirements of the industrial process all combined to favor
cogeneration. Beginning from the mid-seventies, the number of industries favoring
cogenerati\ln has grown to include chetnical producers, oil refiners, and fertilizer
manufacturers These in(]ustries possess large and simultaneous steam and power
demands and have installed cogeneration units in order to insulate themselves from the
undependable utility supplies and ~ reduce plant COsts-I..

Despite an increased use of industrial cogeneration for captive power, there has
not been equal action in areas such as policy and regulation to promote the use of these
systems for commercial sale ofelectricity. Without any way to sell their electricity for a
reasonable return, sugar companies and other potential cogenerators 6&W little reason to
discard their present systems in favor of more efficient ones that produce power for
export.

1.3.6 Potential for Commercial Cogeneration

A 1989 study projects the potential for all-India cogeneration to be in excess of
10,000 MW, with the sugar industry alone capable of exporting 2,000 MW.u A 1986
USAIDlIndia sponsored study explored the prospects for non-utility power generation,
including cogeneration in Gujarat and Maharashtra.16 This study indicated that the total
additional capacity for sale to the grid from non-utility power generation from large-scale
domestic fossil fuel plants, industrial and commercial cogeneration systems, and
renewable energy systems (primarily sugar mills) exceeded 2,000 MW in these two
states alone. This figure would increase to over 3,000 MW if natural gas were available.
The study demonstrated that the power generation potential from these options is large
enough to eliminate power shortages in these two states in the near term and to reduce
the medium-term expansion needs of the State Electricity Boards (SEBs). This study
also determined the critical role thal the sugar industry could play in generating surplus
power.

Responding to the increased attention to cogeneration and the newly identified
scope and potential for bagasse-based cogeneration for power export to the grid, the
Energy Sector Management Assistance Program (ESMAP) of the World Bank, UNDP,
and bi1aterals prepared a study in 1990 entitled India: Ma1uulUhtra BaglUse Energy

15 " Cogeaeratioa. An exercise in a hip syneqy culture", R.D. Ap, CbaiIman and Managing Director.
Tbermc Ltd., August 1989
16 "NeG.utility Power GeueraliOD in the Indian States ofGujarat and Mabarasbtta: Potential.
Impediments, aDd Policy Issues", RCG!Ha&ler, Bailly 1Dc.,lune 1987
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Efficiency Project. The ESMAP study analyzed the technical and financial potential for
bagasse-based cogeneration in sugar factories that crush or planned to cros!J 3,500 TCD
and above. At the time of the ESMAP study there were at least 13 sugar mills in
W.aharashtra that met this criterion.

The cogeneration potential of these mills was studied under an electricity
maximi'V'tion configuration (where system modernization results in exportable electricity
only) and a bagasse maximization configuration (where system modernization results in
exportab'J bagasse and lower levels of exportable power). The study determined that if
all the 13 mills were to adopt the electricity mayimization configuration, the total power
exported to the grid could be 102 MW, with a total investment of Rsl,8oo million
($105.8 million)P Under the bagasse maximization scenario (where four mills would
maximize bagasse and not electricity) the total power export would drop to about 87
MW. The total investment requirement would be about Rsl,465 million (US $ 87
million). Each mill would require between $2-5 million.

The ESMAP study was a state-wide (Maharashtra) sector assessment of the
cogeneration potential and included a project financingfmvestment plan that could result
in a lending portfolio by the World Bank and other international tmd/or domestic lending
agencies. It was not intended to serve as a detailed feasibility study leading to
investments in individual cogeneration projects. Rather, it recognized that individual
mills would have to undertake their own preinvestment study before they would qualify
for loans from domestic and international fmancing institutions like the World Bank with
its proposed line of credit under the Indian Industrial Energy Efficiency Project

1.3.7 Major Obstacles to Commerdal Cogeneration

The ESMAP study and other studies recognize that the ma~:>r obstacle to be
overcome before cogeneration projects can take place is the lack \)f a power purchase
price that would justify the level of capital investment necessary for a commercial
cogeneration project Other obstacles to private electricity sales through cogen~ration are
the absence of regulatory incentives for utilities to purchase private power; lack of
institutional resources; lack of adequate mechanisms to ensure that the mill will be paid
for purchased power by the utility; uti.iity apprehensions regarding the reliability and
availability of privately generated power) and, in the case of biomass cogeneration
projects, the availability of off-season fuel sources that would be needed to justify capital
expenditures.

17 ESMAP Estimates, 1989
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1.4 The Power Situation Inl Tamil Nadn
and Mabarasbtra

1.4.1 Power Situation in Tamil Nadn

In Tamil Nadu, in addition to the Tamil Nadu Electricity Board (TNEB), there
are two central power systems, the Neyvelli Lignite Corporation (NLC) and the MadIas
Atomic Power Station (MAPS) at Kappakkam•

The total generation capacity in Tamil Nadu, as of March 1991, was 4,089 MW
of which 1,945 MW was generated by hydroelectric units and the rest from thermal and
nuclear plants. A small capacity (14 MW) was met from wind farms.!· The NLC owns
and operates two thermal power stations of 600 MW (6x50, 3xl00) and 630 MW
(210x3) respectively. The MAPS system consists of two nuclear units of 235 MW
capacity each. During the Eighth Plan (1992-97), Rs 35.2 billion ($1.17 billion) have
been allocated to the TNEB for system expansion. The existing TNEB plan calls for the
addition of 1,050 MW thermal, 16.25 MW hydro and 100 MW wind farms during the
Eighth Plan.

The primary fuel for the thermal plants is coal or lignite, with oil used only as a
backup fuel. However, a few of the new units to be commis..~oned in the Eighth Plan
will utilize natural gas in gas turbines. These include the 120 MW Basin Bridge an~ the
300 MW P.P. Nallur gas turbine plants.

The total captive generation capacity which comprises both diesel sets and
industrial cogeneration is 1,427 MW in 1991. Following the liberalization of private
participation in the power sector, the Tamil Nadu Industrial Development Corporation is
actively seeking private sector investment for the establishment of a 1,500 MW lignite
based unit in the state.

The average availability factor for the TNEB plants during 1990-1991 was
69.3%. The plant load factor (PLF) during that year for the TNEB plants averaged
58.3%. While this was higher than the All-India PLF of 53.8% in 1990·91, it was much
lower than the availability factor of over 85% and PL.F of over 75% of some of the
private power utilitie..; in the country.

Although the generation capacity in Tamil Nadu is growing, it still cannot keep
pace with demanJ. For example, the system peak dem,md in 1995 is projected to be
5,800 MW and the total availability by that year to be 4,100 MW,leading to a deficit of

--- -- t;7WMW;-lbis deficit inpeakgenemtioncapacityIs-expected mWiden iUIt1ler ur4;300 ------
MW by the year 2000 AD.

18 "Tamil Nadu Electricity Board, Statistics at a glance", 1990-91
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1.4.2 Power Situation in Maharashtra

In addition to the Maharashtra State Electricity Board (MSEB), there are three
private utilities in Maharashtra. 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 Transport (BEST) and the Bombay Suburban Electricity Supply
(BSES) purchase power from MSEB and TEC for distribution in and around Bombay.
BSES, formerly a distribution company, is setting up a 500 MW themlal ~enerating
plant In addition, the centrally-owned Nuclear Power Corporation (NPC) operates a
nuclear plant at Tarapur, near Bombay.

The totai installed generating capacity in Maharashtra, as of March 1992 was
9,400 MW; thermal plants supplied 6,963 MW, gas turbines supplied 672 MW, the
nuclear plant supplied 190 MW, and hydroelectric plants supplied the rema1ning 1,579
MW. Of this, the MSEB owns and operates 7,591 MW of capacity which is comprised
of 5,695 MW steam, 672 MW of gas turbines and 1,294 MW of hydro. (See Table 1.2).
The Tata Electric Company owns and operates about 1,338 MW of thennal Q\pacity and
285 MW of hydroelectric capacity.

The aVailability factor of MSEB thermal units varies between 30% and 80% with
an average of 67%. During 1990-91, the plant load factor (pLF) was 53%. In \':ontrast
the availability of the Tata Electric Company plants is between 75% and 98%, \\~th an
average of 86% and the average PLF is around 65%.

Power shortages in Maharashtra ha.ve been virtually nonexistent for several yean.,
making it perhaps the only region in the country free of blackouts. However restrictions
on peak demand have continued for certain categories of consumers.

1.4.3 Cogeneration in Tamil Nadu and Maharashtra

To relieve the power shortage, the TNEB has taken a number of steps to
encourage cogeneration and captive power generation. The TNEB has evolved a scheme:
called" Power Feed Scheme," which pennits cogenerators and private power producers
of 2 !dW capacity and greater to sell surplus power to the grid19• TNEB will purchase
power from cogeneration units, minilmicro hydroelectric stations, windfarms or
diesel/gas turbine units.

The power purchase rate, Rsl.OO per unit during 1990-91, but subject to yearl;y'
review, is based on the hight.st fuel cost of stabilized thermal generation of the board I()r

~ .______ . _ ..t1teincrementalc:ostof generation of the. indnctry ~whichever is less _Th;s fo:mn12 !l'),g

19 TNEB, Notification dated December 12, 1988
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been the subject of intense debate between the TNEB and industry, since the price is
generally regarded by the latt~r as too low to justify Clipital investmenL

Since 1983 the TNEB has operated ~ "banking" scheme, whereby captive power
generators (minimum 500 tVA) can replace grid power by their own captive units and be
credited with the amount of grid power displaced. At a later time, during power cuts the
user can withdraw an equivalent amount of energy.

The banking scheme did not involve paralleling of the consumer's captive
generator with the TNEB grid. Thus it was not applicable to high tension consumers
operating cogeneration systems such as the sugar industry. The regulations concerning
banking were subsequently modified with the introduction of the "Power Feed Scheme."
Under this scheme there is physical transfer of power from the industry to the grid. The
Power Feed Scheme has a set of voltage conditions (e.g., up to 5 MW, 11 tV or 22 tv
generation voltage, etc.) under which grid interfacing is permitted.

Notably the scheme allows for wheeling of power to sister or associated
companies of the cogenerator/captive power generator. The grid imposes a Wheeling
charge, typically 15% of the energy wheeled. For example, a cogenerator can bank 100
units with the TNEB and take back for itself or a third party 85 units at another time.

More recently the MSEB has been viewing cogeneration as a viable strategy to
meet future energy needs of the expanding industrial sector. The politically important
sugar industry has been a special target of attention for promoting its own growth and
diversification.

In a study20 conducted by the Commissioner of Sugar, Government of
Maharashtra the potential for exportable power to the grid from the states' sugar
industries was estimated at 485 MW. This represents 6% of the installed generation
capacity of the MSEB and would require an estimated investment of Rs8,3oo million
($275 million) or a low $567 per kW . The study also observes that in the case of 36
new sugar mills being planned for 2,500 TCD capacity, the exportable power generating
capacity will be 150 MW, with an investment of approximately Rs 1,440 million ($48
million) or $320 per tW.

In view of the estimated potential, the MSEB has been taking a series of
regulatory and other measures to foster cogeneration in the State. Principally these
include:

i An offered price of Rs 1.20 per unit, with periodic revisions.

20 "Cogeneration by SJgar Industries in Mabarasbtra", Commissioner ofSugar, April 1992
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ii. Economic incentives for sugar mills to develop integrated facilities, i.e.,
distilleries, by-product chemical plants etc., that could consume the
additional power available through cogeneration.

iii. Policies that permit the sugar industry to utilize MSEB infrastructure for
local distribution of power.

Unlike Tamil Nadu, the MSEB does nOi currently permit industrial cogenerators
and captive power producers to wheel power through the system. Banking of power is
permitted wilereby any surplus energy exported by the cogenerator is banked with the
MSEB and the same is adjusted against the energy drawn from MSEB from time to time.
No credit is now provided for peak power sales, and companies are not penalized for
withdrawing power at peak that was banked off-peak. The utility is about to introduce
time-of-day meters that will allow differential valuation of power.

In conclusion, both Maharashtra and Tamil Nadu are interested in promoting
commercial cogeneration projects, even though the need in both states is not the same.
Each state has formulated a slightly different policy and tmiff structure. Both states base
these tariffs on energy charges and not capacity, since the respective industries have not
succeeded in convincing the utilities that the power they can offer is fum and reliable.
Nevertheless, th~ attitudes of both utilities is progressive and appears to be genuinely
interested in showing flexibility in order to promote actual projects.
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.2.0 COGENERATION PROJECT
DEVELOPl\1ENT
CASE STUDIES

2.1 Summary

Cogen-.ration case studies were carried out at two sugar factories in Tamil Nadu
(Arona Sugars ,and 1biru Arooran Sugars), and at one sugar factory in Maharashtra
(VSSK).

Results of the case studies indicate that the maximum generated power during the
crop season ranges from 23 MW at 1biru Arooran to 2S MW at VSSK and 40 MW at
Arona. During the off-season, the generated power is kept at the same level as during the
season, except for scheduled shutdowns in order to ensure delivery of fum power to the
utility.

At Arona and at 1biru Arooran, in Tamil Nadu, lignite is available as a
supplementary fuel during the off-season. The boilers will be sized to burn all the
bagasse as it is produced, eliminating the cost of storing bagasse. At VSSK, in
Maharashtra, where lignite or coal is unavailable locally, the boiler will be sized to burn
all the bagasse that is produced plus whatever amount can be economically purchased
and transported from neighboring factories, over a period of 200 days in-season and 100
days off-season. Storage of bagasse for off-season use will be a necessary operation at
Maharashtra's sugar factories that cogenerate electricity for sale to the grid.

All three factories presently operate under conditions where excess bagasse
causes significant operational problems of handling and storage, with no economic
benefits as an energy source. Thus, steam consumption is as high as So-55% on cane, as
there is no economic justification to save steam or electricity. A comparative figure for
Hawaii, where sale of electricity to the grid is an economic necessity, is around 40%.
Potentials for steam savings at minimal capital costs exist in all three factories. In certain
cases, a ttadeoff between int-reased revenues from electricity sales and possible losses in
sugar recovery exists.

Generally, the installation of a 63 &fa high-pressure boiler together with a double
extraction turbogenerator is the optimum combination for implementing cogeneration in
sugar factories. However, as the case studies show, each sugar factory, depending on its

_own set of r.irr.nmstAnees, will reqn''''' "QPi3~OftS in """.8 to ~om;;;G~te its pGwer

contract obligations, its existing equipment and its sugar as well as non-sugar operations.
Optimum turbogenerator sizing and design is critical to accommodate power sales
requirements, especially during the off-season, when power generation is limited by
condensation capacity, and steam extraction is at a minimum. Offsetting, the limitation of
condensation capacity for electricity generation during the off-season is generally
reduced internal power consumption as sugar operations are shut down. In the case of
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VSSK. captive. non-sugar operations require steam and electricity. year-round. There is
no single formula that applies to all cases. Detailed engineering analysis ~ou1d be done
on a case by case basis.

2.2 Tedmology Perspective

Ul Cogeneration Systems in India

Over time there has been a progressive increase in the boiler steam pressures
employed by sugar milIs in India. Prior to the mid-seventies me average steam prestures
were in the range of 10 to 15 ata'which increased to the prevailing mill average of 21 ata.
In the mid-eighties there was a trend in a few milIs towards higher pressures in the range
of 42 ata. The choice of going in for such high pressure systems is dependent on at least
two significant issw-~; namely. level of confidence among mill managers and employees
in operating and maintaining high pressure systems. and need to incorporate more
advanced water treatment systems such as demineraIizers.

Indian boiler manufacturers have today responded to the high pressure sy~~m

needs of the sugar industry and are in a position to supply efficient and reliable ~am
generators at pressures 42 ata and beyond. The high superheat temperatures ;.;.:,ociated
with these pressures necessitate aIloy steels in the high temperature regions of the boiler.
and these do not appear to be a problem in the country. Important associated issues that
defme the state of readiness of the indigenous boiler industry are its ability to offer
systems tha~ permit automatic combustion control. dual combustion (bagasseJlignite)
witbout loss in efficiency or the need to derate boiler capacity. and finally efficient load
following features.

The progress in the area of steam turbines. however. has been slower. The
conventional turbine technology in the sugar indUStry has been back-pressure systems. in
the range of 1 to 5 MW operating at low to medium steam throttle pressures. These
turbines. usually single or multistage axial types. have poor conversion efficiencies. in
the range of 55 to 65%. The average steam consumption per kWh in Indian mills is 10 to
12 kglkWh as compared to 7 to 9 kglkWh in Hawaii. With only two or three steam
turbine manufacturers in the country the mills have to contend with long lead times for
delivery. typically in excess of 18 months. and generally unsatisfactory levels of
performance and service.

For the purpose of power maximization and flexibility in performance over a .
wider range of operational conditions. viz.. steam to power ratios. the back pressure
tarbi:Be is eleiflj- UftSwted. The e~tioneondemittg twbhte is illOle satisiactwy iOi
this purpose and can be operated during off-season periods with steam generated by
surplus bagasse or lignite. The steam thus generated can be expanded through the
condensing section of the turbine.

The governor of the back pressure turbine m&intains the frequency of the system
for a preset exhaust steam pressure. The steam flow through the bm:k pressure turbine is
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therefore not related to the process demand although it contributes in meeting it The
balance of the demand is met by passing steam through the pressure reducing stations,
which maintains the pressure in the process steam headers. This system of CUlluol where
the pressure relieving value (pRY) maintains the balance and the proPortionality between
the boiler output and the process steam demand, is common to all mills and results in at
least 10% to 20% of the process steam passing through the PRV. In a typical Diill of
2500 TCD capacity, this could translate to 1 to 2 MW of additional power that would
have been generated if all the steam were allowed to expand across the steam turbine
instead.

2.2.2 Sugar Mill Steam and Energy Economy

Potential for steam savings, and resulting increases in potential electric power
output, exists in all three factories. The alfailable data did not allow a site by site
engineering study to quantify present steam usage for each of the major unit operations in
the sugar factories. Material balances such as steam, juice and condensate flows, as well
as temperatures need to be monitored. Due to the present lack ofeconomic value of
bagasse and steam, the factories are not equipped with adequate instrumentation to
monitor material and energy balances for each unit operation. For this reason, the
implementation of energy savings will require investments in engineering time and
capital, which will vary from one case to another.

The first step in such an undertaking will be to install instrumentation to monitor,
measure and control various process parameters. Without such data as references,
potential improvements cannot be accurately determined. Furthermore, the
implementation of steam savings will require management to make tradeoffs. For
example, a lower imbibition rate on cane will result in less steam being used in the juice
evaporator, but a lower mill extraction may resul~ Depending on the economics,
management may decide to achieve more steam savings even at the expense of a slightly
reduced sugar production.

Although steam consumption data were not available for the major unit
operations, the factories did compile data on total steam consumption in kilos per tonne
ofcane. On average, steam consumption is approximately SSO kg per tonne of cane in
each of the factories surveyed.·This number can be compared to approximately 400 kg
per tonne of cane achieved in some Hawaiian sugar factories. Based on this comparison,
it is possible to make general, qualitative suggestions on what areas should be looked into
for potential steam savings, although improvements cannot be quantified for each unit
operation without performing detailed energy audits at each location.

- -- --, '-i'hepotentiai iUCas ofstemJrmutbagasse savings are c1asstiicttvmorr-term,-" ---' -- .--
medium-term and long-term based on ease of implementation.
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2.2.2.1 Steam Economy - Short Term

An obvious contributor to high steam usage is the generally high bagasse
moisture at all three factories. In Hawaii, bagasse moistures are around 47%, compared
to 51% at the three Indian sugar factories. Reduction in bagasse moisture can be achieved
operationally through tighter mill settings and lower imbibition rates. Improved cane
preparation with knives and shredders will also help. High rates of imbibition cause
dilution of mixed juice which in tum increases the juice evaporation load, requiring more
exhaust steam into the first effect of the evaporator. High bagasse moisture also results in
a lowering of boiler efficiency and less steam being produced per tonne of bagasse.
These facts are well known to all sugar technologists, but without any economic value
being attached to bagasse and steam savings, plant management has no incentive to risk
reducing mill extraction or crushing rate by trying to save steam or bagasse.

There is also potential for further steam economy at all three factories by
increasing the number of evaporator effects from four to five. The use of vapor for
heating the juice heaters and the vacuum pans can be optimized by maximizing the use of
steam bled from the lower pressure evaporator effects, and minimizing the use of exhaust
steam. The use of quintuple effect evaporators has become more common in Hawaii as a
result of the growing importance of cogeneration.

Presently, the use of pressure reduction valves is widespread, resulting in no
electricity produced when the steam expands. With the use of a double extraction
condensing turbine, the use of pressure reduction valves will be minimized, resulting in
more electricity being generated from pressure reduction of steam. .

The use of automatic electronic control to optimize excess air in boiler operations
should be considered as a means of increasing boiler efficiency.

2.2.2.2 Steam Economy -- Medium Term

There is a strong potential for reducing steam consumption through vacuum pan
automation, which will reduce the amount of sugar melting and evaporation in the pans.
Also the use of continuous vacuum pans should be considered.

Savings in electrical power will result from the use of automatic continuous
centrifugals, and steam savings in the mill turbines can be achieved by the introduction
of electronic control of cane feed at the milling tandem in order to reduce fluctuations in
steam flows

----- --~ie impiementatiun-of these measures wilt require considerable ihVeStments amt
would not be economically justifiable without a guarantee of fair electricity prices.

38



2.22.3 Steam Economy - Long Term

The advisability of using bagasse dryers to reduce bagasse moisture with flue
gases was discussed. While the idea may appear attractive in theory, practical experience
in Hawaii has shown the potential for high maintenance costs and energy costs from
parasitic power that is used to operate the diyer and accessory equipment21• The
recovery of useful heat from the flue gases may be effected in a well-designed boiler
system through the use of air preheaters, economizers and superheaters. As for reduction
of: bagasse moisture, it can be effectively accomplished by adjustments of mill settings
and other mill management practices. While bagasse dryers may have some merit, there
are many lower cost and simpler measures that can be undertaken before installing them.
Besides using flue gas, solar drying may be attractive in the Indian context In addition
to bagasse drying, the use of mechanical vapor recompression to reduce steam
consumption in the evaporator may be applicable in certain cases.

These measures will not only require considerable capital to implement, but the
expected savings in steam and bagasse may be realized more cheaply and with less
technological risks through other easier and less costly measures.

2.3 Methodology and Design Approach

Typical cogeneration systems fall into general categories, depending on the
objectives they are designed to accomplish from the point of view of the mill operator.
Most mills in India currently produce only the electric power and steam required
internally for the operation of the mill. This permits the mill to operate independently of
outside sources of fuel and electric power by fuing its boilers with waste bagasse and
passing steam first through back pressure turbines before satisfying the thermal
requirements of the refIning process. The scheme is appropriate where no attractive
market exists for power that the mill might be able to export.

Sugar mills produce enough bagasse, however, to meet the energy needs of the
process and still have enough left over to generate electricity for sale, so where power
markets are accessible, mills can contribute to pt'wer supplies in the regions where they
are located. This generally entails investments in higher pressure boilers, condensing
turbines, and efficiency improvements in the rest of the plant. The operator can choose
to generate power only during the crushing season or to take advantage of what would
otherwise be idle generation capacity by keeping the power plant in operation during the
remainder of the year. Ifhe elects to generate power year-round, he will probably need
to supplement his fuel supply with higher cost cane field trash, purchased bagasse or

-------- -------- ---- -----------~----~

21Fot amore thorough discussion of bagasse drying, see Charles M. Kinoshita. Flut Gas Dryillg of
Bagasst. Hawaii Natural Energy Instiblte, HNEI 89-1003,1989.
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conventional fossil fuels. The power will be worth more to a utility, though, if it sees the
mill as representing reliable firm capacity.

In the interest of maximizjng the return to invested capital, the design options
analyzed in the cases presented below provide for year-round power generation. In all
instances, the mills require supplemental fuel during the off-season. The assumption is
that the two located in Tamil Nadu would avail themselves of accessible lignite, while
the one in Maharashtra would purchase, transpOrt and store surplus bagasse from
neighboring factories.

Technical analyses of the three sugar factories were conducted in order to obtain
the necessary technical data for fmancial analysis. The results of a preliminary energy
audit conducted by Thermax Ltd. were reviewed with mill and Thermax's engineers. The
audit was b:iSed on heat balances that characterize normal operating conditions in the
factories, together with their associated mass and energy flow charts.

For each factory, several design alternatives were developed based on a
minimum, mid-level, and maximum investment option. The actual design alternatives
were adapted to meet each factory's specific requirements and its own operating
environment in order to meet its internal demand for steam and power and to maximize
net exportable power. For each alternative, the gross and net exportable power potential
was calculated based on available fuels during the season and the off-season, and on
steam and energy efficiencies. These options are referred to as "System Options" and
identified as Option 1 through 3 in the report.

While in the process of defining the system options it was appare&:t r .. ::apital
availability would be a major factor dictating the nature of the chosen option. In view of
the relatively high cost of capital it was considered advisable to investigate options that
would further optimize the use of capital. This would, in a typical case, require the
installation of marginally higher capacities and usage of secondary fuel to supplement
bagasse even during the season. It was felt that the incremental additional cost of these
options, identified as Options 4 through 7 in the report. would result in greater benefits
by way of larger and stable levels of exportable power.

Technical requirements of interconnection, and captive usage of electricity for
non-sugar operations were discUssed with mill managers and the utility companies. The
determination of actual costs of equipment and erection of a power plant, including
interconnection costs were developed in COnsultation with design engineering firms and
vendors in India and the U.S.

CllrrentnperatinB and maintenanc~practices_w~re._~~d_with nlane__
management The changes in such practices that would be required to maximize
cogeneration and sale of electricity were presented to the plant managers for their
consideration. Technologies not currently in use in India, such as bagasse drying were
also discussed.
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2.3.2 Cogeneration System Options

For c"mparison with the base case, seven boiler/turbine retrofit options have been
examined for each of the three mills considered in the study. The two main elements that
are common to all these options are:

The high pressure boiler is dual fued, operating on either bagasse or lignite. The
boiler raises the total enthalpy of steam to a level high enough to make the installation of
a topping turbo - alternator feasible. The electrical power is generated from the
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i. Dual-Fired High Pressure Boilers of 63 ata &. 480·C

ii. Topping Turbo Alternator with:

Inlet Steam @ 63 ata &. 480·C
-~-_. --- - -----istexnaction it4ii21il;1ita

2nd extraction @ 2 ata
condenser @ 0.15 ata

Cane crushing for the three milIs averaged 220 days per season.

The mechanical downtime of the milIs per milling season has been found to
average 15.09%.

Steam is ~enerallyproduced at low to medium pressures: 14 kglcm2, 265·C;
21 kg/cm , 340·C; 32 kglcm2, 380·C.

The boiler fuel is mill bagasse, the fibrous residue of the cane milling
process. Bagasse has a moisture content of 50% - 51%, which results in
high boiler flue gas losses.

Process steam consumption averages 550 kg per tonne of cane crushed.

Fiber content of the cane averages 14.46% on cane. This is equivalent to a
bagasse % cane of 31.19%. This quality of bagasse marginally meets the
requirements of the boiler fuel to supply process steam needed at the rate of
55% on cane.

Electrical energy requirements of the three mills average between 18 kWh
and 21 kWh per tonne of cane crushed.

In addition to generating for its own requirements, the mill has to generate
and supply the demands of its maintenance shops, offices and township.

•

•

•

•

•
•

•

•

2.3.1 Base Case Conditions

At each mi14 a'base case has been developed as the benchmark for comparison
purposes. The base case takes into account the current equipment and conditions under
which the steam, power and bagasse are produced and utilized and the immediate
expansion plans of the mill. Details for the milIs are provided in the individual case
studies later in this chapter. A summary of pertinent operating conditions in the mills is
provided below:



expansion of total factory steam from th: higher pressure to the lower process pressure.
The drop in enthalpy from 63 ala to 21 ala or 14 ata provides the energy for conversion
into electrical energy in the turboaltemator. Since the total enthalpy of steam at the
higher pressure of 63 ala is greater thaiD that at 21 ala, the fuel required may be slightly
higher, if it is not reduced by the hight~r efficiency of the new boiler over the existing
low pressure one.

The alternator is driven by a double extraction condensing turbine which exhausts
steam at the medium pressure header (4212UIS ala) and at the lower process pressure of
2 ata. The balance of steam not needed by the mill passes through to the condenser.

The remainder of this chapter focuses on the case studies at Arona, 1bim Arooran
and at VSSK. Ap~dix A.I, A.2 and A.3 provide the salient technical, operational and
investment costs of the v;lll'ious system options at the three mills.

2.4 Case Study A: Arona Sugars & Enterprises Ltd.

2.4.1 Introduction

Arona's sugar factory is located at Pennadam RS., in South Areot district, Tamil
Nadu. It is privately owned, progressive aud enthusiastic in expansion and
diversification. Its professional management has the capability to undertake new projects
such as a cogeneration project, and should have no difficulty in recruiting skilled
personnel.

Table 2.1 summarizes Arona's production characteristics. The plant's present
milling capacity of 5,000 tonnes of cane per day will be increased to 6,000 tonnes per
day in 1992-1993. Arona has processed an avemge of 707,671 tonnes of cane during the
last three seasons. Fiber % cane, at 14.26, is high, resulting in the production of an
average of 224,326 tonnes of bagasse annually. A small amount of bagasse,
approximately 13,334 tonnes per year is sold to pulp manufacturers, and the rest is
burned in the factory'S boilers to produce steam and electricity for use by the factory. The
duration of the crop is approximately 205 days per year with the balance of 160 days
being the off-season. The proposed cogeneration plant will operate during the season
and the off-season except for the annual shutdown of 30 days to allow for inspection and
maintenance.

Tamil Nadu's southern region, where Arona Sugars is located, has a permanent
deficit of electrical power. Presently, Arona Sugars produces no power during the off
seuon :md~.i;-* po"ve: available for sale tv the utilit)- at any time-d'iififtg the yeat.
The proximity of Neyvelli, where the Tamil Nadu State's lignite deposits are located and
Pennadam where the Arona Sugars factory is located, raises the possibility of using
lignite as a supplementary fuel to bagasse. Hence any scheme for power generation by
Arona would have a ready market for electricity and a reliable supply of bagasse and
lignite as fuel.
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TABLE 2.1: PRODUcnON DATA OF ARUNA SUGARS & ENTERPRISES LTD.

. • . . r. • • " .. . . ...
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5,000
700,671

20S
4,234

16.33
11.46
14.62
31.8

51.32
224.326
13,334

Milling Capacity~ IDDneS cane per day
Cane ausbed, tomJeS per year
Crop dmadoo , days
Average ausbiDg rate, tonDeS cane per day
Downtime, % milling season
Pol%cme
Fiber % cane
Bagasse % cane
Moisture % bagasse

Bagasse produced, totmes

Bagasse sold to pulp manufacturers, tamesfyear

Boller' 1 % 3 4 5

Make wn. TEXMACO TEXMACO In WJL
Capacity/tollDesIbr 20 40 40 35 70
Year of installation 1974 1975 1975 1970 1986
Type w.tube dtube dtube w.bJbe w.tube
Pressure, Ita 14 14 14 14 32
Tem C 265 26S 26S 26S 380

Table 2.2 shows Arona's installed boiler capacity. With the exception of one 70
tonnes per hour boiler operating at 32 ala and which was installed in 1988, all the four
other boilers are of small capacity (2040 tonnes per hour), old (installed in 1970 -1975)
and operate at low pressure (14 ata). The boilers are equipped with air heaters and
economizers, but do not possess any air pollution control device such as bag ruters or
electrostatic precipitators. Average steam consumption % cane is 56%.

TABLE %..2: INSI'ALLED STEAM GENERATOR CBAllACTElUSTICS

Table 2.3 shows the installed capacity of the turbogenerator set. Electricity is
generated at 415 volts. The turbogenerator set has a total installed capacity of 7.25 MW
of which the operating capacity is 6.25 MW. It consists of units with capacities of 1.0,
1.25,2.0 and 3.0 MW respectively. The factory purchases approximately 70,810 kWh of
energy from the grid per year.



TABLE 2.3: TURBOGENERATOR CHARACI'ERJSTICS

TG'· 1 2 3 4

Type Impulse Impulse rmpul~ Impulse 3-
Turbine single casing singlc-cyl. stage

~stage multi-stage
axial flow

Make Brown Boven Esdler-Wevss Trivcni Trivcni
Year 1976 1965 1970 1989
r kW 1000 1250 2000 3000
Soeed.RPM 7500 8000 7500 9000
Steam. K2IkWb 12.5 13 15 9
Inlet Temp.• C 260 260 265 380
Inlet ala 10.5 13 13 32
Exhaust l)rCSS•• ata 1 1 1 1

2.4.2 System Options

On the basis of the overall objective of this study to develop "bankable" bagasse
cogeneration projects, the sizing of the boilers and turbogenerators is aimed at burning all
the bagasse that is produced by the factory or thatit is able to economically purchase and
transport to its site. Fossil fuels such as lignite are burned only to the extent that the
factory will be required to fulfill its obFgations for fum power during the off-season
when bagasse is unavailable. Thus, the same amount ofgenerated power is maintained
during the season and during the off-season.

2.4.2.1 The Base Case

The Base Case under study is the factory operating at the planned c.apacity of
6,000 toones of cane per day. The existing boiler and turbogenerator configuration does
not all allow cogeneration of electricity beyond the requirements of the sugar factory.
Thus, there is no net exportable power. Using the base case as reference, increases in.
gross power generation can be determined under the conditions of the cases under study.
Steam flows under the Base Case are shown in Figure 2.1 and Figure 2.2 during season
and off-season respectively.
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Figure: 2.1

AruM Sugar & Enterprises, Lt .

Configuration: Existing

Operation Period: In Season

Figure: 2.2

AnINI Sugar & Enterpri.es, Lt .

Configuration: Existing

Operetion Period: Off Se••on



Aruna Sugars & Enterprises, Ltd.
Option 1 - In Season
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2.4.2.2 Option 1

In Option I, a'new boiler operating at 119 tODDes per hour, (or 2 x 60 TPH
boilers) and 63 ata pressure is installed in addition to the existing, relatively new, 70
TPH, 32 a18 boiler. This will effectively replace the four existing old boilers which have
a total capacity of 135 TPH. The existing 32 a,fa boiler is operated at below capacity,
generating approximately 42 TPH of steam. A new single extraction condensing turbine
is also installed to extract 99 TPH of steam alt 15 a13 and to condense 20 TPH of steam
during the season. The existing power turbinr.s, operating at 32 a18 and at 15 a18 are
retained. Approximately 27 TPH of steam from the existing 32 a18 boiler are sent
through .an existing turbine rated at 3 MW. Additionally, 44 TPH of steam extracted at
15 ata from the new turbogenerator is passed through existing turbines with a total
capacity of approximately 3.5 MW. The steam flows during the season is shown in
Figure 2.3.

Figure: 2.3

ANna Sugar &Enterprises, Ltd.

----F;;,~s~~ j--_.
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During the off-season, only the new 63 ata boiler is operated at 7S TPH by
burning lignite. This steam is fully condensed in the new single extraction condensation
turbine. Figure 2.4 shows the steam flow during the off-season.

Lawpr.

OMTlhr

OMTlhr

OMW
ExiItIng POMIr
Turtlin.
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Eme!gency
lJseOnly

75MT/hr.

OMT/hr
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New
531t.
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EldstIng
32_
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Figure: 2.4

Aruna Sugar & Enterprises, Ltd.

Configur1ltion: Option 1

Oper8tion Period: Off Se.son

~--_._~- -~---
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Figure: 2.5

AruM Sugar &Enterprises, ltd.

ConfigUl'lltion: Option 2

Operation Period: In Season

2.4.2.3 Option2

In Option 2, all existing boilers are removed, and replaced with a single unit
operating at 179 TPI1 (or 3x60 lPH boilers), 63 ala unit. A double extraction condensa
tion turbine is installed, extracting 98 TPH at IS ata, 43 TPH at 2 ata and condensing 38
TPH of steam during the season. Of the 98 tonnes per hour of steam extracted at IS ata,
44 TPH are sent through existing turbogenerators, rated at 3.5 MW. The steam flows
during the season is shown in Figure 2.5.



During the off-season, the 63 ata boiler is operated at 123 TPH by burning lignite,
and all the steam is condensed in the qouble extraction condensation turbine. This is
shown in Figure 2.6. .

Aruna Sugars & Enterprises, Ltd.
Option 2 - Off Season

OUTlhr

Repl.ced (new) Min Turtllne

Repleced (new) Mill TUltlIne

Existing Mill Turbine

Existing Mill Turbine

L.f7I~....L.-_------ ..J.. .. 0 UTJhr

123UTlhr

63ata

Boilers

Figure: 2.6

Aruna Sugar & Enterprises, Ltd.

Configuratl:)n: Option 2

Operltion Period: Off SalOn
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2.4.2.4 Option 3

Option 3 is similar to Option 2, except that process steam consumption is reduced
from SSO kg per tonne of cane to 400 kg per tonne of cane. As in Option 2, 179 TPH of
steam are generated, but the steam required for process is only 100 TPH instead of 141
TPH. There is an increase in the power steam condensation from 38 TPH in Option 2 to
79 TPH in Option 3. The steam flow during the season is shown in Figure 2.7.

Aruna Sugars & Enterprises, Ltd.
Option 3 • In Season

1.5MT/hr

2MT/hr

44MT/hr

1.5MT/hr

R_ced (new) Mill Turtllne

1.5MT/hr
IOMT/hr

Replaced (new) Min Turtllne

3.5MW

29.0MW

Existing Mill Turbine

1.5MT/hr

Existing Mill Turbine

'1'jlI~"'----------------I.----~20MTIhr

179 MTIhr

Boilers

Figure:

Aruna Sugar & Enterprises, Ltd.

Configuration: Option 3

Operation Period: In Season

During the off-season, 1,140 tonnes of lignite are burned per day. The 143 TPH
of steam generated is fully condensed in the double extraction condensation turbine so as
to generate the same amount of power as in the season. The steam flow during the off
season is shown in Figure 2.8.
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Figure: 2.8

Aruna Sugar &Enterprises, Ltd.

Configuration: Option 3

Operation Period: Off Season

Option 1 requires the least investment of RsS30 million. Option 2 represents a
higher investment at Rs67S million, and Option 3 at Rs 700 million requires the
maximum investment These cost estimates do not include the costs incurred in effecting
steam economy by modifying the mills or making changes in the boiling house in Option
3, which will alwrequire changes ill opelatiolls to- maximize bagasse and energy savings. ~_._-- .. _-
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Aruna Sugar & Enterprises, Ltd.

Configuration: Option 4

Opel'8tion Period: In Se.son

2.4.2.5 Option 4

This option enVisages an installed steam generation capacity of 240 TPH split up
as three boilers each of 80 TPH, 63 ata. This provides for one stand-by boiler always
available to meet the full process requirement.22 Further, this boiler may be operated
during peak hours if the sale price offered for electricity is attractive. It is expected that
the TNEB may be willing to pay a higher pri("~ for such peak capacities during the lean
summer months following the end of the mill crushing season. The steam flow during
the season and off season periods is shown in Figures 2.9 and 2.10 respectively.

The TO set and the condenser are sized to take the entire 240 TPH steam which
may be generated during the off-season to produce around 53 MW of power. In season,
the power generation would be lower at around 40.5 MW.

Aruna Sugars & Enterprises, Ltd.
Option 4 - In Season

S2

240MTlhr

.. _~Durin.&~C?I!s wi.~the.s.u!ar.millsjtWas ~n~J9r_avail3bilin'J'e8S()g$~ ..tbattbc!~m.. ..... ~._._
additional stand~by boiler. However, since this is an expensive provision, it would be economic to
operate the stand-by boiler for generation of more additional power. In the event of anyone boiler
failure, this additional power generation will be curtailed while still allowing the sugar plant to operate.
Thus in Option 4 the third boiler of 80 1PH was suggested and the turbo-altemator sized for 240 n»H of
steam.
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Figure: 2.10

AnJna Sugar &Enterprises, Ltd.

Configuration: Option 4

Operation Period: Off Season

Aruna Sugars & Enterprises, Ltd.
Option 4 • Off Season

240MTltlr

2.4.2.6 Option 5

The logic here is similar to that in Option 4. As in Option 4 three boilers of 80
TPH capacity, 63 ala each are proposed. The difference is in the sizing of the TO set
and the condenser, which are smaller and sized for unifonn composite power generation

_____~__J)L4O"SMW_Year arouruL Fignre~ li1and2-l2 dep;ct the st"am news.during seuon
and off-season respectively.
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Figure: 2.11

ANna Sugar & Enterprises, Ltd.

Configuration: Option 5

Oparation Period: In Season

Figure: 2.12

ANna Sugar & Enterprises, Ltd.

Configuration: Option 5

Operation Period: Off S••son



Aruna Sugars & Enterprises, Ltd.
Option 6 • In Season
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Figure: 2.13

ANn. SugI/' &Enterprises, ltd.

Configuretlon: Option 6

Opel'ltion Period: In Selson

2.4.2.7 Option 6

In this case the 'steam generation capacity at 184 TPH, 63 ata is pegged close to
the process demand with the balance of 60 TPH passing through the condenser. Three
boilers of 60 TPH, 63 ata is proposed. In the event of an unscheduled downtime of a
boiler, the sugar mill may suffer some disruption in production. On the other hand if
steam economy measures are implemented, then this option provides sufficient capacity
to permit a single unit downtime without disruption. Figures 2.13 and 2.14 show the
system configuration during season and off season respectively.

The TO set and the condenser are sized for uniform composite power generation
of 28 MW throughout the year.
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AI'\lna Sugar &Enterprises, Ltd.

Configuration: Option 6

Operation Period: Off Season
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63ata

2.4.2.8 Option 7

This is a bagasse only option, where bagasse usage is conserved during the season
and extended as long as possible during the off-season period. One boiler of 60 TPH, 63
ata and another of 80 TPH, 63 ata is proposed. The process steam requirement is met
fully, and in the event of a boiler shutdown, the process will be operated at roughly half
its capacity by running the remaining boiler. Figures 2.15 and 2.16 present the season

_and_off-s~as(m_~_02eneratiQn~hem~Jl~~pe~tively.____ __ .. __ _ .. . . _

The TO set and the condenser are sized at the lower level of 17 MW year round
.unifonn composite power gen~ration.
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ANn8 Sugar &Enterpri..., Ltd.
Configuration: Option 7
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Configuration: Ot)lion 7
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2.4.3 Summary of System Options

The calculations of generated power for Options through 7. compared to the base
case as reference. are shown in detail in Appendix A.l . Table 2.4 presents a summary of
the relevant data and results.

TABLE 2.4: ARUNA SUGARS POWER GENERATION AND EXPORT· SYSTEM 0P110NS

BascCase Ontion 1 Ontion2 Ootion 3 ()ptioo4 ODtioo5 Ontion6 Ontion 7
Gener2ted Power. MW
Season 6.25 17.91 27.94 32.49 40.5 40.5 28.0 17.0
Off-Season 0 17.92 27.93 32.49 53.3 40.5 28.0 17.0

Net lePowet MW
Seasoo 0 11.41 21.44 25.99 34.0 34.0 21.5 11.5
Off-season 0 15.90 25.90 30.50 51.3 38.5 26.0 15.0

Enernt MWbIYr.
Season 28.188 88.129 137.448 159838 199 :60 199 260 137.760 83.640

.Off-season 0 55.900 87153 101.382 166 :96 126,360 87360 53.040
ToW 28.188 144029 224601 261.220 365 56 325 620 22S 120 157728

Enenv MWbIYr
Seasnn 0 56.149 105.468 127.858 167280 167 280 105.780 S6.S8O
Off-Season 0 49.660 80913 95142 160056 120120 81120 46.800
Total 0 105.809 186.381 223 000 327336 287 400 186900 103380

Fuel Consumed TonnesIYr
Buasse 369.540 391 140 391140 391140 391.140 391140 391140 391140
UfIlire 0 7S,OOO 127.400 148.200 348.200 28S 775 135630 .
% Enenv from Ba2asse 100 77.1 69.7 66.4 45.7 50.6 68.3 100

2.5 Case Study B: 1bfro Arooran Sugars Ltd.

2.5.1 Introduction

Thiru Arooran Sugars Ltd. is a private sector company located at
Thiruman<1ank.udi. in Thanjavur district. Tamil Nadu. The present capacity of its factory
is 2.500 tonnes per day. Management plans to increase this capacity to 3.500 tonnes per
day in the 1992-1993 season. and eventually to 4.500 tonnes per day. Plans also exist to

'-- .m_ de'/elap three new1H'Qjeets to produce {a) ethanol. {b) aeetie acid-and aeetie anltydride, ...
and (c) n-butanol. These projects will increase captive demand for electrical power, and
the management perceives electricity cogeneration as an option to pursue to meet this
future power requirement. As in the case of Arona Sugars. the sugar factory is close to
Neyveli from where lignite can be mined and transported at competitive costs.
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TABLE 2.S: PRODUCIlON DATA OF TBIRU AROONAN SUGARS LID.

Presently, the factory does not produce any power for sale to the utility, and
production operations are shut down during the off-sealSOn. Any future off-season
operation is assumed to supply 2 MW cf 10C&1 consumption.

2,SOO
500.834

2S5
1.957
9.52
10.24
14.50
31.00

50%
155,268
12.107
2,575

Milling Capacity, mnnes~ per day
CaDe aushed, tooDes per year
Crop duration • days
Average crusbing rate, tomIeS cane per day
Downtime, % milling season
Pol % cane
Fiber % cane
Bagasse % cane
Moisture % bagasse
Begassc produced. tons
Bagasse sold to pulp manufacturers, tonneslyear
Bagasse sold to other users, tooneslyeM

Table 2.5 summarizes 1biru Arooran's production data. With a present milling
capaciLy of 2,500 tonnes cane per day, 1biru Arooran crushes approximately 500
thousand toDnes of cane per year. The season lasts about 255 days per year. In 1991, the
factory produced 155,268 toDnes of bagasse with i1 moisture content of 50-51%, of which
12,107 tonnes were sold to pulp manufacturers, and 2,575 tonnes were sold to other
bagasse users. Fiber %~e at 14.5% is attractive for power production from bagasse.

S9

The boiler house at 1biru Aroonm consists of a single KCP boiler with a capacity
of 70 tonnes per hour. It is a water tube boiler and was installed in 1989. nle operating
pressure and temperature are 42.2 ata and 4OO-C. Process steam consumption % cane is
52.5 on average. The boiler is equipped with air heaters and an economizer. Air
pollution control is effected by a multi-cyclone dust collector. Electricity is generated
for factory use at 420 V. Installed capacity of the turbogenerator is 3 MW. The
turbogenerator set consists of a single APF Bellis turbine installed in 1990. Inlet pressure
is 42 kgIsq. em and exhaust is at 1.5 Kglsq. Ctn.

2.5.2 System Options

The design options described below provide for' different levels of investment and
power output Options 1-3 corre..~pond to mill capacity at the 3,500 TeD level and
Options 4-7 u~'me the higher planned 10~·el of 4,SOO!rm.--.-..-~-------- .. ---..... -----.---
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Figure: 2.17

Thiru Aroor8n SUglifS. Ud.

Configuration: B...CIM
Operating Per •.Jd: In Salon

25.2.1 The Bose Case

The Base Case is a departure from current reality, in that it assum~~ the sugar
factory to operate at the planned eventua14,500 tonnes per day capacity. The em"ting
boiler obviously does not now have the indicated 94 MTIhr of a:.'or-ity, and the 3~fW
turbogenerator set does not permit the generation of excess power for export to the
utility. The Base Case is an abstract reference against which the varLlus options are
compared. The Base Case schematic of the steam flows is provided in Figures 2.17 and
2.18 for the season and off-season periods respectively.
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Figure: 2.18
Thiru Arooran Sugars, Ltd.
Configuration: Base Case
Operating Period: Off Season

2.5.2.2 Option 1

In Option I, corresponding to 3,500 TCD, the existing boiler and turbogenetator
is replaced with a 63 ata/480 ·C, 102 TPH boiler (2x60 TPH), with a single extraction
condensing turbine operating at 77 TPH exhaust at 42 ala, and 2S TPH ofsteam
condensation during the season. During the off-season, 32 TPH of steam is generated and
condensed in the turbogenerator. The steam flows during the season and the off-season
are illustrated in Fhmre.~ 2.1Q Anti 2 20 Ontinn 1 at a prnjectcost.o!Rs140n m;l!ioniJt ~

represents a low level of investment required for cogeneration.
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Thiru AroorIn Sug.rI, ltd.

ConfIgur8tion: Option 2

Oper8tlng Period: In Se~son

2.5.2.3 Option 2

In Option 2, inStead of the single extraction condensing turbine of Option 1, a
double exttaetion condensing turbine is installed, extracting 70 TPH of steam at 42 am, 7
TPH of steam per hour at 2.5 am, and condensing 25 TPH at 0.14 ata. The steam flows
are illustrated in Figures 2.21 and 2.22. Option 2 at Rs 400 million represents a medium
level of investment for cogeneration.
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Figure: 2.22

Thiru Arooran Sugars, Ltd.

Configuration: Option 2

Oper8ting Period: Off Se.son

2.5.2.4 Option 3

Option 3 is similar to Option 2, except that stearn consumption has been reduced
______~ .frQnl~tQ _4~nerjonne of cane.~te.aIJ;lflQws durin, theseasoILandQff-~~_. _

provided in Figures 2.23 and 2.24. Additional investments will be required in the sugar
factory operations in order to achieve the desired steam economy.
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Figure: 2.23

ThiN Arooran Sugars, Ud.

Configuration: Option 3

Operating Period: In Saason

I Figure:2~~~__nu . _
TFUriJAiOOnIn Sugars, ltd.

Configuration: Option 3

Ope,..ting Period: Off Sa.son
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Thiru AroonIn Sugars, Ltd.

Configuration: Option 4

Opel'8ting Period: In Selson

As in the case studies for Arona, the boiler and turbogenerator are sized to burn
all the bagasse that is available during the~n. During the off-season, lignite is burned
only to the extent of maintaining the same level of power generation as in the season in
order to ensure delivery of finn power to the utility for most of the year, except for
scheduled shutdowns.

2.5.2.5 Option 4

In this scheme one boiler of 60 TPH and 63 ala and another at 80 TPH and 63 ata
are proposed to meet the expanded process steam demand associated with 4,500 TCD. A
single extraction condensing turbine extracts 94 TPH, 42 ala steam for process. Figures
2.25 and 2.26 illustrate steam flows during both seasons.
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Figure: 2.26

Thiru Arooran Sugars, Ltd.

Configuration: Option 4

Operating Period: Off Season

The TO set and condensers are sized to generate unifonnly 10.8 MW of power
throughout the year. Part load operations is feasible with a single boiler in the event of
sudden boiler outages.

2.5.2.6 Option 5

The steam generation station proposed in this case is similar to that in option 4.
------ne-changepropoSed1SmtIienturbme~Iilstead ofa·single extraction turbine it is proposed

to install a double extraction condensing turbine extracting steam at 42 ata and 2.5 ata.
This would·avoid the need to utilize the pressure reducing station that is currently used.
This scheme illustrated in Figures 2.27 and 2.28 will be capable of delivering at least 14
MW of power the year around.
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New Double Extraction
1---04.r'\ ,Condensing Turbine

v 14MW

New Double Extraction
f"\ Condensing Turbine

1----1- "" 14 MW

Thiru Arooran Sugars, Ltd.
Option 5 - Off Season

Thiru Arooran Sugars, Ltd.
Option 5 - In Season

OMTJhr

136MTJhr

63MTJhr

Boiler

63am

63ata

Boiler

Thiru Arooran Sugers, Ltd.

Configuration: Option 5

Opereting Period: Off sellOn

Figure: 2.27

Thiru Arooran Sugars, Ltd.

Configuration: Option 5

Operating Period: In Se8SCil
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Option 6 - In Season
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Figure: 2.29

Thiru Arcomn Sugars, Ltd.

ConfigLntlon: Option 6

Operating Period: In Seaton

2.5.2.7 Option 6

This is a bagasSe only option and is depicted in Figures 2.29 and 2.30 for season
and off-season operations. The boiler capacity proposed is sufficient to meet the process
demand. The TO set is designed to generate a maximum of 11.5 MW during the off
season period. In ~son, however, around 10.6 MW would be generated.
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New Double ExtnK:tion
~---l f"\ Condensing Turbine

. "" 11.5 MW

-f1 Existing
~ Mill Turbines

Thiru Arooran Sugars, Ltd.
Option 6 - Off Season

OMTIhr

52MTlhr

Boiler

63ata

Figure: 2.30

Thiru Arooran Sugars, Ud.

Configuration: Option6

Operating Period: Off Season

2.5.2.8 Option 7

This case envisages a boiler capacity of 160 TPH comprising two boilers of 80
TPH, 63 ata rating each. This is substantially in excess of the process requirement
However, this quantity of Steani may be generated and passed through the turbine to a
condenser to generate additional power during the system peak demand period. This may

__~__ . .__Ixtattradive to TNEB who may he wiJ1ing to purchase peak power at attractive prices
The design oversizing would also help in maintaining the fmu power requirements of
TNEB regardless of process fluctuations. The TO set is sized to deliver 23.4 MW in
season and 2S.S MW during the off-season periods. The system configurations at both
these power levels is shown in Figures 2.31 and 2.32 respectively.
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Figure: 2.31

Thil'\l Arooran Sugars, ltd.

Configuration: Option 7

Operating Period: In Season
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ConfiQutllion: Option 7

Opeflling Period: OffSe.son
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TABLE 2.6: STEAMlPOWER DATA OF THlRlT AROORAN AT 3000 TCD
AND 5000 TCD CAPACITY LEVELS

2.5.4.1 Option 8

Figure 2.32A provides the schematic of the cogeneration system at the 3000 TeD
-eapaeity-lcveh --This ease envisages a newbeilef-ef-6(}TPH,S-ata,480·C-ratiftg-------
connected to a 9.67 MW fully condensing turbine. This system is integrated with the
existing 70 TPH, 43 ala, 4OO·C boller and turbogenerator network and is shown in Figure
2.32A.

227
IS00MT/day
7SMT/day

346SMT/day

225.75 MT/day

IS3.7 MTlboor
90.8 MTlboor

11.35 MTIhour
13392kW

1013kW

SI,5SO kgIhour
l1,206kW

2S,611kW
SOOOkW
17.6UkW

SOOOTCD
(Option')

136
9OOMT/d:IY
4SMT/da)'

2079 MT/<lIay

135MT/day

92MTIboor
S4.5 MTlboor

30,700 kg/hoor
6674kW

9674kW
3000kW
6674kW

6.8MTlbour
3000kW

3000TCD
(OptionS)DESCRIPTION

Crosbing rate on 22 boor basis
Bagasse produced (30% on season average)
Lignite requirement during season

(5% on bagasse)
Steam produced on bagasse,

@ 23 MT of steamIMT of bagasse
Steam produced on lignite

@ 3.01 MT of steamIMT of lignite
Steam produced per hour
Process steam demand at 1.5 ara
(4Koncane)

Process steam demand at 7 ata
Power from I.S ara exhaust steam

@ 6.78 kg. of steamlkWh
Power from 7 ara exhaust S!e:ml

@ 11.2 kg. ofsteamlkWh
Total CODdensiDg steam
Power from condensing steam

@ 4.6 kg of steamlkWh
Total power generated
Captive Power requirement
Somlus rower for e . to the md

2.5.4 Options Finalized at Madras Workshop

A series of workshops on Development and Fmancing of Sugar Cogeneration
projects in India at Madras, Bombay and Delhi was organized between November 2 to 6,
1992 to discuss the findings of the cmrent study and amend the report based on the
workshop observations and recommendations. At the Madras workshop representatives
from Thiru Arooran suggested additional options (Op:ion 8 and 9) based on two
capacity levels: 3000 TeD and 5000 TCD. Table 2.6 provides the details of the steam
and power demand by the factory at the two production capacity levels.



3OCI01tW .

110.14 KOICU I

2130.7 UTIHR!M!RG!NCY
PROS

IUUTIHR

1) T.........a-..s. 11741lW

2) CaplIw '-............ - JIOlIIlW
~,...,...'- te741lW

60 MTIHR I-------r----------tt'63ata
~80·C

70 M IHR
43ab1 1-----.......-------.-- -{'
400ec

(ExIsting)

Thiru Arooran - Option 8 • 3000 TeO: In Season

11MCapK:/ly

73

-~_._--~ ---~._- .---_._-----

l'IgurwU2A
Tlllru AIaomI
CONFlGURAnON: )pC/oft.
3000 TeO -In Seuon

2.5.4.2 Option 9

This case envisages the addition of 3 x 60 TPH boilers at 63 ata. 480·C and three
steam turbines vJith the following capacities:

i. 1 x 9.67 MW Fully Condensing
ii. 1 x 8.0 MW Back Pressure
iii. 1 x 8.0 MW Double Extraction Condensing

The total in-plant power generation will therefore be 25.67 MW and, after
accounting for the 8 MW captive power needs for the 5000 TCD capacity plant, an
average of 17.67 MW will be exported to the grid during the season time. Figure 2.32B
provides the schematic of the cogeneration plant at the 5000 TCD capacity level.
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CONFIGURATION: (\pilon'
SOOO TeO -Inse-

BueCase ,
3.0 9.80 12.60 ~'l'i:30 13.80 17.00 13.60 26.4 9.67 25.67
0 6.80 9.60 11..30 10.00 14.00 l1.so 2S.S 6.67 18.20

I

'-0 4.80 7.60 I.O.2S 8.80 12.00 8.60 21.4 6.67 17. 7
0 4.80 7.60 10.2S 8.80 12.00 9.50 23.5 5.67 17.20

77122 93636 84456
18432 23616 20736
95S44 117 2 105192

MWbIYr
0 29988 53856 73440 820 107773
0 9408 16896 23040 10886 33024
0 39396 70752 96480 51706 140797

2S1744 . 276675
0 47680

100 81.30

TABLE 2.7: TBlRU AROORAN POWER GENERATION AND EXPORT SYSTEM OPTIONS

2.5.5 Summary of System Options

Table 2.7 shows the comparison among the system option case examples.
Additional detail can be found in Appendix A2.



2.6 Case Study C: Vasantdada Shetkari SSK Ltd.

2.6.1 Introduction

Vasantdata Shetkari SSK Ltd. (VSSK) is a farmers' cooperative which is located
in Sangli, Maharashtra. VSSK operates a 5,000 tonnes cane per day factory. Although
the factory capacity can be expanded to 7,s00 tonnes cane per day, management does not
currently have plans to expand beyond 6,000 tonnes cane per day. In addition to the
sugar factory, the cooperative also operates a distillery and a chemical plant which
receive electricity and steam from the sugar factory. The reliability of electrical power
from the utility is poor, with frequent power cuts. Power shortage is likely to increase 1n
the future, making it attractive to cogenerate electricity from bagasse to supply the
electricity needs of the chemical plants owned by VSSK or by other busineses in Sangli.
Unlike Arona Sugars and 1biru Arooran in Tamil Nadu, VSSK does not have a
proximate source of lignite.

Table 2.8 shows some of VSSK's production statistics. On average, 924,048
tonnes of cane are crushed annually. With fiber % cane at 14.3%, the production of
bagasse averages 284,442 tonnes per year. The moisture content of bagasse is about SO
51%. The mill capacity is 5000 tonnes cane per day, and on average the factory crushes
4,972 tonnes per day. During the season, downtime is approximately 19%.

TABLE 2.8: PRODUcrION DATA OF VSSK LTD.

Milling Capacity, tonnes cane per day
Cane crusbed, tonnes per year
Crop duration , days
Off-season, days
Average crusbing rate, tonnes cane per day
Downtime, % milling season
Pol «, cane
Fiber " cane
Bagasse %cane
Moisture % bagasse
Bagasse produced, totmes
B~ sold to J)ulp manufacturers, tonneslyear

5:":1)0
924,048

200
100

4,972
19.42
13.69
14.28
30.78
SO.56

284,422
o

Table 2.9&ts the installed boiler capacity at VSSK. The cooperative operates
nine boilers, all of them old and of small capacity. They are designed for low pressures
and are equipped with poor combustion systems. The boilers operate at 21 ala, 343 ·C.
Boiler capacities range from 13 to 35 TPH. A number of the boilers, though not all, have

~ Birprehp"tPrs ond ecocomi"~Il.Them is no proYisionf6f-aif pontitiuft eolltfol. ---------
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TABLE 2.10: VSSK TURBOGENERATOR CONFIGURATION

Number of UDits 3 3 3
Mate VIeW WlL J.T

tonDeSIbr 13 20 35
Year of iDstaIJatiOll 1IDtDown UDImown unbown
TvDe w.tnbe w.tobe w.tnbe
Pressure K2/SQ. all. 21 21 21
Tem C 343 343 343

TABLE 2.9: VSSK BOILER CONFIGURATION

76

Table 2.10 lists the turbogenerator capacity. Electricity is generated at 440 volts.
The turbogenerator set consists of 5 units ranging from 1.25 to 2.5 MW, for a total
installed capacity of 9.3 MW.

2.6.2 System OpUom

2.6.2.1 The Base Case - 6000 TCD 56% Steam 011 Cane, 21 atIJ

The Base Case is the existing factory processing 6000 TeD as planned by the
management. The present installation is not designed to produce additional power for
sale to the utility nor to meet the adjoining distillery's power demand. The steam balance
is based on 6000 TCD crushing and 56% steam on cane. The base case system
configuration is depicted in figures 2.33 and 2.34 for in-season and off-season operations
respectively

Make Dosia Elliot Triveni Untnowo Triveui
Year N1A NlA N1A N1A N1A

kW 1250 1250 1250 1800 2SOO
Soeed.RPM 10020 SOOO 8200 9300 8200
Steam. K2JkWb N1A NlA N1A N1A N1A
Inlet Temo.• C 300 300 300 300 300
Inlet ata 17 17 17 17 17
Exbaust tlICSS•• ata 1 1 1 1 1
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VSSK, SANGLI: Base Case -In Season
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2.6.2.2 Option 1 - 6000 TCD 50% Steam on Cone, 63 ata. 480·C

The basis in thiS case is 6000 TCD crushing and a steam requirement of50% on
cane cmshed. It is proposed that a new boiler 160 TPH ( or 2x80 TPH Boilers) operating
at 63 ala, 480·C is installed. A double extraction condensing turbine is also installed
extracting 72 TPH at 21 ata and 69 TPH at 2 ata. During season approximately 15%
bagasse is saved for burning during off season. Since no other supplementary fuel such
as lignite is available in the off-season at an economic price, saved bagasse and bagasse
imported from nearby factories is burned year round. The boiler and turbogenerator are
sized to provide the requirements for process ~...am for the sugar factory, the distillery
and the chemical plant while at the same time ensuring an uniform level of power
generation. Figures 2.3~ and 2.36 show the steam flows during season and off season.
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VSSK, SANGLI: Option 1 - Off Season
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2.6.2.3 Option 2 • 6000 TeD 40% Steam on Cane. 63 ata. 480·C

This option is similar to option 1, except that the process steam requirements of
the sugar factory is reduced to 400 kgfI'onne cane crushed. Bagasse is saved for off
season PO~er 2en~ration. which is kept at the same lp.vp.lndnring the season Figures
2.37 and 2.38 indicate the steam flows during season and off-season periods.
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2.6.2.4 Option 3 - 6000 TCD 50% Steam on Cane, 42 atQ, 400·C

Options 3 and 4 reflect lower steam pressure (42 ala versus 63 ala) because of
plant management concern over high steam pressure. Steam requirements for option 3
remain at 50% of cane crushed. Some bagasse is saved during the season, but to support
off-season operation fully, supplementary bagasse will have to be purchased. Figs. 2.39
and 2.40 show steam flows during the season and off-season period.
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2.6.2.5 Option 4 - 6000 TeD 40% Steam on Cane, 42 ala, 400'C

This is similar to option 2 so far as steam demand is concerned, Le., 40% steam
--~--oncane atageneriltlon-pressure-of 42 ata. -Thesteam flows in:seasoomi(roff-season are--

shown in Figs 2.41 and 2.42. No bagasse will need to be purchased.



CldeIy
'OUTb

Z..

-Sl.!:!r~-Sl!ll!!p~---- - ---------oMTIHR 0 UTIHR
811. 211.

83

c

14MT'h(L..;.;,=;';;"--Fc

'OMTIhr

44MTIIlt

47.4UTlhr

...----8 1,"'uw

C"","","
SMTIHR

811.

Chenicall
SMTlhr

811.

J-----f'14-..L---r--~3_........--_+-.----l•• 0iItlIIIY
fOUTb
z.

VSSK, SANGLI: Option 4 - In Season

72UTIhr

VSSK, SANGLI: Option 4 - Off Season

SMTIIlt

F"ogurw 2.4'
VSSK,SANGU
CONFIGURATION; Option 4
OPERATING PERIOD: In salOn
eooo Teo:~ a.m; 42 ••

=~ssriFIBtiRA'iial:i. apjc •at
OPERATING PERIOD: OtrsalOft
8000 TCO; 40. at.m; 42 ••

~--_._-_. --- -- _.



Suo-",-, Sug","-I
10UTIHR 1341UThlR,., 2.,

84

Mil
T~

SOUTlllr

11UTIHR
c

.....--8 2UMW

ChelNclll
IUTIHR1.,

-!---fl~--L_.,-4l~"'---i-------l~~ --- --------
lOur...,

2..

12 UTIIIr

110 ur....

Boler

A comparison of the financial analysis of options 1 & 2 and options 3 & 4
respectively should help the plant management to evaluate the costs and the benefits of
63 ata vs 42 ata steam generation pressures. Option 1, at an estimated cost of Rs 535
Million ($19.1 million) is the most capital inte'JSive of the four system options. Option 3
at the estimated project cost of Rs 485 Million ($17.3 million) represents a lower cost
alternative. Option 2 bas an estimated project cost of Rs 510 Million ($ 18.2 million),
not including efficiency improvements, and therefore represents a larger capital
expenditure than option 3. Option 4 at Rs 450 million ($16.1 million) is the least cost
option, but, like Option 2, it would involve some additional capital outlays for in process
steam economy measures.

The Mill has a capacity exceeding 7000 TeD, although only 6000 TCD is
actually used. The scope for steam and power economy is considerable with steam usage
around 55% on cane. Options 5 & 6 described below envisage a higher crushing rate, .
lower steam consumption and higher generation of bagasse for use during the off-season.

2.6.2.6 Optio.£ 5 - 7000 TCD 50% Steam on Cane, 63 ata, 480·C

To meet the process steam demand at 7000 TCD and 50% steam on cane, it is
proposed to install 3 x 60 TPH boilers operating at 63 ata and 480·C..The turbo
generator set is designed to operate at 25.3 MW, at which level only 2 months off-season
operation is possible on saved bagasse. The daily requirement of 1250 MT of bagasse
could be met by supplemental purchases from neighboring mills. Figures 2.43 and 2.44
depict the steam flows during both the seasons.

VSSK, SANGLI: Option 5 - In Season
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2.6.2.7 Optioll6· 7000 TeD, 40% Steam on Cane, 63 ata, 480·C

The assumption here is that the mill will reduce the steam consumption in the
sugar process to 40% on cane crushed. The steam requirement in the factory can then be
met by 2 boilers each 80 TPH capacity operating at 63 ata, 480·C. The turbogenerator
set is designed to operate at 19.4 MW year round. During the off-season the system will

--------- operate tor141l1aySonsaveaoagasse-as-ffieT.Mgures2:~5-anaz46 sIiownllieSfeaiIf~- -----
flows during the season and off-season respectively.
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2.6.3 Summary or System Options

Table 2.11 summarizes the main data and results of calculation of gross power
generation and net exportable power' for the base case and six other options. Additional
detail appears in Appendix A3. '

TABLE 2.11: VSSK POWER GENERAnON AND EXPORT

8asclCase Option 1 ODtlon2 ODtlon3 ODtioni. ODtlon5 0DtI0n4i
GeDented Power: MW
Season 7.4 22.14 16.97 i630 12.72 2S.29 19.44
Off-Season 2.0 22.14 16.97 16.30 12.72 25.29 19.44
Net Exoortable Power. MW
Season 0 14.74 9.57 8.90 5.3: 17.89 12.04
Off- Season 0 20.14 14.97 14.30 10.72 23.29 17.44
Euer2v Generated. MWbIYr.
Season 35.520 106.272 81456 78.240 61056 121.392 93.312
Off-Season 6.480 55798 _~982 39120 41.212 12138 41990
Total 2.000 162.064 136,438 117360 102.2S8 133.531 135.302

MWbIYr.
Season 0 70762 4S 963 42.720 2S.536 8S 872 57792
Off· Season 0 50.752 48.so3 34320 34 733 11179 37670
Total 0 121.5Q4 94439 72.040 60269 97051 95482
Fuel Consumed Tonne.:JYr.
Bausse (season) 369600 316.000 270130 318.000 262.Q75 374026 307532
Bansse (olT-seaY.lD) 0 53600

"
99470 51600 ~.275 166909 123 388

Purchased 0 16.000 15948 16.000 16.000 7053
ToraJ 369600 385600 38S.548 385600 348.350 5S6.335 437.973
~ Euen,v from Buasse 100 100 100 100 100 100 100
Surolus BUU5e . - . . 212S0 - .
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3.0 FINANCIAL ANALYSIS OF PROPOSED
COGENERATION PLANTS

3.1 Introduction

Each of the design configurations described in the previous chapter was subjected
to a detailed financial analysis using CANEPRO, a computer rr .>del developed by
Winrock International, to simulate sugar mill cogeneration sy ::em economic
performance. At each of the three sites, the six or seven invt' Ittnent alternatives were
evaluated under a consistent set of financial assumptions in terms of pre- and post-tax
rate of return, net present worth, benefit/cost ratio, average power generation cost,
payback period and fuel netback value, llI1d the results were then used to screen the
alternatives. Th~ chapter summarizes the m(.'~ financially attractive invesunent in terms
of rate of return at each mill, and Appendix B contains corresponding detailed pro fOTmIJ

cash flow spreadsheets.

The selected options are:

• Aruna Sugars - Option 4 (53 MW)
• Thiru Arooran - Option 7 (26 MW)
• VSSK Sangli - Option 6 (19 MW)

As indicated earlier, at the November, 1992, workshop convened to discuss the
results of the study, the managers of the Thiru Arooran mill suggested two additional
configurations for evaluation. Although these appear somewhat less economically
attractive than other options at that mill, fmancial spreadsheets m.-e included in Appendix
B2 for them as well.

3.2 Assumptfom and Model Inputs

3.2.1 Power Purchase Prices

A key element in the fmancial analysis is the price at which output from the
cogeneration plant is purchased. In this study, no credit is given for the steam and
electricity that continues to be used inside the sugar mill. It is assumed that the existing
equipment could have continued to provide the '1eam and power as before. Thus the
only output flows of interest are those which can be sold outside the mill. In this case,
such output is limited to electricity.

At the present time both Maharashtra and Tamil Nadu have proposed buyback
rates for cogenerated electric power. These prices are Rs 1.20 and 1.00 per kWh,

- -- ..espectiYelo7.t$t~oo-U-~S. ';:-Rs-18)-Chaprer 4 of thiS report diScussestne-vaIue of the 
added power that the mills could generate in terms of the cost the electric boards would
otherwise have to incur to supply the same power to their customers. These "avoided
costs" have three components: an energy component that may vary with the time of day
and season, a capacity charge that will vary with the time of day and season, and fmaIly,
a network charge that covers the cost of transmission and distribution. The actual value
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will vary from one location to another and from one option to another at the same mill.
The factors that influence the actual average price paid under an avoided cost pricing
scheme include the following:

• Number of days exporting in each season
• Number of hours exporting at peak, shoulder, and base periods in each season
• Peak period availability
• Baseload period avdilability

Depending on the location of an independent producer within the distribution
system and the proximity to end-users of the generated power, the average value, in
terms of avoided cost, of reliable year-round operation in Maharashtra lies between Rs
0.96 and Rs 1.60 per kWh. In Tamil Nadu, the corresponding range is from Rs 1.69 to
Rs 2.46 per kWh. The substantial variance between the figures for the two states, as
explained in the next chapter, is due to the different demand patterns and generation
capacity mixes in their utility systems.

3.2.2 Power Generation and Export

The following table contains the electric output and fuel consumption
characteristics for the most promising cogeneration systems at each of the mills. These
parameters, combined with the prices of exported power and purchased bagasse and coal,
form the principal bases of revenues and operating costs.

TABLE 3.1: POWER GENERATION AND EXPORT

ARUNA TIDRU VSSK,
SUGARS AROORAN SANGLI

Generated Power. MW
Season 40.5 26.4 19.44
Off-Season 53.3 25.5 19.44

Net ble Power. MW
Season 34.0 21.4 12.04
Off-season 51.3 23.5 17.44

Generated. MWbIYr.
Season 199..~ 161,658 93,312
Off-$eason 166.. 96 48.960 41.990
Total 365.. 56 209.578 135.302

MWbIYr
Season 167.280 130.968 57.792
Off-season 160.056 45.120 , 37.670
Total 327,336 176.088 95.462

Davs
seasou - 2O{J 2S5 200

~ Off-season 135 80 141
Fuel Consumed TonnesIYr
Bausse (@Rs84lI'onne) 391140 276.675 385.600*
Umite (@Rs S6OITonne) 348.200 110.170 -
CJ, Enerav froD1 Bafuse 45.7 65.4 100

* Includes 16,000 TODDe pmd1ased bagasse @ R.s 280 per Toone
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The parameters above are taken from the technical characterizations in the
previous chapter. For simplicity, they represent perfectly reliable operation during the
scheduled days of operation, which exclude scheduled maintenance. For PUI!'Oses of the
financial analysis. an availability factor of approximately 90% (92.5% during peak
electric ~mand periods and. 87.5% offpeak) was chosen to take the risk of forced outage
appropriately into account Mere engineering detail on each of the systems appears
under the corresponding option number in Appendix .A.

3.2.3 Project Cost ~lptiODS

Since Cl low-cost waste product is used as fuel, aPd cogeneration requires little
additional labor at the mill, a large element of the cost of cogeneration involves
amortization of the initial capital investment The table that follows illustrates the
components of the required investment in the proposed systems, based on engineering
estimates.

TABLE 3.2: PROJECT COST ASSUMPTIONS
(MlDlon Rupees)

ARUNA SUGARS TIDRU AROORAN VSSKSANGLI

1. Boiler Hoose 182.01 133.39 133.39
2. Water Treatment 9.61 9.06 9.04
3. Turbine Generator Set· 309.52 238.02 217.32

Subtotal 501.14 380.45 359.75
4. Cooling Tower,

Mecbanical 75.17 57.06 53.96
5. E1ectrit"al and Civil 200.45 152.18 143.90

Subtotal 776.76 589.69 557.61
6. Contin2eoCV @ 5% 38.83 29.48 27.88

TOTAL 815.59 619.17 585.69
SalV8l2e (71.00) - (83.00)
NET TOTAL 744.59 619.17 502.69

• Includes 55% FOB import duty.

In the cases of Arona Sugars and Thiru Arooran, twenty percent was added to the
capital cost in the fmanciaI analysis to account for project development and system
installation costs. VSSK Sangli was treated without the 20% addition because of the its
relatively poorer projected economic performance, and no information on the salvage
value ofequipment that would be replaced was available for Thiru Arooran. Note that
the boiler and turbine-generator set together represent over half of the cost

3.2.4 Project Flnandal Strudure
-- .~---- -.. - .-"-~-- --.----------- ,-- ..-~--_. __.-

The CANEPRO model requires that certain assumptions be specified to ref.i.ect
such fmanda' considerations as inflation, exchange and tax rates, as well as credit terms
available to the investor. The main assumptions appear below.
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Return on equity (reserve) = 25% per year
Availability factor = 90%
Depreciation: 25% declining balance

--_._-_._- -.' ."'.

TABLE 3.3: PRomer FINANCIAL STRUCTURE

SourceoC FnctIoDoC Interest GncePeriod Term
InvestmeDt Rate (van)

EanilV e) 10% - - -
Soar Develooment Fund 40% 9% 7 8
IDdian Development

FiDaDcinllnstibJtioo Loan SO% 19% 0 7

Project life =20 Years
Inflation = 9% per year
Exchange rare = Rs 28 per USS
Tax rate =55% (except VSSK)

The cash flow analysis presented later in this chapter calculates the average sale
price for power exported to the utility that the mill would have to receive to earn a
twenty five percent return on equity (sometimes termed "reserve" in Indian parlance).
Two cases are reported: one involving no debt and another reflecting the most favorable
loan terms that a developer might be able to expect (described in Table 3.3). In the latter
case, the Sugar Development Fund would provide a deferred payment loan at
substantially less than market interest Some participants at the November, 1992
workshop questioned whether th-: amount available to any individual mill from the fund
would be sufficient to cover forty percent of the cost of a cogeneration system, so the
"leveraged" case represents the optimistic extreme.

For the two privately owned mills, the analysis embodies standard corporate tax
and heavy industry depreciation rates. Certain renewable energy investments qualify for
significantly accelerated depreciation, but these two mills would use appreciable amounts
of lignite as a supplemental fuel and thus would be unlikely to qualify fully, if at all, for
the favorable treatment VSSK Sangli, as a cooperative enterprise, pays little if any
corporate tax, so their assumed tax rate is zero. Without taxes, depreciation has no effect
on that mill's cash flow.

3.3 Ffnandal Results

Table 3.4 summarizes the fmancial performance of the three systems under the
assumptions outlined above. As shown in the table, the mills in Tamil Nadu could export
pow'..r at prices well under the utility avoided cost in that state, while power from the
VSSK Sangli mill would be more costly and would have to compete with a lower
avoided cost in Maharashtra. Even so, the cost would be well below two Rupees per
-k\\'h.·~·
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TABLE 3A: FINANCIAL PERFORMANCE SUMMARY

ARVNA SUGARS TBlRU AROORAN VSSK. SANGLI

POWER EXPORT
AveraaeMW 41.0 23.0 13.9
GWh DC!' Year 295 166 89

COSI'S
Initim Investment

Total (Million Rs) 894 675 SIS
Rs ocr An.. Watt 21.8 29.3 37.1

Million Rs Del' Year 205 101 51
RsocrtWh 0.69 ' 0.61 0.58

BREAKEVEN PRICES (RsIkWh)
100% Equity 1.49 1.59 1.93
LeveJ'a2ed Fmancin2 1.26 1.29 1.65

The differences in performance illustrate the effects of scale economy. which
accounts for much of the difference between Arona Sugars and Thiru Arooran, and the
vahle of available supplemental fuels to support all-season operation, the shortage of
which explains th~ relatively higher breakeven price for VSSK SangU. At the
November, 1992 workshop, participants suggested that the VSSK case might be
improved by designing the system not to generate power year-round, but to do so only
during the cane crushing season and a few weeks thereafter until the beginning of the
monsoon, when hydropower again becomes available to the State Ele\:tricity Board, and
water pumping is no Jt)nger required for land irrigation. This would employ the limited
available bagasse fuelID such a way as to provide maximum capacity support to the
utility.

In order to show the effect of power purchase price on the rate of return on
investment, the ROI was calculated for each mill for several different price values. The
results of these computations (assuming 100% equity) are shown in Figure 3.1.

Finally, Table 3.5 illustrates the performance of the two additional design
variations proposed by Thiru Arooran management to correspond to alternative projec;ted
future mill requirements. The variations reflect cane crushing rates of 3,000 Tonnes per
day and 5,000 Tonnes per day. These options appear somewhat less attractive than the
original one at this mill !toe to the use of a number of small turbines and redundant
boilers.

93



O+-----i-----f-----1-----1------+------f

TABLE 35: FINANCIAL PERFORl\~ANCEOF TBIRU AROORAN VARIATIONS

94

21.75

Price (JWtWll)

1.51.25

3.000TCD 5.000TCD

POWER EXPORT
Avet82eMW 6.4 17.6
GWh oer Year 46 126

COSTS
Initial InVesbDeDl

Total CMillion Rsl 398 1.088
Rs oer AV!. Watt 62.2 61.8

lC'lN!ntinl!
Million Rs oer Year 34 116
RsoerkWb 0.74 0.92

BREAKBVEN PRICES <Rs/kWh)
l~Eauitv e) 2.54 2.73
:, """'·ed Fmancinl 1.91 2.09

FIGURE 3.1 RE'I1JRN vs. POWER PURCHASE PRICE
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4.0 PRICING OF POWER SALES BY
COGENERATORS

4.1 Introduction

4.1.1 Background

The Government of India (OOn has indicated that the projected growth in
managed demand during the Eighth Plan (1992-97) is 48,000 MW. Of this amount, the
public sector can at best finance 24,000 MW, leaving a supply deficit of 24,000 MW
based upon managed demand.

For these reasons, the GOI has recently signaled its interest in private investment
and operational participation in the power generation sector. Additional capital,
technical, and managerial resources from the private sector, it is hoped, will avert or
otherwise greatly alleviate potential shortfalls in electricity supply.

Private sector participation in electricity generation can potentially take several
forms, including:

1. Large power projects (e.g., coal, oil, gas, lignite), selling to an SEB, a
private utility and/or directly to fmal users. These potentially include
planned projects that are identified in the least-cost plan and are solicited
from the private sector.

Such projects also include unsolicited but large power proje'..ts that are
intended to be consistent with the least-cost supply plan for the sector.
Power projects built to primarily serve 14.0 .... industrial estates fall in this
category as well.

For this category of power transactions, the GOI has indicated that price
regulation will take the form of a "two-part tariff."

2. A second category of trP.rJSactions involves the sale of surplus power to the
g;id by small to medhun-size independent power producers (IPPs) that are
not identified explicitly in the l~.ast-cost plan, but that have access to an
economic resource on-site (e.g., hydro, p-"....at, agricultural resid'le, by-product
wastes, wind) and that is broadly consistent with the resource development
strategy for the sector.

A-suosel6fffiiScategory ofpotentiaI power trSnSactionsIs ilieSaIe of excess
power by cogenerators.

This report is concerned with the latter category of power transactions in the
specific context of the sugar industry.

9S
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More specifically, the objectives of this chapter are 1) to apply an appropriate
framework and method for pricing potential power sales by cogenerators in the sugar
industry, based on utility avoided costs; and~) to estimate appropriate power purchase
tariffs for sugar mills situated in the service areas of the Tamil Nadu Electricity Board
(TNEB) and the Maharastra State Electricity Board (MSEB).

4.1.2 Organization Of Chapter

This section is organized as follows. Section 4.2 identifies the types of power
transactions of interest within a market for excess power made available for sale from
sugar mill cogeneration plants. Following this, the chapter discusses the appropriate
pricing framework and recommended method for estimating purchase taIiffs. Section 4.3
describes the analysis using the recommended approach in the case of Tamil Nadu.
Section 4.4 contains a comparable analysis of Maharastra.

4.2 Pricing Framework

This section identifies the types of power transactions that can arise in the context
of a market for excess power supply from cogenerators. Within the context of the
cogeneration power market, the following transactions have been identified -- following
discussions with TNEB and MSEB -- as being potentially relevant These are:

• Direct sale to the grid. This transaction involves a cogenerator (sugar mill)
selling excess power to the SEB grid under a contractually agreed price and
under terms stipulated in the power purchase contract between the SEB and
the mill owner(s).

• WbeeUng. This transaction requires the SEB to transmit ("wheel") the
cogenerated power for simultaneous delivery at another location. The
delivery could be to a "sister concern" of the seller or to a third party.

The utility charges a transmission (wheeling) charge, whereas the final
purchaser of the electricity pays the sugar mill directly for the power at the
a~'l'eed price.

• Banking. This transaction involves a cogenerator selling its excess power to
the SEB for withdrawal for its own use at a later time.

• Banking plus wheeUng. This transaction i~ a variant of the banking concept
noted above in tha,t payback of the banked energy involves wheeling the
power to a delivery point different from the point of injection. Delivery could
be tv ii-"sister eooeem"ufthe :;ui,M' m:ili-or itt it third-party. - -------
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Efficient power purchase tariffs for direct sales to the grid are relatively easier to
establish than tariffs for the other transactions listed above, and direct sales to the grid
comprise over 99 percent of transactions in established power markets worldwide.23 In
addition, tariffs for direct purchase are based upon economic principles and methods that
have gained increasing acceptance over the years.

By contrast, setting Wheeling tariffs is more complex, and the underlying
principles are still a matter of considerable discussion and debate. Even more
importantly, transmission access (Le., the use of a utility's grid by other parties) is a
highly contentious issue and one that goes to the heart of a fundamental question: how
best to organize the power sector. In particular, should Lhe functions of generation,
transmission, ~d distribution be vertically disintegrated, and who has the ultimate
responsibility for meeting consumer load?U

The concept of banking has traditionally found limited application in power
markets worldwide. In the instances where it exists, banking has been utilized in bulk
power markets in situations involving inter-utility diversity exchanges (e.g., to "finn-up"
hydro energy in one season by "storing" it on another utility's thermal energy capability).

A problem with the present "kWh banking" scheme in Tamil Nadu is that for
each kWh injectc~ to the grid, the supplier can receive 0.8 kWh back. This is true
irrespective of the time of day when the original kWh was banked and the time of day
when withdrawal takes place, even though the economic cost of generating and supplying
electricity, and therefore the value to the grid of any purchases, varies by time-of-day.

However, given the prevailing institutional and operating environment in India's
power sector, a case can be made for all of the power transaction categories identified
above for reasons other than economic efficiency. For this market to develop, at least
initially, it will be necessary for the SEBs to encourage prospective suppliers. If such
suppliers are not forthcoming under a direct sale· transaction, but could be available under

23ne largest cogeneration power maIket is in the U.S. This maIket has developed essentially since
1980. Wheeling access and pricing are two of the major unresolved issues being debated today by
regulators and the various stakeholders. Wbatever little wheeling does exist today is to a neighboring
utility, and not to third-party end-users.

24In the recently organized "UK model" which represents complete vertical dWntegration, the grid
functions as a common camer. with the responsibility of meeting final consumer load falling entirely
upon the distribution companies who must contract for sufficient powet supplies with generation
comr-uies and with the grid to ensure the transfer of power. Under sueb a model ofpower sector
organizatiOO, the issue of transmission access is largely one of pricing.

Dy e6Bti'e:aio aDCk:i the 'V;S. powu seeM mudd,- wheIe access wure-generation maitif liiS DeeD.
substantially decontrolled in recent years to make that market more competitive, the responsibility for
meeting the final customer loads rests upon the utility which also nms the bulk power grid. Here the case
fol' b'aDsmjssion access is less clear. In the U.S. situation, it is difficult to make strong efficiency
arguments in favor ofmandatory access and wheeling.
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some other type of transaction structure - wheeling, banking, etc. - then the pricing
principles discussed later in this chapter should still be applicable.

Specifically, in the Indian contextone could argue that the risk of non-payment
by the SEB circumstances favors wheeling and bankinglbarter. While both TNEB and
MSEB are generally acknowledged as being among the select few of the best-run SEBs
in India, nevertheless private sugar mills may be reluctant to install cogeneration because
of perceived risk of non-payment or delayed payments by the SED. Project financing
under such conditions will be difficult as welL

Under the new pollcy and under the amended Electricity Supply Act, generators
can sell electricity directly to third parties with State Government approval. Third-party
sales, if properly structured offer the potential for efficiency gains by enabling the more
efficient use ofcapital.

4.3 Estimating Avoided Cost

One way to establish the value of power generated by independent producers is to
estimate the "avoided" costs from the perspective of the utility. These are the costs of
generation, transmission and distribution, as well as fuel, that the power company no
longer needs to incur by virtue of the operation of the independent source. This section
briefly describes alternate methods for estimating these llvoided costs.

4.3.1 Avoided Energy Cost

Avoided energy costs represent incremental fuel and other variable O&M costs of
the generation displaced by the purchase. These costs, in any hour, are the incremental
fuel and other variable expenses saved by backing down the next generating "unit at the
margin". This unit that would be backed down may be the most expensive unit running
at the time. Alternatively, and depending on the operating environment and other
factors and considerations such as area control, reactive load support, etc., the avoided
energy cost may be a weighted average of two or more units whose loading levels have
to be adjusted as a consequence of the power purchase.

4.3.2 Avoided Generation Capadty Cost

For estimating avoided cost for generation capacity, the following methods have
been cited and"- r used in various studies.

• Proxy unit methods

• Differential revenue requirements method

• Cost (~ oulk power purchase method.

'These methods are reviewed below.
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Marginal Generation Capacity =[(K) (I + RM/lOO}/(l - SUIOO)]
Cost (RsIcoincident kW/yr)

Annualized cost of peaking unit (RsIkWIyr)
Planning reserve margin (%)
Station losses (%)

whereK =
RM =
SL =

This cost (in constant pri~) is discounted from the fust year in the future when
the need for new capacity is anticipated and then adjusted upwards for incremental fixed
O&M expenses, as well as any downstream losses up to the point of delivery. Finally,
this cost can be allocated to different time periods (e.g., peak and off-peak). A common
allocation method is on the basis of the contribution of each rating period to the annual
loss-of-Ioad probability (LOLP).

4.3.2.1 Peahr Method

The "peaker method" is rationalized on the basis that the least-cost means of
securing added capacity is a peaking units such as a gas turbine, which has a low capital
and high operating COsL By comparison, other typeS of generation plants are built at
higher capital costs to derive energy savings and lower operating costs. The annualized
cost of a peaking unit - adjo.,'1ed for reserve margin and losses, and appropriately
discounted from the year of first need to today - is the marginal cost of generation
capacity. The following equation captures this calculation:

4.3.2.2 Proxy Unit Methods

This class of methods pegs avoided costs to the cost of a specific generating unit
that is judged to be a suitable proxy for the power purchase under evaluation. One
choice for a proxy unit is the next actual unit that is to come on-line. Ifseveral different
plants are coming on-line within a short period, then one of those could serve as the
proxy unit; alternately, avoided cost can be estimated as the average ofavoided costs
calculated individually for each of these units. In the event that the utility is not planning
to build any capacity for the foreseeable future, or even if it is, but none of the committed
plants is judged to be a suitable proxy, then one may select a generic representative plant
-~ e.g., a plant that the utility may build -- as a proxy.

Once a proxy plant is identified, then avoided capacity costs are estimated as the
capacity cost of the proxy plant, adjusted as appropriate. For example, if the proxy unit
selected happens to be a coal plant, then it is appropriate to allocate some of the capacity
cost to variable cost, the rationale being that baseload plants which are higher capital cost
bat lower fuel cost~ampared to Othel plants) are built prhnarily for energy prOductiOnar--
lower total cost. For meeting capacity requirements, the utility has other lower-cost
options available.

One way of adjusting the capital cost of a coal plant is to subtract the capital cost
of a combustion turbine. In this case, the avoided capacity cost is pegged to a



combustion turbine, since that is generally the least-cost option for meeting fuel capacily
requirements. The remainder of the coal plant's capital costs are allocated to avoided
energy costs.

In the previous example of a coal plant, an alternate rationale for allocating plant
capital cost is sometimes used The theoretical line of reasoning under this approach is
that a 1 kW power purchase (from the cogenerator) results in delaying the on-time date
of the coal plant, resulting possibly in additional fuel costs a..~ a result of having to delay a
more fuel-efficient plant that will come on-line later. For example, if the next plant is a
200 MW baseload coal unit expected to come on-line in 1995, then its annualized cost
discounted to the present less any increase in fuel cost is an estimate of avoided capacity
cost.

4.3.2.3 DiJfer~tialRevenue Requirements Method

In contrast to the two methods noted above, the differential revenue requirements
method requires the we of a sophisticated optimization package for generation expansion
planning.25 Specifically, three "model runs" are required as follows. Run-l corresponds
to optimizing the system generation expansion plan to the base load forecast Model
Run-2 reoptimizes the system expansion plan with the peak load fore.cast used in Run-l
incremented by the equivalent of one year's load growth. Finally, Ru.u-3 is a production
simulation26 to estimate the fuel costs associated with the load forecast used in Run-I, but
unit stagings determined in Run-2. Then, the Long Run Marginal Cost (LRMC) for
generation capacity is estimated by calculating the following quantity:

[(CRI - CR2) + (FC3 - FCl)]1D

where CRi is the capital investment a~sociated with model run i (i = 1, 2, 3); FC;,
is the fuel (production) cost associated with the expansion plan model run i, and D is the
megawatt incremental difference in peak load between runs 1 and 2. The formula
calculates savings in capital expenditures for generation system expansion as a
consequence of a firm power purchase of magnitude D megawatts from the cogenerator,
i.e., it represents the a'ioided generation capacity cost This method is too data-intensive
and costly to have been employed in this study.

4.3.2.4 Cost ofBulk Power Purchase Method

In situations where the utility can buy capacity on a long-term contract basis from
a neighboring utility, other members of a power pool, or from some other source, the
purchase cost of that capacity may be an appropriate basis for establishing avoided

2Se.g., Intematiooal Atomic Energy Agency's WASP model for optimal generation expansion planning.

26e.g., WASP in a ·pre-specified pathway· mode.
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generation capacity cost In the context of TNEB and MSEB, such purchases are made
on a long-term contract basis from the National Thermal Power Corporation (NTPC) at
R.\' 0.63/kWh.27 The NTPC purchase price may not be an accurate reflection of avoided
costs. One reason is that the NTPC price is more akin to average embedded costs rather
than forward looking marginal cests, which are likely to be higher. Secondly, the NTPC
purchase pri~ corresponds to a baseload coal plant This may not be a suitable proxy for
the power purchase from a cogenerator. A third reason is that the NTPC purchase is
unlikely to be the marginal plant in any given time period

In this report, the peaker method is utilized for estimating generation avoided
capacity costs for MSEB. In the case of TNEB, the proxy tmit method utilizing a coal
plant has been used in the analysis. As explained further in Chapter 3, ~ause of the
unique situation prevailing in Tamil Nadu (a more or less flat load curve). a case can be
made for this approach.

4.3.4 Avoided Network. Capacity Cost

The transmjssjon and distribution (T&D) network's capacity is d~gned to
accommodate peak demand power flows from generation to end users. Further, in a
growing system, such network capacity is sized an·: sequenced recognizing future growth
potential as well. Generally, all investment costs for T&0 are allocated to incremental
capacity because the designs of these facilities are determined principally by the peak
kilowatts that they carry rather than by kilowatt-hours. The most frequently used
approach for estimating marginal T&D capacity cost, and the one recommended in the
present context, is the long-run average incremental cost (LRAIC) method.

The LRAIC represents the present value of all T&D investments over the
planning horizon divided by the present value of the corresponding annual increments in
peak load. This value, exVressed in Rs per incremental kW, is then annualized over the
life of the facilities, resulting in the annualized capacity cost, expressed in RslkW/year.

Separate LRAICs sho!Jld be estimated for each major vc'J~ge level of the network
-- e.g., very high voltage (VHV), high voltage (HV), medium voltage (MV), and low
voltage (LV). If, for example, 10 MW of cogenerated power are purchased from a plant
served at HV, then in the overall power flvw balance it will help to serve a 10 MW load
in the LV network, less LV network losses. If this is a fmn power purchase contract and
supply is available year round, then this purchase will avert the need to build network
capacity upstream. In this case, the purchase can receive credit corresponding to the
avoided cost of the VHV and HV networks. This is because absent this purchase, the
utility would have to generate this power (plus upstream losses) and expand the network
ups=:un GftheplaRt(ioe.,VHV,HV}.-- -

27Sbort-term purchases can be made from the members, ifa swplus exists. The "pool price,It for such
purcbases in the case ofM~"EB was Rs O.72/kWh at the lime of our mission (April-May 1992).
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However, if the ;x>wer purchase is for six months of the year (e.g., :a sugar mill
that shuts down off-season), then the network-related capacity credits are difficult to
jrJStify. 'Ibis is because the network has to be sized for peat power flows. Therefore, the
utility will have to size the VHV and HV network to provide the 10 MW (If MVILV
load, even though it is for six months only.

4.4 Power Purchase Tariff: TNEB

'Ibis section develops recommendations for a tariff for TNEB's power pmchases
flom sugar mills that install cogeneration and sell excess power to the grid. The analysis
in this chapter builds upon the considerations outlined in the last section.

'Ibis section is organized as follows. SectiO;ll 4.4.1 presents relevant introductory
information. Section 4.4.2 contains an analysis of the avoided costs for 1rNEB. This
establishes the basis for the power purchase tariff formulated in Section 4.4.3.

4.4.1 Introrludbn

The TaD".il Nadu Electricity Board (TNEB) is responsible for tb~ generation,
transmission, a'ad distribution of power in the State clf Tamil Nadu. N, of FY 92, it had
an installed ~acity of approximately 4,300 MW, uld an additional l,:~90 MW at its
commut! ~rom central sector generation resomces.

In FY 91, gene&atlon to supply Tamil Nadu's lload was '0,793 million kWh. Of
this amoUDt, approximately 77 percent was coal- and lignite-based, 19 percent was
hydro-base II, and 4 percent was supplied from nuclear.

Table 4.1 shows the installed capacity of powc:r stations in TaJDil Nadu State as of
March 1992. A map showing the stdte-wide network and locations of major power
plants is contained in Figure 4.1.
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TABLE 4.1: TNEB INSTAl J ED CAPACITY AND GENERATION

InsbIW
CapKIty GeneratioD

- (1991-92) (1990-'1)
Cat.e20rv MW mlDlonkWh
A TNEB

Hydro 1,947 3,982
Coal-steam1 2,340 9;J:1T
GasTurbiDe 10 30

Wmd --l1
13.219Sobtoral 4.314

B. Sbartd Resoortes

1benDal (NTPC) 587 2,851
Lignite (Neyveli) 943 3.906

Noclear (Kalpakbm) 360 794
Other - --23
Sobtoral 1890 7.574

Total 6,204 20,793

1Eunore (470 MW), To1iccrin (630 MW), Mettor (840 MW),
Tutiaxin St.age m (420 MW).

TNEB serves over 7 million customers. In FY 92, it had billed sales of 15,765
million kWh. Table 4.2 shows the distribution of these sales by consumer segments.
The system-wide average total realization -- excluding inter-state sales in 1991-1992-
was Rs O.99/kWh.
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FIGURE 4.1: POWER. SYSTEM OF TAMIL NADU
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TABLE 4.1: BILLED SALES (1991-92)

--CUidWDel' t

BIDed Sales Share
kWh) (-.)

Domestic 2,562 16.3
Commercial 1,355 8.6

Industry 7,095 45.0
Agriculture 3,200 20.3
Rail'wa,s 378 2.4

Pul'UcWorb 232 1.5
SII'eet U&bfina 215 1.4

- B.uIt§~IY to 482 3.1
-- ---_.~- --- - - -- -- ..- -

Uc:eDSeS
Other 246 1.6

TotallD-Swe Sales IS,76S 100
Inter-Stare Sales 111 ..

TotalTNEB 15876 -
Source: TNEB
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Figure 4.2 shows the evolution ofTNEB's peak day system load curve for the last
five years. The system generally peaks around 8 pm. However, the load shape is very
flat, with a plateau that lasts from 6 am until about 8 pm in the evening. This situation
has resulted from managing loads. For example, the entire agriculture segment bas been
divided into two groups. Group 1 receives power only between 6 am and 12 pm, and
between 10 pm to 6 am; whereas Group 2 receives service, only between 12 pm and 6
pm and between 10 pm and 6 am.

FIGURE 4.2: PEAK DAY SYSTEM LOAD CURVES
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Figure 4.3 shows typical dispatches for two recent days: a weekday and a
Sunday. The bulk of the power requirements are met by thennal generation from
1NEB's plants and from its share of other resources, with the quick-response hydro units
used in a load-following mode.
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93-94 420 - North Madras (NMTPP); 4x30 20
Sruel Basin Brid2e

94-95 210 - NMTPP: Srue I 20
~S-96 20
~97 3 x 100 30

~url

97-98 2SO SrimUshn8ID1 20
<MISSWAMY>

97-99 soo2 20
Ja

99.00 SOO NMlPP: Stue n 20
oo-ot sao TIPP: Stale IV2 20
01-02 20

TABLE 4.3: TAMIL NADU GENERATION EXPANSION PIAN (MW)
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Source: TNEB
1 _ .

TNEB is a member of the Southern Region Electricity Board (SREB), together
with the Electricity Boards of Andhra, Kamatata, and Kerala. The SREB functions
more or rss as a coordinating entity for its members. It does not have dL--patch &Uthority
over the generating plants of the member SEBs. It would be fair to say that the region as
a whole does not operate on a least-cost regional dispatch mode. Essentially, each SEB
attempts to optimIze dispatch and operations of its generation plant to meet its load.

Inter-state power flows are largely contractual power flows from shared
resources. In addition, there are some power flows from surplus to deficit regions.
However, these transactions are viewed less as economic transactions, and more as being
a "good neighbor" and '1ending a hand" The implication of this mode of operation for
this study is that for the purposes of the avoided cost analysis of TNEB, it is sufficient to
f()C"41S attention on the TNEB power system and not cowdder the regional system.

TNEB's generation expansion plan though the year 2000 is shown in Table 4.3
The major capacity additions are baseload steam plants (coal and lignite). In addition,
two gas turbine units are planned Of thest.~. the 3 x 100 MW units at Nallur are expected
to utilize natural gas from the CauYery basin. In addition to its own expansion DIan,
TNEB expects to get a 700 MW share of various central sector projects planned for
commissioning in the Eighth Plan period

-- ---~"(.am satUi

2 May be offered to private StN10r subject to BoanI Approval



In spite ofan the projected TNEB plant additions, the state potentially faces
marginal shortages in energy and large peaking capacity deficits in the coming years.21

The Government of Tamil Nadu has therefore started promoting private sector
participation in the State's power development program. Units allocated to the private
sector as well as those potentially earmarked for the private sector are identified in Table
4.3.

4.4.2 Analysis Of TNEB's Avoided Cost

This section develops estimates of TNEB's avoided cost (LRMC). The approach
utilized is to update, adjust, and/or otherwise adapt ~ .tppropriate, key data inputs used
in otber studies undertaken recently.29 30

4,4.2.1 Goaeral Approach

In the case of TNEB, it is possible to rationalize two approaches for estimating
avoided cost. Briefly, these are:

• Proxy unit method based on a coal plant

• Peaker method.

The rationale underlying the coal plant pro'Q' unit approach is that at present. the
bulk of the system capacity and energy is supplied by these plants. Whereas hydro
generation is significant. provides load following capability at the margin, and is at the
margin in the dispatch merit order, its value (opportunity cost) is detel'lDined by t!le
economic cost of the alternative resource available for expansion. This alternate resource
can be viewed as coal-rued generation.

The rationale underlying the use of the peaker method is (even though at present
TNEB does not have this type of capacity to any significant extent) that it is part of the
generation expansion plan (Table 3-6) in the near and mid-terms.

Furthermore, it could be argued that the present generatiOl'l mix is not optimal:
today, the TNEB system has fewer peaking units than desirable. For example, a review
of typie&1-day plant dispatches indicates that TNEB's thermal resources are operated flat-

28AaiaD Development Bank. Seetmd North Madras Tlunrral Power Project, Appnisal Report LAP: IND
18181, AupIt 1990.

29Loadoa Eronomics, ill usociadOil with Environmental Resowces Ltd., lCamedy & DankiDg, IODIR,
and i:CGilfagia,imfiy;1iic:~-iRliilz.rLo'igTerm issues UlIM rower jeclof. mw tepOI't subllliUed to
World BaDk, May 1991

3Osn,bv;. AP. aDd R. BandanDaike, Long-T,ma IslUtS ill flu Pow" S,ctor: AMlysis 0/DtrNllld,
IlWelt1Urlt, IIIfd E;fJlcinu:y E;/!ects 0/Dlstortio" lit R,tail El,ctricity Tar«f$, ftDal~, submitted by
RCGIH.l~atC':'. Bailly, IDe. to USAIDIWubiDgtonlDd World BIIIk million, New Delbi, May 31, 1991
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TABLE 4A: GENERATION AVOIDED CAPAClI'Y COST:
KEY ASSUMPTIONS FOR COMBUSTION TURBINE

(1992$)

32S

15

10

0.12

0.80

1.0

1.0

Capital Cost (SJkW)

Life (y!:a)

Reservf! Marain ('II)

Discount Rate

StaDd1rd Conversion Factor

Station Use ('II)

Fixed O&M Costs ('II)

Source: RCG/Haa1er, Bailly, IDe.

out on a daily basis. By contnst, load following duty appears to be allocated to hydro (as
it should) and to the central sector resources. The central sector resources are primarily
NTPC's large coal-fired plants (e.g., Ramagundam) that operated efficiently when
funcLoning in a baseload mode without ha'.&!1g to be ramped up and down for load
following.

For the purposes of the analysis in this report, the coal unit proxy plant method
has been utilized. As noted earlier in Section 4.3.22, under this method, the capital cost
of a coal plant must be allocated to the avoided capacity and avoided energy components
of the avoided cost calculations. For this purpose, we have used the capital cost of a
peaking unit (gas turbine) as the avoided capacity cost, and assigned the balance of the
coal plant's capital cost to the avoided energy cost These cclcuIations are presented in
the following pages.

4.4.2.2 Avoided Capacity Cost

Table 4.4 lists the key input assumptions for estimating the cost of "pure capacity
support" The resultant cost is $4.69/ckW-month, where ckW represents kilowatts that
are "coincident" with peak demand.

4.4.2.3 Network Avoithd Capacity Cost

Unfortunately relevant data specific to Tamil Nadu and in the level of detail
needed to estimate avoided capacity costs were notavailable from INE:Q._We..lbe.refore

.. had to rely on seconaary sources~--- ._- -- -- - -.. -- -- ---- -



A review of referenceJI, which undertook a long-run marginal cost analysis for
'rNEB, revealed that the long ron average incremental cost (LRAIC) estimates therein,
even~ updating for five years of inflation, were GJlre81istically low.32 Tnstud. we
have U1ilized estimates of network LRAIC developed in a recent study (see note 36) that
looked at four other SEBs: Gujarat, Maharashtra, Uttar Pradesh, and Harayana. Table
4.5 identities these estimates as well as estimates of marginal generation capacity cost
that are derived from a gas turbine's capacity cost. To illustrate. the total avoided
capacity cost at Hf is Rs 3761ckW-mo~. of which Rs 1861ckW-mo. is attributable to
generatiOn,33 and Rs 1901ckW-mo. comes from avoided investment in the upstream
network le., ~he E.HT network.

TABLE 4.5: TOTAL AVOIDED MARGINAL CAPACITY COSTS
(1m ItIIckW.Mo)l

DelIver, GeDeratloD Network CapKlty
Voltne CaD8dtv Total
EHr 175 - 17S
lIT 186 190 376
LT 217 280 497

Source: Table 4.4 aDd reference 29.
1 Exc:bange rate 28-to-l.

4.4.2.4 Avoided EMrgy Cost

Avoided energy costs - peak and off-peak - are determined, as rationalized
earlier. by the costs of coal-fued genemtion - variable and fIXed - where the fIXed
component represents the capital cost of a coal plant less the capital cost of a gas turbine.
As a first step, therefore, the cost and key operating characteristics of a coal plant must
be specified

31Tara Eaergy ReseardllDslitute, Eltetricity Costill, aNl Prieillg Strldy. TNEB, final Report, July 1988

321bis is also a reflection of abe fact lbat UDlike generation plamliDg, Detwodt investment plamliDg bas
DOt teDded to receive as mucb attention. In addition, given limited lDveaunent resources, die bulk of the
fuDdJ historically bave been dedicated to generation, leaving aetwoIt expmaiOll aDd rebabilitalioD

----·--paiil;-=c'--t c'-&' - -------------- -- ------

331t &bould be DOted tbai die estimates ofnetwoIt: LRAlC. appear low ro us, based upon experience with
a wide Dumber ofcampnble situaliOll resoorces. The LT estimAte is panicularly low. Ful1hefm«e, the
LRAlC ofEHl' appears ro be on the bi&b-aide relative to LRAIC for Hr, althoup die c:cmbiDecl LRAIC
for EHr ~"" ~ HI' is CU'1iRff!nt with experience elJewbere.
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Table 4.6 lists the key input parameters utilized in the analysis. These estimates
have been developed after a review of published information, including TNEB's planning
estimates. Considerable variations were found in capital costs for coal plants. For
example, Table 4.7 identifies coal plant capital costs ci..ed in six instances. Lowest
among these is TNEB's estimates of S7OO1kW. This cost does nm include a provision for
interest during construction (IDC) and associated transmission.

TABLE ...,: TNEB AVOIDED COST ANALYSIS FOR GENERATION CAPAClI'Y:

KEY ASSVMPTIONS FOR PROXY COAL PLANT
(lmS)

QuntalCost S1kW 1.100

Life Years 2S
Fixed O&.M Cost % ofcapital 2.5
StatiOll Use % 8.0

HeatRaie tcaIItWb 2,400

Heat COIlteDt kcaJJt2. 3.500
Ea:JnomjcCostofCoal RsItoone 800
Variable O&M Cost ~ of fuel cost S.O
Almual 0perati0ll brsIyear 6,000
Discount Rate ~ 12

Sraodard COIlversiOll Factor - .0.80
Source: R.CGIHqIer. 8IiIIy. IDe.

TNEB's actual cost for its recent coal plant (2 x 210 MW, Tuticorin; Stage 3) is
approximately Rs 1.91 croreslMW.34

TNEB's second Madras Thermal Power Project (NMTPP, 1 x 210 MW) also does
not provide an up-to-date basis for establishing coal plant costs today. The estimates of
S7001kW in ADB's appraisal report do not include IDCs and associated transmissiOn.35

The highest estimate in Table 4.7 is SI,388/kW. This estimate is closer to the numbers
frequently encountered in international coal plant cost comparisons.

34nus plant was recendy syncllronized for grid ....tion mel was~ over the perio4 1987
!992. The order was placed in 1985-86. The total costs as of the tbird revision are as follows: RI. 690
crores fer generadOll plaDt. Rs. 24.S atlI'eS fer associated nnsmissiOll, IDd RI. 80 crores for coal
bandU"a. Given tbat these costs were bid Darby Beven yem 110 (l98S), the resultina estimlte ofRI.

____ 1.91~ ill c.nnlliMnhly Im11l'"r theft P""'-.-A...2]'''''''''' 'or a,.·..., __I plimt

3S& a poiDt ofamparative interest. the development c:ost of tile 2SO MW lignite plaDt at Srimnslmspn
fer private sector development (see Table 3-6), was rec:endy quoted to be RI. 800 aores. This is the
deve1opfC1 estimate, u released to the press in April 1992. At aD excbange rate of 28-10-1, this
1nD'la",. to a COlt of SI,1431tW.
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TABLE 4.7: COAL PLANT CAPITAL COSTS

1. CEA iftdicatNe estinWes {7} Rs. 2O,OOOJkW 1990-91 Uncle:Ir if intereSt durinl coastruetion
(SI,08I/kW) (IDC) is included, and whether

.noc:iJ'!'d cnnsmission costs are
iDcIuded.

2. 2 :It 2SO MW Dahanu {4} SI,IOOIkW May Estimares include me,~es,
coal project - mRDI 1991 and aaociated transmission c:osts.

Bombay Suburban
Elecuic:ity Supply Ltd.
(BSES)

3. 2 :It 2SO MW coal plant Leadin& IIldian Rs. 38,8S2IkW April EsIimaIa include direct and iDdinlct cost.
in the privare sedOr ~firm (S1,38811cW) 1992 3" physical c:onliJl&encies, '71n"

enppd in power COIlSttDCtion overl1ead, r:rainin& of O&M
projects desip and saatf, and me based upon S-year project
c:onstnICtion coasauction, and 18" cost of capilal.

4. 2 :It 250 MW coa1 plant TNEB plannin& 2.0 aoresIMW April Includes IDC, but not L"'OCi.ted
estimate (S714/kW) 1992 transmission. Cost of c:apilal IS.2~.

S. Second Nonh MadIu {I} 1.2 croresIMW Aupst lnsIa1led cost plus contincencies. Does
Thermal Power Project (S7OOIkW) 1990 not include IDC (exchan&e rate 17.0S-to-
(NMTPP/ADB) 1 :It 210 1).
MW

6. 'International Eneii)' Ill} SI,IOO11tW February
Aeency (lEA). Paris, 1992
indicative estimates

For this analysis, we have used a capital cost of SI,lOOlkW. This is based upon
mRD's appraisal of the 2 x 250 MW Dahanu coal plant36 and is also close to CEA's
indicative estimates for coal plants. Coincidentally, a recent study on the comparative
costs of generation, released to the International Energy Agency (lEA), also utilizes a
coal plant capital cost of $1, lOOIkW37 .

For estimating avoided energy costs, another key input is the cost of fuel.
TNEB's current coal costs and energy production costs by station are shown in Table 4.8.
Transport costs are very high, resulting in a delivered fmancial cost of around .
Rs 1,1OOItonne.

---_ ...368m. P~at~ i~tr UtiiititsPro}tet for B~;bQyS~;";'" il;ctrics;'p!ylJd. (BSiS)~Staff
Appmiaal Report 9499-IN (IFCIT-I095). May 15. 1991.

37IDtemalional Energy Aaency. Electricity Supply ill tilt OECD, document cited in "The Generation
Game,• Petroltrun EcollOmist. February 1992
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38By way <>f comparison. mRD's appnisal report of BSES's I>:abmu cgaJ. SfatioD utilizes aD eoooomic
cost orRs. 6101to11De (Rs. 167/tonne ex-mine plus Rs. 443/toooe for transport). However, tbe 1rIDSpOrt
distances are longer for TNEB. If lNEB were prepared to buy South African coal from tbe Transvaal
region, the economic cost may be somewhallower. This is based upon a c.i.f. price of S3SItoooe and a
N\ltt heat l'.nfttfl!!!t nf" AAlllrrglJlrg . Th;~ "rrn,1A '-r']' 'In --;.......... of tt;':·..:-etf AA_1 of -_n___ .- _.. ------ ---
appro:dmately RI. 6S01tonne.

39Estimates of avoided energy costs at busb8r were escalated by line losses. These were assumed to be
S.O percent of incoming for EHT, 4.8 percent of incoming for Kf, and 11.4 percent of incoming for LT.
These estimates are based upon data presented in note 36.

0.92

0.88

0.81

0.08

0.03

0.03

0.84

O.as
0.78

732

asl
790

300

300

300

TABLE 4.8: INCREMENTAL FINANCIAL COST OF COAL
ENERGY PRODUcnON BY TNEB STATION

(1m)

For this analysis, avoided energy costs are based upon the economic cost of coal,
which was estimated to be approximately Rs 800/tonne. This is based upon Australian
coal priced at S3S/tonne f.o.b. and $4OItonne c.Lf., a heat content of 6,300 kcallkg., a
standard conversion factor 0.8, and heat content of Indian coal at 3500 kcaIlk:g.38

Estimates of total energy production costs for the coal plant proxy defmed in
Table 4.6 are shown in Table 4.9. To illustrate, the total cost of coal-based electricity at
lIT is Rs 1.82/kWh. Of this amount, Rs 0.69/kWh represents fuel and other variable
O&M cost; with the balance Rs 1.13/kWh, attributed to recovery of fIXed cost (capital,
fIXed O&M, depreciation, etc.).39

In Table 4.9, the fIXed cost component is based upon the recovery of the entire
capital cost of the coal plant ($1,100/kW). However, as argued above, for the purposes
of estimating avoided energy costs, only a portion of this amount is allocable to energy
production, whereas the rest is allocated ~~s generation avoided capacity cost

Ennore (ETPS)

Meaur<M"I'")

Tuticorin (MTPS)



TABLE U: COAL PLANT TOTAL ENERGYPRODUcnON ECONOMIC COST
(1m RslkWh)l

DelIvery Voltage FaedColt Fuel .... Odler Tobi
Variable Colt

Busbar 1.03 0.62 1.65
EHT 1.08 0.65 1.73
HI' 1.13 0.69 1.82
LT 1.29 o.n 2.06
Excbange Rate. 28-t0-1

Specifically, at Sl,lOOlkW, the annualized fixed cost is SlS.OOIkW-mo. Of this
amount, $4.69/ckW-mo. (see Table 4.6) is allocated for pure capacity support
Therefore, the balance of SI0.31/kW-mo. is allocated to the avoided energy cost
component These costs are shown in Table 4.10. For example, the avoided energy cost
at Hr is Rs 1.47/kWh. In the case of TNEB, any time-of-day (TOO) or seasonal
variation in this cost is insignificant because of the system characteristics discussed
earlier in this chapter.

TABLE 4.10: AVOIDED ENERGY COST BY DELIVERY VOLTAGE

Delivery VoItqe RslkWh
EHT 1.40
HI' 1.47
LT 1.65

4.4.3 Power Purchase Tariff

'Ibis section describes a power purchase tariff for the sale of surplus cogenerated
power by sugar mills to the grid that reflects the foregoing avoided costs estimates.

Fo:.' energy delivered by the cogenerator to TNEB -- peak and off-peak -- the
corresponding avoided energy costs are shown in Table 4.10.

The capacity provided by cogeneration has value to the grid as well. In this
connection,.it has been reasoned by some that sugar mills do not operate year-round.
Therefore, bagasse-cogenerated power supplies should be classified as non-fum.
However, tIW view ignores the reality that in practice, "fmn" and "non-fmn" are not two
discrete states that can characterize all power supplies. Rather, the degree of firmness
associated with any power supply has to do with factors such as contract duration, and
unit availability, reliability and dispatehability.

Sugar mills work round-the-clock in season and have a high incentive to do so.
In Tamil Nadu, it is reasonable to expect that bagasse cogenerated power will be supplied
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to the grid for at least 2S5 days a year and with a high (90 percent) availability during
these months.40 This translates to an equivaleut annual a,-ailability of around 63 percent,
with the pOwer plant worlcing round the clock in-season. To put this in perspective, these
operating performance characteristics are comparable to the performance levels of many
utility baseload units in India.

On this basis, one could justify an equivalent capacity value, in addItion to energy
payments, provided that a sufficiently long-term contract is executed. One way to
estimate this capacity value more precisely is to f1&-st undertake a detailed analysis of the
loss-of-Ioad probability (LOLP) in each hour of the year. This reliability evaluation
provides the basis for assessing the risk exposure to loss-of-Ioad (Le., inadequate
capacity) at various times of the year.

An appropriate power purchase tariff depends upon the specific provisions of the
purchase, e.g., contract duration, plant availability, and number of days of the year and
months during which the cogeneration plant will operate. It is not feasible here to
develop ?Ower purchase tariffs for ali reasonable scenarios that can arise in this context
In the following, we developed power purchase tariffs for two hypothetical operating
configurations as follows:

• In-Season Operation Only

In this sire,~tioil, a sugar mill would operate its bagasse-fired cogeneration plant
solely during the sugar processing season. For the tariff analysis, this is assumed
to be 2S5 days per year during the months of Novembt.r through June. During
the remaining 110 days of the year, the cogeneration plant is shut down.
Furthermore, during the 2S5 operating days, the cogeneration plant is assumed to
have an availability of 90 percent This translates to an annual availability of 63
percent.

• Year-Round Operation

In this situation, the cogeneration plant operates for 335 days of the year at 90
percent availability. During the remaining 30 days, it is shut down for
maintenance. This translates into an equiValent capacity factor of 83 percent. Of
the 335 operating days, it is assumed that the plant operates on bagasse for 255
days, and for the remaining 80 days it utilizes lignite. This is the configuration
analyzed in the mill case studies.

4.4.3.1 Year-Round Operation

Table 4.11 identifies a power purchase tariff for year round power sale to the
vid Tmnlp.mp.ftrifto the nmposed t4llri" U"l1 ...,.,.......ha ; ....·,l1,..:"a~_ "'eergy metef-Ift--tie i -'I as. Wi_ ax au C "'" •

4Ou'lipite is used as a fuel during off-seasoa, operation can be extended to 335 days/year.
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addition. there would be a demand meter to register capacity supplied to the grid during
peak hours (ie., coincident demand).

To illustrate the proposed tariff, consider a sugar mill cogenerator supplying
power to the grid at Hr. The supplier would receive energy payments of Rs 1.47/kWh
for each unit provided on-peak as well as off-pent. In addition. under a firm contract.
the cogenerator \\ill receive - e.g., if the power injection is in the Hr network - a
maximum capacity value (generation plus network) of up to Rs 3721ckW-mo. This
represents a value based upon full avoided cost (i.e., 100 percent of the long-run
marginal cost), but adjusted for availability of the cogenerated power.4: The cogenerator
with year-round operation as defined above, who enters into a finn contract with TNEB,
will effectively receive an average purchase pricc~ of Rs 1.69/kWh at EIrr, Rs 2.08lkWh
at lIT, and Rs 2.46IkWh at LT.42

TABLE 4.11: POWER PURCHASE TARIFF FOR SUGAR MILL COGENERAll0N
YEAR·ROUND OPl:RAll0Nl

Vol... TarUf t {Jails Peak OIf·Peak

EHT 1.- RsltWb 1.40 1.40
2. Maximum Value RslckW2_mo. 171 -

HI' 1.- RslkWb 1.47 1.47
2. Maximum - Value RslckW-mo. 372 -

LT 1. RslkWh 1.65 1.65
2. Maximum - Value RslckW-mo. 492 -

I Capacity value appDc:ab1e to firm COIltradS oo1y. Capacity payments IDIde al1121DODtbs.
2 ckW deDotes coiDcidelit dempnd

4.4.3.2 In-Season Operation

In this mode of operation, the cogeneration plant provides power to the grid for
2SS days of the year (November through May), with 90 pet'Cellt plant availability. This
implies a 63 percent annual availability factor. Table 4.12 defines the proposed power
tariff for this mode of operation. To illustrate, a cogeneration plant feeding power into

410f tile totai cap8dty value ofRs.372JckW-1L ' •Rs. 182JckW·mo. iepiesents avoided COlt doe to tile
,eaeradoo ampoaent. IDd RI. 1901ckW-mo. is tile avoided caplCity COlt for upstteIiD Detwork
expeDditurel (Table 4-5). Tbe pDei'Ilioo eamponem of Rs. 1321ckW-mo. is calc:uJated by adjUItiD.abe
Img_"," maqin.l ,ene'!!l!'!!! rspadty mst 0" 18NckW_mn hi TtNe 4 ~ down,.",..' 'ar~ 'ower
lDDual avaiJabiIity of tile cogeneaadoo plant (83 percent) ill comparisoD to tbe aDDual availablllty of abe
gas torbtDe (85 percent), which provides tile basis f(¥ establislUD, tile LRMC value.

421t is DOt reawnmended tbat abe power purclwe tariff be IliUCbiied .. ID aveaqe price per kWh. 1'beIe
attmptel Pre f(¥ reference IDd ccmpariJon purposes oo1y. 'Ibe power purcbPse tariff1boul4 be
~ecI .. a two-pPit tariff u deftDecl ill Table 3-14.
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TNEB's lIT netwodc will receive energy payments ofRs 1.47/kWh for on-peak and off
peak power.

TABLE 4..12 POWXR PURCHASE TARIFF FOR SUGAR MILL COGENERATION
IN-sEASON OPERATION ONLY!

Vol1Ue Tariff Comnonent Units Peat Off-Peak

EHr 1. RsltWh 1.40 1.40
2 Maximum r Value RslckW2-mo. 169

Hr 1. EneJ'IV RsltWb 1.47 1.47
2. Maximum - Value RslckW-mo. 180

LT ~~DeI'2V RsltWh 1.65 1.65
• Maximum Cavacity Value RsfckW-mo. 210 -

1 CapaC ~ue applicable to firm COIltraas ooIy. Capacity payments made 001)' in-season (seven
months,.
2 ckW denotes coincident demand

In addition, under a fmn contract, the cogenerator would be entitled to receive
payment for capacity. To illustrate, at HT, the cogenerator can receive up to a maximum
capacity value of Rs 180/ckW-mo. for each of the seven months the plant is in operation.
Under this scenario, the effective capacity value expressed on a per unit energy basis is
Rs O.27/kWh. This results in an overall average price of Rs 1.741kWh for Hr.
Comparable numbers for ElIT and LT are, respectively, Rs 1.66IkWh and Rs l.97/kWh.

4.4.3.3 Interconnection Costs

It is presumed in the preceding analysis that all costs of interconnection and
metering will be borne by the cogenerator. In some in...tances the cogenerator may want
TNEB to procure and i&~ this equipment In these instances, the initial capital outlay
and labor cost for installation will have to be incurred by TNEB. If this situation should
arise, these costs can be amortized over the initial contract period and collected on a
monthly, quarterly, or annual basis. These costs should be shown as a separate line item,
and debited against the credits due to the cogenerator for power sales made in that period.

4.5 Power Purchase Tariff: MSEB

This section develops a tariff for MSEB's power purchases from sugar mills that
install cegeneratiaa mel sell~ pow"er to the grid. Section 4.5.1 presents relevant
introductory information. Section 4.5.2 contains an analysis of the avoided costs for
MSEB. This establiShes the basis for the power purchase tariff formulated in Section
4.6.
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4.5.1 Introduction

The Maharashtra State Electricity Board (MSEB) is responsible for the
generation, transmission, and distribution of power in the State of Maharashtra. It has an
installed capacity of approximztely 7,800 MW as of fiscal year ending 1992 (FY92). In
FY92, gross generation from MSEB units was 31,362 million kWh. Approximately 76
percent of this amount was coal-fired, 14 percent was hydro-based, and the remainder
was gas-based.

Table 4..13 shows the installed and derated capacity of ~ )wer stations in
Mahamshtra State as of March 1992, by category. A map showing the state-wide
network and lccations of major power plants is contained in Figure 4.4.

TABLE 4.13: INSTALU'D AND DERATED CAPACITY OF POWER SlATlONS
IN MAIIARASIITRA SlATE· MAkCB 1m

Installed
Capacity Capldty43

Category (MW) (um
A. MSEB

Hydro 1,294 1,149
Coal-Steam 5,625 4,SS6«

Gas Turbine ..§Jl ..§Jl

Subtotal 7.s91 6,377
B. Tala

Hydro 285 285
Tberma1 .l.3J8 .L3.3Q

Subtotal 1.623 1.615
C. GOI (l'l'IUIIfer • Nuclear)

Maharasbtta State 190 160

Mabarasbtta State Total 9,404 8,152

43PeakiDa capacity for bydro, derated capacity for tbermal.

440andnpur units Sand 6 (2:1t SOO MW) went online in Marcb 1991 and 1992, respectively, aDd are in
the stabilizatiOll period. They are DOl reOected in these fiaures far capacity benefits.
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FIGURE 4.4 TRANSMJSSlON NE'lWORK AND GENERATING srATlON COORDINATION

MSEB served approximately 8.3 million consumers in FY92, and had billed sales
of 30,893 million kWh. Table 4.14 shows the distribution of these sales by consumer.
segments and the corresponding realization/tariff yield. To illustrate, the tariff
realization for the agriculture segment, which represents 24.3 percent of all sales, was Rs
O.lSlkWh. By contrast, the high tension industrial customer segment, which accounted
for 36.4 percent of billed sales, had a tariff yield of Rs l.60IkWh. The MSEB system
wide total realization --excluding in~r-state sales -- was Rs 1.121kWb.

Figure 4.5 shows the evolution of the peak load shape for Maharashtra during the
last three years. The curve is characterized by a primary evening peak around 9:00 pm,
and a secondary peale around 10:00 am. The secondary peak is about 95 to 98 percent of
the primary peak.

Figure 4.6 shows the peak day dispatch for the State ofMah~h~ fQLEY2.2_._~__.. ___
QUick-response hydro units are used in a load following mode, with thennal generation -
- inclUding NTPC purchase -- providing most of the remaining generation.

MSEB is a member of the Western Regional Electricity Board (WREB), which is
responsible for coordinating an integrated mode of operation across the pool members:
MSEB, Gujarat State Electricity Board, Madhya Pradesh Electricity Board, Goa, aud
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Daman and Diu. In addition, WREB coordinates power flows related to NTPC
allotments t:o each pool member, inter-state power exchanges. and flows over inter
regional interconnections.

TABLE 41-14: DD I ED SALES AND REALIZATION BY CONSUMlNG SEGMENT (FY92)

Billed Sales Share Realizatioll
Conqrmer Sezmaic (MiIIdI kWh) (..) Rs.fkWb

I))mestjc 3,536 11.4 0.70

Commercial 790 2.6 1.52-
lDdustty - LT 1,567 S.l 1.11

HT 11,244 36.4 1.60

A&riculture 7,506 20 0.15

lWlv-ays 600 1.9 1.58-----
Public Works· LT 140 0.5 1.11

HT S7S 1.9 1.60---------
Street Li&hting 240 0.8 0.77

Tara 3,93S 12.7 1.86

Other 700 2.S o.ss
Total In-State Sales 30,893 100 1.12

Inter-State Sales 1,739 0.72

Total MSEB 32,632 1.10

FIGURE 4.5 TYPICAL LOAD DEMAND (PEAK LOAD)
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FIGURE 4.6: HOURLY NUCLEAR, HYDRO, THERMAL AND TOTAL GENERATION
FOR TYPICAL WORKING DAY, JANUARY 1992
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.acO
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)100

-G

Source: MSEB

Whereas there is coordination among the members of the WREB, generation in
the region as a whole is not operated in a central dispatch mode, nor do the three
members operate as a "tight pool." There are some exchanges of power because of inter
system diversity in loads and flows from surplus to defICit regions.4.5

4.5.2 Analysis 01 MSEB's Avoided Cost

This section develops estimates of MSEB's avoided cost The approach utilized is
to update, adjust, and/or otherwise adapt as appropriate, estimatesllcey data inputs used in
other studies undertaken recently.

15At present aDd !D recent years, MihiiiSIlribUbeena-net swplus staie~ Regional loadCurves sbow
that load shedding has teDded to occur in states otber tban Mabarasbtta. We understand that this situation
is expected to continue.

The CEA projects regional deficits to continue. In 1995 deficits of about 8 percent in enerlY and 17
~t in capacity are projected for the region.
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4.5.2.1 Avoided Capacity Cost

To establish estimates of the avoided cost of generation capacity, the "peaker
method" is employed. The method, described in Section 4.3, is appropriate for MSEB
given its current supply-demand balance, mix of generating u..'1its, and projected mode of
system operation in the 1992-1997 time frame.

At present, hydro generation is used in a load following mode to meet the
morning and evening peaks (Figure 4.5). However, the value of hydro capacity at such
times - its opportunity cost - can be determined by the alternate capacity resource
available, absent hydro. In the case of MSEB, this resource is now the Uran gas turbine
units, which have a capacity of 672 MW.46

As regards future system development, a review of available information"',," on
planned generation capacity additions indicates that future demand is p~jected to be met
by coal steam plants for baseload, peaking hydro, gas turbine expansion (through waste
heat recovery) at Uran, and combined cycle gas turbine projects.

Table 4.15 lists the key input parameters utilized in tLe analysis (the same as in
Tamil Nadu). Estimates of avoided (long-run marginal generation capacity) cost are
shown in Table 4.16, and range from SS.OOIckW-mo. at EHT to $6.211ckW-mo. at LT.49

Relevant current data were not available from MSEB to undertake a calculation
of network avoided cost. Therefore, we have relied on a recent study that developed
such estimates for MSEB (the same as was used in the case of Tamil Nadu). The
estimates have been updated from 1990 to 1992 currency and are shown in Table 4.17 in
terms of generation capacity avoided cost and total avoided capacity costs by voltage. To
illustrate, the avoided capacity cost at lIT is Rs 376ckW-mo., of which Rs 1861ckW-mo.
is attributable to generation.50

46(4 x60 +4 x lOS)

47mRD, Prival, Pow" UtiUti,s Proj,etfor Bomhay Suburball El,ctric Supply Umit,d (BSES), Staff
ApJlraisal Report 9499-IN (UOT-I09S), May IS, 1991.

48mRD, Prlval, Pow" UIIUti,s Proj,et for 77te Tata El,ctric CompDlli'$ (TEe), Staft' Appnisal Report
SOlO-IN, June 6. 1990.
49ckW deDoteI coiDcideDt kilowatt. i.e., demaDcl81 aysteIIl peak times.

__-----1!':!"l'"----
t is relevant to reitaale the point made in DOte 36 in COIIIIedion with the network LRAlC estimltes,

Good primaIy data 00 network expenditure plalll were lactiDa then u they are DOW. In our juclammtt aDd
experleDce, the aetworkLRAlCs are low in total. III pII'ticuJar, tbe LT esttmlre is especially low.
Furtbermore, tbe EHT estimate appears bi&h reladve to LRAIC for Hr, I1tboup tbe combiDed LRAlC
formrr aDd KI'ippe8I'S to be consisten~with experience elsewhere.
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TABLE 4.15: GENERATION AVOIDED CAPACITY COST:

KEY ASSUMP'I10NS FOR COMBusnON TURBINE (1m $)

Capital Cost (SJtW) 325
Life(vean) 15
Reserve Margin (%) 10
DiscouDt Rate 0.12
StaDdard Conversion FadOr' 0.80
Slation Use (%) 1.0
Fixed O&.M Costs (%) 1.0
Avoided Cost (SlckW-oio.) - Busbar 4.69

TABLE 4..16: AVOIDED COST

FOR GENERATION CAPACITY (1m $)

Voitaw $/ckW-mo.

Busbar 4.69
EHr 5.00
lIT 5.32
LT 6.21

Source: RCG/HqIer. Bailly, IJIc.

TABLE 4.17: TOTAL AVOIDED CAPAcrrY COSTS (1991 RslCKW-Mo.)1

DeDvery Generation Network Capacity
Voitaft Ca..cltv Total

EHr 175 - 175
Hr 186 190 316
LT 217 280 497

1EIcIIIqe IlIIa 21-10-1.

Source: Table 4.15 and 4.16 and reference 29.

4.5.2.2 Avoithd Energy Costs

Estimates of avoided energy costs were developed by reviewing available
inionnauOD OD current and projected system operations and dispatch. Tlble 4~18
summarizes the calculation of avoided energy costs for peak periods. The specific
assumptions of relevance are shown in the table, as are the intennediate results.
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TABLE 4.18: AVOIDED ENERGY COSTS ON·PEAK (RsIkWh)

MaI'2lDal Plant
G_TurblDe

Fuel Gas
Heat Input (Nm3/kWh) 0.34
Eammie Cost of Gas (RsIlOOO Nm3) 2,300
Variable O&M Costs (% of fuel COSIS) 3
SWion Use (% ofGross Generation) 1.0
Fuel Costs (RsIkWh) 0.78
Variable O&M (RsIkWh) 0.02
SWion Use Losses awtWh) 0.01
Total Cost at Busb:Jr lRsIkWh) 0.81

4.5.2.2.1 Peale Period Energy Costs

MSEB's peak occurs in the morning hours of 8 am to II am and in the evening,
between 6 pm and 9 pm. During these hours, the marginal generation is typically from
gas turbines and hydro. However, as noted earlier, the opportunity cost/economic value
of hydro genermion is measured by the cost of gas turbine generation.

The gas consumption rate of 0.34 normal cubic meter (Nm3)/kWh is based u~n
actual data from the Uran gas turbines. The economic cost of gas, Rs 2,30011000 Nm3,
is essentially based on the concept of parity to fuel oil,51 with the border price of fuel oil
at $14Ibbl. The resultant estimate of busbar avoided energy cost on-peat is Rs
0.811kWh.

4.5.2.2.2 Ojf-P~ak P~riod Energy Costs

During off-peak periods (10 pm to 7 am), MSEB's load is supplied by coal-fired
plants. 1bet'retically, one can speak of a specific plant at the margin, i.e., use its
incremental energy generation costs as the estimate ofavoided energy cost Off-peat. In
practice, it appears that more than one plant is backed down rather than shutting off a few
plants completely. 'Ibis is because these plants are needed for load carrying and/or
spinning reserve the next morning.52 We have computed the avoided energy generation
cost by averaging across all coal plants operating off-peak. .

- ~lB;· 2cmpa(1iB&, die ess_-::al ,",uit or liS Z MSED 68tH ie6CiiGy A~Jj R.i. 1,6ClfiCOC l,m~,= we DCW

COIlII'8Ct price II projectecl to be Rs. 1,807/1000 Nm3.

Funber, by way of aDpIIrison, recent IBRD~ 47, 48 bave determined the economic COlt of IU in
the Bcmbay re&iOD to be RI. 2,20011000 Nm3.

S2IBRD,lNlia: Mtlharashtra Bagtwt EM", EJ/fciency Project, ESMAP Report 120f91.
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Table 4.19 summarizes the calcuIation. Coal and oil consumption estimates
represent aetua.l plant-specific performance in 1990-91. Fuel cost are delivered prices to
MSEB as of April 1992. The weighted average fuel cost off-peak is Rs O.46IkWh.
Allowing for a S percent calculation for non-fuel variable O&M costs results in a busbar
avoided energy cost off-peak of Rs O.49/kWh.53

TABLE 4..19: SHOULDER AND OFF-PEAK AVOIDED ENERGY COSTS

Total Net
COllI Con- Demered Coal on on Oil Fuel GeDeration
sumption Coal Cost Cost CoDSllDlptiOD Price Cost Cost million

Period Ptaut qlkWh Rs./Tcmue Rs./kWh Rs.lllter RsJkWh Rs./kWh Rs./kWh kwh

A.Shoulder Nasik 0.71 730 0.52 0.0077 5.0 0.04 0.56 4,670

Avoided eoergy costs - 0.56 x LOS .. Rs. 0.S81kWh

B. Off-Peak Koradi 0.77 s6i 0.43 0.0062 5.0 .03 0.46 5713

Bhusarval 0.72 630 0.45 0.0048 5.0 .02 0.48 310S

Puli 0.74 696 0.52 0.0148 S.O .07 0.59 2730

Chandrapur 0.84 456 0.38 0.0043 5.0 .02 0.40 4235

Paras o.~ 387 0.32 0.0093 5.0 .OS 0.36 282

K'keda 1.16 435 0.50 0.0024 5.0 .01 0.52 235

BallarshapI 0.71 435 0.31 0.0024 5.0 .01 0.32 908
KPKD New

Ava. fuel cost .. 0.46 17,208

Avoided eDer'IY cost off-peak - 0.46 x LOS.. R.I. 0.491kWh

Source: RCGlHagler, Bailly based upon MSEB data.

S31be avoided energy cost analysis in Table 4-10 utilizes f1D8Dcial prices for fuels. of which coal is the
dominant fuel. By way of comparison, a recent IBRD appraisal report on the proposed Dabanu coal

... staiiuu tSi jm 4it:s lire eummnic cost 01 coal delivered to the pliDt,lODe Ri. 6101tonne (RS. T67/t.otme ex
mine, plus Rs. 443/tolme for ttanspon). Further. that report uses a coal rate of 0.60 Icg/kWb. fuel oil
COIlSUDlptiOil of 0.0lliterlkWb and a fuel oil price of Rs. 2.7/liter. The latter is significantly lower than
the fuel oil price used in Table 4-10. However, oil-related costs represent a very small portion of total
eDeIJY costs (about 5 perceat).
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Loaes as. % or incoming
Volta Peak ShoaIder orr-Peak

ge
2.5
2.4
5.7

5.0
4.8
11.4

6.3
6.0
14.3

Sclurt:e: Note 36

EHr
lIT
LT

4.5.2.2.3 Shoulder Period Energy Costs

Shoulder hours for the MSEB system represent the nine hours from 7 am to 8 am,
11 am to 6 pm, and 9 pm to 10 pm. At these times, load following is accomplished by a
combination of hydro generation in these periods and high-cost coal-fued generation.
ThUS, the opportunity cost of any hydro generation is the cost of coal energy. For
estimating avoided energy cost during this period, It is assumed (as in note 56) that the
marginal coal plant is Nasik. The total fuel cost for this plant (Table 4-10) is estimated
to be Rs 0.561kWh. With a 5 percent escalation for non-fuel variable O&M costs, this
results in an avoided energy cost at busbar of Rs 0.581tWh.

To estimate avoided energy costs by delivery voltage, (Table 4.20) the busbar
estim~ above were escalated by line losses. F\)r this calculation, estimates of losses
used are as follows:

In the preceding analysis, peak, shoulder, and off-peak periods can be identified
as the following specific hours during each day:

Peak: 8 am to 11 pm, and 6 pm to 9 pm

Shoulder: 7 am to 8 am, 11 am to 6 pm, and 9 pm to 10 pm

Off-Peak: 10 pm to 7 am.

For the purpose of simplifying the power purchase tariff structure, this
classification of rating periods can be collapsed into two periods as follows, where four
hours of shoulder have been allocated to peat, and five hours allocated to off-peak:

Peat: 7 am to 12 pm, and 4 pm to 9 pm

Off-Peak: 9 pm to 7 am, and 12 pm to 4 pm

Table 4.21 indicates avoided energy costs for this simplified two-period
classification. They are derived by appropriately weighing the energy costs in Table 4.20



TABLE 4.20: AVOIDED ENERGY COSTS BY DELIVERY VOLTAGE
(ltslkWh)

DeliVery Voitaft Peak Shoulder Off·Peak
EHT 0.87 0.62 0.50
lIT 0.92 0.65 0.51
LT 1.08 0.73 0.54

TABLE 4.21: AVOIDED ENERGY COSTS BY
JJ;ELIVERY VOLTAGE: SIMPLIFIED STRUCTURE

(RsIkWh)

DeI1vervVoItaee Peak o Off.Peak

EHf 0.77 0.53
lIT 0.81 0.55
LT 0.94 0.60

Peak: 7 am to 12 pm, and 4 pm to 9 pm

Off·Peak: 9 pm to 7 am.. and 12 pm to 4 pm

4.6 Power Purchase Tariff

This section develops a power purchase tariff for the sale of surplus cogenerated
power by sugar mills to the grid reflecting the estimated avoided cost structure for
MSEB.

For energy delivered by the cogenerator -- peak and off-peak -- the corresponding
avoided energy costs are shown in Table 4.21.

By similar reasoning to that applied to TNEB, power sold by sugar mills to the
grid should be accorded an equivalent capacity value as well in addition to energy
payments, provided that a contract of adequate duration is executed. One way to
estimate this capacity value is to fIrSt undertake a detailed analysis of the loss-of-Ioad
probability (LOLP) in each hr,ur of the year. This reliability evaluation provides the
basis for assessing the risk exposure to loss-of-load (Le., inadequate capacity) at various
times of the year.

In particular, Figure 4.7 shows the normalized monthly maximum demand proflIe
for MSEB. These data show that the load, after adjusting for growth, is lower in the five
months May through September. This is largely attributable to lower load from _. ..._.'
aglicuiLwal powpsetS beCause of the onsefOfllie monsoon season. As a consequence of
this type of load prof1Ie, the contribution of the wet months to the total annual loss-of-
load probabiliLy will be disproportionately lower than the conbibution of the remaining
seven months. This is simply another way of stating that generating capacity is more
valuable -- in tenns of reducing risk exposure to loss-of-Ioad - in the seven "dry months"
than in the five "wet months." In fact, the relative LOLP contribution of these two
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Tllouaand MW

FIGURE 4-7: MSEB 1988 MONI'BS PEAK LOADS
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seasons to the annual LOLP provides a quantitative basis for establishing a capacity
value for ·cogene~d power.

A detailed LOLP analysis was beyond the scope of this effort. Nevertheless, the
concept of capacity valuation can be carried forward. However, the seven-month dry
season -- essentially also the monthS when cogenerated power from sugar mills will be
sold to the grid -- probably contributes about 75 percent to the total annual LOLP.

-Corrected for O"'yr. p.ak demand growth

~ ~~ ~ An appr0l'ri8te-90wer purchase tariff de.pends U-DOnJhe~cific promionSJ)(thtL-~ _
purchase, e.g., contract duration, plant availability, and number of days of the year and
months during which the cogeneration plant will operate. In the following, we developed
power purchase tariffs under two hypothetical operating configurations as follows:



• In-Season Operation Only

In this situation. a sugar-mill would operate its bagasse-fired cogeneration plant
solely during the sugar processing season. For the tariff analysis. the season is
assumed r" Je 200 days per year during the months of November through May.
During the remaining 165 days of the year. the cogeneration plant is shut down.
Furthermore. during the 200 operating days. the cogeneration plant is assumed to
have an availability of 90 percent

• Year-Round Opt "'arion .

In this situation. the cogeneration plant operates for 300 days of the year at 90
percent availability. It is assumed that the plant operates on bagasse for 200 days
(November through May) and for the remaining 100 days. it utilizes bagasse
stored during the sugar processing season for this purpose. During the remaining
65 days. it is shut down for m:lintenance. This!s the configuration analyzed in
the case studies.

4.6.1 Year-R0U:Dd Operation

Table 4-22 identifies a power purchase tariff for year round power sale to the
grid. Implementing the proposed tariff will require the installation of an energy meter
that monitors separately the energy delivered to the grid during peak and off-peak hours.
In addition, there would be a demand meter to register capacity supplied to the grid
during peak hours (i.e., coincident demand).

TABLE 4.22 POWER PURCHASE TARIFFS FOR SUGAR MILL COGENERATION
YEAR-ROUND OPERATION!

Peak 0.77
EHT l. Enerzy Rs.lkWh

Off-Peak 0.53

2. Maximum Capacity Value Rs.lckW2-mo. Oct.-April 206

May-Sept. . 79

HT l. Eneqy Rs./kWh Peak 0.81

Off-Peak 0.55

2. Maximum Capacity Value Rs./ckW-mo. Oct.-April 408

May-8ept. 275

LT 1. Eneqy Rs./kWh Peak 0.94

Off-Peak .60
----_.- .-MU1mum'eapaeitY Vatue--Rs.lckW-mo.

~---~-_.----

Oct.-April 535

May-Sept. 378

I c.,lICi17 qJ... ..,plicallle lelirlll 00IIIneta oaJy. ClpMily paJlll8ll1l.."I, ror all 12-mo1l1ls••
2 Pule IIourr. 7 am III 12 'lB 4 pIB Ie 9 pm. Off.,.. lloul'l: 9 p. III 7 Ul. ad 11 p. III 4 ,.
J cleW de_ COiDCideal ......
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To illustrate, consider a sugar mill cogenerator supplying power to the grid at HT.
The supplier would receive energy payments of Rs 0.81JkWh for each unit provided on
~ and Rs 0.S5/kWh for each unit provided off-peak. Under & flat output load profile,
this is equivalent to a non-time differentiated payment ofRs 0.66IkWh. In addition,
under a firm contract, the cogenerator will receive - e.g., if the power injection is in the
HT network - a maximum capacity value (g;:neration plus network) of up to Rs
4Ol/ckW-mo. for the months of OCtober through April, and Rs 240/ckW-mo. for the
months of May through September. 'Ibis represents a value based upon full avoided cost
(Le., 100 percent of the long-run marginal cost), but adjusted for availability of the
cogenerated power.54

To continue the illustration, a cogenerator with a year-round operation, as defined
previously, who enters into a firm contract with MSEB, would effectively receive Rs
0.66IkWh for each unit of electricity sold, assuming a flat daily output profile. In
addition. if he were paid the maximum capacity value (Le.• full avoided capacity cost).
he would in effect receive Rs 0.66IkWh, resulting in an overall average purchase price of
Rs 1.32JkWh sold. The comparable overall average purchase price for LT and EHT.
under the same assumption made above in the HT example are, respectively, Rs
l.60IkWh and Rs 0.96/kWh.55

4.6.2 In-Season Operation

In this mode of operation, the cogeneration plant provides power to the grid for
200 days of the year (November through May). with 90 percent plant availability. This
implies a 49 percent annual availability factor.

Table 4.23 defmes the proposed power tariff for this mode of operation. To
illustrate, a cogeneration plant feeding power into MSEB's HT network will receive
energy payments of Rs 0.811kWh for on-peak power and Rs.O.SSlkWh for each unit
supplied Off-peak. Assuming a flat profile for daily power output, this is equivalent to an
average price ofRs 0.66IkWh at lIT.

S4nese capacity values are estimated as follows. staJtiDg with the generation avoided capacity cost of
Rs. 1861ckW-mo. Based upon the seuonalload sbape and risk (LOLP). 75 percent of the IDDual
Jeneration avoided apacity cost is allocated to the seven mootIl5 October tbrougb April, IDd the
remaining2S percent to the five months May to 8eptanber. This resullS in generation avoided cosu of
Rs. 2361ckW-mo. and RI. 1121ckW-mo. for~ two seasou,~vely. The RI. 239/ckW-mo. for
October tbrougb April is furtber adjusted fer the capacity factor of the COlO' .ator (.8S) relative to the
a..~ efdie eamOOsliea tiifbiBe (93 pIlmelit), yieltli&g iiB adjBSte~ geaeratiaa aT,"{;iileli SiJfJI~' ;Gli' __U~U _

ofRI. 2181ckW-mo. fer October through April. At the HT level, the avoided netwark capacity cost is RI.
190JkW-mo. (Table 4-8). This yields a total avoided capacity cost ofRI. 408IckW-mo. at Hr.
551t is DOl recommended that the pov.er purcl!1ll1e tariff be stnJetured u a single average price. These
Dumbers are presaibed for reference md comp.'I'isoD purposes only. The power purcbase tariff sbould be
scruc:tored u a~part tariffas defined in Table 4-1.5.
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TABLE 4.23: POWER PURCHASE TARIFFS FOR SUGAR. MILL COGENERATION
IN-sEASON OPERATION ONLyl

EHT 1. Energy Rs./kWh 0.77 0.53

2. Maximum Capacity Value Rs./ckW'-mo. 218

HI' 1. Energy Rs./kWh 0.81 0.55

2. Maximum Capacity Value Rs./ckW-mo. 231

LT 1. Energy Rs./tWh 0.94 0.60

2. Maximum Capacity Value Rs.lckW-mo. 270

I c.p:uy nI1ae qplicable to firm OOIIII'IICU aaly. c.p.eity paJmlllll qply fw iD-.on (.Yea) mcmtha of the
,...aaly.

2 Peak IIcJun: 7 _ to 12 pm. aDd 4 pm to 9 pm. Off.,.u bours: 9 pm 10 7 am. ad 12 pm 10 4 pm

J ckW deDotu coiDcideal dUDaDd

In addition, under a fmn contract, the cogenerator is entitled to receive payment
for capacity. To illustrate, at HT the cogenerator can receive up to a maximum capacity
value of Rs 2311ckW-mo. for each of the seven months the plant is in operation.56

Under this scenario. the effective capacity value expressed on a per-unit energy
basis is Rs O.3SIkWh. This results in an overall average price of Rs 1.01/kWh for 81'.
Comparable numbers for EHT or LT are, respectively, Rs 0.~6IkWh or Rs 1.1SIkWh.57

4.6.3 Interconnection Costs

It is presumed in t'1e preceding analysis that all costs of interconnection and
metering will be borne by the cogenerator. In some instances the cogenerator may want
MSEB to procure and install this equipment In these instances, the initial capital outlay
and labor cost for instaIlation will have to be incurred by MSEB. If this situation should
arise, these costs can be amortized over the initial contract period and collected on a
monthly, quarterly, or annual basis. These costs should be shown' as a separate line item,
and debited against the credits due to the cogenerator for power sales made in that period.

~6As noted earlier, 75 percentoflbeannUiioWiiDaIcostforgeneratioD~C:8pacitY is all~ted~th~~----~-- .
seven months of November through May, based upon LOLP considerations.

S71t is DnI recommended that lbe power pun:base tariff be sttuetured as a single average price. These
numbers are prescribed for reference and comparison purposes only. The power purchase tariff should be
structured as a two-part rariff as defmed in Table 4-15.
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5.0 SAMPLE POWER PURCHASE
CONTRACT

5.1 Introduction

Stable long-term contracts are necessary both for the security of the investor in a
cogeneration system and for the reliance of the SEB on the purchased power in planmng
and managing its generating capacity. A set of model contractual provisions. that parties
may wish to consider in formulating power purchase agreements in India, is included as
Appendix C. The remainder of this chapter is devoted to an explanation of the suggested
terms and to an analysis of the principles embodied in them.

s.z Discnssion or Tenns

5.2.1 Purpose

The purpose of this contractual agreement is to establish the terms and conditions
under which the State Electric Board("the SEB") will purchase. bank, and/or wheel
power generated by the Sugar Mill ("the Mill"). Pricing for energy purchases pursuant
to this contract is established under this contract, but the pricing for wheeling and
banking is assumed to be covered by existing tariffs.

s.z.z BasIc Assumptions

In developing this contract, it was assumed that the Mill is a willing seller and
that the SEB is a willing buyer. The capacity of the Mill was considered to be nominal
in comparison to the total capacity of the SEB. These two assumptions are essential to
the development of the nature of the contract 1bis contract has been developed as a
model for purchases of power by the SEB from a "small power producer". [As defmed
in this context, a small power producer is generally considered one whose total outpu.t is
less than one percent of the capacity of the utility.] If the SED purchases a significant
amount of rum capacity from an independent power producer ("an IPP") at some point
in the future. the contract in that case should also have extensive provisions regarding the
operating performance guarantees of the IPP and the development schedule.

-~~_.---- ~-----~- - _._-~---~--~----_. - - ~ .-------

5.2.3 Policy Considerations

The primary focus of this contract is operational considerations. The key policy
consideration embodied in the contract is the establishment of an obligation on the part of
the SEB tQ accept all kilowatt-hours made a Iwable by the Mill for sale. banking or
wheeling. In recognition of the capacity needs of the SEB and the nature of the current
load of the SED, on- and off-peak rates were adopted to better reflect the true value of
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the capacity and energy being provided by the Mill. To simplify administration of this .
contract, it was decided that all banking and wheeling would be accounted for on the
basis of the value of the energy involved rather than the aetoal kilowatt-hours banked or
wheeled. In addition, rates were structured so that payment is made when performance is
rendered; this eliminates the necessity of contractual provisions that deal with the failure
of the Mill to perform. "

5.2.4 Rates

5.2.4.1 Energy

The rates for energy payments by the SEB to ~he Mill for energy delivered by the
Mill for sale to the SED puisuant to this conttaet were calculated on the basis of the
avoided energy costs of the SEB. In order to establish the lowest reasonable initial
energy rate, the energy rate is escalated on the basis of the weighted average of a
preestablished set of escalation factors which are readily available to both parties. When
an energy escalation factor is utilized in U.S. contracts, it is usually based upon a group
of indices that relate to the cost of the host utility's primary fueL

5.2.4.2 Capacity

The financing of energy projects of the nature contemplated in this instance
usually involves levelized payments to the lender for an eight to ten year term. In
recognition of this, the conttaet capacity rates are set at a levelized centslkilowatt-hour
rate (or the full term of the contract. Capacity payments are made by the SED only for
on-peat kilowatt-hours delivered by the Mill for sale to the SED. If the Mill is unable to
deliver energy for sale to the SED for any reason, the SED incurs no payment obligation
and the Mill receives no revenue. This "payment strictly for performance" nature of this
contract alleviates the need for extensive contractual provisions covering the potential
failure of the Mill to perform.

5.2.4.3 Wheeling and Banking

The rates provided for in an appendix to the agreement stipulate fees that the SED
will charge the mill for banking or wheeling power.

5.2.5 Interconnection

____~ ~__ A~ i!& standard I"rAetiCP. in thp. tT$., thp. cnntnlct wa~ ~tnlchlft1!d~ that thl'! Mill j,

obligated to pay all of the costs for the necessary interconn~on facilities. 'Ibis is in
recognition of the fact that the interconnection facilities would not be required were it not
for the desire of the Mill to sell power to the SEB. The SED has the right to establish the
design specifications for the interconnection facilities to ensure that the operational
interface is compatible with the balance of the SED's system. Both the Mill and the SED
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are responsible for determining that the design incorporates those features neressary to
protect their own facilities in the event of a problem with the other party's facilities.

5.2.6 Apprr,va)s

The design and constroction ofall electrical facilities required pursuant to the
con.tract are subject to the inspection and approval of the Chief Electrical Inspector to
Govenment The design of the interconnection facilities is subject to approval by the
SED.

5.2.7 Operations

5.2.7.1 RoutiM

The daily operation of the Mill is left under the control of the Mill operating crew
with system dispatch control (i.e. for voltage and frequency control) on the basis of
verbal instructions to the Mill operators by the SEB system dispatcher. The nonnal Mill
outages required for maintenance are required to be spelled out in advance so that they
may be coordinated with the outage requirements of the SEB units. This coordination is
necessary to achieve the highest value for the Mill capacity.

5.2.7.2 CU71fJilment

The Mill is required by the contract to curtail energy output to the SEB when
requested to do so by the SEB ~ystem dispatcher. If the curtailment is required to enable
the SEB to perform equipment installation or maintenance on its system or to correct a
problem which endangers the safety of the SED system, its employees or customers, the
SEB is not required to pay for energy that could have been delivered by the Mill,
provided that specified notification provisions are met in the case of installation and
maintenance.

5.2.7.3 Interruption

Complete interruption of the output of the Mill to the SEB is accomplished in one
of two ways. If there is sufficient time available, the Mill may be requested to
voluntarily interrupt its output 'Ibis would be via a verbal request from the SED system
dispatcher to the Mill operator. In other circumstances where there is immediate oanger
to SED equipment or personnel, the SEB may disconnect the Mill from the SEB system
via interconnection b~!:Ice~~oDeg.teqbv lbeSEBJfnr largp.r facm,;ps, this is gen~n.!l),______ u __

--- --done by remote control). Provision is made for the Mill to later challenge such an
interruption if it believes that the SEB acted without proper justification.

13S



5.2.8 BanJdng

In order to recognize the possibility of the concept of banking being a part of the
transactions contemp1ated by this contract, it has been specifically identified as an
obligation of the SEB to bank energy as designated by the Mill. To simplify accounting
procedures, the contract calls for banking to be done on the basis of the value of the
kilowatt-hours delivered by the Mill to the SEB rather than the number of kilowatt-hours
delivered. The value is set on the basis of the energy rate that the SEB would have paid
the Mill if the kilowatt-hours had been offered by the Mill for sale to the SEB. This
eliminates the need to keep track of the time of kilowatt-hour deliveries by botb the Mill
and the SEB. This contract relies on standard banking tariffs for the detemination of
charges by the SED for banking.

5.2.9 Wheeling

In many cases where there is wheeling of energy, the rate is determined based
upon the transmission route involved and total wheeling charges are computed based
upon the kilowatt-hours wheeled during a specified time period. Based upon the current
status of the electrical system in India and the metering that would be involved, this
contract is structured to reflect the nature of wheeling tariffs already in existence in India.
As in the case for banking, wheeling charges are computed on the basis of the value of
the kilowatt-hours wheeled rather than on the number of kilowatt-hours delivered. The
value of the kilowatt-hours is based upon the energy rate that would have been paid by
the SEB to the Mill if the kilowatt-hours had been offered to the SEB for sale, and the
percentage used to determine the wheeling charge is assumed to be based upon existing
wheeling tariffs.

5.2.10 Metering

The Mill is required by the contract to provide all of the necessary wiring,
mounting cabinets and other hardware for the installation of meters to be supplied by the
SEB. Provisions are provided in the contract for periodic testing of the meters and for
tnJeing up accounts in the event of excessive meter errors found during calibration
checks.

5.2.11 Permits

The Mill is responsible for obtaining all pennits necessary for the project.
Provision is made in the conttaet for the reimbursement of any costs which the SEB may

--mcurmvo!un1ilily 8sS1SiUig v.Ith the-pemuttmgprocess. .~.- ... _----- ----.----------.. -~

5.2.12 Tenn

In keeping with standard pr8ctices followed in the U.S. for contracts of this
nature, the initial tenn is set at ten years. A three year advance notice is established for
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the terrnin:tion of the contract with a provision for automatic year-to-year extension until
such notice is met by the party desiring to tenninate the contract. The three year notice
period is designed to provide the SEB sufficient lead time to obtain replacement capacity
for that provided by the Mill.

5.2.13 Default

This contract is unique in its limitations on the reasons for which either party can
declare the other in default The standard provisions for failure to meet a material
contractual obligation are included, but a unique provision has been included to prevent a
default by the SEB for failure to mate payments due to the Mill. The provision of a
mechanism for direct bank payment at the request of the Mill is very unusual This is a
novel way to stimulate private power development given the concerns of the Mills about
the financial capabilities of the SEB.

5.2.14 Indemnification

The indemnification clauses included in this contract are standard clauses found
in most U.S. contracts wherein the parties are agreeing that neither party will be
adversely affected by actions taken by the other party.

5.2.15 Aalgnment

Extensive assignment limitations have not been included in this contract since the
parties involved are established entities with a long history in their basic business. Such
a limitation would be considered necessary when dealing with a project entity established
specifically for the development of a new independent power project.

5.2.16 Force Majeure

The intent of the language included in the draft contract is to reflect standard
business practices in India. It may be necessary for Indian counsel to make slight
modifications of the language to confonn to local standards. A key element of the force
majeure provision is that if either party is prohibited from performing in accordance with
the contract by an event of force majeure, the second party will not be obligated to pay
for service not rendered.

5.2.17 Dlspote Settlement

---------- On thelJatiof discUssions lieRf In India,BitiffiitlC)l1lSspeCllied as the means for-------
settlement of any disputes that may arise during the tenn of the contract A contractual
obligation has also been established for moving any dispute to a higher level in both
parties in an attempt to have disputes resolved without having to resort to arbitration.
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5.2.18 Conditions Precedent

Since the estabiishment of an agreement whereby the SEB's bank makes
payments direct to the Mill is essential to the nature of this contract as currently drafted,
this requirement has been made a condition which must be met by the SEB precedent to
the Mill incurring any obligations under the contract.

----~-~-- ---- -- -- --- ----- - ------ - ---

138



APPENDIX AI:

Cogeneration System Design and Cost Data:
Arona Sugars



ARUNA SUGARS

OPTION 1 OPTION 2 OPTION OPTION 4 OPTIONS OPTION 6 OPTION 7

B+L B+L B+L B+L B+L B+L B
32ata I : I

lx70 3x60 3x60 3x80 3x8O 3x60 Ix80
63 ata
2x60 I lx60

2x23 2x23 2x23 2x30 2x30 2x23 2xl8

119/63 179/63 179/63 240/63 240/63 184/63 134/63
99/IS 98/15 98/15 98/15 98/15 98/15 98/15

43/2 212 25/2 25/2 25/2 25/2
20 1 38 79 117 117 61 11

75 123 143 240 182 126 73
6000 6000 6000 6000 6000 6000 6000
56.4 56.4 40.0 50 50 50 50

. . 237340
78000 127400 148200 348200 285775 135630

11.67 21.68 26.24 40.5 40.5 28 17
17.91 27.93 32.49 53.3 40.5 28 17
205 205 205 200 200 200 200
130 130 130 135 135 135 135

105.51 158.27 158.27 182.01 182.01 158.27 122.66
9.61 9.61 9.61 9.61 10.17 9.61 8.48

210.26 246.96 261.07 309.52 283.65 239.43 211.68
325.38 414.84 428.95 501.14 475.83 407.31 342.82

48.80 62.22 64.34 75.17 71.37 61.09 51.42
130.15 165.93 171.58 200.45 190.33 162.92 137.12
504.33 642.99 664.86 776.76 737.53 631.27 531.36
25.21 32.14 33.24 38.83 36.87 31.56 26.56

529.54 675.13 698.11 815.59 774.40 662.83 557.92
678.62 615.33 636.50 736.50 734.03 696.96 502.12

lower rare of customs duty for the imported T.G. set boot 55% F.O.B. to 30% F.O.B.

~
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APPENDIX A2:

Cogeneration System Design and Cost Data:
Thiru Arooran



\

...

.r....
~

mmu AROOBAN SUGARS

I ODtion 1 Oction 2 ()ptjon 3 Option 4 OrJtion 5 Option 6 Option 7 Option 8 ()p(ion 9Boiler Fuels i
(BuasseJLj~nite B+L B+L B+L B+L B+L B+L B+L B+L B+LBoiler Nos and 2x6O 2x6O 3x6O lx60 lx60 Id18 2x80 1x6O 3160Caoacitv ffPH) i + +BoUer Nos and
I . frpID

b80 lx80 1x32Water treatment plant i
steams x M3Jhr 2x18 21118 2xl8 2xl8 2x18 2<13 2120 b18 2x18TG~-In-~ I

'I'broUle Flow (TPHlata) 102.'63 102163 102163 136163 136163 118/63 160/63 30.7!63 154/631st extraction rrPHlata). i nl42 70(42 52/42 94/42 70.5/42 70.5/42 70.5/42 . lin2nd extraction O'PHlata) - 712.5 7fl.5 - 23.512.5 23.512.5 23.512.5 . 91/1.5Condensor (I'PHIO.15 ata) 25 25 43 42 42 24 66 30.7/.15 52/1.5Off-season sueam flow \
<MTJhr) I 32 47 60 51 63 52 90 30.7 50I. Crusb Rate TCDr

•

3500 3500 3500 4500 4500 4500 4500 3000 5000b. Bagasse saved I

MT/season I

43101
I . . . - - - - -PoWe1' .... .s. .

In-season MW 9.8 12.6 15.30 13.80 17.0 13.6 26.4 9.67 25.67Off-season MW 6.88 9.60 12.26 10.80 14.0 11.5 25.5 6.67 18.20In-season Ooer'atine day! 25S 2SS 255 255 255 255 255 255 255Off-season I'ln....nrine daYI; 80 80 80 80 80 80 80 80 80Lillliae used MT/veaJ: ! 29600 39.360 47.680 32.530 40,190 . 110.170 38.645 92.825TOTAL PROJEct CO~:TS
(In MlIIIGa lb.)
I. Boiler House 105.51 105.51 105.51 122.66 122.66 130.01 133.39 52.75 158.262. Wafa'Trabnent 8.48 8.48 8.48 8.48 8.48 8.48 9.06 4.24 8.483. T.G.Set i 127.00 159.46 190.98 173.57 196.15 178.15 238.02 151.90 442.68Suhtolal i 240.09 273.65 304.97 304.97 327.29 316.64 380.45 208.89 609.424. Cooling Tower, I

Mechanical 36.15 41.01 45.74 45.70 49.09 67.58 57.06 31.33 91.41S. Elec:tric:al and Civil 96.40 109.38 121.98 121.88 130.91 126.89 152.18 83.55 243.76Sllbtotal I 373.54 423.84 472.(1) 472.29 507.29 (1)1.71 589.(1) 114.88 335.176. Coadoeeacv @ 51J1 18.68 21.19 23.63 23.61 25.36 24.58 29.48 5.74 16.75TOTAL I 392.22 445.03 496.32 495.90 532.65 516.29 619.17 329.51 961.34TOTAL- i 352.99 400.52 446.68 446.31 479.38 464.66 557.25 296.55 865iEOl n (USIOrn.



APPENDIX A3:

Cogeneration System Design and Cost Data:
VSSK



In-season MW I 22.14 I 19.01 I 16.30 I 12.28

Throttle Ao~, (fPWata)\ I 159/63 I 142/63 I 159/42 I 140142

TOTAL ! J 593.86 I 566.33 J 537.85 I 498.77

53.96

2x80

15

19.44

40

19.44

9.04

2x20

5112

200
141

7000
93

27.88

84/21

217.32

143.90

133.39

526.94
585.69

359.15

557.61

150/63

136400

OPTION 6

7000

18
80/2

3x60
+

50

32.05

2x23

9.61

62.04

25.29

~
56

25.29

119

84121

69800

165.45

236.14

167.88

673.17
605.85

641.12

413.63

182/63

OPTIONS

bOO

lxSO
+

OPTION 4
2x80

omON3

lx60

lxSO
+

omON2
2x80

omONl

b. Steam % Cane I 50 I 40 I 50 I 40

Subtotal I 565.59 I. 539.37 I 512.24 I 675.02

2. Warer T~rment I 9.04 I 8.48 I 9.04 I 8.48

c. Bagasse ~Ved
MT/seasonl I 54701 I 77246 I 54886 I 72072

6. Conlinge~ @ 5% I 28.21 I 26.96 I 25.61 I 23.15

1st extraclio~l (fPWata) I 73121 I 73121 I 73121 I 70121

Subtotal i I 364.92 I 367.99 I 330.48 I 306.47

1. Boiler HoUsc I 133.39 I 122.66 I 118.70 I 106.54

3. T.G. Set , I 222.49 I 216.85 I 202.74 I 191.45

n=- ~-_ C~~rllllim

TOTAL· : I 534.48 I 509.70 I 484.06 I 448.89

4. Cooling T(lwer.
Mechanicall I 54.70 I 52.19 I 69.57 I 45.97

Off-season s~ream flow
(MTlhr) J 66 J 87 I 67 I 83a. Crush Rat¢ TeD I 6000 I 6000 I 6000 I 6000

Boiler-Nos ~nd Capacity (TPH)
!

I

In-season ~~raling dayS I 200 I 200 I 200 I 200Off-season Ot>eraline. dayS 50 94 50 65

5. Electrical and Civil I 165.97 I 139.19 I 132.19 I 122.58

Boiler-Nos ~nd Ca~ty (TPH)
I t

I
ySSK. 5ANGLI

2nd extraclidn (fPHlala) I 7012 I 5512 I 7012 I 4012

TOTAL PR~)JEcr COSTS
(In Million Ms.)

Off-season MW I 22.14 I 19.01 I 16.30 I 12.38

Condensor <1"PHIO.15 ala) I 16 I 14 I 16 I 30

TO !tet-ln-~lJm

VVareruea~entpbnt

streams x Mlllbr J 2x20 I 2xl8 I 2x20 I 2xl8

• This represents a lo~er rate of customs duty for Ihe imported T.G. set from 55% F.O.B. to 30% F.O.B.

~
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APPENDIX Bl:

Financial Spreadsheets:
Aruna Sugars
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1onm.

3,895.04
2,470.79
1,224.26

Local
Ctlrrency

NlA
N/A
1.42

894.26
2.09
1.26
2.78

NlA
NJA

50.63
18.300

$Us I..ocat CWrency

328,853.250
295,098.250

41.0
$31.94

74.57
45.12
99.45

Financial IEconomic
Local

sus Onency I sus

. --- - ..~. ~I & -

Totil AnnulI Elecfllcfty ProducUon k'M1
TOfIII AnnulI EIecfIIcfty EIlpGft k'M1
AVWIge'" Export MW
ToflII m.fnwnl MUIIona
A....- EIecfIIcUya.. Ib1 CGCI mlIIsNNh
AVWlgePoww~PIfce mIIsM\'h
A~aya.nA¥aIded Coct dMWh
a.....lln CGCI..... Suppl.....W Fuele

·trash rniIsI1cWh
-olUgu miIsI1lWh

-coeI mIIs.1<Wh
......12......1 In

An.nI~. Expott C8pelclty (MW) In season 34
.......lIgId~ 0pI0n 4,~ Duaa 90% Avall8lllllty

Fi

"'-'IV..of........ MaIona $85.89 2,399.40 $131.87
"'-'Iv....'Ifeoce. ..-on. $81.52 2,282.82 $88.24
...........V.... -..on. $4.17 118.78 $43.72
_CGCI~ 1.06 1.50
InIImII R.- of Return (prMa) 25.00% 57.94%
InIImII R.- of Return (pGcWa) 14.45% NA
AnnuIzlId .....CGCI RatIo 0.23% 1.85%p. 1=1& Ptrfad (unc:IecaunIId) year. 1 NA
F.... U &..V... per MBTU $1.77 49.81 $3.30 02.28
A...-FuelICoct perMBTU $1.11 31.00 NA
TOCIIm fltu~OIV..perY.. MIons $10.40 291.11 $10.40 291.11
~Elec*tcSysfamOlU ..perY.. Ma:Ins $10.40 291.11 $10.40 291.11

DC!t*c!d 01 Used In HoItP!!!L" MIonI fO·C!..__~;!L_ """".!!?~~_.......9.:!?9.._.
lre*eo-..,...•• In $ .........oIheIwfIe IncJcdId DCscount Rate. 19.00%

~



AIuna SUgIn Export CtIp8Iclt'f (1M) In Seuon 34 1017192
lM-.gId A_ICing: q1lCfon 4...DuCIM 80% AvaIabIIty

I
I
I

i

Bnanc~8: Summary Year 0 1 2 3 4 6
I

Total Rewn....+Beneftta (financial) 0.00 0.00 13.32 13.32 14.52 15.83
i

Totat Costs 1.33 4.10 13.&6 13.54 14.31 15.16

Tota' FInane'" Cash BOW1!Full Avoided Cost Contracts -1.33 -4.10 -0.24 -0.22 0.21 0.67
i

Dfscoonted ~sh Flow Stream ($M) Total 4.20 Annual -1.33 -3.44 -0.17 -0.13 0.10 0.28
StnmedD~tedCash Flows ($M) -1.33 -4.n -4.94 -5.07 -4.96 -4.68

- ~----------------------

1



~

6 ! 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21I

I

17.25 i11.80 20.49 22.34 24.35 26.64 28.93 31.63 34.37 37.47 40.84 44.61 48.62 62.89 67.86 82.83
i

18.08 ! 17.11 18.23 19.36 21.16 22.68 26.38 29.20 27.71 29.73 31.94 29.14 31.78 34.82 37.74 41.14

1.17 I 1.70 2.27 2•• 3.20 3.96 2.65 2.33 8.68 7.73 8.80 16.37 18.76 18.28 19.91 21.70

0.41 0.50 0.56 0.62 0.56 0.58 0.32 0.24 0.58 0.57 0.55 0.80 0.73 0.67 0.61 0.56-4.27 -3.77 -3.21 -2.58 -2.02 -1.44 -1.12 -0.88 -0.30 0.27 0.82 1.62 2.35 3.02 3.64 4.20

5



1017192

2

MNSUgn ElqJoft CIp8ldt'f (MW) In 8euon 34
....1IQid FNM:iIlU: ~1pCIon 1,..DuIII 80% Avddtt

I
I

Revenues. aeneflts Year 0 1 2 3 4 S
Inflation

Seer 1 lIdays) 200 $IkWh (%/year)

CapitaJ Peak 0.0450734 9% 0.00 0.00 2.75 2.75 2.99 3.26
Offpeak 0.0321953 9% 0.00 0.00 2.75 2.75 2.99 3.26

Energy Peak 0.007sn4 9% 0.00 0.00 0.46 0.46 0.50 0.55
Offpeak 0.007sn4 9% 0.00 0.00 0.65 0.65 0.70 o.n

S1wqo2 C_l 135
CapIaI Peak 0.0450734 9% 0.00 0.00 2.80 2.80 3.0S 3.32

Offpeak 0.0321953 9% 0.00 0.00 2.80 2.80 3.05 3.32
Energy Peak OJlO75n4 9% 0.00 0.00 0.47 0.47 0.S1 0.56

Offpeak 0.007sn4 9% 0.00 0.00 0.66 0.66 0.72 0.78

Other CUpJ benefIs (additional product) 0 0.00 0.00 0.00 0.00 0.00 0.00
Other eost-savtnqs Benefits (Otspl. Rei. Egy.) . 0 0.00 0.00 0.00 0.00 0.00 0.00
Total Rewa....~ ....ftta: 1. Avoided Energy Payments Only (financial) 0.00 0.00 2.24 2.24 2.44 2.66
Total Rewa....+....fIts: 2. Full Avoided Coat Contnlcts (financial) 0.00 0.00 13.32 13.32 14.&2 1&.83

DCscoc.I1t~ Benefit Stream ($M) Total 85.72 Annual 0.00 0.00 9.41 7.90 7.24 6.63
Stmmed 0Csc Benefit Stream ($M) 0.00 0.00 9.41 17.31 24.65 31.18



e

19 20 21

0.00 0.00 0.00
0.00 0.00 0.00

8.88 9.68 10.55
62.89 67.65 62.83

1.94 1.78 1.63
82.32 84.09 85.72

18

0.00
0.00

8.14
48.62

2.12
80.38

17

9.18 10.00 10.90 11.88 12.96
9.18 10.00 10.90 11.88 12.95
1.64 1.68 1.83 2.00 2.18
2.16 2.35 2.67 2.80 3.05

9.34 10.19 11.10 12.10 13.19
9.34 10.19 11.10 12.10 13.19
1.57 1.71 1.87 2.03 2.22
2.20 2.40 2.61 2.85 3.10

0.00
0.00

7.47
44.61

2.31
78.26

13 14 16 16

6.50 7.09 7.72 8.42
6.50 7.09 7.72 8.42
1.09 1.19 1.30 1.42
1.63 1.67 1.82 1.98

6.62 7.22 7.87 8.67
6.62 7.22 7.87 8.67
1.11 1.21 1.32 1.44
1.56 1.70 1.85 2.02

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00'

6.29 &.77 8.29 8.88
31.&3 34.37 37.47 40.84

3.29 3.01 2.76 2.53
67.65 70.66 73.42 75.94

12

5.96
5.96
1.00
1.40

9 10 11876

3.66 3.88 4.22 4.60 5.02 5.47
3.56 3.88 4.22 4.60 5.02 5.47
0.60 0.65 0.71 0.77 0.84 0.92
0.84 0.91 0.99 1.08 1.18 1.29

3.62 I 3.95 4.30 4.69 6.11 6.67 6.07
3.62 I 3.95 4.30 4.69 6.11 6.67 6.07
0.61 i 0.66 0.72 0.79 0.86 0.94 1.02
0.85 I 0.93 1.01 1.10 1.2t> 1.31 1.43

!

0.00 I 0.00 0.00 0.00 0.00 0.00 0.00
0.00 I 0.00 0.00 ·0.00 0.00 0.00 0.00

2.80 I 3.18 3.44 3.7& 4.09 4.46 4.88
17.25 111.10 20AI 22.34 24.35 28.&4 28.93

i
6.07 I 6.56 5.10 4.67 4.28 3.92 3.59

37.2fl r 47.92 52.59 56.88 60.78 ~37 •

\
-

~

~



i
AN1a SUgIn I Export Capdy (UW) In s.uon 34 tOl7/92
LMII'IQId FM1dng: 9p1on 4,..Dulls 80% Avflllbll.tt

i

CllItI ..~ Year 0 1 2 3 4 6
I

V....... eo.ts I Inflation Rate Million Dollars
I $/kWh (%Iyear)_

Fuel 0.023441 9% 0 1.73 6.92 6.92 7.64 8.22
Bagasse 0.0078288 9% 0 0.16 0.65 0.65 0.71 .o.n
Coal 0.0255142 9% 0 1.57 6.27 6.27 6.83 7.44
Trash 0.0316135 9% 0 0.00 0.00 0.00 0.00 0.00
Wood 0.0255142 9% 0 0.00 0.00 0.00 0.00 0.00
Oil 0.0295176 9% 0 0.00 0.00 0.00 0.00 0.00

Labor 0.0005838 9% 0 0.05 0.19 0.19 0.21 0.23
Sidled 0.0002281 9% 0 0.02 0.08 0.08 0.08 0.09
Unskilled 0.0003558 9% 0 0.03 0.12 0.12 0.13 0.14

Spare PaN NA NA 0 0.00 0.00 0.00 0.00 0.00
O&M 0.0033992 9% 0 0.28 1.12 1.12 1.22 1.33
Managemet 0.0015 9% 0.05 0.12 0.49 0.49 0.64 0.59

. Total Fi1andaI Variabfe Costs 0.05 2.18 8.72 8.72 9.51 10.36

Oisf»-_~edvJ.CostStream ($M) Total &8.63 Annual 0.05 1.83 6.16 5.17 4.74 4.34
St.mr.ed~edCost Stream (SM) 0.05 1.88 8.04 13.22 17.96 22.30

I

s



20 21191817

7

6! 7 8 9 10 11 12 13 14 15 16

8.96 9.78 10.64 11.60 12.65 13.78 15.02 16.38 17.85 19.46 21.21 23.12 25.20 27.46· 29.94 32.630.84 0.92 1.00 1.09 1.19 1.30 1.42 1.54 1.68 1.83 2.00 2.18 2.38 2.59 2.82 3.088.11 8.84 9.64 10.51 11.45 12.48 13.61 14.83 16.17 17.62 19.21 20.94 22.82 24.88 27.11 29.550.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.25 0.27 0.30 0.32 0.35 0.38 0.42 0.45 0.50 0.54 0.59 0.64 0.70 0.76 0.83 0.910.10 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.30 0.32 0.350.15 : 0.17 0.18 0.20 0.21 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.43 0.46 0.51 0.55
0.00 ·1 0.00 0.00 0.00 0.00 0.00 2.24 3.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.45 1 1.58 1.72 1.87 2.04 2.23 2.43 2.65 2.88 3.14 3.43 3.74 4.07 4.44 4.84 5.270.64 i 0.70 0.76 0.83 0.90 0.98 1.07 1.17 1.27 1.39 1.51 1.65 1.80 1.96 2.13 2.3311.29 [12.31 13.42 14.63 15.94· 17.38 21.18 24.00 22.50 24.53 26.74 29.14 31.76 34.62 37.74 41.14
3.98 i 3.64 3.34 3.06 2.80 2.56 2.63 2.50 1.97 1.80 1.65 1.51 1.39 1.27 1.16 1.0726.27 29.92 33.25 36.31 39.11 41.67 44.30 46.80·48.77 50.57 52.23 53.74 55.13 56.40 57.56 68.63

----1----- _
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0.87

18.57
0.00
'0.00
1.67

12.76
-2.38
-2.41
0.00
0.00
0.00
0.00
0.00
0.00
4.80

15.16

17.04
0.00
0.00
1.53

14.79
-2.78
-2.03
0.00
0.00
0.00
0.00
0.00
0.00
4.81

14.31

15.63
0.00
0.00
1.41

16.50
-3.12
-1.70
0.00
0.00
0.00
0.00
0.00
0.00
4.82

14.34
0.00
0.00
1.29

17.93
-3.41
-1.43
1.61
0.00
0.00
0.00
0.00
0.00
4.84

1011/92Sot

. i

loan 2

Loan 3

Loan 1

I
I

I

Anna Sugn I Export cap.eity (JAW) In Staon
Llvngect RIww:IIQ: qpIon 4, HIr#l DuIII 80% AVfI.tI::IItI

I

-;Jc;~-~------------------------------
i Investment In fixed Plant ($ M) 12.78 19.16

Equity ($ M) = 10.00% 1.28 1.92

loan Outstanding 5.11 13.21
Interest Payments 0.00 0.00
Principal Payments 0.00 0.00
Interest Duing Grace Perfcxt 0.00 0.00
Loan Outstanding 6.39 16.52
Interest Payments 0.00 0.00
~ Payments 0.00 0.00
Interest Owfng Grace Perfcxt 0.00 0.00
loan Outstanding 0.00 0.00
Interest Payments 0.00 0.00

. ~ Payments 0.00 0.00
other cash Flows i Interest Owfng Construction 1.09 2.82

I Div. to EqtJIty Investors 0% 0.00 0.00
I

Total Inwstmlnt ,& FInancing Coats 1.28 1.9~

Total ColtS I 1.33 4.10 13.56 13.64

OIscomtedTJa,CostStream ($M) Total 81.52 Annual 1.33 3.44 9.57 8.03 7.14 6.35
St.n1med Olscou'¥ Cost Stream (SM) 1.33 4.77 14.34 22.38 29.52 35.87

Total FlnanCl1 cash FI"W8 -1.33 -4.10 .0.24 .0.22 0.21

Ofscaunted~h Flow Stream ($M) Total 4.20 Annual -1.33 -3.44 -0.17 -0.13 0.10 0.28
SUmmedD~ed CMh Flows ($M) -1.33 -4.n -4.94 -5.07 -4.96 -4.68

I
I

~



-v ....,
\,f~

20.24 22.07 24.05 26.22 26.20 23.35 20.25 16.86 13.18 9.16 4.78 0.00 0.00 0.00 0.00 0.000.00 i 0.00 0.00 -2.36 -2.36 -2.10 -1.82 -1.52 -1.19 -0.82 -0.43 0.00 0.00 0.00 0.00 0.000.00 ! 0.00 0.00 -2.38 -2.85 -3.10 -3.38 -3.69 -4.02 -4.38 -4.78 0.00 0.00 0.00 0.00 0.00 .
1.82 : 1.99 2.16 2.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00I

10.35 i 7.48 4.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-1.92 -1.38 -0.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-2.87 -3.42 -4.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00I

4.79 [4.80 4.81 4.74 5.21 5.21 5.21 5.21 5.21 5.21 5.21 0.00 0.00 0.00 0.00 0.00I

18.08 ;17.11 18.23 19.38 21.15 22.58 28.38 29.20 27.71 29.73 31.94 29.14 31.78 34.82 37.74 41.14
5.66

1 5.06 4.63 4.05 3.71 3.33 3.27 3.04 2.43 2.19 1.98 1.51 1.39 1.27 1.16 1.0741.53 146.59 51.12 55.17 58.88 62.22 65.49 68.53 70.96 73.15 75.12 76.63 78.02 79.29 80.46 81.62
I

1.17 i 1.70 2.%1 2.88 3.20 3•• 2.55 2.33 6.66 7.73 8.90 15.37 16.75 18.28 19.91 21.70i
0.41 i 0.50 0.66 0.62 0.66 0.58 0.32 0.24 0.68 0.67 0.65 0.80 0.73 0.67 0.61 0.66-4.27 1-3.n -3.21 -2.58 -2.02 -1.44 -1.12 -0.88 -0.30 0.27 0.82 1.62 2.35 3.02 3.64 4.20

a
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APPENDIX B2:

Financial Spreadsheets:
Thiru Arooran



lEI .. 11- . - .
:~

Financial Economic
Local L.ocaI

sus CUrrency sus Currency
......V...of ......e. MfItoM $60.74 1,700.77 $74.33 2,081.32
....... V...ofeoce. ..-on. $50.82 1,.e22.83 $50.79 1,422.04
NeI~V'" MlIIIons $9.93 277.93 $23.C5 659.27
IIeMfttCod Rdo: 1.20 1.046
InIInMlI R* ofR-.n (p..eu) 24.(;9% 45.72%
InIIrMIR* ofR-.n (pocWa) 16.35% NA
........BeMfttCcMtRaao 0.81% 1.75%'.lICkPtdod (undI8counlld) yeera 4 NA
FUll HIII.all V.... perMBTU $2.84 73.88 $3.99 111.70
A.....Fuel Cod perM8TU $0.89 25.03 HA
TofaIDllpl 1.01 V...... v... ....,. $5.85 163.73 $5.85 163.73

Dkc"'" -.f EIec*tc Sy8tIm 01U.per V,. 180M $5.85 183.73 $5.85 183.73
01 UMd In Host DIf V,. WIons $0.00 0.00 ~~!!L...

Nok DoI8r....... In • .-x........ oChIIwfM IIld1t'8»:1 Dtscount RaIl. 19.00%

...-
~

""\

11*u AIocnn SUgn Export C8pelc(ty (MW) In Season 22.9
100%E~ (Reserve): Opaon 7,~ DuIes 90% Av8lalllfity

SUS local CUrrency

Tofal AftftUII Elecfalcltf ProducIon kWh 188,598,000
Tofal AftftUII EIlICfrtcIty EJpxt kWh 165,969,250
A'.....Pa..Export WI 23.0
TotIIlnwIfI.1iwd MIIaons $24.11 676.20
A.......EIectItcftyaen.aaon CGet miItIWt'h 54.55 1.63
A~ Po".,., Purct-. PItce mb1<Wh 58.72 1.59
A.,.SysIIeA~ CcMt mIIII1lWh 99.45 2.78
GeI.1IIIon CcMtUolnI !UPpIIIMUWF~

·~uh mlIIS/1(Wh NlA NlA
.~ I11I'IsM'f'h NlA NlA
~ mIIIsMVh 35.31 0.99

NeI....~ .. IICNW ...._ .... ~sN.. 18.300

1011192



Thlru Atoor8n SUgar. Export Capeclty (MW) In season 22.9 1011192
Lewrllglld FInandng: Opaon 7, Hl(I1 DuUes 90% AVallabIllty

-SUS I...oc* Cooency

Totll AnnulI EJectrIcfty ProductIon kWh 188,598,000
ToW AnncMI EIecfrIcfty ExpGft kWh 165,969,250
Awnge Pow. Export Wi 23.0
TotIIln..,.....t Millions $24.11 675.20
A-.Ellctrldty CleMnIon Caet miftsI1(Wh 89.53 1.95
A.."'~Prfos I1llUsI1cWh 48.00 1.29
A..Sydn AvoIdedCoct mllsl1fflh 99.45 2.78
Cleneldoft Coct u.tng SUppr.n.nW Fuele

·frash mIb1tWh NJA NJA
-oIIgu I11lUsItWh NJA NJA

-e:oeI rr"ls.KWh 50.29 1.41
Nd~lrn aow.....auo., dlwsJveIJI 18.300

Flnan~lal & E . AnalvRIA IV

Financial Economic
LocaJ LocaJ

SUS Cooency SUs CUlrency
PreHn. V...of Beneat. MllUons $49.29 1,380.23 $74.33 2,081.32 .
PreHn. VIiue ofcoce. MiUlons $46.30 1,296.29 $50.79 1,422.04
Net"-ttVtf... MIllIons $3.00 83.94 $23.55 659.27
B...ntCoct RatIo: 1.08 1.46
In......RaIl of Return (pre-tu) 25.09% 45.72%
InflmllIWeofR-..n (pocHu) 14.33"- NA
~ B4MfttCoctRatlo 0.29% 1.75%
Paybd PecfGcI (c.na.counfJld) yeet. 1 NA
Full NealaVIIue I*MBTU $2.02 68.57 $3.99 111.70
Awr.FuelCoct I*MBTU $0.89 25.03 NA
Tot.I oc.pr.=. II 01 VIlIue per V.. Milllons $5.65 183.73 $5.65 183.73

DfspCaced~ Systllm 01 Use per V., MIIUans $5.85 183.73 $5.85 183.73
01 Used In Host Del v.. MIIIons $O·~_ct(!t_. __.I..__...___~~.__...9.;~..._.

Nota: DaIar trc:ues •• In $ MlIans unless oI1efwfN Indcatsd Dlscoc.I1t Rata • 19.00%

V;p.



1

• Ellpoft Cepdy (JM) In Seaon 22.9 1on1V2
0pI0n 7. ftlte DutJa 90% AwIIIJl*f

: Summary Year 0 1 2 3 4 6

T.....~u+alleMtb (ftnanclal) 0.00 0.00 7.88 7.88 8.35 9.10

Total Costs I 1.02 2.62 7.84 7.93 8.30 8.71

:J,I Cub 80W1 Full AvoIded Cost Contracts -1.02 -2.62 -0.28 -0.27 0.05 0.39

($M) Total 3.00 Annual -1.02 -2.12 -0.20 -0.16 0.02 0.16
($M) -1.02 -3.13 -3.33 -3.49 -3.46 -3.30



2

•

19 20 21181713 14 15 16

1.62 4.77 5.56 8.41 11.27 12.29 13.39 14.60 16.91

129 10 1187

9.87 10.23 10.77 11.77 12.47 14.93 18.81 14.99 15.99 17.07 14.32 16.81 17.02 18.65 20.22

10.11 11.79 12.85 14.00 15.28 18.64 18.13 19.77 21.54 23.48 25.60 27.90 30.41 33.15 36.13

9.1'0.' 1.14 1.58 2.08 2.24 2.79 1.71

O.~~ 0.34 0.39 0.43 0.39 0.41 0.21 0.16 0.42 0.41 0.40 0.59. 0.54 0.49 0.45 0.41
-3.04j -2.70 -2.31 -1.88 -1.48 -1.07 -0.86 -0.70 -0.28 0.13 0.62 1.11 1.64 2.14 2.69 3.00

I

I
!

/~
o
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I

-.._~ --_........ 22.e 1017J92
IMtragId 0pI0n 7, HfttI Dulls 80% Av*blltt

I

i
:

i
I

Revenues &1 Benefits Year 0 1 2 3 4 5

SOOMO 1 {Ida~
Inflation ~255 $/kWh (%/year)

i C8pIaI Peak 0.0450734 9% 0.00 0.00 2.36 2.36 2.57 2.80
Offpeak 0.0321953 9% 0.00 0.00 2.36 2.36 2.67 .2.80

Energy Peak 0.0084397 9% 0.00 0.00 0.44 0.44 0.48 0.52

seerm2~
Offpeak 0.0084397 9% 0.00 0.00 0.62 0.62 0.67 0.73

80
C8pitaI Peak 0.0450734 9% 0.00 0.00 0.76 0.76 0.83 0.90I

Offpeak 0.0321953 9% 0.00 0.00 0.76 0.76 0.83 0.90
Energy Peak 0.0084397 9% 0.00 0.00 0.14 0.14 0.15 0.17

Offpeak 0.0084397 9% 0.00 0.00 0.20 0.20 0.22 0.24

:$ (add.1anaI product) 25000 0.00 0.00 0.03 0.03 0.03 0.03
Benefts (Dfspl. Ref. Egy.) 0 0.00 0.00 0.00 0.00 0.00 0.00

" Beneftts: 1. Awlded Energy Payments Only (ftnanclal) 0.00 0.00 1.45 1.45 1.&8 1.72
1& Benefb: 2. Full Awlded Colt Contracts (ftnanclal) 0.00 0.00 7.86 7.86 8.35 9.10

ad Benefl Stream ($M) Total 49.29 Annual 0.00 0.00 6.41 4.66 4.16 3.81
. BenefI Stream ($M) 0.00 0.00 6.41 9.96 14.12 17.93

s
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6

• Export C8pdf (MW) In 6eaon 22.D 1017/92
I'IQId FM...... 0pIan 7, ..,.DuIa ao% AvfilJJbltf

Year 0 1 2 3 4 6
I

Varfab"~ Inflation Rate MUllan Dollars

i $/kWh (%iyear)_

I
Fuel 0.0178214 9% 0 0.74 2.96 2.96 3.22 3.61
Bagasse 0.0081285 9% 0 0.08 0.31 0.31 0.34 0.37
Coal 0.0176266 9% 0 0.66 2.64 2.64 2.88 3.14
Trash 0.0218403 9% 0 0.00 0.00 0.00 0.00 0.00
Wood 0.0176266 9% 0 0.00 0.00 0.00 0.00 0.00
Oil 0.0203924 9% 0 0.00 0.00 0.00 0.00 0.00

tabor 0.001018 9% 0 0.05 0.19 0.19 0.~1 0.23
Sidled O.OOO39n 9% 0 0.02 0.08 0.08 0.08 0.09
UnskiUed 0.0006204 9% 0 0.03 0.12 0.12 0.13 0.14

Spare Parts NA NA 0 0.00 0.00 0.00 0.00 0.00
O&M 0.0044751 9% 0 0.21 0.84 0.84 0.92 1.00
Managernet 0.0015 9% 0.05 0.07 0.28 0.28 0.31 0.34
Total FIIlanclaJ Varfabfe Costs 0.05063 1.07 4.29 4.29 4.67 5.09

IlIscoumJdv:Cost_ ($M) Total 29.01· Annual 0.05 0.90 3.03 2.64 2.33 2.13
SUmmed Ofsco ed Cost Stream (SM) 0.05 0.95 3.98 6.52 8.85 10.99



~
.-4-

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
I

I

3.J 4.18 4.55 4.96 5.41 5.89 6.42 7.00 7.63 8.32 9.07 9.88 10.77 11.74 12.80 13.950.4 0.44 0.48 0.53 0.57 0.63 0.68 0.74 0.81 0.88 0.96 1.05 1.14 1.25 1.36 1.483.4 3.73 4.07 4.43 4.83 5.27 5.74 6.26 6.82 7.44 8.11 8.84 9.63 10.50 11.44 12.47O. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.2~ 0.27 0.30 0.32 0.35 0.38 0.42 0.45 0.50 0.54 0.59 0.64 0.70 0.76 0.83 0.910.1 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.30 0.32 0.35
OoE 0.17 0.18 0.20 0.21 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.43 0.46 0.51 0.55O. 0.00 0.00 0.00 0.00 0.00 1.69 2.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001. 1.19 1.30 1.42 1.54 1.68 1.83 2.00 2.18 2.37 2.59 2.82 3.07 3.35 3.65 3.980.3~ 0.40 0.44 0.47 0.62 0.56 0.61 0.67 0.73 0.80 0.87 0.95 1.03 1.12 1.22 1.335.551 6.05 6.80 7.19 7.84 8.54 11.00 12.68 11.06 12.06 13.14 14.32 15.61 17.02 18.55 20.22I

1.9~ 1.79 1.64 1.50 1.38 1.26 1.36 1.32 0.97 0.89 0.81 0.74 0.68 0.62 0.57 0.52
12·911 14.73 16.37 17.87 19.25 20.51 21.87 23.20 24.16 25.05 25.86 26.61 27.29 27.92 28.49 29.01

I
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0.39

8.71

3.65
21.23

14.02
0.00

"0.00
1.26
9.64

-1.80
-1.82
0.00
0.00
0.00
0.00
0.00
0.00
3.62

0.05

8.30

4.14
17.58

12.87
0.00
0.00
1.16

11.17
-2.10
-1.63
0.00
0.00
0.00
0.00
0.00
0.00
3.63

7.93

-0.27

4.70
13.44

11.80
0.00
0.00
1.06

12.45
-2.35
-1.29
0.00
0.00
0.00
0.00
0.00
0.00
3.64

5.61
8.74

7.84

-0.28

10.83
0.00
0.00
0.97

13.54
-2.57"
-1.08
1.22
0.00
0.00
0.00
0.00
0.00
3.65

2.12
3.13

2.&2

-2.&2

1.02
1.02

1.02

-1.02

10f1/'n

Annual

22.g

48.30Total

loanS

loan 2

loan 1

i

:
I

11*u AIocnnJ... Export c.pdy (MW) In s.uon
UwrIigId~.;;opIon 7,~ CulM 90% Avfllllbl1Atl

I
_ __lli!!_!!II.~.~_~_--------------------------- _

"we'''',,1l
! Investl11ef1t In fixed P1ant ($ M) 9.65 14.47

Equity ($ M) = 10.00% 0.96 1.45

Loan Outstandlng 3.86 9.98
Interest Payments 0.00 0.00
PrfncfpaJ Payments 0.00 0.00
Interest DtI'fng Grace Period 0.00 0.00
Loan Outstanding 4.82 12.47
Interest Payments 0.00 0.00
PI1ncfpaJ Payments 0.00 0.00
Interest During Grace P&rIod 0.00 0.00
loan OUtstanding 0.00 0.00
Interest Paymenis 0.00 0.00
PrIncfpaJ Payments 0.00 0.00

Other cash ftows Interest DtI1ng Construction 0.82 2.13
I DIY. to Equity Investors 0% 0.00 0.00

TotaIln~nt"FInancing Costs 0.96 1.45

TOtaleo-j
~ed Total Cost Stream (SM)

SUmmed oWcounted Cost Stream (SM)
I •

Total FlnSnclal cash Flows

~ cash Flow Stream
Sc.mnedO~edCash Flows

($M)
($M)

Total 3.00 Annual -1.02 -~.12 -0.20 -0.16 0.02 0.16
-1.02 -3.13 -3.33 -3.49 -3.46 -3.30

."..,

6'"v"
7



........~
-tr

15. 16.66 18.16 19.79 19.78 17.63 15.29 12.73 9.95 6.91 3.61 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 -1.78 -1.78 -1.59 -1.38 -1.15 -0.90 -0.62 -0.32 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 -1.79 -2.15 -2.34 -2.55 -2.78 -3.03 -3.31 -3.61 0.00 0.00 0.00 0.00 0.00 .
1. 1.50 1.63 1.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.007. 5.65 3.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-1. -1.04 -0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-2.1 -2.58 -3.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00o. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00O.oq 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O.~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.003. 3.62 3.63 3.58 3.93 3.93 3.93 3.93 3.93 3.93 3.93 0.00 0.00 0.00 0.00 0.00&j 1.87 10.23 10.77 11.77 12.47 14.13 18.81 14.91 16.91 17.07 14.32 16.61 17.02 18.65 20.22
3. 2.86 2.54 2.25 2.07 1.84 1.85 1.73 1.31 1.18 1.06 0.74 0.68 0.62 0.67 0.52

240j 27.32 29.87 32.12 34.18 36.02 37.87 39.60 40.92 42.09 43.15 43.89 44.58 46.20 46.77 46.30

O. 1.14 1.68 2.08 2.24 2.79 1.71 1.62 4.77 .6.58 8.41 11.27 12.29 13.31 14.60 16.91
0.34 0.39 0.43 0.39 0.41 0.21 0.16 0.42 0.41 0.40 0.69 0.54 0.49 0.45 0.41

-2.70 -2.31 -1.88 -1.48 -1.07 -0.86 -0.70 -0.28 0.13 ~.52 1.11 1.64 2.14 2.59 3.00

8
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1

EJnanc~: Summary Year 0 1 2 3 4

i
Total Reven~. Beneftts (ftnanclal) 0.00 0.00 3.18 3.18 3.44

I
Total Costs ! 0.82 1.18 3.38 3.37 3.47

I
Total FInan,.' cash ElQWIFull Avoided COlt COntracts -0.62 -1.16 -0.22 -0.21 -0.03

Ofscounted fash Flow Stream ($M) Total 1.65 Annual -0.62 -0.97 -0.16 -0.13 -0.02
Stamted D8:Qt.Ilted Cash Flows ($M) -0.62 -1.59 -1.75 -1.88 -1.89

I----I '"

5

3.76

3.&9

'0.16

0.07
-1.a3

121JCW2Export CIp8l:tly (lIN) In Stuan 8.87
:0pI0n a...Dulle 80% AvllllMt/

1l*uAnJcnn
IAwrIQICI

~

~



/>
"

__, 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

4.~ 4.48 4.88 5.29 5.77 8.29 8.86 7.47 8.15 8.88 9.88 10.&5 11.60 12.63 13.66 14.89

3.~ 3.88 4.03 4.18 4.66 4.78 5.97 8.71 5.48 5.78 8.08 4.10 4.47 4.87 5.31 5.78I

,

0.371 0.59 0.83 1.13 1.21 1.&3 0.88 0.76 2.67 3.11 3.60 6.45 7.03 7.67 8.36 9.11
i

0.1~ 0.18 0.21 0.24 0.21 0.23 0.11 0.08 0.23 0.23 0.22 0.34 0.31 0.28 0.26 0.24
-1.7 -1.52 -1.31 -1.08 -0.86 -0.64 -0.53 -0.45 -0.22 0.01 0.24 0.57 0.88 1.16 1.42 1.65I

I

2
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I
11*u Atoora1 SUQInj Export CII*ltf (1M) In seaon 8.e7 12fJCW2
u.~FNlCIngj 0pIana...DuIu 80% AvflllttilJtl

I .
I
I

I
I

Rewn_&~ Year 0 1 2 3 4 5
InflationI

Season1~ 255 $/kWh (%iyearL
I

I capital Peak 0.0450734 9% 0.00 0.00 0.69 0.69 0.75 0.82
Offpeak 0.0321953 9% 0.00 0.00 0.69 0.69 0.75 0.82

Energy Peak 0.0305879 9"0 0.00 0.00 0.47 0.47 0.61 0.65
I Offpeak 0.0305879 9% 0.00 0.00 0.65 0.65 0.71 0.78

S"'9'l2 _ 80

! C8pitaI Peak 0.0450734 9% 0.00 0.00 0.18 0.18 0.20 0.22

I Offpeak 0.0321953 9% 0.00 0.00 0.18 0.18 0.20 0.22

I Energy Peak 0.0305879 9% 0.00 0.00 0.12 0.12 0.14 0.15
i Offpeak 0.0305879 9% 0.00 0.00 0.17 0.17 0.19 0.21
!
I

Olhor oulpt4~1_product) 0 0.00 0.00 0.00 0.00 0.00 0.00
Other eost-8a BenefIs (DCspI. Ref. Egy.) 0 . 0.00 0.00 0.00 0.00 0.00 0.00

Total Rewn 1& Beneftta: 1. AvolMd Energy payments Onl, (ftnanclal) 0.00 0.00 1.42 1.42 1.64 1.68
Total Rewn..... 1& Beneftta: 2. Full Avoided Cost Contlacts (ftnanclal) 0.00 0.00 3.16 3.16 3.44 3.76

Benefit Stream (1M) Total 20.31 Annual 0.00 0.00 2.23 1.87 1.72 1.57
•Benefit Stream (1M) 0.00 0.00 2.23 4.10 5.82 7.39

3



0.89 0.97 1.06 1.15 1.26 1.37 1.49 1.63 1.n 1.93 2.11 2.30 2.50 2.73 2.97 3.24
0.89 0.97 1.06 1.15 1.26 1.37 1.49 1.63 1.n 1.93 2.11 2.30 2.50 2.73 2.97 3.24
0.60 0.66 0.72 0.78 0.85 0.93 1.01 1.10 1.20 1.31 1.43 1.56 1.70 1.85 2.02 2.200.Q4j 0.92 1.00 1.09 1.19 1.30 1.42 1.54 1.68 1.84 2.00 2.18 2.38 2.59 2.82 3.08

I

0.2~ 0.26 0.28 0.31 0.33 0.36 0.40 0.43 0.47 0.52 0.56 0.61 0.67 0.73 0.79 0.86
0.24j 0.26 0.28 0.31 0.33 0.36 0.40 0.43 0.47 0.52 0.56 0.61 0.67 0.73 0.79 0.86
O'~ 0.18 0.19 0.21 0.23 0.25 0.27 0.29 0.32 0.35 0.38 0.42 0.45 0.49 0.54 0.59O. 0.25 0.27 0.29 0.32 0.35 0.38 0.41 0.45 0.49 0.53 0.58 0.63 0.69 0.75 0.82I

Io.oq 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.al 2.00 2.18 2.38 2.59 2.82 3.08 3.35 3.86 3.99 4.34 4.73 5.18 5.83 6.13 6.88
4.• 4•• 4.88 5.29 5.77 8.29 8.88 7.47 8.15 8.88 9.88 10.65 11.&0 12.53 13.68 14.89I

1.441 1.32 1.21 1.11 1.01 0.93 0.85 0.78 0.71 0.65 0.60 0.55 0.50 0.46 0.42 0.39
8.~ 10.15 11.36 12.46 13.48 14.40 15.25 16.03 16.75 17.40 18.00 18.55 19.05 19.51 19.93 20.31

f'-

/>~ -

El 7 8 9 10 11 12 13 14 15

..

16 17 18 19 20 21



....
~
~

I

I
'I1*u--"'9 ElqIaotCooocl¥(UW)ln-. 8.87 12JZ92
l.e¥enIgIcI .0pIan e...CulM 80% AvfilJlb1l1.tt

I,
~stments Year 0 1 2 3 4 6

VIU'fafJIe Costs I Inflation Rate MU1Ion Dollars
I

$MVh (%lyear)_
Fuel 0.0094989 9% 0 0.11 0.44 0.44 0.48 0.52

Ba1J8SS8 0.0081285 9% 0 0.15 0.60 0.60 0.65 0.71
Coai 0.0176266 9% 0 -0.04 -0.16 -0.16 -0.17 -0.19
Trash 0.0218403 9% 0 0.00 0.00 0.00 0.00 0.00
Wood 0.0176266 9% 0 0.00 0.00 0.00 0.00 0.00
Oil 0.0203924 9% 0 0.00 0.00 0.00 0.00 0.00

Labor 0.~;}773 9% 0 0.05 0.19 0.19 0.21 0.23
Sldtfed 0.001163 9% 0 (\02 0.08 0.08 0.08 0.09
UIlSkfIhd 0.0018143 9% 0 (,.\13 0.12 ~.~2 0.13 0.14

SpaIe Parts NA NA 0 0.00 0.00 0.00 0.00 0.00
O&M 0.0077123 9% 0 0.12 0.50 0.50 0.54 0.59
Man9'~ 0.0015 9% 0.05 0.02 0.10 0.10 0.11 0.11
TataJ FInancfaJ VaJtaI* Costa 0.05 0.31 1.23 1.23 1.34 1.46

1

Dtscotn~V~Cost Stream ($M) Total 8.48 AmuaI 0.05 0.26 0.87 0.73 0.67 0.61
SlI11med D!scocfnted Cost Stream ($M) 0.05 0.31 1.17 1.90 2.67 3.18

:
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/~

I

I

61 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
I
!

0.57 i 0.62 0.68 0.74 0.80 0.88 0.96 1.04 1.14 1.24 1.35 1.47 1.60 1.75 1.90 2.08o.n' 0.84 0.92 1.00 1.09 1.19 1.30 1.41 1.54 1.68 1.83 1.99 2.17 2.37 2.68 2.81
-0.20: -0.22 -0.24 -0.26 -0.29 -0.31 -0.34 -0.37 -0.40 -0.44 -0.48 -0.52 -0.57 -0.62 -0.68 -0.74
0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00O.oo! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00i

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.001
0.251 0.27 0.30 0.32 9.35 0.38 0.42 0.45 0.50 0.54 0.59 0.64 0.70 0.76 0.83 0.91
0.101 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.30 0.32 0.36
0.15

1
0.17 0.18 0.20 0.21 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.43 0.46 0.51 0.550.00 , 0.00 0.00 0.00 0.00 0.00 0.99 1.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00OMI 0.70 o.n 0.83 0.91 0.99 1.08 1.18 1.28 1.40 1.52 1.66 1.81 1.97 2.15 2.35

0.13 1 'J.14 0.15 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.30 0.32 0.35 0.38 0.42 0.461.591 1.73 1.89 2.08 2.24 2.44 3.66 4.39 3.16 3.45 3.76 4.10 4.47 4.$~1 5.31 5.78i
I

0.561 0.51 0.47 0.43 0.39 0.36 0.45 0.46 0.28 0.25 0.23 0.21 0.20 0.18 0.16 0.15I

7.34 7.68 7.79 7.98 8.16 8.33 8.48
3.74, 4.25 4.72 5.15 5.54 {;,90 6.3d 6.81 7.09

a
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I
11*u AIolRn 6ul:IInl Export C8pIIdty (1M) In 8e&ton
I..MfagId Ffnm*Igj 0pI0n s. HIltI DuIM 80% Avlldtf

I

InW8lliwnt II F1ud Costa _F
, I_InFJxsd - ($ M)

Equity ($ M) = 10.00%

Loan 1 Loan Our.standfng
Interest Payments
PrinclpaJ Payments
Interest Outing Grace Period

loan 2 loan Outstanding
Interest Payments
P~Payments

intarc Ot...-f!\g Grace Period
loan 3 Loan OUtstandIng

Imerest Payments
PrIncipal Payments

Other cash FloWs Interest Dwtng Construction
: DiY. to EquIy Investcn 0%

Total In'....'.,. II Flunclng Costa
I

r9flJC9Ifa 1

t.e? 1mcw2

5.68
0.57

2.~7

0.00
0.00
0.00
2.84
0.00
0.00
0.00
0.00
0.00
0.00
0.49
0.00
0.57

0.62

8.53
0.85

5.88
0.00
0.00
0.00
7.35
0.00
0.00
0.00
0.00
0.00
0.00
1.28
0.00
0.85

1.18

8.38
0.00
0.00
0.67
7.98

-1.52
-0.84
0.72
0.00
0.00
0.00
0.00
0.00
2.15

3.38

6.96
0.00
0.00
0.63
7.34

-1.39
-0.76
0.00
0.00
0.00
0.00
0.00
0.00
2.14

3.37

7.58
0.00
0.00
0.68
6.58

-1.24
-0.90
0.00
0.00
0.00
0.00
0.00
0.00
2.14

3A7

8.26
0.00
0.00
0.74
6.68

-1.06
-1.07
0.00
0.00
0.00
0.00
0- ..ft.W

0.00
2.13

3.69

t

~"

I

DIscomted Total Cost Stream (SM)
&nmed~edCost Stream (SM)

Tota. Finane,•• cash Flows

Dfscourltad ¢u., Flow Stream ($1.4)
S'mnedD~edCash Rows ($1.4)

I

Total

Total

11.•

1.65

7

Annual

Annual

0.82
0.82

-0.82

-0.62
-0.62

0.97
1.59

-1.16

-0.97
-1.69

2.39
3.98

-0.22

-0.18
-1.76

2.00
5.98

.0.21

-0.13
-1.88

1.72
7.71

.0.03

-0.02
-1.89

1.60
9.22

0.18

0.07
-1.83



i
i---1------------------------- _

9.01 9.82 10.70 11.66 11.66 10.39 9.01 7.50 5.86 4.07 2.12 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 -1.05 -1.05 -0.94 -0.81 -0.68 -0.53 -0.37 -0.19 0.00 0.00 0.00 0.00 0.00
0:00 ' 0.00 0.00 -1.06 -1.27 -1.38 -1.51 -1.64 -1.79 -1.95 -2.12 0.00 0.00 0.00 0.00 0.00 .
0.81 1 0.88 0.96 1.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.611 3.33 1.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

-0.85 I -0.61 -O.~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
~1.28! -1.52 -1.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 i 0.00 0.00 0.00 0.00 0.00 0.00 O.~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00I

0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.13 I 2.13 2.14 2.11 2.32 2.32 2.32 2.32 2.32 2.32 2.32 0.00 0.00 0.00 0.00 0.00I

i
3.72i 3.. 4.03 4.18 ..51 4.78 &.87 8.71 &•• &.78 8.08 4.10 4.47 4.87 &.31 &.78I

1.31 I 1.14 1.00 0.87 0.80 0.70 0.74 0.70 0.48 0.42 . 0.38 0.21 0.20 0.18 0.16 0.15
10.53: 11.87 12.87 13.54 14.34 15.04 15.78 16.48 16.96 17.39 17.76 17.98 18.17 18.35 18.61 18.66I

0.37 i 0.&9 0.13 1.13 1.21 1.&3 0.88 0.78 2.87 3.11 3.80 8.45 7.03 7.87 8.38 8.11i
I

0.13 1 0.18 0.21 0.24 0.21 0.23 0.11 0.08 0.23 0.23 0.22 0.34 0.31 0.28 0.26 0.24
-1.70 I -1.52 -1.31 -1.08 -0.86 -0.64 -0.53 -0.45 -0.22 0.01 0.24 0.67 0.88 1.16 1.42 1.65i

I
\. I

~
I

6'
-

8



~J
~
~
~

~
1

0
1

0
i

!~~
e

~
~at

,
-

C'\I~ol
-

....-
~

~
~
~
~

q
,
~I

~
~
~
~
~al

!
(/) 1

1
1

-
III

..:
~

~
~
a
l

8
i

i
w

I
•

I~!
~Sll

1
3

1
0

1
0II

5si
III;;ii

~Ij
ii:

I;~~
IIU

~...II~~~a l
i
S
I
;
-
l
C
i
~
~

a
a
~
~
a

4

iIi
iluUl1

··I
II

!
·

III
!i.

I
I

1~1

I
II

.jj!
!Ii-i

•
nU

nllU
lf'

J
·

UPUII!
I

~
JIlIn

hili'
J



~
~
~
~

~
~
~

INNW
-

.,:

iUun
In

I

!
I!fl

•

h
JUI'

·

ffl1dU
oS

Itil··
Ib,utJ

I
iII

i::::-

-
-
-
-
-
-
-
-
-
-
-

-
.
-
-
-
-
-

-----
-
-

-
-----

---
--------

-
_

.
-
-
-
-
-
-
-
-
.
-
-
-
-
.
-
.
-
-
-
-
-
-
-
-
-
_

._
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



:...i
~

TI*u Mcnn SUQlrsj Expoft cep.dly (1M) In 8euon 17.S1 111m
LM-..gIdA.av 0pI0n t . .-.Dulle 80% Av....,

Bna~.;SummaIY Year 0 c. 1 2 3

Tot.~ Hewn"'j" B.M_ (ftnanclal) 0.00 0.00 9.45 9.45

TotIII CoG I 1.~ 3.37 10.03 10.01

Tota' B08n~, Cub BAmFull Avoided Cost Contnlcta -1.80 -3.37 -0.69 -0.&7

otscauneddashRowSCream ($M) Total 4.56 Annual -1.60 -2.83 -0.42 -0.34
Swnmed~edCuhFiowa (SM) -1.60 -4.44 -4.85 -6.19

I

4 6

10.30 11.22

10.37 10.78

-0.07 '0.48

-0.04 0.19
-5.23 -5.03



~.o

!J 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21

12.23 1 13.33 14.&3 1&.14 17.27 18.82 20.51 22.36 24.37 26.&7 28.86 31.66 34.40 37.60 40.87 44.&5

11.20111.811 12.23 12.12 13.82 14.60 18.08 20.23 17.04 18.00 19.05 13.88 15.11 18.46 17.95 19.58I

1.03 i 1.84 2.30 3.12 3.35 4.22 2.45 2.13 7.34 8.&7 9.91 17.70 19.30 21.04 22.93 24."
I

0.30 0.22 0.84 0.83 0.81 0.92 0.84 o.n 0.71 0.65
0.36 ! 0.49 0.57 0.65 0.69 0.62

-4.87 i -4.18 -3.81 -2.96 -2.37 -1.75 -1.45 -1.22 -0.58 0.05 0.66 1.58 2.42 3.20 3.90 4.55

I
I
I

2
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I

ll*u AIaann 8ugIra I . Export CIPd'I (MW) In seuon t7.87 tltm
LM~FMaa: ,0pIan &, ..Dulle 80% Avfll6l:iitf

I

I
Revenues • ~neflt. Year 0 1 2 3 4 6,

I

InflationI
I

9ft e~ 1 (fda~l 265 $/kWh (jJYear)_

C8pitaI Peak 0.0450734 9% 0.00 0.00 1.82 1.82 1.98 2.16
Offpeak 0.0321963 9% 0.00 0.00 1.82 1.82 1.98 2.16

Enefgy Peak 0.0371271 9% 0.00 0.00 1.60 1.60 1.63 1.78!
Offpeak 0.0371271 9% 0.00 0.00 2.10 2.10 2.29 2.49I

Sue '9 2 <fdIn1I1 80
CapIaI Peak 0.0450734 9% 0.00 0.00 0.66 0.66 0.61 0.66

Offpeak 0.0321963 9% 0.00 0.00 0.66 0.66 0.61 0.66
Energy Peak 0.0371271 9% 0.00 0.00 0.46 0.46 0.60 0.64

I
Offpeak 0.0371271 n- 0.00 0.00 0.64 0.64 0.70 0.76

Other CUpd~ (addIIonaI product) 0 0.00 0.00 0.00 0.00 0.00 0.00
Other eost-8a .QS BenefU (Dfspl Ref. Egy.) 0 0.00 0.00 0.00 0.00 0.00 0.00

Tobit Hewn...l.SIM.: 1. Avoldld Energy Payments Only (ftnanclal) 0.00 0.00 4.70 4.70 &.12 &.&8
Total Hewn....l. SIMftts: 2. Full Avoldld Cost Conti.. (ftnanclal) 0.00 0.00 9AS 9.46 10.30 11.22

DIscooot~ 8ene(I Stream ($fA) Total 60.78 Annual 0.00 0.00 6.67 6.60 6.13 4.70
Sll1ll1ted~. BenefI Stream ($fA) 0.00 0.00 6.67 12.27 17.41 22.11

i
I
I
I.
i



I

___61 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

/p

~

2.36 2.57 2.80 3.05 3.33 3.63 3.95 4.31 4.69 5.12 5.58 6.08 6.63 7.22 7.87 8.682.36 2.51 2.80 3.05 3.33 3.63 3.95 4.31 4.69 5.12 5.58 6.08 6.63 7.22 7.8? 8.681.94 2.12 2.31 2.51 2.74 2.99 3.25 3.55 3.87 4.22 4.59 5.01 5.46 5.95 6.49 7.072.72 2.96 3.23 3.52 3.84 4.18 4.56 4.97 5.41 5.90 6.43 7.01 7.84 8.33 9.08 9.90

0.72 0.78 0.85 0.93 1.02 1.11 1.21 1.32 1.43 1.56 1.70 1.86 2.02 2.21 2.40 2.620.72 0.78 0.85 0.93 1.02 1.11 1.21 1.32 1.43 1.56 1.70 1.86 2.02 2.21 2.40 2.620.59 0.65 0.70 0.77 0.84 0.91 0.99 1.08 1.18 1.29 1.40 1.53 1.67 1.82 1.98 2.160.83 0.90 0.99 1.07 1.17 1.28 1.39 1.52 1.65 1.80 1.96 2.14 2.33 2.54 2.77 3.02
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.08 6.63 7.22 7.tI1 a.&8 I .• 10.20 11.11 12.12 13.21 14.31 1&.69 17.10 18.84 20.32 22.1&12.23 13.33 14.&3 1&.84 17.27 18.82 20.&1 22.38 24.37 28.&7 28.98 31.&8 34.40 37.&0 40.87 44.65
4.31 3.95 3.61 3.31 3.03 2.78 2.54 2.33 2.13 1.95 1.79 1.64 1.50 1.38 1.26 1.1526.42 30.36 33.98 37.29 40.32 43.10 45.64 47.97 50.10 52.06 53.85 55.49 56.99 58.37 59.63 60.78

..



~
~

I

I
TI*u AIoarIn SUgIrII Export C8pld'f (MW) In 6eaon 17.~ 1/1193
lA¥IrIgId FNlCfrV~t,..Dulls 80% A......,

I

cocmt1.~DII Year 0 1 2 3 4 5

Inffatlon Ra:
SIkWh (%/year)

Fuel 0.0184756 9% 0 0.58 2.34 2.34 2.65 2.78
Bagasse 0.0081285 9% 0 0.15 0.60 0.60 0.65 .0.71
Coal 0.0176268 9% 0 0.44 1.74 1.74 1.90 2.07
Trash 0.0218403 9% 0 0.00 0.00 0.00 0.00 0.00
Wood 0.0176266 9% 0 0.00 0.00 0.00 0.00 0.00
011 0.0203924 9% 0 0.00 0.00 0.00 0.00 0.00

Labor 0.001116 9% 0 0.05 0.19 0.19 0.21 0.23
SIdled 0.0004359 9% 0 0.02 0.08 0.08 0.08 0.09
UnskIIed 0.0006801 9% 0 0.03 0.12 0.12 0.13 0.14

Spate ParteNA NA 0 0.00 0.00 0.00 0.00 0.00
O&M 0.0079078 9% 0 0.34 1.36 1.36 1.48 1.62
Managemet 0.0015 9% 0.05 0.06 0.~6 0.26 0.28 0.31
TotaJ FInancfaI Vartahte Costs 0.05 1.04 4.15 4.15 4.52 4.93

DiscountedV~Cost Stream ($M) Total 28.37 Annual 0.05 0.87 2.93 2.46 2.25 2.06
SlI11I1led D!sco!fed Cost Stream ($M) 2-05 0.92 3.85 6.31 8.66 10.63

6



I

I

I
61 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21I

i

3.03 3.30 3.59 3.92 4.27 4.66 5.07 5.53 6.03 6.57 7.16 7.81 8.51 9.28 10.11 11.02o.n 0.84 0.92 1.00 1.09 1.19' '1.29 1.41 1.64 1.68 1.83 1.99 2.17 2.37 2.58 2.812.25 2.46 2.68 2.92 3.18 3.47 3.78 4.12 4.49 4.90 5.34 5.82 6.34 6.91 7.53 8.210.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.25 0.27 0.30 0.32 0.35 0.38 0.42 0.45 0.50 0.64 0.59 0.64 0.70 0.76 0.8.~ 0.910.10 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.19 O.~. 0.23 0.25 0.27 0.30 0.32 0.350.15 0.17 0.18 0.20 0.21 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.43 0.46 0.51 0.550.00 0.00 0.00 0.00 0.00 0.00 2.72 4.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001.76 1.92 2.09 2.28 2.49 2.71 2.95 3.22 3.51 3.83 4.17 4.55 4.96 5.40 5.89 6.420.33 0.36 0.40 0.43 0.47 0.51 0.56 0.61 0.67 0.73 0.79 0.86 0.94 1.02 1.12 1.225.37 5.85 6.38 6.95 7.58 8.26 11.73 13.90 10.70 11.66 12.71 13.86 15.11 16.46 17.95 19.56
1.89 1.73 1.59 1.45 1.33 1.~ 1.45 1.45 0.94 0.86 0.79 0.72 0.66 0.60 0.55 0.5112.52 14.25 15.84 17.29 18.62 19.84 21.30 22.75 23.68 24.54 25.33 26.05 26.71 27.31 27.86 28.37

/eP
--!-
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0.46

4.51
27.14

10.78

22.60
0.00
'0.00
2.03

15.54
-2.90
-2.94
0.00
0.00
0.00
0.00
0.00
0.00
5.84

-o.m

5.17
22.83

20.74
0.00
0.00
1.87

18.00
-3.38
-2.47
0.00
0.00
0.00
0.00
0.00
0.00
5.85

10.37

-0.67

19.03
0.00
0.00
1.71

20.03
-3.79
-2.07
0.00
0.00
0.00
0.00
0.00
0.00
5.87

5.94
17.48

-0.59

17.45
0.00
0.00
1.57

21.82
-4.15
-1.74
1.98
0.00
0.00
0.00
0.00
0.00
5.89

7.09
11.52

10.03 10.01

2.83
444

3.37

-3.37

1.80
1.60

1.60

1'1193

-1.80

Annual

17.87

66.23Total

Loan 1

Loan 2

Loan 3

Other cash FIowtJ

i

DIscounted ~otaI Cost Stream ($M)
Summed~ed Cost Stream ($M)

I

Tota. Flnanel•• cash Flows
I,

Discounted~ Flow Stream ($M) Total 4.55 Annual -1.60 -2.83 -0.42 -0.34 -0.04 0.19
Stnmed::red cash Flows ($M) -1.60 -4.44 -4.85 -5.19 -5.23 -5.03

I
I
I

!

1l*u AnJagn SUgn! Export Capdy (lAW) In SUsan
l.e'41Rg1d FMalg:lOpIon8. HIgh CulM QO% AvllllMtf

I

- ,Nltiiwm& FIk:lIIII!!Ct!lla-...~--------------------------------
Investment In fixed Plant ($ M) 15.55 23.32
Equity ($ M) • 10.00% 1.55 2.33

Loan Outstandfng 8.22 18.08
Interest Payments 0.00 0.00
p...... Payments 0.00 0.00
Interest Dwfng Grace Period 0.00 0.00
Loan Outstandfng 7.n 20.10
Interest Payments 0.00 0.00
P~ Payments 0.00 0.00
Interest Dwfng Grace Period 0.00 0.00
Loan 0t1standfng 0.00 0.00
Interest Payments 0.00 0.00
p...... Payments 0.00 0.00
Interest During Construction 1.33 3.44
DIY. to Eqlity Investors 0% 0.00 0.00

ToUIln~& FInancing Costs 1.55 2.33

TotI1CoIfI

~"
7



24.64 26.86 29.27 31.91 31.89 28.42 24.64 20.53 16.04 11.14 5.81 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 -2.87 -2.87 -2.56 -2.22 -1.85 -1.44 -1.00 -0.52 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 -2.89 -3.47 -3.78 -4.12 -4.49 -4.89 -5.33 -5.81 0.00 0.00 0.00 0.00 0.002.22 2.42 2.63 2.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0012.60 9.11 4.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-2.34 -1.68 -0.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-3.49 -4.16 ....95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00· 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.005.83 5.84 5.85 5.76 6.34 6.34 6.34 8.34 6.34 6.34 6.34 0.00 0.00 0.00 0.00 0.00
11.20 11.69 12.23 12.72 13.12 14.80 18.08 20.23 17.04 18.00 19.05 13.86 16.11 16.46 17.95 19.56
3.94 3.46 3.04 2.66 2.44 2.15 2.24 2.11 1.49 1.32 1.18 0.72 0.88 0.60 0.65 0.5131.09 34.55 37.59 40.25 42.69 44.85 47.09 49.19 50.69 52.01 53.19 53.91 54.57 55.17 55.73 58.23

1.03 1.64 2.30 3.12 3.35 4.22 2.45 2.13 7.34 8.57 8.81 17.70 18.30 21.04 22.93 24.99
0.36! 0.49 0.57 0.85 0.59 0.82 0.30 0.22 0.64 0.63 0.61 0.92 0.84 0.77 0.71 0.65

-4.87 i -4.18 -3.81 -2.96 -2.37 -1.75 -1.45 -1.22 -0.58 0.05 0.66 1.58 2.42 3.20 3.90 4.55
i

/~
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APPENDIX B3:

Financial Spreadsheets:
VSSK



VSSK, SqII Export C8paclty (MW) In season 12.04
100%~ 0pI0n 6, H~ DutIes, No tJcPtI 89% Avalablltty

1

824.98
873.89
-48.93

1018192

Local
Currency

NJA
NJA
NlA

514.69

1.18
1.93
2.26

NJA
NJA
NlA

18.300

$Us Local Curr--..y

125,049,744
89,180,644

13.9
$18.38

42.17
80.02
80.82

$38.85 1,087.i2 $29.48
$31.48 881.51 $31.21
fT.37 206.41 ($1.15)

1.23 (J.94

24.92% 1542%
24.92% NA
0.96% -0.26%

3 NA
$1.99 55.66 $0.86 24.0lJ
SO.41 11.60 NA
$1.72 48.27 $1.72 48.27
$1.72 48.27 $1.72 48.'"

-!O~_~:~~"'M'_""'!!.'~"'~'~=_'''I

Financial IEconomic
Local

$Us ClJ:rency f $Us

-

.-on.
MBons
MIIons

ve-a
..M8TU
..M8TU....

MaIM
IMaM

_I - -

NeI_aIQ!RMIdln

TofII AnnulI Ell =IIIcfty ProcIucIon kWh
TofII AnnulI EIIcfIIcfty Export kWh
A--. PcNw EIpOft WI
ToW Im.fa_at MII!iOMA--.ElIE'lcity OeI.....rton Coet mIIsM\tI
Awrage'" PurcMM PrIce mII8I1tWh
A...-8yItIm A¥OIded Coet mIIsM'f'h
a......... coct UeIng~pl IMJ\tIII F....

-hsh mIIaM\'h
-eIIgIs mIIIsI1cWh

-cc* mIsM\'h

.......V ofBer...
"-'tV ofCoD
ft""eS "-'tv....
BeMIt Coet RIIIo:
IntIrMI~of ReUn fJN"a)
IntImII~ofA-.n (poeNa)
AI-......1IeMlftcoct RatIo
PaP IEll PerIod (un~"nunted)
FUll NI'1IIIEk v.....
A-.FUlleo.t
ToCII Dll;h =III 01 Vilue per V..
~Bleb: SptImOi UN"V..

_L _. . .•01 U8ed In Host Del V..

L'4oee: DoI8r1aInI..1n, Paont mila obIwIM IncIcaIlId

lflnanclal & E'

/~
d-



1018192

824.98
873.89
-<C8.93

Local
CwrMCy

19.00%

N1A
HlA
HIlt.

514.69
1.66
1.84
2.28

Local CUTency

N1A
N1A
HIlt.

18.300

$Us

125.049.7....
89,180,544

13.9
$18.38

59.39
58.58
80.82

Dlscow\t Rats •

Financial IEconomic
Local

sus Cwrency I $Us

TOCII AnnulI Ellcfltcfty ProductIon kWh
TOCII AnnulI EIectrIcIy Export kWh
A".,.Power EIpOIt MIN
TotIIlnwIlII.-. MIIfIons
Aver.ElIcfllcftyo.wllllon Coet rnIb1tWh
Aver.PoMr~PrIce mlllsn<Wh
A-.SydImA~Coet m\lS/1(Wh
o.n..aon Coet UcIng SUppl...,taI Fueh

-trash mlIfs.1<Wh
-oIIIgu mIs.1<Wh

ocoef m1s,1(Wh
..... al~m..ltIn DOW. CMMralon

VSSK, SIngII Export CIpacltv (MW) In Season 12.04
l..8venIgId Financt"'1: Opaon 8, HI(tI DuUeI, No 1.Q'lIta 89% AV811ab11ty

iTecbnlqal & Generation Cost Summary

IBMnclsl &Economic Analysis Summary

"'-'tv of EleMftIll MllIIons $32.87 820.28 $29.48
......v ofCoN MllIIons $30.03 840.90 $31.21..........v..... Paons $2.83 79.37 (S1.75)
BInIfttCGct RatIo: 1.09 0.94
IntIrMIRlllofReun~) 24.81% 15.42%
IntIrMI RIll of Reun (pcMt-ta) 24.81% Nit.
Anftcrelrecfs.n.atea.tRdo 0.41% -0.26%
~1:kPedod(~ yeers 1 Nit.
FUll Nettnlc v..... per MBTU $1.39 38.85 $0.86 24.08
AvtnlgeFUllCoIt perMBTU ilH1 11.50 Nit.
TOCIIDI pT u.OIV"perV.. ~ $1.72 U..27 II \~1.72 <48.27

orsp.:ed EIecfrfc Systlm 01 U.. per V.. MBons $1.72 48.27 ~1.72 <48.27l: 1JI1p.e.d0l UMd InHost~!!!W_~ . S9~_."~~........L""N......!2"~N ..,,_JM~L ...
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VSSK,S• .-....:I I Export C8peclty (MW) In seuon 12.04 10J1W2I
lA'4wlQlJd FlMlldllg.~ e,~ DuUes, No LJsJ1Ita 89% Av8llebllty

E~~ • Year 0 1 2 3 4 5

Total Hewnues il Beneftts (ftnanclal) 0.00 0.00 5.11 6.11 6.67 8.07

TotaJCosts 1.41 3.27 4•• 4.86 6.14 6.34

TOta' Flnane'-' cash flOWl Full Avoided Cost Contracts -1.41 -3.27 0.15 0.18 0.43 0.72

Diswtned 91811 Flow Stream ($M) Total 2.83 Annual -1.41 -2.75 0.10 0.09 0.21 0.30
Summed D~nted cash Flows ($M) -1.41 -4.16 -4.06 -3.96 -3.75 -3.45



/:;:>
/'

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21\
8.61 7.21 7.86 8.57 9.34 10.18 11.09 12.09 13.18 14.36 16.66 17.07 18.60 20.28 22.10 24.09
5.57 5.83 8.11 8.37 8.97 7.33 9.01 10.07 8.81 9.11 9.66 7.';.7 1.92 8.83 9.41 10.28

1.04 1.38 1.74 2.19 2.38 2.85 2.09 2.02 4.57 6.25 5.99 9.80 10.68 11."4 12.89 13.83

0.37 : 0.4. 0.43 0.46 0.42 0.42 0.26 0.21 0.40 0.39 0.37 0.51 0.47 0.43 0.39 0.36-3.08 -2.67 -2.24 -1.78 -1.36 -0.94 -0.69 -0.48 -0.08 0.31 0.68 1.19 1.66 2.08 2.48 2.83

•
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VSSK. SengI i Export C8peIclty (MW) In Season 12.04
Lavenlgld FiMllclng:topIan 8,~ DuIee, No LIgnItI 89% Avallabllty

I

~~

Revenues & 'Ieneflts Year 0 1 2 3 4 5
Inflation

Season 1 (Ida~~ 200 $/kWh (%/year)

capital Peak 0.0834491 9% 0.00 0.00 1.07 1.07 1.17 1.27
Offpeak 0.0278164 9% 0.00 0.00 1.07 1.07 1.17 1.27

Energy Peak 0.0289286 9% :>.00 0.00 0.37 0.37 0.40 0.44
Offpeak 0.0196429 9% 0.00 0.00 0.76 0.76 0.82 0.90

Season 2 lIda\fll 102
capital Peak 0.0532192 9% 0.00 0.00 0.50 0.50 0.55 0.60

Offpeak 0.01n397 9% 0.00 0.00 0.50 0.50 0.55 0.60

Energy Peak 0.0289286 9% 0.00 0.00 0.27 0.27 0.30 0.33
Offpeak 0.0196429 9% 0.00 0.00 0.56 0.56 0.61 0.66

Other output bef1efits (additional product) 0 0.00 0.00 0.00 0.00 0.00 0.00
Other eost-Sa'41g8 Benefits (Dtspi. Ref. Egy.) 0 0.00 0.00 0.00 0.00 0.00 0.00

Total Re"n~. Benefits: 1. Avold«t Energy Payments Only ,lInanclal) 0.00 0.00 1.96 1.96 2.14 2.33
Total Rewn.-. • Beneftts: 2. Full Avoided Cost Contracts (financial) 0.00 0.00 5.11 5.11 5.57 6.07

I

~d BenefI Stream ($M) Total 32.87 Annual 0.00 0.00 3.61 3.03 2.78 2.54,
Summed c. BenefI Stream ($M) 0.00 0.00 3.61 6.64 9.41 11.96

2



1.39 1.51 1.65 1.79 1.96 2.13 2.32 2.53 2.76 3.01 3.28 3.58 3.90 4.25 4.63 5.051.39 1.51 1.65 1.79 1.96 2.13 2.32 2.53 2.76 3.01 3.28 3.58 3.90 4.25 4.63 5.050.48 0.52 0.57 0.62 0.68 0.74 0.81 0.88 0.96 1.04 1.14 1.24 1.35 1.47 1.61 1.750.98 1.07 1.16 1.27 1.38 1.51 1.64 1.79 1.95 2.13 2.32 2.53 2.75 3.00 3.27 3.56

0.65 ' 0.71 0.78 0.85 0.92 1.00 1.09 1.19 1.30 1.42 1.55 1.68 1.84 2.00 2.18 2.380.65 0.71 0.78 0.85 0.92 1.00 1.09 1.19 1.30 1.42 1.55 1.68 1.84 2.00 2.18 2.380.35 0.39 0.42 0.46 0.50 0.55 0.60 0.65 0.71 o.n 0.84 0.92 1.00 1.09 1.19 1.290.72 0.79 0.86 0.94 1.02 1.11 1.21 1.32 1.44 1.57 1.71 1.87 2.03 2.22 2.42 2.63
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00a.54 2.78 3.01 3.29 3.58 3.90 4.25 4.84 &.05 &.&1 8.01 6.5& 7.13 7.78 8.48 9.246.61 7.21 7.86 8.67 9.34 10.18 11.09 1~.09 13.18 14.36 1&.66 17.07 18.80 20.28 22.10 24.09
2.33 2.13 1.95 1.79 1.64 1.50 1.38 1.26 1.15 1.06 0.97 0.89 0.81 0.74 0.68 0.6214.28 16.42 18.37 20.16 21.80 23.30 24.68 25.94 27.09 28.15 29.12 30.00 30.82 31.56 32.24 32.87

\'

/~-'"
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VSSK. SanglI I Export Cef*:lty (MW) In season 12.04 10/8192
l.awr8cY...1 FlnlncingJ Opdon 8. HiltI DutIes. No lJcPtII 89% Availablfty

4 5

1.26 1.37
1.26 .1.37
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.21 0.23
0.08 0.09
0.13 0.14
0.00 0.00
0.70 0.76
0.20 0.22
2.37 2.58

2 3

1.15 1.15
1.15 1.15
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.19 0.19
0.08 0.08
0.12 0.12
0.00 0.00
0.64 0.64
0.19 0.19
2.17 2.17

o 1

o 0.29
o 0.29
o 0.00
o 0.00
o 0.00
o 0.00
o 0.05
o 0.02
o 0.03
o 0.00
o 0.16

0.05 0.05
0.05 0.54

Million Dollars

Year

Inflation Rate
$/kWh (%lyearL

Fl'-' 0.0129131 9%
Bagasse 0.0092095 9%
Coal 0.017922 90/0
Trash 0.0222063 9%
Wood 0.017922 9%
Oil 0.0221333 9%

l..abof' 0.0015354 9%
Skilled 0.0005998 9%
UnskiUed 0.0009356 9%

Spare PartE NA NA
OlM 0.0051449 9%
Managernet 0.0015 9%
Total Financial Variable Costs

Discounted Varijlbfe Cost Stream ($M) Total 14.86 Annual 0.05 0.46 1.54 1.29 1.18 1.08
Sunvned~edCost Str~ ($M) 0.05 0.51 2.04 3.33 4.51 5.60

----~;,<!------------------------------------Costs" Invertmenta
VarfabC. Costs :

~
-~



1.49 ' 1.63 1.n 1.93 2.11 2.29 2.50 2.73 2.97 3.24 3.53 3.85 4.19 4.57 4.98 5.431.49 1.63 1.n 1.93 2.11 2.29 2.50 2.73 2.97 3.24 3.53 3.85 4.20 4.57 4.98 5.430.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.25 0.27 0.30 0.32 v.35 0.38 0.42 0.45 0.50 0.54 0.59 0.64 0.70 0.76 0.83 0.910.10 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.30 0.22 0.350.15 0.17 0.18 0.20 0.21 0.23 0.25 0.28 0.30 0.33 0.36 0.39 0.43 0.46 0.51 0.550.00 0.00 0.00 0.00 0.00 0.00 1.29 1.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.83 0.91 0.99 1.08 1.18 1.28 1.40 1.52 1.66 1.81 1.97 2.15 2.34 2.55 2.78 3.030.24 0.26 0.29 0.31 0.34 0.37 0.41 0.44 0.48 0.53 0.58 0.63 0.68 0.74 0.81 0.882.82 I 3.07 3.35 3.65 3.98 4.33 6.01 7.08 5.61 6.12 6.67 7.27 7.92 8.63 9.41 10.26
0.99 0.91 0.83 0.76 0.70 0.64 0.75 0.74 0.49 0.45 0.41 0.38 0.35 0.32 0.29 0.276.59 7.50 8.33 9.09 9.79 10.43 11.17 11.91 12.40 12.85 13.27 13.64 13.99 14.31 14.60 14.86

212019181716
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VSSf<. 8angII Export Cepeclty (MIN) In Stuon 12.04 10J8192
LftIf8llJed nneudllg: lOpaon e.~ Dutes. No LQ1Ie. 89% Avallblllty

I
I

Investment II Filled Costs
I

Investment In FIxed Plant ($ M) 7.35 11.03
Equity ($ M) = 10.00% 0.74 1.10

Loan 1 Loan Outstanding 2.94 7.60 8.25 9.00 9.81 10.69
Interest Payments 0.00 0.00 0.00 0.00 0.00 0.00
P~Payments 0.00 0.00 0.00 0.00 0.00 0.00
Interest During Grace Period 0.00 0.00 0.74 0.81 0.88 0.96

Loan 2 Loan Outstanding 3.68 9.51 10.32 9.49 8.51 7.35
Interest Payments 0.00 0.00 -j.96 -1.79 -1.60 -1.37
Principal Payments 0.00 0.00 -0.82 -0.98 -1.17 -1.39
Interest During Grace Period 0.00 0.00 0.93 0.00 O.CO 0.00

Loan 3 Loan OUtstanding 0.00 0.00 0.00 0.00 0.00 0.00
Interest Payments 0.00 0.00 0.00 0.00 0.00 0.00

I Principal Payments 0.00 0.00 0.00 0.00 0.00 0.00
Other cash FIowtJ Interest During Construction 0.63 1.63 0.00 0.00 0.00 0.00

DiY. to Equity Investors OOk 0.00 0.00 0.00 0.00 0.00 0.00
Totallnvest~t 1& Financing Colts 1.36 2.73 2.78 2.n 2.n 2.76

Total CollI 1.41 3.27 4•• 4.95 5.14 5.34

Ofscoonted liotal COSt Stream ($M) Total 30.03 Annual 1.41 2.75 3.50 2.94 2.56 2.24
Sunvned O~ltedCOSt Stream ($M) 1.41 4.16 7.67 10.60 13.16 15.40

!

Total Fln8ncl~1 cash FloW8 -1.41 -3.27 0.15 0.16 0.43 0.72

Ofscotned Oash Flow Stream ($M) Total 2.83 Annual -1.41 -2.75 0..'0 0.09 0.21 0.30
Summed olscotjnted Cash Flows ($M) -1.41 -4.16 -4.06 -3.96 -3.75 -3.45

(
I
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11.65 12.70 13.84 15.09 15.08 13.44 11.65 9.71 7.58 5.27 2.75 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 -1.36 -1.36 -1.21 -1.05 -0.87 -0.68 -0.47 -0.25 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 -1.37 -1.64 -1.79 -1.95 -2.12 -2.31 -2.52 -2.75 0.00 0.00 0.00 0.00 0.00 .
1.05 1.14 1.25 1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.005.96 • 4.31 2.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-1.11 -0.79 -0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-1.65 -1.97 -2.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 O.or 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 U.OO 0.00 0.00 0.00 0.002.76 2.76 2.77 2.73 3.00 3.00 3.00 3.00 3.00 3.00 3.00 0.00 0.00 0.00 0.00 0.00
5.67! 5.83 6.11 6.37 6.97 7.33 9.01 10.07 8.61 9.11 9.66 7.27 7.92 8.63 9.41 10.26
1.96 1.73 1.52 1.33 1.22 1.08 1.12 1.05 0.75 0.67 0.60 0.38 0.35 0.32 0.29 0.2717.36 19.09 20.61 21.94 23.17 24.25 25.36 26.41 27.17 27.84 28.44 28.81 29.16 29.48 29.77 30.03

1.04 1.38 1.74 2.19 2.36 2.85 2.09 2.02 4.57 5.25 5.99 9.80 10.68 11.64 12.69 13.83
0.37 I 0.41 0.43 0.46 0.42 0.42 0.26 0: 'l.40 0.39 0.37 0.51 0.47 0.43 0.39 0.36-3.08 : -2.67 -2.24 -1.78 -1.36 -0.94 -0.69 -0.48 -0.08 0.31 0.68 1.19 1.66 2.08 2.48 2.83
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APPENDIXC:

Model Power Purchase Contract Provisions



ENERGY PURCHASE AGREEMENT
BETWEEN

____ SUGAR MILL
AND

___ STATE ELECTRIC BOARD

TABLEOFCQ~

1 Parallel Operation: •••.••.••••••••••••••••••••• Page 2

2 Energy Purchases, Sales, Rates, Wheeling, and Banking; Billing
and Payment: ••.••.•.•.•..••.••.•••••.••.••• Page 2

3 Facilities Owned and Operated by the MiIJ.: ••..•••••.•• Page 5

4 Interconnection Facilities Owned by the SEB:' • • • • • • • • • •• Page 5

5 Continuity of Service: ••••••••••.••..•••••••••••• Page 6

6 Personnel and System Safety: •••••••••••.••••••••• Page 7

7 Metering:. · . • . • • . • • • . • • . • • • • • . . • . • • • . • .. • • •• Page 8

8 Permits and Licenses: •••••••••••••••••••••••••• Page 8

9 Term:. • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • •• Page 9

10 Events of Default and Termination: ••••••••••••••••• Page 9

11 Indemnification:.. • . • • • • • • . • • • • • . • • • • • • • • • • •• Page 11

12 Assignment: ••.••.••••••.•••••••••••••••••• Page 12
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~
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1
2
3
4
5
6
7.
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

fi~NERGY l'URCllASE AGREEMENT
BETWEEN

____ SUGAR MlLI.I
AND

STATE ELECTRIC BOARD----

This Contract Is made this day of , hereinafter
called the Contract date, by and between SugtU Mill
hereinafter called the Mill 81i\d the Smte Electric Board herein-
after called the SEB.

WHEREAS, tbe Millis engaged In the business of sugar
manufacturing and in ,:onnect.lon therewith owns a small energy-production
facility which is locaterj In the state of _ and is more fully
described in Appendix A (see Ilage 18) attached hereto and made a part
hereof; and

WHEREAS, the SEB is ann operating electric public utility
in the state of ; and

WHERE1aS, the MiU desires to deliver to the SEB elect.rlc energy
generated by the Mill's facility, for simultaneous or subsequent transport to
a designated third party, and the SEB wishes to charge the MUl a fee for
such service hereinafter a.~led Wheeling and is more fully described in
Appendix F (see Page 31) attached hereto and made a part hereof; and

WHEREAS, the MiU d~;iI'es to deliver to the SEB electric energy
generated by the MUI's facilit~', for credit against future MUl purchases of
electric energy, and the SEB wishes to charge the MiU 8 fee for such service
hereinafter called Banking; and

WHEREAS, the MUl desir~ tt sell to the SEB electric energy
generated by the Mill's faeiDty, and the SEB wishes toO purchase such
energy from the MiU, upon the terms aud conditions set forth hereio;

WHEREAS, the MUI desire.~ to sell to the SEB capacity supplied by
the MiU's facility, and the SEB wishes to purchase such capacity from the
MiU, upon the terms and conditions set forth herein;

NOW, THEREFORE, in consideration of the premises aod their
respective promises fterein,-the SEB and the MIa hereby agree as follows: ._nn.o_u ••·n

Dtwft R
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1

Page 2

Pamllel Operation:
The SED shall allow the Mill to Interconnect and operate In parallel

with the SEB's system subject to the terms and provisions of this Contract.

1
2
3
4
5 2 Energy Purchases, Sales, Rates, WI,eeUng, and Banking; BUllng and .
6 Payment:
7 2.1 The SEB shall aOO4lpt all energy made avnllable directly to the
8 • SEB's system from the Mill's facility, which the Mill shall
9 deliver pursuant to the terms and conditions of this Contract,

10 the rates for which are fully described In Appendix B (see
11 Page 21) attached hereto and made a pant hereof.
12 2.2 Sales of energy by the SEB to the MUI s!Jall be governed by
13 the applicable SEB tariff for facilities with similar capacity
14 and energy demand and not by this Contruct.
15 2.3 Each month the Mill shall prepare an invonce Indicating wha~

16 quantities of electric energy delivered by the MUI to the SEB
17 during the previous calendar month are de.'ilgnated as Banked,
18 Wheeled, and sold. All energy delivered by the SEB shall be
19 designated in O~Ae of three categories and, according to the
20 time of day dt:livered, either on peak or ofT peak9
21 2.3.1 All, or a portion of the value of electric energy
22 delivered on peak may be designated for on peak
23 Banking. This energy may be used by the Mal for
24 future credit against future energy purchases by the
25 Mill from the SEB.
26 2.3.2 All, or a portion of tbe value of' electric energy
27 delivered on peak may be designated for WheeUng.
28 This energy may be used by the third party
29 designated in the Wheeling Memorandum in
30 Appendix F (see Page 31) for future credit against
31 energy purchases by the third party from the SEB.
32 2.3.3 All, or a portion of the electric energy delivered on
33 petak may be designated net energy for sale to the
34 SEB. This energy shall be purchased by the SEB for
35 its own use.
36 2.3.4 The sum of all of the energy designated in Sections

r----TT- ----------- ----- -- -- 2.3.i, 2.3.2, and 2.3.3 above shall be equal to the on



1
2
3
4
5
6
7
8 •
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
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2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11

peal( energy delivered by the Mill to tbe SED during
the month.
All, or a portion of the volule of electrk energy
delivered off-peak m!!y be designated f(lr off-peak
Banking. This energy may be used by Ithe Mill for
future credit against future energy pur(:hases by the
Mill from the SEB.
All, or a portion of the value of electric energy
dell,'ered off-peak may be designated for Wheeling.
This ~nergy may be us(:d by the third purty
designated in the Wheeling MemorandulD In
Appendix F (see Page 31) for future credit against
energy purchases by the third party froln the SEB.
All, or a portion of the electric energy dlellvered ofT
peak may be designated net energy for slIde to the
SEB. This energy shall be purchased by the SEB for
its own use.
The sum of all of the energy designated in Sections
2.3.5, 2.3.6, and 2.3.7 above shall be eqll1al to the ofT
peak energy delivered by the Mill to the SEB during
the month.
The value of electric energy credited to tbe Mill for
Banked energy shall be e(IUal to the value the Mill
would have received had !the Mill sold the energy to
the SEB at the same on-peak or ofT-peak t:ime of day.
The value of electric energy credited to thle thira
p'1rty for Wheeled energy shall be equal tOI the value
the Mill would ha1,e received had the Mill sold the
energy to the SE!I at the same on-peak or ofT-peak
time of day.
Banked energy c"'edit in excess of the highEst monthly
energy purchase., by the Mill from the SE1Jr, in any of
the previous twelve (12) months shall be deemed
excess energy. The SEB shall pay the Mia for the
exce.c;~ Ranl{1~d f~nergy and lI'ed,lIce the Bank4~d energ)'
credit by a corresponding amount.

Page 3
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---.----_._--------- --------------. __._-----_.--_._.-.-_._---._-

The Invoice shall be delivered to the SEB on or before the
nfth (5th) working day of the following month hereinafter
called the Invoice date. Where direct sale of energy by the
Mill to the SEB has occurred, the SEB shall make payment on
such Invoice to the Mill within twenty (20) working days of
the receipt of the Invoice. A blank Invoice and sample Invoice
are Illustrated In Appendix C (see Page 24) attached hereto
and made a part hereof.
The rate for all energy delivered by the Mill to the SEB shall
be adjusted upward or downward to compensate for InOatlon.
ThAs adjustment shall be based on an inOator. The In:lator
will be calculated according to a formula based on a group of
Indices, hereafter called the Composite Energy InOatlon
Index (CEll). The formula, illustrated In Appendix B (see
Page 21), is determined by dividing the CEll in effect at the
Invoice date by the CEll in effect at the Contract date. The
energy price in effect during the billing period will be
determined by multiplying the fixed (non-lnOated) energy
price by the inflator.
The SED shall pay, to the Mill, a payment for capacity. This
capacity payment shall be in addition to the energy p8YJtDent
and shall only be for energy designated, and delivered, as on
peak net energy for saKe to the SED. The monthly payme.-t
shall be the price for capacity multiplied by the designated
and delivered on peal'( KWH.
Any payment not malie to the MiU on or before the twentieth
(20th) working day afler receipt of the Invoice by the SEB
shall accrue interest at the highest prevailing rate charged for
long term loans ~y th«~ Indian Development Bank untO the
outstanding inter~1 al1d invoiced amotlnts are paid in full.
Partial payments shall be applied first to outstanding but
unpaid interest and then to outstanding but unpaid invoiced
amounts.

2.4

Z.5

2.6

2.7
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1 3 FacUlties Owned and Operated by the Mill:
2 3.1 The Mill shall furnish, Install, own, operate, and maintain
3 equipment and records more fully described in Appendix A
4 (see Page 18). The Mill shall follow such operating procedures
5 on Its side of the electric Interconnection point with the SEB's
6 system as are consistent with applicable laws and rules, and
7 the terms and conditions of this Contract.
8 . 3.2 All electrical equipment shall be furnished and installed
9 consistent with the orders of the Chief Electrical Inspector to

10 Government.
11 3.3 The Mill further agrees to mal(e no material changes or
12 add!t!ons to its facility which, It believes, would have an
13 adverse effect on the SEB's system, or amend the single-line
14 diagram, relay list and/or trip scheme of Appendix A (see
15 Page 18) without the SEB's prior written agreement. The
16 SEB agrees that such agreement shall not be unreasonably
17 withheld.
18 3.4 Without limiting the foregoing, the Mill shan install, operate,
19 and maintain its facility in accordance with accepted good
20 engineering practices in the electric industry. ,The Mill's
21 operation and maintenance schedules and staffing shall be
22 adequate to meet this standard at all times.
23
24 4 Interconnection Facilities Owned by the SBB:
25 The SEB shall furnish, instan, own:t operate, and maintain
26 interconnection equipment and records for parallel operation with the
27 MiU's facility.
28 4.1 The SEB shall follow such operating procedures on its side of
29 the electric interconnection point with the Mill as required to
30 accept energy from the MiU's facility.
31 4.2 Further, the SEB shall, operate consistent with applicable laws
32 and rules, and the terms and conditions o~ this Contract.
33 4.3 All electrical equipment shall be furnished and installed
34 consistent with the orders of the Chief Electrical Inspector to
35 Government.
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4A The interconnection faclUtles, to be owned by the SED, are set
forth In A.ppendlx E (see Page 30), attach~d hereto and made
~ part hereof..

Continuity of Service:
5.1 The I~EB may require the Mill to temporarily curtail,

interrupt.. or reduce deliveries of f:nergy only when necessary:

5.1.1 for the SEB to construct, install, maintain, repair,
replace, remove, Invest~gate, cr inspect any of Its
equiplnent or any part of ~is system that is affected by
the Mill's (acllit)',

5.1.2 if the SEB determines that the (ontinued operation of
the fqcility may endanger the SED's personnel or
electlrlc system, or electric service to the SEB's other
customers; or

5.1.3 due to a condit~on of Force Mi\leure.
5.2 In any such event as described Fn 5.1.1, 5.1.2 and 5.1.3:,1 the

SEB shall take all reasonable steps to minimize the number
and duration of such interruptions, curtailments, or
reductions.

5.3 In any such event as described in 5.1.1, 5.1.2 and 5.1.3, the
SEB shali pot. be obligated to accept or pay for any energy
from the ~~ill, except for such energy that the SEB notifies
the Mill that it is able to take during this period.

5.4 The SEB shall avoid scheduling any event as described in
5.1.1 above to the extent reasonably practical during the
MiD's operations. V\There the scheduliqg of such an event
during the MUI's oper"tions cannot be avoided, the SEB shall
provide the MiU with at lea.:,'t twenty-four hours (24) advance
oral notice with subsequent wr;tten confirmation of any
period described in subsection 5.1.1 to allow the MiU to cease
the delivery of energy or capacity to the SEB..

5.5 If theSEB fails to comply with the provisions oi subsection
5.4 the en~rgy not delivered shall be deemed delivered, and
the SED shall pay the full price of the energy as if the

- cu-rtailment,~~escribeam su6sectioii--~T~r1iad not--occurrea:-------~-
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the Mill's facility may endanger the safety of pel'sons
and/or property; and/or

6.1.2 the continued operation of the Mill's facliity may
endanger the integrity of the SEB's electric system or
have an adverse etTe.r.:t on the electric sel'vice of the
SEB's other customers.

The MUI's facility shall remain disconnected until such time
that the condition(s) referred to in 6.1.1 and/or 6.1.2 of this
Section have been corrected, and the SEB shaD not be
obligated to accept or pay for any energy from ihe Mill
during such· period.
IC the SEB disconnects thf~ Mill from the SEB's system, it
shall immediately notify the Mill by telephone and confirm in

-.-writing lIie- Teasons for the dlsconneCfion.--many such event, 
the SEB shall only be obligated to accept or pay for energy

5.6 A claim by the SED that a period referred to In subsections
5.1.2 or 5.1.3 has occurred or will occur Is subject to
verification by the Mill Including, but not IImlt.ed to,
inspections of equipment, records and interviews with SEB
statT.

5.7 In order to allow the MUI's facility to remain on.~line and to
minimize Interruptions to Mill operations, the Mill may
provide automatic equipment that will Isolate the Mill's
facility from the SEB's system during large system
disturbances; provided that such automatic equipment has
received the written agreement of the SEB pr.or to
installation, to insure compatibility with the SEE's system.
Such agreement shall be withheld only If such char.ges or
additions endanger the safety of persons or property or have
an adverse impact on the electric service of the SEB's other
customers.

Personnel aDd System Safety:
6.1 Notwithstand.ing any other provisions of this Contract, the

SEB shall have the right to disconnect the Mill's facility from
the SEB's electric system, if at any time the SEB determines
that:
6.1.1

6.2

6.3

Drtifl R
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that the SE:B notifies the Mill It Is able to take during this
period.

6.4 The claim of occurrence of any event as described In thl!~

section shall be subject to veritlcatlon by the Mill.

8 Permits and Licenses:
The Mill shall obtain, at the MUI's expense, all author:izations,

permits, and licenses required for the construction and operation of the
MiU',v; facilities and any interconnection facilities, induding but not limiu~d

to rights-of-way or easements. The SEB shall provide reasonable assistance
to the MiU to obtain the same if so requested by the Mill, with costs to bt~

reimbursed to the SEB up to an amount mutually agreed! upon in advance.

7 Metering:
7.1 The SEll will supply, own, and ma'ntain all necessary meters

and u!lsoclated equipment utilized for bilUng 9nd energy
purchase.

7.2 The m,eters and associated equlpmpnt will be tested Sind read
in accordance with accepted good engineering practices In the
electric industry.

7.3 The SEB will, at leam once each year during the term hereof,
test m~tering equipment for accuracy in the presence of a
representative of the Mill, if the Mill elects to have a
rer,resentative present. If said metering equipment Is found
to be inar..curate by more than two percent (2%), 3n
adjustment for the full amount of such inaccuracy in past
billings will be made within thirty (30) working deys by tmte
party to the other on the basis that an~ inaccuracy so
discovered shall be conclusively presumed to have existed for
half (1/2) the period between the last meter test and the meter
test in which the inaccuracy was discovered.

7.4 The MiU shall t:'rovide, at no expense to the SEB, a suitable
location for meters and associated equipment used for bOling
and energy purchase.

Page 8
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Events or Derault amJ Termination:
10.1 The occurrence of any of the following events at any time

during the term of this Contrac..1: shall constitute an Event of
Default by the Mill:
10.1.1 failure to pay to the SEB any amount payable and

due under this Contract within sixty (60) calendar
days after receipt of invoice; or

10..1.2 failure on the part of the MiU to use reasonable
diligence in operating, maintaining, or repairing the
Mill's facility, such that the safety of persCins and
property, the SEB's equipment, or the SEB's service
to others is adversely affected; or

10.1.3 failure or refusal by the Mill to perform its material
obligations under this Contract; or

10.1.4 abandonment of its Interconnection facilities by the
Mill or the discontinuance by the MHl of services
covered under this Contract unless such
discontinuance is caused by Force Mi\leure or an
event of default by the SEB.

10.2 The occurrence of any of the following at any time during the
term of this Contract shall constitute an Event of Default by
the SEB:
10.2.1 failure to pay to the Mill any amount payable and due

Dudel this Contl'act within sixty (60) calendar days-m ..
after receipt of invoice; or

1
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10

Term:
9.1

9.2

9.3

Except where;, terminated by default the term of this contract
shall be tela (10) years.
Except where terminated by default, this Contract provides
that, not earlier than s~ven (7) years after the first day of the
month following t.he Contract date, either party may terminate
the Contract upon thirty-six (36) months advance written
notice.
If such notice is not given, tbe contract shall automatically
extend on a y'ear-to-year basis untU such notice requirement Is
met.
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1 10.2.2 failure on the part of the SEB to deliver, to the third
2 party, designated and mutually agreed to In Appendix
3 F (see Page 31), electric energy designated by the MUI
4 for WI,eeling, when requested by the third party; or
5 10.2.3 failure on the part of the SEB to deliver, to the Mill,
6 electric energy designated by the Mill for Banking,
7 when requested by the Mill; or
8 • 10.2.4 failure to use reasonable diligence in operating,
9 maintaining, or repairing the SEB,'s Interconnecting

10 facilities, such that the safety of persons or property,
IJ the Mill's equipment, or the Mill is adverselyafTected;
12 or
13 10.2.5 failure or refusal by the SEB to perform Its material
14 obligations under this Contract; or
15 10.2.6 abandonment of Its interconnection facilities by the
16 SEB or the discontinuance by the SEB of services
17 r.overed under this Contract, unless such
18 discontinuance is caused by Force Ml\Ieure or an
19 event of default by the MUI.
20 10.3 Except far failure to make any payment ":ue within sixty (60)
21 calendar days after receipt of invoice, if an Event of Default
22 by either party s!Jall extend for a period of sixty (60) calendar
23 days after receipt of written notice of such Event of Default
24 from the nondefaulting party, then the nondefaulting party
25 may, at im option, terminate this Contract by delivering
26 written notice of such termination to the party in default.
27 10.4 The nondefaulting party may also Institute such legal action
28 or proceedings or resort to such other remedies as it deems
29 necessary; provided, however, that except for failure to make.
30 any payment due, the party not in default shall not terminate
31 this Contract at the end of such sixty (60) day period if the
32 party in default has corrected or commenced appropriate
33 steps to correct such default and is diligently prosecuting
34 same to completion or has instituted the conDict resolution
35 provisions of Section 16 of this Contract .and is diligently
'tL - - _.......... ... - - - - • - •• ... i ' ... i U---;w-- Pi 6secUi:liig t1e sanie wwmpleUUil.. ~UC! telllllllBUOIl S 18 - -. -----~---

37 be efTective on the date of written notice of termination to the
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pal1y In default flUId shull not pr(~udlcc llny rJght~ of the
nondefaultlng pSAlrty.

10.5 If a.n event of default under 10.2.:1 hl!s occurred, on the
sixtieth (60th) day after j'cf.;eipt of'tht Invoice by the SED the
hlte payment b)' the SEB shall be deemed a Delinquent
paym!Jlzt.
10"5~1 Delinquent paym~nts may be forwarded, by the Mill,

to The Bank of herelm.Rel' caned the
Bank.

10.5.2 Upon receipt, the Bank will pay the MLU from the
receipts of the SEB on dep()slt with the Bank..

10.5.3 The SEB shall remain In dll~fault under section 10.2.1
until the Mill bas been paid In full, from what ever
source, including Interest ulI1der section 2.7.

10.5.4 The details of the payment are more fully described in
accordance with the agreem,ent between the SEB and
the Bank and attached hereto as Appendix D (see
Page 28) and made a part h.\~reof.

10.6 Failure by either the SEB or the Mil'l to exercise any of Its
rights under this Contract shall not .::onstltute a waiver of
such rights. Neither party shall be deemed to have waived
any failure to perform by the other unless it has made such
waiver specifically in writing•

10.7 Either the SEB or the MUI may terminate this Contract upon
notice to the other party, If the Mill':r facility fails to begin
producing electric energy within six ,years from the
commercial operational date shown lin Appendix A (see
Page 18); initial production of eltdric energy may be
extended by an event of Force M~e:ure up to a maximum of
three (3) years.

Indemnification:
11.1 The Mill shall indemnify, defend~ and hold harmless the SEB

and its directors, officers, employees and agents, and their
respective heirs, successors, legal representatives and assiJPls,
TromifnaagainStUany-ancrall liaJoilities--;da-mageS, costs;
expenses (including attorneys' fE~), losses, claims, demands,
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nctlon, causes of action, suits, ,and proceedings of every kind,
Including those for damage to l'lrOperty of any person or
entity (Including the Mill) and/or for Injury to or death or any
person (Including the Mill's eml~loyees and agents), which
directly or Indirectly result from or arise out of or In
connection with the negligence (}If willful misconduct of the
Mill.

11.2 The SEB shall indemnify and hold harmless the MlU and Its
directors, officers, employees and agents, and their respective
beirs, successors, legal represenu\tlves and assigns, from and
against any and all liabilities, danllages, costs, expenses
(Including outside attorneys' fees)l. lossf~, claims, demands,
actions, causes of action, suits and proceedings of every kind,
including those for damage to the property of any person or
entity (including the SEB) and/or Injury to or death of any
person (including the SEB's emplo:vees and agents), which
directly or indirectly result from 01' arise out of or in
connection with the negligence or willful misconduct of the
SEB.

12 Assignment:
This Contract may not be assigned by either' the SEB or the Mal

without the consent in writing of the other party, ,except that either party
may assign its rights under this Contract, or transfer such rights by
operation of law, to any corporation with which 01' into which such party
sh&1I merge or consolidate or to which such party shall transfer aU or
substant;ally all of its assets; provided that such as:dgnee or transferee shall
expressly assume, in writing delivered to the other party to this Contract,
aU of the obligations of the assigning or transferring party under this
Contract.

13 Force Msgeure:
If any party hereto shall be wholly or partially prevented from

performing any of its obligations under this Contract by reason of or
through strikes, lightning, rain, earthquake, wind, wind-blown waters' riots,
tire, nood, invasion,iiiSlirrection-;tiOaTwave;~civil-w.iresf;--acciClent, tile ~n .. ~ ._---

order of any court, judge or dvil authority, change in State or National
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law, war, any act of God or the public enemy, or nny other similar or
dissimilar cuuse reasonably beyond Its exclusive control and flot attributable
to Its neglect, then and In ltny such event, such party shall be excused from
whatever performance Is prevented by such event to the extent so
prevented, and such party shall not be liable for an)' damage" sanction or
loss resulting therefrom.

15 Liability; Dedication:
15.1 Nothing in this Contract shall create any duty to, or standard

of care with reference to, or any liability to any person not a
party to ~t.

15.2 No undertaking by one party to the other under any provision
of this Contract shall constitute the dedication of that party's
system or any portion thereof to the other party or to the
public; or shall it affect the status of the SEB as alan
-=--=-__ public utility or constitute the MiU or the MiD's
facility as a public utility.

14 Authority to Execute:
Each respective party represent.f) and warrants as follows:
14.1 Each respective paliy has all necessary rights, powers nnd

authorities to execute, deliver and perform this Contract.
14.2 The execution, delivery and performance of this Contract by

each respective party will not result in a violation of any law
or regulation of any governmental authority, or conOlct with,
or result in a breach of, 01' cause a default under" any
agreement or instrument to which either respective party is a
party or by which it is bound. No consent of any person or
entity not a party to this Contract, including any
governmental authority, is required for such execution,
delivery and performance by each respective party.

M

Page 13

ConDids:
16.1 In Sections 3.3 and Appendices A (see Page 18) and E (see

Page 30) of this Contract, where the SEB's aoceptance of
~_quipment,.a~ditions._or.chanees .in equipmentand their
operational setting is required, such acceptance shall not be
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unreasonably wlthh~..lld nod shull be based on the SED',,;
existing policies and pructlce.fj. In the event the acceptance Is
withheld and the Issue Is unresolved, a mcctlna shall be held
by the Mill's __(lUIe) and the SEB'.f (.I.Ie) to
attempt to resolve the dispute. If the maf.ter remains
unresolved, Section 16.2 shall apply.
To the extent permitted by law, and unless otherwise speclned
In this Contract, any controversy arising under thl~ Contract
t.hat the parties are unable to resolve by mutual agreement
shall be submitted to binding ~rbltratlon 5n __(d,,)_ln tbe
State of _(sta••)_. Any decision of the ar.bitrators In Any
such arbitration shall be conclusive as to the matters
submitted to them and Inay be enforced In any court of
competent jurisdict.ion in the State of _(ata••)_. Any such
rule to the contrary notwithstanding, the issue under
arbitration shall ble heard and decided by a panel of three (3)
arbitrators, of whom one (1) arbitrator shall be designated by
the Mill, one (1) arbitrator shall be designated by the SED,
and the third shalll be selected by mutual agreement of the
other two. Any d4~cision as to the issue or Issues properly
before the panel, including the sha=-!ng or the costs of
arbitration, and joined ~n by at least two (2) or the members
of such pal1e~, shall be tinal, nonappealable and binding upon
the parties.
The SEB shall pay for such electric energy that the MiU
would otherwise have delivered and the SEB could otherwise
have taken:
16.3.1 if it is subsequently agreed by the SEB or determined,

pursuant to the terms of Section 16.1~ or 16.2, that no
occurrence of Section 5.1.1, 5.1.2, 5.1.3 or 6.1.2
events took place, or;

16.3.2 if it is subsequently agreed by the SEB or deteranined,
pursuant to the terms of Section 16.1, or 16.2, that an
occurrence of Section 5.1.1, 5.1.2, 5.1.3 or 6.1.2
events did take place but was unnecessary or could
have been reasollabiy coilipieted suullel'. . ---
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Mill:

MI~lJanooul:

17.1 Amendments: nny wnivcr, alt.erntlon~ amendment or
modlncntloll of this Contract or llny Plirt hereor 51u~1I not be
valid unless in writing Bnd signed by the portles.

17.2 Binding J£fTect: this Contract shan b(, binding upon nnd inure
to the benent of the parties hereto and their re..tipectlve
successors, legnl representntlves, and permitted assigns.

17.3 Notices: any written notice provided hereunder shall be
delivered personally or sent by registered or certlned Orst
class maU, with postage prepaid, to the other party at the
following address:
SEB:

17.4 Notice delivered personally shan be deemed to have been
given when It is delivered to the onice of the Mill's

(tille) or to the office of the SEB's---
_~_(til") set forth above and actually delivered to
such person or left with a responsible person in sucb office.
Notice sent by mail shall be deemed to have been given on the
date of actual delivery as evidenced by the date appearing on
the return receipt of the mailed Notice. Any party hereto
may change its address for written notice by giving written
notice of such change to the other party her~..o.

17.5 Effect of Section and Appendix Headings: the headings or
titles of the several sections and appendices hereof are for
convenience of reference and shall not atreet the construction
or interpretation of aoy provision of this Contract.

17.6 Non-Waiver: no delay or forbearance of either party in the
exercise of any remedy or right. will constitute a waiver
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right shllill not IJrccludlt' further exercise of the snme or any
other remedy or rights.

17.7 Relationship of the I)artles: nothing In this Contract shall ble
deemed to constitute either party hereto as pnrtner, ogent or
r~presenb'tlveof the other party or to create any OduclSlry
relationship between the parties.

17.8 Entire Agreement: this Contract constitutes the f:ntlre
understanding and agreement between the parties.

17.9 Governing law: this Contract shall be governed by and
construed ~n accordance with the laws of the State of

Page 16
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which flUlY affect. the operations of th\.) other pnrty's facility
or facilities shall be mude or performed according to good
englnf:crlng prlldlce in the electric Indu:stry.

18 Conditions Precedent:
The following conditions are subject to (ulnllment, prior to t!!le

Contract date.
18.1 The SED shall deliver to the Mill a Banking AgreemElnt,

satisfactory to the Mill, provicUng for the SED's obligations
under the terms of this contract. This Banking AgrC4~ment

shall become Appendix D (see Page 28) attach~ tI herelto and
made a part Ilereof.

18.2 The Mill shall deliver to the SEB a Wheeling MemOrl1lndum
deslgn~tlng tbe third party recipient of Wheeled enerltY. This
third party rE:ciplenr shall be approved by the SEB. Such
approval shall not be unreasonably withheld.

IN WITNESS WHEREOF, the SED and the Mill have executed this
Contract as of the day and year first above written.
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For the Mill

by _
Its ------

by _
Its ------
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1 Appendix A

2 M1~£.lild.ll1k£

3 wnJou and..!.tJlJIlltJLmll..J!Jllt

4 Name: ----
5 Location: ----
6 Mailing Address: _

7 Emergency Telephone Number: _ . _

8 Payment Mailing Address: _

9 Generating Equipment Description:: _

10 Flrst Synchronize with __KV line: _

11 Commercial Operation Date: _

12 Capacity Operation Date: _

13
14 1 Mill's FacUity:
15 1.1 For the purpose of this agreement the MiD's facility includes
16 all real estate, fixtures, and property owned, controlled,
17 operated or managed in connection with or to facilitate the
18 production, generation, transmission, delivery, or furnishing
19 of electricity owned by the MiD and required to interconnect
20 and deliver the electric energy to the SEB's system. A
21 single-line diagram, relay list, and trip scheme, reviewed and
22 accepted by the SEB, of the MUI's facility at the time the
23 Contract is signed, shall be attached to this agreement and

_____-=:.U~----------- __ msulp. PArt. hp.rP.nf. Thp. ~inglp.-nnp. dh'grgm; r.-lgy lid; gnd

25 trip scheme shall expressly identify the point of electrical
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necessary, in compliance with safety and good engineering

interconnection of the Mill's facility to the SED's system.
Material changes or additions to the Mill's generating and
Interconnection facilities renecte~ In the slngle..Une diagram,
relay list, and trip sch~me shall be approved by the SEB
pursuant to Section 3.3 of the Contract.

1.2 The Mill shall furnish, Install, operate and maintain facilities
such as breaker$, relays, switches, synchronizing equipment,
monitoring equipment, and control and protective devices
acceptable to the SEB as suitable for parallel operation with
the SEB's system. Such facilities shall be accessible to
authorized SEB personnel.

1.3 The Mill shall furnish, install and maintain In accor~ance

with the SEB's requirements all conductors, service switches,
fuses, meter sockets, meter and Instrument transforrner
housing and mountings, switchboard meter test bu~es, meter
panels, and similar devices required for service connection
and meter installations on the Mill's premises.

1.4 The SEB shall review and approve the design drawings and
Bill of Material for the MiD's electriral equipment required to
interconnect with the SEB's system. The tYFe of electrical
equipment, the type of protective relaying equipment and the
settings that afTect the reliability and safety of operation of
the SEB's and Mill's interconnected system shall be approved
oy the SEB. The SEB, at its option, may request to witness
operation of control, synchronizing, and protection schemes.

1.5 The Mill shall provide a manual disconnect device, which
provides a visible break to separate the MiU's facilities from
the SEB's system. Such disconnect device shall be lockable in
the OPEN position and be readily accessible to SEB personnel
at all times.

Operating Procedures:
2.1 The SEB'may require periodic reviews of the MiD's facilities,

maintenance records, available operating procedures and
policie.~_ And rp.lsay ~ptt;ngs, and roquest cbanges it deems
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2.2

2.3
2.4

2.5

2.6

2.7

2.8

practice, to protect the SEB's system from damages resulting
from the Mill's parallel operation.
Logs shall be kept by the Millon unit availability, Includlna
reasons for planned and forced outages; circuit breaker trip
operations; relay operations, Including target Initiation; and
other unusual events, If known. The SEB shall have the right
to review these logs, ~speclally In analyzing system
disturbances. The Mill will provide the SEB with subsequent
written connrmatlon any time the Mill ~xperiences a unit trip.
Such confirmation will include the date and time of the
occurrence as well as the cause of the unit trip, If known.
The Mill shall limit their ramp rate to less that 2 mw/mln.
The SEB's Load Dispatcher shall specify the power factor at
which energy Is delivered by the Mill to the SEB. Typical
power factor requirements will normally operate In a range of
0.85 to 0.95, but never out of the range of 0.80 to 1.00.
If the Mill is separated from the SEB's system for any reason,
the Mil" under no circumstances, shall re-elose~into the SEB's
system without first obtaining specific approval to do so from
the SEB's Load Dispatcher. Such approval shall be withheld
only when such re-closing is not In accordance with the SEB's
standard practices, policies and procedures.
The SEB's Load Dispatcher will notify the Mill whenever the
Mill must be separated from the SEB's system pursuant to
&ctions 5 and 6 of this Contract. When possible, rea..~onable

advance notice will be given to the Mal by the SEB's Load
Dispatcher.
The MUI's normal maintenance requirements are:
From _ to "annuaDy.
The Mill shall notify the SEB's Load Dispatcher prior to
synchronizing a genl!rator on to or taking a generator otT of
the system. Such notification should be' as far in advance as
reasonably possible under the circumstances causing the
action.
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5. lolt.lal Peak Season Energy Rates:

2 &!wcnt to th.c...MiU·

3 ~payment to the..Mlll....b.LSE/U.Qr_e~e.d...b.L.th.e
4 MilL~;

Page 21
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6 From to

7 On peak rate Rupees per KWH

8 OfT peak rate Rupees per KWH

9 Initial Off Peak Season Energy Rates:

10 From to

11 00 peak rate Rupees per KWH

12 OtT peak rat~ Rupees per KWH

---------- ---- -- ---- --



Appendix D (continued)

1 Each energy rate above shall be adjusted UI)Wnrd or downward

2 according to the innator described in sectlun 2.4. The CEll is composed of

3 the following indices as published by the Reserve Bank of India.

4 On the Contract date

5

6

7

8

9

10

11

Index 1 for (name" number) at % equals- --
Index 2 for (name" Qumber) at % equals-
Index 3 for (name" number) at % equals--
Index 4 for (name" Dumber) at % equals-

Total 100%

CEll equals

---------------------------------------- ..__.
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9 Fee for banking of energy by the SEB for the mill shall be:

Page 23
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From

On-Peak Season Capacity Rates:

OfT-Peak Season Capacity Rates:

2 SEB shall be:

DrrdI R
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Appendix n (continued)

1 Rates for payment to the Mill by SED for capacity delivered by the Mill to

4 Rupees per KWH _

3

5

6 Rupees per KWH _

7 Fee for wheeling ofMill energy by the SEB to third parties shall be:

8 Rupees per KWH _

10 Rupees per KWH _

11



equals CEil adjustment

1 Appendix C

2 Dlunk.lnyop.cc

3 Invoice for the Month of from to

4 CEIl calculation:

5 At Contract date:

6 Index 1 for at % equals

7 Index 2 for at % equals

8 IndtJ" 3 for at % equals

9 Indlex 4 for at % equals

10 CEll at Contract date equals

11 At Invoice date:

12 Index 1 for at % equals

13 Index 2 for at % equals

14 Index 3 for at % equals

15 Index 4 for at % equals

16 CEil at Invoice daJe equals

17

Cali at invoice date -------
divided by

CEll at Contract date

DrqftR
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Peak Season Energy Rates: Rate KWH CEIl

On I~eak Rupees per KWlI x x =

OfT Ipeak Rupees per KWH x x -
OfT Pe:lll< Season Energy Rates:

On peak Rupees per KWH x x -
OtT peak Rupees per KWH x x -

Peak Season Capacity Rates:

Rupees per KWH x x -

OfT Peak Season Capacity Rates:

Page 25

Total

___KWlI
KWII

-KWI-I
----KWlI

__,_KWH
____KWH

KWH
----KWII

__x

_ _ ;. - , ..!- I ~ •

--,-- ,

I .' .'

.' I I , I'.
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Appendix C u;ontinucd1

Energy Designation

On Peak
Electric energy delivered to the SED
Electric energy designated for Banking
Electric energy designated for Wheeling
Electric energy net for sale to the SEB

OfTPcak
Electric energy dellver'ed to the SEB
Electric energy designated for Banking
Electric energy designated for Wheeling
Electric energy net for sale to the SEB

Rupees per KWII
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APPl~i, ljixCCCDnlinu.edl

1 SamuhLln.m.JtiL

2 Invoice f~r the Month of May from 1 May to 31 May 1994

3 CEil calculation:

4 . At Contract date:

5 Index 1 for _Item W_120 at 20% equals 24.0

6 Index 2 for Item X 34 at 25% equals 8.5-
7 Index 3 for Item Y 72 at 20% equals 14.4--
8 Index 4 for Item Z 246 at 35% equals 86.1- -
9 CEil at Contract date equals 1'33.0

10

11 At Invoice daJe:

12 Index 1 for Item W 150 at 20% equals 30.0-
13 Index 2 for Item X 44 at 25% equals 11.0- - -
14 Index 3 for Item Y 80 at 20% equals 16.0- ---
15 Index 4 for Item Z 302 at 35% equals 105.7- -
16 CEll at Invoice date equal~ 162.7

-----_._~,------_._----~----_.__._---
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1 (Snmplc Invoice continued, exurn(.le for ofT scnson I)crlod)

2 CEll at Illvolcc date 133.0
3 divided by
4 CEll at Contract dale 162.7 - 1.22 CEll adjustment
5 .
6 Energy Designation
7 On Peak
8 Electric energy designated for Banking 200 KWH
9 Electric energy designated for Wheeling 100 KWH

10 Electric energy net for sale to the SEB 500 KWH
11 Electric energy Delivered to the SEB (total) 800 KWlI
12
13 OfT Peak
14 Electric energy designated for Banking 250 KWH
15 Electric energy designated for Wheeling J.50 KWH
16 Electric energy net for sale to the SEB (.50 KWH
17 Electric energy Delivered to the SEB (total) 1,050 KWH

18
19 Peak Season Energy Rates: Rate KWH CEll rupees
20 On peak Rupees per KWH
21 OfT peak Rupees per KWH
22 OfT Peak Season Energy Rates:
23 On peak Rupees per KWH 1.54 x 500.0 x 1.22 = 939.40
24 OfT peak Rupees per J{WH 0.98 x 650.0 x 1.22 = 777.14
2S Peak Season Capacity Rates:
26 Rupees per KWH
27 Off Peak Season Capacity Rates:
28 Rupees per KWH 1.02 x 500.0 x 1.22 = 622.20
29
30 Total 2,338.74

~----~------~ ----------
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AI)(Jcudix I>
Balik. Allr~eIatut1

This Is to be It controc..1. betw(~en th., SEll nod the Balik prblclpally
rc..'l)()nslble for the adr..~nlstration of the recclptCl of the SED. This contract
Is to provide t,he Mill with a senior position lIgolnst the receivables of the
SED. In the event of non-payment by the SED to the Mill the Bank will b~

authorized to t.ransfer funds frr m the account of the SEB to the account of
the Mill to satisfy the delinquc' 4t amount owed the Mill by the SED. This
agreement must contain the following:

1 define the term of the agreement

2 define parties to the agreement

3 define interest to be p~id by SEB for late payment

4 define order of obligation retirement (i.e., interest first)

5 r,equire that in the ev£nt of a change of Bank by the SEB the new
Bank will assume the obligations required under the banking
agreement

6 notification of the Mill by the SEB in the event of a change of Bank
by the SEB

7 define the critical operative date & periods

8 provide notification provisions by the Bank to the SEB when
payments are made by the Bank to the MUl

9 provide notification provisions by the Mill to the Bank and the SEB
when payments are delinquent and the Mill is requesting payment by
the Bank

-- - --- -~----- - ---------- --- - ---~- ----- - --------- ------ --- ------- ----~------~____l
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l 10 def1f~~ notlncntloll pr()vlslon~ by the lIallk to the Mill for minlmurn
2 balance In the uccount~ "Rulnst which (leUmluent payments will be
J drawn
4
5 11 denne thf:J ncc()unt.~ ~~ainst which dt,lhuluent puyment~ to be mudfJ t.o
6 the Mill will be drawn
7·
8 12 defim~ the senior position of the Mill agnlnst f.he account of the SED
9 vls~a ..vis claims by others

10
11 13 provide for automatl,c payment by the Bank for delinquent payments
1.2 ~vcn in dispute and correction for disputed payrnent..~ after dlsput,e
13 r(\n~olution under the Energy I'urchase Agfcement
14
15 14 provide that the Bank will make payment to the Mill within five (5)
16 working days upon receipt of notification of a delinquent payment by
17 the Mill
18
19 15 provide that the SEB and the Mill must seek resolutlon of payment
20 disputes under t.he Energy Purchase Agreement and not under the
21 Banking Agreement,
22

-
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Note: The SEB must agree to items 1 and 2 above.

This documclllt Is to be a contract or memorandum of understanding
hetwefm the dcslgnnted third party recipient of Wheeled energy, the Mill
-.dd the SED. 'fhhl memorandum must cont.,uln the following:

2 term of memorandum of understanding,

4 guarnntees (if any) between the Mill and the third party,

3 pricing between the Mill and the third Iparty,

1 designation (llf third party recipient of '"'heeled energy,

5 procedure f,()r the Mill to notify the thi,rd party of Wheeled-energy
accounting /between the Mill and the Sl~B and

6 a blank and sample invoice from the JIlIl to the third party.

..
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transport of Mill energy by SED to a third party • • • • • • • •• Page 1

The Bank of----
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2 Bank

3

1 Index of Dcnncd Terms

6 Cont,.-act date

4 Banking

5 Mill energy credited against Mill purchases • • • . . •. • • • • • Page 1

7 Date contract Is signed •.•••••..•••••••.•.•••••• Page 1

9 payment due the Mill from the SED after sixty (60) days •• Page 11

8 Delinquent paylnent

15 Sugar Mill .."...................... Page 1

14 Mill

11 responsibility division point between Mill and SED •••••• Page 18

16 SED

12 Invoice date

10 Electrical interconnection

17 State Electric Board ••••••••••••••••••••••••••• Page 1

19

13 date invoice prepared by the Mill is delivered to the SED ••• Page 4

18 Wheeling
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Tho Orne. of EnerBY ,lind Infrutructure

The Apncy for tnlmn.tiona. Development's Office of BMrIY and Intwtructuro play. an JncRlU!na1y
ImportAnt role in providing innovative approlCho8 to 1I01vinS tho cootJnulnS cn«ay Ctbl. in dcvolotJing <:ourdrlel.
ThftlO problema drive tho OWoo'. UlIICInCe proaoma: hlah rAtes ofcna."8Y '190 and economic growth accompanied
by A lack of moray, upcr,Jally power In rural arcu: IfJvcro financial problema, Including a lack of Inve.tlnent capital,
clpcclally in tho f'JltJctriclty IOCtor: and growlna ClOCtgy·rclated environmental thrcaIJ, including alobal climatechango,
a(;.ld rain and urban poUution.

To addrca tho8o problems, tho omcc of Energy and Infrutructuro leverages fmancial resources of
multllateral dcwclopmont banks auch as 1bcWorld Bank and tho IntcrAmClrican Dovclopmcnt Bank. the private ICCtor
and bUateral donors to increase energy efficiency lItld expand COCI:iY IUPPUefi, enhance tho role of private power,
and implement novel approaches through rcearch, tldaptloll and innovation. ThcIc approaches Include improving
power ICCtor invCltUJent planning ("Ieast-e:oat " p1.anning) and encourqing the application of cleaner technologies
that UIC both conventional fossil fuels and renewable energy lOurc~. Promotion of greater private JCCtor
participation in tho power sector and a wide-ranging muning program abo help to build the instJtudonal infrasttucture
neccaary to SUJta1n cost-effective, reliable and environmentally sound energy systems integral to broad-bared
economic growth.

Much of the Office's strategic focus has anticipated and supports recently enacted congreasionallcgisJation
dinlcting the OffICe and AI.D. to undertake a "Global Warming Initiative" to mitigate the increasing conbibution
of by developing counbies to greenhouse gas emissions. This scrategy includes expanding least-cost planning
activities to incorporate additional counbies and environmental concerns, increasing suppon for feasibility studies
in renewable and cleaner fossil energy technologies that focus on site-specific commercial applications, launching
B multilateral global energy efficiency initiative and improving the training of host country nationals and overseas
A.ID. staff in areas of energy that can help reduce expected global warming and other environmental problems.

The Office also helps developing counlries speed theireconomic development through promoting technology
cooperation between U.S. supplien and developini; country companies, institutions and governments. This effon
involves Business Opportunity Identification to defioo and analyze the range of commen:ially viable trade and
investment opportunities, technologies and services that have a 'positive impact on the environment and are
appopriate for developinb countries; Vent'Jre Promotion to encomage the involvement of the U.S. private sector;
Innovative F'mance: and Policy Development assistance to developing counties as they pursue policy and regulatmy
changes to provide market incentives ~DI' environmentally beneficial technologies.

To pursue these activities. the Office of Energy and Infrasttueture implements the following six projects:
(1) Biomass Energy Systems and Technology Project (BBST); (2) The Renewable Energy Applications and Training
Project (REAT); (3) The Private Sector Energy Development Project (PSED): (4) The Energy Training Project
(E'l'P); (5) The Energy Technology Innovation Project (ETIP): and (6) The Energy Efficiency Project (EEP).

The Office ofEnergy and Infrastructure helps set energy poUt.~, direction for the Agency, malcing its projects
available to meet generic needs (such as training), and respon<fu,g to short·tenn needs of A.I.D.'s field offices in
assisted countries.

Further information regaming the Office of Energy and Infrasttueture projects and activities is available in
our Program Plan. which can be· requested by contacting:

-------~--- ._---_.__ . -'_.--..

OffICe of Energy and Infrasttueture
Bureau for Research and Development

U.S. Agency for International Development
Room 508. SA-18

Washington, D.C. 20523-1810
Tel: (703) 815-4052


