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EXECUTIVE SUMMARY

M

Until recently, Costa Rica appeared able to meet projected growth in the demand for
electricity in both the short and the medium term primarily with planned additions of
hydro and geothermal power plants. Its installed generating capacity of roughly 900
MW (nameplate), together with its planned additions of generation facilities, was
expected to provide the necessary margin of capacity beyond the turn of the century.
However, because of an unforeseen combination of drought and a surge in demand in
1987, the country’s dependable capacity dropped to 650-700 MW as compared with a
peak load of 612 MW. The peak load is likely to reach 650 MW in 1988 as compared to
the same level of dependable capacity as in 1987.

Altiiough Costa Rica’s well-managed utility, Instituto Costarricense de Electricidad
(ICE), has a history of providing reliable, low-cost service, its options for boosting
capacity economically are limited in the short run. ICE has ordered gas turbines to
meet the short-term shortage, but the first turbine will not be on-line before 1989. In
the meantime, ICE’s hydrosystem is suffering from severe drought conditions, and the
utility cannot import more electricity from Honduras because the transmission line is
used at full capacity (about S0 MW). Although ICE owns 140 MW of thermal units,
these units are generally believed to be unreliable and expensive to run, with a
maximum of 70 MW effective at any given time.

Costa Rica could, however, attempt to use cheaper options, primarily by exploiting
energy resources and technologies that are not being fully used and are appropriate for
development by the private sector: industrial cogeneration, minihydro plants, and
energy produced from biomass process waste.

Another approach -- improved load management -- could also relieve the possible
skiortage by significantly reducing daily peak demand. This option is being addressed in
a separate study.

To the extent that private-sector resources can be applied to power generation -- for use
in generating power and selling it -- they will shift the financial burden of investment in
new generating capacity from the government to the private sector, thus reducing public

RCG/Hagler, Bailly, Inc.
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spending and the national debt. While there are no known recent precedents for the
sale of power to the Costa Rican grid, a start is being made in this direction. Two
private companies (Matamoros and Industria Nacional de Cementos) are planning
hydropower projects of 10-15 MW each. Several sugar mills have approached ICE and
the Interamerican Development Bank (IDB) to obtain financing for projects aimed at
producing an additional 30 MW of power generated from bagasse combustion for sale
to ICE.

Significant progress in private power development, however, will require the active
support of the government, and in this connection, U.S. experience with the Public
Utility Regulatory Policies Act (PURPA) may be a useful guide. This legislative
measure promoted the development of over 24,000 MW of nonutility power generation
in the United States between 1980 and mid-1987. Basically, the U.S. law mandates
electric utilities to purchase power from cogenerators and systems using renewable
resources at a cost directly related to their own generation and transmission marginal
cost.

Given the growing private-sector interest in power generation, the Ministry of Natural
Resources, Energy and Mines (MNREM) has assigned priority to identifying the
prerequisites for formulating appropriate private power policies for Costa Rica.

Energy-sector policymaking involves several government entities. MNREM has overall
coordination responsibility for the energy sector. The key organizations that constitute
the energy sector include: ICE, the principal electric utility; Servicio Nacional de
Electricidad (SNE), a regulatory body; and Fefineria Costarricense de Petroleo S.A,
the national oil company.

Of ICE’s installed generating capacity of approximnately 850 MW, more than 80 percent
is large hydropower. Local power companies have additional generating capacity of
some 58 MW, most of which is small or mini hydropower. With a peak demand of 612
MW in November 1987 (10 percent above 1986 peak) and a lack of water in the
nation’s reservoirs, ICE’s reserve margin became less than 10 percent.

In 1986, growth of electricity consumption was strongest among residential consumers
and small industrial users which together accounted for 66.5 percent of all the power

RCG/Hagler, Bailly, Inc.
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consumed. Much of the country has electrical power; approximately 82 percent of
households have service.

In drawing up a capacity expansion plan, MRNEM and ICE used several scenarios,
The plan based on the medium scenario would double generating capacity by the year
2005 at a cost of U.S. $1.67 billion. But the utility reported a loss of 770 million colones
in 1986, and has not beer: able to raise tariffs sufficiently to meet a growing debt
service. The situation improved in 1987 and ICE’s finances are expected to show a
surplus.

STUDY OBJECTIVES

To identify the possible role of private-sector power generation, MRNEM and ICE
requested a study of the potential for and impediments to such generation. The study
objectives were:

1. Identify the market and economic potential for cogeneration and private-
sector small power production from renewable and indigenous resources,
particularly mini hydro power and indigenous wastes

2. Identify the policy, regulatory, institutional, and other impediments to off-
system, private-sector generation of electricity from cogeneration or
renewable/indigenous resources for sale to the grid

3. Develop recommendations and an action plan for addressing the
impediments to off-system generation.

The analysis was carried out in Costa Rica by an RCG/Hagler, Bailly team during the
period November 6-27, 1987. The team was assisted by the staff of ICE and by local
energy consultants, Sol 2060. Discussions and revisions of the draft report were carried
out between December 1987 and April 1988 when the report was finalized.

Six options were explored in evaluating the potential for independent power
generation:

e  Industrial cogeneration

RCG/Hagler, Bailly, Inc.
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e  Sugar mill power generation

° Dendrothermal power generation (i.e., power from wood combustion)
° Agricultural and biomass waste-fired power generation

) Small and mini hydropower

. Geothermal generation.

Other options such as large thermal power units running on imported oil or coal were
not explored in detail after a cursory analysis showed that their production cost would
be significantly higher than ICE’s long-run marginal cost. Power plants running on
domestic coal were not analyzed since they were the topic of a recent USAID study,
which found them to be a promising alternative for power in the long term.! Solar and
wind options were not part of the scope of work as international experience and a
cursory analysis have suggested that such resources cannot compete with ICE’s
marginal costs,

STUDY FINDINGS

The study findings are divided into two categories: power generation potential and
major impediments.

Power Generation Potential

For each of the six options, the technical, economic, and financial potential was
evaluated. Although each option has some potential, only two would have a significant
impact on the ccn: ‘ry’s energy situation in the short to medium term: 1) sugar mill
power generation (short term); and 2) small and mini hydropower (medium term).

Efforts can be made to involve the private sector in financing such systems. However,
Costa Rican investors generally seek a high return on investment (well over 30 percent
in local currency) because of the 15 percent inflation rate and the declining value of the

Pre-teasibility Study of Coal Use in Costa Rica. by Bechtel National, Inc., under contract to USAID, June 1987

RCG/Hagier, Bailly, Inc.
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colon. Consequently, private capital in Costa Rica is strongly attracted to export-
producing activities that earn foreign exchange; this capital may not be easily mobilized
for power generation projects. Accoring to the interviews conducted with potential
investors during the in-country visit, however, the private sector will invest in power
generation if the proper conditions are created.

The private sector could help meet future power demand by generating electricity from
resources that are not being fully used. Between 20 MW and 30 MW could be provided
by mid-1989 in this way, and 30-50 MW by 1990.

The technical, economic, and financial potential of the six options for independent
power generation in Costa Rica is summarized in Exhibit 1, together with the
generation costs of each option. The bulk of the technical potential of 5,500-5,800 MW
lies in dendrothermal and biomass energy sources. However, they cannot be exploited
economically because of their physical dispersion and the lack of an organized market
and reliable supply. Use of these energy sources would also raise major environmental
issues (land erosion). Owing to the small scale of manufactiring, and its reliance on
fuel oil for energy generation, there is little potential for cogeneration in industry. But
sugar mills and palm oil companies, which have a large, available supply of biomass
waste, offer substantial potential. Most of the large hydropower and geothermal
resources are not appropriate to private-sector exploitation because the projects would
be toa large for private financing at this time and ICE is much better suited for this
role.

Thus, the greatest potential for private power lies in hydropower systems between 500
kW and 5,000 kW, which offer 100-300 MW of economic and financial potential.
Unfortunately, the potential for small and minj hydropower is neither well documented
nor understood because a nationwide survey of these resources is lacking. Also, capital
investment cost and precise economic performance are difficult to estimate without
knowing specific site conditions.

The sugar industry could bring some 20 MW to 30 MW on line in the short term simply
by renovating boilers and turbines and arriving at a purchasing arrangement with ICE
on excess power. However, to realize this potential, policy action must be taken rapidly
by the government, and the sugar industry must respond quickly to the new

RCG/Hagler, Bailly, Inc.



Exhibit 1

Electricity Generation Costs and Potential for Nonutility Power Opticns+
(1987-1995)

Technical Economic Financiale
Potential Potential Costes Potential Costeres
Resource (MW _(MW) ($/kWh) _MW) ($/kWh)
Cogeneration 17 3 .025-.057 3 .032-.086
Sugar Cane Power 100 90 .035-.058 90 .020-.056
Dendrothermal 2,100 0 0.066 0 0.095
Biomass 2,200 0 0.06 0 0.069
Hydropowerseses 350 350 .017-0.035 200 .034-.068
Geothermal 400-700 sesene .027-.034 0 .06-.07

TOTAL 5,500-5,800 443 293

For the near term; coal may have some potential in the long term.

¥ Assuming a debt to equity ratio of 2.3.

e Systems with electricity costs of under $0.05/kWh are considered economically attractive. This figure

reflects the avoided cost to ICE from power supplied by nonutility generators and is estimated based on
the lon,-run marginal cost of electricity generation (see Appendix D).

e Systems with electricity costs of under $0.0455/kWh are considered financially attractive. This figure
reflects the current average price to industry in Costa Rica.

eaes For system sizes between 500 kW and 5,000 kW.

p 2 2.1 2 2]

The economic potential for geothermal is sizeable but the projects are felt to be too large for private
financing at this time.

Source: RCG/Hagler, Bailly, Inc.
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opportunities presented. With an aggressive, capital-intensive policy, it could even be
possible to produce 90 MW of power from the mulls.

Major Impediments

Several barriers must be overcome before private power development can take place on
a significant scale. The principai barriers identified by the study are:

»  Lack of clear or well-articulated government policies on the provision of
essential public services such as electricity and water by the private sector

o  Scarcity of medium- and long-term financing for major private power
projects, as well as a general liquidity shortage

. Preference of the private sector to invest in export-oriented businesses
rather than public service enterprises

o  Inadequate technical and economic information on opportunities for
cogeneration and power generation

«  Economic advantages granted exclusively to ICE, and widespread
satisfaction with electric power service.

RECOMMENDATIONS

A number of actions are required to overcome the obstacles to private power and to
promote its development. They fall into two categories: (1) actions within the authority
of the government of Costa Rica, and (2) those appropriate to USAID (which financed
this study).

Government of Costa Rica

o  Clarify and publicize private power policy and the licensing process to
correct misconceptions that hinder development of independent generation,
to facilitate licensing of projects, to reduce uncertainty and risk to project

RCG/Hagler, Bailly, Inc. ' ‘ /
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sponsors, and to improve return to investors. Key elements of this action
are:

(i)  Provide a legal framework for the generation, transmission
and sale of private power

(i)  Define contractual terms between ICE and independent
generators. The terms should cover technical and financial
issues

(iii)  Simplify the licensi.ng procedure

. (iv)  Specify electricity purchase price calculation guidelines and
procedures (see Exhibit 2 for an example)

(v)  Draft 2 prototypical contract incorporating the results of
the above actions; it should set forth technical requirements
of power generation and links with the grid as well as the
terms for purchase of power by the electric utility.

Establish a high-level Private Power Committee? to plan and coordinate
actions to promote the development of private power and to monitor
progress toward its realization. The committee membership should include
all entities that could contribute to its objectives, with a mix of the public
and private sectors. Specificallv, the committee should:

(i)  Be chaired by the Minister of Natural Resources, Energy
and Mines and include representatives of ICE, SNE, DSE,
the Central Bank, the General Directorate of Forests, the

The existing "small power group® recently established at MRNEM could have its role expanded to act as the reccommended
committee.

RCG/Hagler, Bailly, lac.



Exhibit 2

Example of Possible Power Purchase Arrangements

e  Purchase price could be established through one of the following two
possibilities:

A. Average Economic Value

o 2.6 - 2.96 colones/kWh year-round
« Same for all independent generators, year-round

B. Avoided Cost
¢ Dry Season

-- Peak hours: 5 colones/kWh (1,825 hours)
-- Off-peak hours: 2.4 colones/kWh (2,555 hours)

e Wet Season

-- All hours: 2.1 colones/kWh (4,380 hours)

Under <ach cost structure, the public and ICE would share the benefits approximately
equally.

Source: RCG/Hagler, Bailly, Inc.
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Ministry of Planning, the Chamber of Commerce and Industry, the
Association of Engineers, and other appropriate parties; it
should meet monthly

(ii)  Report to the President of the Republic

(ili)  Have an advisory role to the regulatory and implementing
agencies to allow them to expedite the review process.

. Provide tax exemptions to private power projects to increase their
attractiveness to investors, developers, and the banking system, and to place
them on an equal footing with ICE in terms of cost advantages. Specifically,
measures should be taken to:

(i)  Reduce project capital requirements by waiving import
duties and taxes on equipment

(if)  Increase project profitability by waiving income tax on
project revenue.

These provisions would attract capital from private sources and avoid the
problem of competition with ICE and the GOCR for the same financial
resources (e.g. supplier credit, international organizations),

e  Conduct an information and awareness program aimed at engineers,
bankers, potential private generation developers, and industry associations.
ICE might play a major role in this effort.

o  Determine the training needs of personnel to be involved in the practical
aspects of private power development and sponsor training on the design,
planning, implementation, and operation of independent power projects.
ICE and local consultants might assist in this effort, which might train:

(i)  Industrial managers in securing project approval and
financing

RCG/Hagler, Bailly, Inc.
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(i)  Engineers in project design, equipment selection,
procurement and installation, connecting the independent
generation system to the grid, and system operation

(iii)  Equipment operators in operating routines.

USAID

o  Carry forward the analysis of private power potential in hydropower and the
sugar cane industry,® where more accurate data are needed as a basis for
planning further actions.

e  Consider a line of credit dedicated to private power development. Funding,
credit terms, and fund regulations should be based on a detailed analysis of
potential borrowers’ needs and the availability of other credit for this

purpose.

o  Provide assistance for training and information services.

Study underway as of March 1988, under funding by AID's Bioenergy Systems and Technology (BST) Project

RCG/Hagler, Bailly, Inc.
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CHAPTER 1: THE POWER SITUATION IN COSTA RICA

%

The objective of this chapter is to review the current power-sector structure in osta
Rica and identify the factors likely to necessitate the development of nonutility power.
The chapter begins with a review of the decision making process, identifying key energy
policy organizations and their roles. Next, the power secior is described, with the
current capacity and energy production data provided, then future demand and
nonutility power activities are discussed, and finally, ICE’s financial situation is
reviewed.

POWER SECTOR POLICY ENVIRONMENT

Several government units are involved in power-sector policymaking. The Ministerio de
Recursos Naturales, Energia y Minas (MRNEM) has principal overall responsibility for
the energy sector. The major organizations that constitute the sector include: the
Instituto Costarricense de Electricidad (ICE) and the Refineria Costarricense de
Petroleo, S.A. (RECOPE). Within MRNEM, there is a planning unit, the Direccion
Sectorial de Energia (DSE). In addition, the Servicio Nacional de Electricidad (SNE),
which reports directly to the Cabinet, plays the key role of authorizing tariff changes for
electricity, water and fi.els. The roles of these organizations are described below.

Instituto Costarricense de Electricidad

ICE, the nation’s principal utility, is responsible for power generation, transmission, and
distribution. Tt was created in 1949 and today provides over 90 percent of the country’s
power. It is also responsible for telecommunications. It cannot formulate plans for
tariff increases without formal approval by its principal government regulatory agency,
the SNE.

Direccion Sectorial de Energia

The DSE was created in 1984 to meet the need for a comprehensive energy planning
capability in Costa Rica as well as to courdinate all energy activities in the country. It

RCG/Hagler, Bailly, Inc.
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tracks all projects, issuing regular reports on the status of all energy supplies,
disposition, and demand.

Refineria Costarricense de Petroleo S.A.

RECOPE, the national oil company, operates Costa Rica’s only refinery. It also
distributes petroleum products, along with two private distributors. Until recently, it
has done little long-term planning and has been at the mercy of the supply market,
primarily Mexico and Venezuela. It depends on the SNE for permission to adjust
product prices.

Servicio Nacional de Electricidad

The SNE is primarily a regulatory body that establishes priorities for the power sector
and other necessary services. It was created in 1941 as a watchdog to assure that the
public was being well served. Tariff increases must be approved by SNE. Private
power projects must also have the approval of the national assembly.

There is some attempt at policy coordination, but it is clear that each organization has
its own area of responsibility. DSE is supposed to play the key role but, in realit
organizations such as ICE and RECOPE have much larger resources and have
institutional ties to development banks and other government units. Currently,
MRNEM is coordinating policy at top level with regard to electric power.

POWER-SECTOR STRUCTURLE

The formal creation of ICE took place in April of 1949, with the mandate to develop
national energy resources and to transmit and distribute electrical power to Costa
Rica’s population.! Today, ICE is responsible for coordinating all electrical energy
generation, transmission, and distribution in the country. ICE generates roughly 90
percent of Costa Rica’s public power, while cooperatives, municipalities, and private
companies generate the rest. It is the ICE grid that ties the various generation and

Since then, 1CE has also been put in charge of the national telephone and telecommunications system.

RCG/Hagler, Bailly, Inc.



THE POWER SITUATION IN COSTA RICA 1.3

distribution entities together. Installed capacity, energy production, and sales prices for
the various power entities in Costa Rica and shown in Exhibits 1.1 and 1.2,

Current ICE installed capacity is approximately 845 MW (see Exhibit 1.3), of which 80
percent consists of hydropower and thermal plants larger than 30 MW. Plants operated
by other entities total approximately 60 MW, most of which is small or minihydro power
(see Exhibit 1.4). Much of this capacity was installed many years ago, when local power
companies had to operate independently because ICE did not exist.

The last plant built by ICE was the Ventanas-Garita project (96 MW), which has been
operating since October 1987 with a single 45 MW turbine. The Arenal-Corobici
project went on line in 1982, essentially doubling the country’s hydropower capacity.
This project also addressed the problem of storage during dry periods. ICE’s petroleum
consumption is rather low (3.5 percent of the country’s consumption in 1983) compared
with cther sectors of the economy. The cost of hydropower generation in Costa Rica is
approximately $0.03/kWh and thermal generation, approximately $0.09/kWh.

Currently, ICE capacity may be short to meet the country’s electrical energy needs in
1988 because of a severe drought and because of a very high growth in demand (10
percent against 5 percent planned). The 1987 peak electrical energy demand was
approximately 612 MW (4.5 percent higher than planned -- see Exhibit 1.5). Although
ICE’s installed capacity of approximately 850 MW will be theoretically sufficient until
1990, the problem is lack of water in the nation’s reservoirs. The peak of 612 MW is
almost 10 percent above the 1986 peak of 565 MW and must be compared to a firm
capacity of about 700 MW. Gas turbines will not be installed until 1989. In 1988, the
peak is likely to exceed 650 MW, as compared to the same level of firm capacity, i.e. a
reserve margin of less than 10 percent.

RCG/Hagler, Bailly, Inc.



Power Capacity and Generation by Producer (1985)*

ICE
Cooperative and Municipals
Private Power Companies

Total

Does not include industrial captive power,

Source: ICE

Exhibit 1.1

(nameplate, not effective)

MW
845.0

43.0

16.5
904.5



Exhibit 1.2

Sales of Power in Costa Rica

Power Sales, GWh Average Price, Colones/kWh
1984 1985 1986 1984 1985 1986

ICE! 2,176 2,351 2,560 2.01 221 228
CNFL? 1,251 1,305 1,400 2.25 2.59 2.75
ESPH3 72 75 83 1.95 2.22 243
JASEC! 103 110 123 1.92 2.33 2.57
COOPEGUANA-

CASTE? 40 42 46 2,13 2.25 2.27
COOPELESCA¢ 47 52 60 1.54 1.61 1.63
COOPESANTOS’ 20 22 24 1.84 1.93 2.06
COOPEALFARO? 5 5 6 2.01 2.15 2.27

Instituto Costarricense de Electricidad,

Compania Nacional de Fuerza y Luz.

Empresa de Servicios Publicos de Heredia,

Junta Administrativa de Servicios Electricos de Cartago.
Cooperativa de Electrificacion Rural de Guanacaste, R.L.
Cooperativa de Electrificacion Rural de San Carlos, R.L.
Cooperativa de Electrificacion Rural Los Santos, R.L.
Cooperativa de Flectrificacion Rural de Alfaro Ruiz, R.L.

[~ S N - N V N G RO YN

Source: ICE



Plant Name

Corobici
Arenal

Rio Macho
Cachi

Ventanas-
Garita

La Garita
Barranca
San Antonio
Colima

Moin

Ciudad Neily

Palmar No:te

Mini Hydro

Diesels less

than 1.0 MW

_Type
Hydro
Hydro
Hydro

Hydro

Hydro
Hydro
Gas T/Th
GasT
Dies.
Dies.
Dies.

Dies.

Total Installed Capacity

Source: ICE

Exhibit 1.3

Capacity
(nameplate)

174.0
157.4
12C.0

100.8

96.0
30.0
41.6
48.1
19.5
32.0

7.0

3.3

1.5

3.7
834.9

ICE Installed Power Capacity
(as of December 31, 1987)

(MW)
effective

174.0
156.0
120.0
100.0

96.0
30.0
18.0
18.0
14.0
18.0
15.5
15.5
15.5

135
759.5

Year of

Installation

1982
1979
1963
1966

1987
1958
1974
1973
1956
1977
1975
1976

Province

Guanacaste
Guanacaste
Cartago

Cartago

San Jose
Alajuela
Puntarenas
Heredia
San Jose
San Jose
Puntarenas

Limon



Exhibit 1.4

Installed Power Capacity of Cooperatives,
Municipals and Private Generators’

CAPACITY  YEAROF

PLANT NAME QOPERATOR _(MW) INSTALLATION LOCATION TYPE
Ventanas CNFL 10.0 1944 Alajuela H
Nuestro Amo CNFL 1.5 1949 Alajuela H
Brasil CNFL 2.8 1912 San Jose H
Belen CNFL 5.0 1914 San Jose H
Electriona CNFL 2.7 1930 San Jose H
Birris No.1 JASEC 1.7 1952 Cartago H
Birris No.2 JASEC 24 1957 Cartago H
Birris No.3 JASEC 4.3 1968 Cartago H
Carrillos ESPH 2.0 1952 Alajuela H
Cebadilla FECOSA™ 6.0 1930 Alajuela H
Damas CBde CR™ 1.5 1951 Puntarenas D
Quepos CBde CR™ 1.4 1939 Puntarenas D
Coto CBde CR™ 3.0 1938 Puntarenas D
Golfito CBde CR™ 3.1 1938 Puntarenas D
Osa CBde CR™ 1.5 1938 Puntarenas D
Matamoros MATAMOROS 3.3 1967 Alajuela H
Other Mini

Hydro - 1.2 H
TOTAL 59.4
Source: SNE

Excludes industrial captive generation

not operating

CBde CR - Ci .npania Bananera de Costa Rica
FECOSA - Ferrocarriles de Costa Rica

H - Hydro
D - Diesel



Exhibit 1.5

ICE Demand Past, Present and Forecast’

Year Peak (MW) ad Factor Generation (GWh)
1980 410 0.60 2,144
1981 424 0.62 2,295
1982 446 0.59 2,292
1983 430 0.59 2,372
1984 483 0.61 2,568
1985 513 0.60 2,708
1986  s6s 0.60 2,968
1987 588" 0.60 3,105
1988 616 0.61 3,276
1989 643 0.61 3,437
1990 669 0.61 3,599
1991 685 0.62 3,704
1992 705 0.62 3,827
1993 727 0.62 3,960
1994 751 0.63 4,111
1995 781 0.63 4,292
2000 980 0.64 5477

There are three levels of forcasts, only the high is given.
Actual 1987 peak was 612 MW.

Source: ICE

\\
\
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DEMAND AND SUPPLY PATTERNS

Demand Growth

Demand has grown steadily, with the peak increasing at approximately 6 percent
annually since 1980 (see Exhibit 1.5). Most of this increase has occurred over the last 4
years, as both the light industrial and residential sectors grew.

The largest user of power is the residential sector (46 percent of total cunsumption),
followed by the commercial sector (22.6 percent), and small industry (20.5 percent) (see
Exhibit 1.6). Surprisingly, large industry is a minor user of ICE-supplied power (7.9
percent). High demand growth in all five sectors -- residential, commercial, large
industrial, small industrial, and public lighting -- has occurred over the past 2 years,
indicating a relatively healthy economy, particulariy in small industry. However, this
growth is around 10 percent /year as compared 0 planned average growth of 5.5
percent/year and this unexpected situation must be viewed in light of the existing
capacity expansion plan.

Expansion Pian as of October 1987

ICE’s capacity expansion plan had been formulated through the year 2005 using three
scenarios: low, medium, and high. By the year 2005, an investment of $2.2 billion was
to be needed under the high scenario, $1.67 billion under the medium scenario, and
$1.2 biilion under the low scenario. If the medium scenario was to be followed, ICE
capacity needed to double over the next 13 years to reach 1,591 MW by the year 2000.
The high scenario was to require an additional 1,086 MW -- an increase of 132 percent
over current capacity -- by 2000 (see Exhibit 1.7a). Clearly the magnitude of the
contemplated investments were posing a major problem to the country (debt situation)
as they represented about 25 percent of the total National Investment Plan for the
period.

The average installed cost for the medium and high scenarios was $1,440/kW and
$1,313/kW, respectively (see Exhibit 1.8). The projected hydro energy cost was

RCG/Hagler, Bailly, Inc.
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Exhibit 1.6

Historical Growth In Consumption

General Residential  Small Industry Large indlml Public Light Total Generation?
Year GWh % Growth GWh % Growth GWh % Growth GWh % Growth GWh % Growth GWh % Growth GWh Load Factor MW
1980 355 109 843 129 457 112 182 3.7 57 140 2144 122 2144 0.596 405
1981 437 231 901 69 417 -8.8 223 225 69 211 2,047 8.1 2,291 0'.’618 417
1982 508 16.2 946 5.0 383 -8.2 168  -24.7 74 72 2079 16 2292 0618 438
1983 512 0.8 977 33 414 81 172 24 76 27 2151 35 2372 0589 451
1984 532 39 1,046 71 472 14.0 208 209 79 68 2337 07 2568 0.606 482
1985 576 83 1,123 74 475 0.6 217 43 81 25 2472 58 2708 0.603 511
1986 609 5.7 1,242 106 526 10.7 238 9.7 82 12 2697 91 2968 0.600 565

Includes projects being constructed.
National systems.

Source: ICE



Plant Types

e Hydropower
e Geothermal

e Thermal
GasT

Coal

Total

Source: ICE, 1987

Exhibit 1.7a

Planned ICE Generation Expausion, 1988-2000

as of October 19§?

Medium Scenario
MW Cost, $109
453 640
220 407

96 60
769 1,107

High Scenario

MW

——————

453
220

288
125

1,086

Cost, $106
640

407

181
198

1,426

/50
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ICE Future Power Capacity Expansion Plan: High Scenario

Energy (GWh)
Irm Average

Ycar Project Capacity MW

1987 Ventanas Garita

1989 Gas Turbine
1990 Gas Turbine
1991 Miravalles I

Gas Turbine
1992 Gas Turbine
1993 Sandillal

Miravalics 1l
1594 Toro I

Toroll
1995 Gas Turbine
1996 Angostura
1997 Miravalles III
1998 Siquirres
1999 Miravalles IV
2000 Carbon

Source: ICE, 1987

96

Exhibit 1.8

Type
Hydro

Gas T.
Gas T.
Geo
Gas T.
Gas T.
Hydro
Geo
Hydro
Hydro
GasT.
Hydro
€0
Hydro
Geo
Therm

373

224
448
389
224
224
140
389
721
189
448
664
339
630
389
723

1,500

224
448
389
224
224
140
389

18
315
448
996
389
760
389
723

Investment

Cost
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approximately $0.030/kWh, roughly equal to current cost, and the projected cost of
thermal power was approximately $0.070/kWh, compared with a current cost of
approximately $0.090/kWh.

Revised Expansion Plan (February 1988)

Because of an unexpected surge in demand and worse - than - expected rainfall, ICE
had to modify its expansion plan. The new plan under the medium scenario, calls for
889 MW of new installed capacity for the period 1990 - 2000 (see Exhibit 1.7b), a 30
percent increase over the previous plan. According to this new plan, ICE would have to
invest on average in excess of $100 million each year between 1990 and 2000.

ICE FINANCES

ICE remains financially troubled, and is unable to raise tariffs without a major review
by SNE to meet a growing debt service. In 1985 and 1986, debt service accounted for
43 percent and 40 percent, respectively, of total income. The situation has impreved
slightly over what it was in 1984, perhaps the utility’s most difficult financial year. SNE
approved tariff increases for ICE of roughly 17 and 15 percent, respectively, for the
years 1985 and 1986. In October of 1987, ICE was allowed another tariff increase of 22
percent. This increase was quickly followed by increases at the other power companies;
CNFL, for example, raised its tariff by approximately 17 percent, ESPH by 12 percent,
and the Cooperatives by between 12 percent and 14 percent. An income statement for
1984, 1985, and 1986 is shown in Exhibit L.9. The current tariff structure is shown in
Exhibit 1.10.

Clearly, the combination of (1) the unexpectedly high demand growth, (2) the severe
drought, (3) the national debt situation, and (4) ICE’s financial situation requires
finding innovative solutions to the problem. Allowing independent producers to either
generate their own power or generate power for sale to the grid, especially at peak
hours and during the dry season, is an attractive way to resclve the problem in the short
term.

Although there is only little practical experience in Costa Rica, discussions with
potential investors and developers have izdicated a real interest and potential in such

RCG/Hagler, Bailly, Inc.



Year

1990
1991
1992
1993

1994

1995
1996
1997
1998
1999
2000

Total 10 years

Source: ICE

Revised National Generation Expansion Plan

Exhibit 1.7b

(as of February 1988)
Plant Name Capacity
Thermal 3x36 MW
Thermal 36 MW
Miravalles-I 55 MW
Sandillal 32 MW
Thermal 36 MW
Miravalles - 11 55 MW
ToroI & 11 24 + 66 MW
Thermal 36 MW
Angostura 177 MW
Miravalles - 111 55 MW
Siquirres 154 MW
Miravalles - IV 55 MW
889 MW

Iype

Gas turbines
Gas turbines
Geothermal
Hydro
Gas Turbine
Geothermal
Hydro
Gas Turbine
Hydro
Geothermal

Hydro
Geothermal



Exhibit 1.9

Income Statement for ICE, 1984-1986

Energy Sales (MWh)
Average Sale Price,
Colones/kWh

Income

Sale of Energy
Other income
Total Income

Expenses

Direct

Purchase of energy

Hydrogeneration

Thermal generation

Transmission

Distribution

Administrative

Cost

Subtotal Direct
Cost

Indirect

Depreciation
Institutional
Costs

Financial Costs
Inisurance

SNE taxes

Subtotal Indirect
Costs
Total Cost

Income Net of
Operations

(1,000 Colones)

1984
2,176,418
2.20

4,796,001

12,523
4,808,524

12,971
111,270
77,466
82,559
223,713
136,144

644,123

768,607
181,680

3,118,231
4,180

4,199

4,076,897
4,721,020

87,504

* - HBC computed this number to be 2.52

Source; ICE

1985 1986
2351332 2,560,471
2.23 2.21*
5278270 5,664,467
14,454 14265
5292,724 5,578,732
1,469 126,833
170,360 165,391
82,099 101,089
113,449 152,022
296,917 403,425

162,737 215,91
827,031 1,164,670
897,811 1,078,229
223,528 304,971
3,314,803 3,884,185
5,298 7,398
4,199 8.993
4,445,639 5283776
5272,670 6,448,446

20,054 (769,714)



T-2

Exhibit 1.10

ICE Tariff Structure
(¢ = Colon)

Residential

Energy Charge
First 30 kWh or less
Following 20 k\Wh
Following 50 kWh
Following 150 kWh
Following 400 kWh
Excess ot 450 k Wh

Genersl (Commercial)

® less than or equal to 3,000 kWh per month
Energy Charge:
First 30 kWh
Each additional kWh

¢ 3,001 - 20,000 kWh per month
Demand Charge:
First 13 kW
Each additional kW

Energy Charge:
First 3,000 k
Each additional kWh

geater than 20,000 kWh per month
emand Charge:

First 27 kW

Following 60 kW (each kW)

Each additional kW

Energy Charge:
First 20,000 kWh
Each additional kWh

¢55.50/kWh
¢1.85/kWh
¢2.20/kWh
¢2.25/kWh
¢3.00/kWh
¢6.50/kWh

¢184.80
¢6.16

¢7,346.70
¢565.13

¢10,980.00
¢3.66

¢15,250.25
¢566.13
¢859.80

¢73,620.10
¢2.68



T-3 Industrial

® 3,000 kWh‘kper month

T-6 Small Industry (1,500 kWh per month)

Source: ICE

Energy Charge:
First 30 kWh

Each additional kWh

Exhibit 1,10
(continued)

3,001 - 20,000 kWh per month

Demand Charge:

First 13 kW

Each additional kW

Energy Cha

rge:
First 3,000 ka’h

Each additional kWh

Greater than 20,000 kWh per month
Demand Charge:

First 27 kW

Following 60 kW (each kW)

Each additional kW

Energy Cha

First 20,000 kWh
Each additional kWh

rge.

Energy Charge:
First 30 kWh

Each additional kWh

¢159.90
¢5.33

¢6,296.40
¢484.34

¢9,450.00
¢3.15

¢13,077.20
¢484.34
¢736.17

¢63,109.30
¢2.28

¢114.60
¢3.82
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ventures. In this regard, it may be useful to look at two examples of existing or
potential projects to provide some background for the study.

Two systems provide examples of power generated by parties other than ICE,
Compania Bananera and Matamoros.

EXISTING NON-UTILITY POWER GENERATION

Compania Bananera de Costa Rica - Palm Oil Plants

This is the only known case of cogeneration in the Costa Rican manufacturing sector.
Compania Bananera de Costa Rica operates three palm oil plants in the vicinity of
Quepos (Pacific coast), which extract oil from African Palm nuts produced or. nearby
plantations. A censiderable amount of combustible process waste is produced, part of
which is burned to produce electricity and process steam in cogeneration installations.
The remaining waste is sold for boiler fuel (palm nut shells), animal feed (nut kernels),
or discarded (fibers). The stalks are burned without heat recovery and the ashes (high
in potassium content) are used as fertilizer in the palm nut plantations.

Key energy data are presented in Exhibit 1.11. The Naranjos plant currently purchases
about 25 percent of its electricity, but a project to make it szlf-sufficient in electricity is
planned within two years. Energy characteristics of the African Palm nut waste
products are:

Type of Waste Heat Value Moisture Content
Shells (cascarilla) 5,200 Kcal/Kg. 12%
Fiber (fibra) 5,000 Kcal/Kg. 15%
Stalks (pinzote) 4,500 Kcal/Kg. 30%

The process yields a 6 percent excess of palm nut shells, all of which is sold to a cement
company in the Central Valley for 600 colones per ton. The transport' ‘on cost to the
cement plant exceeds the price paid to Compania Bananera.

RCG/Hagler, Bailly, Inc.



Exhibit 1.11

Compania Bananera De Costa Rica
Paim Qil Plants

Key Energy Data
Plant
Coto 47
Palo Seco Naranjos Nueva
Operations
Production capacity, tonnes/hr (Palm Nuts) 30 20 50
Month of peak production May
Month of lowest production November
Hours of operation per year ~ 3,600 ~ 3,600 ~ 3,600
Steam System
Number of boilers 3 2 1
Boiler rated capacity, tonnes/hr 15 2x5 15
Boiler rated pressure 350 350 350
Steam generated - tonnes/hr average 15
Steam generated - pressure, Dsi 250 250 200
Projected increase - year 1992 50%
Process steam pressure, psi 40 40 40
Boiler fgels . Palm nut shells and fibers -----eee=eemeee-
Number of steam turbines 1 0 1
Number of reciprocating steam engines 1 (idle) 1 -
Electrical Power System
Installed generating capacity, kVA 500 110 500
Purchased electricity, kWh 0 1,152,000 Not in operation yet
Cogenerated electric -, kWh/year 1,080,000 396,000 -
Turbine type 1 stage -- 1 stage
Principal Erergy Uses
Steam - Cooking palm nuts (direct injecticn) -
Electricity motors --

Source: Compania Bananera

v
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There is excess generating capacity at two of the plants; consequently, if favorable terms
of sale could be arranged, 400 kW of capacity could be harnessed for sale to the
electrical utility (ICE). With additional investment the plants could generate 1,475 kW
for sale to the grid. This additional generation potential is divided among the plants as

follows:
Without New Investment With New Investment
Plant kW kWh kW kWh
Palo Seco 200 720,000 500 1,800,000
Naranjos 0 0 350 1,350,000(planned)
Coto 47 200 720,000 625 2,250,000
Total 400 1,440,000 1,475 5,400,000

Empresa Electricidad de Matamoros, (EEM)

EEM is a small, private power company operating three minihydro plants in Alajuela,
near Ciudad Quesada, that provide power to the Cooperativa De Electrificacion Rural
De San Carlos (COOPELESCA). The area is in a rich agricultural zone with ample
hydropower resources. The plants were built some 35 years ago on the Rio Platanar,
which drops from the mountains behind Quesada to the lowlands of Alajuela. They
were installed by the sugar industry to provide electrical power for processing and to
sell the rest to the city of Quesada, which today has a population of approximately
15,000.

EEM has 3.3 MW of capacity provided by three plants -- Cedral, Carmen, and Hospital.
EEM purchased them at low cost and therefore has little debt. The power is sold
directly to COOPELESCA at a levelized cost of 0.92 colones/kWh (demand charge,
207.87 colones/kW and energy charge, 0.6113 colones/kWh). COOPELESCA, which
has some 18,000 members, in turn sells the power at a nominal cost of 2.05
colones/kWh. The cooperative buys most of its power from ICE at similar rates to
meet a peak demand of 12,000 to 13,000 kW. EEM supplies only a fourth of
COOPELESCA’s power needs.

RCG/Hagler, Bailly, Inc.
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EEM seeks to increase its installed capacity by building a 10-15 MW (6 MW firm), high
head hydropower plant (250 M) with reservoir. A feasibility study is currently under
way (by Bel Ingenieria S.A.) and preliminary costs are estimated at $1,000/kW. This
plant was originally envisicned as providing round-the-clock power for COOPELESCA,
but it is more likely tc be used for peaking until iocal demand develops. A financial
analysis of this plant produced by the EPAP model is shown in Exhibit 1.12. The results
suggest that it would be a worthwhile venture for the private sector. Financing has not
been arranged yet, but discussions are under way with a German euipment
manufacturer about an attractive loan that would require goveriiment guarantees.
There have also been discussions by ssme private investors on financing the civil works,
but this initiative is not moving ahead because investors believe that ICE’s tariff
structure will limit their return.

In the next chapter, the national potential for such independent power generation
projects is analyzed in detail.

RCG/Hagler, Bailly, Inc.
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Exhibit 1.12

PRTVATE POWER PROJECT APPRAISAL
bERREEEELES T TE 2T 2L TR YR Ry,

PROJECT NAME: Matamoros
TECHNOLOGY : Hydroelectricity

TECHNICAL CHARACTERISTICS

SYSTEM SIZE: 15,000 kW
CAPACITY FACTOR: 0.60

ANNUAL POWER PRODUCTION: 78,840,000 kWh/year

—---—.—_—————-—-—.—_———_—_——————-—--———————————-——-——————-————_—

CAPITAL COST: $15,000, 000

ANNUAL O&M COST: $300,000

ANNUAL FUEL COST: $0

MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:

CAPITAL RECOVERY FACTOR: 0.270

NPV: ($2,056,392)

IRR: 12.083 Percent

NET POWER COST: 0.055 $/kWh
DEBT AND EQUITY:

DEBT TO EQUITY RATIO: 2.300

INTEREST RATE: 11 Percent

CAPITAL RECOVERY FACTOR: 0.105

NPV: $2,563,641

IRR: 26.890 Percent

NET POWER COST: 0.034 $/kwh

ECONOMIC PERFORMANCE

CAPITAL COST:

FOREIGN EXCHANGE: $4,500,000

IOCAL CURRENCY: $5,250,000

NPV: $16,032,733

IRR: 51.190 Percent
NET LEVELIZED COST OJ' POWER: 0.017 $/kwh

Source: RCG/Hagler, Bailly, Inc.



CHAPTER 2: POTENTIAL FOR NONUTILITY POWER GENERATION

This chapter evaluates the potential for nonutility power generation in Costa Rica. Six
options are explored:

. Industrial cogeneration

. Sugar mill generation

. Dendrothermal generation

o  Agricultural and biomass waste-fired systems
o  Small and minihydro systems

o  Geothermal generation.

For each option, the technical, economic, and financial potential is evaluated and
discussed. Although each option has some potential, only two would have a significant
impact on the Cos:a Rican energy situation. In order of importance, they are: in the
short-run, sugar industry generation and in the long-tun, small and minihydropower.
Another AID-Funded study examined the potential for coal-fired power plants in the
long-run.! Solar and wind power generation were not included in the scope of work as
both options cannot compete with ICE’s long run marginal cost. (Indeed the lowest
busbar cost of power from these options is U.S. 7 cents/kWh under the best world
circumstances.)

ASSUMPTIONS FOR ECONOMIC AND FINANCIAL ANALYSES

To determine the relative attractiveness of the various nonutility power generation
options, three sets of numbers were developed: the technical potential, the economic
potential, and the financial potertial. For each power generation option, the technical
potential is that amount of generation that can be developed given the current and

1 Prefeasibility Study of Coal Use in Costa Rica, by Bechtel National, Inc., June 1987

RCG/Hagler, Bailly, Inc.
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expected state of the technology and the availability of the natural resources. This
potential is largely a resource-limited number. The economic potential is that portion
of the technical potential that can be developed with resulting electricity costs lower
than the marginal production cost of electricity. This analysis uses only the true
economic costs and benefits and factors out "transfer payments” such as taxes, duties,
and profits that do not represent actual costs but rather shifts of resources from one
sector to another.

Similarly, the financial potential is the generation capacity that can be developed with
costs below the price of power provided by utilities. The financial analysis looks at the
project from the viewpoint of the investor. It determines the actual cashflows of a
project using market values for capital costs, labor, and materials. It incorporates taxes,
duties, profits, and other transfer payments explicitly, and determines actual returns to
the investor.,

The key economic and financial costs and assumptions used in these analyses are
summarized in Exhibit 2.1 and are further explained in Appendix C.

In the economic analysis, the economic cost of electricity is assumed to equal the
average short-term and long-run marginal generation cost of electricity to ICE. This
assumption is based on the avoided cost concept, the electricity generated from a
nonutility power plant can in effect reduce the need for electricity generation by the
utility, resulting in reduced generation costs to the grid. This cost saving or "avoided
cost" is a fair value for pricing the nonutility electricity supply. The estimate of this
value is based on ICE’s power plant mix and power generation costs as well as the
characteristics of electricity supply from other generators such as CNFL. For example,
if a nonutility power plant can reliably supply firm capacity, the utility will not have to
install additional peak generators and will thus realize large avoided costs. On the
other hand, if the nonutility generators only provide interruptible energy (kWh) to the
grid and no firm capacity, the utility’s avoided cost will be limited to its variable
generation costs. For a detailed discussion of avoided cost, see Appendix D.

In the economic analysis, the average value of nonutility electricity to the grid is
assumed to be $0.050/kWh. This figure represents the average marginal generation
cost of electricity to ICE, but it is only a first approximation of the avoided cost.

RCG/Hagier, Bailly, Inc.
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Exhibit 2.1

Key Assumptions for Financial and Economic Analysis

Economic

Value of Electricity: $0.050/kWh
Marginal Return on Capital: 10%

Standard Conversion Factors:

O&M costs 0.75
Capital costs 0.70
Power costs 0.75
Fuel costs 0.95
Noncogeneration fuel costs 0.95

Period of Analysis: 20 Years

Financial

Note:

Value of Electricity: $0.0455/kWh
Required Return on Equity: 15%
Cost of Debt: 11%

Debt/Equity Ratio: 2.3%
Marginal Tax Rate: 50%

Depreciation Period: 20 Years

All assumptions are for U.S. dollar equivalent, in constant terms. For
example, a 35 percent rate current colones translates, based on interviews
with financial institutions and private investors into a 15% required return
on equity in current dollars.

Source:  RCG/Hagler, Bailly, Inc.
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Estimating a more accurate value of avoided cost requires an integrated production
costing analysis of each utility, taking into account the quantity, quality, and location of
nonutility power sources. The capacity and energy components of this avoided cost
value are discussed at length in Appendix D.

In addition, no attempt has been made in the economic analysis to estimate the full
economic value of electricity to the economy. The economic losses resulting from
power shortages are believed to be far greater than the cost of electricity supply.
Several analyses carried out in Costa Rica indicate that the cost of load shedding, which
is equai to the cost to the economy of interrupting power, is around U.S. $1.20/kWh.
The economic value of electricity to the economy should be considered in developing
national nonutility power generation policies.

In the financial analysis, the current price of electricity to the nation is assumed to be
the financial value of electricity. The average price of electricity in Costa Rica is about
$0.0515/kWh. This figure includes a demand charge, energy charge, and fuel
adjustment charge, and other supply expenses and applicable taxes for industry, which is
the most concerned sector with this study, an average price of $.0455/kWh has been
retained.

To allow comparison of systems having major differences in their cash flows, a capital
recovery factor (CRF) approach was used. This approach, which is equivalent to a net
present value calculation, gives an estimate of power cost in $ /kWh.

It was not the purpose of this study, however, to recommend or evaluate the non-
economic or "soft" economic factors used to justify investments in power systems.
Rather, the study focused on how the Governraent of Costa Rica could stimulate
investment by the private sector in power systems as a substitute for public-sector
investment in electric power generating projects. Consequently, projects requiring
significant government assistance in the form of subsidies or soft loans (because of
significant nonmonetary benefits) have not been recommended for private investment.
In general, such projects would not significantly reduce the need for government
financing, but merelv change its form (for example, from a single large loan guarantee
to many small ones).

RCG/Hagler, Bailly, Inc.
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INDUSTRIAL COGENERATION

Cogeneration potential depends on several factors, including the size and number of
individual companies, the nature and quality of their present and projected energy
needs, and all of the cost factors that enter into the financial analysis of a project. This
section examines these factors, and evaluates cogeneration potential based on data
gathered mainly at plant level and on experience gained worldwide in similar
endeavors.

Cogeneration systems fall into two categories: topping systems and bottoming systems.
In a topping system, thermal energy exhausted in the production of electrical or
mechanical energy is used in industrial processes (see Exhibit 2.2). This thermal energy
is usually in the form of low-grade (i.e., low-pressure, low-temperature) steam. Typical
applications of this low-grade heat steam include heating, drying, distillation, and
concentration. At any site using low-grade steam and electricity, a topping system is
usually an efficient alternative to purchasing power from the grid and generating the
heat separately by a dedicated system, usually a low-pressure boiler or a heater. The
incremental investment needed for the cogeneration alternative consists of the cost of
the power unit (generally a gas or steam turbine or a diesel engine) and the difference
in the cost of purchasing and operating a higher pressure boiler than would otherwise
be used. The main advantage of a topping cogeneration system is the amount of fuel
that it saves. In addition, cogeneration systems located at industrial sites may also
improve power reliability and- quality for that site.

Bottoming cogeneration systems differ from more conventional topping systems in that
they use waste heat from industrial processes as the heat source for electricity
generation, rather than the heat released from the combustion of commercial fuels.
Basically, a bottoming cycle system consists of a waste heat boiler used to vaporize
water or organic fluids and a turbine generator with condenser, unless low-pressure
exhaust steam extracted from the turbine is used directly in the process. Such systems
are used in processes generating large waste heat streams at temperatures of 300°C and
higher. Cement, steel, glass, and some chemical and petroleum refining industries are
possible candidates for bottoming systems.

RCG/Hagler, Bailly, Inc.



Exhibit 2.2

Fuel Gil Fired Boiler/Steam Turbine Cogeneration Plant

Fuel

Return condensate

Generator
\‘ﬁocess sream

Source: Power, McGraw-Hill.
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Industry Profile

As would be expected iu . country of 2.5 million inhabitants, with manufacturing
oriented toward the domestic market, mar.ufacturing operations tend to be small-scale
when judged by international standards. Thus, plants found in Costa Rica generally
represeni ihose industries where the minimum economic scale of manufacturing
matches the relatively small domestic demand. Exceptions are plants geared to the
export market, such as tire and glass container manufacturers (large scale) and textiles
(medium to small scale, but numerous). The energy-intensive basic metal and basic
chemical industries are absent in Costa Rica; only metal and chemical converters, with
relatively low energy consumption, are found there.

RECORPE, the state enterprise for petroleum refining and distribution, is the largest
enterprise and energy user in the manufacturing sector; however, marnufacturing activity
lies mainly in the private sector and (apart from certain major state enterprises) there is
a trend toward further privatization, actively supported by government poiicy. The
largest concentrations of companies are found in the food, beverage, and tobacco
subsectors, and typically one or two companies dominate each type of manufacturing
activity. This industry structure and scale permitted the collection of representative
plant level data by means of relatively few plant visits, this information was
supplemented by existing audit reports and surveys.

Industry Growth Projection

Most industrial managers interviewed shared an outlook characterized by uncertainty,
and by low growth expectations over the next S years. This view reflects the current
situation of tight credit and an inflation rate of 15 percent. The Chamber of Commerce
has announced that the shortage of credit is severely depressing industrial activity at
this time, obliging some companies to lay off employees.

Energy Profile

The industrial sector (excluding RECOPE and the sugar industry) consumes
approximately 931,000 barrels of fuel oil and 1,100,000 MWh of electricity. From an

RCG/Hagler, Bailly, Inc.
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energy standpoint, the sector is dominated by the cement, fertilizer, and glass
subsectors, all of which use mainly direct-fired thermal energy in their processes. They
have only small steam systems, which offer no potential for cogeneration.

Thirty-one companies purchased 650,300 barrels of fuel oil, or 77 percent of total sales
to manufacturing companies, in 1987 (see Exhibit 2.3). Of these companies, only four
were major steam users. By industry category, the nonmetallic mineral products group
accounted for 50.5 percent of fuel oil sales, followed by food, beverages, and tobacco
(23 percent) (see Exhibit 2.4). Similarly, electricity consumption is concentrated in only
a few companies; the major users are the cement, fertilizer, and glass industries (direct-
fired processes), followed by two large textile firms and a tire manufacturer (steam
systems) (see Exhibit 2.5).

Only four plants in Costa Rica have steam generation rates in excess of 10 tonnes/hour
-- the minimum rate for cogeneration feasibility (see Exhibit 2.6). Steam users are
concentrated in the food, beverages, and tobacco group, followed by the textile,
clothing, and leather group.

Costa Rican manufacturing plants generate steam almost exclusively with fuel oil. Only
three companies using waste fuels were identified:

Industrial Users of Waste Fuel - Costa Rica

Company Products Fuel
Compania Bananera de Palm Qil African palm nut
Costa Rica shells and fibers
Industria Nacional de Cement African palm nut shells
Cemento
Portico Mahogany doors Lumber cuttings

All three of Compania Bananera’s palm oil plants (near Quepos) are cogenerating
electricity and steam, and Portico is currently exploring this option. These are the only

RCG/Hagfer, Bailly, Inc,
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Exhibit 2.3

Fuel Oil Sales to Major Industrial Customers
1986 (Thousands of Barrels)

Company Products
Industria Nacional de Cemento Cement
Cementos del Pacifico Cement
Vidriera Centroamericana S.A. Glass containers
Fertica S.A. Fertilizer
Compania Nu:aar S.A. Vegetable oil, margarine
Coop. Prod. de Leche R.L. Dairy products
Scott Paper de Costa

Rica S.a. Paper & paper products
Industrias AKRON S.A. Tires
Cerveceria Costa Rica Beer
Matadero Montecillo Meat Products
Laminadora Costarricense Steel Shapes
Fabrica Nacional de Licores Liquor
Textiles Ind. Centro-

americanos S.A. Textiles
Productos Gerber de

Costa Rica S.A. Baby food
Punto Rojo S.A. Toilet soap
Plywood Costarricense S.A. Plywcod
Pieles Costarricenses S.A. Leather
Envases Ind. de CR S.A. Packaging
El Gallito Industrial S.A. Chocolate candies
Central American Meat S.A. Meat
Productos de Concreto S.A. Concrete Products
Ricalit Concrete Products
Alunasa Aluminum Shapes
Tubotico S.A. Pipe
Henderson Cia. S.A. Meat
Cost Rica Cocoa S.A. Cocoa Products
Galvatica S.A. Galvanized Steel
Cerveceria Tropical Beer
Textiles Tres Rios Textiles
Metales Cia. S.A. Metals
Sanaderia Industrial Meat

Total

Source: RECOPE

Sales

163.9
106.7
47.8
42.5
353
32.0

319
21.0
17.7
16.5
14.4
13.8

10.7

9.5
8.5
7.4
6.2
6.1
6.0
5.5
5.3
5.1
5.0
4.9
4.0
4.0
3.9
3.9
3.8
3.3

650.3



Exhibit 2.4

Petroleum Sales to Major Customers

by Industry Group
1986
Sales
Industry (Thousands
_Code Industry Group of Barrels) %
31 Food, Beverages & Tobacco 151.5 23.3
32 Textiles, Clothing & Leather 20.7 3.2
33 Wood & Woed Products 0.0 0.0
34 Paper & Paper Products 45.4 7.0
35 Chemicals & Chemical Products 72.0 11.1
36 Nonmetallic Mineral Products 328.8 50.5
37 Basic Metals 31.9 4.9
38 Metal Products, Mach. & Equip. 0.0 0.0
39 Other Manufacturing 0.0 0.0
Total 650.3 100.0

Source: RCG/Hagler, Bailly, Inc., based on RECOPE sales statistics.



Exhibii 2.5

ICE Electricity Sales to Major Private Customers

ngpgn!

Industria Nacional
de Cemento

Cementos del Pacifico
FERTICA
VICESA
Olympic Fibers
TICASA
Industria Akron
ALUNASA

Total

Total ICE Sales
(bulk, no sales)

Source: ICE

1986

Products

Cement
Cement
Fertilizer
Glass container
Textiles
Textiles
Tires

Aluminum

Electric Power

Parchased (MWh)

41,493
33,293
32,578
18,118
17,557
13,390

11,293

3,216
211,803
1,884,088



Exhibit 2.6

Estimated Potential for Cogeneration by Company

— Company

Largest Steam Users'
Scott Paper de Costa Rica
Fabrica Nacional de Licores
Matadero Montecillos

Coop. Productores de Leche
(Dos Pinos)

Total Largest Steam Users
Other Steam Users Identified

Total

LI tonnes/hour minimum

Source: RCG/Hagler, Bailly, Inc.

Annual Steam

Consumption
T/hr. %
23.5 10.0
18.0 7.6
124 5.3
11.8 5.0
85.7 279
170.1 21
235.8 100.0

Technical

Potential
MW

1.67
1.28
0.88

0.83
4.66

12.01

16.67
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two companies '"nown to be operating a cogeneration unit or planning one, and waste
fuel is involved in both cases. The palm oil plants are not connected to the utility grid,
however, they -- and Portico -- would consider selling power to their electricity
cornpanies if it were to prove feasible and financially attractive.

Methodology

Owing to the small number of companies involved, their concentration in the Central
Valley, and the large amount of useful data available from earljer surveys, it was
possible to employ a bottom-up approach to data gathering and analysis, which yields
greater accuracy than using data of a broader character. In addition, the availability of
considerable data from previous studies and audits facilitated data gathering. The
collection and the analysis of data entailed three steps:

Data Collecticn

1. Develeped a list of major energy users (oil and electricity) and
tabulated their steam capacity and use, as well as their electricity
consumption. Data sources consisted of prior surveys (DSE and
Meta Systems); RECOPE and ICE sales data; DSE, ICAITI and
SOL 2000 personnel; and energy audit reports.

2. Visited seven plants of companies representing the principal
industrial subsectors for which data were not already available. Also
used plant visits to gather information on industrial managers’
attitudes toward cogeneration potential and perception of barriers to
its development.

3. Visited UNDP, IDB, and AID to gather information on financial and
economi< issues and barriers to cogeneration development.

RCG/Hagler, Bailly, Inc.
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Analysis

1. Selected major steam users, rejecting those with steam requirements
below 10 tonnes/hour.

2. Selected a "best case” for analysis, using the Hagler, Bailly EFAP
computer model (see Appendices C and G for details). Confirmed
this finding by computer analysis of other potentially good cases.

3. Calculated theoretical cogeneration potential by assuming an
electricity-to-thermal-energy ratio (E/T) of 0.1 based on a back-
pressure steam turbine system, which has the broadest application in
Costa Rican industry. Assuming that the cogenerat.on system would
be sized to meet steam needs, the electricity capacity was estimated
by applying the E/T ractor to thermal energy output. The factor was
first applied to all steam users (theoretical technical potential), and
then only to users with 10 tonnes/hour or more (practical teclinical
potential).

Technical Potential

The theoretical technical potential for cogeneration in Costa Rica industry (assuming
that all process steam is cogenerated and extracted fzom back pressure turbines) is
estimated at 16.67 MW. This potential is primarily in the food, beverages, and tobacco
subsector, as shown in Exhibit 2.7. Elimiration of companies generating less than 10
tonnes/hour of steam reduces the potential to 4.66 MW (practical technical potential),
which is distributed among the four large steam users, shown in Exhibit 2.6.

Economic and Financial Potential

1. Best Case Study

Scott Paper de Costa Rica is the sole paper producer in Costa Rica and has the highest
Steam consumption in the industrial sector (excluding RECOPE and the sugar
industry). Data from the company energy profile shown in Exhibit 2.8 were used to

RCG/Hagler, Bailly, Inc.
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Cxhibit 2.7

Industry
Code

31
32
33
34
35
36
37
38

39

1

Industry Group

Food, Beverages & Tobacco
Textiles, Clothing & Leather
Wood & Wood Products

Paper & Paper Products
Chemicals & Chemical Products
Nonmetallic Mineral Products
Basic Metals

Metal Products, Machinery
& Equipment

Other Manufacturing

Total

Basis: Back pressure steam turbine systems, assuming E/T' = 0.1,

Source: RCG/Hagler, Bailly, Inc.

Steam
Consumption

tonnes/hour

114.8
48.5

5.0

23.5
27.6

6.7

0.0

9.7
0.0

235.76

Technical Petential for Cogeneration by Industrial Category!

Technical
Potential

(MW)

8.12
343
0.35
1.66
1.95
0.47
0.0

0.69
0.0
16.67



Exhibit 2.8

Energy Profile of Scott Paper de Costa Rica

Steam system size: 31.36 T/hr.
Annual capacity factor: 0.75
Noncogeneration efficiency: 0.236

Electric-to-thermal-energy ratio

(E/T): 0.46
Bunker fuel consumption 4,789.05 T/yr.
Steam consumption: 23.5 T/hr
Electricity-Peak demand: 4,760.0 kW
-Average demand: 4,725.0 kW
-Consumption: 2,998,000.0 kWh/month

Source: RCG/Hagler, Bailly, Inc.
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determine the company’s cogeneration potential. The results indicated a negative
internal rate of return; therefore, cogeneration would be uneconomical in this case.
(Exhibit 2.9).

2. Other Case Studies

Further analysis of the most promising candidates verified the absence of an economic
cogeneration potential among major Costa Rican steam users, virtually all of which
operate fuel oil-fired steam systems (these are not competitive with ICE’s hydro base
for power generation). A notable exception is the three palm oil plants of Compania
Bananera, which fire their boilers with African Palm nut waste and already cogenerate.

3. Fluor Canada Ltd. Study of the Cogeneration Potential of RECOPE

A cogeneration option at the RECOPE refinery in Puerto Limon on the Atlantic coast
was examined by Fluor Canada Ltd., and found to be uneconomical.

RECOPE heads the iist of Costa Rican steam users, generating 24.7 tonnes/hour at 250
psi, of which 10.4 tonnes/hour are extracted from turbines to be used at 20 psi for its
OWn process requirements as shown in Exhibit 2.10. The balance of the steam (14.4
tonnes/hour) is condensed. Existing captive generating capacity is 455 kW (diesel
generators), which is supplemented by purchased power; however, the service provided
by the utility is unreliable because the plant is located at the end of the distribution line.
The study examined the feasibility of additional power generation by means of
cogeneration. The proposed system would add steam generating capacity of 15.9
tonnes/hour at 600 psi to generate an additional 388 kW. The system, which would cost
U.S.$2,815,000, was found to have a payback period of 14 years, which Fluor deemed to
be unsatisfactory. A further negative factor was the lack of an adequate supply of boiler
feedwater. Thus, a diesel-electric plant costing U.S.$1,000 per kW of generating
capacity was judged by Fluor to be a cheaper and thus better option,

4. Special Cases

Good potential for cogeneration probably exists in only two of the companies
examined: Numar S.A. (vegetable oils, margarine) and Portico S.A. (mahogany doors).

RCG/Hagler, Bailly, Inc.
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Exhibit 2.9

COGENERATION PROJECT APPRAISAL
hhkkkhkhhkhhhkhkhkhhhhkhhkhhhkhkhhkhhkhkk

PROJECT NAME: Scotrt Paper
PLANT TYPE: Caper plant

TECHNICAL CHARACTERISTICS

SYSTEM SIZE: 65 mmBtu/hr
E/T RATIO: 0.10
CAPACITY FACTOR: 0.70
ANNUAL POWER PRODUCTION: 11,681,712 kWh/year

CAPITAL COST: $4,680,000

ANNUAL O&M COST: $234,000

ANNUAL FUEL COST: $1,764,840

MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:

CAPITAL CHARGE RATE: 0.270

NPV: ($2,679,494)

IRR: 0.848 Percent

NET POWER COST: 0.130 $/kWh
DEBT AND EQUITY:

DEBT TO EQUITY RATIO: 2.300

INTEREST RATE: 11 Percent

CAPITAL RECOVERY FACTOR: 0.108

NPV: ($1,238,043)

IRR: ERR Percent

NET POWER COST: 0.086 $/kWh

ECONOMIC PERFORMANCE

-—-—--———-—-—-—---——-——---————--——..--—o--—-—-o——--—-—————-————

CAPITAL COST:

FOQREIGN EXCHANGE: $2,808,000

LOCAL CURRENCY: $936,000

NPV: ($1,236,060)

IRR: ERR Percent
NET LEVELIZED COST OF POWER: 0.057 $/kWh

Source: RCG/Hagler, Bailly, Inc.




Exhibit 2.10

Sugar and Bagasse Production in Costa Rica

(1982)
Cane Milled Sugar Production Bagasse Produced
Mill Tonnes/Year Tonnes/Year Tonnes/Year
Viejo 152,079 13,064 53,228
Catsa 233,840 16,561 81,861
Palmar 282,397 20,510 98,800
Taboga 278,568 22,976 97,498
Quebrada
Azul 218,520" 18,574™* 72,116™
Victoria 189,118 19,000 43,500
Atirro 109,173 10,292 36,165
Juan Vinas 103,671 9,600 32,670
Argentina
1987 Data
e Estimated, 1987

Source: Meta Systems
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Numar S.A., with a steam consumption of 9.41 tonnes/hour at 130 psi, has a medium
pressure steam plant (250 psi) that could probably be retrofitted to generate steam of a
quality suitable for driving a turbine. This would reduce the capital cost of a
cogeneration plant to an estimated U.S.$500,000, including a turbo-generator. The
EFAP computer analysis indicates a good financial potential for generating 1 MW,
Based on a U.S. dollar equivalent, the financial IRR is estimated at 42 percent
(assuming a debt to equity ratio of 2.3) and economic IRR at 111 percent. (Exhibit
2.11).

Portico S.A., which generates an estimated 5 tonnes/hour of steam using mahogany
wood waste from its process, has excess waste that could be used to fuel a cogeneration
system. The plant’s two boilers date from 1940 and would require replacement. Based
on a marginal investment of U.S.$1,700,000 the EFAP analysis is favorable for a 550
kW cogeneration system. Usinga U.S. dollar equivalent, the financial IRR is 16
percent and the economic IRR is 44 percent. (Exhibit 2.12).

The technical potential for cogeneration among Costa Rican manufacturers identified
as steam users is approximately 16.7 MW (see Exhibits 2.6 and 2.7); however, the
econemic and financial potential is probably only about 3 MW as follows:

Numar 1.00 MW
Portico S5
Compania Bananera 148
TOTAL 3.03 MW

This gap is due mainly to the fact that oil-fired generation of electricity cannot compete
with the cost of electricity generated by ICE from the country’s abundant hydropower
resources. Therefore, as a rule, cogeneration or captive power generation is feasible
only if it is based on fuels other than oil, although in cases where a medium- or high-
pressure boiler already exists, (significantly reducing capital investment for
cogeneration), a cogeneration project may prove to be financially attractive.

A further negative factor is the relatively small scale of Costa Rican plants, which
increases tue capital cost per kW of new generating capacity. Only four plants were

RCG/Hagler, Bailly, Inc.
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Exhibit 2.11

COGENERATION PROJECT APPRAISAL
Ahkkhhhhkhkhkhhkhhkhhkkhkhkkkhkkkk

PROJECT NAME: Numar
PLANT TYPE: Vegetable oil plant
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 37 mmBtu/hr
E/T RATIO: 0.10
CAPACITY FACTOR: 0.56
ANNUAL POWER PRODUCTION: 5,319,672 kWh/year
FINANCIAL PERFORMANCE
CAPITAL COST: $499,500
ANNUAL O&M COST: $24,975
ANNUAL FUEL COST: $803,681
MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL CHARGE RATE: 0.270
NPV: $47,517
IRR: 16.950 Percent
NET POWER COST: 0.042 $/kWh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.105
NPV: $201,364
IRR: 41.589 Percent
NET POWER COST: 0.032 $/kWh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $299,700
LOCAL CURRENCY: $99,900
NPV: $768,913
IRR: 111.193 Percent
NET LEVELIZED COST OF POW 0.025 $/kWh

Source: RCG/Hagler, Bailly, Inc.



Exhibit 2.1:

COGENERATION PROJECT APPRAISAL
khkkkkkhkhkhkhkkhkhkhhkhhkrhhkhkkhhhkhhkhkk

PROJECT NAME: Portico

PLANT TYPE: Door manufacturer
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 30 mmBtu/hr
E/T RATIO: 0.15
CAPACITY FACTOR: 0.30
ANNUAL POWER PRODUCTION: 3,466,002 kWh/year
FINANCIAL PERFORMANCE
CAPITAL COST: $1,290,000
ANNUAL O&M COST: $64,500
ANNUAL FUEL COST: S0
MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL CHARGE RATE: 0.270
NPV: ($203,477)
IRR: 8.488 Percent
NET POWER COST: 0.067 $/kWh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.105
NPV: $9,045
IRR: 15.994 Percent
NET POWER COST: 0.045 $/kWh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $774,000
LOCAL CURRENCY: $258,000
NPV: $347,894
IRR: 44.289 Percent
NET LEVELIZED COST OF POWER: 0.031 $/kWwh

Source: RCG/Hagler, Bailly, Inc.
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found to have a steam consumption in excess of 10 tonnes/hour, which is roughly the
lower limit for economic cogeneration.

SUGAR MILL POWER GENERATION

The sugar industry is one of the major industries in Costa Rica and has by far the
largest steam generating capacity of all. With an estimated installed steam capacity of
over 2 million pounds/hour, the industry can theoretically generate anywhere between
60 MW and 200 MW, depending on the type of power system used, e.g., straight back
pressure turbines, condensing steam turbines. Currently, the sugar industry has a tota!
installed power (i.e., electrical and mechanical turbines) capacity of approximately 42
MW and generates approximately 25 MW on average during the crushing season.
Therefore, an additional 45 MW to 175 MW could theoretically be made available. In
the next sections ihe structure and characteristics of this industry are described and then
the economics of additional power generation for sale to the grid is examined to
determine whether such an option is economically and financially justifiable.

The Industry

There are 24 operating sugar mills in Costa Rica that produced a total of 240,000 tons
of sugar equivalent (including alcohol) during the 1985-1986 season. The production of
a mill varies from 20,000 tons to 420,000 tons of cane crushed per season, or roughly
200 to 4,200 tons per day. The crushing season typically lasts 4 months, from January to
late April, for an average of 100 days or 2,400 hoiiz/year. The total amount of cane
crushied in the 1985-1986 season was 2,484,000 tonnes (see Exhibit 2.13).

From an energy standpoint, the mills burn bagasse -- the fibrous residue of the cane left
after crushing -- in boilers that generate medium pressure steam to run mechanical
drive turbines (back pressure-type) and power turbines that generate the electricity
needed to run the mill during the season. The low-pressure steam extracted from the
turbines is then used in the process for heating purposes.

RCG/Hagler, Bailly, Inc,



EXHIBIT 2.13

SUGAR STATISTICS

1981-82 1982-83 1983-84 1984 -85 1985-86
TONS TONS TONS TONS TONS

Aragon 33,743.440 44,928.516 33,663.514

Atirro 109,172.581 124,468.900 160,280.807 190,383.270 159,102.860
Florencia 48,728.357 45,045.684 57,213.611 69,829.270 66,783.550
Juan vilas 103,670.575 132,593.240 145,693.255 146,279.460 141,233,550
SUBTOTAL 295,314,953 347,036.340 396,851.187 406,492.000 367,119.960
Argentina 77,567.256 7¢,809.185 98,562.015 96,360.870 83,111.360
Costa Rica 88,091.012 95,062.5681 96,508.113 93,225.620 85,489.270
El General 50,580.007 55,215.538 72,978.765 76,999.690 61,436,240
Esmeralde 30,259.896 21,870.970 24,089.342 19,411.130 16,782.050
Lo Hilda 22,513.920 24,002.910 23,445.390 22,187.000 16,826,240
La Luisa 22,886.024 22,945.173 22,395,785 23,713.980 19,789.989
Ojo de Agua 39,295.600 40,793.700 41,748.450 46,836.930 35,424.570
orvenir 64,595.710 53,764 .630 64,371.510 62,074 .960 50,610.270
Providencia 55,243.540 54,808.370 53,185.090 52,130.160 48,975.820
San Ramon 25,603.370 22,646.900 32,302.720 29,747.790 29,131.060
Victoria 189,117.720 192,399.310 230,131.010 208,043.880 200,991.860
SUBTOTAL 665,754 .055 656,319.367 759,719.190 730,732.010 648,566.729
Curtis 32,345.134 38,819.558 48,904.479 50,900.400 51,528.420
Quebr. Azul 94,865.843 104,678.149 152,297.837 157,198.200 139,595.320
Santa Clara 4,690.805

Sante Fe 49,974.118 44,309.605 48,057.449 57,065.320 61,825.510
SUBTOTAL 181,875.900 187,807.312 249,259.765 265,163.920 252,949,250
CATSA 233,890.069 192,292.806 270,423.975 249,561.170 326,870.050
El Palmar 282,397.588 292,495.630 277,199.872 243,269.790 295,656.970
El viejo 152,079.478 175,240,229 214,830.775 193,293.020 248,239.780
Azuc. Guan. 18,958.595 18,225.860 17,848.520

San Gerardo 19,907.6%0 20,510.400 19,173.080 19,420.020 18,643.690
Taboga 278,567.993 336,100.470 413,042.120 341,277.740 326,147.910
SUBTOTAL 985,801.413 1,034,865.395 1,212,518.342 1,046,821.740 1,215,568.400
TOTAL 2,128,746.321 2,226,028.414 2,618,348.484 2,449,209.670 2,484 ,204.339
VARIATION (percent) 4.57 17.62 (6.46) 1

SOURCE: LIGA AGRICOLA INDUSTRIAL DE LA CANA DE AZUCAR
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Energy Profile

Some sugar mills have a conrection with an electric utility, generally ICE or CNFL, and
a peak demand of 200-1,200 kW (see Exhibit 2.14). Most mills, however, are not
connected, -

Equipment

The Direccion Sectorial De Energia (DSE) just commissioned, with OLADE’s
assistance, a comprehensive and detailed survey of the country’s 13 major sugar mills,
(see Appendix H for a copy of the questionnaire). Those 13 mills account for about 88
percent of total national production. As of November 20, 11 questionnaires had been
completed and the information is summarized in Exhibit 2.15. The survey covered
production data, energy consumption, and details about equipment, including boilers,
mechanical drive turbines, and electricity turbogenerators. The survey shows that a mill
crushing 200,000-300,000 tonnes of cane per seasort typically has three to four boilers
rated at 50,000-120,000 pounds/hour each operating at about 80 percent capacity and at
50-60 percent efficiency. Typical steam pressures are 250-300 psig. Each mill has four
to seven turbines (both mechanical and electrical) for a total of 5-6 MW,

While most sugar mills are almost totally self sufficient in energy during the crushing
season, they generally rely on the electric utility to operate off season. In the next
sections, the potential for generating additional power for sale to the grid is analyzed.

Technical Potential for Sale of Electricity

In estimating how much additional energy could be generated by sugar mills, three
options were considered.

Option 1. Burn excess bagasse using existing equipment, with a minimum investment in

additional equipment. By improving the efficiency of the existing equipment and
modifying the power syster, the amount of bagasse nieeded to meet on site energy
needs could be reduced by at least 10 percent and the amount of excess bagasse could

- be increased from a current est. \ted 118,000 tonnes to 180,000 tonnes per year. Even

RCG/Hagler, Bailly, Inc.



Exhibit 2,14

Source: ICE.

Peak Electric Demand (1987)

Customers on tariff T-8 only

Sugar Mill
La Luisa

Taboga
Atirro
Coopevictoria

Coopeagri

Peak Demand (kW)
415

1,200
200
780
205

I\
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Exhibit 2.15

Sumiary of DSE Survey on 11

Sugar Mills

NAME /
LOCATION
(T/CANE CRUSHED)

CATSA/GUARDIA/GUAN.
(225-327 KT) 1986
Also produces alcohol
(2-24 million liters)

ELVIETO/GUANACASTE
(248K) 1986

TABUGA/GUANACASTE
(326K) 1986

ELPALMAR/PUNTA RENAS
(295X)

CENTRAL AZUCARENA

TURRIALBA S.A./TURRIALBA

€159%)

JUAN VINAS S.A.
JUAN VINAS/CARTAGO
(147x)

ENERGY
FUEL USED
BAGASSE  BUNKER
(M) (GAL)
55,360 15,000
77,4367)
.36X.65

(35X excess)

T-8

DAYS
OPER-  ELEC-
ATING
PER
YEAR KVA
80- 165
100
Purch, for
Distillery
Only
t00 3,4
1152 ICE)
70- 1,500
120
100 2,000
130 1,000
170 Self-
Sufficient

74,800 147,000
97,000 0

(10Xexcess)
84,974 7,122

(10Xexcess)
27,000 0
25,650  14937-
734

EQUIPMEN
BOILERS
7000 LBS/HR

FUEL ~--v-cvcccnonna. PRES. EFF.
No. BRAND BURNED NOMINAL PRODUCED (PSI1) (X)
1 Alfa Bg 120 12¢ 300 63
2 BEW Bg 100 100 300 &3
3 Riley Bg 70 35 200 [
4 Serrey Bg 150 NA 250 63
1 B&W Bg 100 85 200 60
2 B&W Bg 100 NA 200 65
3 B&W Bg 200 NA 550 65

4 B&W Bg 69 NA 550
1 Sanine Bg 143 143 250 65
2 Erie City Bg 50 0 250 65
3 BLW Bg 22 0 200 65

4 Erie City Bg 20 0 183
1 Heine Bg,le,Bu 30 19.5 280 &0max
2 B&W Bg,Lle,Buy 50 50 280 60max
3 BZW Bg,Le,Bu 30 80 80 60max
1 4xBRW Bg 25 20 160 85

NA 10 10

1 Erie City Bg,Bu 68 59 270 53
Zurn  Bg,Bu 270 55

7
TURBINES
TEMP. TEMP,
IN ot
No. HP (F) {F)
1 700 HP 500 369
2 500 HP 500 369
3 643 HP 500 369
4 286 HP 500 400
5 265 WP 500 400
6 3,000 kW 500 400
7 2,000 kW 419 (15psi)
Reserve
1 1,500 xu 180C 99cC
2 500 kw 180C 99C
9 Mechan.Turbines Total:
3,500 xw

1 2x2500 WP 414

2 1,200 HP 414
1 1,000 k¥ 400 220
2 1,500 kw 400 220
3 3,000 xu 400 220
4 2,000 kW 400 220
12x1000HP 480 130
1 2,000 xw 456 259
2 750 KW 406 259
3 660 xW 406 259

ELECTRICITY
GENERATORS

3,000 Principal
2,000 Reserve

500 Reserve
650
1,50C
500
500
2x(1875KV Principal
75 Reserve
1,000 Principal
1,500 Principel
3,000 Principel
2,000 Reserve
750 Principal
500 Reserve
&40 Reserve
750 Reserve
2,000 Principal
750 Principal
600 Reserve
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Exhibit 2.15 (continuecd)

Summary of DSE Survey on 11

NAME /
LOCATION
(T/CANE CRUSHED)

5) COOPEVICTORIA/GRECIA
(201K)

9) COSTA RICA/PUAS CANILLUS
(85K)

10)QUELRODA AZUL/SAN CARLOS
(140x)

11)SANTA FE/SAN CARLOS,
PRIMERO

(63K)
KEY: Bg = Bagasse
Le = Lena (wood)
Bu = Bunker

Source: DSE

Sugar Mills

230 0 S5colx10%¢
f

150- Nearly self
180 sufficient

1 Erie City Bg

2 Bigelow Bg
3 Sperlis Bu
1 4xBRW g

1 Comb.Eng Bg,Lena

2 2XNKS Bg
1 B&W Bg,Lena
2 B&W Bg,Lena

E
PRODUCED (PSI)

50

ELECTPICITY
GEHER»~ " ORS

None-want to install
2 boile; with
turbogen. 200psi

1,500HP Principal
2x1000HP Reserve
have hydro plant
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at a 10 percent efficiency, this amount of bagasse could represent a possible supply of
almost 10MW of power, which is considered as the low end of the technical market.

Option 2. Modify equipment to achieve higher efficiencies. Under this option, the
P ] P

overall power system -- boilers and steam systems -- could be replaced by new, efficient
systems able to generate power at 20 percent efficiency. Up to 116 MW of power could
be produced, leaving an excess of 91 MW for possible sale to the grid, after taking into
account on-site needs (estimated at 25 MW). This is considered as the high end of the
technical market (see Exhibit 2.16).

Option 3. Year-round operation using cane residues; Recent experiments in Jamaica,

the Dominican Republic, and Thailand have shown that cane residues -- the tops and
leaves that are traditionally burned on the field in Costa Rica and represent the largest
energy waste in the country or about 250,000 tonnes of oil equivalent -- can be collected
and dried on the fields, baled, and burned in bagasse boilers during the off season.
International experience suggests that .or each ton of cane stalk harvested, 0.67 tonne
of residue is left in the field (at 50 percent moisture, which falls to 30 percent after 4-6
days of sun drying). In Costa Rica, about 50 percent -- or 832, 800 tonnes -- of residues
coald be made available for power production, after taking into account other needs.

At 50 percent moisture, this option represents enough energy to produce 100-170MW
of electricity for sale 1o the grid during the off season. This power would be of greater
value to ICE in May, June, and July, when the hydro system is not yet at its full capacity.

The three options entail different levels of investment and complexity.

Economic and Financial Potential

The investment needed for option 1 is probably within the reach of the sugar industry as
it does not exceed $1.5 million and provides a higher return than any other alternative.
The investment needed for option 2 would be $25 million to $45 million, for a return
that, although attractive, might not be sufficient to attract the needed capital. Finally,
option 3 would require a total investment (power system and residue collection) of $50
million, probably more than the industry could mobilize (see Exhibit 2.17).

RCG/Hagler, Bailly, Inc.



Nymber of Mills

11 from survey

24

total, extrapolated

Cane crushed
{thousand tonnes,)

Sources

6y
()
3
@
®
(©)

@
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Source: RCG/Hagler, Bailly, Inc.

From DSE survey

LAICA-1985-86 statistics
At 50-52% moisture, 2,900 Btu/lb heat value

Estimated at 30% of total amount of cane crushed

Exhibit 2.16

Technical Potential

Use of Bagasse3 Steam generated
(thousand tennes, §6-87) (thousand 1b/hr)
Burnt Left Tottil
514 so! 564 1,204
627 118° 7454 1,458

l;ower Producti?n (MW)
Possible Needed’ Available®
on site
116 25 91

Number estimated by (1) extrapolation of survey results and (2) interviews with DSE and sugar mills- on the avcrage there is a 15% excess of bagasse.

Total enthalpy of bagasse is 745,000 tonnes x
Using 2400 hours of operation and 20% effi

Extrapolated from survey results

= ©-(7)

2,200 Ib/tonne x 2,900 Btu/tonne.
ciency, the total amount of power which can be generated is 116 MW.



Exhibit 2,17

Comparison of the 3 Options

Option 1 Option 2 Option 3
Minor Investment (Major investment- (Major investment and
season operation only) off-season operation)

- Excess Power Available (MW) 151 91 91

- Months of Availability 4 4 8

- Specific Invt. Cost ($/kW) 150 480 600

- Total investment ($, million) 1.5 43.6 S5 (est)
- Financial IRR (%) 57.7 224 68.9

- Economic IRR (%) 158.6 49.4 191.2

- Financial cost of power (¢/kWh) 2.0 3.8 1.7

- Economic cost of power (¢/kWh) 1.3 24-3.0 1.1-1.5

(1) 5 MW already available without any investment

Source: RCG/Hagler, Bailly, Inc.
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Option 1. Minor Investment

Even with no investment at all, it is estimated that up to 5 MW of power cculd easily be
sold to the grid during the dry season. The economic cost of this power, at mill gate,
consists of the bagasse costs and additional O&M costs. If the opportunity cost of
bagasse is zero, because there is excess, power can be produced at roughly U.S.
$0.012/kWh or 0.8 colon/kWh (Exhibit 2.18).

Assuming an opportunity cost for bagasse of U.S.$5/tonne (average value in other
countries), the additional fuel cost would be $0.015/kWh (at 20,000 Btu/kWh) for a
total of $0.0275 or 1.8 colon/kWh.

To produce more than S MW of power, investment would be required to (1) increase
the efficiency of the boiler/turbogenerator systems, and (2) increase the condensing
capacity. Based on similar cases in other countries and studies recently performed by
the World Bank, the cost of such modifications is estimated at rovghly $150/kW, which
would correspond to an average capital charge of $0.0125 or 018 colon/kWh.
Therefore, the total cost of this power would be between $0.025 and $0.04 (1.7 to 2.7
colones)/kWh, which is half ICE’s short-term marginal cost.

Option 2, Major Investment

To produce more power from the available bagasse under thus option, the boilers
would have to be replaced with more efficient ones operating at 650-900 psig and the
turbinces replaced with new, efficient double-stage extraction condensing turbines. The
average capital cost of these major system modifications would range from $3C0 to
$900/kW, depending on the mill size and other characteristics. Assuming a heat rate of
14,500? Btu/kWh, power could be produced at an economic cost of from $0.024 -
.03/kWh, or 1.6 to 2.0 colones.

2 Electric Power from Cane Residues in Thailand, USAID, pp.56.

RCG/Hagler, Bailly, Inc.
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PRIVATE POWER PRCJECT APPRAISAL
kkkfhhhdhhkhhhhhhhkkkhkhhhkhhdtkkk*k

PROJECT NAME:

Sugar Mill 1

TECHNOLOGY : Thermal
TOCHNTCAL CHARACTERISTICS
SYSTEM SIZE: 10000 kW
CAPACITY FACTOR: 0.27
ANNUAL POWER PRODUCTION: 23,652,000 kWh/year
FINANCIAI PERFr RMANCE
CAPITAL COST: $1,500,000
ANNUAL O&M COST: $45,000
ANNUAL FUEL COST: $0
MARGINAIL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL RECOVERY FACTOR: 0.270
NPV: $1,706,026
IRR: 36.802 Percent
NET POWER COST: 0.019 $/kWh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.105
NPV: $2,168,029
IRR: 105.237 Percent
NET POWER COST: 0.012 $/KkWwh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $900,000
LOCAL CURRENCY: $300,000
NPV: $6,613,092
IRR: 296.562 Percent
NET LEVELIZED COST OF POWER: 0.008 $/kWh

Source: RCG/Hagler, Bailly, Inc.
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Option 3. Use of Cane Residues

Using investment and O&M costs developed by AID for applicaiion in other countries,
e.g., Thailand, and using the local value of bagasse and residues, the f'nancial cost of
power generation under this option is estimated at $.017/xWh and the economic cost at
$.011 - .015/kWh, which is lower than ICE’s short-term marginal cost (Exhibit 2.19).

DENDROTHERMAL SYSTEMS

Dendrothermal systems burn wood in a boiler to generate power using a conventional
steam turbine. The wood is grown on nearby "plantations," which are managed and
selectively harvested to provide a continually renewing fuel supply. Even though
dendrothermal plantations have been under study for some tiine in Costa Rica, there is
limited experience to draw on. As a result, the following estimates are somewhat
rough.

Technical Potential

A study by the Direccion General Forestal and the Ministerio De Agricultura y
Ganaderia® reports that two thirds of Costa Rica’s total land area of 51,100 square
kilometers is suitable for forests -- or 3,280,000 of 5,110,000 hectares -- approximately
50 percent of this area is covered by protected forests, leaving 1,785,910 hectares
suitable for commercial forestry. A study by DSE* estimated that 30 cubic
meters/hectare /year of wood could be produced from industrial dendrothermal
plantations of 50 hectares. Trees from such an estate would have a specific gravity of
0.35, so production would equal 10.5 tonnes/hectare /year. At this rate, commercial
forests could produce 18,752,055 tonnes of wood per year. Current usage amounts to
approximately 6 million cubic meters per year, or 2.1 million tonnes per year at 0.35
specific gravity. Thus there are approximately 16,652,055 tonnes of potential excess

Jose G. Flores Rodas, Diagnostico del Sector Industrial Forestal, 1985, pp.16.

Meta Systems Inc., Utilizacion De Recursos Biocnergeticos para la Sustitucion De Combustibles Fosiles en ¢l Sector
Industrial De Costa Rica, Direccion Sectorial De Energia, Ministerio De Industria Encrgia y Minas, funded by the U.S.
Agency for International Development (USAID), 1984.

RCG/Hagler, Bailly, Inc.
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PRIVATE POWER PROJECT APPRAISAL

********************************'ﬁr

PROJECT NAME:

Sugar Mill 2

TECHNOLOGY : Thermal
TECHNICAL CHARACTERISTICS
SYSTEM SI:E: 10000 kw
CAPACITY FACTCR: 0.75
ANNUAL POWER PRODUCTION: 65,700,000 kWh/year
FINANCIAL PERFORMANCE
CAPITAL COST: $6,000,000
ANNUAZL O&M COST: $180,000
ANNUAL FUEL COST: S0
MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL RECOVERY FACTOR: 0.270
NPV: $3,244,544
IRR: 25.642 Percent
NET POWER COST: 0.027 $/kwh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.105
NPV: $5,092,558
IRR: 68.933 Percent
NET POWER COST: 0.017 $/kwh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $3,600,000
LOCAL CURRENCY: $1,200,000
NPV: $16,663,899
IRR: 191.168 Percent
NET LEVELIZED OST OF POWER: 0.011 $/kwh

Source: RCG/Hagler, Bailly, Inc.
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capacity. Assuming a heat rate of 670 kWh/tonne, 11,156.84 GWh per year could be
generated from this wood. Assuming a load factor of 60 percent, or 5,256 hours of
operation per year, dendrothermal systems would have a technical potential of 2,123
MW of capacity, if all available commercial forest resources were used.

By way of comparison, current generating capacity in Costa Rica is approximately 830
MW,

Financial Potential

To determine the financial potential of dendrothermal plantations, the DSE study
analyzed four cases: (1) a 50 hectare industrial dendrothermal plantation in the area of
Guanacaste and the Central Valley; (2) a 50 hectare industrial dendrothermal
plantation in the Atlantic coastal area; (3) a microplantation in the Atlantic area; (4) a
small estate in the Guanacaste region. The DSE study took into account costs for land
preparation, including agricultural chemicals, saplings, and leveling. The study also
took into account drying the wood and 4 months of inventory for the kiln dryer to
produce wood with 20 percent moisture content ready for transport. DSE assumed that
the land used for a dendrothermal plantation would be largely pasture and did not
assign a value to land rents.

To the land preparation costs must be added labor costs. Depending on the type of
plantation, the topography of the land, and the agricultural practices, this cost can vary
significantly. The DSE stucy chose a mid- -range estimate of labor of 52 man-days for
the first year, 12 for the second, and 30 for the third year for a 50 hectare plantation. It
estimated labor rates at 158 colones a day plus 46 percent fringe benefits for a total of
231 colones per day. The DSE study assumed that the costs of manpower for small
plantations would be approximately 30 percent smaller than the costs for industrial-
sized plantations, and used a figure of 1,050 colones/tonne of kiln-dried material. Over
the total productive life of the plantation, total labor costs would be approximately 70
percent of the total cost of fuelwood output.

The DSE study concluded that the total financial costs of production of fuelwood from
dendrothermal plantations are between 1,050 and 1,350 colones per tonne of dry
material ($15.75 to $20.25/tonne) (Exhibit 2.20). The DSE study used 3 scenarios to

RCG/Hagler, Bailly, Inc.
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estimate these costs: (1) Highi -- a large plantation (50 hectares) in the Guanacaste
region where the cost of manpower (approximately 46 percent of the total cost) is not
far from estimates from other sources. (2) Medium -- a somewhat optimistic estimate
based on an industrial-scale plantation in the Atlantic region with manpower costs at
approximately 70 percent of the total cost. (3) Low -- based on a small plantation of 1-
10 hectares.

EXHIBIT 2.20
Financial Costs of Fuelwood Production from Plantations (1984 colones)*

Cost per Tonne
of Dry Material
Including 4 months Inventory

Scale of
Scenario Operation Colones US. §
High Industrial (50 ha) 1,350 20.25
Medium Industrial (50 ha) 1,200 18.00
Low Small Estate (1-10 ha) 1,050 15.75

* Meta Systems Inc., pp.43.

This cost is comparable to the costs encountered in other developing countries.
Therefore, an annual cost of 1,200 colones/collzcted tonne was used as the variable
cost of wood from an energy plantation.

Transportation costs from dendrothermal plantations can have a large impact on the
final cost of fuel for power production. Estimating transportation costs for power plants
some distance from their source of fuel is difficult, as many variables must be accounted

RCG/Hagler, Bailly, Inc.
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for, including quality of roads, directness of rouie, size and efficiency of vehicle, and the
different taxes on freight transport in various parts of the country. DSE assembled a
number of cost estimates, which varied from 3.5 to 7.5 colones/tonne-kilometer, with
most costs falling between 3.7 and 5.5 colones/tonne-kilometer (30.056 to
$0.083/tonne-kilometer). DSE assumed, in its analysis, a cost of 6 colones/tonne-km
for trips of 80 to 125 kilometers. Assuming some economies can be gained from a
steady demand for the transportation of a large volume, transport costs are likely to fall
in the 4-5 colones/tonne-kilometer range.

An independent study in Costa Rica found that the cost of cutting, transporting, and
unloading per cubic meter of wood is much higher in natural forests than in
dendrothermal plantations. The DSE study, however, estimated that such costs are
approximately equal to the costs from small dendrothermal plantations.

Siting a power plant close to its source of fuel supply would be the first choice,
essentially eliminating transport costs. Assuming a plant is sited 35 kilometers (20
miles) from the dendrothermal plantation, delivered fuel prices would increase by 175
colones to between 1,225 and 1,525 colones per tonne of dry material.

One final cost that a private investor might face is a land rent. Generally, these rents
would be low for the marginal land that the plantations would be expected to use. In
other developing countries, they have been on the order of $10 to $15 /hectare /year. If
such a charge were levied, it would increase the cost of fuel by between 62.9 and 94.7
colones/tonne ($0.95 to $1.43/tonne).’

Estimates of the calorific value (or heat content) of wood depend on the wood species,
and the moisture content. Representative characteristics of a mixture of recently cut
wood from natural forests in Costa Rica are as follows: 50 percent water content; 434
kilograms/cubic meters apparent density; 1,575 kilocalories/kilogram energy content.
For this study, careful cultivation was assumed to produce wood with a heat rate of 670
kWh/tonne.

(310/ha)/($105 tonnes/ha) = $0.95/tonne
(515/ha)/($10.5 tonnes/ha) = $1.43/tonne

Meta Systems, pp.81. Other sources indicate that the recoverable heat value of Costa Rica wood is 17.6 GJ/tonne of kiln
dried material, or 4,200 keal/kg.

RCG/Hagler, Bailly, Inc.
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The capital investment cosis for a dendrothermal plant, including building, boiler,
steam turbine, and auxiliaries, are estimated to be 84,800 colones/kW (81,280/kW).”
These costs are comparable to those estimated in other developing countries for plants
of 10 MW or more. The efficiency of these plants, after accounting for the power
requirements of the plant itself, is assumed to be 20 percent. Annual O&M expenses
are about 2-5 percent of the initial capital investment. Typical annual capacity factors
are 40-60 percent. For this study, O&M costs were assumed to be 3 percent of capital
investment and the annual capacity factor was assumed to be 60 percent (an optimistic
case).

For the private investor who is, financing a power plant with a combination of debt (70
percent) and equity, the financial cost of power from a dendrothermal plant (that is, the
price the investor wouid need to be paid for the power to realize his required return on
investment) would be 5.94 colones/kWh ($0.089/kWh) if fuel costs $15.75 /tonne (the
low scenario); 6.34 colones/kWh (80.095/kWh) if fuel costs $18.00/tonne (the medium
scenario); and 6.74 colones/kWh ($0.101 /kWh) if fuel costs $20.25/tonne (the high
scenario) (see Exhibit 2.21 for basic assumptions and costs for the medium scenario and
Exhibit 2.22 for a summary of costs from all scenarios). These cost estimates are based
on a least-cost scenario with no transport costs and no land rent.

Estimates derived from technical and costs characteristic of Dendrothermal power system by the Worid Bank for systems of 3
MW (51,338/kW) and 10 MW (51,114/kW).

RCG/Hagler, Bailly, Inc.
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PRIVATE POWER PROJECT APPRAISAL
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PROJECT NAME: Dendrothermal
TECHNOLCGY: Thermal
TECHNICAL CHARACTERISTICS

SYSTEM SIZE: 5000 kw

CAPACITY FACTOR: 0.60

ANNUAL POWER PRODUCTION: 26,280,000 kWh/year
FINANCIAL PERFORMANCE

CAPITAL COST: $6,400,000

ANNUAL O&M COST: $192,000

ANNUAL FUEL COST: $1,291,210

MARGINAL TAX RATE:

EQUITY ONLY:
CAPITAL RECOVERY FACTOR:
NPV:
IRR:
NET POWER COST:

DEBT AND EQUITY:
DEBT TO EQUITY RATIO:
INTEREST RATE:
CAPITAL RECOVERY FACTOR:

50 Percent

0.270

($5,476,689)
-19.576
0.122

Percent
$/KkWh

2.3200
11 Percent
0.105

NPV:
IRR:

NET LEVELIZED COST OF POWER:

NPV: ($3,505,475)
IRR: ERR Percent
NET POWER COST: 0.095 $/kwh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $3,840,000
LOCAL CURRENCY: $1,280,000

($4,532,542)
ERR Percent
0.066 $/kwh

Source: RCG/Hagler, Bailly, Inc.
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Exhibit 2.22
Financial Cost of Power From A Dendrothermal Plant ($/kWh)

Cost of Fuel in 3 Scenarios

High Medium Low
$20.25/tonne $18.00/tonne $15.75/tonne
Debt Only 0.128 0.122 0.116
Debt & Equity C.101 0.095 0.089

Source: RCG/Hagler, Bailly, Inc.

The financial costs under all three scenarios are substantially higher than current utility
tariffs (3 colones/kWh or $0.045/kWh). Thus, dendrothermal systems will not be
financially attractive to private investors without significant government subsidies. Fuel
would have to cost as little as $0.0625 per tonne for a dendrothermal system to produce
financially attractive power.

Economic Potentigl

No precise figures could be found for the economic cost of fuel from dendrothermal
plantations. According to the DSE study, approximately 25 percent of the total cost of
fuel from a dendrothermal plantation is from social charges, which would indicate that
fuel costs are between 788 colones and 1,013 colones/tonne ($11.82 - $15.20/tonne)
(see Exhibit 2.23). In 1983, the World Bank stated that the economic costs of fuel range
from 1,020 colones to 2,041 colones per tonne ($15.40 to $30.80 per tonne), but its
report did not provide any details on how it arrived at this figure.

RCG/Hagler, Bailly, Inc,
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Exhibit 2.23
Economic Costs of Fuelwood Production from Plantations (1984 Colones)'

Cost per Tonne
of Dry Material
Including 4 months Inventory

Scale of
Scenario Operation 1984 Colones Us.$*"
High Industrial (50 ha) 1,013 15.20
Medium Industrial (50 ha) 900 13.50
Low Small Estate (1-10 ha) 788 11.82

* Estimatad by reducing the financial costs in Exhibit 2.17 by 25 percent.

** U.S.81 = 66.75 colones in November 1987,

At the lowest cost of fuel ($11.82 per tonne), the calculated cost of power from a
dendrothermal plant is 4.07 colones/kWh ($0.061/kWh). This cost is higher than the
utility’s marginal cost of 3.3 colones/kWh ($0.05 /kWh), s0 the economic potential is
zero. The economic cost of fuel would have to be as low as $5.30/tonne for the
economic value of electricity to be equal to ICE’s marginal cost of power.

Such ancillary benefits as rural employment and reclamation of land have not been
accounted for in calculating the economic value of power from dendrothermal systems.
Including such benefits could increase the economic attractiveness of these projects.

On the other hand, even if the land is not suitable for crops and can be used for wood
cultivation, it may make more sense to use the wood . <ooking than power generation.
Costa Rica, as many other developing countries, is facing a severe shortage of fuelwood
for cooking in rural areas and a severe deforestation problem as forests are cleared for
agricultural land. Costa Rica is relatively unique in that its peak electricity demand is
defined by power used for cooking in the residential sector. A strategy of reducing peak

RCG/Hagler, Bailly, Inc.
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power demand by improving the use of wood for cooking may be more productive and
economicaiiy attractive than using wood for power produ -tion. Such a strategy could
include improved production of charcoal fu: residential use. Evaluating this kind of
approach, however, is beyond the scope of this study.

POTENTIAL FOR AGRICULTURAL AND BIOMASS WASTE-FIRED SYSTEMS
(EXCLUDING SUGAR AND DENDROTHERMAL PLANTATIONS)

In addition to the cane sugar industry, a number of other agroindustries produce
residues that could be used to generate power. The major agricultural wastes available
include coffee husks, rice husks, corn residues, cotton residues, cocoa residues, African
Palm nut shells, and African Palm seed stalks. In addition to potential dendrotherma}
production, waste wood is available from such sources as forest product industries and
coffee plantation shade trees for use in generating power.

In most cases, the amount of wastes available is too small to be worth considering for
power production. Approximately 22,000 tonnes of coffee husks are produced each
year, but they are consumed totally in the production of heat for drying coffee (Exhibit
2.24). Over 29,000 tonnes of rice husks are produced each year, but these too are
consumed in processing rice. Over 24,000 tonnes of corn residues are produced each
year, but they are dispersed over 4 large area and transport costs for collecting them are
prohibitive. The residues of cotton and cocoa are too small, at 186 tonnes, to be worth
considering for power production,

There is some potential for power from African Palm oil operations. The three plants
in Costa Rica use most of their nut shells for process heat, but they dispose of 21,900
tonnes of nut stalks as waste each year. Assuming a heat rate of 18 TJ/tonne, a
moisture content of 30 percent, and a 20 percent efficient system, this amount of waste
could produce 4.4 MW.

There is also some potential from wastes from forest product industries and natural and
planted trees. The total waste wood not used for other purposes from all such sources
is over 11,200,000 tonnes, which could produce over 200,000 mmBtu per year.
Assuming a capacity factor of 0.6, a system efficiency of 20 percent, and a heat rate of
18 TJ/tonne, this amount of waste could produce 2,260 MW.

RCG/Hagler, Bailly, Inc.



Exhibit 2.24 ¢in Dollars)
Biomass Energy Market and Additional Potential (Sugar Mills Excluded) (19856-1987)

Supply Demand

De- Poten-

Unit Total Unit livered Total tial

Type Net Heat Heat Unit Transport Unit Net Heat Substi-
Biomsss Source Supply Value Value Price Cost* Cost»* Demand Value tution
(Tonnes) (10°98tu/T) (10°98tu) ($/10798tu)($/10°98tu) ($/10°98tu) (Tonnes) (10°98tu)(10°98tw)

Wood Trees in Rangelands 2,435,000 17 41,551 0.99 0.33 1.31 292,200 4,986 36,565
Coffee Shade Trees 974,000 17 16,620 G.99 0.33 1.31 292,200 4,986 11,634

Trees in the Mountains | 7,305,000 17 124,653 0.99 0.33 1.21 146,100 2,493 122,159

Wind Break Trees 974,000 17 16,620 0.99 0.33 1.31 97,400 1,662 14,958

Industrial Wood Waste 1,461,000 17 24,931 0.99 0.33 1.31 48,700 831 24,099

Madero 340,900 17 5,817 0.99 0.33 1.31 47,400 809 5,008

| SUBTOTAL |13,489,900 17.1 230,192 0.99 0.33 1.31 | 924,000 15,767 214,425
Vegetable |Coffee hulls 22,000 17 371 0.00 0.00 0.00 37,749 637 (266)
Residues |Rice Hulls 29,148 13 380 0.31 0.00 0.31 29,184 380 0)
Corn Stalks 24,699 12 288 0.00 0.00 0.76 0 0 288

Cotton Residues 185 0 0 0.00 0.00 0.00 0 0 0

Cacao Residues 0 20 0 ERR 0.00 ERR 462 9 (9)

African Palm Nut Hulls 660 20 13 0.41 0.00 0.41 10,340 204 (191)

African Palm Stalks 21,900 17 374 0.00 0.00 0.00 0 0 374

SUBTOTAL 98,593 14.0 1,426 ERR 0.00 ERR 77,735 1,230 195

GRAND TOTAL 13,588,493 231,618 1,001,735 16,998 214,620

* Net of Internal use. Assuming 20 percent water and a density of 487 kg/m3 for wood.
** Transport costs in the Central Valley.

Source: RCG/Hagler, Bailly, Inc., derived from various sources.
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Financial and Economic Potential

Since only a small amount of residues would be available within a reasonable distance,
power systems for agricultural and forest product wastes will be smal] - in the 1 MW to
5 MW range -- and thus capital costs will tend to be high. The initial financial and
economic analyses assumed a capital cost of $1,600 per kilowatt, a capacity factor of 0.5,
and an efficiency of 20 percent. Largeiy because of the high capital costs, power from
such systems is neither economically nor financially attractive. Even if both the financial
and economic fuel costs were zero, systems for using agricultural and forest wastes to
produce elcctricity would produce 2 negative net present value and unattractive internal
rates of return (Exhibit 2.25). Only if capital costs were brought down to between
$1,00 2nd $1,100 per kW would the power produced from such systems be either
financialiy or economically competitive and produce a positive net present value
(Exbibit 2.26). Since this capitai vt is well below likely actual costs, the financial and
econcmic potential for pewer production from agriculture and wood wastes is zero.

SMALL AND MINIHYDROPOWER SYSTEMS

Hydropower is Costa Rica's principal energy resource base because of favorable
topography, high precipitation, and significant river gradients over short reaches. As far
back as 1963, the government carried out a major hydrographic study on the country’s
34 river basins. A total power capacity of 25,000 MW and some 223,000 GWh per year
of energy were identified. However, only some 17 percent -- or 8,600 MW -- of this
poteniial was determined to be economically developable, which, with a capacity factor
of 0.5, results in 4,300 MW. More recently, in 1984, a study was conducted of sites with
a potential greater than 20 MW. A total potential of 8,800 MW and 36,824 GWh per
year of energy were identified, of which some 716 MW had been developed by 1987,
producing some 3,657 GWh annually.

There has been little investigation of micro or minihydropower systems. For this
report, microhydro systems are defined as those of less than 100 kW capacity,
minihydro systems as those between 100 kW and 1,000 kW, and small hydro systems as
plants larger than 1,000 kW hut less than approximately 20 MW. Although there are

RCG/Hagler, Bailly, Inc.
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Exhibit 2.25

PRIVATE POWER PROJECT APPRAISAL
dedkdddodkdededede ke koo dokkkokokokokokokokkk

PROJECT MAME:

Biomass Wastes

TECHNOLOGY: Thermal
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 5000 kw
CAPACITY FACTOR: 0.50
ANNUAL POWER PRODUCTION: 21,900,000 kWh/year
FINANCIAL PERFORMANCE
CAPITAL COST: $8,000,000
ANNUAL O&M COST: $240,000
ANNUAL FUEL COST: so
MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL RECOVERY FACTOR: 0.270
NPV: ($3,809,303)
IRR: 3.799 Percent
NET POWER COST: 0.109 $/kwh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.10%
NPV: ($1,345,285)
IRR: ~5.716 Percent
NET POWER COST: 0.069 $/kWh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $4,800,000
LOCAL CURRENCY: $1,600,000
NPV: ($27,991)
IRR: 9.717 Percent
NET LEVELIZED COST OF POWER: $/kWh

0.044

Source: RCG/Hagler, Bailly, Inc.




Exhibit 2.26

Agricultural and Wood Wastes
Economic and Financial Sensitivity Analysis

Capital Cost of Power Equipment (US$/kW)
1,600 1,400 1,200 1,000

Financial
(Equity Only)
NPV* (3,809) (2,994) (2,179) (1,363)
IRR™ 3.799 5.137 6.815 9.013
pPC™ 0.109 0.0956 0.082 0.068
Financial
(Equity & Debt)
NPV’ (1,345) (838) (331) 176
IRR™ (5.716) 3.883 10.499 17.625
PC™ 0.069 0.061 0.0652 0.043
Economic
NPV’ (2,775) 1,845) (195) 16,278
IRR™ (7.842) 1G.261
PC'™" 0.060 0.055 0.049 0.044

Assumption: Financial and economic costs of fuel equal zero.

Net present value (U.S $'000)
Internal rate of return
Net levelized power cost

Cannot be computed, negative,

Source: RCG/Hagler, Bailly, Ine.
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many minihydro plants in Costa Rica, mostly on private land, they do not represent a
major energy resource at this time.

In 1981, a preliminary evaluation of the country’s ninihydro potential was carried out
by ICE. The study focused on plants of less than 5,000 kW, with special emphasis on
plants in the range of 500 kW. The purpose of this investigation vas to address the
needs of non-electrified rural areas which had a population of approximately 250,000 at
that time. The study team found that of a total of 476 sites, 76 percent did not have
appropriate conditions for minihydro, 21 percent required further in-depth study, and
only 2 percent had clearly favorable conditions. Assuming that the 2 percent of sites
with favorable minihydro conditions (11 communities) and a fourth of those requiring
further study -- some 21 percent (103 communities) -- can be economically develoned,
using a 500 kW unit, a potential of 20 MW results. By extension, the countrywide
minihydro potential shonid be on the order of 86 MW. This estimate is thought to be
conservative, given the large resource base in Costa Rica, because it is demand-driven
rather than supply-driven.

The study did not give a firm estimate of the power potential or energy production
available from such small plants on a countrywide basis.

During 1972 and 1973, more than 100 micro and munihydro plants were operating in
Costa Rica. That number had fallen to 36 by 1977 as the ICE grid began to reach more
people in rural areas. Most of these plants had capacities of less than 20 kW, clearly in
the micro range, and were used on private farms. In addition, some 70 percent of the
larger minihydro capacity by 1977 was in the hands of Ferrocarriles de Costa Rica, with
the rest belonging to CNFL. By 1984, the number of plants of less than 10 MW capacity
had fallen to 18 (zee Exhibit 2.27).

Recently the Faculty of Engineering at the University of Costa Rica has been testing
microhydro sets in rural areas as well as carrying out research on micro turbines, mostly
Bank types. It is not known how many "private" microhydro (less than 10 kW) sets there
are in the country today. Estimates range as high as a hundred, mostly in areas where
the grid has not reached. Current projects being implemented by the University of
Costa Rica are listed in Exhibit 2.28.

RCG/Hagler, Bailly, Inc.



Plant

Capacity (kW)
50-199

200-499
500-999
1,000-4,999
5,000-9,999

Source: SNE.

Exhibit 2.27

Size Distribution of Small and Minihydro Plants (1984)

Number of
Plants

2
5

Total
Capacity (kW)

259

1,605

1,272

18,023

12,500



Exhibit 2,28

University of Costa Rica Micro Hydro Projects

o  Currently under study or being designed:

-- 22 microhydro plants ranging size from 1 kW to 500 kW
o  Currently seeking construction financing:

-- 2 plants of 90 kW and 60 kW

o  Completed and operating;

Rincon de la Vieja 7kW
Santa Tere 30 kW
Monte Ramo 15 kW
Los Angeles 60 kW
Private Farm SkW

Total 117 kW

Source: University of Costa Rica.
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Although there is significant mini and small hydropower potential in Costa Rica,
current ICE efforts are focused on larger hydropower plants because of the widespread
perception that such plants are more cost effective. Smaller power companies such as
CNFL, EEM, and the cooperatives have significant installed minihydro capacity, most
of which was built many years ago. However, several factors dictate the initiation of an
aggressive minihydro program: Future peak demand is expected to be met with
expensive gas turbines in the early 1990s, a sufficient minihydro resource base exists and
a relatively short construction period is required. Some work in this field is currently
under discussion at ICE.,

The technical potential cannot be precisely determined, but there are at least 350 MW
in the watersheds that have been investigated for large hydropower. The economic
potential is equivalent to the technical potential, and the financial potential is roughly
200 MW, depending on the number of plants built and their size. Clearly, larger plants
will be more cost effective and can be located further from load centers. To determine
the contribution that minihydro can make, a regional study approach is recommended.
Using this approach, one large hydro plant could be compared with several small or
minihydro plants in one watershed. The methodology could then serve as a model for
analysis and development in all 34 of the country’s watersheds.

Small and Minihydro Tecknical Pot: :tial

The 1984 survey of plants larger than 20 MW identified a technical potential of 8,800
MW at 110 sites. There is significant minihydro potential in these watersheds as well.
To determine Costa Rica’s small and minihydro technical potential, the results of this
1984 survey were reviewed. The capacity size distribution of these sites shown in
Exhibit 2.29 is clearly skewed toward smaller plants, indicating that there may be a
great deal of potential below the 20 MW limit that has not been identified. Through a
combination of minihydro (less than 1 MW) and small hydro (1 MW-20 MW) plants, up
to 350 MW of potential is possible (see Exhibit 2.30). By using a large number of
similar sized plants, certain economies of scale can be achieved. There are other
approaches to determining the national minihydro potential, but these would require
in-depti. - _salysis using riaps and yet yield only approximate results. In any case, the

RCG/Hagle-, Bailly, Inc.



Exhibit 2.29

# of Sites Identified
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technical potential is believed to be far greater than the country’s financial and
economic ability to exploit it in the near future.

Economic and Financial Potential

Most of the operating minihydro plants in Costa Rica were built more than 30 years
ago, and there is little recent cost data available. However, based on current
experience in Thailand, where the costs for a dozen plants ranged between $1,500 and
$2,000 per kilowatt installed, with significant local equipment content, costs are likely to
be similar in Costa Rica. In fact, the topography and hydrology are more favorable in
Costa Rica. It is clear, however, that economies of scale are necessary to bring costs
well below $1,500 kW, which would make minihydro competitive with ICE’s large-scale
hydro expansion plans. To achieve these economies, a major program of several dozen
minihydro plants is necded, which would make it cost effective for design firms,
fabricators, and construction firms in Costa Rica to respond to the market. Such a
program is under way in Thailand, where the government has given minihydro a high
priority for rural development.

A complete analysis of four typical small and minihydro plants is shown in Exhibit 2.31-
2.34. Plant sizes from 500 kW to 5,000 kW were selected as being appropriate for Costa
Rica in terms of local engineering, equipment manufacture, and construction. The
most costly will be the 500 kW plant at approximately $2,000/kW. These costs, which
include taxes, import duties on equipment, engineering design, and construction
supervision, are representative of Costa Rica. For example, a preliminary analysis of a
10-15 MW, high head plant, currently in the feasibility study phase, yields a capital cost
of $1,000/kW.

The economic analysis shows the energy cost is below the ICE marginal cost of
$0.050/kWh. However, the difference between the financial and economic analysis
indicates that there are significant distortions introduced by the high return required on
equity financing -- some 15 percent above the inflation rate of approximately 16 percent
for an overall rate of return of at least 30 percent.

RCG/Hagler, Bailly, Inc,



Exhibit 2.31

PRIVATE POWER PROJECT APPRAISAL
LR T Y R L L)

PROJECT NAME: Minihydrol
TECHNOLOGY : Hydroelectricity

TECHNICAL CHARACTERISTICS

SYSTEM SIZE: 500 kW
CAPACITY FACTOR: 0.60
ANNUAL POWER PRODUCTION: 2,628,000 kWh/year

FINANCIAL PERFORMANCE

CAPITAL COST: $1,000,000

ANNUAL O&M COST: $20,000

ANNUAL FUEL COST: S0

MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:

CAPITAL RECOVERY FACTOR: 0.270

NPV: ($462,507)

IRR: 4.184 Percent

NET POWER COST: 0.110 $/kWh
DEBT AND EQUITY:

DEBT TO EQUITY RATIO: 2.300

INTEREST RATE: 11 Percent

CAPITAL RECOVERY FACTOR: 0.105

NPV: ($154,505)

IRR: -1.663 Percent

NET POWER COST: 0.068 $/kWh

ECONOMIC PERFORMANCE

CAPITAL COST:

FOREIGN EXCHANGE: $300,000

LOCAL CURRENCY: $350,000

NPV: $1783,988

IRR: 17.641 Percent
NET LEVELIZED COST OF POWER: 0.035 $/kWh

Source: RCG/Hagler, Bailly, Inc.



Exhibit 2.32

PRIVATE POWER PROJECT APPRAISAL
LEE AR L R T L L R T 2UR R gy

PROJECT NAME: Minihydro2
TECHNOLOGY : Hydroelectricity
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 1,000 kw
CAPACITY FACTOR: 0.60
ANNUAL POWER PRODUCTION: 5,256,000 kWh/year
FINANCIAL PERFORMANCE
CAPITAL COST: $1,500,000
ANNUAL O&M COST: $30,000
ANNUAL FUEL COST: S0
MARGINAL TAX RATE: 50 Percent
EQUITY ONLY:
CAPITAL RECOVERY FACTOR: 0.270
NPV: ($531,054)
IRR: 7.044 Percent
NET POWER COST: 0.083 $/kWh
DEBT AND EQUITY:
DEBT TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percent
CAPITAL RECOVERY FACTOR: 0.105
NPV: ($69,050)
IRR: 11.290 Percent
NET POWER COST: 0.051 $/kWh
ECONOMIC PERFORMANCE
CAPITAL COST:
FOREIGN EXCHANGE: $450,000
LOCAL CURRENCY: $525,000
NPV: $713,412
INR: 29.127 Percent
NET LEVELIZED COST OF POWER: 0.026 $/kWh

Source:: RCG/Hagler, Bailly, Inc.




Exhibit 2.33

PRIVATE POWER PROJECT APPRAISAL
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PROJECT NAME: Minihydro3
TECHNOLOGY: Hydroelectricity
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 1,500 kw
CAPACITY FACTOR: 0.60

ANNUAL POWER PRODUCTION:

FINANCIAL PERFORMANCE

CAPITAL COST:
ANNUAL O&M COST:
ANNUAL FUEL COST:
MARGINAL TAX RATE:

EQUITY ONLY:
CAPITAL RECOVERY FACTOR:
NPV:
IRR:
NET POWER COST:

DEBT AND EQUITY:
DEBT TO EQUITY RATIO:
INTEREST RATE:
CAPITAL RECOVERY FACTOR:
NPV:
IRR:
NET POWER COST:

50 Percent

0.270
($560,204)

8.670 Percent

0.072 $/kWh

2.300
11 Percent
0.105
$40,400
16.561 Percent
0.044 $/kWh

ECONOMIC PERFORMANCE

CAPITAL COST:

FOREIGN EXCHANGE: $585,000

LOCAIL CURRENCY: $682,500

NPV: $1,283,380

IRR: 35.965 Percent
NET LEVELIZED COST OF POWER: 0.023 $/kWh

Source: RCG/Hagler, Ba“lly, Inc.



Exhibit 2.34

PRIVATE POWER PROJECT APPRAISAL
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PROJECT NAME: Minihycdro4
TECHNOLOGY : Hydroelectricity
TECHNICAL CHARACTERISTICS
SYSTEM SIZE: 5,000 kW
CAPACITY FACTOR: 0.60

ANNUAL FOWER PRODUCTION:

26,280,000 kWh/year

FINANCIAL PERFORMANCE

CAPITAL CuST:
ANNUAL O&M COST:
ANNUAL FUFEL COST:
MARGINAL TAX RATE:

EQUITY ONT.Y:

T SN A1 G S AR S L AN M TS e e D i G e G NS G G e M - v S A S = S = T N S (S G W e — o

$6,000,000
$120,000
S0

50 Percent

CAPITAL RECOVERY FACTOR: 0.270
NPV: ($1,473,386)
IRR: 9.647 Percent
NET POWER COST: 0.066 $/kWh
DEBT AND EQUITY:
DEBET TO EQUITY RATIO: 2.300
INTEREST RATE: 11 Percert
CAPITAL RECOVERY FACTOR: 0.105
NPV: $374,627
IRR: 19.570 Percent
NET POWER COST: 0.041 $/kwWh
ECONOMIC PERFORMANCE
| = o e - - e o o v o - AT RS AN SEDL G SR G D W ML) MY VED GED Gl GED GED S S D G SR AP SR I G S T SMD AR N ES IR SN GED GV ED VEN SRS NS SmD e YEE MGe wm
CAPITAL COST:
FOREIGN EXCHANGE: $1,800,000
I.OCAL CURRENCY: $2,100,000
NPV: $4,633,371
IRR: 40.207 Percent
NET LEVELIZED COST OF FOWER: 0.021 $/kWh

Source: RCG/Hagler, Bailly, Inc.
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The results of the economic and financial analysis indicate that:

s The economic potentia! is equivalent to the technical potential for plant
sizes down to 500 kW; it is 350 MW.

o  The financial potential is equivalent 1o the technical potential for plant sizes
equal to or above 1,000 kW, for plant sizes around 500 kW, the financial
potential is 150-200 MW.

Clearly, these conclusions depend heavily on the capacity factor. A conservative
capacity factor of 0.60 is used based on ICE’s experierice at existing large hydropower
plants. Costa Rica’s minihydro plants have a higher capacity factor: CNFL has 0.90
and Empressa Electricidad de Matamoros has 0.90. These factors are unusually high
and it is not clear what the factor would be for a non-grid connected plant. In many
developing countries, it can be as low as 0.25 because of a lack of water or demand,

GEOTHERMAL GENERATION

It is not readily apparent that there is some potertial for involving the private sector in
the development of geothermal energy. However, this section was included as an
exercise to see if a role for the private sector could be identificd and to briefly examine
the po.ential economics of private geothermal energy activities,

ICE plans to develop Costa Rica’s geothermal resources both in the near term and over
the long run. It has estimated the potential at between 400 MW and 800 MW of
capacity from roughly 54 geothermal areas. Another estimate put the resource at 720
MW. ICE has estimated the energy production at between 10 GWh and 20 GWh per
year. Current activities center around the Miravalles field, where technical assistance is
being provided by ElectroConsult of Italy. The first plant, Miravalles 1, is scheduled for
start-up by 1992, with 55 MW of capacity producing 389 GWh of energy at a capacity
factor of 0.85. The cost of the first plant is put at $2,179/kW installed, producing
energy at $0.045/kWh, which is equivalent to the current marginal cost of power in
Costa Rica. Four subsequent plants -- II, III, IV, V -- will cost $1,743 /kW instailed,
with energy production costs of $0.038/kWh,

RCG/Hagler, Bailly, Inc.
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ICE is optimistic about this resource for three reasons: (1) the cost of energy will be
competitive with hydro and approximately half that of thermal generation, (2) power
production will be constant throughout the year, with no need for reservoirs as with
hydropower, and (3) the investment can be scaled because each unit is between 30 MW
and 50 MW. The feasibility study for Miravalles I was completed in 1985, and ICE has
reached loan agreements with Japar and the IDB. The agreement was ratified by the
Asamblea Legislativa in March 1987. The first stage of construction is under way, with
the drilling of 11 production wells, the construction of the plant foundation, the
purchase of necessary land, and the publication of tenders for the equipment. ICE also
plans to finalize the feasibility study for Miravalles II soon.

The private sector could play a role in operating Miravalles I once it is built. However,
because of plant size and the lack of immediate capital, it is highly unlikely that private-
sector funding could be secured for the construction of plants for Costa Rica’s
geothermal program. The private sector could be involved, however, in maintaining,
servicing, and retrofitting equipment as well as other long-term plant servicing
activities. Another short-term option which could be considered for private sector
participation is the use of "well-head"turbines that could be installed within 6 months
and help ICE pass the difficult months ahcad.

SUMMARY

The technical, economic, and financial potential of six options for independent power
generation in Costa Rica, is surnmarized in Exhibit 2.35 together with the generation
costs of each option. The bulk of the technical theoretical potential of 5,500-5,800 MW
lies in dendrothermal and biomass energy sources; however, they cannot be exploited
economically because of the physical dispersion and the lack of an organized market
and reliable supply. Owing to the small scale of manufacturing, and its reliance on fuel
oil for energy generation, there is little potential for cogeneration in industry except in
sugar mills and palm oil companies. Large hydropower and geothermal resources exist,
but they are not appropriate to private sector expioitation because the projects are too
large for private financing, at this time, and ICE is much better suited for this role.
Thus, the greatest potential for private power lies in hydropower systems between 500
kW and 5,000 kW, which offer 100-300 MW of economic and financial potential.

RCG/Hagler, Bailly, Inc.



Exhibit 2.35

Electricity Generation Costs and Potential for Nonutility Power Optionss

(1987-1995)

Technical ____Economic Financiales

Potential Potential Costes Potential Costeoss

Resource (MW _(MW) ($/kWh) _(MW) ($/kWh)
Cogeneration 17 3 .025-.057 3 .032-.086
Sugar 100 90 .035-.058 90 .020-.056
Dendrothermal 2,100 0 0.066 0 0.095
Biomass 2,200 0 0.06 0 0.069
Hydropowerssss 350 350 .017-0.035 200 .034-.068
Geothermal 400-700 sassse .027-.034 0 .06-.07
TOTAL 5,5¢0-5,800 443 293

*8

L 22

L2 22 )

Lol 2l

Shende

Source

For the near term, coal may have some potential in the long-term.
Assuming a debt to equity ratio of 2.3.

Systems with electricity costs of under $0.05/kWh are considered economically attractive. This figure reflects the avoided cost to
ICE from power supplied by non-utility generators and is estimated based on the long-run marginal cost of clectricity generation
(sec Appendix D).

Systems with electricity costs of uader $0.0455/kWh are considered financially attractive. This figure reflects the current average
price to industry in Costa Rica.

For system sizes bstween S00 kW and 5,000 kW,

The economic potential for geothermal is sizeable but the projects are felt to be too large for private financing at this time.

: RCG/Hagler, Bailly, Inc.
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Unfortunately, the potential for small hydropower is neither well documented nor
understood because a nationwide mini hydro power survey is lacking. Also, capital
investment cost and precise economic performance are difficult te estimate without
knowing specific site conditions.

The sugar industry could bring some 20 MW to 30 MW on line in the short-term simply
by renovating boilers and turbines and arriving at a purchasing arrangement with ICE
on excess power. However, to realize this potential, policy action must be taken rapidly
by the government, and the sugar industry must respond quickly to the new
opportunities presented. With an aggressive, capital intensive policy, it could even be
possible to produce 90 MW of power from the existing mills.

RCG/Hagler, Bailly, Inc.



CHAPTER 3: IMPEDIMENTS TO NONUTILITY POWER GENERATION
—-h

Under current conditions, only a small fraction of the nonutility power generation
potential is likely :0 be realized because of a number of real or perceived impediments.
The major barriers to nonutility power generatior. were identified during in-depth
discussions with representatives of government, the private sector, and international
donor agencies. As a result of these discussions, it became clear that major shifts in
attitudes and policies would be necessary to encourage private power initiatives. Five
issues of prime concern were identified:

o  Lack of clear or well-articulated government policies regarding the
provision of public services such as electricity and water supply by the
private sector.

e  Scarcity of long-term financing for major private projects, as well as a
liquiditv shortage.

o  Preference by the private sector for investment in export-oriented businesses
rather than investment in public service enterprises.

. Inadequate technical and economic information on opportunities for
cogeneration and power generation.

o  Widespread satisfactory service provided by ICE and its institutionalized
economic advantages.

LACK OF CLEAR POLICY

The government in Costa Rica controls every aspect of power generation: the supply
and price of domestic power equipment and spare parts, capital and foreign exchange
availability and costs, fuel availability an* prices, tariffs for sale of power to public and
private entities, and dispatching. The recently prepared energy plan for the 1986-2005
period stresses the need for the government to play the key role in energy matters.

RCG/Hagler, Baiily, Inc.
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Therefore, government policy on nonutility power generation is among the most
important issues concerning potential developers of such power options.

Currently there is no single, clear policy document covering all aspects of private power
generation. Although the existing laws and regulations do not prohibit such generation,
the procedure that must be followed to get a project started appears complex, time-
consuming, and bureaucratic. The lack of clear policy takes three major forms:

L. Relevant laws and regulations are old and not well-known or understood by
the public

2. Following the "strict sense" of the laws and regulations is a cumbersome
process

3. Current laws and regulations do not cover the key technical and financial
aspects of the purchase of independently produced power by electric
companies. The laws provide specific financial incentives to ICE, but not to
private power developers.

Law and Regulations are Old and Not Well Understood

Two laws are particularly relevant to private power generation: The Ley Constitutiva of
ICE (Decree No. 449 of April 1949) and the law establishing SNE (Law 250 of 1941).

The law establishing ICE is broad and liberal, offering great flexibility in all matters
related to electricity generation, transmission, and use. In Article 2, the law gives to
ICE: access to all technical, legal, and financial means to develop and execute such
activities; a mandate to promote the greatest use of electricity (especially from
hydroelectric origins) for power and heat production; and a mandate to ensure the most
rational use of all national natural resources. However, in Article 3, the law states that
ICE will carry out a national pelicy of "progressive nationalization of all electrical
services." Despite this provision, there is nothing in the law that prohibits (or
encourages) the generation and distribution of electric power by institutions or parties
other than ICE. The law does, however, provide substantial financial incentives, with
exemption from all duties on imported equipment and income taxes for ICE alone.

RCG/Hagler, Bailly, Inc.
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A Cumbersome Process

The law establishing SNE gives it national responsibility to regulate, among other, all
matters related to water and electricity. SNE issues all licenses (concessions) for the
generation and transmission of electric power and the use of water for any commercial
purpose by installations of any size. If a power System uses water as input and is greater
than 50 HP or 37.5 kW, the application must also be submitted to the National
Assembly. SNE is also the established authority for setting the tariffs for all
commercial transactions of water and power (considered as public utility matters).

In addition, for any power project of more than 500 HP (375 kW) National Assembly
Approval is required. The whole process also can take from 6 to 12 months, and
consists of the following steps:

Step 1:  Proposal is prepared and submitted, using a specific format and including
the following information:

o  Detailed identification of requestor

o  Certificates of land ownership

e  Detailed identification of the water

. Flow, head, and othervcharacteristics of the water stream
o  Theoretical power available

»  Proposed schedule of project development

e  Blueprints

o  Supporting computations

o  Detailed summary reports to be prepared by a certified engineer

RCG/Hagler, Bailly, Inc.
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Step2:  Proposal is published in the Gazet (three times)

If objections to the project are raised and cannot be resolved by the proposer and the
objector, SNE will act as the referee.

Step3:  SNE reviews and analyzes proposed project from a technical and
socioeconomic standpoint

Step4:  SNE submits results of review and its recommendation to SNE managing
committee (Junta Directiva) and, eventually, to parties potentially affected
by project

Step5:  Project file, complete with required legal and technical information, is
passed to SNE managing committee (Junta Directiva) for final decision.

The whole process from project identification to start-up can take from 1 to 3 years and
includes many decision points (see Exhibit 3.1). Inaddition to its complexity, duration,
and inherent uncertainty, the process is also little known or understood by potential
independent developers. Interviews revealed that most of them had limited familiarity
with the procedure.

Limitations of Existing Lega! Framework

The laws and decrees pertaining to ICE and SNE, their roles, and responsibilities do
not have specific provisions, requirements, or guidance for two important aspects of the
private generation of power for sale to the grid or the public:

o  Technical requirements for paralle] operation, synchronization and
protection

o  Base for establishing tariffs for sale and "wheeling" of power. As the entity
in charge of "public utilities," SNE may or may not be the one to decide on
the price and contractual conditions of such transactions.

RCG/Hagier, Bailly, Inc.



Ehibit 3.1

Licensing Process for a

Summary Flowsheet

Commercial Power Project

Source: RCG/Hagler, Baill

laws and decrees.

Project Developer SNE National Asgsembly
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SCARCITY OF INVESTMENT FUNDS

Private-sector companies that require financing for attractive energy generation
projects or large industrial projects face a formidabie -- but not insurmountable --
problem in Costa Rica. None of the potential sources of funds available to them is able
to provide adequate financial services. The processing of loans -- from application to
disbursement -- is a lengthy process, and virtually no long-term credit is available in the
amount required for most power generation projects.

It is difficult to channel private capital into energy generation projects because of their
size and their typically long payback periods. Private capital seeks a safs haven abroad
owirg to the 15 percent inflation rate and uncertainty about the future course of the
economy. T attract such capital, a project would have to provide a return on
investment well above th~ bank rate of 30 percent, and would have to pay back the
investment in 1 or 2 years. Tight currency controls further complicate and lengthen
loan procedures involving foreign exchange, and the current international payments
crisis has restricted credit from foreign banks.

In the interest of supplementing ICE’s power generation investments, it would be
desirable for private-sector projects to tap sources of funds not available to the electric
utility. In general, however, private-sector credit from Costa Rican sources is limited,
and most other sources entail guarantees by the government that, in the end, reduce the
credit available to ICE, In the case of funds that have been earmarked for private-
sector projects (for example, AID and FODEIN), this objection does not arise;
however, these funds are generally intended for smaller projects.

Recognizing the need to assist the manufacturing sector, the government has taken
measures to channel funds into industrial development, but most of the funds and
systems created for this purpose are aimed at increasing exports. Funds for Industrial
Development (FODEIN), the one fund that appears to provide for independent power
projects, has a limit of $2 million thai excludes many good power generation projects.

Potential sources of credit in Costa Rica are the banking system, FODEIN, leasing
companies, the securities markets, and private investors. However, close examination
reveals that none of them meets the financing needs of tvpical power generation

RCG/Hagler, Bailly, Inc.
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projects Most current commercial loans are limited to 3 years or less at interest rates
of 28-30 percent. Most banks do not appear to be interested in offering long-term loans
to companies providing public services such as electricity or water, since competing
opportunities for financing linked to the dollar and export products bring higher
returns. There is also a shortage of capital -- both colones and dollars -- with most
wealth tied up in plantations and small businesses.

The commercial banking system consists of four state banks and a number of private
banks, which lend their own funds and serve as intermediaries for various donors or
funds. The state banks are much larger, and although they accept applications for long-
term industrial loans, in practice such credit is not thought to be obtainable. Private
banks tend to limit use of their own funds to short-term loans. The equity-to-debt
requirement applying to their loans varies with the circumstances, and can be zero.
Large loans require collateral in the form of real estate or bank deposits.

FODEIN is an industrial development fund created by the Central Bank to provide
medium- and long-term credit to manufacturing industries. The funds are channeled to
the private sector by the four state banks. FODEIN offers project financing of between
$250,000 aad $2,000,000. The funding is $30 million, divided between the World Bank
and the Central Bank of Costa Rica.

Loan terms include a grace period of up to 3 years and an interest rate of 14 percent
(excluding inflation). The actual interest rate at present is 26 percent. In addition, 30-
percent equity is required. In view of the these conditions, the largest project that could
be financed would be approximately $22,860,000, which would be sufficient for a § MW
cogeneration package (36C0/1:W) or a 15 MW small hydropower plant ($1,500/KW).

The leasing industry in Costa Rica is in a very early phase of development, and does not
offer funds for major capital equipment at this time.

The Costa Rican stock market is small, with a daily volume of about $7.5 million.
Given the current investment climate, it seems unlikely that companies could attract
capital for power generation projects through this channel. The same is true of the
bond market. Moreover, the possibility of raising funds through thece channels is
limited to listed companies, and would require underwriting of the securities by banks.

RCG/Hagler, Bailly, Inc.
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Private Costa Rican investors, concerned about protecting their cap.tal, commonly
transfer it to the United States Only very attractive investment opportunities, with high
returns and short payback periods, could bring repztriation of this capital,

Normally there are a number of foreign sources for funding of energy generation
projects in Costa Rica. They include foreign banks, international banks, suppliers, and
donors. Unfortunately, Costa Rica has failed to reach an agreement on payment of
interest due to foreign creditor banks, and this situation currently casts a shadow on
some sources of funds.

Credits from inter- itional banks and foreign equipment suppliers are generally
country-to-cour’:  .rrangements requiring guarantees by the government of Costa
Rica. Thus, such .oans are subject to national investment priorities as established by
the Ministry of Planning. Indeed, the IDB, which currently offers financing up to 20
years at 8.75 pcrcent interest, will not accept loan applications for projects without this

priority.

Sales of power generation equipment in Costa Rica are dominated by German, Italian,
and Japanese firms that offer early technical assistance and (government-subsidized)
low-cost financing. American equipment suppliers cannot offer competitive financing
and their selling efforts are deficient.

Two prominent donor organizations active in Costa Rica are AID and the European
Community. AID has been providing some $7.5 million three times a year, channeled
through a number of intermediary banks. These funds are intended for private-sector
projects that will expand exports, and have terms of 2 to 7 years at 26.5 percent interest.
These loan conditions would probably exclude most power generation projects from
eligibility. EEC funds have not yet reached the intermediary banks, and little could be
learned about this source. These funds are expected to become available in early 1988.

The time period for obtaining funding for independent power projects is estimated at 6
to 12 months, although there is little experience on which to base this estimate.

Generally, the rate of return required by industrial managers for capital projects is five
points above the interest rate, or about 35 percent. This appears to be the case for
power generation projects as well, although the need to provide reliable electricity to

RCG/Hagler, Bailly, Inc.
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their plants and avoid the costs of power interruptions may sometimes override
managers’ financial considerations.

Neither the Costa Rican banking community nor the international banks are furnishing
the financial services needed to develop the potential for independent power
generation in Cost Rica. In addition, the financial returns of such projects are not
sufficiently attractive to compete with alternative opportunities for the limited amount
of private capital in the country.

Thus, in practice, independent power generation developers must look to industrial
development funds backed by the government and donor organizations, where
competition with export development projects is keen.

PRIVATE SECTOR ATTITUDES

Most private-sector investors prefer to invest in well-known commodity exports or in
light manufacturing currently being encouraged by the government. The office of the
Private Sector of AID, for example, has a nontraditional export program that favors the
establishment of maquilladoras by U.S. companies in duty-free zones. This $2 million
program has been under way for 18 months, and assembly operations are in textiles,
electronics, plastics and light metal products.

There are a number of promising export opportunities for investors in Costa Rica, but it
will be difficult to channel capital into private power investments without government
support. Much of the capital for the export-oriented programs is coming from equity
sources, which require a high rate of return. It is clear that a major promotional effort
will be needed to encourage the private sector to participate.

LACK OF INFORMATION

One of the principal barriers to the development of private power is the lack of
institutional, economic, and technical information on investment opportunities by for

RCG/Hagler, Bailly, Inc.
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private-sector developers. Traditionally, the private entrepreneur has avoided public
service-type investments in favor of export-oriented opportunities. For example:

o  The permitting and licensing process for a private developer is confusing
and not formally laid out

o The industrial sector has little understanding of cogeneraticn, its €Cconomics,
or technical benefits

»  The sugar industry has little knowledge about the possibility of selling
surplus power to ICE, the terms of the buyback, or technical details
regarding the interconnection

o  There has never been an in-depth survey of minihydro potential

v It is not clear where financing for private power development can be
obtained at reasonable rates.

This is a sampling of the kind of information that needs to be developed and
disseminated to Costa Rica’s private sector. Most representatives of private
organizations indicated they had not been previously approached with a proposal to
generate power on a private basis. It is clear that further promotional efforts will have
to be organized to fully mobilize the private sector.

INSTITUTIONAL ADVANTAGES ENJOYED BY ICE

ICE has clear advantages over a private developer seeking to begin a power venture.
These advantages are the result of the laws governing the institution and of many yea-s
of operational experience as the major provider of power in Costa Rica. Although
some advantagcs were conferred at the time of ICE’s creation, many have evolved over
the years as it became clear that ICE would tie the country together through the
provision of power, which was important for national developn:cnt. Moreover, with
each new expansion -- transmission or generation -- ICE has enhanced its political
power,

RCG/Hagler, Bailly, Inc.
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In addition to its predominant role in the country’s economic life, ICE is able to deliver
electricity to its custorners at reasonable cost (about $0.0515 /x*Vh) with a high degree
of reliability. Over 90 percent of generation is from large hydrepower plants with high
capital costs but low variable costs, both of which are predictable from year-tc-year.
About half the installed hydropower was constructed during the 1960s, with low-cost
loans, so ICE is able to price its electricity at attractive rates. The generally held view is
that only ICE should be in the power business and that the state should provide Costa
Rica’s electricity.

ICE also has the authority to negotiate with international donor organizations such as
the IDB or World Bank for low-cost loans. Repayment of these loans is usually
guaranteed by the Costa Rican government. Typical IDB rates are 8-9 percent over 20
years, with 3 years grace period. These rates are far more attractive than those being
offered by local banks in Costa Rica. The private sector does not have access to capital
on such a basis.

ICE is also exempted from taxes on its profits; such taxes are approximately 50 percent
for private enterprises. SNE limits ICE’s rate of return tc 10 percent, putting a cap on
what it might be able to achieve otherwise. On this basis, SNE hopes to keep tariffs at a
minimum while encouraging efficient service. A private power opeiator would not be
limited by suck: a cap and would therefore have a very strong incentive for profit
maximization under the constraint of fixed purchased price which should ensure a very
high level of managerial and icchnical efficiency.

ICE is also exempted from import duties on power generation equipment. For the
private sector, stich imported equipment is usually taxed at about 30 percent.

ICE also has a broad base of customers and a ready power market which favors rura}
residential clients over urban industrial users through its tariff structure. It can
therefore compensate {or a few non-paying users by spreading the costs over the entire
system. A private generator may be faced with non-paying customers or a tariff
structure that will not support its costs.

These ICE advantages do not preclude the development of private power, as the private
developer will not compete with ICE power but supplement it. Future generation

RCG/Hagler, Hailly, Inc.
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expansion by ICE will mean high capital and fuel costs, so its long-run marginal cost of
power (as well as its short-run cost of power) will not be as low as in the past (in
constant dollars). Future generation using gas turbines, geothermal, and large hydro
will be capital expensive and therefore continue to be a drain of foreign exchange
(although a recent USAID study found that, in the long-term, coal power plants may be
developed economically).!

Private power, particularly from resources that are essentially in place -- sugar mills and
minihydro -- would be cost competitive if reasonable financing could be arranged.

In the following chapter, recommendations are made to overcome these barriers and
accelerate the role of the private sector in power generation.

Prefeasibility study of coal use in Coast Rica, by Bechtel National, Inc., June 1987,

RCG/Hagler, Bailly, Inc.
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In this chapter, the major conclusions of this study are presented and recommendations
for encouraging the development of nonutility power generation are given.

CONCLUSIONS

With a peak demand of 612 MW in 1987, which is likely to increase to 650 MW in 1988,
and a firm capacity of about 700 MW, 50-100 MW of new capacity needs to be added by
1989. The government of Costa Rica is currently discussing the addition of three to
four 36-MW gas turbines. This report shows that the private sector could provide some
relief, as 30-50 MW of power generation from private sources could be developed
before 1990. This would reduce the requirement for new thermal units and thus save
precious foreign exchange.

Private Sector Interest in Power Generation

In-depth discussions were held with various private-sector representatives, bankers,
private investors and AID private-sector program managers. There is clearly an
interest by the private sector in new types of investments. Traditionally these
investments have gone into export-orientec activities that bring U.S. dollars into Costa
Rica. If the proper conditions can be created, the private sector will invest in power
generation. Investors in Costa Rica generally seek a high return on their investment,
above 30 percent because of inflation and the fluctuating value of the color.
Entrepreneurs in Costa Rica, as anywhere else, act in their own best interest.

However, before investors will act, a number of specific policy initiatives must be taken.
These include reduction of real and apparent institutional barriers, reducing or
eliminating certain types of taxes, providing project financing at rates competitive with
those of international development banks, developing technical and economic
approaches for the sale of power to ICE, and providing the private sector with
information on private power opportunities.

RCG/Hagler, Bailly, Inc.
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Private Power Potential

The private sector could assist ICE in meeting future demand for additional capacity
and energy production. It would do this by generating power using indigenous
resources that are currently not being fully used. These resources include small
hydropower, excess bagasse from the sugar industry, and excess power through
industrial cogeneration.

ICE’s current capacity of approximately 845 MW could be augmented by 30-50 MW by
1990. The first gas turbine is not scheduled for installation until 1989, making 1988 the
critical year.

The technical, economic, and financial potential of private power generation is
summarized in Exhibit 4.1,

As shown in the exhibit, the economic potential is about 450 MW, and the financial
potential about 300 MW, most of this is in small hydropower. Unfortunately, the
potential for small hydropower is the least understood, because no nationwide
minihydro survey exists. In addition, plant capital costs are difficult to determine
without knowing specific site conditions.

The short-term potential-- some 30 MW to 50 MW--could be brought on line from the
sugar industry simply by replacing or renovating boilers and turbines and working out
buyback details with ICE. However, for this to happen, rapid government policy action
must be taken and the sugar industry must respond quickly to this action.

Barriers

The identification of the major barriers to nonutility power generation resulted from in-
depth discussions with representatives of government, the private sector and donor
agencies. The five barriers of prime concern are:

o  Lack of clear or well-articulated government policies regarding the
provision of public services such as electricity and water supply by the
private sector

RCG/Hagler, Bailly, Inc.
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Exhibit 4.1

Electricity Generation Costs and Potential for Nonutility Power Optionse

(1987-1995)
Technical Economic Financialee
Potential Potential Costoss Potential Costoses
Resource (MW (MW) ($/kWh) _(MW)_ ($/kWh)
Cogeneration 17 3 .025-.057 3 .032-.086
Sugar 100 90 .035-.058 90 .020-.056
Dendrothermal 2,100 0 0.066 0 0.095
Biomass 2,200 0 0.06 0 0.069
Hydropowerseees 350 350 .017-0.035 200 .034-.068
Geothermal 400-700 sesse .027-.034 0 .06-.07
TOTAL 5,500-5,800 443 293

e

*ene

9088

Source

For the near term, coal may have some potential in the long-term,

Assuming a debt to equity ratio of 2.3,

Systems with electricity costs of under $0.05/kWh are considered cconomically attractive. This figure reflects the avoided cost to

ICE from power supplied by non-utility generators and is estimated based on the long-run marginal cost of electricity generation

(see Appendix D).

Systems with electricity costs of under $0.0455/kWh are considered financially attractive. This figure reflects the current average

price to industry in Costa Rica.
For system sizes between 500 kW and 5,000 kW,

The economic potential for geothermal is sizeable but the projects are felt to bc “no large for private financing at this time.

: RCG/Hagler, Bailly, Inc.

\



CONCLUSIONS AND RECOMMENDATIONS 4.4

N

Scarcity of long-term financing for major private projects, as well as a
liquidity shortage

Preference by the private sector for investment in export-oriented businesses
rather than investment in public service enterprises

Inadequate technical and economic information on opportunities for
cogeneration and power generation

Widespread satisfactory service provided by ICE and its institutionalized
economic advantages.

RECOMMENDATIONS

The findings of this study indicate that measures must be taken to remove the
impediments that were revealed, and that further measures must then be taken to
inform and motivate potentially interested parties. Implementation of an etfective
development program will require joint action by the government institutions in the
initial phase, followed by continuing guidance of the program by a committee
representing all involved entities and parties. In both phases, AID could provide
support to the various institutions and parties involved.

The recommendations addressed to the Government are listed below, followed by those
appropriate to AID.

Government of Costa Rica

1.

There is a widespread belief in the industrial sector that public policy and
existing laws and regulations oppose and prevent any form of private power
generation, and that, in any case, ICE would block licensing of such projects.
Should such a license be granted, it is not known if the utility would
purchase power, and under what terms. Therefore, it is necessary to clarify
and publicize private power policy and the licensing process to correct
prevailing misconceptions that block development of independent
generation, to facilitate licensing of projects, to reduce uncertainty and risk

RCG/Hagler, Bailly, Inc.
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to project sponsors and to improve return to investors. Key elements of this
action are:

A. Provide a legal framework for the generation,transmission and sale of

private power. In this connection an examination of the United
States’ experience with PURPA might be helpful.

E. Define contractual termis between ICE and independent generators.
The terms should cover technical and financial issues.

C. Simplify the licensing procedure to shorten the time required.

D. Specify electricity purchase price calculation guidelines and
procedures. Again, a review of the PURPA provisions that apply in
the United States might provide useful information (see Exhibit 4.2).

E. Draft a prototypal contract incorperating the results of the above
actions. It should set forth technical requirements of power
generations and links with the grid, as well as the terms for purchase
of power by the electric utility.

2. Aneffort of this magnitude, requiring the support and involvement of
diverse public and private entities and organizations requires an appropriate
institutional structure to provide authority, cooperation, and coordination.
Consequently, it is necessary to establish a high-level Private Power
Committee to plan and coordinate actions to proniote the development of
the private power potential and to monitor progress in its realization. The
committee membership should include all parties that could contribute to its
objectives, with a mix of the public and private sectors. Specifically, the
committee should:

A. Be chaired by the Minister of Natural Resources, Energy and Mines
and inclnde representatives of ICE, SNE, DSE, the Central Bank, the
Directorate General of Forests, the Ministry of Planning, the
Chamber of Commerce of Industry, the Association of Engineers and
othier appropriate parties.

RCG/Hagler, Bailly, Inc.



Exhibit 4.2

Example of Possible Power Purchase Arrangements

o  Purchase price could be established through one of the following two
possibilities:

A. Average Economic Value

e 2.6 - 2.96 colones/kWh year around
o Same for all independent generators, year around

B. Avoided Cost
o Dry Season

-- Peak hours: 5 colones/kWh (1,825 hours)
-- Off-Peak hours: 2.4 colones/kWh (2,555 hours)

o Wet Season

~ All hours: 2.1 colones/kWh (4,380 hours)

Under such cost structure, the public and ICE would share approximately equally the
benefits.

Source: RCG/Hagler, Bailly, Inc.
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B. Report to the President of the Republic.
C. Meet monthly and exercise its authority through an advisory role.

3. The modest financial returns characteristically provided by private power
generation projects are not likely to attract interest on the part of industrial
managers, investors and bankers. Therefore, to attract sufficient capital to
private power projects it will be necessary to provide tax exemptions in order
to increase their attractiveness to decision-makers, and to place thein on an
equal footing with ICE in terms of cost advantages. Specifically, measures
should be taken to:

A. Reduce project capital requirements by waiving import duties and
taxes on equipment.

B. Increase project profitability by waiving income tax on project
revenue.

4.  The fundamentals and benefits of independent power generation are not
widely known. To gain the interest and support of groups that might have a
role in its development, it is necessary to conduct an information and
awareness program aimed at engineers, bankers, potential private
generation developers and industry associations. Upon successful
completion of projects, case studies should be prep..red and distributed to
interested parties. ICE might play a major role in this program.

5. Costa Rica is fortunate in having a large pool of highly qualified and
experienced engineers and technicians; however, the development of private
power generation requires certain skills and knowledge that are likely to be
scarce outside of the power sector. Therefore, it is necessary to determine
the training needs of personnel to be involved in the practical aspects of
private power development and sponsor training on the design, planning,
implementation, and operation of independent power projects. ICE and
local consultants could assist in this effort, which might, for example, train:

A. Industrial managers in securing project approval and financing.

RCG/Hagler, Bailly, Inc.
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B. Engineers in project design, equipment selection, procurement and
installation, connecting the independent generation cystem to the
grid, and system operation.

C. Equipment operators in operating routines.

2,
=]

=

Although there are strong indications that the bulk of the potential for
independent power generation lies in hydropower and the sugar industry,
much more information is required (particularly in regard to hydraulic
resources) before a reasonably accurate estimate of potential can be
obtained. Therefore, it is necessary to carry forward the analysis of these
two areas and obtain sufficient data to provide a firm basis for planning
further actions. AID has broad experience in these two areas and could
assist the GOCR in carrying out these activities.

2. Inpractice, capital for funding private power projects of significant size is
not available. Since access to funding is critical to private power
development, AID may want to consider establishing cr make available a
line of credit solely dedicated to this purpose. Funding, credit terms and
fund regulations should be based on a detailed analysis of potential
borrowers’ needs and the availability of other credit for private power
generation projects.

3. AlDis also very well positioned to provide training to ICE, SNE, and
private powzr developers both in Costa Rica and in the United States
(PURPA experience, "sister utility concept"”). AID can also assist these
institutions in the information promotion activities described above,

RCG/Hagler, Bailly, Inc.
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Appendix A

ARTICLE III - STATEMENT OF WORK

A. PROMOTION OF INDEPENDENT POWER GENERATION STUDY

The study will be carried out in three tasks.
Task l: Identify Market and Economic Potential

In carrying out this task, Contractor will successively analyze the
background, the situation of the current off-system generation and
its costs and benefits, and describe the utility system and the
existing power sector policies.
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Background

l. Country energy situation: Describe briefly, using existing
data, the current energy situation and the factors influencinc
the introduction of Private sector off-system electrical
generation. Such factors may be power sector constraints
(e.g., capital availability, skilled manpower, inadequate
generation capacity, system reliability) and the size and type
of industrial base and its capacity for cogeneration.

2. U.S. experience: Briefly describe the Public Utility
Regulatory Policies Act (PURPA) and the U.S. experience in
fostering private sector non-utility electrical generation,

Current Off-System Generation

Identify any current purchase arrangements between public utilitie
and non-utility generators. identify any projects under discussio
or in th» planning stage. Determine the extent of a trend toward
private (captive) diesel or fuel oil-based generation,

Potential for Off-System Generation

Estimate the potential for non-utility renewable or indigenous
energy based generation and cogeneration and assess the character
of the generation, e.g., intermittent, seasonal, daily peaks.

Make preliminary estimates of industrial cogeneration potential,
Use existing industrial data and growth projections and identify
the market for cogeneration by industry type, size of current and
projected electricity/steam demands, applicable cogeneration
technologies, and energy supply (coal, biomass, and/or oil},
Indicate what the utility would pay for surplus electricity that
would make the system financially attractive. Provide an estimate
(a range, if appropriate) of electricity that could be available
for sale to the grid and an estimate of the capital investment
needed,

Identify other decentralized private sector generation options and,
based on existing information, estimate the potential electricity
that could be provided to the grid. Identify the energy resources,
the energy conversion technology options, and the institutional
arrangements for generating the electricity. For example:

- bagasse or rice hulls; steam boilers; mill owners

- hydro; small scale turbines; industrialists
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For the major generation options, indicate the financial viability
of the systems and what the utility would pay for surplus
electricity that would make the system financially viable.

Costs and Benefits of Off-System Generation

Identify the costs and benefits of indigenous/renewable-based
off-system electrical generation from the utility, user, and
national perspective.

Utility System Description

Briefly describe the utility system, ownership, fuel use, marginal
cost of generation, load projections, system expansion projects,
and tariffs.

Determine the utility technical concerns about off-system
generation such as system protection, metering, and reliability,
and any related concerns about the purchase of off-system
generation,

Identify the factors affecting the utility's marginal costs.
Derive estimated "avoided costs® and the price and utility might
reasonably be expected to pay for intermittent power during peak
and off-peak.

Discuss the basis for the calculation, whether any fuel cost should
be used in establishing the price to be paid by the utility for
intermittent power, or whether some capacity cost should also be
included in the price.

Power Sector Policies

Analyze the policy, legal, and regulatory framework governing the
power sector, including:

- government policy on non-utility generation of electricity
for sale to the grid;

- legal and regulatory authority for generation of
electricity; and

- rate setting mechanisms and source of authority.
In carrying out tnis task, local consultants will be hired to
gather basis market data, €.9., energyv resource assessment, site

specific project information, energy prices, taxes, and electricity
utility costs. .

2\
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Task 2: Identify Impediments to Off-System Generation

In this task, Contractor will analvzs the policy, legal,
regulatory, institutional, or other problems and impediments to
off-system generation and determine the views of key institutions,
industries, and individuals on the impediments to and potential for
private sector off-system generation; these groups will include,
but not be limited to, utilities, government ministries, banks, and
other financial institutions, commissions responsible for energy
and utilities, key industrial and private sector entities, and
policymakers and lawmakers.

Task 3: Develop Recommendations and an Action Plan for the GOCR

In this task, the Contractor will provide policy, legal,
regulatory, and other recommondations that will foster the
introduction of private indigenous/renewable energy-based
generation and cogeneration of electricity for sale to the grid,
including the drafting of legislation an. prototypical purchase
contracts between private generators and ICE.

Counterpart. The counterpart for this project will be ICE which
should make one senior person available to the project on a full
time basis during the three calendar months required for the

study. Other key agencies to be involved on an ad hoc basis in the
project include DSE and SNE (tariffs).

W



APPENDIX B: LIST OF CONTACTS!

Lo I-‘T:'me

Monday, November 9, 1987

Organization
Main Topic
Attendees

Organization

Main Topic
Attendees

Organization

Main Topic
Attendees

U.S. Agency for International Development
Kick Off Meeting

Ing. Heriberto Rodriguez, Energy Officer
JF, RK?

Tel.: 33-11-55

U.S. Agency for International Development
Office of the Private Sector

Private Sector Activities

Neil Billig, Deputy, JF, RK

Tel.: 33-11-55

Institute Costarricense de Electricidad
Direccion Planificacion Electrica

Kick Off Meeting

Ing. Agustin Rodriguez, Jefe

JF,RK

Tel.: 20-72-26

Meeting held in San Jose, unless otherwise indicated.

Hagler, Bail;, und Sol 2000 staff members:
JE: Jeff Erickson

AS: Alain Streicher

RK: Robert Kowalski

JF: Jack Fritz

JR: Juan Rojas

IMG: ismael Mazon Gonzalez

RCG/Hagler, Bailly, Inc.
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Tuesday, November 10, 1987

Organization
Main Topic
Attendees

Organization

Main Topic
Attendees

Organization
Main Topic
Attendees

Interamerican Development Band
IDB Loan Energy Activities
Eduardo Marquez, Sector Specialist
JF, RK

Tel.: 33-22-44

Instituto Centro Americano de
Investigacion y Tecnologia Industrial
Financing

Felix del Barco,

RK

United Nations Development Program
Energy Sector Activities

Soren Aarslev, Program Officer
JF,RK

Tel.: 25-03-66

Wednesday, November 11, 1987

2:00 pm
Organization
Main Topic
Attendees

Organization
Main Topic
Attendees

DSE Documentation Center
Literature Search

Juan Salazar, Librarian

RK

Empresa de Electricidad de Matamoros
Small Hydro Activities

Ing. Carlos Chaves, Gerente, JF, JR
Tel.: 46-05-97

RCG/Hagler, Bailly, Inc.



LIST OF CONTACTS

Organization
Main Topic
Attendees

Quebrada Azul

Power Generation in the Sugar Industry
Ing. Arnaldo Chavaria, Gerente

JF, RK

Tel.: 47-50-54

Thursday, November 12, 1987

9:00 am
Organization
Main Topic
Attendees

11:00 am
Organization
Main Topic
Attendees

Algjuela

2:00 pm
Organization
Main Topic
Attendees

El Gallito Industrial
Cogeneration Potential
Ing. Alejandro Qdio
RK, JR

El Portico S.A.
Plant Inspection
REK, JR

Tica Tex

Cogeneration Potential

Tako Watanabe, Plant Enginezr

Jos Manuel Retana, Head of Research Section
Ing. Luis Alfonso Hernandez, Assistant of Head of
Research Section

RK, JR

RCG/Hagler, Bailly, Inc.
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3:30 pm
Organization
Main Topic
Attendees

Organization
Main Topic
Attendees

Organization
Main Topic
Attendees

Organization
Main Topic
Attendees

Organization
Main Topic
Attendees

Punto Rojo, S.A.

Cogeneration Potential

Bernal Soto Ch., Manager

Ing. Arnaldo Garca, Head of Maintenance
RK, JR.

Direccion Sectarial Energia

DSE Energy Activities

Lic. Ana Lorena Leon, Coordinator
JF, RK

Tel.: 33-19-55

Direccion General Forestal
Biomass Energy Activities
Jose Luis Fallas,

JF, RK

Tel.: 21-95-33

Compania Nacional de Fuerza y Luz
Small Hydro Activities

Ing. Fernando Chanto,

JF

Tel.: 33-02-11

Servicion Nacional de Electricidad

SNE Regulations regarding Private Power
Lic. Magda Sanchez

Tel.: 23-09-66

RCG/Hagler, Bailly, Inc.
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Organization University of Costa Rica
Ingeniera Mecanica

Main Topic Micro Hydro Activities

Attendees Glenn Dewey, Manuel Murillo, Professors
JF
Tel.: 25-78-38

Friday, November 13, 1987

8:45 am
Organization Dos Pinos
Main Topic Cogeneration Potential
Attendees Ing. Gazel, Plant Engineer
RK
10:00 am
Organization Portico
Main Topic Cogeneration Potential
Attendees Arq. Edgardo Barrenechea, Director of Production
RK
1:30 pm
Organization Direccion Sectorial de Energia
Main Topic Data
Attendees Lic. Ana Loiena Leon

Ing. Alexaadra Hernandez
Ing. Giovanni Castillo
JF, RK

RCG/Hagler, Bailly, Inc.

)



LIST OF CONTACTS B.6

M

Saturday, November 14, 1987

Palo Seco (Near Quepos)

9:45 am

Organization Compania Bananera, Planta de Aceite de Palo Seco
Main Topic Cogeneration Potential

Attendees Ing. Carlos Matamoros, Plant Superintendent

RK, JE, JR, IMG,

Monday, November 16, 1987

8:30 am
Organization

Main Topic
Attendees

9:00 am
Organization
Main Topic
Attendees

Organization

Main Topic
Attendees

Direccion Sectorial de Energia
Centro de Documentacion
Cogeneration and Biomass Potential
Ing. Giovanni Castillo

RK, LM

Direccion Sectorial Forrestal
Dendrothermal and Biomass Resources
Ing. Jose Luiz Salas

JF, JE

Tel: 21-19-55

ICE

Oficina Proyectos Hidroelectricos
Hydroelectric Resources

Ing. Mario Lopez Soto, Jefe

Oficina de Proyectos Hidroelectricos
Ing, Jorge Valverde, Jefe

JF

Tel.: 20-72-37

RCG/Hagler, Bailly, Inc.
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Wednesday, November 18, 1987

Cartago
2:00 pm .
Organization VICESA
Main Topic Cogeneration and Biomass Potential
Attendees Ing. Miguel Sotela Castro, Director of Production
RK, JR
Thursday November 19
1:30 pm
Organization ICE-Direccion Produccion y Transporte de Energia
Main Topic Load Control and Marginal Costs
Attendees Ing. Ricardo Chinchilla, Jefe Depto.
Ing. Luis A. Barquero,
AS
Tel.: 32-88-05
3:00 pm
Organization DSE
Main Topic Survey of Sugar Mills
Attendees Lic. Ana Lorena Leon
AS
Tel.: 33-19-55
Organization CNFL
Main Topic Private Sector Attitudes
Attendees Ing. Guillermo Rohrmoser, Gerente General

JF, AS, JR
Tel.: 23-44-33

RCG/Hagler, Bailly, Inc.
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Organization Banco Nacional de Costa Rica

Main Topic Private Power Financing

Attendees Ing. Joffre Zambrano
JF, AS, JR
Tel.: 23-21-66

Friday, November 20

9:00 am

Organization RECOPE - Planning

Main Topic Petroleum product pricing; cogeneration
potential at the refinery

Attendees Ing. Jose Ruben Naranjo, Jefe Departamento
AS
Tel.: 23-96-11

10:30 am

Organization CNFL

Main Topic Review Investment Climate

Attendees Ing. Guillermo Rohrmoser, Gerente General
AS, JF, JR

11:30 am

Organization Banco Nacional de Costa Rica

Main Topic Credit situation-overall economic and
financing matters

Attendees Ing. Joffre Zambrano
AS, JF

Tel.: 23-21-66 Ext. 2265

RCG/Hagler, Bailly, Inc.
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4:30pm
Organization Scott Paper
Main Topic Potential for Cogeneration and Load Management
Attendees Ing. Joaquin Lizano, Vicepresidente de
Desarrollo e Ingeniera
AS

Monday, Novemkber 23, 1987

Organization ICE - Thermal Department
Main Topic Miravalles
Attendees Alfredo Mainiere, Jefe

JF

Tel.: 20-75-33

Wednesday, November 25, 1987

10:00 am
Organization: Banco Anglo Costarricense, Loan Department
Main Topic: Financing of Private Sector Power Generation Projects
Attendees: Edwin Brenes, Credit Analysis
RK.
2.00 pm
Organization: Banco de Comercio, Loan Department
Main Tepic: Financing of Private Sector Power Generation Projects
Attendees: Carlos Sota, Loan Officer
RK

RCG/Hagler, Bailly, Inc.
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Thursday, November 26, 1987

4:00 pm

Organization: Representaciones Mario Cantillo

Main Topic: Financing of Private Sector Power Generation Projects
Attendees: Ing. Mario Cantillo, President

R.K.

Saturday, November 28, 1987

10:30 am

Organization: Chambers of Commerce of Industry of Costa Rica
Main Topic: Financing of Private Sector Power Generation Projects
Attendees: Max Koberg, Chairman of Energy Committee

R.K. (By Telephone)

RCG/Hagler, Bailly, Inc.
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APPENDIX C: TIZCHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS
mw
INTRODUCTION

The ECSP team used a computer model to aid in performing the technical, economic,
and financial analysis. The Economic and Financial Analysis Program (EFAP),
developed by RCG/Hagler, Bailly, Inc.. analyzes potential energy investments. EFAP
performs a variety of standard financial analysis computations to identify the economic
and financial costs and returns from prospective cogeneration and power generation
investruenis. It provides all the basic information needed to evaluate the attractiveness
of projects from the point of view of investors (the financial analysis) and, using inputs
adjusted for taxes and subsidies, from the peint of view of the economy (the economic
analysis). Among other things, EFAP calculates the net present value and internal rate
of return for investments. It also calculates capital inflows and outflows over the life of
a project and calculates the cost of power from cogeneration and power projects.

EFAP prepares financial and economic evaluations based on a series of inputs from the
user. Basic technical, financial, and economic information must be entered to form ;he
basis for the analysis. These inputs include, among other things, system size and cost,
capacity factor, cest of equity and debt, fuel prices, inflation rates, and power purchase
rates. From these inputs, the model calculates the components of the cash flows over
the life of the project, including expenses, revenues, profits, depreciation, taxes,
internal rates of return, net present values, and net power costs, among other things,
Sensitivity analyses can be quickly performed by varying one of the inputs while
observing the effects on the various results.

Tke following paragraphs explain the various assumptions and inputs prepared by the
ECSP team to run the technical, economic, and financial analysis. Following that,
guidelines for interpreting the results are given.

POWER ASSUMPTIONS

The data to be entered in the POWER EFAP model (which estimates the financial and
economic performance of power-only systems) is organized into three categories
(Exhibit 1): (1) Technology Description: (2) Financial Assumptions; (3) Economic
Assumptions. Most of the data needs are self-explanatory, however, some specific
points need to be clarified. Each will be dealt with in the following paragraphs.

RCG/Hagler, Bailly, Inc.



Exhibit 1

TECHNOLOGY ASSUMPTIONS: POWER ONLY SYSTEM

TECHNOLOGY DESCRIPTION
Assumptions

SYSTEM SIZE (KW)
ANNUAL CAPACITY FACTOR (Fraction)
HEAT RATE (Fuel Units/kWh)

CAPITAL COST fLocal Currency / kW)

ANNUAL NON-FU'L O&M COST
(Fraction of CAPITAL COST)

SYSTEM LIFE (Years)

ANNUAL POWER OUTPUT (kWh/YR)

FINANCIAL ASSBUMPTIONS: POWER ONLY BYSTEM

MARKET EXCHANGE RATE (Local Currency/USS$S)
AFTER~TAX COST OF EQUITY

COST OF DEBT (%:

DEBT-TO-EQUITY RATIO

INITIAL FUEL PRICE

(Local Currency / Fuel Unit)
ANNUAL FUEL PRICE INFLATION (% / yr)
INITIAL POWER PRICE (Local Currency / kWh)
ANNUAL POWER PRICE INFLATION (% / yr)

ANNUAL O&M COST INFLATION (% / yr)
MARGINAL TAX RATE (%)

ECONOMIC ASSUMPTIONS: POWER ONLY S8YSTEHM

REAL EXCHANGE RATE (Local Currency / USS)
MARGINAL RETURN TO CAPITATL (%)

FRACTION OF CAPITAL COST IN FOREIGN EXCHANGE

sBasic

10,000
0.6
0.003412

1280 UsSS
0.03

20
52,560,000

1 Uss
15

11
2.3

18 US$

0
0.0455
0

0

50

1 US$
10



Exhibit 1 continued

INTEREST, FEES, ETC. ON FOREX

CAPITAL COST (%/YR)

FRACTION OF O&M COST IN FOREIGN EXCHANGE
O&M COST ESCALATION RATE (%/YR)
ECONOMIC FUEL COST

(Local Currency / Fuel Unit)

FRACTION OF FUEL COST IN FOREX
FUEL COST ESCALATION RATE (% / yr)
ECONOMIC POWER COST

(Local Currency / kWh)

FRACTION OF POWER COST IN FOREX
POWER COST ESCALATION RATE (% / yr)

SCF* FOR LOCAL CURRENCY O&M COSTS
SCF* FOR LOCAL CURRENCY CAPITAL COSTS
SCF* FOR LOCAL CURRENCY FUEL COSTS
SCF* FOR LOCAL CURRENCY POWER COSTS

* —MSCF

Specific Conversion Factor for converting

the market price to the true economic cost

0.75

0.5
0.95
0.75

Uss

Uss

W



APPENDIX C: TECHNICAL, ECONOMIC, AND FINAN CIAL ANALYSIS

Technology Description

o  System Size: The system size is the net power output of the systern,
expressed in kilowatts. This is the power available for use or for sale, and
does not include power needed by the system for its own operation.

e  Annual Capacity Factor: The capacity factor is the ratio of the average load
o11 a generating resource to its ~apacity rating over the whole year. This is
calculated by dividing the hours of operation per year by 8760 (8760 = 24
hours times 356 days). Alternatively it can be calculated by dividing the
annual output by the product of the peak hourly output and 8760.

e  Heat Rate: A measure of generating station thermal efficiency generally
expressed in Btu per net kilowatt-hour., The heat rate is computed by
dividing the total Btu content of the fuel burned by the resulting net
kilowatt-hours generated.

o  Capital Cost: The capital cost is entered as either local currency or U.S.
dollars per kilowatt of capacity. Consistency must be maintained with other
data that refer to costs.

o  Annual Non-fuel O&M Cost: Operations and maintenance (O&M) costs are
expressed as a fraction of the canital cost.

¢  System Life: The total system life is entered in years. At present the cash
flow analysis assumes a 20 year system life.

Financial Assumptions

Financial assumptions are based on the actual market costs as seen by the investor.
They include taxes, duties, profits, and other transfer payments and are used to
calculate the cash flows and returns that an investor would actually realize.

o Market Exchange Rate: This should be either the official exchange rate or
the actual "street" exchange rate. If all costs are being expressed in U.S.
dollars, a 1 (one) is entered.

o  After-Tax Cost of Equity: This is the return a company must offer to attract
new equity, or the "hurdle rate" a company uses for new capital investment.

o  Cost of Debt: This is the cost of long-term bank loans or bonds to the firm
making the investment.

. Debt-to-Equity Ratio

4
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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 5

o  Initial Fuel Price: The initial fuel price is entered as the cost per unit of fuel.

e  Annual Fuel Price Inflation: The expected fuel price inflation is entered as
an annual percent (e.g., if it is 20 percent per year enter 20).

o  Initial Power Price: The initial power price is entered in dollars (or local
currency) per kilowati-hour. This is the price actually paid by the industry
for power from the utility, or if the power is to be sold, the price which will
be paid to the industry for it.

o  Annual Power Price Inflation: The expected power price inflation rate is
entered as an annual percent.

o  Annual O&M Cost Inflation: The expected operations and maintenance
(O&M) cost inflation in entered as an annual percent.

o  Marginal Tax Rate: The marginal tax rate is the tax rate that must be paid
on any additional income received.

Economic Assumptions

Economic assumptions are used to calculate the true economic costs and benefits,
factoring out the effects of taxes, duties and other transfer payments that do not
represent actual costs but rather shifts of resources from one sector to another. Thus
the economic data entered in the following items are the "real" costs or the "shadow
prices", not the “market" costs. These numbers are used to calculate the actual costs
and benefits to the economy of the projects.

o Real Exchange Rate: This is the actual cost to the economy of foreign
exchange. It may be represented by the "black market" exchange rate.

o  Marginal Return to Capital: The marginal return to capital is the return
expected in the economy from investing one more unit of capital. In most
developing countries this return is estimated to be between 10 percent and
15 percent.

o  Fraction of Capital Cost in Foreign Exchange: This is the amount of the
capital cost of the power system that must be paid for in foreign exchange.

o Interest, Fees, Etc. on Foreign Exchange Capital Cost:

o  Fraction of O&M Cost in Foreign Exchange: This is the amount of the
operations and mainte..ance (O&M) costs that must be paid for in foreign
exchange,

RCG/Hagler, Bailly, Inc.
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. O&M Cost Escalation Rate: The expected operations and maintenance
(O&M) cost escalation is entered as an annual percent.

o Economic Fuel Cost: The initial fuel price is the cost per unit of fuel. This
cost represents the actual cost to the economy of the fuel, factoring out
taxes, import duties, and other transfer payments.

o  Fraction of Fuel Cost in Foreign Exchange: This is the amount of the fuel
costs that must be paid for in foreign exchange.

¢  Fuel Cost Escalation Rate: The expected fuel cost escalation rate is entered
as an annual percent.

«  Economic Power Cost: The initial power price is entered in dollars (or local
currency) per kilowatt-hour (e.g., 7 cents/kWh would be entered as 0.07).
This is the long-term marginal cost of power to the utility, or the actual cost
to the economy of the power.

o  Fraction of Power Cost in Foreign Exchange: This is the amount of the
power cost that can be attributed to foreign exchange costs.

»  Power Cost Escalation Rate: The expected power cost escalation rate is
entered as an annual percent.

When true economic costs are not known, the EFAP model can convert financial costs
to economic costs using Specific Conversion Factors (SCF). They represent the ratio of
the market values to the true or real costs and are expressed as a fraction. SCFs are
used in the equations to calculate economic costs for the cash flow analysis, based on
numbers from the Technology Description and Financial Assumptions. The POWER
EFAP model uses four SCFs:

o  SCF for Local Currency O&M Costs: The estimated ratio between the local
currency portion of the Economic O&M Costs and their true cost to the
economy.

o  SCF for Local Currency Capital Costs: The estimated ratio between the
local currency portion of the Economic Capital Costs and their true cost to
the economy.

o  SCF for Local Currency Fuel Costs: The estimated ratio between the local
currency portion of the Economic Fuel Costs and their true cost to the
economy.

o  SCF for Local Currency Power Costs; The estimated ratio between the local
currency portion of the Economic Power Costs and their true cost to the
ecoiomy.

RCG/Hagler, Bailly, Inc,
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COGEN ASSUMPTIONS

The data entered in the COGEN EFAP model (which estimates the financial and
economic performance of cogeneration systems), like that for the POWER EFAP
model is organized into three categories (Exhibit 2): (1) Technology Description; (2)
Firancial Assumptions; (3) Economic Assumptions,

Many of the cogeneration assurnptions are the same as those in the power-only model.
The cogeneration model, however, also compares the costs and benefits of a
cogeneration system with the costs of a non-cogeneration system. All data categories
referring to the non-cogeneration system refer to a system that would produce the
needed quantity of process heat but would not cogenerate electricity.

Most of the data needs are self-explanatory, although a few specific points need to be
elaborated. Each will be dealt with in the following paragraphs.

Technology Description

o  System Size: The system size is the net steam output of the system,
expressed in steam units per hour.

e Annual Capacity Factor: The capacity factor is the ratio of the average load
on a generating resource to its capacity rating over the whole year, expressed
as a fraction (i.e., a 60 percent capacity factor should be entered as 0.6).
This is calculated by dividing the hours of operation per year by 8760. (8760
= 24 hours times 356 days.) Alternatively it can be calculated by dividing
the annual output by the product of the peak hourly output and 8760.

o Cogeneration Efficiency: A measure of the cogeneration system’s efficiency
expressed in fuel units per steam unit.1 Note that this is not the same as
system efficiency, which is defined as fuel energy content divided by the sum
of steam to process plus electric power,

o  Non-Cogen Efficiency: The non-cogen system efficiency is also expressed in
fuel units per steam unit. System efficiency is defined as fuel energy content
divided by the energy content of the steam or heat output.

IThis is the inverse of standard expressions of efficiency.

RCG/Hagler, Bailly, Inc.



Exhibit 2

TECHNOLOGY ASSUMPTIONS: COGENERATION SYSTEM

TECHNOLUGY DESCRIPTION :Basic
Assunptions
SYSTEM SIZE (Steam Units/Hr) : 65mmBtu
ANNUAL CAPACITY FACTOR (Fraction) : 0.7
COGEN EFFICIENCY (Fuel Units / Steam Unit) : 1.447mmBtu
1/ (NON-COGEN EFFICIENCY) : 1.33
(Fuel Units / Steam Unit)
ELECTRIC-TO-THERMAL RATIO : 0.1
THEORETICAL STEAM UNITS / KWh $0.003412mmBtu/kw
COGEN SYSTEM CAPITAL COST : 40000
(Local Currency / Steam Unit)
ANNUAL COGEN NON-FUEL O&M COST : 0.05
(Fraction of CAPITAL COST)
COGEN SYSTEM LIFE (Years) : 20
NON-COGEN SYSTEM CAPITAL CosT : 0
(Local Currency / Steanm Unit)
ANNUAL NON-COGEN NON-FUEL O&M COoSsT : 0.05
(Fraction of CAPITAL COST)
NON-COGEN SYSTEM LIFE (Years) : 20
COGEN SYSTEM POWER OUTPUT (KWh/YR) ¢ 11,681,712
(Calculated)
FINANCIAL ASSUMPTIONS: COGENERATICN SYSTEM
MARKET EXCHANGE RATE (Local Currency/US$) : 1
AFTER-TAX COST OF EQUITY (%) : 15
COST OF DEBT (%) : 11
DEBT-TO-EQUITY RATIO : 2.3
INITIAL COGEN SYSTEM FUEL PRICE : 3.06
(Local Currency / Fuel Unit)
ANNUAL COGEN FUEL PRICE INFLATION (% / yr) : 0



Exhibit 2 continued

INITIAL NON-COGEN SYSTEM FUEL PRICE
(Local Currency / Fuel Unit)
ANNUAL NON-COGEN SYSTEM FUEL PRICE INFLATION
(¥ / yr)
INITIAL POWER PRICE (Local Currency / kWh)
ANNUAL POWER PRICTE INFLATION (¥ / yr)

ANNUAL COGEN O&M COST INFLATION (% / yr)
ANNUAL NON-COGEN O&M COST INFLATION (¥ / yr)

MARGINAL TAX RATE (%)

ECONOMIC ASSUMPTIONS: COGENERATION BYSTEM

REAL EXCHANGE RATE (Local Currency / USS$S)
MARGINAL RETURN TO CAPITAL (%)

COGEN SYSTEM FRACTION OF CAPITAL COST
IN FOREIGN EXCHANGE
COGEN SYSTEM FRACTION OF O&M COST
IN FOREIGN EXCHANGE
COGEN ECONOMIC FUEL COST
(Local Currency / Fuel Unit)
COGEN FUEL COST ESCALATION RATE (% / yr)
COGEN SYSTEM FRACTION OF FUEL COST
IN FOREIGN EXCHANGE

NON-COGEN SYSTEM FRACTION OF CAPITAL COST
IN FOREIGN EXCHANGE
NON-COGEN SYSTEM FRACTION OF O&M COST
IN FOREIGN EXCHANGE
NON-COGEN ECONOMIC FUEL COST
(Local Currency / Fuel Unit)
NON-COGEN FUEL COST ESCALATION RATE (% / yr)
NON-COGEN SYSTEM FRACTION OF FUEL CosT
IN FOREIGN EXCHANGE

COGEN/NON-COGEN O&M ESCALATION RATE
(¥/YR)

0.0455
0

0
0

50

\

S\



Exhibit 2 continued

INTEREST, FEES, ETC. ON FOREX CAPITAL COosT

(¥/YR)

ECONOMIC POWER COST
(Local Currency / kWh)
POWER COST ESCALATION RATE (% / yr)

FRACTION

STF*
SCF*
SCF*
SCF*
SCF*

* -"SCF = Specific Conversion Factor for converting
the market price to the true economic cost

OF POWER COST IN FOREX

FOR LOCAIL CURRENCY O&M COSTS

FOR
FOR
FOR
FOR

LOCAL
LocaL
LocAL
LOCAL

CURRENCY CAPITAL COSTS
CURRENCY POWER COSTS

CURRENCY COGEN FUEL ¢ 3TS
CURRENCY NON-COGEN FUGZL COSTS

10

0.75

0.5
0.75
0.95
0.95

N
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. Electric-to-Thermal Ratio: The electric-to-thermal (E/T) ratio is the net
electric power output (the total electric power output less cogeneration
system power requirements) divided by the net steam available for process.
These values will generally fall in the following ranges:

Type of System E/T Range
Boiler/Steam Turbine 0.1-0.15
Gas Turbine 0.3-0.5
Combined Cycle 0.5-0.9
Diesel 0.9-1.2

o Theoretical Steam Uniis/kWh: This is the theoretical number of steam units
per kilowatt-hour, ignoring conversion losses. The number used will be
determined by the choice of steam units made elsewhere. The values are as

follows:
Steam Units Theoretical Steam Units
Btu 3,412
Lbs of Steam 3412
Tonnes of Steam 00155
Kcal 860
Kilojoule 3,597
Kiloliter of oil equivalent 0.086

o  Cogen System Capital Cost: The capital cost is entered as either local
currency or U.S. dollars per unit of steam. This is determined by dividing
the actual cost of the cogen system by its true steam output,

e  Annual Cogen Non-Fuel O&M Cost: Operaticns and maintenance (O&M)
costs are expressed as a fraction of the capital cost.

. Cogen System Life: The expected system life is entered in years. At present
the cash flow analysis assumes a 20 year system life. The levelized cost
calculations however use the system life entered here.

. Non-Cogen System Capital Cost: The capital cost of the non-cogeneration
system is entered as either local currency or U.S. dollars per unit of steam.
If the alternative to installing a cogeneration system is to install a new boiler
or other heat-producing system, then the capital cost of the non-
cogeneration system is entered here. If the alternative to installing a
cogeneration system is to continue using existing equipment, then a zero (0)
is entered.

o  Annual Non-Cogen Non-Fuel O&M Cost: Operations and maintenance
(O&M) costs are expressed as a fraction of the capital cost.

RCG/Hagler, Bailly, Inc.
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. Non-Cogen System Life: The total system life is entered in years. At present
the cash flow analysis assumes a 20 year system life. The levelized cost
calculations use the system life entered here.

Financial Assumptions

Financial assumptions are based on the actual market costs as seen by the investor.
They include taxes, duties, profits, and other transfer payments and are used to
calculate the cash flows and returns that an investor would actually realize.

. Market Exchange Rate: The exchange ratc should be either the official
exchange rate or the actual "street" exchange rate. If all costs are being
expressed in U.S. dollars, a 1 (one) is entered.

o  After-Tax Cost of Equity: The after-tax cost of equity is the return a
company must offer to attract new equity, or the "hurdle rate" a company
uses for new capital investment.

. Cost of Debt: The cost of debt is entered as a percent,

. Debt-to-Equity Ratio: The debt-to-equity ratio is entered as a fraction.

. Initial Cogen System Fuel Price: The initial fuel price is entered as the cost
per unit of fuel.

e  Annual Cogen Fuel Price Inflation: The expected fuel price inflation is
entered as an annual percent.

o Initial Non-Cogen System Fuel Price: The initial fuel price is entered as the
cost per unit of fuel.

¢ Annual Non-Cogen Fuel Price Inflation: The expected fuel price inflation is
entered as an annual percent.

. Initial Power Price: The initial power price is the price actually paid by the
industry for power from the utility, or if the power is to be sold, the price
that will be paid to the industry for it.

Annual Power Price Inflation: The expected power price inflation is entered
as an annual percent.

e Annual Cogen O&M Cost Inflation: The expected operations and
maintenance (O&M) cost inflation is entered as an annual percent.

RCG/Hagler, Bailly, Inc.
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¢  Annual Non-Cogen O&M Cost Inflation: The expected operations and
maintenance (O&M) cost inflation is entered as an annual percent.

o  Marginal Tax Rate: The marginal tax rate is the tax rate that must be paid
on any additional income received.

Economic Assumptions

Economic assumptions are used to calculate the true economic costs and benefits,
factoring out the effects of taxes, duties, and other transfer payments that do not
represent actual costs but rather shifts of resources from one sector to another. Thus
the economic data entered in the following iteins are the "real” costs or the "shadow
prices”, not the "market" costs. These numbers are used to calculate the actual costs
and benefits to the economy of the projects.

e Real Exchange Rate: The exchange rate is the actuzl cost to the economy of
foreign exchange. It may be represented by the "black market” exchange
rate. If all costs are being expressed in U.S. dollars, a 1 (one) is entered.

. Marginal Return to Capital: The marginal return to capital is the return
expected in the economy from investing one more unit of capital. In most
developing countries this return is estimated to be between 10 and 15
percent.

. Cogen System Fraction of Capitzal Cost in Foreign Exchange: This is the
fraction of the capital cost of the cogeneration system that must be paid for
in foreign exchange.

e  Cogen System Fraction of O&M Cost in Foreign Exchange: This is the
amount of the operations and maintenance (O&M) costs that must be paid
for in foreign exchange.

¢  Cogen Economic Fuel Cost: This cost represents the actual cost to the
economy of the fuel, factoring out taxes, import duties, and other transfer

payments,

o  Cogen Fuel Cost Escalation Rate: The expected fuel cost escalation rate is
entered as an annual percent.

e  Cogen System Fraction of Fuel Cost in Foreign Exchange: This is the
amount of the fuel costs that must be paid for in foreign exchange.

. Non-Cogen System Fraction of Capital Cost in Foreign Exchange: This is
the amount of the capital cost of the non-cogeneration system that must be
paid for in foreign exchange.

RCG/Hagler, Bailly, Inc.
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¢  Non-Cogen System Fraction of O0&M Cost in F oreign Exchange: This is the
amount ¢ "the sperations and maintenance (O&M; costs that must be paid
for in foreign exchange.

o  Non-Cogen Economic Fuel Cost: This is the initial fuel price as the cost per
unit of fuel.

. Non-Cogen Fuel Cest Escalation Rate: The expected fuel cost escalation
rate is entered as an annual percent.

. Non-Cogen System Fraction of Fuel Cost in Foreign Exchange: This is the
amount of the fuzl costs that must te paid for in foreign exchange.

. Cogen/Non-Cogen O&M Cost Escalation Rate: The expected nperations
and maintenance (O&M) cost escalation rate is entered as an annual
percent. EFAP assumes that the rate will be the same for both cogen and
non-cogen systems,

o Interest, Fees, Etc. on Foreign Exchange Capital Cost: These represent
license fees, royalties, etc. on foreign techrologies.

. Economic Power Cost: This is the long-term riiarginal cost of power to the
utility, or the actual cost to the economy of the power.

o  Power Cost Escalation Rate: The expected power cost escalation rate is
entered as an annual percent.

. Fraction of Power Cost in Foreign Exchange: This is the amount of the
power cost that can be attributed to foreign exchange costs.

When true economic costs are not known, the EFAP model can convert financial ccsts
to economic costs using Specific Conversion Factors (SCF). They represent the ratio of
the market values to the true or real costs and are expressed as a fraction. SCFs are
used in the equations to calculate economic costs for the cash flow analysis, based on
numbers from the Technology Description and Financial Assumptions. The COGEN
EFAP model uses four SCFs:

. SCF for Local Currency O&M Costs: The estimated ratio between the local
currency portion of the Economic O&M Costs and their true cost to the
economy.

o  SCF for Local Currency Capital Costs: The estimated ratio between the
local currency portion of the Economic Capital Costs and their true cost to
the economy.

RCG/Hagler, Bailly, Inc.
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. SCF for Local Currency Cogen Syctem Fuel Costs: The estimated ratio
between the local currency portion of the Economic Fuel Costs for the
cogenerating system and their true cost to the economy.

. SCF for Local Currency Power Costs: The estimated ratio between the local
currency portion of the Economic Power Costs and their true cost to the
economy.

. SCF for Local Currency Non-Cogen System Fuel Costs: The estimated ratio
between the local currency portion of the Economic Fuel Costs for the non-
cogenerating system and their true cost to the economy.

INTERPRETING THE RESULTS

Most of the results of the EFAP model are self-explanatory however some points
should be noted to call attention to the most important information. Two things need
some explanation: (1) The structure of the model results; and (2) The nature and
meaning of the results.

Structure of EFAP and Definitions

Browsing through the EFAP printouts in Appendix G will quickly show that, like the
assumptions, the results are divided into Financial and Economic sections. As stated
before, the financial analysis evaluates the attractiveness of projects from the point of
view of investors and the economic analysis uses inputs adjusted for taxes, subsidies,
and other distortions to market values to evajuate projects from the point of view of the
economy. A wide divergence between the relative attractiveness of projects in the
financial and economic analysis indicates that there are significant distortions in the
economy affecting power projects. These distortions can cause investors to make non-
optimal energy system choices and may point to areas for resiructuring government
policies.

The financial analysis is further subdivided based on the proportion of equity and debt
used to finance the project. The equity-only scenario assumes that the entire cost of the
project is financed with equity and the cash flow analysis does not include interest on
debt. The debt-plus-equity scenario uses the debt-to-equity ratio entered in the
Financial Assumptions to calculate interest expenses in the cash flow analysis. The
effect of debt will be to "leverage” the project’s financial performance. That is, if the
project’s after-tax return-on-equity (ROE) in the equity-only scenario is greater than
the after-tax cost of debt, the return-on-equity will increase if a portion of the project is
financed with debt. The greater the debt financed portion is, the greater the increase.
Conversely, if the equity-only scenario’s after-tax ROE is less than the after-tax cost of
debt, the ROE will be reduced by debt leveraging.

RCG/Hagler, Bailly, Inc.
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AV ANEORREED

EFAP Results

To make EFAP results clear and easily understood, the models calculate simple cash
flow figures and uses them to calculate three numbers, the net present value (NPV), the
internal rate of return (IRR), and the net power cost. This system was chosen to
provide a relatively simple means of estimatin the impact on the apparent relative
costs of various economic and financial options by providing single number measures
based on a complicated set of varying cash flows over the project life.

Net Present Value

The Net Present Value (NPV) is the cumulated value of all project cash flows that have
been discounted to the beginning cf the development period at the after-tax cest of
equity specified in the Financial Assumptions or the Marginal Return to Capital
specified in the Economic Assumptions. This value is a measure of the increase in the
equity investor’s net worth that could be expected from undertaking the project. A
power project becomes financially attractive to an investor when the NPV becnmes
positive.

Internal Rate of Return

The Internal Rate of Return (IRR) is a measure of the project’s financial performance
per currency umt of equity invested. When the IRR js equal to the After-Tax Cost of
Equity specified in the Financial Assumptions or the Marginal Rewurn to Capital
specified in the Economic Assumptions, the NPV will be equal to zero indicating that
an investor will be indifferent to the investment. The more the IRR is above these two
rates, the more financially attractive a project will be to an investor and the econony.

Net Power Cost (Net Levelized Cost of Power)

The POWER and COGEN models use a "levelized cost” method whereby the capital,
fuel, and O&M costs are "levelized" over the lifetime of the system. The capital costs
are levelized by using a Capital Recovery Factor (sometimes called a Capital Charge
Rate). This converts these costs to a set of equal levelized annual charges that have the
Same net present value as the payment stream that results from the way the project is
actually financed. Similarly, fuel and O&M cost streams can be "levelized" to an equal
annual value having the same NPV as the actual cost streams. The sum of these
annualized capital, fuel, and O&M costs can be divided by the annual energy output to
determine the net power cost. Comparing this cost with the cost of power from the
utility will indicate whether the system can produce power that will be competitive with
the utility’s power.

RCG/Hagler, Bailly, Inc.
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To estimate the avoided cost of ICE, we use the "proxy unit” approach. In this
approach, first, the avoidable generation unit in the utility’s existing plants or in its
expansion plan will be identified. Next, the capital and operating costs of that specific
unit will be computed. And then, the avoided costs payments to the independent
generator for energy and capacity will be calculated.

The avoided costs are estimated for two periods of up to 1989 and 1989 to 1992, In the
first period, the electricity from independent generators will replace that generated by
existing thermal power plants. In the second period, the independent generator will
replace either the future gas turbines or geothermal plants.

1. SHORT TERM AVOIDED COST

In the short term (up to 1989), the avoided cost to ICE from the purchase of electricity
from independent generators consists only of the variable operation costs of the existing
thermal power plants. These thermal power plants are very old, their efficiency is very
low, and they have very high operation costs. There will be no capital costs savings
associated with the purchase of power from independent generators.

Assuming a fuel use of 15,000 Btu per kWh for thermal power plants,! and variable
non-fuel operation costs of 5 cents/kWh,? the avoided cost will be:

Fuel: 15,000 Btu/kWh * $2.35/mmBtu * 100 cents/$ * mm/1000,000 = 3.53
cents/kWh.

If thermal plants use diesel oil at $3.63 per mmBtu, the avoided fuel cost will be 5.45
cents/kWh,

This is the actual fuel consumption for Barranca and San Antonio gas plants. The fuel use for other thermal plants varics
berween 9,313 Btu/kWh (for Mion plant) to 16,556 Btu/kWh (for San Antonio Vapor) equivalent to 4.0 to 2.25 kWh per liter
of fuel respectively.

An estimation. The plants are old and if operated they would require a lot of maintenance.

RCG/Hagler, Bailly, Inc.
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m’“_
Total avoided cost therefore will be 8.53 cents to 10.54 cents/kWh during peak hours
when these plants are operating.

During off-peak hours, the avoided cost would be equal to the price of electricity
purchased from Honduras or about 3 cents/kWh,

2. MEDIUM TERM AVOIDED COSTS

For the medium term (1989 and after) we will take a gas turbine or a geothermal plant
as the proxy unit.

Geothermal Plant

The next geothermal unit in ICE’s expansion plan is the Miravalles unit 1, to be brought
on line in the early 1990s. The estimated cost of Miravalles unit 1 is $1,842 per kilowatt
with a generation capacity of 55 MW. Part of this cost is to add capacity, and part must
be attributed to energy. We have assigned the capacity value to be equal to the
construction cost nf a hypothetical equivalent gas turbine, and the energy value the
balance. ICE’s estimate of construction cost of its future gas turbines (Sandillal unit) is
$558 per kW. This implies that the construction cost associated to energy is $1,842
minus $588 or $1,284. These figures must now be converted to annual rates, Using a
capital recovery factor (CRF) equal to 0.13 yields a capacity cost of $75.54 /kw-yr, and a
capital component of the energy cost of $166.9/kW-yr.

At this point fixed operation and maintenance costs must be added in. This represents
$3.14 per kW per month or $37.68/kW-yr. Of this $1.56 can be attributed to capacity
(based on ICE’s estimated fixed O&M costs of Sandillal unit). The balance $36.12 per
kW per year is attributable to energy production, for a *otal capacity cost of $77.10 per
kW per year and an energy cost due to fixed charges of $203.02 per kW per year.

To convert the annual value of capacity to a value per kWh, we must now spread the
annual cost across the on-peak hours. ICE on-peak hours are 7 A.M. to 8 P.M.
Assuming this load shape remains during the entire year (including weekends and
holidays), there will be 4,745 peak hours and 4,015 off-peak hours,

RCG/Hager, Bailly, Inc.
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e —————————————— ———
Allowing for ICE’s expected on-peak capacity factor of 85 percent for the Miravalles
geothermal plant, based on a forced outage rate of 15 percent with no scheduled
maintenance during the peak period, the geothermal plant is expected to operate the
equivalent of 4,033.25 hours per year on-peak at full capacity. This results in a fixed
capacity value of 1.90 cents per kWh.

For energy, the annual cost must be spread across all the hours in the year, and adjusted
to the annual capacity factor expected for the proxy unit, 80 percent. This results in a
fixed cost component of the energy rate equal to 2.90 cents per kWh, applicable to all
kWhs.

The final step in developing an avoided cost rate for ICE is to account for the variable
part of energy costs and for avoided line and transformer lesses. There is no fuel costs
for the geothermal plant, and the variable operation and maintenance cost is zero
(according to ICE). Finally all of these costs should be increased by 5 percent to allow
for the avoided line and transformer losses from high tension to medium tension.?

The resulting avoided costs, assuming ICE would have no excess capacity, would be:
For energy delivered on-peak: 5.0 cents per kWh

For energy delivered off-peak: 3.05 cents per kWh

Gas Turbines

Using the same approach for estimating the avoided costs when the proxy unit is a gas
turbine will result in the following cost figures:

For energy delivered on-peak: 7.32 cents per kWh
For energy delivered off-peak: 0

3 5 percent is the average figure for U.S. utilities. We zssume that ICE has similar transformer and line losses.

RCG/Hagler, Bailly, Inc.
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The following exhibit summarizes ICE’s avoided costs during peak and off-peak periods
for near and medium term.

Exhibit 1. ICE’s Avoided Costs (cents per kWh)

Avoided Cost
Period Proxy Unit Peak Off-Peak
Up to 1989 Existing Thermal Units 8.5-10.5 .
After 1989

Geothermal 5.05 ’ 3.05

Gas Turbine 7.32 *

* Cost of electricity from Honduras

RCG/Hegler, Bailly, Inc.
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APPENDIX G: SAMPLE COMPLETE FINANCIAL AND ECONOMIC ANALYSES

The EFAP model analyzes power and cogeneration projects in a number of ways, as

indicated in Appendix C. For most purposes, the summary printout from the model
given in the text of this report contains enough information to evaluate a proposed
project. To analyze a project in greater depth, the complete printout from the EFAP
model can be used. On the following pages the complete printout of the following

examples is given:

Power Only:

Sugar Mill base case (#1)

Sugar Mill with major modifications (#2)
Matamoros hydroelectric
Dendrothermal

Cogeneration:

Portico
Scott Paper

RCG/Hagler, Bailly, Inc.
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ECONCOMLL SSSUMFTIONT: FOWMER ONLy SYSTEM
FREAL ENCHANGE RATE (Lo Carrercy 7 OUSE) H 1 Us¢
MARGINAL BETURN T CARLIAL (7)) H 14
FREACTION OF CARTTaL C0ST TN 10IE LaN ELNANGE n, &
INTEREST. FEES. ETC. ON FORES: H 10

CAPTTAL CusT ol/yky
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SUGAR MILL ANALYSIS 1

SUGAR NILL 31
SMALL POWER SYSTEM ASSESSMENT

Capital Investaent:
Expenses:

O

Fuel:

Revenves:
Power:

Profit Before Taxes and
Depreciation:

Depreciation:
Profit Before Taxes:
Taxes:

Profit After Taxec:

Net Cazh Flow:

Net Present Value:

Intarnal Rate of Return:
(z)

Levelized fosts:

Weighted Coct of Capital:
)

€apital Reccvery Factor:
Levelized Capital Cest:

Init1al Fuel Price:
Levehized Fuel Frice:

Initial QWM Costs
Levelized OM (ost:

Total Levelized Costs:

PAGE ~-1--

[ 1 <

2300000

75000 7000
e 0

1076166 1076166

1001166 1001166
125800 125600
876166 876166
433083 433083
438083 438082

-JE+06 563083 563083

3

75000
0

125000

876166

438083

436082

563083

4

73000
0

125000

876166

418083

438083

890839,
22.108¢

FER kM

15 e
v, 26752

€73807. 0.02848
n

] ]

75000

73000 0,007

0.03165

5 [

73000 75000
0 0

1076166 1076166 1076166 1676166 1076166

125000 125000 125000

376166 876166

438083 413083

438083 42208)

563083 563083

73000
[

1076166 1076166

1001166 1001166 1001166 1001166 1001166 1001166 1001166

125000

37616¢

433062

438083

kd ]

75000 75000

123000 125000

"76166 876166

438033 438083

438033 4138082

563083 563083

1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166

1001164 1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166

Levelize
{ 2% NFV

469449. 75000
0 4

6736079 1076166

6266629 1001166
782416, 125000
5484213 876166
12106 42033
2742106 43808

3524923 “e30M



SUGAR MILL ANALYSIS |

Imtial Furchased Fower
Cost:
Lesehzed Purchaced
Power {ost:

Financial (With Debt);

Equnty Investment:

Expenses:
OkK:
Fuel:
Interest:

Revenuez:
Power:

Frofit Before Taxes and
Deprecration:

Depreciation:

Profit Before Taxes:

Taxes:

Profit Aftar Taxes:

Net Cash Fliom:

Net Present Value:

Internal Rate of Return:

(¥3]

Interest ang Frincipal
Anrwal Payment:
Imtial Value:

Interesi:
Principle:

PRGE --2--

0.0455

a 1 2 3 4 3 [3 7 8 9 10 1 12 13 14

73000 75000 7S000 75000 75000 75000 TSOG0 75000 75000 75000 73000 75000 75000 75000
¢ 0 0 0 0 0 Q 0 0 0 0 ¢ 2 U
131666, 183681, 165367, 181633, 177606, 173074, 163044, 162460. 156262, 149397, 141745, 133269, 123360, 112416,

1076166 1076166 1076166 1076166 1076166 1076566 1076166 1076166 1076166 1076166 1076166 10676166 1076166 1076166

803439, 212484, 815798, B19476. 323559. 823091, 833121, 838705, 944903. 851783, 859420, 867636, 877305. 887749,

125000 125000 125000 129000 125006 125000 125000 125000 125000 125000 125000 125060 125006 1250€0

634499, €87434. 690793, 674476, 63859, 703091. 708121, 713705, 717903, 726783, 734420, 742896, 732305. 76272°,

JAZ249. 343742, ASIF9. MT133. 3A9279. I51945. 4060, 356852, 359951, 36IML. 367210. 371443, 276157, B1374,

2243, 3742, 245533, WT238. 349273, ISISHS. ISAUED. IS6E57. 159951, 363391, 367210, 371448. 37615z, 81374,

STSTITS 440116, 433617, 436960, 435121, 470030, 430814. 428299, 475507, 422405, 418968. 415149. 410911, 406707, 460355,
1650895

57.6676

21830C6.
1742424
191666.
27139.3

1715284 1685160 1651721 1614605 157405 1527674 1476912 1420566 1350023 1288599 1211533 1125002 1031056
1668681, 185367, 181689, 177606, 171 s - 156262, 149382, 141745, 133263, 123860, 110416,
30124.6 33438.4 37116.6 41199.4 4573i. . s> 62543.6 63423.5 77060.0 85536.6 94945.7 105389,

1% 16 17 12 19 0

TS000 75600 73000 TS000 75000 75000
1 1 0 [ ¢ 0
101823, 28995,3 74671.7 5881€.9 41218.1 2168).4

1076166 1076166 1076166 1076165 1076166 1076166

879342, J12210. 326494, 42349, 95937, 97M5C.

173000 125000 125000 125000 125000 125000

TT4242. 787210, 301474, BIT249. 304947, 854432,

VU710 393605, 400747, 406LT4, 417473, 427241,

W71, 393605, 400747, 403674, 417472,

395168, 288754, 361612, 373635, 364385,

925667,
101823,
116982,

808684,
83955.3
129850.

67883). 534693,
74671.7 589169
144174, 159389

374710,
41218.1
177587.

1912,
216834
137122,

Levelize
NFY NFY
469443,  7S00¢
¢ 1]

1025323 163807,

6736079 1076166

5241306 8375,
76416, 1250w
4453330 712358,
2229445 35679,
2223445 396173,

2667605 426180,

F32111E 1439153
1025323 16297,
U425, 54992, 9



SGAR MILL ANALYSIS

o)

9

—

Levelized (astz:

Neighted Cost of Capital:

(%)
Caprtal Charge Rate:

Levelszed Capital Cost:

Inmtial Fue! Price:
Levelized Fual Price:

Imtial GbA ost:
Levaizad OLN Cost:

Tetal Levelizad Coct:

Imt1al Purchased Power
Coct:
Levelzed Furchased
Power Cocts

Econcaic:

Capital Investment:
Local Currency (LE):
Foreign Exchange (FX):

Expenzes:
LC ow:
FX O4n:
LC Fuel:
FX Fuel:
FX Interect, etc.:

Revenues:
LC Power;
FA Power:

Net Econcorc fach Flows:
Lecal Lurrercy (L0):

Ferevgn Exchange (FX):¢

Total Eccriomic Cach Flows:

Net Fresent Value:

PAGE --3--

Y

2,377 Capital

0.15947
313893, 0,016
{t
0 a
Tap0u
75¢0c 0,00317
473673, 0.02002
0, 3455
12,0453
500900
1500000
28125 2815
37300 37506
] a
[} 0
1761387, 176139,

443475
991308

HUTS
591200

-300000  41535¢ 415350

377610, 377610,

-spap0e 7

32360

Recovery Factor:0,10473

RIS BB OIS W5 RIS
37500 3TS0R ATH00 27500 37Se0
0 0 U 0 ¢

0 0 i 8 o
17613, 176139, 175125, 176183, 176139.
43477 M7 34475 4TS 44T
391300 S0 SAS00 S0 5310
415250 415350 415350 415350 415150

37610, 377610, 377610, ITIEID, ATVELR.

28125
e
0
i

176189,

433475
S31300

415350
377610,

60, 792360, 79290,

BB R
a7s0a aTRon
0 0
9 {

176183, 176189,

443475 44U7S
591300 591300

415390 445550
3q7ell. 3761,

28125 3135
37500 7500
0 0 0 0

¢ [ ¢ n
176139, 176189, 176183, 176187,

N
2
3

43475
PRI

“
£330

443475
591200

4447
931310

415050 415350 315056 415350
ITTEAO. 3TILUL ITTELN, ATIEL0,

732960, TIL0, TR0, TIIEN,

2125 28125 28128
ITSA0 3TSe0 3TS00
0 {t 0
1] n 1

176189, 176135, 174183, {7

44475
<9100

4447
S% 301

44475 4
5913000 5

ST $15e AISHD 4
10, T8, OTd0, 3T

FIZIRO0, TI2A, I, 73

28125 125 #IS
75000 27500 37500
¢ [ 0
0 ¢ f
6137, 176129, 176129.

43475
S1200

LERE V)
11204

#4475
531306

153050 415360 415350

Feln, 377610, F77el0,

CI6R, TG0, 72560,



http:59131U.q0

SUGAR MILL ANALYSIS 1

Interral Rate of Return;  15&.592
Levelized Cocts:
Marginal Return to Capital: 10

(%4yr)

LC Capital Recavery Factor: 0.11745

Interest, Fees, etc, on I ¢

(Z/yr)

10

FX Capital Recovery Factor: 0.11745

LC Levelrzed Caprtal Cost:
FX Levelized Capital Cost:

Intval LC Fuel Price:
Levelized LC Fuel Price:
Imtial FX Fuel Price:
Levelized FX Fuel Price:;
Initial LC OM Cost:
Levelized LC 04 Cost:
Imtial FX OtM Cost:
Levelized FX OWM Cost:

Total LC Levelized Coct:
Total FX Levelized Coct:

Total Levelized Cest:

Imtial LC Power
Cost:
Levelized LC
Pomer Cost:
Intial FX Poser
Coct:
Levelized FX
Power Cost:

Total Power Cost:

38729.8 0.00248
176189, 0.00744

0
0 0

0
0 1

28125
28125 0,00118

J7sa0
37300 0,00158
0.00347
0.009G3
0.01270
Total per kih
MHUTS - mmmeeen
443475 0.01875

391300

391309

0.025




SUGAR MILL ANALYSIS &

TECHNULOGY  ASSLIME TIONS: PIOWER ONLY Sy 1 EmM

TECHNOLORY DESIRIFTION

SYSTEM SIZE (bW
ANNUAL CAFACITY FALTUR (Fre Dt & KaTXY)
HEAT RATE (Furel Wniitzst /bWl

CANITAL COST (Lewsad Luarrersy /bW
ANNLIAL NON-FUEL QoM AT

tFracticr of CAPITAL COST)
SYSTEM LIFE vears)
ANNLUIAL FOWER OUTFUT  (FWI/ YD

aloulated:

Yoo "Fuel et st gzt be the zamns
Iriar

for “Fusl Fracez" an the F
Ecoramic Azsumet o0 Inpats

FINANCIAL ASSLIMFTIONS: ECWER QLY

MARKET E
AFTER-TAX COST OF EQUTTY
COST OF DEBT (x)
DERT-TO-E2ITYy RATIN

INITIAL FLEL FRICE
(Local Curvency £ Fuel e tr)

SYSTEM

HANGE RATE (Lowzad Currency USE)

ANNLAL FUEL FRICE INFLATION (% - Y

INITIAL FOWER FRICE (Losa Lurrency
Y

ANNUAL FOWER FRICE INFLATION (% /
ANNUAL 0%M COSF INFLATION (% 7/ yi)

MARGINAL TR RATE (%)

Yoo "Fuel itz omuast o bee thee o
for “"Fusl Fraicez" 1m the F
Ecoremis Azzunpticor 1mputs

ECONCMIC ASSUMFTIONS: FOWER oLy SYSTEM

FAGE --1--

/

kW)

Tasr Ma 1

13,500

[ S B 1T

330

H 1
: 1%
H 11
: P |
H 1
: n
: 0, 0455
: (1]
s i}
: S0
uzed

2 Maaca

LISF

LISs

LIS#



DUGAR MILL ANAL ¢SIS -

FEAL EFCHANGE FATE Loasa ] tuareers , - Liad : 1 USE

MARGINAL RETURN To CAPTITAL (o) : H 1

FRACTION OF CAPITAL CosaT IN FURE LGN EXCHANGE ¢ ", &

INTEREST., FEES, ETE, ON FURES H 11
CAFITAL C10aT (X7 vF0

FRALTION OF G20 Ca T IN FORE TGN BN HANGE : .S

OEM COST ESrALATIUN RATE (L/YF) : [

ECONTITIC FUEL CoraT : 2 T
tLeowzal Currsrcy 7 Fusl Lina b+ LIS

FRACTION OF FUEL C0OST IN FORE: : n, 3%

FUEL CUST ESCALATIN RATE (% /7 i) H [

B Ic FOWER COST : .S 1L
Lovza 1 Conrraerncy 0 b WED

FRACTLON OF FOWER COsT IN FORE: : 0.5

FUWER COST ESCALATION RATE (% # vy : n

DCEYY POk LAl CURRENCY 02M COESTS :

SCFY Y FOR LOCAL CURRENCY CAFITAL COSTS H

SLF Y FOR LOCAL CUREENCY FUEL COsTS H

SUFTY FOR LOCAL CURRENCY FOWER COSTS H

id
a

¥ o- "Fusl Utz must ke the zame az thoze s
for "Fusl Frice 1t =1
Ecomomic Azzamsbioer 1neuts,

= C rzron Factor for cormvertana
‘het prace to the truse economic ozt

FAGE --2--



SUGAR MILL ANALYSIS 2

SMALL POWER SYSTEM ASSESSHENT

Capital Investment:
Expenzes:

M

Fuel:

Revermwes:
Fower:

Frofit Before Taves and
bepreciation:

Fepreciation:

Prof1t Befere Taes:
Taes:

Profit After Ta«es:

Net Cach Flows
Net Present Valua:

Internal Rate of Return:
(%)

Levelized Costs:

Werghted Cost of Capital:
%)

Caritai Reccovery Factor.
ievelized (apitai Cosu:

Imtial Fuel Frice:
Levelized Fuel Price:

Inmtial OMM Cost;
Levelized O4M Cost:

Total Levelized Cost:

Imithal Furchazed Power

PRGE --1--

e
<<

[ i Z 3 4 3 £ ?

64300040

134400
544729,

194400
44723,

194400 194400 194400
SA47Z3. 544729, 544723,

134400
44729,

134400
544723,

1452824 1452824 1452824 1452924 1452824 1452324 1452324

TI3694, 136, 71674, 713694, 7164, 713634, T1%NM.

324000 324000 4000 324000 224600 224000  Iz4000

389694, 293694, 3034, I8IEI4. 269694, IBIEM. 169694,

134847, 194247, 174847, 194347, 1394347, 194647, 194847

194847, 194347, 134347, 194347, 134347, 124347, 174847,

-EECQ6 519847, S13847. 518947, 518047, S18847. 518847,

134400
344729,

1452824

713634,

324000

383694,

194847,

194847,

194400
44723,

1452824

713694,

324000

KLEISTR

194347,

194547,

. 318847,

1o

194400
4729,

1432824

713694,

24000

399694,

194847,

194847,

518847,

15 -

f

[

6952

544729,
544723,
194400

01706

14400

0, 00608

1i

194400
54479,

1452824

713694,

324000

3RI694.

194347,

134847,

1z

194400
544729,

1452824

713694,

324000

IR9694.

194847,

134847,

. 318847, S

13 15 22

17

134400
44729,

174400 194400 194400 134400
44729, 544723, 44725, S44779.

1450324 1450824 1452824 145252

1452324

TINEM, N6, TIHT4, TLIEIA. T1IENM,

AL4EDH 324000 374000 324000 274000

JBI6I. ID96V4, IEIFAM, IRI694, 18N

134847, 194847, 1942347, 194647, 134847,

134847, 194347, 194847,

134347,

154547,

1€

194400
44723,

134400
ILYrs

194400
44723,

1432824 145282

-

1472824

TII694. 702694, 71694,

324000 323000 324000
I, 34, 139634,
193647, 15434/,

154847,

194847,

. S13847,

Laveilze
v

1216814
3409640

134400
44723,

3093707 1452024

467252 1694,

2028005 324000
2433287 R334,
1219614 194347,
1219614 194347,

247632 S1a0an,



SUGAR KILL ANALYSIS 2

Cost:
Levelized Furchased
Power Cost:

Financi2) (With Debtis
Equity Invectment:
Experises:

LU H
Fuel:
Interest:

Revenues:
Power ;

Profit Before Taxes arrd
Derreciation:

Depreciation:
Profit Before Taxes:
Taxes:

Profit After Taxes:
Net Cash Flcm:

Net Precent Value:

Interral Rate of Return:

[t

Interest and Frincipal
Annual Payment:
Initial Value:
Interest:
Prarciple:

Levelized {osts:

PAGE --2--

£.0458

v ! pe 3 4 5 6 7 K $ 10 1 12 13 14 15 16 17 1& 19 20

1962636

134400 134400 174400 194400 134500 194407 194400 194400 194400 194400 194400 134400 194400 194400 194400 174400 194400 134400 134400 194400
SHM723. 544723, SAAT2I. SA4729. SAATZI. SA4TZ5. S4ATZ9. SMATZI. SA4TZI. S44729. SH4729. 44723, SAAT29. SA4T29. SA4TI9. SAATZI. SAAT2I. SAATZ9. S447ZR, ST,
436800 483062, 480472, 470938, 460356, 448609, 433570. 421097, 405031, 387139. 367405. HS4M, 21045, 293374, 63326, ZI0ST2. 193549, 15245, 106837, S6201.5

1452824 1452324 1452824 1452824 1452824 1452824 1452824 1452024 1452974 1452024 1452824 1452824 1452824 1452624 1452824 1452824 1452824 1452824 1452824 1452824

?

216894, 224632, 233222, 242755, 253338. 265035, 218124, 292597, 08662, 126435. 46289, 368200, 392648, 419719, 449763, 481122 520145. S61241. 6063ST. 657491,

324006 Jz4000 324000 324000 324000 324000 324000 324070 324000 324000 324000 324000 374000 324000 324000 324000 32400 324000 324060 34000

107105 -99367, -30777, -B1244. -70661. -S8914, -45875. -31402. -15337. 24%5.36 22289.3 44260.7 €8648.7 95719.9 125768, 159122, 196145, 237241, 202857. 13M31.
53352, -49683. -453%3. -40622. -35336. -29457. -22937. -15701. -7668.5 1247.68 11144.6 22130.0 34324.4 47659.9 62864.3 79561.3 9807:.8 116620, 141428, 166745,
“33352. -49683, -45286. -40622. -35330, -29457. -I237. -i5T0L. -7668.5 1247.68 Lal44.6 221303 34324.4 476539 67884.3 79561.3 390720 118620, 141428, 166745,
-2E106 200102, 196232, 191938. 187171, 1818%0. 176006, 169437, 162250, 154218. 145301, 135404, 124419, 112225, 98687.6 83665.3 66938.2 48476,7 27975.9 $120.72 =219,

-814595
315383

367145,
4316367 4446018 4367925 4281262 4185056 4076267 3359731 1B28156 3687108 3319995 3340049 3140210 2918599 2672499 2399329 2096110 1755537 1235941 971249, 510941,
436800 489062. 480472, 470938, 460756, 448603. 435570, 421097. 405031, 387199, 367405, 345434, 221MS. 293974, 263326, 230572, 193549, 152457, 106R37. 62035
70345.2 78087,2 86672.3 96206.3 106789, 118535, 131574, 146047, 167113, 179945, 193739, 221711, 246099. 27317, 303219, 336572 I735%. 414691, 460307, S10941.

Levelize
Y L 4%
1216314 134400

409640 44729,
2657637 424588,

3093707 1452824

1809615 239105,
2026023
218497 4531,
-109203 -17446,
-109203 -17446,

1026506 1639%,

E407 ®EE91
2657637 424545,
892212, 142557,



SUGAR NILL ANALYSIS I

Weighted Cost of Capital:
%)

Capital (harge Rate:
Levelized (apita) Cost:

Imtial Fue! Frice:
Levelized Fuel Price:

Inithal 04M Costs
Levelized (M (ost:

Total Levelrzed Cost:

Imt1a) Furchaced Fower
Cast:
Levelzed Furchased
Fower (ost:

Conomic:
Carital Investment:
Local Currency {L():
Foraign Exchange (FX):

E-penses:
LC oM
FX OMn:
LC Fuel:
FX Fuel:
FX Interest, etc.:

Revenues:
LC Power:
FX Power:

Net Ecoromic Cach Flows:
Local furrercy (LC):
Foreign Exchange (FX):¢

Total Ecoromic Cash Flows:
Net Present Value:

Internal Rate of Return:

FASE --3--

.37672

0. 15947

4723,

194400

0.0455

1296000
wegnnn

-1E+GE

-1E+0A

Caprtal Fecovery Factor:d, 10472

347 0,002%
344723, 0.01706
194460 0, 00608

17725353 0.99551

0.045%
72300 W00 20 76 7090
7200 97200 97200 9700 97200
S1749.2 S1743.2 5174%,2 S1749.2 51749.2
1034985 1034335 1034945 1034755 1014335
43664, 436633, 45763, 456633, 456633,
S¥BEIL, S9969], SIAIY,

333691, 592631,
92

793255 798255 79BLST 79855 TS

17441,
73613

474041,
-72061)

474041,
-730613

474041,
-750613

474041,
<799612

-316571 - 316571 1 -316571

12900 72300
97206 97200

S1743.2 S1749.¢
1034385 1034735
456681, 456687,

93631, 563,
738255 79826S

474041, 474041,
<7613 730613

72300 72300
9700 97200

51743.2 517492
1034365 1034985
456681, 452633,

398631, 533691,
7RSS 79855

474041, 474041,
790613 -790417

318571 -318571 -3165TL -31657L - 11657)

72500
37200

72309
97200

72900
97200

72900
97200

75900

37200

S1749.2 51749.2 51749.2 S1749.2 S1749.2 S1749.2 51743.2 S174%.2 S1749.2 S1749.2

1034785 1034355 1034985 1034985 1034985
456683, 456631, 456683, 456682, 456681,

399691, 598691, 598691,
798055 738255 138255

393631,
73655

2691,

796755

474041, 474041, 474041,
790613 -730613 -790613
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SUGAR MILL ANALYSIS 2

Levelized Cozts:

Marginal Return to Capitsl:
(Ziyr)
LC Czpital Recovery Tactar:

Interest. Fees, etc. on i :

(%Z/yr)
FX Capital Reccvery Factior:

LC Levelized (apital Cost:
FX Levelized Caprtal Cost:

Initral LC Fuel Price:
Levelized L{ Fuel Frice:
Imtial FX Fuel Price:
Levelized FX Fuel Frice:
Inmita) LC 0M Cost:
Levelized LC MM Cost:
Inital Fil 04" Cost:
Levelized FX & Cost:

Tetal LC Levelized Cost:
Tetal FX Levelized Cost:

Tetal Levelized Cost:

Int1al LC Power
Cost:
tevelized L
Fower Cost:
Imtial FX Fower
Cost:
Levelized FX
Fower (oct:

Total Fower Cozt:
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MATAMORDS ANALYSIS

SMALL POMER SYSTEW ASSESSMENT

Capital Invectment:
Espences:

U H

Fuel:

Reverwes:
Power :

Frofit Refore Taues and
Deprecration:

Depreciation:

Proft Before Tases:
- Taxes:

Profit After Taxes:

Net Cash Flow:
Net Precent Value:

Interral Fate of Return:
(%)

Levelized Costs:

Weighted Cost of Capital:
[¥4]

Capital Recovery Factor:
Levelized (apital {ost:

Initial Fuel Frice:
Levelyzed Fuel Frice:

Imitiz] (M Cect:
Levelvzed (4N Coct:

Total Levelized Cost:

Imtyal Furchased Power
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FATAMDROS ANALYSIS

Cost:
Levelvzed Furchased
Fomer Cott:

Financial (With Debt):

Fuel:
Interest:

Revenues:
Power:

Profit Before Taxes ard
Deprecration:

Depreciation:

Profit Before Tares:

Taxes:

Profit After Taxes:

Net Cash Flow:

Net Precent Value;

Internal Rate of Return:

%)

Interest and Frincipal
Annual Payment:
Imtial Value:

Interest:
Principle:

Levelized Costs;
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RATAMDROS ANALYSIS

Werghted Cost of Capitals
%)

Capital Charge Rate:
Levelized Capital Cost:

Imtial Fuel Price:
Levelized Fual Frice:

Imtial (&M (ozt:
Levelized (4K (ost:

Total Levelized Coct:

Imtral Furchased Fower
Cost:
Levehized Furchased
Fomer Coct:

Capital Investaent:
Local Currency iL):
Foreign Exchanze (F):

Experses:
LC OoyM:
FX OkN:
LC Fuel:
F& Fuel:
Fi Interest, etc.:

Revenues:
LC Power:
FX Power:

Net Economic Cash Flows:
Local Currency 1L(1:
Fareygn Exchange (Fh}:t

Total Ecorcetc Cash Flows:

Net Frecent Value:

Internal Rate of Return:
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MATAMOR0S ANALYSIS

Levelized Coste:

Margiral Return to Capital:
(Z1yr)
LU Caprtal Recovery Factor:

Interest, Fees, etc. on FX ¢

(Z/yr}
FX Capital Recovery Factor:

LC Leve 1zed Capital Cost:
FX Levelized Capital Cost:

Initial LC Fuel Price:
Levelized LC Fuel Frice:
Imtral F¥ Fuel Price:
Levelized FX Fuel Price:
Inmt13l LC (4N Cost:
Levelized LC OWM Coct:
Imtral F3 O Cost:
Levelized FX (4H Cost:

Total LC Levelized Cost:
Total FX Levelized Cost:

Total Levelized Cost:

Imtial LC Power
Cost:
Levelized LC
Power Cost:
Imtial FX Power
Cost:
Levelized FX
Power Cost:

Total Power Cost:

FAGE --4-~
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61666J. 0.00782
528568, 0.00670

i
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[ENDROTHERMAL ANALYSIS

TECHWLOGY ASSIFTIONS: FOMER OWLY SVSTEM

TECHNOLOGY DESCRIFTION slerdrotheraal
SYSTEM SICE (kW) : S.000
ANNURL CAPACITY FACTOR (Fractyon) : 1.6
HEAT RATE (Fuel Unitss/ikh) : 001706
(APITAL COST (Local Currency / kw) : 1280 Uss
ANNUAL NON-FUEL 08M (06T : 0.03
(Fraction of CAPITAL COST)
SYSTEM LIFE (Years) : 20
ANNUAL POWER (JTFUT (kMh/YR) + 26,786,000
iCalculated)

V- Tuel Umits® must be the zape ar thoce used
for "Fuel Prizes” 1n the Finarcral ard
Ecoromic Aszumption reuts.,

FINANCIAL ASSIMPTIONS: FOWER (MLY SYSTEM

HARKET EXCHANGE RATE (Local Currency/USS)
AFTER-TAX (CST OF EQUITY

(0ST OF [EBT (%) H
DEBT-TO-EQUITY RATIC :
INITIAL FUEL SRICE :
(Local Currency / Fuel Umitt)
AMNUAL FUEL PRICE INFLATION 1% / yr) :
INITIAL POWER PRICE tLocal Currency ‘ kWh) &
ANHLAL POWER FRICE INFLATION (% 7 yr) :
ARNUAL (M COST INFLATION (% / 4r) H
FARGINAL TAX RATE (% :

t - "Fual Units” mazt te the came ac thess uced
for "Fuel Prices” n thte Finarcial ard
Ecorcaic Assusption wreuts,

ECONGMIC ASSUMPTIONS: POMER (v 51STEM
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DENDROTHERMAL ANALYSIS

REAL EXCHANGE RATE ilccal Currency 7 US$) : 1 lUss
MARGINAL RETURN 10 CAFITAL (%) : 10
FRACTION OF CAPITAL COST IN FOREIGN EXCHANGE : 0.6
INTEREST, FEES, ETC. ON FOREX : 10

CAPITAL COST (7/YR)

FRACTION OF OM COST IN FORZIGN EXCHANGE H 0.5
O™ COST ESCALATION RATE (%/YR} : 0
ECONONIC FUEL €OST H 2.16 lom
(Local Currency / Fuel Umits) Lis$
FRACTION OF FUEL COST IN FORES : 0.%5
FUEL C0ST ESCALATICN RATE (% / yr) : U
ECONOMIC POWER COST H 0.05 Uss
{Local Currency / kih)
FRACTION OF P{MER (ST IN FOREX : 0.5
PONER COST ESCALATION RATE (% 7 yr) :
SCF®® FOR LGCAL CURRENCY O4M OGTS : .75
S(F** FOP LOCAL CLRREMNCY CAPITAL CCSTS : 0.%
SCF#* FOR LOCAL CURRENCY FUEL €OSTS H 0,93
SCF** FOR LOCAL CURRENCY POMER (0STS : 0.75

¥ - "Fuel Umts® must be the sape ac those used
for “Fuel Prices® 1 the Financial ard
Economic Assumpticn 1nputs,

#* -"6(f = Specific Conversion Factor for converting
the market price to the true ecohomic cost



DENDROTHERMAL ANALYSIS

SMALL PGWER SYSTEM ASSESSMENT

Capital Investment:
Eqpences:

OiM:

Fuel:

Reverwec:
Power:

Profit Refore Tases ard
Derreciation:

Depreciation:

Profit Before Taxes:
Taxes:

Profit After Taxes:

Net Cash Flow:
Net Present Value:

Internal Rate of Return:
(%)
Levelized Costs:
Weighted Cost of Capatal:
[¥4]
Capital Recovery Factor:
Levelized Caprtal Coct:
Initial Fuel Price:
Level1zed Fuel Price:
Initial 04N Cost:
Levelized Q&M Coct:

Total Levelized Cost:
Init1al Purchased Power
PAGE --1--
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DENDROTHERMAL ANALYSIS

Coct:
Levelized Purchaced
Power Coct:

Financial (With Debt):

Equity Iivestment:
Experises:

O4H:

Fuel:

Interect:

Ravenues:
Power :

Profit Before Taxes and
Depreciation:

Depreciation:

Profit Before Taz<es:

Taxes:

Profit After Tares:

Net Cash Flow:

Net Present Value:

Intarnal Rate of keturn:

()

Interest and Principal
Annual Payment:
Intthal Value:

Interect:
Princisle:

Levelized Costs:
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37082,

192000
1291203
290345,

192¢00
1291209
260667,

132000
1293209
27123,

192000
1291203
191152,

192000 132000
1291209 1231205
150571, 105518.

1195740 1195740 1195740 1195740 1195740 1195740 (195740

604552 -S77310 -S4B137 -SIS19S 473629 -418041 -297939

320000 320000 320000 320000 220080 NG00 12000

324352 -897315 -868137 -8151%5 -738629 758041 -712988

462276 -44B07 -434063 -417597 -399314 379020 - ¥56494

462276 -446907 -434068 -417597 -799214 -37020 - 156494

~385337 -338705 -413544 -430015 -443295 -468592 491119

2882556 261 70232 1737814 1368830 353258,
NRL . 7725, 191159, 150571, 195518,
2430610, 209737, 9475, 302417, HRIBI, 409572, 454624,

132000
1291203
55509.7

1195740

-M2979

KRNI

-662379

~331429

-3J1433

“516123

504633,
5550, 7
504633,

Levetize
NV

1201731
2082111

624827

132000
1291209
41934¢.

7484531 1195740

-4E+06 -TOERIE

2002986 o0

-oEt06  -1E+06

~JE40E -5) 3402

-2E40n -513408

e

-EH06 -334095

2E407
2624827
881296,

w122
419346,
146737,



DENDROTHERMAL ANALYSIS

Werghted Cost of Capital;
%)

Capital Charge Rate:
Levei:zed Capital Cost:

Imtial Fuel Price;
Levelized Fuel Price:

Imtial QMM (ost:
Levelized (4M Coct:

Total Levelized Cost:

Imtial Purchased Power
Cost:
Levelized Purchased
Fower Cests

Capital Investment:
Local Currency {LC):
Foreign Exchange (FX):

Expenses:
LC O&M:
FX OkM:
LC Fuel:
FX Fuel:
FX Interezt, etc.:

Reverwes:
LC Power:
FX Power:

Net tcoromic Cach Flows:
Local Currency {LQ):
Foreign Exchange (FX):¢

Total Economic Cash Flows:

Net Present Value:

Internal Rate of Return:

PAGE --3--

8.37373 (2pital Recovery Facter:0.1047%
0.15947

1020671 0,03583
1231209

1291203 0.04913
192000
192000 0,00730

2503881 0.09527

0.0455

1280009
1840000

72000 72000 72000 72000 72000 72000 72000 72000 72000 72000 72000 72000 72000 72000
F6000 96000  F6CNG  9600C 6000 96000 96000 96000 96000 96000 96000 95000 9360 6000
45993, 7 45339.3 45999.3 45992.3 45999.3 45999.3 45399.3 45999, 45999.3 45999.3 45999.3 45999.3 45993 43933, 3
919987, 919937, 919987, 919987. 919987, 919937. 919987. 919967, 919987, 919987, 919987. $19987. 919937. °19937.
451044, 451044, 451044, 451044, 451044, 451G44. 451044, 431044, 451044, 451044, 451044, 451042, 451044, {51044,

72000 72000 72000 72000 72000 72000
96000 96000 95000  F6000 96460 98000
5999.3 45999.3 45399.3 45993.7 45999.3 45999,
719787, 919987, 913937, 919957, 919987, 919937,
451044, 451044, 451044, 451044, 451044, 451044,

432750 492750 492750 492730 492750
657000 657000 657000 €57000 657000

492750
637000

432750
637000

432750 432750
657000 €57000

492750
657099

492750
£57000

492750 492750
€57600 657000

432750
637000

432750 492750 432750
657000 657000 €57000

432750
€37ung

492750 432750
€37000 657000

-1E+06 374750,
-810032

374730, 374750,
-81003z -810032

IT4TS0. 74750, AMTSI, TS,
810032 -810032 -810032 -810132

INTEC, 34750, I74TRY, 747SE,
-810032 -816032 -810032 -814032

34750,
-81003z

I4TI0. 374750,
-810032 -81003z

IN730. 34780,
810032 -810032

374750,
~8i0032

374750,
-B10032

4750, 374780,
-Blogar -81¢032

-1E+06 435281

405081 -435231 -435281 -

K

435281 435281 435281 435281 -435281 -435281 ~430281 -435261 -435281 ~435781 -4352¢1

~435261 -435291




[ENDROTHERMAL ANALYSIS

Levelized Costs:

Marginal Return to Capital:
(Wtyr)

LC Caprtal Recovery Factor:

Interest, Fees, etc. on FX :
(7Z/yr)

1o

0. 11745
10

Fx Captal Recovery Factor:s . 11745

LC Levelized (spital Cost:
FX Levelized Capital Cost:

Iratial LC Fuel Price:
Levelized LC Fuel Price:
Initial FX Fuel Price:
Levelized FX Fuel Price:
Init1al LC (#M Cost:
Levelized LC 04M Cost:
Imtral FX M Cost:
Levelized FX 044 Cost:

Total LC Levelized Cost:
Total FX Levelized Cost:

Total Levelized Cost:

Imtial Lfc%r
Levelized LC
Fower Cost:
Imtial FX Power
Cost:
Levelized FX
Power Costs

Total Fower Cost:
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9

150348, 0.00372
451044, 0.0175¢

439933
45995.3 0.00175

319987,
319387, 0.03500

2000
72000 0,00273

36000
96000 0.003¢5

001021
0.05582

0.06603

¥s
492750 19;‘.‘!--.??[-‘.‘..'.‘-

432730 0.01675
637000
657000  0.625

01,0437



FORTICO ASSESSHMENT

TECHNULORY  ASSLNMF TIOM: ;s

EE MERG T T

Ty TEM

TECHNO_OGRY DESCRIFTION

DYSTEM SIZE (Steam ats o Hio)
ANNLIAL CAFQLITY FACTOR (Fract 1o
COGEN EFFICIENCY (Fuzl Unitzt / Steam
1/ (NDON-COGEN CFF TC TENC ¥)

(Fuel ot Steam nat)
ELECTRIC-TU-THERMASL RATIO

)

¥

THEDSRETICAL STEAM UNITS / LWk
COGREN SYSTEM CafITAL foaT

tLavzal Carrency 7 Steam Uit
ANNLIAL AEN NOM-FLEL OeM CosT

CAFRITAL COST)

(Yearz)

(Fractio of
COGEN SYSTEM LIFE

NON-COEEN 3¢ STEM CAFITA
(Laowzal Currercy Steam hat)
ANNUAL  NON-COGEN NOMN-FLEL 08M CosT
tFraction of CARFITAL
NON-COGEN SYSTEM L IFE

[N

(Y zarz)

COGEN SYSTEM FOWER OUTFLUT
(Calcuwlated:

kW /YR

o= "Fusl Unitts” must bee the same oz thoze sz
for "Fusl Fracez" 1 the Finatesial and
Ecormiomic EELmetIon Anput T,
¥ - t1cal roamber of zteam
a1 P =30 1 F the
were 1 btul the velus would be 3312 ibt

FINANCIAL ASSUMFTIONS: COGENERGTION SYSTEM

MARFET EHCHANGE RATE (Locad Currercy 705E)
AFTER-TAI 1125T OF EDDITY )
LOST OF DEET ()
DEBT-TO-E0ITY RATID
INITIAL COREN SYSTEM FLIEL B .CE
oocal Lur reracy Frzl 1pty)
ANNLIAL COREN FUEL FRICE INFLATION (% 7/ ¥y
INITIAL NN I DYLTEM FUEIL FRICE

. =tvIy /4 Foezl it
ANNUIAL  NON-CUGEN SYSTEM FILUEL PRICE INSFLATION

FALRE --7--

NS

: X7 mmBty

: £, S,

: 1.447 Bty

: 1,520

H .1

: VL2312 Bt/ kW

: 13500

: .S reduced f
o3 SR S T! o

: e}

s It

: DU D)

H 21

H S, 219,672

=d

urnts per BWkg,

=team urits
RS )]

: 1
H 1%
H 1
H .3
: oA

: [}
H 3.0E
: i



FORTICD ASSESSHMEN:

(W 7 yr)

INITIAL POIWER FRICE (Leo-z Carrercy s LW :

ANNUAL FOWER FRICE INFLATION (% 7/ ¥r) :

ANNLIAL COREN O2M COsT INFLATION (% 7/ yr) :

ANTUAL NON-COGEN 0O%M CGST INFLATION (% 7 vi) =

MARGINAL TA:x RATE (%) :

Yoo "Fuel Urats" muzt be the cams as these used

for “Fusl Frices" 1m che Fimancial and
Ecaromic Azzumption 1rputs,

ECONCMIC ASSUMPTIONS: COMZENERATION SYSTEM

REAL EHCHANGE RATE (Loca Currency / USE) H

MARGINAL RETURN TO CAFITAL (%) :

COGEN SYSTEM FRACTION OF CAFITAL COST H
IN FOREIGN EXCHANGE

COREN SYSTEM FRACTION OF 02M COST H
IN FOREIGN ECHANGE

COGEN ECONOMIC FUT. COST H
(Local Currency / Fusl et )
FUEL COST ESCALATION RATE (X /7 yr) H
SYSTEM FRACTION OF FUEL COST H
IN FOREIGN EXNCHANGE

NON-COGEEN SYSTEM FRACTION OF CAF1TAL COST H
IN FOREI: E: D HANARE

NON-COGEN SYSTEM FRACTION OF 0OSM CosT H
IN FORELGM ENCHANGE

NON-COREN ECONCMIC FUEL COST H
(Lozal Currenrcy « Fusl Uit e

NON-COGEN FUEL COST ESCALATION RATE (% /7 1% I

NON-COGEN SYSTEM FRACTION OF FLEL COST H

IN FOREIGN E:CHANGE

COREN/NON-CSEN. 0241 ESCALATION RATE
(n/7YR)

INVEREST, FEES. ETC. ON FORE!X CAPITAL COST
Cu/YRo

., 0495

.
(=~
ra

=

:

1 ":.
i



FORTICO ASSESSMENT

ECOMNOMIC FOWER COST H nons
(Loezal Currercy 4 EWD

FOKER COST ESCALATION FATE LS yr)

FRALTION OF FOWER COsT IN FLHRE::

SCF¥Y FOR LOWCAL CURRENCY [N EA & B B H n.7%
SCE#Y FOR LOCAL CURRENCY Cafl TAL COSTS :
SCEYY FOR LOCAL CURRENCY FOWER CLaTs :
SCEHY FOR LOCAL © 'RREMCY CUGEN FUCL COSTS :

SCFEE FOR _OCAL SRENC Y NON-COGEN FHEL COsTS

- "Fuel Wtz post be the =
For "Fu=l FPracezs" 1m the F
Ecoricmtc AzzumEt oy Tnputs

verting

o=t

VE O -USOF = Specific Conversion Facter fFor co
the mark

=t Price to the by us ecoromic

FAGE —-2--
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PORTICO ASSESSMENT

COSENERATION SYSTEM ASSESSMENT

Cogeneration:
Capital Investment:
Expernses:

O

Fuel:

Revenues:
Power:

Profit Before Taxes and
Depreciation:

Deprecration:
Profit Before Taxes:
Taxes:
Profit After Taxes:
Net Cogen Cash Flow:
Non—Cogenerat ion:
Capital Investment:
Expenses:

OuM:

Fuel:

Profit Befcre Taxes and
Depreciation:

Depreciation:
Profit Befcre Tazes:
Taxes:

Profit After Tares:

Net Non-Cogen Cach Flom:

PAGE --1--

0 ! 2 3

437500

24375 M975 24975

4 B 6 7

1375 4375 95 24975

B

2475

9

24975

803681.2 803681.2 603681.2 803581.2 803631.2 803681.2 803631,2 80812 803681.2

242045.0 242045.0 242045.0

-386611. -586611, -586611.

4973 24975 20975

-611586. -611586. -611586,

-305792. -305793. -205793.

-305793. -305793. -305793.

-435500 -280816. -280818. -230818.

) U 0
738695.0 733693.0 738698.0

-733698. -733673, -718698.

0 0 0

-71336%%. -738638.

-39349. . -369343.

-363049, -363349. -169349.

0 -369349. -369349. -369349,

242045.0 242045.0 242045.0 242045.0

-52c611, -586611. -586611. -586611.

973 M7 2975 H49TS

-611586. -611586. -611986. -611586.

-305793. -305792. -305793. -205793.

-305793. -305793. -305793, -30579).

-280818. -230813. -Z80818. -280812.

0 0 0 U
738698.0 733695.0 738698.0 738695.0

-738598. -738698. -73R698. -730638,

0 U u 0

-738698, -738698, -738698. -733693.

-369049, -369349. -H9M4I, -MINT,

-359343. -367343, -369M9. -369349.

-36949. -369349. -369349. -369343.

242045.0

-586611.

24375

-611386,

-305792.

-303793.

-220818.

738696.0

-738698,

]

-738698.

-369249,

- 363349,

-369349,

2420450

-58u611.

24975

-611386.

-305793.

-305793.

-280818.

738698.0

-7386%8.

0
-738698.
- 369149,
-363343,

-363249.

0

i1

12

13

14 1%

{3

17

@0

13

17

MITS TS 2495 49T NA9TS LTS MITS MITS M9T5 975 24973
803681, 803681.2 60381, 7 B03681.2 §03681.2 E03631. 2 863481, > whlodl.Z BOMSE.2 BOI6EL. 2 Bux81.z

242045.0 242045.0 2420450 242045.0 242045.0 242045,0 242045.0 242045.0 242045.0 Z42045.0 242045.9

586611, -5R6E11. -586611. -5B661L. -S%6€11. -SB66I1. -586611. -596611. -58611. -538611. -536€11.

4375 MSTS 49T 4975 4975 24975 MITS 24975 M9 4375

245975

-611386, -611586. -611586. -611586. -€11526, -€11586. -611536. -611586. -611566. -611566. 611586,

305793, -305793, -305793. -305791. -305735, -30STIL -3(579, -205793. 305791, - 305731

-305751.

305733, -305793. -305792, -305793. -305793. -305733. -X)S793, -30579), -105793. =573, -J05793.

-280818. -280816. -230918. -750818. -2R0818. -2308i8. -280918. -280618, -7B0R12. 230318, -Z8081%.

0 0 0 0 0 e [ ¢

1
739698.0 738698.0 736698, 0 738696.0 738698.0 733695.0 7:8478.0 736638, 0 T3%98. 0 738638.0 738698.0

S7X3693. 738698, -7I8698. -738698. -73B6IR. -738636. -719693. -7REIW. -72690. -733698. -728693,

0 0 9 0 0 0 0 0 U ' 0

738638, -738693. -TH6IR. -TI6II. -73R693. -TIEIR. -11R675. . <7337, -730678, -TXR635.

SJE9MI. -IEI249. -369M9, -369MI. -36THY. -IEIUT, -369347. ~369349, -36IMI, -369049,

369349, -363M49. -363349, -369143, 6943, -HINMI, - 63349, J. -363349. -369M43. -363343,

S99, 369343, -DETIT. -ISTUY, -26IMT. -I6TMG. -HIMY. -36IMI. -36IM9, -369349. - 949,



PORTICO ASSESSMENT

Cogen/Non-cagen DifF. Cash Flow:
Net Fresent Value: 47516.89
Interral Rate of Return:  16.35027

X

Levelized Incremental Fower Cests

Weghted Cost of Carital: 15
[§4]
Caprta) Charge Rate: L269522

Capatal; 124626.7
Levelizad Fuel:
Levelized Q4N; 24975
Total:

Aonual Power Production: S319671.

HET POUER COST: 0.042217

Financial (Equity & Debt)s

Cogeneration:

Capita) Investment:
Equity
Debt

459500
151363.6
3481362

Expences:
[* H
Fuels
Interest:

Revenues:
Fower:

Profit Before Taves and
Depreciation:
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403681.2 803681.2 B03631,2 803631.2 §03681.2 80381, 2 8036a]

yes)

2420450

-62430¢,

0 134626.7
803681.2 73R698.0 64783.20
0 24975
I245594,9
1 2 3
975 24975 975

37698.53 3703645

2420450 2420450

-624209, -AZI647,

4 5
4375 497

36301.94 X5465.73

242045,0 242045,0

62312, -6220%.

6

4975

4380.30

2420450

-621191,

8

?

H497% M98 24975

YISTS. L2 32459.58 201,21

SA2045.0 242045.0 242045.0

-620186. 619070, -617332.

395500 WG I2 FES0. A2 RESIN. A2 JHGH0.32 LRSI FSH. T2 G830, 92 F5H0.32 &80, 52 &35 W, 92

10

24975

934662

242045, 0

-616457.

XD R

11

24975

28320.82

242045.0

-614331.

12

24975

-2 BOJ6R1.Z BO36B1.2 BOIER1.Z BNI6RT. 7 &I, 2

26627.21

J42045.0

-613238,

13

24975
203681.2
24747. 23

242045,

-611353.

£ E0I0.32 BESI, T AHEI0.97 ARG, I EBSL A L5530, 32
14 15 16
2973 TS 375 TS MTIS 4TS 24975

BO3631.2 303661.0 BO361.2 803681, 2 3036517
22660.57 20244, 31 17773, 26 1471941 1175162

L

803681.2 B0BL, 2
8233, 386 432,153

242045.0 242045,0 2420450 242045,0 242045.0 242045.0 42045,

603271, -606355, 604384, 501510, -SP6Z. -S4346. -530947.

T


http:14919.41
http:22660.57
http:24747.23
http:28320.83
http:2.146.62
http:31221.21
http:32459.58
http:33575.22
http:34580.30
http:35485.79
http:36301.54
http:37036.45
http:37693.53

PORTICO ASSESSMENT

Depreciation: TS 4FTS H9TS 497 1T ST LTS MITS TS M TS IITS MATS M 9TS 437 497
Profit Before Taxes: 645581, -649284, -643622. -6ATHBY. -647071, -bAB166. -€45161. 644045, -€41807. -64143%. SEIRNE, €MD LWL 64046, 6T, 629759, -6ZESIS. -€2IXFT. -6194.1. -riSil15.
Taxes: ~324940. 224642, -224011, -223943, -323585. - 371033, -6, -HITIX -IIN0E. -11Q166, -IIT12X. -IISHS. -ILAETA, -I1AESD. - TN 18, -307910. -307¥53,
Frofit After Taxes: =I24940, -324642. -324311, -220943. -323575. -323083. -3i2580 . J3X0716. -319953. -MMA106. -R1RUE6, -AITIZR - GHES. 214677, 31152, -311663. - 09916, -M7553,
Net Cogen Cash Flow: -151363. -305388. -305686. -106017. -306384, -306792. -307245. -367747. - JRRALS, 308924, -203612. -310375. 311220 312161, -313205. -214362. -315648. -317075. -118659, S320417. 32U,
Non-Cogeneration:
Capital Investment: 0
Eqnty 0
Dett [
Expenses:
L2 H [} 0 0 0 ¢ 0 [y 0 0 0 ] [} 0 , 0 0 ] 9
Fuel: 738698.0 738696.0 733698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738695.0 738658.0 738698.0 738696.0 738698.0 738698.0 733698.0 738698.0 738698.0 778696.0 738698.0 7%:£78.0
Interest: 0 0 0 0 ¢ 0 0 0 0 0 0 0 0 0 0 0 0
Profit Before Taxes and
Depreciation; ~738698. -738638. -738698. -738698, -7386%8. -738698. -738698. -718698. ~738698, -736698, -73B698. -7I6E9B. -73R6IF. -TIEEIR, -738638. -7IRG9R. =733638, -738635, -738678. -738673.
Depreciation: 9 Q ¢ 0 [ 0 0 4 0 0 0 0 [ 0 b ¢ 0
Profit Before Taxes: -TX86%8, -713698. -739698. -733698. -738638, 736698, -738698. -738678. -738678. -73369R. -73R693, -718698. -738699. -713698. -738678. -738698. -733698,
Taxes: -369349, -369349. -369349. -36949. -I949, 369349, -369349. -36939. -369M47. -369349. -369349. -369349. -369749, -369349. -369749. -69349, -34949,
Profit After Taxes: -369349. -369349. -16949. -369349, -369349, ~369349. -359349. -369M9. -369M9. -363349. -369M47. -39, -369M9. S363343, -369043, -163349. -16943,
Net Non-Cogen Cash Flom: 0 -369345. -369349. -369349. -369349. -269349. 363349, -26949. -369349. -36949. -369349. -369749. -26934%. -3699. ~369M7. -9, -369345. -369349. - TH5. -369049.
Cogen/Kon-cogen D1ff. Cash Flow: -15136. 63960.98 63662.74 63331.70 629%4.25 62356.37 62103.63 61601.09 61043.27 60424,09 S9736.79 58973.90 58127.03 S7187.12 56143.76 S4965.63 SIT00L. 1} 52273, 18 S0689.25 48331.17 46379.66

Net Fresent Value: 201363.9

Internal Rate of Return:  41.58909

[$A]

Levelized Incremental Power Cost:

Meighted Cost of Capital:  8,378737 Capital Recovery Factor:
(%)
Capital Charge Rate: 0.199473

Cogen Noa-Cogen  [nff.

Capital: 73660, 18 0 73660. 1%

PRAE --3--

0.104739


http:79660.18
http:46979.66
http:48-931.17
http:506814.29
http:52273.18
http:53700.11
http:56143.76
http:57187.12
http:58127.03
http:58973.90
http:59716.79
http:60424.09
http:61043.27
http:61601.09
http:62103.63
http:62556.37
http:62964.25
http:63331.70
http:63662.74

FORTICO ASSESSMENT

Levelized Fuel: R03681.2 TIEIL,0 $4761,70
Levelized 0uM: 24375 fl 24975
Total: 163618.2

Annual Fower Production: S319¢71.

NET FOMER COST: 1.03188%

Cogen Interest ard Principal Paymentz:

Arnual Payment: 43717.44

Loan Begrning Palance: M8136.3 42712, 9 36695.0 230014.0 72598, 1 114366, 4 305223,3 255067.0 283329.0 27323 IST46L.1 2420€S.5 S24375.3 Z0600S.1 184946, 3 1615751 1296210 106832.2 7486714 13385,0%
Interest: J6295 37673.53 37026,45 36301,54 3465, 79 34550, 30 IT73.00 22459, 55 MI21.11 2994662 20319.8) 26617.21 2474728 Z0660,57 1004401 1777726 1491941 11751.€2 82¥5.386 422,159
Frinciple Fayment: 5422.445 €018.914 6680,995 7415.904 8231654 9137. ' 36 10142, 22 11257.96 12496.2) 187,81 15396.€0 17090.2) 16370, 15 2105€.87 2337313 25944.17 28798.02 31965.81 IA92.05 37325.05

’

Non-Cozen Interest ard Principal Payments:

Anrual Payment: U
Loan Begirmirg Balance: 0 [ 0 0 0 0 f 0 0 0 1] 1] 1] 0 1 0 0 0 0 [}
Interest: 0 9 0 ¢ I 0 1] 0 0 0 0 0 0 9 0 0 d 0 0 [
Frinciple Paymert: i} 0 9 0 ¢ 0 [ 0 0 0 0 ¢ 0 0 0 [d ¢ 0 ¢ 9
ECONDMIC:
Cogeneration Syctea:
Capital lnveztaent:
Local Currency {LL): 3300
Foreign Exchange (FX)3® 29970u
Expenses:
LC OkM: 7432.5 1.5 IS F490.5 4905 4IRS 495 4925 7490.S A5 TS 492,55 7492.5 T432.5  T452.5 4355 74925 743..5 7432.5  T4932.%
FX O%M: 14955 14559 14925 14985 14935 14935 1435 14925 14955 14985 14355 14985 14985 14965 14585 14955 14755 14335 14955
LC Fuel: 767983 37679.83 /675,83 17675.32 37675.83 37575,33 275,83 37675.21 A76T5,83 1767533 3WTS.L) 76 P AT6T5,8) IETS.E] ITETS, B3 ATETS. 83 7675, 8% A7675.81 I7RTS, B ITATS, 2%
FX Fuel: 733516.7 753514, T5516.7 TEXSNE.7 TSHUE. T TEISIE.T TRELELT TEHNRLT TSIS16.T 733516.7 TSXS1E.T 75516, 7 TSISIE.T TSIIE. T TENE, Y TS5 T
FX Interest, etc.: 5202, F502, 64 150064 502,64 A5202.64 I5202.64 I5202.64 7 FEA0L.64 X500Z.64 35200,64 1520064 1500764 JSJ02.64 202,64 T 3
Revenues:
LC Power: TITAL34 79740,39 19743.594 33743.64 FIT45.84 942,94 TIT4D, B4 TAT4D.84 99743, 34 9ITAXBY PITAH, 04 20,34 34034 743,34 ¥3740.84 99743,34 3974224 9974124 33743,34 93
FX Power: PX9917 132990, 7 12990, 7 10991, 7 132991.7 1329907 PIAILT 1309907 1309907 a249),7 120951, 7 13093],7 PRI9L7 13093007 Q309907 109917 1309917 100 491.7 1309917 {3

el Ecorcmrc Cash Flows:

Local Currency iL(): -3 34575,50 575,50 S4575.50 S4575.50 S4575.50 S4575.50 S4575.50 T4575.50 S4575.50 S4579,%0 S4575.5¢ 5457550 T4575,50 $4579,50 5457550 S457S.50 S4575.50 S45TS. 00 54575, 50 54579, 5
Foreign Exchange Fi):¢ S670712, ~€7071L, -620712, 670717, -670712. S6TUTIL. (R0TIL, €T0TII. 670712, -670712. -6T71C. SETUTLLL -RTOTILL SETOTII, 670710, -€70712, -670D. 70712, -670717,
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http:54575.50
http:545045.50
http:54575.50
http:54575.50
http:54575.50
http:54575.50
http:54575.f2
http:54575.50
http:54575.50
http:54575.50
http:9974-.34
http:99743.94
http:997434.34
http:99743.34
http:99743.84
http:99743.04
http:99742.64
http:99743.J4
http:97434.34
http:99743.34
http:35202.64
http:35202.64
http:35202.64
http:35202.64
http:35202.64
http:35292.64
http:35202.64
http:35202.64
http:3520v2.64
http:35202.64
http:35202.64
http:35202.64
http:35202.64
http:35202.64
http:37,67,.83
http:37675.01
http:37675.83
http:37675.83
http:37675.93
http:37675.31
http:37675.03
http:31675.83
http:31965.81
http:25944.17
http:23373.13
http:21056.87
http:18970.15
http:17090.23
http:15:496.60
http:13870.81
http:12496.23
http:11257.q6
http:13142.22
http:1175-1.62
http:14919.41
http:17773.26
http:20344.31
http:22660.57
http:24747.28
http:26627.21
http:2.320.83
http:29246.62
http:31221.21
http:74867.14
http:33575.22
http:34580.30
http:35485.79
http:36301.54
http:37036.45
http:43717.44
http:649,S3.20

PORTICO ASSESSMENT

Total Economic Cash Flows: I 616137, -ElEITT. -dleldN. -6161XT, -BLEIT. -£161T. -€l6l3T. ~Rl6LIT. tleddT, 616137, -G16137, 61617, 616437, -€16137, -€16137, -E1E1Y7. -6i6037. -sl&I1T7, -sl6137. -£16177.

Non-Cogen Syctem:

Capital Investment:

Local Currercy (LC): 0
Foreign E«change (FX):¢ @
Espenses:

LC OuM: 0 0 0 0 G Q 0 D] 0 (] 0 0 0 0 0 0 0 bl [d i
2405 0 0 0 0 fn 0 f Q fn ] 4 0 it 0 1 0 [ 0 0 0
LC Fuel: J4629.48 M629.46 629,48 ME29.48 M629.42 ME29.43 1467948 14679.46 J4629.48 34679,43 4629.48 3462945 515,43 Mel9.48 629,48 ME29.48 262942 J4629,48 4629, 48 24629, 48
FX Fuel: 692383.7 692569.7 692589.7 €92589.7 697599.7 692563, 7 £92589.7 €92589.7 697589, 7 632587.7 €92535.7 695897 £329%3.7 692589, 7 697589, 7 €697599.7 £92589.7 692599, 7 692567, 7 €9.585.7
FX Interect, etc.: 0 0 0 0 U 0 0 8 [ ] 1] 0 it 0 0 Q 0 0 0 1

Net Economic Cach Flows:
Lecal Currency (LC):
Foreign Exchange (FX):s

=3

~HME29.4 -J4629.4 -38629.4 -24629.4 346794 - ME2).4 -34629.4 ~14629.4 S34629.4 -24629.4 -24629.4 -14629.4 -M629.4 -14629.4 ~4E629.4 -14629.4 -34629.4 14629, 4 ~14629.4 -34627.4
-692383. -692589. -692589. -692599. -6USE9. -632569. -69:539. -692589. -637589. -637589, -6%7539. -€92567. -692389. -692549. -692539, -672539, 697537, -£I75K9. -630158%, -697589.

=3

Total Economic Cash Floms: 0 -T2I9, 2729219, -7L7219, -T27219. 727219, -T27019. -727219. 727219, SIS SIN9. 2707289, 720219, SM22S. ~TN218. 127214, -727219. -T2TD1A. S727219, -72721%. -T2,

Incremental Cash Flow:

tocal Currency (LE): ~39900 83204.39 83204.99 39204.9v 89204.99 39204.99 89204.99 29204.99 89.04.97 §9204.99 89204.39 §9204.39 39204.79 83204.39 89204.99 £9204.97 83204,39 89204.99 §9204.59 83204.99 33204,39
Foreign Currercy (FY):® 21877.07 21377.07 21877.07 Z1877.07 21877.07 21877.07 2187707 21877.07 21877.67 21877.07 21877.07 21877.07 21877.07 21877.07 21877.07 21377.07 21a77.47 2i877.07 Z1R77.07 2187707
Net Cash Flom: ~93900 111022.0 111032.0 1110320 111692,0 111082.0 111682.0 1110326 111062.0 1110£2.0 111082.6 111082,0 111032.0 111022.0 1114326 111082.0 TII082.0 111082.6 111032,0 111082.0 111082, ¢
Net Prosent Value: 7689129

Internal Rate of Return:  111.1932

¢ Nate: This assumes that the fx requiresents are met solely through torrowed FX funds

Levelized Coste:

Marginal Return to Capitals 10
(Zryr}

LU Capital Recovery Factor: 0.117459

Interect, Fees, ztc. o FY : 10
(%/yr)

FA Capital Recovery Factor: 0.11745%

LC Levelized Coprtal foct: 11734.2) i 1174.21
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http:11734.21
http:11734.21
http:21977.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:218,7.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:21877.07
http:83204.99
http:89204.99
http:89204.99
http:89204.99
http:89204.99
http:89204.99
http:89204.99
http:89204.99
http:89204.99
http:39264.99
http:89204.99
http:89204.99
http:89204.49
http:39204.94
http:89204.99
http:34629.48
http:34629.48
http:34629.48
http:34629.48
http:34629.48
http:34629.48
http:34,.29.48
http:34629.48
http:34629.48
http:34629.48
http:34629.48
http:34629.48
http:346219.48
http:34629.48
http:3-4629.48
http:34629.48
http:34649.48
http:34629.48
http:34629.48

PORTICO ASSESSMENT

FX Levelized Capital Cost: 3520764 0 ¥520z.64
Initval LC Fuel Price; 775,80 ME29.4%
Levelized LC Fuel Price: 37675.83 34629.48 3346.352
Imtial FX Fuel Price: 753516.7 €32569.7
Levelized FX Fuel Price: 753516.7 632539.7 60927, 06
Initral LC (&M Cost: 7432.9 u
Levelized LC 0iM Cost: 7492.5 0 7492.5
Inmtial FX 04M Cost: 14735 ]
Levelized FY 04M Cost: 14935 1] 14385
Total LC Levelized Cost: 22273.06
Total FX Levelized Cost: 111114.7
Net Totai Levelized Cost: 1333372.7
NET LEVELICED (0ST: 0.025074

Imtial LC Purchased Fower

Cost: 99743.84
Levelized LC Furchaced
Power Cost: 99743.84
Imtial FX Purchas- - Power
(ost: 132991.7
Levelized FX Purchased
Power (ost: 132991.7

Total Purchased Fower Cost: 232735.6

NET PURCHASED POWER COST:  0,04375
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http:99743.84
http:99743.84
http:22273.06
http:60927.06
http:346,9.48
http:37675.83
http:t5211.64
http:35202.64

SCOTT PAFER ANALYS1S

TECHNOLQEY ASCUMPTIONS : @ UGENERATIUN SY S 18R

TECHNOLOGRY LESCRIFTION ERSTn) o S Y 1

SYSTEM SIZE «Steam itz Hie) H S mimBty
ANNLIGL CAPGCITY FACTOR (Fract 1o : .7
COGLEN EFFLICIENCY (Fuael bieatzt o Steam Lnat) : 1.447  mmBty
17 CNON- L CGEN EFFICLEND v : 1.3

Wizl Ltz ) Sbeam Lea k)
ELECTRIC - Ti- THERMAL RATIO H 0ol

THEULRETICHAL STEAM LINITS o bWk H Doa3412 moBtu/bW

CIOEEN SvS i COFTTAL COST : Foarn
Hoaal tart ety 0 Atesm k)
ANNUAL L D0EN NON-FILEL Qs H Ho0S preduaced f
thractaoe of CAITAL =) A=Y SO T Y
CIGEN SYSIEM LIFE (vearzo : 20
MOR - E0SERN SYSTEM CAR L TAL L OsT H o
o a Cuarrersy S Steam et
ANNLIAL . NON-COGEN MON-FURL 028 DS H nons

(Fractyon of LAFITAEL TusT .
NON-CIMEEN SvSTEM LIFE tYears: : =0

COREN SYSTEM FUWER OUTFUT bWk YRS : 11217112
(Laloulated)
Foo "Fuel ratst nust be the zams az thoze ased
for "Fuszl Fraces" e Lhe FanereIial ard
Ezcrszmic Azsumption 1rpatz,

¥io- This 1z the theoretical nunber of zteam unatzs per BWh,
TANDE R CTotversioey TazEzez o 2oa. 1f Ehe sheam umats

wera In btu. the valus would be 3312 (bbusd W

FINANLCTIAL ASSUMFT LONS: CTOSERERAT LON SYSTEM

MAREET EXTHAMNGE SATE (Local CDurrercy /U5SE
AFTER-TAX Qs t 0OF EIT e ot

COST OF LERT (0

CEBRT-TO-E0UITY RATIO

—
oy L

INITIAL CUONREN SY.TEM FLEL. PRICE : . 0F
tlosezzT Tuarrency s Fusl Ik by
AMRMLIAL DIOGEN FUCL FRICE INFLATION (30 /7 yir)
INITIAL NN -CnaiE M STEM FLCL IMRICE
(Lazal Cwrrecy 7 Fuasl Ikt
ANNLIAL  NOM-COGEN SYSTEM FLEL. FRICE IMFLATION il

s e
[

B

-
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SCOTT FAFER ANALYS1S

% 7 vy
INIVIAL FOWER FRICE Lentzal Carrsrecy o BWh)

ANNUAL FOWER FRICE INFLATION (% ¥ H
ANNUAL COGEN O COST INFLATION % / vy} s
ANNLUIAL NON~-COGEN O%M CosT INFLATION (X 7 yr) ¢
MARIGINAL TAX RATE %)
- YFusl Unatst ozt be the zame az thoze uzed
For "Fusl Fracez" an the Fimanctal ard
Ecornomic Azzwmet1or amputs.
ECONOMIEL ASSUMPFTIONS: CsENERA FION SYSTEM
REAL ENCHANGRE RATE (Laoca Lurrency ¢ LISE) H
MARGINAL RETURN IO CARITAL (%) H
COGEEN SYSTEM FRACTION OF CaPITAL COST H
IN FUREIGN EXCHANGE

LOGEN SYSTEM FRACTION OF 02M coOsT H
IN FOREIGN EHCHANGE

COGEN ECONOMIL FLEL COsT :
(Laxzal Currency / Fus) Wt

COREN FLEL COST ESCALATINN RATE (% 7 ) H

DHEEN SYSTEM FRACTION OF FUEL COST :
IN FOREIGN EXCHANGE

NCN-COSEN SYSTEM FRACTION OF CAFITAL COST :
IN FEREIGN ESCHANGE

NON- COREN SYSTEM FRACTICN CF Q%M COcsT :
IMN FUOREIGN ESCHANGE

NON-COSEN ECONOMI FUEL CosT

2l UurrereZy S Faezl Upeatv)

NN =1 I FUEL C0ST ESCALATION RAGTE (% 7 yir) s

NON-COSEN SY3TEM FRACTION OF FUEL CgaT H
IN FOREIGN CHCHANGE

CIOGEN/NON-COEEN 0240 ESCALATION RATE :

(L/YR)
INTEREST. FEES. ETL. 0N FORE: CAFITAL COST :

(/YR)

[EPRAE 342

S

imn



SLOTT FAPER ANALYSIS

ECONIMIC FOWER 10
(Local Curretwcy 70 LW

FOWER COaT ESCALATION RATE %/ yi)

FRACTION OF FOWER COST IN FORES

SLF T OFOR L AL CUREENC ¢ 03 LOSTS
SCFH 4 Fiiy LonAl CURKENCY CAFLITAL CosT
SUR ¥ Fob LOCAL DURRENC Y POWER COsaTsS
SUEHY FOR Lul AL CUORREMCY CaEN FLEL COSTS

"

it

b "Fuel Utmbst must be tle z
fixr "Fusl Fraces" 1o the Fan
Ec

Dl e 11 Iy ond ZEumEt1on anpuat =,

tE -MAIF = Specyific Converziorn Facto
the market praice to the brus

CRY VY FOR LCAL DURRENC Y NON-COGEN FUEL COSTS
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L)

u. 7%
L

. 7%
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S(OTT PAFER ANALYSIS

COGENERATION SYSTEM ASSESSMENT

Financial (Equty Onlyi: 0 1 2 3 4 5 6 7 3 k] fe 11 12 13 1 15 16 17 13 13 ]
Cogeneration:
Capital Invectament: 4630000
Expenses:
oM: 234000 234000 24000 234000 224000  Z34000 234900 234000 234000 224000 224000 234006 234000 234000 234000 23300 234000 234000 234000 234000
Fuel: 1764340, 1764840, 1764840, 1764840, 1764540, 1764840, 1764340, 17645340, 1764840, 1764840, 1764840, 1764540, 1764840, 1764840, 1764340, 1764°40. 1764840, 1764646, 1764840, 1764340,
Revenues:
Power : 331517.8 S31517.8 531517.8 531517.8 S31517.8 521517.8 531517.8 531517.8 531517.8 531517.8 531517.8 S31517.8 5215178 531517.8 S31517.8 S31517.3 531517.8 S31517.8 521567.8 521517.8
Profit Befcre Taces and
Deprecration: ~1467322 -1467322 -1467322 -1467322 -1467322 1467322 -1467322 - 1467722 “1367222 -1467322 1467322 -1467322 -1457322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322
Deprecration: 234000 234000 224000  Z34000 234000 234000 234000 234000 234000 234000 234000 234000 234000 234060 234000 234000 234000 234000 204000 224000
Profit Befere Taxes: 1701322 -1701322 1704322 -1761322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 1701322 -1701322 -1701322 -1701322 -1701322 1705322 -1701322 1701322 -1701222
Taxes: -850661. -850661. -850661. -B50661. -850661. -ES0€61. -a50661, 330661, -8S0661. -BSORE1. -B50661. -BSO06E1. -SSO6E1. -ES0661. -850661. -B50661. -BS0561. -8S06EL. -BS0661, -35066].
Profit After Taxe:: -§50661. -350861. -85066!. -850661. -BS0661. -350661. -BS0661. -B50661. -830661. -850661. -850661. -850661. -850661. -850661. -850661. -8506E]. -5330261, -350661, -B506K1, -RS0641.
Net Cogen Cach Flow: ~4680000 -616661. -616661, -£16661. -616661. -616661. -616661. -616661. -616661. -616661. -616651, -616661. -616661, -616661, -61666]. ~E166ELL -E16661. -GI16661. -E166F1. -E166£], (16661,
Non-Cogeneraton:
Capital Investment: U
Expenses:
OtM: [ 0 0 Q 0 0 0 0 0 0 0 0 0 0 i 0 1 U 0 1]
Fuel: 1744106, 1744106, 1744106, 1744106, 1744106, 1744106, 1744105, 1744106, 1744106, 1744106, 1744106, 1744106, 1744106, 1744106, 1744106, 1734106, 1744106, 1744106, 1744106, 1744106,
Profit Before Taxes ard
Depreciation: SITAAL06 1744106 1744106 -1744106 -1744106 S1TA410E 1744106 -1 744106 -1744106 -1744106 ~1744106 -1744106 -1744106 -1744106 -1744106 S1744106 1544106 1744106 1744106 -1744306
Nepreciation: 0 [u [ [ a 0 ] 0 [« [ 1 it 0 fi 0 i} {t I I 2
Profit Before Taxes: S1744106 -1744106 -1744106 1744105 -1744105 S1T44106 1744106 - 1744106 -1744106 - 1744106 SITA4L06 1744106 -1T44006 1744106 -1 744106 -1 744106 S1744106 - 1744106 1744106 -1742106
Taxes: -872051. 672053, -872053, -672003, -G72051, -&72053, -R7C0S), -872053. -AT2053, -§7205% -G720SW, -372SE, 672053, -2T0S3 RIS -R005E, -E7NSY, -RTXSA, -G72053. -6705%,
Profit After Taves: -872053. -67205), -872053, -672053. -37205%, -877053. -&7405). S872053, -€72053. -372053. 972053, -372051, -&77053. -87;053. SRTL0GE, 372053, 372053, -R72053. 472053, -R7I2051,
Net Non-Cogen Cach Flem: 0 -§72053. -372053. -87205], -R7:2053. 872053, -872053. -872053. -§720%3, -£72053. ~B72053. -B7205%, -872053. -B72051, -Q72(53, 87057, SS70053, -BITESI. -R7205%, -672053, -A7I053.
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SCOTT PAPER ANALYSIS

Cogen/Non-cagen Mff. Cash Flows -4620000 255371.3 295391.3
Net Present Value: -26794%3
Interral Rate of Return:  0.2479%
%)
Levelhzed Incrementa) Power (ost:
Weighted Cost of Capital: 15
%)
Capital (harge Rate: 0.269522
Cogen Non-Cogen  Inff.
Capital: 1261367, 0 1261367,
Levelized Fuel; 1764840, 1744106, 20734.13
Level1zed (i 234000 0 234000
Total: 1516101,
Annual Power Production: 11681711
NET POWER C0ST: 0.129784
Financial (Equity & Debt): 0 1 2
Cogeneration:
Capital Investment: 4680000
Equnty 1418181,
Debt uze1e18.
Expences:
OlM: 234000 234000
Fuel: 1764340, 1764840,
Interest: 53390 192114
Revenues:
Power: 331917,8 S31517.8
Prof1t Before Tases and
Deprecration: ~1R26122 1820534

PAGE --5--

-ec

(35331.8 235391.8

kl

4

5

21000 204000 234000
1764840, 1764840, 1764840,
M7008.1 340122.5 332479.4

$31517.8 531517.8 531517.3

1814330 -1307445 -1797802

255391.8 253391.8 299)71.8 155391, 295191.¢ 255091.8

6

224000
1764844,
33995.¢

ZH0G0 234000 234000  I34000 234000
1764340, 1764540, 17648411, 1764540, 1764840,
314573.6 3041257 292522.0 273644.0 265748, 4

535174 531517.8 Sa1S17.8 SAUS17.2 S2517.2 521517.8

S1731018 1781301 -1771442 -1757345 -1746%6 -1732671

£55091.8

12

234000
1764340,
249480. 1

331517.8

-1716302

J55391.8 205091.8 [5G31,2 IS5¥91.3 295191.3 [55391.3

13

2M000 2000 234000 24000 234009 234000
1764840, 1764540, 1764640, 1764240, 1764840, 1764840,
L3GEE.4 212315.2 130613.3 1665243 179785, 4 110105.2

€
]

335178 S31517.8 S31517.8 S31517.5 31

1677183 -1673637 -165733 1623845 -1607109 -1577427

17.3 531517.3 &

3
=

2333913 255091, &

CHMBU0 234000
1764840, 1764340,
T71n0.37 40591.47

pats

1517.8 531515.8

o,

~1544432 -1507314


http:5311517.9l
http:40591.47
http:771k0.37
http:20734.13
http:0.847.96

=

SCOTT PAPER ANALYSIS

leprecration:
Frofit Before Ta.ec:

Taxes:

Frofit After lases:
Net Cogen Cash Flow: ~1418181
Noni-Cogereration:

Capital Investment: 0
Equity n
Detit 0

Expenzes:

(L2 H
Fuel:
Interest:
Profit Before Taves and
Depreciation:

Depreciation:

Fiofit Before Tazes:

Taxes:

Profit After Taxes:

Net Non-Cogen Cash Flow:

o

Cogen/Nen-cogen Dff. Cazh Flow: -141818!
Net Present Value: -1238043

Interral Rate of Return: ERR

)

Levelized Incremental Fower Cost:

Werghted Cozt of (apital:
)

78w

Cap1tal Charge Rate: 6.153479
Cogen
Capital: T46365.7
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P LR KT

20A0127 2054534
- 1030061 -1027267
-1030061 -1027267

-BAG866. -G43060,

0 0
1744106, 1744106,
0 Q
~1744106 -1744106
0 0
1744106 -174410¢
-874053. -872053.
872033, -372551.
-572053. 87205,

23136, 37 22372.70

pREDI
-2042330
-1024165
-1024165

52762,

a
1744106,
?
~1744106

0
-1744166
-872053.
-372051.

7053,

19091.06

S

-oG41445

-1020722

-1020722

-§36204.

0
174410¢,
[
-1744106
0
-1744106
-872053,
-872053.
-8720%3,

15848.25

(ar1tal Recovery Factor:

Nen-{qaen

nff,

N ME3s.T

MO0 2 e
“20300. -0
1016991 -16125659
-1016901 -101265

~H60026, -BE4268.

0 0
1744106. 1744106,
[ 0
1744106 -1744106
0 [
1744306 - $744106
-872053. -87203,
-372052, -872052.
-§72053. -872053.

12026,72 7764.822

0. 104739

M0 230y

2)4uph

NC ]

PR ETTTINCY TR P TTT UK E VT (I 2000
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SCOTT PAPER ANALYSIS

Levelized Fuel:
Levelized OWM:

1764340, 1744106, 2074.12
234000 0 234000

Total: 1001079,
Annual Power Froduction: 11681711

NET POMER (0ST:

Cogen Interest ar ) Frincipal Faysents:
Arruial Fayment: 409604, 8

Loan Beginning Balance:
Interest:
Princiele Payment:

3261818, 3211013, 3154619, 3092023, 2022540. 2945415, 2859806,
J5R300 353211.4 347008, 1 340122.5 332479.4 323995.6 314578.6
50804.89 5633343 6259.71 69482.35 77125.40 £5609.20 95026.21

Non-Cogen Interest and Principal Payments:

J764779. 2659300, 2542213, 2412256. 2268001. 2107877, 1930128, 1732649, 1513857, 1270776. 1000957, 701457.9 363013.4
304125.7 292523.0 279644.0 265345, 4 2494801 [slcrs. 4 (123152 190613.3 166524.3 119765, 4 110105.3 77160.37 40591.47
103479.¢ 117081.8 129960.7 144256.4 160124.7 177738.4 137289.6 218991.5 243080.5 269219. 4 291995 332444.5 690124

’

Annual Payment: 0
Loan Beginning Balance: 0 ¢ 1] 0 0 0 0 [ 9 0 0 0 0 0 0 0 [} 0 0 0
Interest: 0 ] 0 ¢ 0 4 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0
Principle Payment: 0 0 0 0 0 9 0 9 0 0 0 0 0 0 0 0 [} 1] 0 [
ECONOMIC:
Cogeneration Systes:
Capital Investment:
Lecal Currency (LC): 936000
Foreign Exchange (FX):? 2808000
Expenses:
LC Ot 70200 70209 70200 70200 70200 70200 79200 70200 70200 70260 70200 70200 70200 70200 70200 70200 70200 70200 70200 70200
FX 0M: 140400 140460 140400 140400 140400 140400 140400 140400 140400 140400 140400 40400 140400 140400 140400 140400 140400 140400 140400 140400
LC Fuel: 734,10 82734.10 82734.1C 82734.10 82734.10 82724.10 52734, 10 82734.10 82734.10 82734.10 82734.10 8273410 32734.10 82734.10 82734, 10 92734.10 82734, 10 82734,10 82734.10 3273410
FX Fuel: 1654682, 1654682, 1654682, 1654682, 1654662, 1654687, 1654682, 1654682, 1654682, 1654662, 1654682, 1654682, 1654682, 1654662, 1654662, 1654662, 1654682, 1654687, 1654682, 1654637,
FX Interest, etc.: 323826.6 129826.6 329526.6 3:9826.6 379326.6 30¥826.6 329826.6 323626.6 329826.6 329826.6 329826.6 323316.6 123826.6 129876.6 129826.6 329826.6 329326.¢ 329826.6 329826.6 329826.6
Revenues:
LC Power: 219032.0 213012.0 213032.0 219032.0 2190320 213032.0 219932.0 2190320 2190320 219032,0 219032.0 219032,0 219022.0 219032.9 713032.0 219G12.0 C19032.0 219032.0 21%032.0 21%032.0
FX Power: Z92042,7 292042.7 292042.7 292042.7 Z32042.7 2920427 192042.7 292042.7 252042,7 292042,7 2920427 2920427 292042.7 292042.7 29:040.7 JI42.7 292042,7 292040.7 TA2042,7 2920427
Net Economic Cash Flows:
Local Currency (L(}: -%36000

Foreign Evchange (FX):s

66037.98 66097.98 €6097.93 66097.98 66097.98 66097,98 66097.98 6¢037.98 BE037.98 66097.93 6£097.98 66097.38 66097.93 66027.93 6609798 6619798 €6097.98 £6097.59 6607793 ~6037.98
- 1832865 -1832865 -18328€5 -1BI2065 -1837865 -1832965 -1832865 - 1877665 - 1817865 -1337865 -1832%65 -1632665 -1BIZB6S - 1R3Z665 - 1607865 - 1RIZHES - 1672065 -1337B65 1837965 -123055
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STOTT PAPER ANALTSIS

Total Economic Cash Flows:  -936000 - 1766763 -ITECTES -176AT6Y -1T6676F 1764763 1766762 -1 TEETER - 166768 - 1766768 -1 T667EL ITREPET -1TRETER (1TELTER -1TEETEI -1TEETER - TAETEN -176ETHE -17H675R 1760765 -17%4763

Nori-Cogen Sycstep:

Caprtal Investment:

Lecal Currercy oL(): 0
Forevgn Erchanze (FX):® 4
Epences:

LC 0aM: 0 [ 0 [ 0 [ 0 0 [ 1} @ [d 0 0 1] 0 0 0 0 0
FX OkM: 0 0 0 0 0 0 0 [ 1 ¢ [ [t d 0 0 0 0 0 0 0
LC Fuel: BI762.11 81762.11 81762.11 81762.11 3176211 ®1762.11 §1762.11 BI762.11 B1762.11 31762, 11 R1762.11 81762.11 21762.11 8176211 £1767.11 8176211 B1762.11 3176211 @1762.11 6176211
FX Fuel: 1635242, 1630202, 1635242, 1675242, 1635242, 1635242, 1635242, 1635242, 1635242, 1635242, 1675042, 1635242, 1675242, 1835242, 1635247, 1635242, 1635242, 1635242, 1435242, 1635242,
FX Interest, etc.: )] 0 0 0 [d 0 G 0 [d q 0 0 @ 0 1] ¢ ¢ ] 0 9

Net Eccnomic Cach Flows:
Local Currercy (L(t¢
Foreign Exchange (FX):®

=

-81762.1 -81762.1 -31762.1 -81762.1 -81762.1 -81762.1 -81762.1 -81762.1 -81762.1 -B1762.1 -81762.1 -41762.1 -21762.1 -31762.1 -&1762.1 ) LN WS R
~1630242 1635242 -1635242 - 1635242 -1635242 -1635242 -1635242 1635242 -1635242 - 1635242 - 1635247 -1635247 1625042 - 1635242 -1€3574> S16X5040 - 1635042

-81762.1 -81762.1 -21762. 1
S1635240 -16165242 -1635247

=

Total Economic Cash Flows:

-

1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 ~1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -17§ 7004 -1717004 1717004 -1717004 -1717064 ~1717004 -1717004

Incremental Cach Flow:

Local Currency (LC): 336000 147860.0 147360,0 147360.0 147660.0 147360.0 147860.0 147860,0 147860.0 147860.0 147860.0 147860.0 147360.0 147360.0 147860.0 147860.0 147860.0 147640, 0 147360.0 147360.0 147340.0
Foreign Currency (Fx):¢ 19762, -197623. -197623, -197623, -197623. -197623, 197623, -197623. -13762). -19761). -13762). S197621, 197622, -137623, -197623. -19%03, -197620, S13762%, 19METE. -197620,
Net Cash Flow: 336000 -45760.6 -43761.6 -49762.6 -49761.6 -49763.6 ~49763.6 497616 -43762.6 -43762,6 -49762.6 -49763.6 ~49763.6 -43763.6 -43762.6 -43763.6 -43762.6 -4376).6 -4376).6 497606 -49763.4
Net Present Value: ~123%060
Interral Rate of Return: ERR

* Note: This ascumes that the fx requirements are met solely through borrowed FX funds

Levelized Costs:

Margmnal Return te Capital: U
(Ziyr)

LC Capital Recovery Factor: 1,117459

Interezt. Fees, etc. on FX @ 10
htyr)

FX Capital Recovery Factsr: 0,117459

Cogen  Non-cog  [Mff,

LC Levelized Capital Cost: 103940.7 0 1039422

PPET --5--
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SCOTT PAPER ANALYSIS

FX Levelized Capital Cost:

It1al LL Fuel Frice:
cevelized LC Fuel Frice:
Imtial FX Fuel Price:
—evelized FZ Fuel Frice:
Inmtial LC O Cost:
Levelized L{ GLM (oct:
Inatial FX (M Coct;
Levelized FX (MM Cost:

Total LC Levelized (ost:
Total F¥ Levelized Cost:

Net Total Level:zed Cost:

NET LEVELIZED (OST:

Imtial LC Purchased Fomwer
Cost:
Levelized LC Purchased
Fower (ozt:
Imtial FX Purchazed Fower
Cost:
Levet1zed FX Purchased
Power Cost:

Total Purchased Fower Cost

NET PURCHASED PONER 00ST:

PAGE --3--

L7326.6 ¢ J29826.6

B2734. 10 81762.11
3273410 3176211 9.7
1654682, 1275247,
1634632, 1635242, 19433.94

70200 0
70200 o 70200
140400 0
140400 6 140400
181114.2
489666.5
670780.7
0.057421
213032.0
219032.0
292042,7
292042.7

s 5:1074.8

0.04375
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APPENDIX H: DSE SUGAR QUESTIONNAIRE
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IDENTIFICACION DEL CONSUMIDOR

vaombre del ingenio:

Bl L INLLIVOUIM ¢ avtewr s Wy

FRENI NIRRTV

B. INFORMACION SOBRE EL SUMINISTRO DE ELECTRICIDAD

Codigo CHU

Jhicacion:

°:ovincia

Compaiia distribuidora:

L1

No, total transformadores

Cantéon

Z.strito

C ua direccibn:

CCC

Tipo de tarifa

Teléfono

Observaciones:

Apartado Postal

Codigo del consumidor

Potencia Instalada Total KVA

Tensibn de Suministro V

LAttt igd

L1
LLi1]

L1
L

Telex

Nombre de la pefsona entrevistada




bl

PRODUCCION Y CONSUMO ANUAL DE ENERGETICOS

.

2o CONSUMO Pertii utifizacion de los Energeéticos.
Energético/ :

Producto ' .
Unidad 84-85 85-86 86-87 Observaciones

Caita molida

B..3z0 prod,

Alcehol prod,

Zzucar prod.

Bagazo consum,

Funker

Chessl

E.E. Generada

E.E. Comprada

Observaciones: .

i



N. CALDERAS

Fuego D

Agua D

Tipo tubos LJ
.‘.15rca !__]
i
Produccibn Unidad Nominal ) l l I I] l |
Vaodor _J ‘ Media l l l l l l I
— -
Presion ’ Unidad Maxima LJ_I_I_,
\apor ] Media L.l_l_.l_J
1
j Tipo I_’
—1 Temperatura ' L_l_l__'
|
Tenperatura ] Unidad Maxima L.J_‘_l
de Uso —— ' Mfnima L.L.U
Cantidad de Quemldorez. I l I ]

Régimen de Operacibn
Horas por dia
Dias por mes

Mes de inicio

Mes de finalizacidén

Energéticos utilizados

Principal
Otro l I l
Otro LJ._I

Cantldad Calderas en Operacion

L]

Observaciones

Principal
Reserva L[ I
Edad(es)
Principal : | l I
"Reserva LL_]
Rendimianio estimado %0 LJ.__I




QY {/

E. TURBINAS

L1

|

[ arca Tipo Cantidad
Edad I l I -No. etapas l l I Principal '_l__’
Uso(s) I | Potencia Ll l l [ ] Reserva [__LJ
Entrada [Extraccidn Salida
Presién Temperatura 3 Presion Temperatura Presibn Temperatura

Régimen de Operacidn
Horas por dia
Dias por mes
Nes de inicio

Ales de fin

- e -

FEEE
cE

Observaciones:




F. GENERADORES

Potencia (kW)

RN

.Tension (V)

LI Il

Factor da Potencia

Lidd

Niorca i

Régimen ds Operacién

Horas gor dia

Dias por mes

Mes inicio

L]

Mes fin

Tota! horas anuales

Observaciones

Cantidad

Principal

Reserva



. ENERGIA ELECTRICA (RESUMEN)

Consumo (MWh) : Demanda Maxima {MW)
Energia Eléctrica - -
1984 186~ | . 1ess 1984 1985 1986;
Energia comprads LU U L e e b e iy L
2. Energia Producida * [ ] l ] i LI l l L[ l l I Li I l I l J LLI J l Il [ I ' IJ I I LJ l i l i l
. Suministro a terceros l L' I l I l lJ [ I ] l l I : | ' l ! l l l l ' J I l LI l I l l l i I l l I IJ
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ENERGIA ELECTRICA COMPRADA

Series Historicas

MES

kW

kWh

FC

enero

Mes

kw

kWh

FC

febrero

enero

marzo

febrero

abril

marzo

mayo

abril

junio

mayo

julio

junio

agosto

julio

setismbre

agosto

cctubre

setiembre

noviembre

octubre

diciembre :

noviembre

diciembre

Fecha de lectura del medidor.




(L

ENERGIA ELECTRICA GENERACION TERMICA

Series Histéricas -

198

Mes

kW

kWh

FC

198

enero

kW

kWh

FC

198____

febrero

kW

kWh

FC

marzo

abril

mayo

junio

julio

agosto

satiembre

octubre

noviembre

dictembre




J.

ENERG!A ELECTRICA GENERACION HIDROELECTRICA

Series Histobricas

1984

Mes

kW

kWh

FC

1985

enero

kW

kWh

FC

febrero

marzo

abril

mayo

junio

julio

agosto

»setiembra

octubre

noviembre

diciembre

Potencia Instalada kW

Q méximo m3/s

Energia Potencial (h)

Posibilidades de ampliacion

‘

1986

kW

kWh

FC

kW




K. OTROS EQUIPOS ELECTRICOS

Uso de motores

Tipo

Compresor

Ventilador

Bombas

Bombas para riego

Cantidad

- C bk

Potencia

[

I I

Unidad




L. OTROS EQUIPAMENTOS NO ELECTRICOS

Flota vehiculos trabsjo

Equipo agricola: Tipo

Camiones

No. unidades

Tipo combustible
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