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EXECUTIVE SUMMARY 

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. 

Although 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 ran. 
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 issuffering from severe drought conditions, and the 
utility cannot import more electricity fiom Honduras because the transmission line is
 
used at full capacity (about 50 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
shortage 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 generatiug 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/Hagicr, 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 noputility 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 Dower 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 RJLefineria Costarricense de Petroleo S.A., 
the national oil company. 

Of ICE's installed generating capacity of approximately 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 2000. 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: 

Industrial cogeneration 

RCG/Hagler, Bailly, Inc. 
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" 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 fur 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 priv ate 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-leasibility Study of Coal Use in Costa Rica. by Bechtel National, Inc., under contract to USAID, June 1987 
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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. Accor-ling 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, tley 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 manufacturing, 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 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.
Unfortunately, the potential for small and mini 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 p orchasing 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 Options
(1987-1995) 

Technical Economic Financial-. 

Resource 
Potential 
,MW 

Potential 
MW 

Cost-*. 
LkWh) 

Potential 
(MW) 

Cost*'** 
($/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 

Hydropower-.-. 350 350 .017-0.035 200 .034-.068 

Geothermal 400-700 .- *** .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. 

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 lone-run marginal cost of electricity generation (see AppendiA 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 be too large for private
fimancing at this time. 

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

Major Impediments 

Several barriers must be overcome before private power development can take place on 
a significant scale. The principal 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 

* 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 

" 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). 

Governmen. of Costa Rica 

* Clarify and publicize private powcr 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. 



8 EXECUTIVE SUMMARY 

sponsors, and to improve return to investors. Key elements of this action 
are: 

(i) Pr3vide a legal framework for the generation, transmission, 
and sale of private power 

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

(iii) 	 Simplify the licensing procedure 

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

(v) 	 Draft a 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 Committee2 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. Specifically, 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 

T-c existing small power group"recently established at MRNEM could have its role expanded to act as the recommended 

committee. 

RCG/Hagler, Bailly, hic. 
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Exhibit 2
 

Example of Possible Power Purchase Arrangements
 

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

A. Average Economic Value 

* 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) 

, 	 Wet Season 

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

Under %achcost structure, the public and ICE would share the benefits approximately 
equall>. 

Source: RCG/Hagler, Baily, 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 

(iii) 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 

(ii) 	 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). 

" 	 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. 

* 	 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. 



1 EXECUTIVE SUMMARY 

(ii) 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 

" Carry forward the analysis of private power potential in hydropower and the 
sugar cane industry,3 where more accurate data are needed as a basis for 
planning further actions. 

* 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. 

" Provide assistance for training and information services. 

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

RCG/Hagler, Bailly, Inc. 



CHAPTER 1: THE POWER SITUATION IN COSTA RICA 

The objective of this chapter is to review the current power-sector structure in Costa 
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 sector 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 f,: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. It 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 coordinate all energy activities in the country. It 

RCG/Hagler, Bailly, Inc. 



THE POWER SITUATION IN COSTA RICA 1.2 

tracks all projects, issuing rcgular 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 a!so 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 issupposed to play the key role but, in realif, 
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 STRUCTURE 

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 

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

RCG/Hagler, Bailly, Inc. 



1.3 
THE POWER SITUATION IN COSTA RICA 

distribution entities together. !nstalled 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 other sectors of the economy. The cost of hyd;opower 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. 



Exhibit 1.1 

Power Capacity and Generation by Producer (1985)* 
(nameplate, not effective) 

MW 
ICE 845.0 

Cooperative and Municipals 43.0 

Private Power Companies A-U 
Total 904.5 

Does not include industrial captive power. 

Source: ICE 



Exhibit 1.2
 

Sales of Power in Costa Rica
 

Power Sales. GWh Average Price. Colones/kWh 

1984 _ 1986 1984 1985 1986 
ICE1 2,176 2,351 2,560 2.01 2.21 2.28 

CNFL2 1,251 1,305 1,400 2.25 2.59 2.75 

ESPH 3 72 75 83 1.95 2.22 2.43 

JASEC4 103 110 123 1.92 2.33 2.57 

COOPEGUANA-
CASTE5 40 42 46 2.13 2.25 2.27 

COOPELESCA6 47 52 60 1.54 1.61 1.63 

COOPESANTOS 7 20 22 24 1.84 1.93 2.06 

COOPEALFARO 8 5 5 6 2.01 2.15 2.27 

1 Instituto Costarricense de Electricidad. 
2 Compania Nacional de Fucrza y Luz. 

3 Empresa dc Servicios Publicos de Heredia. 
4 Junta Administrativa de Sorvicios Electricos dc Cartago. 
5 Cooperativa de Electrificacion Rural de Guanacaste, R.L 
6 Cooperativa do Electrificacion Rural dc San Carlos, R.L 
7 Cooperativa dc Elctrificacion Rural Los Santos, R.L. 
8 Cooperativa de Electrificacion Rural de Alfaro Ruiz, R.L 

Source: ICE 



Exhibit 1.3 

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

Capacity (MW) Year of 

Plant Name Type (nameplate) effective Installation Province 

Corobici Hydro 174.0 174.0 1982 Guanacaste 

Arenal Hydro 157.4 156.0 1979 Guanacaste 

Rio Macho Hydro 120.0 120.0 1963 Cartago 

Cachi Hydro 100.8 100.0 1966 Cartago 

Ventanas-
Garita Hydro 96.0 96.0 1987 San Jose 

La Garita Hydro 30.0 30.0 1958 Alajuela 

Barranca Gas T/Th 41.6 18.0 1974 Puntarenas 

San Antonio Gas T 48.1 18.0 1973 Heredia 

Colima Dies. 19.5 14.0 1956 San Jose 

Moin Dies. 32.0 18.0 1977 San Jose 

Ciudad Neily Dies. 7.0 15.5 1975 Puntarenas 

Palmar Noite Dies. 3.3 15.5 1976 Limon 

Mini Hydro -- 1.5 15.5 --

Diesels less 
than 1.0 MW -- 3.7 15.5 

Total Installed Capacity 834.9 759.5 

Source: ICE 



Exhibit 1.4
 

Installed Power Capacity of Cooperatives,
 
Municipals and Private Generators*
 

CAPACITY
PLANT NAME OPERATOR M 

Ventanas CNFL 10.004 
Nuestro Amo CNFL 7.5 
Brasil CNFL 2.8 
Belen CNFL 5.0 
Electriona CNFL 2.7 
Birris No. 1 JASEC 1.7 
Birris No2 JASEC 2.4 
Birris No.3 JASEC 4.3 
Carrillos ESPH 2.0 
Cebadilla FECOSA"" 6.0 
Damas CB de CR"" 1.5 
Quepos CB de CR"" 1.4 
Coto CB de CR"" 3.0 
Golfito CB de CR"" 3.1 
Osa CB de CR"" 1.5 
Matamoros MATAMOROS 3.3 
Other Mini 
Hydro -- 1.2 

TOTAL 59.4 

Source: SNE 

Excludes industrial captive generation 

not operating 
CB dc CR - .npania Banancra de Costa Rica 
FECOSA - Ferrocarriles de Costa Rica 
H - Hydro 

D - Diesel 

YEAR OF 
INSTALLATION 

1944 
1949 
1912 
1914 
1930 
1952 
1957 
1968 
1952 
1930 
1951 
1939 
1938 
1938 
1938 
1967 

LOCATION 

Alajuela 
Alajuela 
San Jose 
San Jose 
San Jose 
Cartago 
Cartago 
Cartago 
Alajuela 
Aajuela 

Puntarenas 
Puntarenas 
Puntarenas 
Puntarenas 
Puntarenas 

Alajuela 

TYPE 

H
 
H
 
H
 
H
 
H
 
H
 
H
 
H
 
H
 
H
 
D
 
D
 
D
 
D
 
D
 
H
 

H 



Exhibit 1.5 

ICE Demand Past, Present and Forecast* 

Year Peak (MW) Load Factor 


1980 
 410 0.60 


1981 
 424 0.62 


1982 
 446 0.59 


1983 
 430 0.59 


1984 
 483 0.61 


1985 513 
 0.60 


1986 
 565 0.60 


1987 588"" 0.60 


1988 
 616 0.61 

1989 643 0.61 


1990 
 669 0.61 


1991 685 
 0.62 

1992 705 0.62 

1993 727 0.62 

1994 751 0.63 

1995 781 0.63 

2000 980 0.64 

There are three levels of forcasts, only the high is given.
 

Actual 1987 peak was 612 MW.
 

Source: ICE 

Generation (GWh) 

2,144 

2,295 

2,292 

2,372 

2,568 

2,708 

2,968 

3,105 

3,276 

3,437 

3,599 

3,704 

3,827 

3,960 

4,111 

4,292 

5,477 
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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, particularly in small industry. However, this
 
growth is around 10 percent/year as compared co planned average growth of 5.5
 
percent/year and this unexpected situation must be viewed in light of the existing
 
capacity expansion plan. 

Expansion Plan 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 biiion 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. 



Exhibit 1.6 

Historical Growth In Consumption 

Year 
General 

GWh % G 
Residential Small Industry Uge industr' Public Li2ht Total 

GWI %Growth GWh % Growth GWh % Growth GWh %Growth 
Generation 2 

GWh Load Factor MW 
1980 355 10.9 843 12.9 457 11.2 182 13.7 57 14.0 2,144 12.2 2,144 0.596 405 
1981 437 23.1 901 6.9 417 -8.8 223 22.5 69 21.1 2,047 8.1 2,291 0.618 417 

1982 508 16.2 946 5.0 383 -8.2 168 -24.7 74 7.2 2,079 1.6 2,292 0.618 438 

1983 512 0.8 977 3.3 414 8.1 172 2.4 76 2.7 2,151 3.5 2,372 0.589 451 

1984 532 3.9 1,046 7.1 472 14.0 208 20.9 79 6.8 2,337 0.7 2,568 0.606 482 

1985 576 8.3 1,123 7.4 475 0.6 217 43 81 2.5 2,472 5.8 2,708 0.603 511 
1986 609 5.7 1,242 10.6 526 10.7 238 9.7 82 1.2 2,697 9.1 2,968 0.600 565 

1 Includes projects being constructed. 
2 National systems. 

Source: ICE 



Exhibit 1.7a 

Planned ICE Generation Expansion, 1988-2000 
as of October 98 

PlantT1yes Medium Scenario High Scenario 
MW Cost, $106 MW Cost $106 

" Hydropower 453 640 453 640
 
" Geothermal 
 220 407 220 407 

" Thermal 

Gas T 96 60 288 181 

Coal " 125 198 

Total 769 1,107 1,086 1,426 

Source: ICE, 1987 



Exhibit 1.8 

ICE Future Power Capacity Expansion Plan: High Scenario 

Energy (GWh)
eCaacity MW FFirm Average 

1987 
19881989 
1990 
1991 

1992 

Ventanas Garita 

Gas Turbine 
Gas Turbine 
Miravalles 1 
Gas Turbine 
Gas Turbine 

96 

36 
72 
55 
36 
32 

Hydro 

Gas T. 
Gas T. 
Geo 
Gas T.
Gas T. 

373 

224 
448 
389 
224
224 

1,500 

224 
448 
389 
224
224 

1993 
1994 

1995 
1996 
1997 
1998 
1999 
2000 

SandillalMirava!lcs II 
Toro 1 
Toro II 
Gas Turbine 
Angostura
Miravalles I1 
Siquirres
Miravalles IV 
Carbon 

32
55 
24 
66 
64 

177 
55 

154 
55 

125 

Hydro
Geo 
Hydro
1-ydro
Gas T. 
Hydro
Geo 
Hydro
Geo 
Therm 

140
389 
721 
189 
448 
664 
389 
630 
389 
723 

140
389 

18 
315 
448 
996 
389 
760 
389 
723 

Source: ICE, 1987 

Investment 
Cost ($/kW) 

627 
627
 

2,179
 
627
627 

1,421
1,743

947 
529
 
627
 

1,500

743 

1,765
1,743
1,587 
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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 improved
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 1.9. 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 resolve the problem in the short 
term. 

Although there is only little practical experience in Costa Rica, discussions with 
potential investors and developers have i:7 icated a real interest and potential in such 

RCG/Hagler, Bailly, Inc. 



Exhibit 1.7b 

Revised National Generation Expansion Plan 
(as of February 1988) 

Year Plant Name Capacity Type 
1990 
1991 
1992 
1993 

1994 

1995 
1996 
1997 

Thermal 
Thermal 
Miravalles-I 
Sandillal 
Thermal 
Miravalles - II 
Toro I &II 
Thermal 
Angostura 
Miravalles - Ill 

3x 36 MW 
36 MW 
55 MW 
32 MW 
36 MW 
55 MW 

24 + 66 MW 
36 MW 
177 MW 
55 MW 

Gas turbines 
Gas turbines 
Geothermal 

Hydro 
Gas Turbine 
Geothermal 

Hydro
Gas Turbine 

Hydro 
Geothermal 

1998 
1999 
2000 

Siquirres 
Miravalles - IV 

154 MW 
55 MW 

Hydro 
Geothermal 

Total 10 years 889MW 

Source: ICE 



Exhibit 1.9
 

Income Statement for ICE, 1984-1986
 
(1,000 Colones) 

1984 

Energy Sales (MWh) 2,176,418 
Average Sale Price,
Colones/kWh 2.20 

Income 
Sale of Energy 4,796,001
Other income 12.523
Total Income 4,808,524 

Expenses 

Direct
 
Purchase of energy 
 12,971
Hydrogeneration 111,270
Thermal generation 77,466
Transmission 82,559
Distribution 223,713 
Administrative 
Cost 136,144 
Subtotal Direct 
Cost 644,123 

Indirect 

Depreciation 768,607 
Institutional 
Costs 181,680
Financial Costs 3,118,231
Insurance 4,180
SNE taxes 4.199 

Subtotal Indirect 
Costs 4.076.897 

Total Cost 4,721,020 

Income Net of 
Operations 87,504 

* - HBC computed this number to be 2.52 

Source: ICE 

1985 

2,351,332 

2.23 

5,278,270 
14.454 

5,292,724 

1,469 
170,360 
82,099 

113,449 
296,917 

162,737 

827,031 

897,811 

223,528 
3,314,803 

5,298 
4,199 

4.445,639 

5,272,670 

20,054 

1986 

2,560,471 

2.21" 

5,664,467 
14,265 

5,578,732 

126,833 
165,391 
101,089 
152,022 
403,425 

215.910 

1,164,670 

1,078229 

304,971 
3,884,185 

7,398 
8,993 

5,263,776 

6,448,446 

(769,714) 



Exhibit 1.10 

ICE Tariff Structure 
= Colon) 

T-1 Residential 

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

¢55.50/kWh 
01.85/kWh 
¢2.20/ kh 
¢2.25/kWh 
¢3.00/kWh 
¢6.50/kWh 

T-2 Generel (Commercial) 

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

4,184.80 
6.16 

3,001 - 20,000 kWh per month 
Demand Charge:
First 1.3 kW 
Each additional kW 

Energy Charge
First 3,000 kWh 
Each additional kWh 

07,346.70 
565.13 

€-10,980.00 
<3.66 

9 eater than 20,000 kWh per month 
Demdnd Charge:
First 27 kW 
Following 60 kW (each kW)
Each additional kW 

Energy Charge:
First 20,000 kWh 
Each additional kWh 

(1,15,250.25 
0566.13 
0859.80 

073,620.10 
47,62.68 



Exhibit 1.10 
(continued) 

T-3 

3,000 kWh per month 
Energy Charge:
First 30 kWh 
Each additional kWh 

0159.90 
5.33 

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

Energy Charge:
First 3,000 kWh 
Each additional kWh 

06,296.40 
0484.34 

09,450.00 
03.15 

Greater than 20,000 kWh per month 
Demand Charge:
First 27 kW 
Following 60 kW (each kW)
Each additional kW 

Energy Charge.
First 20,000 kWh 
Each additional kWh 

€ 13,077.20 
0484.34 
0736.17 

063,109.30 
02.28 

T-6 Sma1 Indstr (1,500 kWh per month) 

Energy Charge:
First 30 kWh 
Each additional kWh 

0114.60 
03.82 

Source: ICE 
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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,
 
Colnpania 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 on nearby 
plantations. A considerable 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 self-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. 



-------- - - -- -- 

------------------------------- 

--

-- 

OperationsProduction capacity, tonnes/hr (Palm Nuts)
Month of peak production 
Month of lowest p ro duction 
Hours of operation per year 

Steam SystemNumber of boilers 

Boiler rated capacity, tonnes/hr

Boiler rated pressure 

Steam generated - tonnes/hr average
Steam generated - pressure, psi
Projected increase - year 1992 
Process steam pressure, psi
Boiler fuels 
Number of steam turbines 
Number of reciprocating steam engines 

Electrical Power SystemInstalled generating capacity, kVA 
Purchased electricity, kWh 

Cogenerated electric, kWh/year

Turbine type 


Principal Energy UsesSteam 

Electricity 


Source: Compania Bananera 

Exhibit 1.11 

Compania Bananera De Costa Rica 
Palm Oil Plants 

Key Energy Data 

Plant 
Coto 47

Palo Seco Naranios Nueva 

30 20 503- 2May0 50...... 
..........................November -- -- - --

- 3,600 - 3,600 - 3,600 

3 2 1
15 2x5 15

350 350 350 
15 

250 250 200 
50% -----------------........ 

40 40 40 
. .--------------Palm nut shells and fibers ------------
1 0 11 (idle) 1 

500 110 500
0 1,152,000 Not in operation yet

1,080,000 396,000
1 stage 1 stage 

- Cooking palm nuts (direct injection) 
------------------ motors -----------------------------



1.20 THE POWER SITUATION IN COSTA RICA 

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 -722.000 625 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 envisioned as providing round-the-clock power for COOPELESCA, 
but it is more likely to be used for peaking until local 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 equipment 
manufacturer about an attractive loan that would require govcriment guarantees. 
There have also been discussions by some 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
 

PRIVATE POWER PROJECT APPRAISAL

** ******************************* 

PROJECT NAME: Matamoros
 

TECHNOLOGY: Hydroelectricity
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 15,000 kW 
CAPACITY FACTOR: 0.60 
ANN-UAL POWER PRODUCTION: 78,840,000 kWh/year 

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: 


ECONOMIC PERFORMANCE
 

$15,000,000 
$300,000 

$0 
50 Percent 

0.270 
($2,056,392) 

12.083 Percent 
0.055 $/kWh 

2.300 
11 Percent 

0.105 
$2,563,641 

26.890 Percent 
0.034 $/kWh 

CAPITAL COST: 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$4,500,000 
$5,250,000 

NPV: 
IRR: 
NET LEVELIZED COST OF POWER: 

$16,032,733 
51.190 
0.017 

Percent 
$/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 generatioi 

* Agricultural and biomass waste-fired systems 

* Small and minihydro systems 

* 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-iun, 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 

PrefeasibilityS tudy of Coal Use in Costa Rica by Bechtel National, Inc., June 1987 

RCG/Hagler, Bailly, Inc. 
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POTENTIAL FOR NONUTILITY POWER GENERATION 

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/Hagler, 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 

* 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 

Note: All assumptions are for U.S. dollar equivalent, in constant terms. For
example, a 35 percent rate current colones translates, based on interviewswith 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 equal 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 S/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 Govern!-,aent 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 merely 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, distil!ation, 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 ttrbine 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 Oil Fired Boiler/Steam Turbine Cogeneration Plant 

swde rL~d Generator 

Prcess Steamn 

Return condensate 

Source: P.w , McGraw-Hill. 
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Industry Profile 

As would be expected in .i 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 
represent those 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. 

RECOPE, the state enterprise for petroleum refining and distribution, is the largest
enterprise and energy user in the manufacturing sector; however, manufacturing 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 policy. 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 oi 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 5 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 isconcentrated in only 
a few companies; the major users are the cement, fertilizer, and glass industries (direct
fired processes), followed by two large textile frms 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 

ComDany Products Fuel 

Compania Bananera de Palm Oil 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 exloring this option. These are the only 

RCG/Hager, Bailly, Inc. 



Exhibit 2.3 

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

Company 

Industria Nacional de Cemento 
Cementos del Pacifico 

Vidriera Centroamericana S.A. 

Fertica S.A. 

Compania Nu:.,ar S.A. 

Coop. Prod. de Leche R.L. 

Scott Paper de Costa
 
Rica S.a. 


Industrias AKRON S.A.
Cerveceria Costa Rica 

Matadero Montecillo 

Laminadora Costarricense 

Fabrica Nacional de Licores 

Textiles Ind.Centro
americanos S.A. 


Productos Gerber de

Costa Rica S.A. 


Punto Rojo S.A. 

Plywood Costarricense S.A. 

Pieles Costarricenses S.A. 

Envases Ind.de CR S.A.

El Gallito Industrial S.A. 

Central American Meat S.A. 

Productos de Concreto S.A. 

Ricalit 

Alunasa 

Tubotico S.A. 
Henderson Cia. S.A. 
Cost Rica Cocoa S.A. 
Galvatica S.A. 
Cerveceria Tropical 
Textiles Tres Rios 
Metales Cia. S.A. 
"3anaderiaIndustrial 

Total 

Source: RECOPE 

Products Sales 

Cement 163.9 
Cement 106.7 

Glass containers 47.8 
Fertilizer 42.5 

Vegetable oil, margarine 35.3 
Dairy products 32.0 

Paper & paper products 31.9 
Tires 21.0Beer 17.7 

Meat Products 16.5 
Steel Shapes 14.4 

Liquor 13.8 

Textiles 10.7 

Baby food 9.5 
Toilet soap 
 8.5 

Plywood 7.4 
Leather 
 6.2 

Packaging 
 6.1Chocolate candies 
 6.0
 
Meat 5.5 

Concrete Products 5.3 
Concrete Products 5.1 
Aluminum Shapes 5.0 

Pipe 4.9
 
Meat 4.0 

Cocoa Products 4.0 
Galvanized Steel 3.9 

Beer 
 3.9 
Textiles 3.8 
Metals 3.3 
Meat 3.3 

650.3 



Exhibit 2.4 

Petroleum Sales to Major Customers 

by Industry Group 

1986 

Industry 
Code IndustryGrop 

31 Food, Beverages & Tobacco 

32 Textiles, Clothing & Leather 

33 Wood & Wood Products 

34 Paper & Paper Products 

35 Chemicals & Chemical Products 

36 Nonmetallic Mineral Products 

37 Basic Metals 

38 Metal Products, Mach. & Equip. 

39 Other Manufacturing 

Total 

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

Sales 
(Thousands 
of Barrels) 

151.5 23.3 

20.7 3.2 

0.0 0.0 

45.4 7.0 

72.0 11.1 

328.8 50.5 

31.9 4.9 

0.0 0.0 

0.0 0.0 

650.3 100.0 

61 



Exhibit 2.5 

ICE Electricity Sales to Major Private Customers 

Company 

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 

Electric PowerProducts Pechased (MWh) 

Cement 41,493 

Cement 33,293 

Fertilizer 32,578 

Glass container 18,118 

Textiles 17,557 

Textiles 13,390 

Tires 11,293 

Aluminum -1216 

211.803 

1,884,088 
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Exhibit 2.6 

Estimated Potential for Cogeneration by Company 

Company 

Largest Steam Users1 

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 

10 tonnes/hour minimum 

Source: RCG/Hagler, Bailly, Inc. 

Annual Steam Technical 

Consumption Potential 

T/hr. % MW 

23.5 10.0 

18.0 7.6 1.28 

12.4 5.3 0.88 

11.8 5.0 0.83 

85.7 27.9 4.66 

170.1 72,1 1. 

235.8 100.0 16.67 

1.67 
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two companies 1'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
 
companies if ft 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 earlier 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 Collelion 

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). Coi ifirmed 
this finding by computer analysis of other potentially good cases. 

3. Calculated theoretical cogeneration potential by assuming an 
electricity-to-thermal-energy r "-io(E/T) of 0.1 based on a back
pressure steam turbine system, which has the broaliest application in 
Costa Rican industry. Assuming that the cogeneraton system would 
be sized to meet steam needs, the electricity capacity was estimated 
by applying the E/T factor 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 technical 
potential). 

Technical Potential 

The theoretical technical potential for cogeneration in Costa Rica industry (assuming 
that all process steam is cogenerated and extracted from 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. Elimination 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. 



Exhibit 2.7 

Technical Potential for Cogeneration by Industrial Category1 

Industry 

Code Industry Group 


31 Food, Beverages & Tobacco 

32 Textiles, Clothing & Leather 

33 Wood & Wood Products 

34 Paper & Paper Products 

35 Chemicals & Chemical Products 

36 Nonmetallic Mineral Products 

37 Basic Metals 

38 Metal Products, Machinery 
& Equipment 

39 Other Manufacturing 

Total 

Basis: Back pressum steam turbine systems, assuming E/I"= 0.1. 

Source: RCG/Hagler, Bailly, Inc. 

Steam 
Consumption 

Technical 
Potential 

tonn {/rMW 

114.8 8.12 

48.5 3.43 

5.0 0.35 

23.5 1.66 

27.6 1.95 

6.7 0.47 

0.0 0.0 

9.7 0.69 

0.0 0.0 

235.76 16.67 



Exhibit 2.8 

Energy Profile of Scott Paper de Costa Rica 

Steam system size: 

Annual capacity factor: 

Noncogeneration efficiency: 

Electric-to-thermal-energy ratio 
(E/T): 

Bunker fuel consumption 

Steam consumption: 

Electricity-Peak demand: 

-Average demand: 

-Consumption: 

Source: RCG/Hagler, Baily, Inc. 

31.36 T/hr. 

0.75 

0.236 

0.46 

4,789.05 T/yr. 

23.5 T/hr 

4,760.0 kW 

4,725.0 kW 

2,998,000.0 kWh/month 

http:4,789.05
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determine the company's cogeneration potential. The results indicated a negative
internal rate of return; therefore, cgeneration 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 list of Costa Rican steam users, generating 24.7 tonnes/hour at 250 
psi, of which 1J.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.$2,815,000, was found to have a payback period of 14 years, which Fluor deemed to 
be unsatisfactory. A further negative facto;. was the lack of an adequate supply of boiler 
feedwater. Thus, a diesel-electric plant costing U.S.$ 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
 
*************** 
 * ** 

PROJECT NAME: Sco-t Paper
 

PLANT TYPE: -.,per 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
 

FINANCIAL PERFORMANCE
 

CAPITAL COST: 

ANNUAL O&M COST: 

ANNUAL FUEL COST: 

MARGINAL TAX RATE: 


EQUITY ONLY:
 
CAPITAL CHARGE RATE: 

NPV: 

IRR: 

NET POWER COST: 


DEBT AND EQUITY:
 
DEBT TO EQUITY RATIO: 

INTEREST RATE: 

CAPITAL RECOVERY FACTOR: 

NPV: 

IRR: 

NET POWER COST: 


ECONOMIC PERFORMANCE
 

$4,680,000
 
$234,000
 

$1,764,840
 
50 


0.270
 
($2,679,494)
 

0.848 

0.130 


2.300
 
11 


0.105
 
($1,238,043)
 

ERR 

0.086 


Percent
 

Percent
 
$/kWh
 

Percent
 

Percent
 
S/kWh
 

CAPITAL COST:
 
FOREIGN 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 - TonneYear nnesYear TonneYar 
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 36,163 

Juan Vinas 103,671 9,600 32,670 

Argentina 

1987 Data 
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. Using a 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 .55 
Compania Bananera 1.48
 
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 ft 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 tle 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
 

PROJECT NAME: 
 Numar
 
PLANT TYPE: 
 Vegetable oil plant
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 
E/T RATIO: 

37 
0.10 

mmBtu/hr 

CAPACITY FACTOR: 0.56 
ANNUAL POWER PRODUCTION: 5,319,672 kWh/year 

FINANCIAL PERFORMANCE
 

CAPITAL COST: 

ANNUAL O&M COST: 

ANNUAL FUEL COST: 

MARGINAL TAX RATE: 


EQUITY ONLY:
 
CAPITAL CHARGE RATE: 

NPV: 

IRR: 

NET POWER COST: 


DEBT AND EQUITY:
 
DEBT TO EQUITY RATIO: 

INTEREST RATE: 

CAPITAL RECOVERY FACTOR: 

NPV: 

IRR: 

NET POWER COST: 


ECONOMIC PERFORMANCE
 

$499,500
 
$24,975
 

$803,681
 
50 


0.270
 
$47,517
 
16.950 

0.042 


2.300
 
11 


0.105
 
$201,364
 
41.589 

0.032 


Percent
 

Percent
 
$/kWh
 

Percent
 

Percent
 
$/kWh
 

CAPITAL COST: 
FOREIGN EXCHANGE: $299,700 
LOCAL CURRENCY: $99,900 

NPV: 
IRR: 

$768,913 
111.193 Percent 

NET LEVELIZED COST OF POW 0.025 $/kWh 

Source: RCG/Hagler, Bailly, Inc.
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Exhibit 2.12
 

COGENERATION PROJECT APPRAISAL
 
** *** **** *** ** *** * ***** 

PROJECT NAME: Portico 

PLANT TYPE: Door manufacturer 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 

E/T RATIO: 

CAPACITY FACTOR: 

ANNUAL POWER PRODUCTION: 


FINANCIAL PERFORMANCE
 

CAPITAL COST: 

ANNUAL O&M COST: 

ANNUAL FUEL COST: 

MARGINAL TAX RATE: 


EQUITY ONLY:
 
CAPITAL CHARGE RATE: 

NPV: 

IRR: 

NET POWER COST: 


DEBT AND EQUITY:
 
DEBT TO EQUITY RATIO: 

INTEREST RATE: 

CAPITAL RECOVERY FACTOR: 

NPV: 

IRR: 

NET POWER COST: 


ECONOMIC PERFORMANCE
 

30 

0.15
 
0.30
 

3,466,002 


$1,290,000
 
$64,500
 

$0
 
50 


0.270
 
($203,477)
 

8.488 

0.067 


2.300
 
11 


0.105
 
$9,045
 
15.994 

0.045 


mmBtu/hr
 

kWh/year
 

Percent
 

Percent
 
$/kWh
 

Percent
 

Percent
 
$/kWh
 

CAPITAL COST: 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$774,000 
$258,000 

NPV: 
IRR: 
NET LEVELIZED COST OF POWER: 

$347,894 
44.289 
0.031 

Percent 
$/kWh 

Source: RCG/Hagler, Bailly, Inc.
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found to have a steam consumption in excess of 10 tonnes/hour, whic'h 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 tot.' 
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 the 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 hour/year. The total amount of cane 
crushed 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
 

TONNES OF CANE PROCESSED BY SEASON


57,065.320 
 61,825.510


1981-82
TONS 1982-83

TONS 1983-84 
TONS 1984-85 

TONS 1985-86 
TONS 

Aragon
Atirro 
FLorencia 
Juan Vi tas 

33,743.440 
109,172.581 
48,728.357 
103,670.575 

"4,928.516 
124,468.900 
45,045.684 
132,593.240 

33,663.514 
160,280.807 
57,213.611 
145,693.255 

190,383.270 
69,829.270 
146,279.460 

159,102.860 
66,783.550 
141,233.550 

SUBTOTAL 295,314.953 347,036.340 396,851.187 406,492.000 367,119.960 
Argentina 
Costa Rica 
EL GeneraL 
Eseeratde 
La HiLda 
La Luisa 
Ojo de Agua 
orveni r 
Providencia 
San Ramon 
Victoria 

T7,567.256 
88,091.012 
50,580.007 
30,259.896 
22,513.920 
22,886.024 
39,295.600 
64,595.710 
55,243.540 
25,603.370 
189,117.720 

72,809.185 
95,062.681 
55,215.538 
21,870.970 
24,002.910 
22,945.173 
40,793.700 
53,764.630 
54,808.370 
22,646.900 

192,399.310 

98,562.015 
96,508.113 
72,978.765 
24,089.342 
23,445.390 
22,396.785 
41,748.450 
64,371.510 
53,185.090 
32,302.720 

230,131.010 

96,360.870 
93,225.620 
76,999.690 
19,411.130 
22,187.000 
23,713.980 
46,836.930 
62,074.960 
52,130.160 
29,747.790 

208,043.880 

83,111.360 
85,489.270 
61,434.240 
16,782.050 
16,826.240 
19,789.989 
35,424.570 
50,610.270 
48,975.820 
29,131.060 

200,991.860 
SUBTOTAL 665,754-055 656,319.367 759,719.190 730,732.010 648,566.729 
Curtis 
Quebr. AzuL 

Santa Ctara
Sante Fe 
.................

32,345.134 
94,865.843 

4,690.805
49,974.118 

.......................

38,819.558 
104,678.149 

44,309.605........................

48,904.479 
152,297.837 

48,057.449......................

50,900.400 
157,198.200 

.......................

51,528.420 
139,595.320 

................. 

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
EL PaLmar 282,397.588 249,561.170 326,870.050
 
EL Viejo 

292,495.630 277,199.872 243,269.790
152,079.478 295,666.970
175,240.229 
 214,830.775 
 193,293.020 
 248,239.780

Azuc. Guan. 18,958.595 
 18,225.860 
 17,848.520
San Gerard 19,907.690 20,510.400
Taboga 278,567.993 336,100.470 19,173.080 19,420.020 18,643.690
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


T0TAL2,128,746.321 
 2,226,028.414 
 2,618,348.484 
 2,449,209.670 
 2,484,204.339
 

VARIATION (percent) 
 4.57 
 17.62 
 (6.46) 


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

Some sugar mills have a connection 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 issummarized 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 season 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 jg _usingexistingequipent, with a minimum investment in 
additional equipment. By improving the efficiency of the existing equipment and 
modifying the power system, the amount of bagasse needed to meet on site energy
needs could be reduced by at least i0 percent and the amount of excess bagasse could 
be increased from a current est. ited 118,000 tonnes to 180,000 tonnes per year. Even 

RCG/Hagler, Bailly, Inc. 



Exhibit 2.14 

Peak Electric Demand (1987) 

Customers on tariff T-8 only 

Sugar Mill Peak Demand (kW 

La Luisa 415 

Taboga 1,200 

Atirro 200 

Coopevictoria 780 

Coopeagri 205 

Source: ICE. 
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Exhibit 2.15
 

Surmmary of DSE Survey on 11 Sugar Mitts
 

EOUIPMENT
 
EAS B-LERS UR S.
 

NAME/ DAYS LC-FE SE
ATING TRICITY PURCHASED --------------------------------------------
USE.... --------------------------------
D----- BLESTRNS
LOCATION TRC Y.U.HAED - --- ELECTRICITY
PERR ------------------- .'----------......-BAGASSE BUNKER -000 LBS/HR
OTHER FUEL ---------------- PRES. EFF. TEMP. TEMP. GENERATORS
(T/CANE CRUSHED) YEAR KVA TARIFF T) (GAL) IN UT--------------------
T) No. BRAND BURNED NINAL PROUCED (PSI) 
 M No. HP (FU) .F)KW
-------------- USE 
1) CATSA/GUARDIA/GIJAN.

(225-327 KT) 1986 
Also prodces alcohol 
(2-24 miLLion iters) 

80-
100 

Purch. for 
Distillery 

Only5 

165 T.8 55,360 15,000 Lena 1000 
(77,436?) 
.36X.65 

(35% excess) 

1 
2 
3 
4 

ALfa 
B&W 

Riley 
Serrey 

Bg
Bg 
Bg 
Bg 

120 
100 
70 

150 

12C 
100 
35 
NA 

300 
300 
200 
250 

63 
63 
6m, 
63 

1 
2 
3 
4 

700 HP 
500 HP 
643 HP 
286 HP 
265 HP 

500 
500 
500 
500 
500 

369 
369 
369 
400 
400 

-------------------
3,000 Principal
2,000 Reserve 

500 Reserve 

6 3,000 kW 500 400 

2) ELVIETO/GUANACASTE 
(248K) 1986 

---------------------------
3) TABUGA/GUANACASE 

(326K) 1986 

...................... 
!00 3,401 

(1152 ICE) 

90- 1,500 
120 

T-9 

74,800 147,000 

97,000 0 
(lOexcers) 

Lena 200 

600M3Lena 

1 B&W 
2 B&W 

3 B&W 
4 B&W 
1 Sanine 
2 Erie City 

Bg 
Bg 

Bg 
Bg 
Bg 
Bg 

10r 
110 

2(0 
69 

143 
50 

85 
NA 

NA 
NA 

143 
_0 

2C0 
200 

550 
550 
250 
250 

60 
65 

65 

65 
65 

7 2,000 kWJ 419 (i5pal)Reserve 

1 1,500 -U 180C 99C 
2 500 Kw 180C 990 
9 mechan.Turbfnes Total: 

3,500 Kw 
1 2x2500 HP 414 
2 1,200 HP 414 

650 
1,50( 

500 
500 

2x(1875KV Principal 
875 Reserve 

3 B&W Bg 22 0 200 65 
-------------------------4) ELPALMAR/PUNTA RENAS 

(295K) 

- -4 
100 2,000 84,974 7,122 

(lOexcess) 
NA 

Erie City Bg
1 Heine Bg,Le,Bu 
2 B&U Bg,Le,Bu 
3 B&W Bg,Le,Bu 

20 
30 
5D 

30 

0 
19.5 
50 

80 

183 
280 60mex 
280 60max 

80 60max 

1 
2 
3 

1,000 KU-
1,500 KU 

3,000 KU 

400 
400 
400 

220 
220 

220 

1,000 
1,500 

3,000 

Principal 
Principal 

Principal 
-------------------------5) CENTRAL AZUCARENA 

TURRIALBA S.A./TURRIALBA 
(159K) 

- 130 1,000 T-8 27,000 0 100-

150m3 
Lena 

1 

2 

4xB&w 

NA 

" Bg 25 

10 

20 

10 

160 85 -
4 2,000 KU 

12xlDOOHP 
400 220 
480 ----130" 

2,000 Reserve 
750 Principal 

---------------------------.-.----------------------------------------------------- 500 Reserve 

6) JUAN VINAS S.A. 
JUAN VINAS/CARTAGO 
(147K) 

---------------------------

170 Self- 25,650 14937- 0 
Sufficient 734 

--------------------------------

.............................................. 

1 Erie City Bg,Bu 68 59 
2 Zurn Bg,Bu 

..........................................-.......................................... 

270 

270 

53 

55 

1 2,000 KU 

2 750 KU-Re...serve46 

"50 Reserve750 Reserve 

456 259 2,000 Principal 

406 259 750 Principa0------------------------------5 60 Reev 
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Exhibit 2.15 (continued)
 

Summary of DSE Survey on 11 Sugar Mitts
 

ENERGY EOUIPMENT 
DAYS ----------------------------------------------- BOILERS
OPER- ELEC- FUEL USED ------------
 TURBINES
NAME/ OPE1G RELCIT
LATIONATING FUELASE-----------------------------------------------------
USED-----
TRICITY PURCHASED-............................. ----------------------------------
LOCATIONC 000 LBS/HR ELECTPICITY
PER- ------------------ BAGASSE BUNKER TEMP. TEMP. GENER.'3RS
-T/CANE -CRUSHED) YEAR OTHER FUEL ---------------- PRES. EFF.
KVA TARIFF (T) (GAL) IN OLI -
CT) No. 9RAND BURNED NOMINAL PRODUCED (PSI) () No. HP 
 (F) (F) KW USE
 

7) FLORENCIA/TURRIALBA 230 0 5cotx106 13,521 0 0
(67K) 

1.2... NS.... Bg -----.27 ------.30 --- 200 - MA 1-- 250HP - - NA N-- at t-*Zafra 

e.Rom-wa to instal 

w*Zoh8) COOPEVICTORIA/GRECIA t boite;100 990 T-8 6,320 0 500m3 1 Erie City(201K) +990 Reserve 
Bg 20 0 250 NA 1 2,500 wU 450 259 1,000Lena 2 Bigeow Bg :,5 25 250 63 2 1,000 Kw 450 259 500
 

3 Spertis Bu 
 60 60 250 63 3 500 KU 450 240
.................... 2,500

4 1,000 KUC2000psi)(2Opsi)
 

9) COSTA RICA/PUAS CANILLUS 150- Nearly self 30,000 0 
 0 1 4xB&U ag 50 50 250- NA 366 5
 . 1.HP 700 -----.
(85K) 180 sufficient 35,000 . 366 C ps -----500 "
 
Total? 300 2 500 HP 
 366 366(15ps 700
 

3 800 HP 388 266 
 80 Reserve
 
4 202 HP10)OUELRODA AZUL/SAN CARLOS 120 

NA NA 202Hi- Hydro
46,415 0 Lena 100 1 Comb.Eng Bg,Lena 80 80 220 NA 1 2x400 HP 235 130 1,500HP Principal
(140K) 
 2 2xNS Bg 40 0 220 NA 2x1OOOHP RLserve
 

Total?11)SANTA FE/SAN CARLOS, have hydro plant120 350 Normal 20,7?l0 0 500m3 1 B&W Bg,Lena 38.5PRIMERO 32 225(63K) 80 1 500 KU 350 NA 500Lena 2 B&W Bg,Lena 3.21 7J2 25 8 0 w225 90 2 30 M
600 KW 350 0
NA 600
 

3 2x250 Kw 350 
 NA
 

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

Source: gSE 
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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
 
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 'ar 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 tornes -- of residues 
co-,ild 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 to 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. 



Exhibit 2.16
 

Technical Potential
 

Cane crushed Use of Bagasse3 Steam generatedNumber of Mills (thousand tonnes.) Power Productign (MW)(thousand tonnes. 86-87) (thousand lb/hr) Possible6 °Needed' Available

on site 

Burnt Left To11 from survey 2,052'24 total, extrapo'ated 2,484? 627' 501 564 1,204 -- -118 7454 1,458 116 25 91 

Sources 

(1) From DSE survey 

(2) IAICA-1985-86 statistics 

(3) At 50-52% moisture, 2,900 Btu/lb heat value 

(4) Estimated at 30% of total amount of cane crusheJ 

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

(6) Total enthalpy of bagasse is 745,000 tonnes x 2,200 lb/tonne x 2,900 Btu/tonne.Usinp 2400 hours of operation and 20% efficiency, the total amount of power which can be generated is 116 MW. 

(7) Extrapolated from survey results 

(8) = (6)-(7) 

Source: RCG/Hagler, Bailly, Inc. 



Option 1 

Minor Investment 


- Excess Power Available (MW) 151 

- Months of Availability 
 4 

- Specific Invt. Cost ($/kW) 150 

- Total investment ($, million) 1.5 
- Financial IRR (%) 57.7 
- Economic IRR (%) 158.6 
- Financial cost of power ((/kWh) 2.0 
- Economic cost of power (c/kWh) 1.3 

(1) 5 MW already available without any investment 

Source: RCG/Hagler, Bailly, Inc. 

Exhibit 2.17 

Comparison of the 3 Options 

Option 2 

(Major investment-


season operation only) 

91 

4 


480 

43.6 
22.4 
49.4 

3.8 
2.4-3.0 

Option 3
 
(Major investment and
 
off-season operation) 

91
 
8
 

600
 
55 (est.) 

68.9 
191.2 

1.7 
1.1-1.5 
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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 5 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 roughly $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 
turbincs 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 
14,5002 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 inThailand. USAID. .56. 

RCG/Hag!er, Bailly, Inc. 
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Exhibit 2.18
 

PRIVATE POWER PROJECT APPRAISAL
 

PROJECT NAME: Sugar Mill 1
 

TECHNOLOGY: 
 Thermal
 

F HN1 ,.A: -, -" -- - --- --CA- -- -- - C-,:---------------------------
--E-CHN-CAL CHARACTERISTICS 

SYSTEM SIZE: 
CAPACITY FACTOR: 
ANNUAL POWER PRODUCTION: 

10000 
0.27 

23,652,000 

kW 

kWh/year 

FINANCIAL PERFr'MANCE
 

CAPITAL COST: 
 $1,500,000
 
ANNUAL O&M COST: 
 $45,000
 
ANNUAL FUEL COST: 
 $0
 
MARGINAL 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 $/kWh
 

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 fnancial cost of 
power generation under this option is estimated at $.017/kWh 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 time 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 
Ganaderia3 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 DSE4 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 

3 Jose G. Flores Rodas, Dianostico del Sector Industrial Forestal, 1985, pp.16 . 
4 Meta Systems Inc., Utilizacion De Recursos Bioenrgeticos para la Sustituion De Combustibles Fosiles en el SectorIndustrial De Costa Pica, Direccion Sectorial De Energia, Ministerio De Jndustria Energia y Minas, funded by the U.S.

Agency for International Development (USAID), 1984. 

RCG/Hagler, Badly, Inc. 
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Exhibit 2.19
 

PRIVATE POWER PROJECT APPRAISAL
 

PROJECT NAME: 
 Sugar Mill 2
 
TECHNOLOGY: 
 Thermal
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIKE: 
 10000 kW 
CAPACITY FACTOR: 0.75 
ANNUAL POWER PRODUCTION: 65,700,000 kWh/year 

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: 


ECONOMIC PERFORMANCE
 

$6,000,000
 
$180,000
 

$0
 

50 


0.270
 
$3,244,544
 

25.642 

0.027 


2.300
 
11 


0.105
 
$5,092,558
 

68.933 

0.017 


Percent
 

Percent
 
$/kWh
 

Percent
 

Percent
 
$/kWh
 

CAPITAL COST:
 
FOREIGN EXCHANGE: $3,600,000 
LOCAL CURRENCY: $1,200,000 

NPV: $16,663,899 
IRR: 
NET LEVELIZED COST OF POWER: 

191.168 
0.011 

Percent 
$/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 stuey 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 
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estimate these costs: (1) High -- 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 U.S. $ 

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/collected 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 
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for, including quality of roads, directness of rouLe, 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 ($0.056 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).5 

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.6 

For this study, careful cultivation was assumed to produce wood with a heat rate of 670 
kWh/tonne. 

($10/ha)/($10.5 tonnes/ha) = $0.95/tonne 
($15/ha)/($10.5 tonnes/ha) = $1.43/tonne 

6 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 kcal/kg. 
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The capital investment costs for a dendrothermal plant, including building, boiler,
steam turbine, and auxiliaries, are estimated to be 84,800 colones/kW ($1,280/kW). 7 
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 would 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 ($0.095/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 Dcndrothcrmal power system by the World Bank for systems of 3 
MW ($1,38/kW) and 10 MW ($1,114/kW). 
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Exhibit 2.21
 

PRIVATE POWER PROJECT APPRAISAL

**** **** *** ***** **** * 

PROJECT NAME: Dendrothermal
 
TECHNOLOGY: 
 Thermal
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 
 5000 kW
 
CAPACITY FACTOR: 
 0.60
 
ANNUAL POWER PRODUCTION: 26,280,000 kWh/year
 

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: 


ECONOMIC PERFORMANCE
 

CAPITAL COST:
 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$3,840,000 
$1,280,000 

NPV: 
IRR: 
NET LEVELIZED COST OF POWER: 

($4,532,542) 
ERR 

0.066 
Percent 
S/kWh 

Source: RCG/Hagler, Bailly, Inc.
 

$6,400,000 
$192,000 

$1,291,210 
50 Percent 

0.270 
($5,476,689) 

-19.576 Percent 
0.122 $/kWh 

2.300 
11 Percent 

0.105 
($3,505,475) 

ERR Percent 
0.095 S/kWh 
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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 0.101 
 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 sy3tem to produce 
financially attractive power. 

Economic Potential 

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. 
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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 U.S. $** 

High Industrial (50 ha) 1,013 15.20 

Medium Industrial (50 ha) 900 13.50 

Low Small Estate (1-10 ha) 788 11.82 

Estimated by reducing the financial costs in Exhibit 2.17 by 25 percent. 

• U.S.$1 = 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), so 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 f- ,.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. 



2.43 POTENTIAL FOR NONUTILITY POWER GENERATION 

power demand by improving the use of wood for cooking may be more productive and 
economically attractive than using wood for power produ -tion. Such a strategy could 
include improved production of charcoal fo. 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 dendrothermal 
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 ovei a 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 mlBtu 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 2,200 MW. 
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Exhibit 2.24 
 (in Dollars)
 

Biomass Energy Market and Additional Potential (Sugar Mills Excluded) (1986-1987)
 

SU.PLY 

Demand 

T Unit TotaDe- Poten-
Uni Total
Type Unit livered Total tial
Net Heat Heat
Biomass Unit Transport Unit
Source SUPPLY Net Heat SUbsti-
Value Value
(Tonnes) (10.9Btu/T) (109Btu) Price Cost* Cost** Demand Value($/O9/BtU)(S/1crgtu)(S/l1OtU) tution(Tones) (10^9Btu)(10U98tu)
wood Trees in RangeLands 2,435,000 17 41,551 0.99
Coffee Shade Trees 0.33 1.31 I 292,200 4,986 36,565974,000 17 16,620 
 ." 0.33 1.31
Trees in the Mountains 7,305,000 17 124,653 

292,200 4,986 11,634
0.99 0.33 1.31 
 146,00 2,493 122,159
Wind Break Trees 974,000 17 16,620 0.99
Industrial ood Waste 1,461,000 
0.33 1.31 I 97:400 1,662 14,95817 24,931 0.99
Madero 0.33 1.31 48,700 831 24,099
340,900 
 17 5,817 0.99 0.33 1.31 I 47,400 809 5,008
 

I SUBTOTAL 113,489,900 17.1 230,192 0.99 0.33 1.31 1 924,000 15,767 214,425

VegetabLe Coffee hulls 
 22,000 
 17 371 0.00 0.00 0.00
Residues Rice Hulls 29,148 13 

37,749 637 (266)
380 0.31 0.00 0.31 
 29,184 380 (0)
Corn StaLks 
 24,699 
 12 288 0.00 0.00 0.76
Cotton Residues 186 0 0 
0 0 288

0.00 0.00 0.00
Cacao Residues 0 0 0
0 20 
 0 ERR 0.00 ERR 462
African PaLm Nut Hutls 9 (9)
660 20 
 13 0.41 
 0.00 0.41 10,340
African Palm Stalks 204 (191)
 
.................................................................................................................................. 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.
 

1* Transport costs in the Central Valley.
 

Source: RCG/HagLer, BaiLty, 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 small -- 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. Largely 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 ehctricity would produce a negative net present value and unattractive internal 
rates of return (Exhibit 2.25). Only if capital costs were brought down to between 
$1,00,; and $1,100 per kW would the power produced from such systems be either
 
financialiy or economically competitive and produce a positive net present value
 
(Exibit 2.26). Since this capitai 
 ',-)tis well below likely actual costs, the financial and 
economic potential for power 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 
potenial 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 but less than approximately 20 MW. Although there are 
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Exhibit 2.25
 

PRIVATE POWER PROJECT APPRAISAL

* *** ************* *** * ** ***** * 

PROJECT NAME: 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: 
 $0
 
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: 0.105
 
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: 0.044 
 $/kWh
 

Source: RCG/Hagler, Bailly, Inc.
 



Exhibit 2.26
 

Agricultural and Wood Wastes
 
Economic and Financial Sensitivity Analysis
 

Capital Cost of Power Euip-nent (US$!kW) 
Q L49QL4Qm 

Financial 
(Equity Only)
NPV' 
IRR 

(3,809) 
3.799 

(2,994) 
5.137 

(2,179) 
6.815 

(1,363) 
9.013 

PC** 
Financial 

0.109 0.096 0.082 0.068 

(Equity & Debt)
NPV" 
IRR" 

(1,345) 
(5.716) 

(838) 
3.883 

(331) 
10.499 

176 
17.625 

PC*** 
Economic 

0.069 0.061 0.0652 0.043 

NPV" 
IRR" 
PC"" 

(2,775) 

0.060 

1,845) 
"""0(7.842)

0.055 

(195) 

0.049 

16,278 
10.261 
0.044 

Assumption: Financial and economic costs of fuel equal zero. 

Nct present value (U.S S'ooo)
 

Internal rate of return
 

Net levelized power cost
 

Cannot be computed, negative.
 

Source: RCG/Hagler, Bailly, Inc. 
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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 rinihydro 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 v.,Is 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 developed, 
using a 500 kW unit, a potential of 20 MW results. By extension, the countrywide 
minihydro potential sbouid be on the order of 80 MW. This estimate is thought to be 
conseritive, 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 miniliydro 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 (see 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. 
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Exhibit 2.27
 

Size Distribution of Small and Minihydro Plants (1984)
 

Plant Number of Total 

kWpac*.O)_ Plants Capacity-(k 
50-199 2 259 

200-499 5 1,605 

500-999 2 1,272 

1,000-4,999 7 18,023 

5,000-9,999 2 12,500 

Source: SNE. 



Exhibit 2.28 

University of Costa Rica Micro Hydro Projects 

• 	 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
 

• Completed and operating: 

Rincon de la Vieja 7 kW 
Santa Tere 30 kW 
Monte Ramo 15 kW 
Los Angeles 60 kW 
Private Farm 5 kW 

Total 117 kW 

Source: 	 University of Costa Rica. 



2.51 
POTENTIAL FOR NONUTILITY POWER GENERATION 

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 
CNFJ 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 Technical Pot:. 4Aial 

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 s*.e 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-deptil .ialysis using maps and yet yield only approximate results. In any case, the 
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Exhibit 2.29 

# of Sites Identified 

40 
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Exhibit 2.30
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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. 
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Exhibit 2.31
 

PRIVATE POWER PROJECT APPRAISAL
 

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: 

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: 


ECONOMIC PERFORMANCE
 

$1,000,000
 
$20,000
 

$0
 

50 Percent
 

0.270 
($462,507) 

4.184 Percent 
0.110 $/kWh 

2.300
 
11 Percent
 

0.105
 
($154,505)
 

-1.663 Percent
 
0.068 $/kWh
 

CAPITAL COST: 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$300,000 
$350,000 

NPV: 
IRR: 
NET LEVELIZED COST OF POWER: 

$178,988 
17.641 
0.035 

Percent 
$/kWh 

Source: RCG/Hagler, Bailly, Inc.
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Exhibit 2.32
 

PRIVATE POWER PROJECT APPRAISAL
 

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: 

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: 


ECONOMIC PERFORMANCE
 

CAPITAL COST: 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$450,000 
$525,000 

NPV: 
IR: 
NET LEVELIZED COST OF POWER: 

$713,412 
29.127 
0.026 

Percent 
$/kWh 

Source:: RCG/Hagler, Bailly, Inc.
 

$1,500,000
 
$30,000
 

$0
 
50 Percent
 

0.270 
($531,054) 

7.044 Percent 
0.083 $/kWh 

2.300
 
ii Percent
 

0.105
 
($69,050)
 
11.290 Percent
 
0.051 $/kWh
 



------------------------------------------------------------

-----------------------------------------------------------

------------------------------------------------------------

Exhibit 2.33
 

PRIVATE POWER ?ROJECT APPRAISAL
 
** * ** ******************* 

PROJECT NAME: Minihydro3
 

TECHNOLOGY: Hydroelectricity
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 1,500 kW 
CAPACITY FACTOR: 0.60 
ANNUAL POWER PRODUCTION: 7,884,000 kWh/year 

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: 


ECONOMIC PERFORMANCE
 

$1,950,000
 
$39,000
 

$0
 
50 Percent
 

0.270 
($560,204) 

8.670 Percent 
0.072 S/kWh 

2.300
 
11 Percent
 

0.105
 
$40,400
 
16.561 Percent
 
0.044 $/kWh
 

CAPITAL COST:
 
FOREIGN EXCHANGE: 
LOCAL CURRENCY: 

$585,000 
$682,500 

NPV: 
IRR: 
NET LEVELIZED COST OF POWER: 

$1,283,380 
35.965 
0.023 

Percent 
$/kWh 

Source: RCG/Hagler, Bailly, Inc.
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Exhibit 2.34
 

PRIVATE POWER PROJECT APPRAISAL
 

PROJECT NAME: Minihydro4
 
TECHNOLOGY: Hydroelectricity
 

TECHNICAL CHARACTERISTICS
 

SYSTEM SIZE: 5,000 kW 
CAPACITY FACTOR: 0.6, 
ANNUAL POWER PRODUCTION: 26,280,000 kWh/year 

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 PO14ER COST: 


ECONOMIC PERFORMANCE
 

CAPITAL COST:
 
FOREIGN EXCHANGE: 

LOCAL CURRENCY: 


NPV: 

IRR: 

NET LEVELIZED COST OF POWER: 


Source: RCG/Hag]er, Bailly, Inc.
 

$6,000,000
 
$120,000
 

$0
 
50 Percent
 

0.270 
($1,473,386) 

9.647 Percent 
0.066 $/kWh 

2.300
 
11 Percert
 

0.105
 
$374,627
 

19.570 Percent
 
0.041 $/kWh
 

$1,800,000
 
$2,100,000
 

$4,633,371
 
40.207 Percent
 
0.021 $/kWh
 



2.59 
POTENTIAL FOR NONUTILITY POWER GENERATION 

The results of the economic and financial analysis indicate that: 

" The economic potential isequivalent to the technical potential for plant 
sizes down to 500 kW; it is 350 MW. 

* The financial potential is equivalent to 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 experience 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 potential 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 identified and to briefly examine 
the po ntial 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, Miravalies I, 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 installed, 
with energy production costs of $0.038/kWh. 

RCG/Hagler, Bailly, Inc. 



2.60 POTENTIAL FOR NONUTILITY POWER GENERATION 

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 Japan 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 ahead. 

SUMMARY 

The technical, economic, and financial potential of six options for independent power 
generation in Costa Rica, is surmmarized 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 e'ist, 
but they are not appropriate to private sector exploitation 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 Options.

(1987-1995) 

Technical Economic Financial.. 

Resource 
Potential 

(MW 
Potential 
A(MW 

Cost* 
(SIkWh) 

Potential 
MW) 

Cost**** 
(kWh) 

Cogeneration 1-7 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 

Hydropower-*-*. 350 350 .017-0.035 200 .034-.068 

Geothermal 400-700 "**'** .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.
 

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 electricity generation
 
(se Appendix D).
 

Systems with electricity costs of under S0.0455/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 be too large for private financing at this time. 

Source: RCG/Hagler, Bailly, Inc. 

</
 



2.62 POTENTIAL FOR NONUTILITY POWER GENERATION 

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 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 
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 

Under current conditions, only a small fraction of the nonutility power generation 
potential is likely -3 be realized because of a number of real or perceived impediments. 
The major barriers to nonutility power generation 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: 

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

* 	 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. 

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 ar-' 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/Hagcr, Bailly, Inc. 



3.2 
IMPEDIMENTS TO NONUTILITY POWER GENERATION 

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: 

1. 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 policy 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/Hagcr, Bailly, Inc. 



3.3 
IMPEDIMENTS TO NONUTILITY POWER GENERATION 

A Cumbersome Process 

The law establishing SNE gives it natioial 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 isprepared and submitted, using a specific format and including 
the following information: 

" Detailed identification of requestor 

* Certificates of land ownership 

* Detailed identification of the water
 

* 
 Flow, head, and other characteristics of the water stream 

* Theoretical power available
 

* 
 Proposed schedule of project development 

* Blueprints 

* Supporting computations 

* Detailed summary reports to be prepared by a certified engineer 

RCG/Hagler, Baitly, Inc. 



3.4 IMPEDIMENTS TO NONUTILITY POWER GENERATION 

Step 2: 	 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. 

Step 3: SNE reviews and analyzes proposed project from a technical and 
socioeconomic standpoint 

Step 4: 	 SNE submits results of review and its recommendation to SNE managing
 
committee (Junta Directiva) and, eventually, to parties potentially affected
 
by project
 

Step 5: 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). In addition 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 Legal 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: 

" Technical requirements for parallel operation, synchronization and
 
protection
 

* 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/Hagler, Bailly, Inc. 



Ehibit 3.1
 

Licensing Process for a Commercial Power Project
 
Summary Flowsheet
 

Project Developer SNE National Assembly 

* Identify project
* Prepare Detailed 

Application 

Review Application 
-- Legal 

-- Technical 
* Review 

-- Tariffs 
* Prepare recommendations 

Hydro>37.5 KW 
A11>375 KW 

M Vote >YES 

ICE 
* Approve/Disapprove 
* Send to National 

* Preliminary Assembly 
Agreement on 
Technical/Fi
nancial Con-
ditions of Pur-
chase 

Hydro<37.5 kW 
A1<375 kW 

YES 

Y 

)'YE 

Appeal to Minister 

N NO 

Source: RCG/Hagler, Bailly, Inc. based on 
interviews and reviews of the existing

laws and decrees.
 



3.6 
IMPEDIMENTS TO NONUTILITY POWER GENERATION 

SCARCITY OF INVESTMENT FUNDS 

Private-sector companies that require financing for attractive energy generation 
projects or large industrial projects face a formidable -- 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 -- isa 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 safe haven abroad 
owing to the 15 percent inflation rate and uncertainty about the future course of the
 
economy. Tc 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 I 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 piojects (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 thaL 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 typical power generation 

RCG/Hagler, Bailly, Inc. 



3.7 IMPEDIMENTS TO NONUTILITY POWER GENERATION 

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 5 MW 
cogeneration package ($600/1: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 theze channels is 
limited to listed companies, and would require underwriting of the securities by banks. 

RCG/Hagler, Bailly, Inc. 
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IMPEDIMENTS TO NONUTILITY POWER GENERATION 

Private Costa Rican investors, concerned about protecting their captal, commonly 
transfer it to the United States Only very attractive investment opportunities, with high 
returns and short payback periods, could bring rep,triation 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-titional banks and foreign equipment suppliers are generally 
country-to-cou, .rrangements requiring guarantees by the government of Costa 
Rica. Thus, sucih :uans 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 p,:rcent 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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IMPEDIMENTS TO NONUTILITY POWER GENERATION 

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 foi- 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 ATITITUDES 

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 (f 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 exort-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. 



3.10 IMPEDIMENTS TO NONUTILITY POWER GENERATION 

private-scctor developers. Traditionally, the private entrepreneur has avoided public 
service-type investments in favor of export-oriented opportunities. For example: 

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

* The industrial sector has little understanding of cogeneraticn, its economics, 
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 

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

" 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 advantagvs 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 developi int. 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 customers at reasonable cost (about $0.0515/KWh) with a high degree
of reliability. Over 90 percent of generation is from large hydropower plants with high 
capital costs but low variable costs, both of which are predictable from year-to-year. 
About half the installed hydropower was constructed during the 1960s, with low-cost 
loans, so ICE isable 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 1DB 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 Drivate enterprises. SNE limits ICE's rate of return to 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 operator would not be 
limited by such 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 technical efficiency. 

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

ICE also has a broad base of customers and a ready power market which favors rural 
residential clients over urban industrial users through its tariff structure. It can 
therefore compensate Zcr a few non-paying users by spreading the costs ever 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 wili not compete with ICE power but supplement it. Future generation 
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3.12 IMPEDIMENTS TO NONUTILITY POWER GENERATION 

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 
wil 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).1 

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. 
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS 

In this chapter, tlie 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-oriented 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 colon. 
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. 



4.2 
CONCLUSIONS AND RECOMMENDATIONS 

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: 

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. 



Exhibit 4.1
 

Electricity Generation Costs and Potential for Nonutility Power Options*
 
(1987-1995)
 

Technical . F&onmic Financial-* 

Resource 
Potential 
(MW_ 

Potential 
(MW) 

Cost-.. 
($kWh) 

Potential 
_(M 

Cost-... 
($/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 

Hydropower.-... 350 350 .017-0.035 200 .034-.068 

Geothermal 400-700 *"-*" .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. 

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 isestimated based on the long-run marginal cost of electricity generation 
(see Appendix D). 

.... Systems with electricity costs of under S0.0455/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 -,o 
 large for private financing at this time. 

Source: RCG/Hagler, Bailly, Inc. 
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" 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 effective 
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. Ir,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 
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4.5 CONCLUSIONS AND RECOMMENDATIONS 

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. 

B. Define contractual ternis 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 incorporating 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. An effort of this magnitude, requiring the support and involvement of 
diverse public and private entities and organizations requires an appropriate 
institutional stnicture to provide authority, cooperation, and coordination. 
Consequently, it is necessaiy to establish a high-level Private Power 
Committee to plan and coordinate actions to promote 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 inchide 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 
other appropriate parties. 

RCG/Hagler, Bailly, Inc. 



Exhibit 4.2
 

Example of Possible Power Purchase Arrangements
 

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

A. Average Economic Value 

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

B. Avoided Cost 

* Dry Season 

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

• 	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 then 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,.ed 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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4.8 
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B. 	 Engineers in project design, equipment selection, procurement and 
installation, connecting the independent generation system to the 
grid, 	and system operation. 

C. 	 Equipment operators in operating routines. 

AID 

1. 	 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. 	 In practice, 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 or 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. 	 AID is also very well positioned to provide training to ICE, SNE, and 
private power 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 1: 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.
 

/ 
ij)
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Background
 

1. 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 the planning stage. Determine the extent of a trend toward
private (c;ptive) 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 this task, 
local consultants will be hired to
gather basis market data, e.g., 
energy resource assessment, site
specific pLoject information, energy pricos, taxes, and electricity

utility costs.
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Task 2: Identify Impediments to Off-System Generation
 

In this task, Contractor will analyze 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 recommendations 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).
 



APPENDIX B: LIST OF CONTACTS' 

Monday, November 9, 1987 

Organization U.S. Agency for International Development 
Main Topic Kick Off Meeting 
Attendees Ing. Heriberto Rodriguez, Energy Officer 

JF, RK2 

Tel.: 33-11-55 

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

Main Topic Private Sector Activities 
Attendees Neil Billig, Deputy, JF, RK 

Tel.: 33-11-55 

Organization Institute Costarricense de Electricidad 
Direccion Planificacion Electrica 

Main Topic Kick Off Meeting 
Attendees Ing. Agustin Rodriguez, Jefe 

JF, RK 

Tel.: 20-72-26 

1 Meeting held in San Jose, unless otherwise indicated. 

2 Hagler, Bail:, ind Sl 2000 staff members: 

JE: Jcff Erickson 
AS: Alain Streicher 
RK Robert Kowalski 
IF: Jack Fritz 
JR Juan Rojas 
IMG: ismael Mazon Gonzalez 
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LIST OF CONTACTS 
B.2 

Tuesday, November 10, 1987 

Organization Interamerican Development Band
 
Main Topic 
 IDB Loan Energy Activities
 
Attendees 
 Eduardo Marquez, Sector Specialist 

JF, RK 
Tel.: 33-22-44 

Organization Instituto Centro Americano de 
Investigacion y Tecnologia Industrial 

Main Topic Financing 
Attendees Felix del Barco, 

RK 

Organization United Nations Development Program 
Main Topic Energy Sector Activities
 
Attendees Soren Aarslev, Program Officer
 

JF, RK 
Tel.: 25-03-66 

Wednesday, November 11, 1987 

2:00 pm 
Organization DSE Documentation Center 
Main Topic Literature Search 
Attendees Juan Salazar, Librarian 

RK 

Organization Empresa de Electricidad de Matamoros 
Main Topic Small Hydro Activities 
Attendees Ing. Carlos Chaves, Gerente, JF,JR 

Tel.: 46-05-97 

RCG/Hatler, Bailly, Inc. 
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B.3 
LIST OF CONTACTS 

Organization Quebrada Azul
 
Main Topic Power Generation in the Sugar Industry
 
Attendees 
 Ing. Arnaldo Chavaria, Gerente 

JF, RK 
Tel.: 47-50-54 

Thursday, November 	12, 1987 

9:00 am
 
Organization 
 El Gallito Industrial
 
Main Topic Cogeneration Potential
 
Attendees Ing. Alejandro Odio
 

RK,JR 

11:00 am 
Organization El Portico S.A. 
Main Topic Plant Inspection 
Attendees RK, JR 

Alajuela 

2:00 pm 
Organization Tica Tex 
Main Topic Cogeneration Potential 
Attendees 	 Tako Watanabe, Plant Engine.;r 

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

RKJR
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3:30 pm
 
Organization Punto Rojo, S.A.
 
Main Topic Cogeneration Potential
 
Attendees Bernal Soto Ch., Manager
 

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

Organization Direccion Sectarial Energia 
Main Topic DSE Energy Activities
 
Attendees 
 Lic. Ana Lorena Leon, Coordinator 

JF, RK 

Tel.: 33-19-55 

Organization Direccion General Forestal
 
Main Topic 
 Biomass Energy Activities
 
Attendees 
 Jose Luis Fallas, 

JF, RK 

Tel.: 21-95-33 

Organization Compania Nacional de Fuerza y Luz 
Main Topic Small Hydro Activities 
Attendees Ing. Fernando Chanto, 

JF 

Tel.: 33-02-11 

Organization Servicion Nacional de Electricidad 
Main Topic SNE Regulations regarding Private Power 
Attendees Lic. Magda Sanchez 

Tel.: 23-09-66 
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B.5 
LIST OF CONTACTS 

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 Loi ena Leon 
Ing. Alexandra Hernandez
 
Ing. Giovanni Castillo
 

JF, RK
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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 Direccion Sectorial de Energia
 

Centro de Documentacion 
Main Topic Cogeneration and Biomass Potential 
Attendees Ing. Giovanni Castillo 

RK, LM 

9:00 am 
Organization Direccion Sectorial Forrestal 
Main Topic Dendrothermal and Biomass Resources 
Attendees Ing. Jose Luiz Salas 

JF, JE
 

Tel: 21-19-55
 

Organization ICE 

Oficina Proyectos Hidroelectricos 
Main Topic Hydroelectric Resources 
Attendees Ing. Mario Lopez Soto, Jefe 

Oficina de Proyectos Hidroelectricos 
Ing, Jorge Valverde, Jefe 
JF 
Tel.: 20-72-37 

RCG/Hagler, Bailly, Inc. 



B.7 
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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. 



B.8 LIST OF CONTACTS 

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, November 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 

R.K. 

2.00 pm 
Organization: Banco de Comercio, Loan Department 
Main Tcpic: Financing of Private Sector Power Generation Projects 
Attendees: Carlos Sota, Loan Officer 

R.K. 
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LIST OF CONTACTS 
B. 10 

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. 



APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 

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. EFAPperforms a variety of standard financial analysis computations to identify the economicand financial costs and returns from prospective cogeneration and power generationinvestments. 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 inputsadjusted for taxes and subsidies, from the point of view of the economy (the economicanalysis). Among other things, EFAP calculates the net present value and internal rateof 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 hebasis for the analysis. These inputs include, among other things, system size and cost,capacity factor, cost of equity and debt, fuel prices, inflation rates, and power purchaserates. From these inputs, the model calculates the components of the cash flows overthe 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. 

The following paragraphs explain the various assumptions and inputs prepared by theECSP 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 andeconomic 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. 
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Exhibit 1 

TECHNOLOGY ASSUMPTIONS: POWER ONLY SYSTEM 

TECHNOLOGY DESCRIPTION 


Assumptions
 

SYSTEM SIZE (KW) 

ANNUAL CAPACITY FACTOR (Fraction) 

HEAT RATE (Fuel Units/kWh) 


CAPITAL COST Local Currency / kW) 

ANNUAL NON-FU7L O&M COST 


(Fraction of CAPITAL COST)

SYSTEM LIFE (Years) 

ANNUAL POWER OUTPUT (kWh/YR) 


FINANCIAL ASSUMPTIONS: POWER ONLY SYSTEM
 

MARKET EXCHANGE RATE 
(Local Currency/US$) 

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 SYSTEM
 

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

FRACTION OF CAPITAL COST IN FOREIGN EXCHANGE 


:Basic
 

: 10,000 
: 0.6 
: 0.003412 

: 1280 US$
 
: 0.03
 

: 20
 
: 52,560,000
 

: 1 US$
 
: 15
 
: 11
 
: 2.3
 

: 18 US$
 

: 0
 
: 0.0455
 

0
 

0
 

50
 

: 1 US$
 
: 10 

: 0.6
 



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 


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

10
 

0.5
 
0
 
5 low
 
US$
 

0.95
 
0
 

0.05 US$
 

0.5
 
0
 

0.75
 
0.5
 

0.95
 
0.75
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APPENDIX C: TECHNICAL. ECONOMIC, AND FINACIAL ANALYSIS 

Technology Description 

System Size: The system size is the net power output of the system,

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.
 

* 
 Annual Capacity Factor: The capacity factor is the ratio of the average load 
on a generating resource to its ,apacity rating over the whole year. This iscalculated 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. 

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

* 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. 

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

* 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. 

* 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. 

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

* Debt-to-Equity Ratio 

RCG/Hagler, Bailly, Inc. 
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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 5 

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

* 	 Annual Fuel Price Inflation: The expected fuel price inflation is entered as
 
an annual percent (e.g., if it is20 percent per year enter 20).
 

* Initial Power Price: The initial power price is entered in dollars (or local
currency) per kilowatt-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. 

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

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

* 	 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.
 

* 	 Real Exchange Rate: This is the actual cost to the economy of foreign

exchange. It may be represented by the "black market" exchange rate.
 

* 	 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.
 

* 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.
 

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

* 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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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 6 

* O&M Cost Escalation Rate: The expected operations and maintenance
(O&M) cost escalation is entered as an annual percent. 

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

* 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 localcurrency) 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. 

" 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 coststo economic costs using Specific Conversion Factors (SCF). They represent the ratio ofthe market values to the true or real costs and are expressed as a fraction. SCFs areused in the equations to calculate economic costs for the cash flow analysis, based onnumbers from the Technology Description and Financial Assumptions. The POWER

EFAP model uses four SCFs:
 

0 	 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. 

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

* 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. 

0 	 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. 

RCG/Haglcr, Bailly, Inc. 
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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 

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)Fir.ancial Assumptions; (3) Economic Assumptions. 

Many of the cogeneration assumptions are the same as those in the power-only model.The cogeneration model, however, also compares the costs and benefits of acogeneration system with the costs of a non-cogeneration system. All data categoriesreferring to the non-cogeneration system refer to a system that would produce theneeded 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 

" System Size: The system size is the net steam output of the system,

expressed in steam units per hour.
 

* 	 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. 

* 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 assystem efficiency, which is defined as fuel energy content divided by the sum
of steam to process plus electric power. 

* 	 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/Hagier, Bailly, Inc. 
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Exhibit 2 

TECHNOLOGY ASSUMPTIONS: COGENERATION SYSTEM 

TECRNOLOGY DESCRIPTION 
 :Basic 
Assumptions 

SYSTEM SIZE (Steam Units/Hr) 
ANNUAL CAPACITY FACTOR (Fraction) 
COGEN EFFICIENCY (Fuel Units / Steam Unit)
1/(NON-COGEN EFFICIENCY) 

: 
: 
: 

65mmBtu 
0.7 

1.447mmBtu 
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 / Steam Unit)

ANNUAL NON-COGEN NON-FUEL O&M COST : 0.05 
(Fraction of CAPITAL COST)

NON-COGEN SYSTEM LIFE (Years) 20 

COGEN SYSTEM POWER OUTPUT (kWh/YR) : 11,681,712 
(Calculated) 

FINANCIAL ASSUMPTIONS: COGENERATION SYSTEM 

MARKET EXCHANGE RATE (Local Currency/US$)

AFTER-TAX COST OF EQUITY (%) 

I 
: 15

COST OF DEBT (%) 
 : ii
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 
 3.06
 
(Local Currency / Fuel Unit)


ANNUAL NON-COGEN SYSTEM FUEL PRICE INFLATION : 
 0 
(% / yr)

INITIAL POWER PRICE (Local Currency / kWh) 
 0.0455 
ANNUAL POWER PRIZE INFLATION (% / yr) 0 

ANNUAL COGEN O&M COST INFLATION (% / yr) 0
ANNUAL NON-COGEN O&M COST INFLATION (% / yr) : 0 

MARGINAL TAX RATE (%) 50
 

ECONOMIC ASSUMPTIONS: COGENERATION SYSTEM
 

REAL EXCHANGE RATE (Local Currency / US$)

MARGINAL RETURN TO CAPITAL (%) 

1
 
10
 

COGEN SYSTEM FRACTION OF CAPITAL COST 0.6
 
IN FOREIGN EXCHANGE
 

COGEN SYSTEM FRACTION OF O&M COST 0.6
 
IN FOREIGN EXCHANGE
 

COGEN ECONOMIC FUEL COST 
 3.02
 
(Local Currency / Fuel Unit)


COGEN FUEL COST ESCALATION RATE (% / yr) 0 
COGEN SYSTEM FRACTION OF FUEL COST 0.95
 

IN FOREIGN EXCHANGE
 

NON-COGEN SYSTEM FRACTION OF CAPITAL COST 
 0.6
 
IN FOREIGN EXCHANGE
 

NON-COGEN SYSTEM FRACTION OF O&M COST 
 0.6
 
IN FOREIGN EXCHANGE
 

NON-COGEN ECONOMIC FUEL COST 
 3.02
 
(Local Currency / Fuel Unit)

NON-COGEN FUEL COST ESCALATION RATE (% / yr) : 0 
NON-COGEN SYSTEM FRACTION OF FUEL COST 0.95
 

IN FOREIGN EXCHANGE
 

COGEN/NON-COGEN O&M ESCALATION RATE 
 0
 
(%/YR)
 



Exhibit 2 continued 

INTEREST, FEES, ETC. ON FOREX CAPITAL COST 
 10
 
(%/YR)
 

ECONOMIC POWER COST 
 0.05
 
(Local Currency / kWh)


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

0
 
0.5
 

S F* FOR LOCAL CURRENCY O&M COSTS 0.75
SCF* FOR LOCAL CURRENCY CAPITAL COSTS 0.5
SCF* FOR LOCAL CURRENCY POWER COSTS 0.75
SCF* FOR LOCAL CURRENCY COGEN FUEL C 0.953TS 

SCF* FOR LOCAL CURRENCY NON-COGEN FLEL COSTS : 
 0.95
 

* -"SCF = Specific Conversion Factor for converting 
the market price to the true economic cost
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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 cogenerationsystem power requirements) divided by the net steam available for process.These values will generally fall in the following ranges: 

Type of System E/TRang3
Boiler/Steam Turbine 0.1-0.15 
Gas Turbine 0.3-0.5 
Combined Cycle 0.5-0.9 
Diesel 0.9-1.2
 

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

Steam Units Theoretical Steam Units
Btu 3,412
Lbs of Steam 3.412
Tonnes of Steam .00155 
Kcal 860
Kilojoule 3,597
Kiloliter of oil equivalent 0.086
 

* 
 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. 

* Annual Cogen Non-Fuel O&M Cost: Operations 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 presentthe 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 acogeneration system is to continue using existing equipment, then a zero (0)
is entered. 

* 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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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 

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: '[he exchange rate 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. 

" 	 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. 

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

* 	 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 theindustry 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. 

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

RCO/Hagler, Bailly, Inc. 
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APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 

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

* 	 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 notrepresent actual costs but rather shifts of resources from one sector to another. Thusthe 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.
 

* 	 Real Exchange Rate: The exchange rate is the actu.l cost to the economy offoreign 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 Capital Cost in Foreign Exchange: This is thefraction of the capital cost of the cogeneration system that must be paid for 
in foreign exchange. 

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. 

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

* Cogen System Fraction of Fuel Cost in Foreign Exchange: This is theamount 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. 



14 
APPENDIX C: TECHNICAL, ECONOMIC, AND FINANCIAL ANALYSIS 

Non-Cogen System Fraction of O&M Cost in Foreign Exchange: This is the
amount c 'the .iperations and maintenance (O&M' costs that must be paid
for in foreign exchange. 

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

" Non-Cogen Fuel Cost 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 fuel costs that must be paid for in foreign exchange. 

" 	 Cogen/Non-Cogen O&M Cost Escalation Rate: The expected operations

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.
 

* 	 Interest, Fees, Etc. on Foreign Exchange Capital Cost: These represent

license fees, royalties, etc. on foreign technologies.
 

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

" 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 ccststo economic costs using Specific Conversion Factors (SCF). They represent the ratio ofthe market values to the true or real costs and are expressed as a fraction. SCFs areused in the equations to calculate economic costs for the cash flow analysis, based onnumbers 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. 

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. 
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* SCF for Local Currency Cogen System 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 ratiobetween 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 pointsshould be noted to call attention to the most important information. Two things need some explanation: (1) The structure of the model cesults; 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 theassumptions, the results are divided into Financial and Economic sections. As statedbefore, the financial analysis evaluates the attractiveness of projects from the point ofview of investors and the economic analysis uses inputs adjusted for taxes, subsidies,and other distortions to market values to evaluate projects from the point of view of theeconomy. A wide divergence between the relative attractiveness of projects in thefinancial and economic analysis indicates that there are significant distortions in the economy affecting power projects. These distortions can cause investors to make nonoptimal energy system choices and may point to areas for restructuring government
policies. 

The financial analysis is further subdivided based on the proportion of equity and debtused to finance the project. The equity-only scenario assumes that the entire cost of theproject is financed with equity and the cash flow analysis does not include interest ondebt. The debt-plus-equity scenario uses the debt-to-equity ratio entered in theFinancial Assumptions to calculate interest expenses in the cash flow analysis. Theeffect of debt will be to "leverage" the project's financial performance. That is, if theproject's after-tax return-on-equity (ROE) in the equity-only scenario isgreater thanthe after-tax cost of debt, the return-on-equity will increase if a portion of the project isfinanced 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. 
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EFAP Results 

To make EFAP results clear and easily understood, the models calculate simple cashflow figures and uses them to calculate three numbers, the net present value (NPV), theinternal rate of return (IRR), and the net power cost. This system was chosen toprovide a relatively simple means of estimatin, the impact on the apparent relativecosts of various economic and financial options by providing single number measuresbased 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 havebeen discounted to the beginning of the development period at the after-tax cost ofequity specified in the Financial Assumptions or the Marginal Return to Capitalspecified in the Economic Assumptions. This value is a measure of the increase in theequity investor's net worth that could be expected from undertaking the project. Apower project becomes financially attractive to an investor when the NPV becmes
 
positive.
 

Internal Rate of Return 

The Internal Rate of Return (IRR) is a measure of the project's financial performanceper currency unit of equity invested. When the IRR is equal to the After-Tax Cost ofEquity specified in the Financial Assumptions or the Marginal Return 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 tworates, the more financially attractive a project will be to an investor and the economy. 

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 costsare levelized by using a Capital Recovery Factor (sometimes called a Capital ChargeRate). This converts these costs to a set of equal levelized annual charges that have thesame net present value as the payment stream that results from the way the project isactually financed. Similarly, fuel and O&M cost streams can be "levelized" to an equalannual value having the same NPV as the actual cost streams. The sum of theseannualized capital, fuel, and O&M costs can be divided by the annual energy output todetermine the net power cost. Comparing this cost with the cost of power from theutility will indicate whether the system can produce power that will be competitive with
the utility's power. 
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APPENDIX D: 	 ESTIMATES OF AVOIDED COST FOR INSTITUTO
 
COSTARRICENSE DE ELECTRICIDAD
 

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,1 and variable 
non-fuel operation costs of 5 cents/kWh,2 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 variesbetween 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. 



D.2 
ESTIMATES OF AVOIDED COST FOR INSITUTOCOSTARRICENSE DE ELECTRICIDAD 

Total avoided cost therefore will be 8.53 cents to 10.54 cents/kWh during peak hours 
when those plants are operating. 

During off-peak hours, the avoided cost would be equal to the price of electricity 
purchased from Honduras or about 3 -ents/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 of 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,F42 
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 total 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/Hagler, Bailly, Inc. 
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ESTIMATES OF AVOIDED COST FOR INSITUTOCOSTARRICENSE DE ELECTRICIDAD 

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 losses. 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 5percent to allow 
for the avoided line and transformer losses from high tension to medium tension.3 

The resulting avoided costs, assuming ICE would have no excess capacity, would be: 

For energy delivered on-peak: 5.05 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 

5 percent is the average figure for U.S. utilities. We assume that ICE has similar tranformer and line losses. 

RCG/Hagler, Bailly, Inc. 
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ESTIMATES OF AVOIDED COST FOR INSITUTO
COSTARRICENSE DE ELECTRICIDAD "14 

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/Hagler, Bailly, Inc. 
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APPENDIX F: POWER/GRID MAP OF COSTA RICA
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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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StCAR MILLANALYSIS I 

R MILLI 

S LL POWER SYSTEM ASSESSMENT
 

Firancial (Equity ,ly): 0 
 I 2 3 4 
 5 6 7 8 
 9 10 11 14 
 16 18 
 19 
 Levelize
 

Capital Investment: 2500000
 

Exmes-s:
O&M: 7500 75000 75000 75000 75000 75000 75000 75000 7500
0 75000 75000 75000 75000Fue: 75000 75000 75000 750000 0 0 0 0 0 75000 75000 75000 469449. 750000 0 0 0 0 0 0 0 0 
 0 0 0
0 0 0 u
 

Revenues:

Power: 
 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 
 6736079 1076166
 

Profit Before Taxes and
Depreciation: 1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166 100116-4.
1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166 1001166 6266629 1001166
 
DeprKiation: 125000 125000 125000 125000 1,5000 125000125000 125000 125001)125000 125000 125000 125bO0125000 125000 125000 125000 125000 125000 125000 782416. 125000
 
Profit Before Taxes: 
 876166 876166 876166 876166 876166 876166 
 876166 87616k 876166
176166 876166 876166 8'6166.876166 876166 87616f. 876166 876166 876166 8;6166 
 5484213 876166
 
Taxes: 
 438083 438083 4M83 438083 438083 438083 438083 438033
438003 438083 
438083 43083 439083 403(03 438083 438083 438083 4,K'083 430083 43083 2742106 43?083 
Profit After Taxes: 438083 438083 438083438083 438083 4'0083 438083 4308343083 43083 430803 438083 438033 413083 4-0083 430K00 438083 438083 438083438033 2742106 438083 
Net LCah Flow: -3E406 563083 563083 563083 5630035630083563083 563083563083 563083563083 563083 5630 03 5630? 53083.3083 56308: 563083 563083 563083 3524523 563083 

Net Present Value: 890889.
 

Internal Rate of Return: 
 22.1086 

Levelized Costs:
 

FR kWH
 
Weighted Cost of Capital: 15 -------

(Xl
 

Capital Recovery Factor: v.26.2
 
Levelized Capital 
 Cost: 673807. 0.02848
 

Initial Fuel Price: 
 0
 
Levelized Fuel Frice: 
 0 0
 

Initial Um Cost: 75000 
Levelized O&M Cost: 
 7000 0.00317 

Total Levelized Cost: 
 0.03165 
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A MILL ANALYSI I 

Initial Purchased Fower 
Cost: 0.0455
 

Leielized Purchase,
 
Power Cost: 
 0.0455
 

Levelze
 
Financial (With [Iebt(: 0 1 2 3 4 5 6 7 8 
 9 10 11 12 13 14 15 
 16 17 18 (9 20 Fev NeV
 

Equty Investment: 757N75. 

Eqweses: 
Fe:.5000 
 75000 75000 75000 75000 000 5000 75000 75000 75000 75000
Fuel: 75000 75000 75000 75000 

Interest: 191666. 108681. 
0 0 0 0 0 0 0 0 Y 

0 0 0 0 0 0 0 0 0 0 0 0 0 
75(00 7,000 75000 75000 75000 469449. 7500", 

189367. 181639. 177606. 173074. 168044. 162460. 156262. 149382. 141745. 133269. 123360. 113416. IN1823. .8955.3 74671.7 5n816.9 41218.1 21683.4 
 1015323 16307.
 

Revenues:

Power: 


, 

1076166 1076166 l0166 1076166 1076166 1076i66 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 1076166 10761(y1076166 1076166 6736079 1076166
 

Profit Before Taxes and
Lepreciati n: 809499. 812484. 815799. 819476. 82559. 823091. 833121. 838705. 844903. 85I783. 859420. 867836. 87305. 897749. 899342. 912210. 926494. 942349. 9599,7. 479432. 5241306 837358. 

Depreciation: 125000 125000 (2500012o0001,50001,5000 125000 125000 125000 125000 125000 12500 
 125000 125000 125000 05(000 25000 125000(15000
125000 
 7P2416. l250ta 
Profit Before Taxes: 
 684499. 687484. 69078. 694476. 698559. 703091.708121. 7137C5. 719903. 726783. 734420. 7428. 792305. 76271-. 774342. 787210. 301434. 817349. 334947. 854432. 
 4453890 71235.
 
Taxes: 
 342249. -43742. 345399. 347238. 349279. 35 545. 354060. 6852. 35y45 1. 363391. 367210. 371448. 376!5,. .81374. 3 771. 393605. 400747. 408674. 417473. 427241. 2229445 356'9. 
Profit After Taes: 342249. 3742. 3453?9. 347238. 3-49273. "51545. 254060. 356852. 359951. 30391. 367210. 371448. 376152. 381374. 387171,
393605. 400747. 403674. 417471.427141. 2229445 35617?. 
Net Cash Flow: -757575 440116. 438617. 436960. 435,121. 433080. 430814. 428299. 425507. 422408. 41898. 415149. 410911. 406207. 400'65 395188. 388754. 381612. 373635. 364886. 355118. 2667605 426180. 

Net Present Value: 1660895
 
Internal Rate of Return: 
 7.6676
 

Interest and Principal
 
Pnraal Payment: 218806.Initial Value: 1742424 1715234 1685160 16517211614605 1571405 152774 1476112 1420566 1358023 1288599 (211539 1126002 1031056 925667. 808684. 678833. 534699. 374710.
Interest: 191666. 188681.185367. 181689. 177606. 17.'s, 

197122. 9321118 1439(55
- . 156262. 14982. 141745. 13326".Principle: 271.39.30124.6 33438.4 37116.6 41199.4 4573i., 
123860. 113416. 101823. 88955.. 74671.7 516.9 41218.1 21(683.4 1025323 16.i)7.
62543.6 69423.5 77060.0 85536.6 94945.7 105389.
116952. 129850. 144134. 159-989.
177587. 197122. 3442.6. 5499#.9 
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qLR MILLANALYSIS I 

Levelized Csts:
 

WeIghted Cost of (apitAl: 8.3'7873 Capital Recovery Factor:0.10473
 

1%)
 
Capital Charge Rate: 0.15947
 
Levelzed Capital Cost: 389699. 
 .


O.01Er

Initial Fuel Price: 
 0
 
Levelized Ft_lPrice: 
 6 0 

Initial 14A Cost: 
 7500'
 
Level':ed OM (ost: 
 7500P 0.00317
 

Total Levelized Cost: 
 473699. 0.02002
 

Initial Purchased Power
 
Cost: 0.0455
 

Levelized Purchased
 
Power Cost: 
 @.0455
 

Economic:
 

Capital Investment:
 
Local Currercy (LO: 500.00
 
Foreig Exchange IFX): 1500000
 

Expenses:

LC M 
 28125 28125 2125 281.252'812528125 
 28125a28125 2812-528125 28125 28125 112 28125
FX OM1,14: 37500 

2.15 28125 28125 "125 28125 2812537500 37500 37500 37500 37500 35o 37500 37500 37500 37500 37500 375.0 3751,113750 37,00 37,l0137500 37500 3750LC Fuel: 
 0 0 0 0 0 
 0 0 0
0 0 0 0 0
0 0 0 0 0
FX Fuel: 0 00 ( 0 0 0 0 0 0 ( 0 0 0 n n A 0 0FX Interest, etc.: 0176189. 176139. 176189. 176139. 17t189. 17618.176139. 176189. 176189. 176189. 176189. 176189. 176169. 17618?. 1761;9. 176139. 17612?. 176139.17139. 176109. 

Revenues:
 
LC Power: 44347/5443475 443475 443475 
 443475 4434475443475 443475. 443475 
4434,5 4434754447. 443475 44'475
FA Powcer: 443475 4434,7544347 443475 443475 443475591300 591300 59131U.q0 591300 591 3,1v531300 591300 591300591300 5')1300 5313)0 59130JO591300 5'1300'0 541-90( 591300 591300 591700 5;30 591300 

Net Economic Cash Flows:
 
Lccal Currency iL(): -500000 415350 
 4153150415150 4153i 415350 415151141550 41510 415350415"504 1 4153504550 *15450 415350Foreign E,change IFX): 377610. 377610376.3. 30. 37761. 377610 377610 415j.5415350 415350 4153501415350j0 370 76. 3'371610. 3770 f!,.77610. 0. 377610.317611.7 


Total Ecormeic Cash Flows: -5(000097929360.732960.7329.77926.7. 79 79960 920960. 70. 79296. 72960.79 797909? . ' 6 . 79296792960. 2960 792960. 79260,. 79>260. 

Net Present Value: 5682654 
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SLE MILL AMLYSIS I
 

Internal Rate of Return: 
 158.592
 

Levelized Costs:
 

Marginal Return to Capital: 10
 
(Q/yr)
 

LC Capital Recovery Factor: 0.11745
 
Interest, Fees, etc. 
on 1;.: 10 

(lyr) 
FX Capital Recovery Factor: 0.11745
 
LC Levelized Capital Cost: 
 q729.8 0.00248
 
FX Levelized Capital Cost: 
 176189. 0.00744
 

Initial LC FuelPrice: 
 0
 
Levelized LCFuel Price: 
 0 0
 

Initial FX Fuel Price: 
 0
 
Levelized FX Fuel Price: 
 0 0
 

Initial LC O&M Cost: 
 28125
 
Levelized LC O&M Cost: 
 28125 0.00118
 

Initial FXOO& Cost: 37500
 
Levelized FX O&M Cost: 
 375000.00158
 

Total LC Levelized Cost: 
 0.00367
 
Total FX Levelized Cost: 
 0.00903
 

Total Levelized (ost: 
 0.01270
 

Initial LC Power 
 Total per ki-
Cost: 443475 ----------------

Levelized LC 
Power Cost: 443475 0.01875
 

Initial FX Power
 
Cost: 
 591300
 

Levelized FX
 
Power Cost: 
 591300 0.025
 

Total Power Cost: 
 0.04375
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-UGAR MILL ANALYSIS 2 

TEa:.HN'LoGY AS-cLIMF 'r:T10NI: i"IWEP C'Lt s- S-IElN 

TEC:HNILCirY [,ES'FRIFTICIN 
2r :: E'lu 1,1]I e r 

',STEM SIZE O4W) : i3.50r
ArNUAL CAPALITY FALTUR (Frt,r,:-,

HEAT RATE (Fuel U1 its7' / l:WI-) 

:--
- it.01 70E. 

CArPITAL 'IOST (Local Cuiri / I:W) 4 0 UISAiNIUAL NO-iN-FIIEL iO$,M 'COST : iI 
'Fract cr, cf C 'IiAL COST.


SYSTEM LIFE Year-, 

2
ANNUAL POWER I:.il-TFUT (WIW-,h R'R 
 2,( iI2(0Cal a leu1ztel)
 

S Fuel Units" rmust be the same as 
 those used
 
for "Fel F-r e 
 , the F-iriarlc-i al a-,d 
Eccr-cN ji: i~-- EL-IF:t 1cr, 1 rpi, s. 

FINANCIAL ASlIIFTIINS: PLiWER ONLY SYSTEM 

MAR!KET E:Ci:HANGD RATE (LocalCurrea-cy/US$; : I IJS$AFTER-TA":: COST OF ECUITY: 15CI ST IF ET (::) 11EU
DEBT-T:-EILUTTY RATIO 

- 2. 

INITIAL FUEL PRICE 
1 US4 

(Loca I C ir rerc v Fue 1 Urotr 
ANNUAL FUEL PRICE INFLATION (% , yr.':INIl AL PEWER FRICE (Local Currl-e ri:7y !h) : ':. I0455
ANNUAL FOWER PRICE INFLATION C. / -yr1, 

ANNUAL Ot:M C LS' r INFLATION (. / >r) 0 

MARGINAL TA:.: RATE (%) 50 

"Fuel IUi ts" rnut be the sar, e as ttcse 'isi
 
for "Fue1 rl e--' 
 it, the F-itec-ial at-i 
Ecctnon c Assurart, o i nr1puts. 

E-.CNOMIC ASSUMF'TIONS: F1:WERIrLY SY.TE1 

PAGE -- I-



AUIGIR MILL ANALLSIS 2 

PEAL- E:*CHAN:E F,iATE 
MARGINAL RE1URN TI:i 

L,_, 1,1 ', rrer, 
C-F ITAL t,.'.) 

I 

.3 

I LIS. 

FRA TI.N i I F CAPITAL ICOS_,TIN FOREirGN E:CHANIE 
INTERE , FEES, ETC. t'1WFuLFE:: 

C-AF*I TAL I IrT t ;F%k 
FRAi TION i'F I.1,,N ' -; IN FOR.LI:N E:'CitN-,N'E 

C IIC-i E['-ILALATI1IN rlArE (, :i 
LI_'i -In'II FILL '-:i' T 

(L , 1 Il '--IIrre-cv / Fuel iti-t 
F-RAITI',I IIF FUEL CI'ISi IN FI1RE:' 
FUEL COST ES':ALATICOI RAIE U% / yr,
EIL-I"IOM |:'CWER 1--IST 

L c',,,e1 I-iil- Irt,: i- [I. i) 

fRAC TIONI-IF FCIWEF: CO-T IN FORE:.: 
FPIOWER I1-13 ESiSALATIOiN RAIE I% / ,rr 

. 

-

:I 
. 

Ii., 

Il 

C'.5 

2 

.1.L15 

(1.5 

low 

I 

US 

SI-F i : F':'R LIJCAL 
SF I FOR LOCAL 
qCF 4:1 FOR LCICAL 

CF' I FOR LOCAL 

ICURRENCy 
CURRENCY 
CURFENCY 
CURRENCY 

OI'lM --I S S 
CAPIIAL COSTS 
FUEL COSTS 
POWER COSTS 

0.75 
(1.5 

0.95 
'0.75 

:: - "Fuel Urn=t-" nust -e tl'e sene 
for "Fuel Frices" r ti- Firiariil 

Eo'Jic, As ' Imp- t:.icr' 11ip-out.. 

as thcse 

ai-d 

used 

*:t -"SCF 

,-e 

= S-, 
" a"- t 

tfc Corvers-:,r Fact.,:r for c:on'rvertin--
Fri to ti-ic true ecc'nc,,mic -st 
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SU3A MILLANLYSIS 2 

SMALLPOWERSYSTEMASSES.&NT 
.............................. 

Financial IEiit, O): 

Capital Investment: 

0 

6480000 

I 3 4 5 6 
. 

7 4 9 10 11 I. i: 1- 15 16. 17 it 19 2I0Le 

Levei ize 

Npize 

Expenses: 
O1 
Fuel: 

14400 
544729. 

194400 
544729. 

194400 194400 
544729. 544729. 

194400 
544729. 

194400 14*0 
544r29. 544729. 

194400 
544729. 

194400 
447.9. 

194400 194400 194400 
544729. 5447219.44729. 

194400 194400 194400 194400 134400 
544729. 544729. 544729. 544729. 544729. 

194400 194400 
544723. 544721i. 

194400 
5447-9. 

1216814 194400 
3409E40 544725. 

Revenues: 
Power: 

Profit Before Tales and
1epreciat1cr: 

epreciation: 

Profit Before Taxes: 

Ta.es: 

Profit After 1a'es: 

Net Cash Flo. -66*06 

1452624 1452624 1452824 1452824 1452824 1452824 1452824 1452924 1452824 1452324 1452824 14528241452824 !452824 1452824 1452824 1452824 14528,'4 1452 4 14521824 

713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 713694. 71,36?4. 713694. 713694. 711694. 713694. 7:3694. 713694. 

324000 324000 324000 324000 324001324000 324000 324000 324000 324000 3244000324000 3240, 324000 324000 3240,) 3240[0 324A000 324((0 324010 

389694. 389694. 39694. 389694. 189694. 389694. 39694. 389694. 389614. 399694. 389694. 389694. 389694. 3896t.4. 89q .9.t9694. :49694. X9694. 39694. 309694. 

194847. 194847. 194847. 194047. 194847. 194847.194847. 194847.194847. 194847. 194347. 194847. 194047. 194847. 194847. 194847. 14847. 194847.194847. I494/,. 

194847. 194847. 194847. 194847. 194347. 194847. 194847. !94847. 194q47. 194847. 194847. 1948-47.134847. 194847. 194847. 194847. 194847. 194347. 134047. 94847. 

518947. 51847. 518847. 518847. 518647. 518847. . '47. 518847. 51.847. 518847. 518847. 518847. 518647. 518847. 518847. 513847. 518847. 51,47. 518847. 51'87. 

9093707 1452-.24 

4467252 -1-94. 

202602 , 2400( 

.43922929A94. 

1219614 194347. 

1219614 194'47. 

3247673 51 94. 

Net Present Value: -CfE406 

Internal Rate of Return: 4.97448 

Levelized Costs: 

We ihted Cost of Capital: 15 

PEZROMH 
..... 

Capital Recovery Factor. 
Levelized Capital Cos,: 

Initial Fuel Price: 
Levelized Fuel Price: 

Initial O&M Cost: 

Levelized O&MCost: 

0.26952 
1746508 0.05469 

544729. 
544721?. (.01706 

194460 

1344000.00608 

Total Levelized Cost: R.07784 

Initial Furchased Power 
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9"A.MILL ANALYSIS 2 

Cost: 
Levelized Purchased 

Power Cost: 

n.0455 

8.0455 

Financial (With I'ebt: 0 1 2 3 4 5 6 7 11 12 1 14 15 16 17 12 1 2NvFlize e. 

Equity Investment: 196...363. . v 

Expenses: 

Fuel: 
Interest: 

1944)00194400 194400 194400 194400 194401 194400194400 194400 194400 194400 194400 194400 194400 194400 194400 194400 194400 !'4400 194400544729. 54479. 544729. 544729. 544729. 544729. 544729. 544729. 544729. 544729. 544729. 54472. 544729. 544729. 544729. 544729. 544729. 544729. 544729. 544729.496800 489062. 480472. 470938. 460356. 448609. 435570. 421097. 405031. 387199. 367405. 345434. 321045. 29974. 263926. 23(572. 193549. 152453. 106837. 56203.5 

1216314 134400 
3409.40 544729. 
2657637 424588. 

Revenues: 
Power: 1452824 1452824 145218241452824 1452814 1452824 1452824 1452824 1452824 1452824 1452824 1452824 1452824 1452824 1452824 1452824 145,124 1452824 1452824 1452824 9093707 1452824 

Profit Before Tases and 
Dereciation: 

Depreciation: 

Profit Before Taxes: 

Taxes: 

Profit After Taxes: 

Net Cash Flow: 

I 
216894. 224632. 233222. 242155. 253333.265035. 278124. 292597. 308662. 326495. 346289. 3682C0.392648. 419719. 449768. 483122. 520145. 561241. 606457. 657491. 

32400k.324600324000 324000 324000 324000 324000 3240 324000 324000 324000 324000 324000 324000 324000 324000 324000 324000 32400(,324000 

-107105 -99.67. -90777. -81244. -70661. -58914. -45275. -31402. -15337. 24b5.36 22289.3 44260.7 68648.9 95719.9 125768. 159122. 196145. 237241. 282857. 333491. 

-552. -49683. -45388. -4C622. 35330. -29457. -22937. -15701. -7668.5 1247.68 11144.6 22130.3 34324.4 47859.9 62824.3 79561.3 98072.8 118620. 141428. 166745. 

-53552. -4963. -45382. -40622. -35330. -29457. -22927. -i278:. -7668.5 1247.68 1&144.6 22130.3 34324.4 47859.9 62884.3 79561.3 92072.8 118620. 141428. 166745. 

-2E06 200102. 1%233. 191938. 187171. 18180. 176006. 169487. 162250. 154218. 145301. 135404. 124419. 112225. 98689.6 83665.3 66988.2 48476.7 2.792.9 512C.92 -20196. 

1809615 289106. 

2028023 324000 

-218407 -34893. 

109203 -17446. 

-109203 -17046. 

1026506 163996. 

Net Present Value: 
Internal Rate of Returi: 

-81j&95 
3.1l33 

Interest and Principal 
Anual Payment!
Initial Value: 
Interest: 
Principle: 

567145. 
451636i 4446018 4367935 4.81262 4185056 4076267 3959731 3829156 3682108 3519995 3340049 3140310 2918599 2672499 2399329 2096110 1759537 1385941 971249. 510941.4%800 489062. 480472. 470938. 460356. 448609. 435570. 421097. 405031. 387199. 367405. 3454'4.321045. 293974. 263926. 230572. 193549. 152453. 106837. 564203.570345.2 780M5.2 866?2.3 96206.3 106789. 11853. 131574. 146047. 162113. 179945. 199739. 221711. 246099. 27317t. 303219. 336573. 37359%.414691. 460307. 510941. 

2E407 159891 
2657637 42.45K-. 
892312. 142557. 

Levelized Costs:
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SU3R MILL ANALY1S 2
 

Weighted Cost of Capital: 

Capital R]arge Rate: 

Levelized (apital Cost: 


Initial Fuel Price: 

Levelized Fuel Price: 


Initial O&N Cost: 

Levelized t3M (ost: 


TotalLevelized Cast: 


Irn-ial Furchasej Power 
Cost: 

Le~elhzed Furchasej 
Power Cost: 

Capital Irestmet: 
Local Currency (LO: 
Foreign Exchange (FXI: 

E.qenses:LE G&N: 
FX OI: 
LC Fuel: 
FX Fuel: 
FX Interest. etc.: 

Revenues:LCPower: 
FXPower: 

Net Ecoromic (ash Flows:
Local Currency (L0: 

Foreign Ekc-angE IFX):' 

Total Econmic Cash Flows: 

Net Present Value: 

Internal Rate of Return: 

P$;'--3-

8.3787 Capital Fecq..ery Factor:).!107" 

0.15947 
10334,3 0. 0322. 

544729.
 

544729. 0.017ft6 
194400
 

1944000.00608
 

17725580.05551
 

0.0455
 

0.0455
 

136000 
388nn0 

72900 72.;00 72000 72900 73l0 7,2900 72300 72900 72900 72900 72900 72900 72900 72-900 72900 72900 7290097200 97200 97200 972(0 97200 97200 72900 72900 729009720 97200 97200 97200 97200 97200 97200 97200 97200 97200 9720051749.2 51744.2 5174".2 9 700 97200 9720151749.2 51749.2 51749.2 51749. 51749.2 51749.2 51749.2 51749.2 51749.2 51749.2 51749.2109498 10349"J5 1034985 10349:85 1034 51749.2 51749.2 51749.2 51749.2 51749.2 51749.25 1034985 1034985 1034985 1034985 1034985 1034985 1034%8545E66j. 4%6,3. 4166j. 456-8,4. 456.3j. 
1034985 1034985 10.'4985 1034985 104'?85 1ft 85 1034995 1034?,456683. 4566q). 456683. 45603. 4. 3. 45668.456623. 456 3. 456683. 4.683. 456683". 456683. 4c8.,. 45668". 456w3. 

598691. 597.91. 58691. 51K691. 5. 491.5936.41. 598161. 598691. 598691. 59961. 598691. 5%691. 5W8691.59*91. 5984691.593691.798255 798255 798255 798255 59691. 5,8691. 593691. 59861.798255 
 790255798255 79255 72855 798255 798255 7938255796.55 798255 798255 714255 748255 718,55 798255 79825 

-IE'06 4-4014I.
474041. 474041. 474041. 474041. 474041. 474041. 474041.
474041. 474041. 474041. 474041. 474041,
-79u613 -790613 -790613 -790613 -790611 -7,0611 
474041. 474041. 474041. 474041.474041. 474041. 474041.-7416131-790613-791).! -790613 -7'(1613 -79061 -790613-730613 -790613 -790613 -790613 -790613 -790613 -70613 

-IE#O6 -316571-316571 -31657! -316571-31g6571 -316571-316571 -316571 -316571-316571 -316571 -316571 -316571 -316571 -316571 -316571 -)16571 -316571 -316571-716571 

-4E#06 

EFR
 



.ELW MILL ANALYSIS 2
 

Levelized o-ts:
 

Marginal Return to Capital: 10
 
(:':
i )
 

LC Capital Recovery Factor: 0.11745
 
Interest. Fees, etc. on F- : 10
 

(I/yr)
 
FY Capital Recovery Factr-r: 0.11745 

LC Levelized Capital Cost: 152227. 0.00476 
FX Levelized Capital Cost: 456683. 0.01430 

Initial LC Fuel Price: .174?.2
 
Levelized LC Fuel Price: 
 51749.2 0.00162
 

Initial FX Fuel Price: 10349 9
 
Levelized FX Fuel Price; 1034985 0.03241
 

Initial LC L4M Cost: 
 721900
 
Levelized LC O&M Cost: 
 72500 0.00228
 

Initial F"-:
O&M Cost: 97200
 
Levelized FX AN Cost: 
 97200 0.00304
 

TotalL( Levelized Cost: 0.00867
 
Total FX Levelized Cost: 
 0.04976
 

Total Levelized Cost: 
 0.05843
 

Initial LC Power To-I perbWi 
Cost: 598691. --------------

Levelized LC 
Power Cost: 598691. 0.01375 

Initial F Power 
Cost: 798255 

Levelized FX 
Power Cost: 7.8255 0.025 

Total Power Cost: 0.04375 
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MTURCIS ALYSIS 

9AL POWR SYSTEMASSEE9ENT 
.............................. 

Financial Ecity Only): 

Capital Investment: 

0 

-'E#(17 

1 6 7 9 1(1 11 12 13 14 15 16 17 1; 19 20 on 
Levelize 

F 

E,penses: 
LAue: 
Fue: 

Revenujes:
Power: 

Profit Before Taes and
1'wereciation: 

[epreciatio: 

Profit Before Tates: 

Taxes: 

Profit After Taxes: 

Net Cash Flow: 

0000 30000 00 300000300000 Xt000 00000 300000:00000300000300000 30000030000 300000 300000 314000 300000 o 30001877r 
0 0 00 0 0 0 0 0 0 0 00 

3587220 3587220 35M7220 358720 3587220 3587220 57220 35872210.587220 587220 258722) 35872203537220 358 .703%7220 357220 3587220 -687221)35722) :4587220 

3237220 3287220 327220 3287220 3207220 3 8720 3287220.3.237. 3:27220 328722) 328722' 324237220327220 327220 3232,7221' 27220 220 3207220. 3187220 3287220 

75000 750000750000 750000 750000 750000 750000 750000 -70000 750(00 750000 750000 75000,Af750(,i0 750Oh 7500 7010,)f OlN7070 00 750000 

2537220 2537220 2537220 2537220 2537220 2537220 2537220 253722 2517220 2537220 2537220 2537220 2537220 2537220 25720 25-2
,
0 2537220 25372 5720 25372 

1268610 1268610 1268610 1268610 1268610 1268610 1268610 1268610 12o8610 1268610 1268610 1268.61012&61(1126810 12686i0 126:.3I, 12&10 126610 2t861( 12,9610 

1268610 1268610 1268610 1268610 1268610 1268610 1268610 1268619 1268610 1268610 1268610 1268610 1268610 1268610 1268610 1268610 1268610 126 6U10126861( 126 (10 

-2E07 2018610 2018613 2018610 2010610 2018610 2018610 2018610 2018610 2018610 2018610 2018610 2018610 2018610 201610 2018610 2018610 2018610 201 10 2018610 2018610 

N 

2E07 3587220 

2+07 32.7220 

49449 7,00 

2E#07 2572 

7-40.50 120t610 

7940'50 1268610 

1tE 2, 611.1 

Net Present Value: -2E.06 

Irterral Pate of Return: 
(71 

12.0827 

Levelized Costs: 

Weighted Cost of Capital:
(Xl 

Capital Reco-ery Factor: 
Levelized Capital Ccst: 

Initial Fuel Price: 
Levelized FuelPrice: 

Initial O&M ost: 
Levelized COM Cort: 

PE VWH 
15 

0.2652 
4042844 0.05127 

0 
0 0 

30000 

300000 0.00380 

Total Levelized Cost: .055A8 

Initial Furchased Power 
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MATTAWlOSANALYSIS 

Cost: 0.0455 
Levelized Purchased 

Power Cost: 0.0455 

Finanial. (With Detit): 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 19 NlV 

Level ize 

Lee0IV 
---------------------------------

Equity Investment: 4545454 ---- ---- ---- ---- ---- ----- ----------------

Expenses: 
U: 300000 300000 300000 3100000100000 300000 300000 300000 300 000300000300000 300000 0 300000'o0000306000 300000 0 (1 'Oooo0000:00000 300000
 

Fuel: 0 0 0 0 0 0Interest: 1150000 113120'.81112205 1090136 
0 0 0 0 0 0 (1 0 0 0 0 1 h 0 0 01065609 1038447 1008264 974762. 937574. 396295. 850475. 799616. 743161. 680497. 61040. 533711. 448030. 352901. 247308. 130100. 61519"18 982042. 

Revenues: 
Power: 35,87220 3587220 -587220 K87220 3587220 3587220 35,57220 3587220 31587220 3587220 3587220 3587220 35,7220 35,7220 15287220 3507220 3.7.

221'0 4.87220 35,87220 3'57220 2E,07 358722) 

Profit Before Taxes and 
Depreciatio: 
 2137220 2155131 2175014 2197083 2221520 2248772 227899r 2312457 23449645 2390924 2436744 2487603 .540 58 2606722 2676279 2753402 .n78391 303 911 3157119 IE'07 2304377f" 2934318 

Depreciation: 750000 750000 750000 750000 750000 750000 750000 750000 750000 750000 75000 75Goo, 7500(0 750000 750000 750n(,0 75.100 -. 0000 750000 750000 4694498 "W000 
Profit Before Taxes: 0397220 1405131 1425014 1447093 1471520 1498772 15255 1562457 159645 1640924 1686744 1737603 1734058 1856722 1926279 200348 2089189 2104318 22899 2407119 972936 2 1 77 
Taxes: 
 693610 702-56.5. 712,07. 723541. 735790. 749396. 764477. 781228. 799822. 820462. 843372. 868801. 897029. 92,:361. 9E.139. 110(117441(1445 94 1092159 114495 1203559 486461 .771:9.3. 

Profit After Taxes: 
 693610 702565. 712507. 723541. 735790. 749386. - 77. 781228. 799822. 820462. 843372. 868801. 897029. 928361. ?6j4I39. 1001744 1044594 1092159 1144955 120355? 4864ql 77-1S. 

Flow; 
892224. 8,9428. 770..24. 749.3.41 11471"945 

Net C.ash -5E+06 1280773 1271817 1261876 1250841!238593 1224997 1209906 1193154 1174560 11539211131011 110581 1077354 1046022 1(11243 972609. 919768. 

NetPresent Value: 25)63640 
Internal Rate of Return: 26.8898 

0.) 

Interest and Principal 
Anual Payment: 1312816 
Initial Value: 1E107 1E;07 
 IE+07 9910330 9687630 9440433 9166045 8861474 8523400 8148138 7731596 7269236 6756016 6186341 5554003 4852107 4073003 j208197 2248262 1182735 
 6E407 89"4933
Interest: 
 1150000 1132088 1112205 1090136 1065639 1038447 1008264 974762. 937574. 896295. 850475. 799616. 743161. 680497. 610940. 533731. 448030. 352901. 247308. 130100.
Principle: 16286. 180748. 200630. 222699. 247196. 274388. 304571. 

6151938 qq2342.
338074. 375262. 416541. 46230. 513220. 56%74. 632338. 701895. 779104. 864805. 99934. 1069527 1182735 206538 32Y93. 

Levelized Costs;
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MATAWS Alu S1. 

Weitited Cost of Capital: .37:7. 
 pital Fe-o-ery Factcr:0.10473
 
1%)
 

Capital Charge Rate: 
 0.15947
 
Levelized Capital Cost: 
 2392197 0.03034
 

Initial Fuel Price: 
 0
 
Levelized FuelFrce: 
 0 0
 

I1ntial (aR Cost: 30000Y 
Levelized 0 K Cost: 
 3001000.00380
 

TotalLevelized Ccst: 
 2692197 0.03414
 

Initial Furchased Pcwer
 
Cost: 
 0.0455
 

Levelhzed Purchased
 
Pcoer Cost: 
 0.0455
 

Econoac:
 

Capital Investment:
 
Local Currency (LC): 5250000
 
Foreign Echane IFX): 4500000
 

Experses:LC OWN: 
 202500 202500 202500 202500 20,500 202500 202500 202500FX : 202500 202500 2C2500 20200 202500 204500 202500 202500 20250030 310000 202500 202500 2050030000 30000 30000 30000 30000 
 3000 30000 30000 30000 30000 3000
LCFuel 0 30000 30000 3000 300000 0 0 0FX Fuel: FXFe:0 0 0 00 0 0 0 0 0, 0 000 000 0 0 0 000 0 000 00 000 00 00 0' n0F. Irteest, etc.: 528566. 528568. 523568. 5523. 5285265 K8.5 568. 528568. 528568. 528568. 528568. 52856. 528568. 528568. 528568. 52858. 523568. 5 &568.528568. 5,-568. 

Revenues:

LC Power: 
 14T.250 147825) 1478250 1478250 1478250 14731250FXPower: 1971000 1971000 1971000 .971000 1371000 

1478250 (147250 1478250 147850 1478250 1478250 1473250 14725, 1473250 1478250 14',1250 1478250 14262501971000 1 71000, 1971t10 19710001971000 19710.0 7 4?825,(97103Q 19716001971600 19710o 1971000 1971000 197110,0 (5719001971000 

Net Economic Cash Flows:Local Currency iLCI: -5'+06 1275750 1275750 1275750 (275750 12757-0 127575C01275750 1275750 1275750 1275,750 (75,750 127575, 1275,70 1275750anqe 1275750 1275750 12",75Foreigr, E (FX): 1412431 1412431 12,755,) 127575 127575,01412431 1412431 
 14124311412431 1412431
1412431 1412431141243114124:11412431
14124311412431141241 (412431
1414 1 1412431(4(24311412431 
Total Ecnoaic Cash Flows: -SE'06 2688(81 268818126881812 81q8 268881 268c131 2688181 2688181 2688191 2628181 268811 26I(I 2643101 26.3101 268181 26 18(12L2 181 2682683181 263181 

NetPresent Value: 
 2.*07 

Internal Rate of Return: 
 51.1903
 

PAGE --3-



AmIM OS ALYSIS
 

Levelized Costs:
 

Marginal Return toCapital: 10
 

(X.1yr)
 
C Capital Recovery Factor: 0.11745
 
Interest, Fees, etc. on FX : 10
 

(Z/yr)
 
FX Capital Recovery Factor: 0.11745
 

Capital Cost: 
FX Levelized Capital Cost: 528568. 0.00670 

LC Leve z-.ed 616663. 0.00782
 

Initial LC Fuel Price: 0 
Levelized LC Fuel Price: 
 0 0
 

Initial FX Fuel Price: 0 
Levelized FX Fuel Price: 
 0 0 

Initial LC CN Cost: 
 202500
 
Levelized LC O&M Cost: 
 202500 0.0025
 

Initial FX OW Cost: 
 30000
 
Levelized FX 
&NCost: 30000 0.00038
 

Total LC Levelized Cost: 
 0.01039
 
Total FX Levelized Cost: 
 0.00709
 

Total Levelized Cost: 
 0.01747
 

Initial LC Power 
 Total per Mih
 
Cost: 1478250 --------------


Levelized LC
 
Power Cost: 
 1478250 0.01875
 

Initial FX Power 
Cost: 1971000
 

Levelized FX
 
Power Cost: 
 197110 0.02n
 

Total Pc*er Cost: 
 0.04315; 
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-----------------------------------

IE1& THERMALANLYSIS 

TECYAC.OGYASSUMPTIONS:FIDWR ONL'SYSTEM 

TEC-iCLOGY UESCRIPTION :bejroth-rmal 

-YSTEM SIZE1KW) . 5.o0i0 
NNUACAPACITYFACTOR(Fraction) 0.6 
HEAT FATE (Fuel Linits'iwt 
 : 0.01706 

CAPITAL COST (Local Currency / LW) : 1280 LISS 
ANUAL NO-FLEL O&M COST : 0.03 

(Fraction of CAPITAL COST)

SYSTEM LIFE (Years) 
 . 20 

PO*JERANNUAL (WiITT (kM/YR) :26,20,000 
iCalculated) 

F-uelLUts" must be the --naeas those used 
fer 'Fuel Pricesr in the Financial ard 
Economic Assumption iurets. 

FINC IAL ASSL*TIONS: FCWER SYSTEMC*LY 

AFRkET EXCHANE PATE(Local Currency/LSS) : 1 US$ 
AFTER-TAX COST OF EQIJITY : 15 
COSTOFDEBT w. : II 
DEBT-TO-EQUITY RATIO : '. 

INITIAL FLEL PRICE . 2.08 1US$ 
(Local Currency / Fuel Un 's)

AA FLEL PRICE INFLATION'./ yr) : 0 
INITIAL POWER PRICE (Local Currency 
WNkAl- POWiR PRICE INFLATION Q%i yr) 

kM) : 
: 

0.0455 

0 

M lAO&MCf6T INFLATION 0. / 1r) 0 

PIMGINAL TAX RATE (,i 50 

- Fu& Units" mis-t be the sameas thiose used 
for 'Fuel Prices" in tteFirarcial and 
Econemic Assumption inrp.sts. 

ECONUMIC PCOIERASSUIPlIONS: Oif 'StSIEM 
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rENIROTHERIALI.NLYSIS 

REAL E)XUVN RATE lLocal Currency i ISF! LKS 
MRSINfL RETURTOCAFITAL (X) 10 

FRACTION OF CAPITAL COSTIN FOREIGN 0.6EXCAE 
INTEREST, FEES, ETC.ON FOREX 
 10 

CAPITAL COST(/YR) 
FRACTION OF OMN COST INFOREIGN EXCEN E 0.5
 
0M4 COST ESCALATION RATE (%I/YR 
 0 
ECONIIC FUEL COST . 2.16 low 

(Local Currency I Fuel itt) Lc-$ 
FRACTIONOF FELi.COSTIN FC<REX 0.95 
FUEL COSTESCALATION RATE ' / yr) 0 
ECONMIC POWER COST . 0.05 US 

(Local Currency / kW-, 
FRACTION OF PCWR C(67TIN FOR.EY 0.5 
PCR COST ESCALATION RATE (4/ yr) P 

SCF"*FOR LC(AL CURRENCY COSTS 0.7501 

CF"t FOP CURRENCY COST3
LOCAL CAPITAL 

SCF* FORLOCALCURRENCYFUELCOSTS 0.95 
.Ft FORLOCALCLURRENCY COSTSPOWER 0.75 

'F-uel Urnits" must be the sameas those used
 
for'Fuel Prices" in the Financial ard
 
Economic Assumption inputs.
 

* -'SCF = Specific Conversion Factor for converting 
the market price to the true ecofomic cost
 

PAGE--2-



-------------------------------------------------- ---- ---- ---- ---- ---- ---- ---- 
----- ------- --------

LOMHEORM L NALYSIS 

SIAL PUER SYSTEMASSESSENT 

Financial (Equity Only): 0 1 2 3 4 5 6 7 8 9 In 11 12 13 14 15 16, 17 8 19 20 LeVlNR 

Capital Investment: 6400000 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----


Exenses: 
&M: 
 :000 192000 192000 192000 192000 192000 192900
Fuel: 192000 192000 192000 192000 192000 1'ofn
1,:;1'09 192u0A 192000 192000
1291209 1.191209 192000 192000 192000 192000
1291209 1291209 12912f'9 120179119-000
1291209 1109 
1291209 1291209 12931209
1231209 129:,,6b9
:1,09 1291209 1291209 1291209 1291209 1291209 1291209 8082111 1291209
 

Revenues:Po~er: 
 1195740 1195740 1195740 1195740 1195740 1195740 1195740 1195740 119,1740
115740 1'3740 1195740 1195740 1195740 1195740
1195740 11'5740 1195740 1195740 1195740 
 748453 1195740
 

Profit Before Taxes and
Depreciation: -28*"9 -287469 -297469 -287469 -287469 -287469 -287469 -287463 -287469 -237469 -287469 -287469 -287469 -z87469 -287469 -287469 -2;7469 -297469 -287469 -k97469 -2Ei06 -287469 
Dpreciation: 320000 320000 320000 320000 320000320000 320000 320000 320000 320000 320000 
320000 320000320000320000320130 
 320000 320000 320000 320000 20029.6 320000
 
Profit Before Taxes: 
 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -607469 -60746? 
 -4E+06 -607469 
Taxes: 
 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -303734 -3037.4 -303714
-303'34 -:03734 -303734 -3037,44 -E+06 -3037-44 
Profit After Taxes: -303724 -303714 -303734 -303734 -3037-4 -303734 -303734 -303734 -303734 -303734 -303734 -3037,4 -;.3734 -303734 -303734 -303734 -303734-303734 -303734 -303734 -2E#06 -1037734 
Net (ash Flow: -6E#06 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.0 16265.t. ib265.0 16265.0 362z3.0 16265.0 16265.0 16265.0 16265.0 16965.0 1018118.1 .265.0C 

Net Present Value: -5E06 

Internal Rate of Return: 
 -19.575 

Levelized Costs: 

PERKWH
 
Weighted Cost of Capital: 15 --------


Q%)
 
Capital Recovery Factor: 0.26952
 

Levelized Capital Cost: 
 1724946 0.06563
 
Initial Fuel Price: 
 1291209
 

Levelized Fuel Price: 
 1,19209 0.04913
 
Initial OYM Cost: 
 192000
 
Levelized CO,&Cost: 
 1920000.00730
 

Total Levelized Cost: 
 0.12207
 

Initial Purchased Power
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DENDROIFERIALANLYSIS 

Cost: 
Levelized Purchased 

Power Cost: 

0.0455 

0.0455 

Financial (With Debt): 0 2 3 4 5 6 7 8 9 10 1I 12 13 14 IS 16 17 18 19 20 
Le-.ehze 
Leli 

Equity vestmer,t: 19 3 

Expenses: 
OMul: 
Fuel: 
Interest: 

019 92000 192000 19000 19,000 192000 192000 192000 192000 192000 192000 192000 192000 192000 192000 132000 192000 192000192000 1920001291209 121209 1291209 1291209 1291209 1291209 1291209 1291209 1291209 1291209 12912@9 1291209 1291209 1291209 1291209 129i209 1291203 12912091291091291209490666. 483024. 474541. 465124. 454672. 44.071. 430193. 4158M. 400031. 382419. 162869. 341169. 317082. 290345. 260667. 227725. 19111. 150571.105518. 55509.7 

12017911,10 
808:111 1291209 
2624827 419346. 

Revenues: 
Power: 105740 1195740 1195740 1195740 1195740 1195740 1195740 1195740 1195740 1195740 11K740 1195740 1195740 1195740 1195740 1i95740 1195740 1195740 1195740 1195740 7484533 1195740 

Profit Before Taxes and
[epreciation: 

Depreciation: 

Profit Before Taies: 

Taxes: 

Profit After Ta.es: 

Net Cash Flow: 

-7781,q6-770494 -762011 -752594 -742142 -7.30541-717663 -703368 -687501 -669889 -650339 -628639 -604552 -577315 -548137 -51519 -4736,9 -4.8041 -329319 -. 42979 

320000 320000 320000 320000 320000 320000 3200(0 320000 320000 320000 320000 320000 320000 320000 320000 320000 320000 320000 .20000 32001.10 

-IE+06 -IE+06 -IE+06 -IE.06 -1E+06 -IE+06 -IE06 -1E06 -1E+06 989 -970339 -948639 -924552 -897815 -368137 -3.(5195 -7962! .7,8041 -712988 -662979 

-54900 -545247 -541005 -536297 -531071 -525270 -518831 -511684 -5(3750 -494944 -485169 -474319 -462276 -448907 -434068 -417597 -399314 -379020 -356494 -31148 

-549068 -545247 -541005 -536297 -5JI071 -525270 -51831 -511684 -50370 -494944 -485169 -474319 -462276 -448907 -434068 -417597 -399314 -379020 -.56494 -331489 

-2E.06 -2M8545 -302366 -306607 -311316 -316542 -322342 -328781 -335929 -343812 -352668 -362443 -37329% -35337 -3?8705 -413544 -430R15 -448298 -468592 -491119 -516123 

4E,06 -7116816 

20029f 3210(,0 

- ,06 -1E*06 

-3# 0. -51. 10 

-14.06 -51t-A118 

-2.06 -334?.5 

NetPresent Value: 
Ih.'ernal Rate of Return: 

-4E.06 

M 

Interest and Principal 
Annual Payment:
Initial Value: 
Interest: 
Pr inc1e: 

560143. 
4460606 4391129 4314010 4228407 4133389 4027918 3910346 3730 5 3636650 347658 3298814 3101540 2882566 2 6v490666. 483024. 474541. 465124. 454672. 443071. 430193. 415898. 400031. 382419. 362869. 341169. "4170a-:. . .
69476.7 77119.2 85602.3 95018.5 105470. 117072. 129950. 144244. 160111. 177724. 197273. 218973. 243061. 297,i. 

.. 
'1 4i5. 

"0232 
17725. 
332417. 

173714 1368830 992598. 504633. 
191159. 150571. 105518. 55509.7 
368983. 409572. 454624. 504633. 

2E#07 381223 
2624827 419346. 
88129.. 140797. 

Levelized Costs:
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EDIE T ANLYSIS
 

Weighted Cost of Capital: 

IX.)
 

Capital Charge Rate: 

Levelized Capital Cost: 


Initial Fuel Price: 

Levelized Fuel Price: 


Initial OM Cost: 

Levelized 0O Cost: 


TotalLeveli:ed Cost: 


Initial Purchased Power
 
Cost: 


Levelized Purchased
 
Power Cost: 


Economic:
 

Capital Investment:
 
Local Currency (L): 

Foreign Exchange IFX): 


Expenses:LC 01M1: 

FX 0: 

LCFuel: 
FX Fupl: 

FX Interest, etc.: 


Reversjes:LC Power: 

FNPower: 

Net Ecoromic Cash Flows:Local Currency ILL): 

Foreign Exchange (FX):4 


Total Economic Cash Flows: 

NetPresent Value: 


8.37878 


0.15947
 

129120)
 

192000
 

0.0455
 

1280000
 
3840000
 

_-:===::
 

Internal Rate ofReturn: 
 ERR
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000 96000 96000 96000 600045999.3 45999.3 45999.3 45999.3 45999.3 96000 9600045999.3 45999.3 45999.3 45999.3 45999.3 45999.3 45999.3 45999.3 43999..' 45999.3 49S999.3915987. 919987. 919987. 919987. 45399. 3 45999?34599.3 459,9.3919987. 919927. 919987. 919987. 919987. 919987. 919987. 919987. 919W7. 919997. 919487. 919987. 9199.7. 9199P'. 919987. 919907.451044. 451044. 451044. 451044. 451044. 451(44. 451044. 451044. 451044. 451044. 45A044. 451044. 451044. 451044. 451044. 451044. 451044. 451044. 451044. 451044.
 

C.Pita) Recovery Factcr:0.10473
 

10206710.03883
 

1291209 0.04913
 

192000 0.0073)
 

2503881 0.0927
 

0.0455
 

72000 72000 72000 72000 72000 
 72000 72000 72000 72000 
 72000 72000 72000 72000 
 72000 72000 72000 72000
960 00 96000 9 72000 72000 7200096000 
 600 9000 96000 9000 96000 96000 9000 96000 96 

492750 492750 4?2750 492750 492750 492750 492750 492750 492750 492750 492750

657000 657000 657000 657000 657000 657000 657000 657000 657000 
 657000 657000 

-1E+06 374750. 374750. 374750. 374750. 374750. 374759. 374750. 37470. 374750. 374750. 37475.
-810032 -810032 -810032 -810032 -810032 -810032 -810032 -810032 -810032 -810032 -81032 

-IE+06-435281 -45281 -435281-435281-435281 -4352E1-435281 

492750 492750 

657000 65700 


374750. 174750. 
-810(32 -810032 

-4-628 -435281-435281-435281-435281-435281 

-tE+06
 

492750 492750 492750 492750 44250 
4927'0 192750 
657000 65700 657000 
657000 657000 657,000 657000 

?74750. 374750. 374750. 374750.374750. 374750. 374750.
 
-810032 -810032 -810032 -80032 -810u32 -810032 -810032 

-435281 -435281-435281 -435291-435281 -4:5201 -435221 



IO4COT1KL ANLYSIS 

Levelized Costs:
 

argimal Return to Capital: 10
 
Q./yr)
 

LC Capital Recovery Factor: 0.11745
 
Interest, Fees, etc. on FY : 10
 

(X/yr)
 
F. Capital Rcc,,very
Factor: 0.11745
 

LC Levelized Capital Cost: 150348. 0.00572
 
FX Levelized Capital Cost: 451044. 0.017;6
 

Initial LCFuelPrice: 
 45999.3
 
Levelized LCFuel Price: 
 45999.3 0.0017 

Initial FY Fuel Price: 919987. 
Levelized FX Fuel Price: 919987. 0.03500 

Initial LC IO&Cost: 72000
 
Levelized LC CM Cost: 72000 0.00273 

Initial FX O&M Cost: 
 96000
 
Levelized FX O,' Cost: 
 96000 0.005
 

Total LCLevelized Cost: 
 0.01021

Total F, Levelized Cost: 
 0.05582
 

Total Levelized Cost: 
 0.0403
 

Initial LCC1c~r 492750 '~a._er k. 

Levelized LC
 
Power Cost: 492750 0.01875 

Initial FX Power 
Cost: 657000 

Levelized FX
 
Power Cost: 657000 0.025 

Total Power Cost: (1.04375 
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FORT ICioi ASSSMENl 

TEL HNuL iY ASSLII' F TIil I 11' rjFn'-7.y IEM 

-E'l HNOL OiLYv lECqrRI[F" ri-rN :l14,jrner 

SYSIEM *5I2E ,Steern 3it-s:Hi-I . 37 

ANNUAL 'LF'ALiTY FAFIC1fRFr a,-t-to',, = t.r. 
tL-1iJEN EFFIcIENCY Fuel Urits S-ern Ll- t)I 1. 447 

I /(NON C'IGEN EFF IC IENIvY 1.
(FueI Ul- t=-I ." , t e&rn Urn t 

ELECTRIC---3-THERMAL RATIC - u. 1 

THEOF:E1 IAL 'STEAMUNITS / :Wh 1:11: 0 .i-']412 

LUOEN SYSTEM CAFITAL 'LOST i[350 
Lc,:al Currer,-:, /'Steea Ur, t.)

ANNUAL COGEN 14L'-FLUEL 1:oM 'jT.151 
-r,t li o-f CAFIrAL I".CAST) 

CCOEN SY-TEM LIFE (Years., 
N2
 

NON-- CCOE S STEM C",P I TA OS r
 
(Local Cirre-,cv / Stear, lIr t)


ANNUAL NON-II-i3EN NuN-FUEL I'IM C i5'T 
 L1.15 
-,Fracticn of I-AP1TAL COST)


NON-CIREN SYSTEM LIFE (Years;) 
 20 

C'CGEN SYSTEM POWER OUTFIIT tI.:WIi/YR. 5,319.672 
- 1c -, a t e d 'I 

- "Fuel Units" must be th sane as tihcse used-I 
for "Fuel F-rices" in the Finar-it li endE,-crc, c-,A-4ssumnrt , i riFr 1-w -__ 

- Th-is is the thecretical ,,.nber -f steam urits p-er t:Wh. 
l- ricr i'- c,,versicil- c,,-s--e--;e.-. if the tern unlits 
were i-,btu. the ve lie wculd be 3412 btu/IW' 

FINANCIAL ASSUMPTIONS: i-Fi-ENERATION SYSTEM 

MARI 'ET E:-:CHANGE RATE Lcal Cuercy_St : 1 
AFTER-TA:: OCCSTCiF EOUIT 5-:
 
COSI OF D'EBT (%: 11
EEBT-TC-EiPUITr RATI C: 2. :3
 

INITIAL CCiEN SYSFEM FUEL F, E t. 
(Local 'L'iiU ei'-y ,X Fuel I_ it')


ANNUtAL COEN FUEL F-RICE INFLArliON Ut./ ir) 
 :
 
INITIAL NON-I-C-iEN Y'y'_,.TEM FUEL PRICE 
 :3.06 

(Locac I Cut-e' / F 'ie1 Il-i t !')r,-cy 

ANN-Jr-UAL NC'N-iJ-;iIi-iEN SYSTEM FUEL FRICE INFLATION : 1
 

PA:iE -- 7-
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---------------------------------------------

5 

PORTICO ASSESSMEN 

(" / yr)
INITIAL POWER PRICE 'Lor- 1 Currency / I.W-. 

ANNUAL POWER PRICE INFLATION (." / yr) 


ANNUAL COGEN O&M ,COST INFLATION (. / yr)

AN UAL NON-C.OGEN Ci&M COST INFLATION (% / yr)
 

MARGINAL TA::::RATE (%' 


..- "Fuel Urits" must be the same as those used 
for "Fuel Prices" -i.-, :he Firna-n.:cial and 
Ecotnomic Assumtt-,or rituts. 

ECONOMIC ASSUMPTIONS: COGENERATION SYSTEM 

REAL E2'CHIANGE RATE (Local Currercy / USS) : 
MARGINAL RETURN TO CAPITAL (% ) 

COGEN SYSTEM FRACTION OF CAPITAL COST 
TN FOREIGN E::CHANGE
 

COGEN SYSTEM FRACTION OF O&M COST 

IN FOREIGN E-:::CHANGE 

COGEN ECONOMIC FL-h COST 
(Local Currency / Fuel Urit*)

COGEN FUEL COST ESCALATION RATE (% / yr) : 
COGEN SYSTEM FRACTION OF FUEL COST 

IN FOREIGN E::CHANGE 

NON-COIGEN SYSTEM FRACTION OF CAPITAL COST 
IN F':'REI9 4 E: _-HANGE

NON-COGEN SYSTEM FRACTIIN OF Ot.M COST 
IN FOREi,N E::CHANGE
 

NON-COGEN ECO-NOIMIC FUEL COST 
 : 
(Local Ciur-ercy /, Fuel , t * 

NON-COGEN FUEL COST ESICALATiON RAIE (% / yr)
NON-COGEN SYSTEM FRACTIION OF FUEL COST 

IN FOREIGN E:2'CHANGE 

CI GEN/NOW-COGEN C'F.,M ESALATICIN RATE 
(./YR) 

INTEREST. FEES, ETC. ON FORE:: ILAPIIAL COST 

PAGE -- :-

1. (455 
'L 

1 
10 

0.6 

0.6 

;.02 

0 
0. 

0.6 

0.6 

3.02 

0.95 

0 

10 



PORTIC O ASSESSMENT
 

ECONOMIC. POWER LOST 
ii. 

(Local C'-rre--C-, f/ i-.)
F'OWER C0S1 ESCALATION, ,AlE / y'r_
FRACTION 'iF F'WER CUST IN" FCIFE- : 0.5
 

--F " 
FOR LOCAL CURRENC.y C'hM r-; 0. 75SbLF1*-* FOR LOCAL CUL'RRENC C APF-ITL COSTS 0.5SCF I FOR LOCIAL CURRENCY POWER COSTS
-,rI * FOR U"*75LOCAL ''fREl-Y COAEN FIIEL Cf4TS 0 .95SZF I FIR tOCAL .XRENC C'ON-COiEN FI IEL COSTS: I.95
 

'FuelF- Urn ts" mu- be the ame as those cred
 
for "Fuel Frices" i-i 
 the Fi-ica ad
 
Ecit-.orirm.i 
 Az".lJrriFti 1ir lt S . 

:t -"SC:F = SF-edlfic Cnrvers,r-i Factor fc rvert-
the mar.'et pri,
ie to the tj ue ecor-oni c ,:ost 
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PORTICOASSESSMENT 

COGENERATIONSYSTEMASSESSENT 

Financial (Equity Only): 

Cogenerat ion: 

0 1 2 3 4 5 6 7 8 9 

--------------------------------------------------------------

10 

-----

3l 

-----

12 

--

13 14 

------------

IS 16 17 

------------------

13 

----

13 

-----

20 

----

Capital Investment: 499500 

Ecperses:
0: 
Fuel: 

24975 24975 24975 24975 24975 24975 24975 24975 24975 24975 
803681.2 803681.2 803681.2 803681.2 803621.2 80680.2 803681.2 803681.2 803683.2 803631.2 

24975 24975 24975 24975, 497, 
80.0:to1.2 803631.2 803681.2 803631.2 

4375 '4975 
80.308I 

24975 24975 24975 
.2 802 803681.2 8u3681.2 

Revenues: 
Power: 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 

Profit Before Taxes and
Depreciation: 

Depreciation: 

Profit Before Taxes: 

Taxes: 

Profit After Taxes: 

Net Cogen Cash Flow: 

Non-Cogeneration: 

-586613. -586611. -586611. -536611. -526631.-5136611.-586611. -58661. -596611. -536611. -86613. -53611. -536611. -5366.1. -536613. -536613. -58661!. -536611. -586611. -536631. 

24975 24975 24975 24975 2497 24975 24975, 24975 24975 24975 24975 24975 24975 24975 24975 2497. 24975 24975 24975 2409 

-611586. -611586. -611586. -611586. -611596. -611586. -611586. -611586. -611586. -611586. -611526. -611586. -611586. -6115-f.-611 586. -61153t. -611586. -A115!86. -611586. -6118.. 

-305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -30579J. -305793. -305 743. -305793. -1305793.-305793. -305793. -3057.93. -30573. -

-305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305793. -305733. -3405793. -305793. -305793. -30579?. -3(157)3. 

-499500 -280818. -280818. -280818. -280838. -280818. -280818. -280818..-280838. -280818. -280838. -280818. -280018. -280818. -20818. -280818. -280818. -280838. -280813. -280938. 8. 

Capital Investment: 0 

EPenses: 
03m: 
Fuel: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 73-698.0 738698.0 73S698.0 738698.0 730698.0 

Profit Before Taxes and
Depreciation: 

Depreciation: 

Profit Before Taxes: 

Taxes: 

Profit After Taes: 

Net Non-Coen Cash Flow: 

-7j8698. -73369. -738698. -738698. -738698. -738698. -738638. -78698. -738698. -73869. -7386.. -739 -738698. -738698. -738698. -738693. -738698. -73369S. -73898. -718698. 

o 0 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-7.W36. -78698. -,8698. -73869. -73868. -73698. -73V693. -738698. 738698. -738698. -73369. -738698. -733638. -738698. -7.698. -'38698. -73869?. -73 368. -73 6_8. -7.8608. 

-369349. -. 69349. -369349. -369349. -369349. -39349. --. 934. -369349. -36949. -369349. -369249. -369349. -36934?. -46349. -369349. -369349. -. 69149. -369349. -3,9j49. - 69349. 

-369349. -369349. -369349. -369349. -369349. -. 69349. -X9349. -369349. -369349. -369349. -369349. -. 63349. -369349. -369349. -69349. -69349. -369349. -369349. -369,49. -363349. 

0 -369349. -369349. -369349. -A949. -369349. -369349. -369349. -369349.-369349. -369349. -369349. -369349. -49349. -369349. -369349. -V9349. -369349. -369349. -369349. -3693A49. 
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PORTICOASSESSMIT 

Cogen:Non-cogen Diff. Cash Flow: 

Net Fresent Value: 

-499500 

47516.89 

.K530.92 335302 M3653.929250.92 K50.9" 92530.9:9 530.2 0-15,30.32 8:3530.92 8530.92 8530.92 AX:..42 .2530.92 $530a.92 22 530.92<8530.9;' 2253u.92 .2530.2 

Internal Rate of Return: 16.r5027 

Levelized Incremental Foer Cost: 

Welgted Cost of CaFital: 
1"o 

Capital Charge Rate: 

15 

0.26952-

Capital; 

Levelized Fuel: 
Levelized n6M: 

Cc-ger Nun-Cogen Piff. 

134626.7 0 134626.7 

803681.2 738698.0 64983.20 
24975 0 24975 

Total: 


Annual Power Productlc: 531%71. 

ET FUIR COST: 0.042217 

Financial (Eqity & Debt): 0 

.........................------------------------... 


Cogeneration:
 

Capital Investaent: 

Equity 

Debt 


Expenses:

O.m: 
Fue: 

Interest: 


Revenues:

Power: 


Profit Before aes andDepreciaticon: 


499500
 
151363.6
 

348136.3 

224584.9
 

1 2 3 4 5 6 7 8 9 10 it 12 13 14 15 16 
...----.----


-


24975 24975 24975 24375 214975. 2.497.524975 249975 24975 2497 24975 24975 2495 24975 4975, 24975803681.2 803681.2 803681.2 803681.2 803681.2 83681.2 803681.2 803681.2 803681.2 803681.2 803681.2 80361.2382935 803681.2 0331.2 30.1681.: 03631.237693.53 37036.45 36301.54 35485.79 34580.30 33575.22 32459.58 31221.21 2.146.62 28320.83 2667.21 24747.23 22660.57 20344.3 1 7773.26 

242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 242045.0 2"42045.0
242045.0 242045.0 242045.0) 24,45.0 242045.0 242045.0 242045.0 ,42045.) 

-624906. -624309. -62367. -622:912. -622096. -621191. -62(186. -619070. -61732. -616457. -614931. -613238. -611353.-613)271.-606955. -. 04.84. 

2475 24975 24975 24 75 
803681.2:4 l1.21-803681.2 8181.2R 
14919.41 11751.2 821. .8 4332.359 

242045.0 242045.0 242045.0 242045.0 

-601530. -592362. -594846. -590 43. 
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P 0TICOASSESSINT
 

Depreciation: 24975 24975 249715 24975 2435 2475 -4975 2497 2197j 24975 24-75 247'75 1495 24975 2497 2495 249?75 24375 24. 24975 
Profit Before Taxes: -649.M. -649284. -643622. -647887. -647(171.-b46166. -645161. -644045. -642807. -641432. -6,39906. -6j23. -43633. -54246. -6.1193b. -629'59. -062505. -623":7. -1346 1. - 4i,$. 
Taxes: 
 -324940. -324642. -324311. -323943. -2.1535. -31--083. -32250. -32,20 22. -321401. -320716. -31995.. --1V106. -310166. -J17121. -31565. -314673. -313 52. -3115. -139O. -079,9. 
Profit After Taxes: -324940. -324642. -324311. -323943. -323535.-3230083.
-322580. -322022. -321403. -320716. -31991,3. -3191 6. -318166. -31V"'1.3.-315965. -314679. -31 252. -31166.9. -3u991(1.-'11959. 
Net Cogen Cash Flow: -151363. -305388. -305686. -306017. -306384. -306792. -307245. -307747. -308305. -308924. -309612. -310375. -311221. -312161. -313205. -314363. -315648. -31707. -31865-;. -320417. -32236. 

Non-Cogenerat ion: 

Capital Investment: 0
 
Equity 0
 
Debt 
 0
 

Ewpanses:
(3M: 0 0 0 0 0 0 0Fuel: 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 

0 0 0 0 0 0 0 0 0 ,0 0 0 0738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 738698.0 7A698.0 738698.0 736698.0Interest: 738'68.00 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Profit Before Taxes and
Depreciation: -738698. -738698. -738698. -7.8-698. -738698. -738698. -738698. -738698. -738698. -738698. -738698. -730698. -738698. -738698. -73868. -739698. -73869,8. -738698. -738698. -73898. 

Depreciation: 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 0 0 0 ( 0 
Profit Before Taxes: -738698. -7-8698. -733698. -738698. -738638. -738698. -738698. -738698. -738698. -738698.-738698. -738698. -733690. -738698. -73869. -738698. -738698. -738698. -738f98. -739698. 
Taxes: -369349. -369349. -369349. -369,49. -369349. -469349. -369349. -369349. -369349. -369349. -369349. -369349. -36934. -36934. -369349. -369349. -369349. -369349. -16934q. -369349. 
Profit After Taxes: -369349. -369349. -169349. -369349. -369343. -369349. -369349. -369349. -369349. -359349. -369349. -369349. -.69349. -369349. -363349. -39349. -369349. -369349. -36949. -36934?. 
Net Non-Cogat Cash Flow: 0 -369349. -369349. -369349. -369349. -369349. -369349. -369349. -169349. -369349. -369349. -369349. -369349. -269349. -369349. -369349. -3k9343. -3A9349. -369349. - -9349. -3 934% 

Cogmi/Non-cogen Diff. Cash Flow: -151363. 63%0.98 63662.74 63331.70 62964.25 62556.37 62103.63 61601.09 61043.27 60424.09 59716.79 58973.90 58127.03 57187.12 56143.76 54985,63 53700.11 52273.18 506814.29 48-931.17 46979.66 

Net Present Value: 201363.9 

Internal Rate of Return: 41.58909 
)) 

Levelized Incremental Power Cost: 

Neighted Cost of Capital: 8.378787 Capital Recovery Factor: 0.104739
 

Capital Charge Rate: 0.159479
 

Cogw, 4n.-Coeg, Diff.
 
Capital: 79660.18 0 7%60.18
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FVRTICO ASSESENT 

Levelized Fuel: 80.691.2 73A692.0 649,S3.20 
Levelized OM: 
 24975 0 24975, 

Total: 
 169618.3 

'wial Power Production: 531q71. 

NET FA. COST: 0.03135 

Coger, Interest and Principal Payments:
 
Acual Payment: 43717.44
 

Loan Begining Balance: 3481.16.3 342713.9 336695.0 330014.0 322599.1 "14-66.4 305229.3 25,5087.0Interest: 281829.2 271142.9 :57462'.138295 37693.531 37036.45 36301.54 35485.79 34580.30 33575.22 
242065.5 224975.3 2(6005.1 24948.1 161575.1 135631.0 106832.9 74867.14 :3245959 31221.21 29246.62 2.320.83 26627.21Principle Payment: 24747.28 22660.57 20344.31 17773.26 14919.415422.445 6018.914 6680.995 7415.904 82J41.654 1175-1.62 82.'5.386 43342.399137.:36 13142.22 11257.q6 12496.23 13870.8115:496.60
17090.23 18970.15 21056.87 23373.13 25944.17 2798.03 31965.81
5432.05 9 M.8
.,
 

Nor-Coogqr, Interest and Principal Payments:
 
Aroual Payment:
 

Loan Begirning Balance: 
 0 1' 0 0 0 0 0 0Interest: 0 0 0 00 0 0 0 0 00 0 0 0 0 0 0 0 0Principle Payment: 3 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 

ECOtMIIC: 

Cogeneration System: 

Capital Investment:
 
Local Currency (L81: 99900
 
Forei r Echange (FX):' 299700
 

Expenses:
LC 06: 7492.5 7492.5 749-'.57492.5FA 06K: 7492.5 7492..5, 74!.5 7492.5 7492.5 7492.5 742.5 7492551495 7492.5 742.5 7492.51195 1425 14995 7492.5 7492.5 742.51495 1495 7492.5 7492.5LC Fuel: j76 .. "" -,"- 14965 14985 149853767 31675.83 37675.03 14985 143;5 14987C F .,7,.83 37675.31 37675.93 3W75.8- 14985 149 . 149.54 8 4 8 4 14' 149.;5.149'- 1 9 5 1 9 . '
37675.8 3767.83 37675.1 1498 1465376-7 37675.83 37675.8FX Fuel: 37675.83753516. 
. 
"' 75.1 7 793516.7 753516.7 753516.7 7 316.7 7' 516.7 

37675.3 37675.01 3775.83 37675.9 37,67,.83 7A9...I n erst ,3516.7 753516. 7 7351f.7FX Interest, 1 . 753516.7 753516f.7etc.: .. . .45202 .435202.64 35202.64 35202.64 35202.64 3202 64 35202.64 
. 2 753516.7 7535If.7.5X. 75356.7750753(51.77 5 3 1 ( . 7,3516.77",1.. 7 '.6 16.. 75351.7. ' 7[6.1 6 3520v2.64 35202.64 35202.64 35202. 64 35292.64 3202.64 35202.64 35202.64 35202.64 52u2.64 35202.64 35202.64 35202.--;4 

Revenuies:LCPower: ?374".t4 
FX Power: 

9974..4 99743.34 '79743..4 ?97434.3499743.J4 '9747.44 99742.64 99743.04 99743.84 ?9743.8413.7991.7 132991.7 132931.7 132991.7 13291.7 132-91.7 132±31.7 
4743.34 99743.34 9943.34 9743.84 997434.34 9974.084132-991.7 132232.7 132991.2 132991.: 192'91.7 1-2991.7 13"9}1.7 9974..4 99743.94 9974-.3413'91.7 13:9r1.7 132'91.7 13.491.7 132992.7 13"91.7

i~etEconomcic Cash Flows:
 
Local Currercy (LU): 
 -9990 54575.50 54575.50 54575.50 54575.f2 54575.50 54575.50 54575.590 V457.50 54575.50 5455. 50Foreign Etchar,ge 'Fo:' 54575. 54575.50 54575(1 545750 545-6 70712 . -67012. -670712. - -67712. -771. -670712. -7)71. 

75.50 545045.50 5 5575.5 054575.50-670712. -670712. -670712. -670712. -_707 
12. -67:. -670712" -67071:. -670712. -670712. -670712. -(7712. 
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PORTICO A-SESS&NT 

Total Ecoo.mic Cast Flows: -2900 -616137. -616137. -616137. -61613 - 7
. 161137. -616137. -tM1.137,
-6161?7. -616137. -61613. -E16137. -613 . -616147.
-61(137. -t,16147.
-616117. -61617. -6161:0.
 

Non-Cogen System: 

Capital Investment:
 
Local Currer cy (LI: 0
 
Foreign Edange (FX):' 0
 

Expenses:
LC O&M: 0 0 0 0 6 0 0 0 0 0F. O&M: 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0
0 0 0 0 0 (1 0 0 0LCFuel: 0 0 0 034629.48 34629.48 34649.48 34629.48 3-4629.48 34629.48 346219.48 34629.48 34629.48 34629.48 34629.48I71Fuel: 34629.48 46.9.48 34,.29.48 34629.48 34629.48 34629.48 34629.48 34629.48 34629.48692589.7 692589.7 692589.7 692589.7 692589.7 69259.7 692589.7 692589.7 692589.7 692589.7 6925Y9.7 692589.7 692589.7 692531.?FX Interest. etc.: 692589.7 69259.7 692589.7 692589.7 692589.7 69:58 .70 0 0 0 
 0 0 0 0 i 0 0 0 0 0 0 0
0 0 0 0
 

Net Economic Cash Flows:
Local Currecy (iLC): 0 -34629.4 -34623.4 -34629.4 -34629.4 -3462,9.4 - 34629.4 -34629.4 -314629.4 -34629.4 -34629.4
Foreign Exchange (FX):$ -34629.4 -34629.4 -34629.4 -344629.4 -34629.4 -34629.4 -34629.4 -34629.4 -34629.40 -692589. -692589. -692589. -6925q9. -69259. -692589. -692589. -34629.4-692.9. -692,589. -692589. -692S89. -692589. -692589. -692589. -69K-9. -62 -9-69_. -692"8.. -692589. -692589. 
TotalEconomic Cash Flows: 0 -7,7219. -727219. -727219. -727213.-727219. -727219. -727219. -727219. -727219. -727219. -7272!9. 
-727219. -'27219. -727219. -727219. -727219. -727219. -727219.
-727219. -'27213.
 

Incremental Cash Flow:
Local Currency (LC): 
 -99900 8204.99 89204.99 39204.94 89204.49 89204.99 89204.99 39264.99 89264.9) 89204.99 89204.'99 89204.99 89204.99 89204.99 89204.99 89204.99 89204.9Foreign Currency (F,):' 89204.99 89204.99 83204.99 89204..921877.07 21877.07 21877.07 21877.07 21877.07 21877.07 218,7.07 21877.07 21877.07 21877.07 21877.07 21877.07 21077.0 

1 

21877.07 21877.07 
1877.07 21877.07 21877.07 21877.07 21977.07
 

Net Cash Flow: 
 -9.900 111082.0 111082.0 111032.0 111092.0 111082.0 111082.0 111032.0 111082.0 111082.0 111082.0 111082.0 111082.0 111082.0 111082.0 111082.0 111082.0 111082.0 11I082.0 111082.0 111082.0
 

Net Present Value: 768912.9 

Internal Rate of Return: 111.1932 

Note: This assumes that the fx requirements are met solely through torrowed FX finds 

Levelized Costs: 

Marginal Return to Capital: 10
 
(%/.yr)
 

Lt Capital Recovery Factor: 0.117459
 
Interest, FEes. itc. or, F. : 10
 

%yr )
 
FP Capital Recovery Factor: 0.117459
 

.CoonNon-cog [iff.
 
LC Levelized Cdpital Cost: 11734.21 0 11734.21
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PORTICO ASSESSMENT 

FX Levelized Capital Cost: 

Initial LCFuel Price: 
Levelized LCFuel Price: 

Initial FPXFuel Price: 
Levelized FX Fuel Price: 

Initial LCO&K Cost: 
Levelized LC O&N Cost: 

Initial F %M Cost: 
Levelized R' O&MCost: 

35202.64 t5211.64 

37675..K, 3462..4:
 
37675.83 346,9.48 1046.-153 
753516.7 692589.7
 
753516.7 6?2 9.7 60927.06
 
7492.5 (
 
7492.5 0 7492.5 
1498 0 
149835 0 14985 

TotalLC Levelized Cost: 
 22273.06
 
TotalFX Levelized Cost: 
 111114.7
 

Net Total Levelized Cost: 
 133387.7
 

NET LEVELIZED COST: 


Initial LCPurchased Power 
Cost: 

Levelized LC Purchased 
Power Cost: 

Initial F'XPurcha... Power 
Cost: 

Levelized FXPurchasedj 
Power Cost: 

Total Purchased Power Cost: 

NETPU.CED POER COST: 

0.025074
 

99743.84
 

99743.84 

132991.7 

132991.7 

23,735.6 

0.04375 
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SCOTT PA'ER AIoLYSIS 

COERATION SYSTEM ASSES84ENT 

Financial (Equity Only): 0 
 1 2 4
3 5 6 7 8 9 le 11 12 13 14 
 15 16 17 18 1? ,0
 

Cogeneration:
 

Capital Investoet: 4680000
 

Expenses:
 
O&: 
 234000 
 214000 24000 234000 234000 234000 234000
Fuel: 234000 234000 234000 234000 23400G 234000 234000 2?4000 234000 234000 234000
1764840. 1764840. 1764840. 1764840. 1764840. 1764840. 1764840. 1764840. 234000 234000
1764840. 1764840. 1764840. 1764.840.
1764840. 1764840. 1764840. 1764540. 1764840. 1764840. 1764840. 1764340.
 

Revenues:

Power: 
 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 53117.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8 531517.8
 

Profit Before lanes and
 
epre 1iation: -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -146732z -1467222 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -1467322 -146722
 

Ewreciation: 234000 234000 234000 
 234000 234000 234000 234000 234000 234000 234000 234000 234000 
 234000 234000 234000234000 234000 234000 234000 234000
 
Profit Before Taxes: 
 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322 -1701322
 
Taxes: 
 -850661. -850661. -850661. -80661. -850661. -650661. -850661. -850661. -50661. -850661. -850661. -8506f1. -3506E1. -850661. -8K0661. -85661. -05061. -85061. -8'0661.-850661. 
Profit After Taxes: -850661. -850661. -850661. -850661. -850661. -350661. -850661. -850661. -850661. -850661. -850661. -850661. -850661. -850661. -850661. -856. -06. -350661. -850661. -8K0661. 
Net Cogen Cash Flow. 
 -4680000 -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -616661. -61641. -616661. -616661. -616 661. -616k.81. -f1661. 

Non-Cco9enerat ion: 

Capital Investment: 0 

Expenses:O&4: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Fuel: 0 0 0 0 01744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 174410b. 1744106. 1744106. 17441(6. 174416. 1744106. 1744106. 1744106. 1744106. 1744106. 

Profit Before Taxes and
[ereciation: -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106
 

Iepreciation: ( 0 0 0 Q 00 0 0 0 0 11 0 A (1 0 0 0 0 f 
Profit Before Taxes: 
 -174410t. -1744106 -1744106 -1744106 -1744106 -1744106 -174410t.
-1744106 -1744106 -1744106 -1744106 -1'44106 -1744166 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106
 
Taxes: -872053. -872053. -872053. -872053. -872053. -8720153. -072053. -872053. -872053. -872,5. -' 72n, . -..72=53. -872053. -72053.- 70 -7205. -72053. -872053. -072053. 
Profit After Taes: 
 -872053. -872053. -872053. -8702053. -72053. -072053. -872053. -072053. -872053. -372053. -972053. -372053. -S72053. -872053. -872053. -372053. -372053. -q72053. -b72053. -872051. 
Net Non-Cogen Cash Flow: 0 -872053. -872053. -872053. -872053. -872053. -872053. -072053. -872053. -872053. -872053. -87:053. -872053. -872053. -472053.-87253. -872053. -072053. -87203. -672053. -872053. 
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SCOTTPAPERANALSIS 

(Ccen;Non-cogen [iff. Cash Flow: -4680000 25531.8 25391.8 455431.8 255391.8 255391.8 25 ,391.8 255391.8 255391.8 553 .8 255391.8 2'55 1.8 55391.8 255391.8 255391.8 255391.8 2553I.3 255391.2 -591.3 2553;1.8 255391.6 

Net Present Value: -2679493 

Internal Rate of Returr,: 0.847.96 

Levelized Incremental Power Cost:
 

Weighted Cost of Capital: 15
 

Capital Charge Rate: 0.269522
 

(Lgen Ncn-Cogen iff.
 

Capital: 1261367. 0 1261367.
 
Levelized Fuel: 1764840. 1744106. 20734.13
 
Levelized OMH: 234000 0 234000
 

Total: 
 1516101.
 

Annual Power Production: 11681711
 

NET POWER COST: 0.129784
 

Financial (Equity tDebt): 0 1 2 
 3 4 5 6 7 8 9 
 10 11 12 13 14 15 16
 

Cogenerat ion:
 

Capital Investment: 4680000
 
Equity 1418181.
 
Debt 3261818.
 

Evenses:
 
CIM: 234000 2340,00 234000 234000 234000 234000 234000 2340 234000 23X00 
 2000 214000 234800 134000 234000 234000 234009 234000 234000 234000
Fuel: 
 1764840. 1764840. 1764840. 1764840. 1764840. 1764840. 17b4840. 1764840. 1764840. 1764840. 7
1764840. 1764940.1764840.
1764840. 1764840. 1 640. 1764840. 1764840. 1764040.1764840.Interest: 25380 
 53211.4 347009.1340122.5 332479.4 323939.6 314578.6 30412-5.7 292523.0 279644.0 265748.4 249480.1 231866.4 212315.2 1?061.3 166524.3 1 0785.4 110105.3 771k0.37 40591.47 

Revenues: 
Power: 
 531517.8 531517.8 531517.8 531517.9 531517.3 511517.8 531517.8 5'1.517.3
531517.8 5311517.9l
531517.8 531517.8 531517.8 51517.8 531517.8 531517.3531517..3
531517.3 531517.8 531517.
 

Profit Before Tares and
 
Depreciati
r: -1826122 -1320534 -1814330 -13807445-179902 -1731318 -1781901 -1771448 -175845 -1746966 -1732671 -1716802 -1699189 -1679637 -165793. -1633846 -16071n8 -1577427 -1544482 -1507314 
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SOTT PAPER AMI.YSS
 

[e:.reci
ati}or: 
 7"94000I 23t4rju( 23'0, 0 :340 2A. 400 4t'0 24:0 234VU0 23 4 00 f0 2-440j.2340a0 234000 2)400 2.).' 2"40 2340 23400234t100 i -400 
Profit Before Ta.es: -2(6012, -(15454 -2040330 -2041445 -2O3-o. -225:,18 -2.1191 -21544 -19:4K45 -1_096_ -14tt.71-195., -193189 -1913t-? -I 1t -147]46 -10411U -1:31147 -1778482
-l741?l.
 
Taxes: -1030161-1027267 -1024165 -1020722 -101601 -1012659 -107950 -1002724 
-796922.
-990403. -94333.-q75401.-7.%6594. -9w3c,.. -:0554. 305',71 -87057.-356818. -945.63. 
 - 4.-839241. 

Profit After Taes: 
 -103001 -1027267 -1024165 -1020722 -1016901-1012659 -I017y9o -1002724 -99
692:.-?90483. -'233:c. -975401. -?E.594. -.5.-318. 9-3921.-945968. 
 -920554. -905713.-af8-241.
-370957. 
Net Coger Cash Flow: -1418181-846866. -849660. -652762. -86214. -060026. -864268. -,e-976. -874203. -880004. -836444. -993591. -;01526. -91('332.
-92A10l.-93,59. -443004. -456373. -?71213. -Y47686. -1005970 

Nor,-Cogererat
io:
 

Capital Irvestwt: 0
 
Equity 
 0
 
Ilet 
 0 

O : 
 0 0 0 0 0 0 
 0 0 0 0 
 0 0 0
Fuel: 0 0 0 0 0 0 0
1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106.
Interest: 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 1744106. 174410..
0 0 0 0 0 0 0 
 0 0 0 0 0 0 0 0 0 
 0 0 n

Profit Before Takes and


Depreciation: 
 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1144106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106
 
Dpreciation: 
 0 0 0 0 
 0 0 0
0 0 0 0 0 (I 0 0 0 0 0 0 0
 
Profit Before Taes: 
 -1744106 -1744106 -1744106 -1744106 -174410( 
 !744106 -1744106 -1744106 -1744106 -174410,6
-1744106 -1744106 -1744106 -1744106 -1744106 -1744106 -1744106
-1744106 -1744106-1744106
 
Taxes: 
 -87z053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -87205)1. -:3725.. -072053. -7253. 7253. -072053.-872053. 

Profit After Taxes: -672053. -872053. -872053. -8205. -872053.-37205). 
 -872053. -872053. -872053. -872053. -87205). -872053. -872053. -972053. -872053. -L72(53. -872053. -872053. -872053.-072053. 
.Net Non-Cogwn Cash Flow: 
 0 -672053. -872053. -872053. -872053. -672053. -872053. -872053. -872053. -872053. -872053. -872053. -872053. -87205,. -87205. 
 -81205. -872053.-87205. -872053. -$72053
-872053. 


Cogen/Non-cogen Diff. Cash Flow:-1418181
25186.97 22392.70 19291.06 15848.25 12026.72 7784.823 3076.317 -2150.12 -795,1.47
-14390.9 -21538.6 -29472.9 -348279.7
-48055.3 -53906.3 -70959.8 -84320.2 -99160.3 -11562. -133917.
 

Net Present Value: -1238043
 

Interral Rate of Return: 
 ERR
 
t%) 

Levelized Incremental Power Cost:
 

Wei hted Corstof Capital: 3.37373-7 
 Ca- italRecovery Factor: 0.10473.9
 

Capital Charge Rate: .15;479
 

Coger.Nc -Cogen Piff.
 

Capital: 746365.7 
 A ?46365.7
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SCOTT PAPER WLYSIS
 

Levelized Fuel: 
 1764840. 1744106. 207.44.13
 
Levelized M&PI: 234000 0 2344000A 

Total: 
 10010'9.
 

Annual Power Froduction: 1168.1711 

NETPOWR COST: 0.0856 
-==_====z=
 

Coge Irterest arJ PrinciFal Payments:
 
Annual Fa~aent: 409604.8
 

Loan Beginning Balance: 3261818. J211013. 3154619. 3092023. 3022540. 2945415. 2859906. 2764779. 2659300. 2542219. 2412258. 2268001. 2107877. 191138.Interest: 1732849. 1513857. 1270776. 1000957. 701457.9 369013.4358800 353211.4 347008.1 340122.5 332479.4 323995.6 314578.6 304125.7 292523.0 279644.0 265348.4 2494811.1 ,. I .. l.2 190613.3 166524.3Principle Payment. 50804.89 56393.43 62596.71 69482.35 77125.40 e5609.20 95026.21 
139785.4 110105.3 77160.37 40591.4?

105479.0 117081.8 129960.7 144256.4 160124.7 177738.4 197289.6 218991.5 243080.5 269819.4 29"3499.5 332444.5 .69013.4 

Non-Cogen Interest and Principal Payments:
 
Annual Paym'ent: 0
 

Loan Beginning Balarce: 0 0 
 0 0 0 0 0 0 0 0 0 0 0 00 0Interest: 0 0 0 0 0 0 
0 0 0 0

0 0 0
0 0 0 0 0Principle Payment: 0 0 0 
0 0 0 0 0 00 0 0
0 0 0 0 0
0 0 0 0 0 0 
 0 0 0 

ECONOMIC: 

Cogenerat ion System:
 

Capital Investment:
 
Local Currency (LC): 936000 
Foreign Exchange (FX):1 2808000 

Expenses:

LC OWI: 
 70200 70200 70200
70200 70200 70200 70200 70200
70200 70200 70200 70200 70200 70200 
 70200 70200 70200
FX &IN: 70200 70200 70200140400 140400 140400 140400
140400 140400 140400 140400 140400 140400 
 140400 :40400 140400
140400 140400 140400 140400 140400
LCFuel: 140400 14040082734.10 82734.10 82734.11 
FX Fuel: 

82734.10 827-4.10 82734.10 82734.10 82734.10 82734.10 82734.10 82734.10 82734.10 32734.10 82734.10 82734.10 82734.10 82734.10 Q2734.10 8274.10 82734.101654682. 1654682. 1654682. 1654682. 1654682. 1654682. 1654682.1654682. 1654682. 16K468;. 1654682. 1654682. 1654682. 1654682. 1654662. 1654682. 16 W 2. 1654682. 165462.FX Interest, etc.: 329826.6 329826.6 329626.6 16540-92.329826.6 J26.6 32 926.6 329826.6 329826.6 329826.6 329826.6 32-26.6 329,6.6 329826.6 329926.6 329826.6 329826.6 329926.6 324826.6 329826.6 32-4826.6 

Reve ues: 
LC Power: 
 219032.0 219),2.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.0 219032.9 219032.0FX Power: 219032.0 219032.0 219032.0 219032.0 219032.0
292042.7 292042.7 292042.7 292042.7 :132042.7292042.7 292042.7 292042.7 292042.7 292042.7 292042.7 29:04 7 22.29(142.7 292042.7 29-042.7 292042.7 292042.7 292027 z9204 92042.7 

Net Economic CashFlows:
 
Local Currency ILCI: -93"600 66097.98 66097.98 E6097.98 66097. W 097.98 66097. 6 097.98 6t097.9n6E.(97.98 66097.99 66097.93Foreign EUchange (FX):* -1832865 -1832865 66097.8 66097.466097.9 66097.98 66097.98 6097. 98 66097.8 66097.9 66017.98-18328.5 -183,865 -1832865 -1832865 -1832865 -1832865 -1832865 -183285 -1832.65 -183,65 -1832865 -1832865 -1832065 -183265 -1832?65 -1832865 -183;65 -I3215 
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Total Economic Cash Flows: -4-v.1600 7-17667, -17E6768 -176676 -17676 -1766776-I 6t6t -176676-6:Y 66 8 -1776A -176676.- 771766..8 -17667! 176.',..-.. -I 7t -17676q -1766f -1-66768 -176..6-I .669 

No-Coger, Systrin: 

Capital Investment:
 
Local Currency tLC: 0
 
Foreign E-chan (FX):O 0
 

Eqperses:

LC 0&1: 
 0 0 0 
 0 0 0 0 0 0 0 0 0FX 0e: 0 0 0 00 0 0 0 
 0 0 0 0
LC Fuel: 0 0 0 0 0 0 0 0 0 0 0 081762.11 81762.11 81762.11 81762.11 81762.11 81762.11 81762.11 81762.11 81762.11 31762.11 81762.11 q1762.11 81762.11 81762.11
FX Fuel: 81762.11 81762.11 81762.11 31762.11 0176,2.1161762.11
 165242. 163242. 1635242. 1635242. 1635.242. 1635242. 1635242. 1635242. 1635242. 16352242.1635242. 1635242. 1635242. 165242. 16,242. 1635242. 1635242. 165242.FX Interest, etc.: 16T242. 1635242.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NetEconomic (ash Flows:Local Currency fLC,: 0 -81762.1 -81762.1 -:1762. 1 -81762.1-81762.1 -81762.1 -81762.1 -81762.1-81762.1 -81762.1-81762.1 72.I -81762.1 -.31762. 1 -81762. 1Foreign Exchange (FXI:) - 762. 172. 1 -81762.1 -81762.1 -31762.I0 -1635242 -1635242 -1635242 -1635242 -1635242 -1635242 -1635242 -1635242 -1635242 -163.242 -1635242 -1636242 -1635242 -1635,242 -163524: - 6.5624: -16-5242 -1635242 -1635242 -163242 
Total Economic Cash Flows: 
 0 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -1717004 -17170(4 -l1117004 -1717004 -1717004 -1717004 -1717004-1717004 -1717004 -17170t)4
 

Incremental Cash Flow:
Local Currency (LC): 
 -936000 147860.0 147360.0 147M60.0 14780.0 147860.0 147860.0 147860.0 147860.0 147860.0 147860.0 147860.0 147860.0 147860.0Forei t Currerc1 IFXI:D -197623. -197623. -197623. -197623. -197623. 
147860.0 147860.0 147860.0 147660.0 147860.0 147S60.0 147,60.0-197623. -197623.
-197623. -197623. -197623. -197623. -197t,23. -197623.-197623.-19762f3.-1'?70.23. -197623. -197623. 197621. -197623. 

Net Cash Flow: -936000 -49763.6 -49763.6 -49763.6 -4976.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 -49763.6 

Nat Present Value: -12.060 

Internal Rate of Return: 
 ER
 

* Note: Thisassumes thatthe fNreqjirtents are metsolely through borrowed FX funds
 

Levelized Costs:
 

Marginal Return to Capital: 10
 
;1yr )
 

LC Capital Recovery Factor: 1).1174,9
 
Interest. Fees, etc. on FX : 
 10
 

FX Capital Recover Factor: 0.117459 

Cow Non-cog [qff.
 
LCLevelized Capital Cost: 10942.2 0 0942.2
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SCOTT PAPER ,MLYSIS
 

FX Levelized Capital Cost: 
 f2.26.60 329826.6
 

Irntial LC Fuel Frice: 
 82734.10A
81762.11
 
Levelized [CFuelPrice:82734.10 A1762.11 971.9971
 

Initial FX Fuel Price: 
 1654682.163.242. 
"evelized x Fuel Frice: 1654682. 1635242. 194Y)94 

Initial LC O&W Cost: 70200 0
 
Levelized [C O&M Cost: 70200 0 70200
 

Initial FX CO&Cost: 
 140400 0
 
Levelized FP O&M Cost: 
 140400 0 140400
 

Total LC Levelized Cost: 
 181114.2
 

TotalFY Leelized Cost: 489666.5
 

Net Total Levelbzed Cost: 
 670780.7
 

NET LEVELI2EP) COST: 

Initial LC Purchased Power 
Cost: 


Levelized LC Purdased 
Power Cost: 


Initial F Purchased Power
 
Cost: 


Levelized F Purchased
 
Power Cost: 

0.057421
 

219032.0
 

219032.0
 

292042.7
 

292042.7
 

Total Purchased Power Cost:5:1074.8
 

NET CIMFASED COST: 0.04375POWER 
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APPENDIX H: DSE SUGAR QUESTIONNAIRE 
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IOENTIFICACION DEL CONSUMIDOR B. INFORMACION SOBRE EL SUMiNISTRO DE ELECTRIC iDAD 

,-.mbre del Ingenio: 
Compafiia distribuidora: 

Codigociu 

,,!)icacibn: 

L11.L C6digodelconsumidor 

No. total transformadores 

IHI!1111 ! 

L 

r' ovincia 

Cantbn 

- .strito 

C Era direcci6n: 

Li 

HL 
u 

Potencia Instalada Total KVA 

Tensibn de Suministro V _ 

Tipo de tarifa 

_ L. 

I 

L 

i 

L 

Telfono 

A,)artado Postal 

Telex 

l'ombre de la persona entrevistada 

Observaciones: 



PRODUCCION Y CONSUMO ANUAL DE ENERGETICOS 

Energ~tico/ 
Producto 

Unidad 84-85 

CONSUMO 

85-86 86-87 

Perfii utilizacibn de los Energiticos. 

Observaciones 

C.uja molida 

G.,,.azo prod. 

Alcohol prod. 

- ucr prod. 

12.,iazo consum. 

r.uker 

Clesel 

E.E. Generada 

E.E. Comprada 

Observaciones: 

c/ 



0. CALDERAS 

Tipo tubos Fuego E-i. Agua [I Li Energ~ticos utilizados 

:.larca 

Produccibn 

V;,por __ 

Unidad 

_Media 

Nominal 

U 

IIII.L III 

IJ L1.11 

Principal 

Otro 

Otro _ 

L 
[1L 

Piesibn 
Vapor 

Z 
Unidad 

Tipo 

MAxima 
Media 

LII!i 

Li 

Cantidad Calderas en Operaci6n 

Principal 

Reserva 

L_1_.J 

Temperatura LLILi 

T up era tu ra U nidad 

de Uso 

Cantidad da Quemadores 

/P M ixima 

Minima 

L.-LJ 

Edad(es) 
Pri n ipadlrinc ip a l 

Reserva 

_ _ _ __ _ _ _ _ _ L__ L 

LU 

Rdgimen do Operaci6n Rendim;ento estimado 010 LU 
Horm por d(a LU 
Dias por mes 

Mes de inicio 

L 
L Li 

Observaciones 

Mes de finalizaci6n L 
I I 

.L 
I 



E. TURBINAS 

fLLatca Tipo LI Cantidad 

Edad Li No. etapas L Principal LI 
uso(s) II Potencia 111L Reserva LI 

Entrada Extraccibn Salida 

Presi6n Temperatura Presibn Temperatura Presibn Temperatura 

Regimen do Operaci6n Observaciones: 

Horas po ira ___
 

Dias por mes [
 
Mes de inicio _ __I__
 

Ales de f inL..LL.I.J_______________________ ! 1 I I I I 



F. GENERADORES 

Potencia (kW) 

Tensibn (V) 

Factor de Potncia 

IVMrca ;__ 

Rbgimen ds Operaci6n 

Horas por dia 

Dias por mes 

Mcs inicio 

Mesfin 

Total horas anuales 

Observaciones 

LLII I 

H_! I II I 

I I. I !Reserva 

Li 

Cantidad 

Principal 

•L.LJ 

LLJL . 
L LL 



_______________________________________ 

G. ENERGIA ELECTRICA (RESUMEN) 

Consumo (MWh) Demanda M~xima (MW) 
Energfa El'ctrica 

1984 1985 .. 1986 1984 1985 1986! 

I.LL I1. Energia comprada II.LI L.ILL..L LJLL LJ L...LL.L.LIIJJ 

2. Energfa Producida LL.L--L._LJ .LLL...III I I I L__L.ILil.1.JI I IL II I II I I I 

3. Suministro a terceror II LI L.l.lllllllll L.LL.i.liL.ll 1 

_--____________________________________ 

http:L.LL.i.liL.ll


H. ENERGIA ELECTRICA COMPRADA Series Hist6ricas 

MES 

enero 

kW 

I 
kWh FC Mes 

enero 

kW kWh FC 

febrero febrero 

marzo marzo 

abril 

mayo 

junio 

julio 

II 

9 9 

abril 

mayo 

junio 

julio 

_ _ 

agosto 

setiembre 

cctubre 

noviembre 

diciembre 

agosto 

setiembre 

octubre 

noviembre 

diciembre 

Fecha do lectura del medidor. 



ENERGIA ELECTRICA GENERACION TERMICA 

Series Hist6ricas 

Mes kt'l kWh FCkW kWh FC kWJ kWh FC 
encro 
febrero 
rnarzo 

mayo 

junjo 

julio 

agOSto 

Ss2tiembrs 

octubre 

noviembre 

diceembre 



J. ENERGIA ELECTRICA GENERACION HIDROELECTRICA 

Series Hist6ricas 

1984 1985 1986 

Mes kW kWh FC kW kWh FC kW kWh FC 

encro 

febrero 

malrzo 

abril 

mayo 

junio 

jutio 

agosto 

setiembre 

octubre 

noviembre 

diciembre 

Potancia Instalada kW Energia Polencial (h) 

Q mtximo m3/s Posibilidades de ampliaci6n kW 



K. OTROS EQUIPOS ELECTRICOS 

Uso do motores 

Tipo Cantidad Potencia Unidbd 

Compresor 

Vontilador L.I.I.. .J 

II I ! 

! I 

Bombas 

Bombes pars riego 

I IKLLJ 

III Li ' 

__ 



--

L. OTROS EQUIPAMENTOS NO ELECTRICOS 

Flota vehfculos trabajo 

Equipo agricola: Tipo 
No. unidades Tipo combustible 

Catniones 

-
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