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Executive Summary 

Overview 

The overall conclusion of this report is that the production and sale of electricityfor the national grid could be an excellent investment opportunity for the sugarindusty of Costa RIica and would provide important benefits to the nationaleconomy. Further, selected mills could commence electricity sales soon enough tohelp the national electric utility handle the surprising recent surge in demnand thathas materialized at the same titme as hydropower reser,,a-- imve been reducea bydrought. Depending on the options selected, the industry could contribute 1roni7-500 million <ilowatt hours of electricity while creating additional jobs in ruralareas, diversifying the sugarcane industry into attractive new by-product inarketsand (in the short term) displacing up to $7 inillion now spent for imported
petroleum. However, there are iinportant uncertainties, or risk factors that need tobe addressed. The availaoility, and cost, of supplenental fuels for energyproduction in the off-season is criticalof importance. The attractivenessinvestinents in private power production, and the 

of 
amount of power thIat mills chooseto produce, also depend heavily on decisions by public authorities concerningnatters such as loan rates, import duties, and the prices they are willing to pay for 

power. 

This report presents the findings of a team of specialists that visited Costa Rica inMay of 1988 to analyze the production and sale of electricity by the sugar industry.
The stuuy was sponsored by the United States Agency for International Developmentand was carried out ,viti the cooperation and assistance of the Liga AgricolaIndustrial oe la Cana de Azucar (LAICA) and the Instituto Costarricense de 
Llectriciad ,lCE).J 

-\n earlier report prepared by AJID. experts (A.I.D. December 1987) surveyed theoverall supply and demand for power in Costa Rica and assessed the prospectsceland mnanagemnent and private cogeneration. 
for 

In accord with the recommendationsof that earlier report, this study focuses on a particular sector, the sugarcaneindustry, and is charged with evaluating specific investment opportunities. 

The study team chose three existing mills (Quebrada Azul, El Viejo and Taboga) tothe basis for its analysis. After visiting thetorn mills and analyzing thrir powersystems and sugar operations, the team then developed technical projections for four 

IThe teamn was composed of the following:

a) Dr. Franklin Tugvwell, team 
 leader and energy policy specialist;

b) Dr. Marcia 'vl. Gowen, economist; and
 
c) Mr. William Kenda, mill/power specialist.


At every stage of its work the team benefited froin the generous assistance ofrepresentatives of Governfnent Costathe of Rlica and the sugar industry. LAICAprovidedl office space an,d comnput,_r facilities. In particular, the teamn would like tothank Juan Flores GeneraW .aicnager of Continental and Antonio NRuiz
Jos6 6., Banco 

M., Sub-Directcr of the Division of bugar Cane Agricultural Research and Extension
of LAICA for their support, resourcefulness and good huinor. 



levels of investment and for each level estimated capital costs, electricity 
production and sales, and fuel options. The technical projections range from the 
simple sale of surplus power, without any new investments, to the installation of 
entirely new boiler/turbogenerator systems for year round electricity production. 

Finally, to assess the possible risks associated with investments in electricity 
production, the team prepared sensitivity analyses to demonstrate the likely 
consequences ot variations in such things as interest rates, fuel costs, and 
electricity sales prices. A key conclusion of these exercises--a point discussed 
further belov-.-is tme importance of domestically prcduced biomnass fuel, principally 
sugarcane field residues (trash), in permitting nills to produce larger amounts of 
power at a cost that is competitive wish other sources of electricity available to the 
Couitry. 

Extrapolating trin the cases anaiyzed in detail in the report, the Costa Rican sugar 
industry could, with ninimal investment and little or no risk, produce some 17-I9 
million kilowatt hours per year (the equivalent of 2-3 megawatts annual capacity) 
for sale to the grid. But this power would be available only during the dry season 
wnen the cane is being crushed. This timing is still advantageous to Costa Rica 
since the dry season is when there is the greatest need for additional generation 
capacity because of the reduction in ICE's nyaro power output. This approach would 
result in annual petroleum savings froih surrius power production of $120,000 to 
$165.1)00 per mill studied in this report. 

For all-year electricity production, higher capital investments and additional 
off-season tuel supplies are needed. With supportive public policies on private 
power sales and larger investments ($9-20 million per mill), the industry night 
prodace as i.tich as 400-500 million kilowatt hours of power per year (the equivalent 
of 50-55 rne_awatts annual capacity), with several larger mills providing electricity 
on a fir:m basis for the entire year. The value of net national petroleum savings 
produced 'o each of these larger Mills studied woula range from $1.1 to 2.2 million 
per year, a substantial economic benefit to the country. 

The precise pattern of production, of course, would depend heavily on local 
conditions and the investment decisions of mill owners and managers. In either 
case, the power produced could be sold at a price at or below that available fron 
alternative new sources of electricity (diesel, gas, geothermal), and would provide 
additional economic benefits to the nation. Among the latter are increased rural 
employment and farm income as well as the displacement of imported fossil fuels. 
The exact amount of power that can be produced, and the extent of national 
ezonomic benefits, however, both depend partly on the extent to which mills are 
able to harvest and burn cane field residues or identify other biomass sources )f 
fuel--the major technical uncertainty affecting the prospects for cane power 
production in Costa Rica. 

Investment Options 

Table i.i and Figures i.1 and i.2 summarize the power output and the financial and 
economic returns for the candidate mills under different technical projections using 
tihe "base" case assumptions set by the team. Four levels of investments with 
different power output optiois are distinguished in the report: 

1i
 



Table i,I
 

Technical Projections of Base Cases for
 
Sugar Industry Power Production in Costa Rica
 

Power Days Technical CapitalOption/ Export Produc- Fuel SysteIrn Cost Financial NPV
Mill (M kwh) tion Type(s)* Attributes (M US)
 
(NI US$)
 

Level I 
El Viejo 1 1.6 121 3agasse No changes, 455 psig 0.00
Q. Azul 1 2.5 142 Bag./hydro. 

0.82 
No changes, 200 psig 0.00 1.10 

Level 2 
El Viejo 2 9.6 121 L3agasse Topping Turbine 1.54 2.86 

Level 3 
El Viejo 3 91.9 335 Bag./Ol Topping Turbine, plus 9.60 2.62 

3 condensing turbines 

Level 4 
El Viejo 4 101.6 335 Bag./Oil New 5ystem, 850 psig 17.31 -0.09
Taboga 4 i04.0 335 Bag./oil New System, 850 psig 19.77 2.00 

* Sensitivity analyses add trash (cane ield residues) to extend electricity production or subsititute cane trash or coal for 
oil as off-season fuels. 



Figure i.1 
Financial Net Present Value 
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Note: The addition of trash fuel reduces the net profits (while increasing power 
output) of Levels I and 2 because costs for the fuel increase total costs more rapidly 
than increased revenue from the new power sales. 
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Level 1: no (capital) investment/surplus power option (EVI, QAI), 

Level 2: low investment/surplus power option (EV2), 

Level 3: rnediurn investment/all-year power option (EV3), and 

Level 4: high investment/all-year power option (EV4, TB4). 

Both Levels I and 2 produce only surplus power during the cane grinding season, with
Level 2 extending sonewhat beyond the average four months of cane harvesting.Levels 3 and 4 assune year-round electricity production, but as a consequence mustrely on supplemental fuels such as trash (cane field residiJes), purchased bagasse,
fuel oil, or coal once the nills' excess on-site bagasse supply is depleted. 

As Table i.1 indica es, the Level I investment option (EVI and QAI) is financiallyattractive even though it results in a relatively srnll amount of exported power.
Because it carries almost no risk--it involves no significant capital investment--it
should be seriously considered by any mill in a position to do so in Costa Rica. 2 
Petroleum savings to :he country are over $170,000 per year for each mnill studied. 

Level 2 (EV2) is in many respects the nost attractive option. It requires relatively
little capital ($1.5 million) and extends electricity production slightly beyond theharvest season. Power production is some five times greater than Level I and the
Net Present (NPV) returns the of theVailue of is highest all investment optionsanalyzed. 3 Atiough this option requires a significant capital investment and
involves some risk, it is nevertheless very robust--able to survive a range of changes
in electr-icity sale price, fuel costs, and interest Ifrates. they can negotiate terms
approximnatin,, chose of the "base case" analyzed here (see Chapter 3), the mills inCost Rica will want to consider this option as well. Certainly El Viejo itself will
find this option worth pursuing. Petroleum savings to the country are over $165,000 
per year. 

Level 3 (EV3) 'he nedium investment/aul-year power option, poses some important
diiemnas. Power production, from the same sugar op,-ration, is nearly ten times
higner--high enough make significantto a contribution to the national grid.
However, the returns to the investor are lower than Level 2 and the arein riskshigher because the plant must out.burn oil when bagasse runs Capital requirements
($9 million) are five times greater and the investment is vulnerable to changes in
sales price, fuel cost, and interest rates. 

2Risk assessment is based on the "Best, Base, and Worst:Case" analysis found in
Chapter 3. MIills with low risk retain positive NPV's even in the worst casedepicted. Mills with necium risk have negative NPV's in the worst Mills withcase. 
high risk carry positive NPV's only in the best case. 

3 For a discussion of the distinction between financial and economic NPV, see 
Appendix C. 
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Because the Level 3 investment buys more efficient equipment, the plant can 
produce many more units of power per unit of bagasse resalting in a larger net 

4petroleum savings to the country, about $1.1 million per year. Even though the 
Level 3 plant must use oil for seven ;ncnths of the year, the costs of bagasse/oil
facilities almost always w;l be lower per kWh than plants fueled only with oil and 
the economic benefits will be higher. 5 

Note, however, that the addition of the cane fielo residues for fuel changes the 
picture d,'amatically for Level 3 investments (Figure i.2).6 Using conservative 
estimates for the costs of this fuel makes Level 3 fully twice as attractive as che 
projection for Level 2 with or without the use of trash fue[. 7 Inexpensive coal could 
also be substituited for oil to improve the outlook. 

The point here is that investors are unlikely to consider a major capital commitment 
of tme kind involved in Level 3 unless: I) they receive privileged access to capital
and some protection from the purchasing utility against unexpected fluctuations in 
scles price ana in the cost of alternative fuels; and/or 2) they have some assurance 
that they can obtain inexpensive supplemental fuels especially field residues (or
similarly priced biomass fuels), for a significant part of the life of the investment. 

The Level 4, "base case" technical projection (EV4 and TB4) appears less attractive 
than the otihers. It involves large investments for new boilers/turbogenerators 
($17-20 million) and all-year electricity production. Although the availability of 
trash fuel greatly improves the outcome, and the new power plant would produce 
more power than is the case with Level 3, the high capital requirements and 
vulnerability to changes in the world and domestic economy are serious problems.
The technical advantage a Level 4 investment has over a Level 3 investment is the 
ability to respond more quickly and more efficiently to changing steam conditions 
within the sugar factory.8 

4 See Chapter 3 for a discussion of economic impacts. 

5 Utility Doilers designed to burn oil would be slightly more efficient than boilers 
designed to burn both sugarcane residues ana oil but not so much more efficient as 
to come close to offsetting the financial and economic benefits that result fron 
installation of modern boilers in the sugar industry that burn sugarcane resiclues for 
a significant part of the year. Although this study did not carry out an analysis, the 
economics of hybrid bagasse/oil fa,'ilities may compare favorably witn the 
economics of power plants currently ,rnvisioned in the utility expansion plan. 

6 See Table 3.8. 

7 The addition of trash fuel reduces the net profits (while increasing power output) of 
Levels I and 2 because costs for the fuel increase total costs nore rapidly than 
increased revenue froh the new power sales. 

3Steam denznd within a sugar factory fluctuates during normal operations. Factory 
operations can be planned and managed to minimize these fluctuations although 
some variation will still occur. The Level 4 plant will automatically respond to 
changes in steam demand in the factory. Good planning and management in the 
sugar factory should allow Level 3 performance to approach the performance of
Level 4 although the risk of reduced performance due to unexpected and unavoidable 
events is greater for Level 3. vi 



The study team did examine one variation of the Level 4 technical projection (TB4)that appears attractive, but it is premised on the ability to expand the availability
of bagasse fuel. by importing it from a number of nearby mills. If, in addition tofield residues or purcnased bagasse, the mill could obtain inexpensive coal for use in
the off-season, a Level 4 investment would become very attractive. 

These findings, taken together, suggest thit sugar nills in Costa Rica shouldseriously cons.-der entering the power business--provided, of course, that ICEchooses to purchase their product on acceptable terms. To those that do, the teamrecommends an incremental approach: producing power from excess bagasse whileexploring sUpplemental fuel resources, and then, if appropriate, investing inequipment needeo for higher levels of production. Saies of surplus power to thegrid, with little or no investment, would provide small arnounLs ,f valuableelectricity in the season of pear demand and accustor mills and the utility ,5tefn
to thi.s form of cogenera.ion. YIills with the necessary technical configuration mightthen want to install a topping turbine, while at the same time experimenting withthe collection of field resioues and reviewing the use of biomass fuels or imported
coal. if supplemental fuels prove available at low enough cost, and if an appropriatecontract can be obtained froin the utility for full-year, firm power, selected mills
might -- en want to move to Level 3 or 4 investments. 

To facili-cace the development of electricity generation and sale by the sugarindustry, the team, recommninds that the parties at interest establish a fund thatwould provide financing--if possible. on concessionary terms--for feasibility studies
and capital investments to mills seeking to enter the market. The eventual patternof power production that develops is likely to be quite diverse, with some mills
producing only small amounts of power and others investing in mnore extensiveproduction capacity. As indicated above, Level 2 investment at EJ Viejo appears soattractive that mills will almost certainly want tc consider it seriously. But overall,
the financial and economic benefits of private power production are so significant
that steps to begin serious and detaijed planning for investments in this sector seen
 
very much in order.
 

Policy Considerations 

The technical and economic incentives favoring electricity sales by sugar nills arestrong. The development of private power for Costa Rica, however, will require
supportive public policies of several kinds. As noted, the character of these policieswill aeterm'ne both the amount of power that private investors will choose toproduce, and the extent of national benefits stemming fron this new firm of
economic activity. The areas that must be add;.-essed include the following: 
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(1) Sales Prices 

1-o attract private investment to power production, the government should agree to 
buy electricity at prices that reflect the utility's marginal electricity generating
costs--whct are generally referred to as "avoided" costs. Whether mills receive 
prices thac reflect avoided fuel costs or avoided capacity costs, oi course, depends
largely on the dependability oi the electricity that they supply (see Appenaix C). In 
negotiating the terms of sale, private producers nay want to seek to tie sales prices 
to an index of alternative fuels, such as fuel oil, with escalators and floors to ensure 
equitable returns to the mills and fair rates to the consumers.9 

(2) Schedules 

The utility dispatch factor, the extent to which generating equipment works at 
capacity, is important in dIetermining the attractiveness of an investment in power
production. 1 0 Mills tnat can genera e power on a firm basis will show better returns 
on caoital than mills that provide intermittent power during peak hours. The higher
the dispatch factor agreed to in sales contract agreements, the more likely investors 
are going to be willing to enter the p, wer sales business. 

(3) f[inancing 

Because pewer sales are for national use, the government may want to consider 
assuring access to investment capital (domestic or international) on favorable 
terms. Innovative financing arrangements might also improve the attractiveness of 
such investment.q. Arrangements such as third-party financing, "build, operate,
transfer (BOT)" deals, and debt/equity swaps, are becoming increasingly common in 
the power business. 

(4) 'axes and Duties 

Special consideration by the government regarding import duties and taxes for 
private 'ower producers may be appropriate, reflecting the fact that private
investw, ots directly reduce the need for public sector investment in this area. 

(5) Research and Development 

Public support for research and development night be appropriate in several areas 
of technical uncertainty. The first such area concerns the production and utilization 
of alternative fuels--especially sugarcane field residues and plantation wood. Not 
only are these materials potentially available in abundance, but their coulduse 
displace fossil fuels and make important contributions to tne rural economy. 

9 The team suggests that negotiators may want to tap the extensive experience of 
Hawaiian sugar mills and the Hawaiian utilities in setting forth the contractual 
terms for private power production. 

10 See the sensitivity analysis of dispatch factor variations in Chapter 3. 
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The second area for research and development is in the uses of gas turbine
technology for electricity production. Mounting evidence suggests that an
important new set of technical alternatives--involving gasifiers and steam-injected
gas turbines--may make the use of bioinass resources such as bagasse afid cane
residues usable at higher levels of efficiency than ever before. Research on these
technologies, supported by A.I.D., has stimulated growing interest in this field, and
the Costa Pican sugar industry may find it possible to tak<e auantage of this new
 
knowledge (See Appendix F).II 

The onclusions and policy needs of this study are nuite consistant with previous
cane power anal,/ses conducted by the Office of Energy for the region. Forcountries with a substantial sugar industry and the need for additional generation
capacity, calie electricity production for sale to the grid should be seriously
considered. Few other alternatives offer a utility the ability to bring additional 
power sources on line in the short run. As shown in this study, the reasons for the
lack ot existing cane energy projects in the region stein primarily from current
policy, rather than technical and financial, barriers. A concerted effort by the
utilities and governnents to address the need for private power guidelines and the
initiation of several projects prove the advantages of using indigenous
agro-processing resources for national electricity production. 

1 For a recent reviewv of this research, see Appendix F and Robert H. Williams and 
Eric D. Larson, May 1988, "Aeroderivative Turbines for Stationary Power," Center
for Energy and Environmental Studies, Princeton University. 
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Chapter 1 

Background
 

The Costa Rican Economy 

The Costa Rican economy has turned a corner since the early eighties. It is nowfollowing a steadier path towards economic recovery. GDP growth, which fell to anegative 7.3. in 1982, grew on average from 1984-86 at 4.2% in constant prices.Intlation dropped to 1510 in real terins in the s,.ine period, down from 82% in 1982.R.eal incone is rising again, approaching 1975 levels. Over the last two years,surges of 60'o and 80% occurred in non-traditional agricultural and manufacturing
exports, respectively. This foreshadows important structural changes in the economy towards an export-led recovery that has been heralded as key to successful 
long term development. 

The Government of Costa Rica (GOCR) and external donors worked closely togetherin recent years in an effort to decrease the country's debt burden through struc:ral
reform and ec.)noinic assiLtance. Large flows of donor assistance helped Costa Ricameet or reschedule its financial obligations, and crucial export-led reforms are
bringing in nore foreign currency to the country. Central Bank losses and basiccommodity subsidies have been reduced significantly, the latter dropping by almost
50;' troin 1i.S. $31 million in 1984 to U.S $15.5 million in 1987. 

Despite these health, signs, the Costa Rican economy has suffered chronic foreign
exchange shortages, with balance of payments losses averaging $385 million annuallyfrom 1984 to 1987. In its successful efforts to broaden its economic base, thecountry has incurred inassive debts due, in part, to rapid expansion of imports.
Costa Rica 1has only linited additional capacity to reduce imports if the countryplans to -ontinue increasing nontraditional exports. A recent World Bank study
found that few import subsititution options still exist in the economy, sincethree-quarters of the country's imports are now used as intermediate goods in

manufacturing (World Bank 1986).
 

Consequently, Costa Rica is faced with maintaining a delicate balance in its economy. It is attempting to continue expanding exports at projected rates of 35% per annum, to generate foreign exchange, whiie also decreasing its public sectordebt. The government pronoted competition in the financial sector recently bypermitting the opening of private banks. Most of the country's financial arrears is
held by national banks, with over 70'a of the banks' portfolios in arrears beyond 3rionths as coin ared with only 2"A, in the newer, private banking systen (Ministry ofFinance 1987). To foster greater competition in its economny, the Costa Rican
Government recently initiated efforts to "democratize," or convert to cooperatives,
some public sector industries where financially and politically feasible. 

'P'ivate banks have greater restrictions on levels and length of lending. 
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Background
 

In summary, the country is faced with steady growth and structural changes in the 
agricultural and manufacturing secto, s combined with new efforts to privatize
appropriate industries. Against this is poscd a tenacious debt. II economic growth
continues, Costa Rica will confront strong demand for expansion in its electric 
sector.
 

Electricity Demand: Implications for the Economy 

Costa Rica must increase its baseload electrical capacity due to zhe unexpectedly
rapid growth in demand as well as the recent drought that has seriously reduced its 
hydro generation during the dry season (A.I.D. December 1987). Future electricity 
demand in Costa Rica will affect the economy by (1) requiring high capital
investments, ano (2) creating persistant losses to the government if revenues are 
unable to k,,eep pace with rapidly rising generation and operating costs. 

The Government projects will need an estimated $1.67ol Costa Rica that it billion 
to doubte its generation caoiacity to 1,700 ,\MW by 2005 (A.I.D. December 1987).
WVnile plans exist for tapping indigenous geothermal potential by 1992 and coal after 
2000, near term demand can only be inet by an expansion of petroleum-based 
thermal generation. Both ICE's short term and long term expansion plans in diesel 
and geothermal will require a large infusion of outside capital and, as a result, a 
heavy outflow of foreign exchange. 

Revenues produced under the current tariff structure are insufficient to pay for 
escalating electricity generation and operating costs. In 1986 the national utility
reported iosses (A.l.I. December 1987). t3y ICE', calculations, therinal-ba;ed
electricity expansion will incur fuel costs alone that are estimated at 6V/k/Wh, as 
contrasted withi current industriat tariff rates that average 4-7C/kWh. Already
tariffs have been pushed up at the rate of 17%, 15' 0 in 1985,and 22% 1986 and 1987,
respectively, to keep pace with inflation. If ICE ouilds three new 36 MAW thermal 
systems, as planned, the country will be incurring high costs. Currently, it 
estimates cost for existing units at over 7¢/kWh for diesel-gas generation and 5'/ 
kWh for bunker-C based generation. 

The government is quite open to the possiblity of exploring new energy alternatives 
that reduce puolic debt and recurrent costs. Given Costa Rica's current debt and 
balance of payments problems, it wants to minimize further oil imports. The 
country is looking for indigenous energy solutions that make the best use of its 
limited investimnent funds. In a recent study (A.I.CD. Decenber 1187) that compared 
power generation costs from alternative fuels, estimated costs for cane energy 
rated highly favorably against the utility's alternatives currently under 
consideration (Table 1.1). This report, based on a more intensive investigation of 
speciLic cases, supports the conclusions of that earlier survey. 
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Table I. I 

A Comparison of Estimated Electricity Generation Costs 
by Fuel and Type of Producer 

Production 
Energy (GWh) Investment Cost WithoutFuel Capacitv Project Year Firm Average Cost Fuel* 

('1W) (US$/kW) (USa/kWh) 

IE's 

Expansion Plans 1 

Hydro 96 Ventanas Garita 1987 373 516 - NA 
32 
24 
66 

Sanclillal 
Toro 1 
Toro 11 

1993 
1994 
1994 

140 
72 

189 

140 
18 

315 

1,421 
947 
529 

4.0 
2.4 
1.4 

Ga32 

177 
154 

Angostura 
Siquirres 
G Turoine 

1996 
1998 
1989 

664 
630 
224 

996 
760 
224 

1,500 
1,765 

627 

3.3 
4.4 
NA 

Geo. 

64 
32 
32 
64 
55 
55 

Gas Turbine 
Gas Turbine 
Gas Turoine 
Gas Turmine 
'liravalles I 
Mliravalles H1 

1990 
1991 
1992 
1995 
1991 
1993 

44S 
224 
224 
448 
389 
389 

1448 
224 
224 
448 
389 
389 

627 
627 
627 
627 

2,179 
1,7143 

NA 
0.9 
0.9 
0.9 
4.4 
2.9 

Coal 
Diesel-

55 
55 

125 
-

'\iravalles III 
.1iravalles IV 

Carbon 
Current 

i997 
1999 
2000 
1988 

389 
389 
723 
-

389 
389 
/23 

-

1,743 
1,743 
1,587 

-

2.9 
2.9 
3.7 
9.0 

Thermal 36 Expected 1989 - - 7.0 

Estimates for Alternative Fuels2 Total Costs 

Cogen. 3 Option 1989-91 -  - 3.2-8.6
Sugar 90 Option 1989-91  - - 2.0-5.6
Micro- 2001* Optioii 1989-91 -  - 3.4-6.8 
Hydro 
Geo. 4-700 Option 1992-99  - - 6.0-7.0 

* 	 ICE's estimraz s include only fixed operational and O+M costs; no fuel costs are 
included; Hagler, 13aiily values reflect total production costs. 

* Between 500k\V and 5,000 kW systems. 

Source: ICE pr,.lt-tion,, April 1988. 
2 Source: ,A.l.I./Hagler Bailly December 1987. 
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The Sugar industry ana Electricity Production 

The Costa Rican sugar industry Ldces a healthy doinestic 'aret, with annual 
demand growing at 3% per year on average. As contrasted with many countries in 
Central America and the Caribbean, the industry is not heavily dependent on
international narkets. In 1986-87, over seventy-five percent of total production 
was consumed diomestically. The country exported only 23% of total production. 

The sugar industry, like that of other cojntries, is undergoing structural clhanges due 
to shifts in tie comparative advantage of different crops and land uses within the 
country. Given consistantly low worla prices (7-9 US /Ib) and domestic production 
costs averaging I1-4 U.S. i/tb, tme sugar industry prefers to sell internally where
the ;narker has been expanding at 3% per year and prices are set at 17 USe/lb. The 
majority o1 tiese returns (63'.) Ilow back to cane growers, which are still
predoininantiv snail lanuholders in Costa Rica. Only 37% of the market price goes 
to tile 22 sugar processors. %Iarketing and payments are handled by the sugar
narketing cooperative, LAICA (Liga Agricola Inr t.,trial de la Cana de Azucar). 

In the [986-S7 season, t'.ventv-two nills in Costa Rica produced 2.35 million metric 
tons of cane, down sligntly trom 2.48 million inetric tons in 1985-86. As shown in 
Table 1.2, tue najority of cane (49o) is grown in the Guanacaste region. LAICA 
projects continuec ,ncredses in national production, with the market shares of 
doilnesticoaasu:ption and exKports remaiMng .I sunilar levels over the coining five 
yea. s. 

In terms at, reicive inportance, the sugar ind:stry constitutes the third largest
tradizt!onal igrC(2ituri crOD :a Costa Rica. It comes behind only coffee and bananas 
in total value addeu to tue econo:ny ano almost ties bananas as the second largest
employer in agriculture. In 1986, direct revenues from sugar represented almost 7% 
of the total value-added earned tra)in traditional agricultural crops and 2 0 of total 
export earnings. Sugar processing provided over 14- of the total agricultural
worker hours in 1986 Ciab.e 1.3). Sugar, coffee and banana crops are generally
coinl)leinenmary, using the same workers. but at ui flerent times of tiie year. With 
the zafra or narvest season lasting only i00-120 Jays (up to four montls) during the 
dry season, a large portion ,of tue agricultural labor farce is composed of workers 
who switch between crops. 

Electricity production from tiue Costa Rican sugar industry holds the potential of 
relieving a portion of public sector electricity debt and, possibly, saving scarce 
ioreign exchange that other.vise would be required or thermal expansion. Further, 
cane energy production fromn excess mill bagasse (Figure 1.1) can diversify and 
strengnen tue agro-processmg sugar industry in th country. The sugar industry can 
nest survive, intense conpetition in the interratioal sweetener :narket by exploring
'idditionl co-product, (:3rowrn I986). The Hiwaiian sugar industry curren tly ol)ais
20,, of its prf)its from energy sales. Itthe sugar industry in Costa Rica can provide
electricity to the gri at or oelow the- utility's expected long-run marginal costs, the 
country saoidd fos cr s'uch iivesinents. 
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Table 1.2 

Cane Production by Mills and Region in Costa Rica 

Region/dill 1986-87 
 1985-86
 
(MT) 
 (yl T) 

Mesa Ctentrai 
Argentina 
 84,654.77 
 33,111.36

Coita &"ica 
 85,601.39 85,489.27
El General 
 71,093.76 
 61,434.24

Esineraloa 
 16,782.05

La Hilua 
 15,229.98 
 16,826.24

La Lutsa 20,236.17 
 19,789.98

Ojo de Agua 34,594.03 35,424.57

Porvemr 
 47,695.68 50,610.27
Providencia 48,219.46 48,975.82
San Rainon 35,813.83 29,131.06

Victoria 206,168.36 
 200,991.86


SUBTOTAL 649,307.43 648,566.72 

Pacific Coast
 
El Palrmar 279,014.84 
 295,666.97

El Viej, * 24.,520.75 
 248,239.77

San Gerardo 13,393.89 18,643.69
CATS,A 225,31 7.40 327,019.01Taboga 296,491.89 
 326,147.42

SUBTOTAL 1,062, 738.77 1,215,716.86 

Atlantic Slope

Cutris 
 63,699.31 
 51,528.42
QueD. Azul 157,983.76 139,595.32

anta Fe 57,887.33 61,825.51
5UbTOTAL 279,570.40 
 252,949.25 

- tirro 159,216.17 159, 102.86Florencia 67,845.21 66,783.55
Juan Vinas 138,501.00 141,233.55


SiJBTOTAL 365,562.37 367,119.96
 

TOTAL 2,357,178.96 2,_48 4,352.79 

*NMills selected "or fielci visits. 

Source: Ligci Agricola lridustrial de la Ca-rCa de Azucar. 1988. Informe de Labores:Perioda 86-87. )ani Jose, Costa Rica. 
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Table i.3
 

Agricultural Production, Value Added and Employment in Costa Rica
 

(1987)
 

Crops Value Added Export Value Employment 
(") (,, uS$) (%) (W 

Traditional Agriculture 100 641.8 58 100
 

Sugar 5 16.9 2 14
 

Cotfee 28 330.0 30 
 43
 

Bananas 21 237.7 21 15
 

Ocher* 46 57.2 5 28
 

Non-Traditional NA 471.8 42 NA 

Total 100 1113.6 100 NA 

* Includes meat products. 
NA = Nor Available
 
'ource: Departanento de Contabilidad Social.
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FIGURE 1.1 

Zones of Sugar Production and Factory Locations 
in Costa Rica 
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8. La Luisa 20,000 19. El Viejo 248,000 
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10. Juan Vinas 139,000 21. El General 66,000 
11. Florencia 68,000 22. San Rarnon 33,500 

• < 100,000 
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150,000 - 200,000 ®)Mills Studied 
200,000 - 250,000 

* > 250,000 
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Chapter 2 

Power Plant and Fuel Options 

introduction 

As noted earlier, the primary objective of this study is to evaluate a range ofinvestment options by which tne Costa Rican sugar industry might begin commercial
production of electricity for the national grid. To achieve this objective, the studyteam selected technical projections for four levels of investment and for each levelestimated capital costs, expected electricity production, and fuel opttons.l Theseprojections range from the simple export of surplus power, without new invustinent,
to the proouction of much larger quantities of electricity following the purchase andinstallation of completely new boiler and urbogenerator systems (see Table 2.1).
The economic and financial analysis in Chapter 3 assesses the costs, benefits, and 
risks associated with each technical projection. 

'he Mills 

The team chose three existing mills to form the basis for its analysis of investment
alternatives. These are the El Viejo and Taboga mills in the Guanacaste area andthe Quebrada Azul mnll in San Carlos. The mills were chosen on the grounds of: 1)technical suitability, including size and location; 2) availability of data; and 3) the
expressed interest -f management in electricity production. 

This analysis focuses primarily on the El Viejo mill as representative of Costa Rica'slarger mnilhk with good technical potential for power export. 2 The team included
Quebrada Azul because is small mill with excessit a bagasse fuel and because thesmall hyro installation on site enlarges the mill's electricity export capacity.Altnough Taboga in most respects resembles El its location closeViejo, to suppliesof upplemental fuel (bagasse transported from other locations) makes it a better
model of large-scale power production using these resources. 

lAs discussed below, these four projections were selected fron more than a dozen 
options possible on the basis of technical appropriateness for the specific mhills
analyzed, efliciency in steam utilization and financial attractiveness. 

2 The ELiViejo inill nas already purchased--but not yet installed--a used, 455 psig
boiler for its operations. In this respect it may be more technically "ready" for 
power export than other mhills. 
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Power Plant and Fuel Options 

Table 2.1 

Technical Projections
 
Sugar Industry Power Production in Costa Rica
 

Power Capital
Export Days Fuel Technical Cost 

Option (Million Produc- Type(s) System (Million 
kW h) tion Attributes US$) 

Level I
 
El Viejo 1 1.6 121 
 Bagasse No changes, 455 psig 0.00 
Q. AzuJ 1 2.5 142 Bag./hydro. No changes, 200 psig 0.00
 

Trash*
 

Level 2
 
El Viejo 2 9.6 12J Bagasse Topping Turbine 1.54
 

Trash*
 

Levl 3 
El Viejo 3 91.9 335 Bag./Oil Topping Turbine, plus 9.60 

Trash, Coal* 3 condensing turbines 

Level 4 
El Viejo 4 101.6 335 Bag./Oil New System, 850 psig 17.31 
Taboga 4 104.0 335 Bag./Oil New System, 850 psig 19.77
 

Trash, Coal* 

*Cane trash or coai are substituted for oil in the fuel sensitivity analyses. Capital 
costs are for incremental power plant investments. 
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Power Plant and Fuel Options 

Efficiency Improvements 

For each of the milts examined there are important opportunities for efficiency
iinprovenients that, by conserving steam fo,' power production, would make g]oodeconomic s,(nse it the mill were to begif, se!ling electricity. With the exception of
Level I projections (no investments, low power production), the technical
projections presented in this study assume that candidate nills take advantage ofthese opportunities, and, where applicable, the capital estimates include these costs
associated with improving mill and power plant efficiencies. Appendix A presents abrief overview of the factors affecting efficient steam production in sugaroperations; it ,lay serve as a togeneral guide the kinds of modifications assumed in
the technical alternatives described below. 

Technical Projections 

In order to depict a variety of cogeneration opportunities for the Costa Rican sugar
industry, the team choose technical configurations that range from the simple saleof surplus power by small and medium-sized mills up to the construction of a
complete new boiler-turbogenerator system for year -round electricity production.
The four levels chosen represent specific mill/power plant configurations ofincreasing colnplexity and expense, and were prepared to allow prospective investors 
to compare the costs *ind benefits associated with a range of options. 

Because 
 sugar mills differ significantly, the precise capital investlnents
recommended by the tearn--sunmarized in Appendix t--were necessarily tailored toindividual sites. The inodifications and new equipment sLggested represent changes
at each mill designed to optimize steam use for electricity production while
naintaiing productive sugar options and minimizing investment costs. 3 A special
c,)ncern was the efficient utilization of steam during the unavoidable periods of inill
 
downtimne associated with the crushing season.
 

Tne specific modifications detailed below represent the best judgments of the team 
as to how to achieve these objectives, using specific cooperating mills as case
studies, while illustrating the costs and benefits of severat levels af investment and 

3 Thie team analyzed, but Lhen rejected as financially unattractive, more than adoze,'-, additional mill/power plant configuration. These included, ainong otherthings, Bagatex 20 processing and flu-gas drying of bagasse. Two turbogenerator
contigurations, in particular, would be of interest at Viejo shouldDI rniil lowercapital costs be realized (perhaps by the purchase of used equiprment). Dne is a 4.55
psig inlet pressure single extraction (200 psig) ana condensing at 3 inches2 or ot mercury unit 3cting as a topping withturbine the existing back pressureturbogeneratars and mill drives. The second is small 200 psig condensing
turbogenerators operating in parallel witn exi:sting units. Low pressure (15 to 25
psig) turbogenerators condensing at 3 inches of mercury absolute were also
considered fron the standpoint of acting as power generating heat-sinks for existing 
sugar factury exhaust stLeam pressure (15 to 25 psig) systems. 
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Power Plant and Fuel Options 

power production. In suggesting new mill configuration3, the team took into 
consideration, among other things, the age and general condition of existing
equipment, die record of mill performance, site-specific fuel options (such as the 
likely availability of imported bagasse or coal) and managerial constraints of various 
kinas.o4 

Where these judgments night differ from those of other industry experts--as, for 
example, in the choice of an 850 psig boiler rather than a 1200 psig boiler in Level 
4--the text or notes in the following technical descriptions present the team's 
rationale. 

Note, all options presented in this report assume that the utility will allow the mill 
to dispatch power fron the mill power plant to the grid in such a way that the mill 
can generate the maximum power possible under prevailing steam and power usage
conditions in the sugar factory. The dispatch terms of the contract between the 
utility and the sugaEr factory are important to the success of sugar mill cogeneration
investments because they affect the cost and efficiency of electricity production.
Power available fo, dispatch will vary--for example from in-crop days to off-crop
days--but such variability can be scheduled. If utility managers force the mill power
plant to reduce power output below optimum for the factory, the efficiency of 
power production at the mill will drop. (See Chapter 3 for sensitivity analysis.) For 
example, if the amount of power sent to the utility is decreased to 60% of the
optimum, the steam rate per kWh generated could increase from 25% to 50 percent.
This, in turn, decreases the kWh generated per unit of fuel. 

Level 1: 	 No New Investment, Low Surplus Power Production 
(El Viejo 1, Quebrada Azul I) 

The first technical projections involve the use of excess bagasse to produce
electricity during the milling season and, where sufficient bagasse fuei is available,
for short periods after the mills stop grinding cane. The power thus sold would have 
a high value to the national grid because it would be available during the dry season 
when hydroelectric potential is reduced. However, the amount of power available 
would be small. Of the two cases examined, the larger mil, El Viejo, would be able 
to sell 1.6 million kilowatt hours over 121 days (El Viejo 1). The mill would operate 
as it does now but with its new 200,000 lbs/hr. boiler (455 psig, 660'FTT) installed. 
In addition, steam wastage--currently programmed to minimize the surplus bagasse
problem--would be curtailed to reduce consumption of bagasse. In order to keep
electricity generation efficient and export to the utility constant during the 
usual downtime stops for repairs or when cane is lacking, the factory will need to 

4 Note again that the team assumed that equipment added is all new. In practice,
interested mills might be able to significantly reduce their investment costs by 
purchasing used equipment. 
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Power Plant and Fuel Options 

cease milling and slow down pan operations; however, the evaporators would need to
continue to operate on water at reduced capacity in order to condense steam. 5 

The case labeled Quebrada Azul I represents a second variation on the "noinvestment" surplus power scenario. Quebrada Azul is typical of a small mill and
has higher boiling house steam consumption than the larger factories. With noimprovements to the factory except a reduction in steam wastage, Quebrada Azul
has sufficienL bagasse, boiler capacity and generating capacity to export power to
the grid. 6 The mill also has the advantage of an installed 330 kW hydroelectric
generator. It would sell 2.5 million kilowatt hours, with about half coming from the 
on-site hydro facility, over 142 days. 7 

Where small factories, such as Quebrada Azul, have surplus bagasse and excess 
boiler capacity with a steam generating rate in excess of 2 pounds steam per pound
of bagasse, they night consider installing a 625 kW condensing turbogenerator
operating at ooiler pressure and condensing at 3 inches of mercury absolute. Such a
unit would be used to control excess bagasse supply and at the same time develop 
revenue from the sale of electricity. At 16 lbs/kW steam rate for a 200 psig unit,
10,000 pounds per hour of steam would be required, equivalent to 2.27 metric tons of
bagasse per hour. The installed cost of such a unit, including switchboard and other
electrical work would be approximately $108,000 in local cost and $404,000 inforeign cost. For 2228 hours of grinding this would provide an additional 1,392,500
kwh of export power and at the same time control the excess bagasse problem. 

5 Since the factory has high lost tine during the season (due to lack of cane and to
equipment breakage), available bagasse must be spread over many downtime hours, 
as assumed in this study's technic-: configuration. To produce required steam flowsunder normal operating conditions (approximately 195,000 lbs. of steam per hour)
vill require 39.6 NIT of bagasse per operating hour, while 49.5 MT are produced each

grinding hour. Approximately 2% of the 49.5 MT produced will be lost or used 
,neet filter bagacillo requirements. Downtime and off-season power production

to 

assumes a steam rate of approximately 55,000 lbs. of steam per hour. Exhaust 
steam will be condensed by evaporating water in the sugar factory evaporators
and/or pans. Water required for condensing exhaust steam is assumed to be equal tothe maximum naceration capacity of the mill and the capacity of the [nixed

juice/clarified juice pumping system.
 

6 When operating the back pressure turbogenerators (1200 kW and 400 kW) during
downtime periods, the 20 psig exhaust steam would be condensed in the sugar

factor, 's evaporators or an empty 
pan by boiling water. If sufficient water can be 
delivered to the pan floor, use of pans is preferable. 

7 The scudy team has assumed that Quebrada Azul would not be able to utilize field
residus. This is partly because of the heavy rainfall in the San Carlos area, partly
because of the local terrain, and partly because of the need for storage space at themill. \ostly importantly, the inefficient boiler system greatly reduces the number 
of kV/h that can be produced from a ton of trash making trash use not financially 
attractive. 
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Level 2: 	 Low investment, Medium Surplus Power Production 
(El Viejo 2) 

The second technical projection prepared by the s-udy team assumes the same 
operating conditions for the El Viejo mill, but include.; the addition of a new 3500 
kW, 455 psig turbogenerator exhausting at 200 psig. This topping back pressure
curbogenerator will exhaust its steam to the existing factory's 1500 kW 
turbogenerator and to the plant milling turbines. 3 

The addition of the topping turbine, an investment of just over US$ 1.5 million, 
would allow El Viejo 2 to produce 9.6 million kwh, operating for [21 days. 9 Note 
that this represents a more than fivefold increase in the power export over Level I 
options (Table 2.1). Should the mill also use the field trash available on its lands as 
a fuel, It might produce 13.4 million kWh and operate fully 194 days. 1 0 

Sit assumes that approximately 3-5% of the 200 psig exhaust is used for 
miscellaneou: factory hiigh pressure steam uses. !n cases where sugar mill boilers 
are producing steam at a significantly higher pressure than the throttle steam 
pressure required by the factory prime movers (turbogenerators, steam engines and 
mechanical driver turbines) and process equipment, and where there is a marke or 
use for addirional power generated, a turbogenerator with suitable steam 
inlet--outlet pressures can be installed in the power systein between the boiler and 
the e:dist.g prime movers to generate additional electricity. Because it is located, 
in terms of steam pressure, at a higher pressure than the inlet pressure of the 
existing prime movers, it is often referred to--as it is here---as a "topping" turbine. 
While most topping turbogenerator installations are back-pressure units, single- and 
double-extraction condensing turbines can also be used .here a power system 
configuration makes this desirable and/or economical. Note that QueLrada Azul 
does not have the technical capability, given its boiler systein, to upgrade to a Level 
2 technical configuration. 

9 The capital costs of this and subsequent technical options are on an installed basis 
and include a building to house the new generator and switchgear. The step-up 
transformer (4160 VAC to 13,S00 VAC) and step-down transformer (4160 VAC to 440 
VAC) would be specified for outdoor installation. Necessary high and low pressure 
piping plus all insulation are also included. 

OIDepending on the heat tol,2rance of the mechanical turbines and existing 
turbogenerators, the stean will undoubtedly have to be desuperheated--the team 
assumes that El Viejo has already incorporated a desuperheater in its plans for the 
new 200,000 los./hr. boiler. 
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Level 3: 	 Moderate Investment, High All-Year Power Production 
(El Viejo 3) 

The third technical projection depicts the consequences of adding three 3,750 kWcondensing turbogenerators to the mill configuration described in Level Thetopping turbine would remain the same, 	
2.11 

with a rating of 3,750 kV (see Figure 2.1).New investments would be made to reduce the boiling house and evaporator steamconsumption fron 1100 to 975 pounds steam per metric ton of cane per hour and to
increase the boiier feedwater temperature from 203'F to 250°F. 

Given the 	capacity of the existing 455 psig boiler ana the variable steam demands ofthe factory, one single or double extraction/condensing turbogenerator could notperform efficiently at the varying power loads and extraction steam flows and stillmeet the 	minimumn and naximum 
the 	

steam flows required by turbogenerator design inintermediate and low pressure sections. Analysis determined that three parallel
straight condensing turbogenerators could perform relatively efficiently under ElViejo conditions during both in-crop and off-crop periods when operated as indicated 
in Figure 2.1. 

The Level 3 projection involves a major capital investment, approximately US$ 9.6million, and would produce 91.9 million kwh, over a full-year operating schedule335 days. After running out of bagasse fuel, the mill would switch to fuel oil. 
of
If

cheaper, coal could be used but with increased capital cost to handle, store, andprocess it. If the mill utilized field trash, it would back out a portion of the
imported petroleum or coal and save foreign exchange, but would also slightly
increase capital costs. 2 

The three new condensing turbines would operate in parallel after tile toppingturbine and before the aesuperheater and existing mill back pressure turbines. 	 At
least two of the condensing units wou!d be kept in an operating or "warned up"condition whenever the mill is grinding cane. This woula enable them toimmediately use surplus steam caused by mill stoppage. If a long mill stop isanticipated, due to lack of cane or mechanical breakdown, the thi:d 	condensing unitwould be "warmed up' and started. Figure 2.1 (schematic) shows the operation of
the system during "in-crop" grinding hours and 
 during "off-crop" and mill downtime
 
operating hours.
 

IlThese turbogenerators would operate at 200 psig and condense at 3 inches 
mercury absolute. 

12 Capital 	 cost increases for using cane field residues are due to the following
changes: 	 I) i toan increase baler capacity 22 tons per hour; 2) installation of aseconca bale breaker; 3) installation of bale handling payloaders and a bale stacking
crane; 4) 	addition of a 20 acre bale storage area with an adequate vehicle surface,
drainage ana fire protection system. 
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Operation During Crop
 

Figure 2.1
 

Schematic: Level 3 Technical Projectiou
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The three new conuensing units could also be operated with the existing ?00 psig
boilers. Having three units auds operating flexibility and security to the sugar
lactory. In tile event oi 	 a railure in one single or double extraction condensing
turbogenerator, plant opera tion woulci ceatse. The ,-isadv "ritages are the number of
units that need to be operated efficienty and maintained and their inability to
immediately adjust changing loans as doubleTo steam extraction condensing units 
can. The period of time that the overall system would operate at less than optimal
efficiency would undoubtedly be greater for three units. 

Level 4: 	 ,ajor Investment, High All-Year Power Production 
(El Viejo 4) 

The fourth technical projection envisions the installation of a completely new power
system, including a new boiler a new double e,and 	 faction condensing
turbogenerator, both of which would operate at ,50 psig and 825' FTT, condensing
at 3 inches of mercury absolute. 13 The new power system would cost a total of US$
i7.3 nilliou installed and would produce 101.6 million kWh during a full year 
schedule of 335 days.' 4 

I 3 Altnough a 1200 psi- boiler turbogenerator would be more efficient in theory--it 
would produce 426.6 kWh/ton of bagasse compared to 389.9 kWh/ton for a 850 psig
boiler--the higher pressure system poses enough operating problems in sugar power
generation to justify ,:noosing the lower pressure. These problems include much
mo)re stringent teedwater requiremnents (the 250 psig plant in Hawaii uses a 
uemneralizer for teed vater nakeup). 
1 4The new oiler will nave an airheater and an econonizer operating on flue gas. 
The flue gas temperature to stack 'vill be 285'F to 41_5°F. Air temperature from the
airnearer will be 3,0'F to 450'F. Boiler feedwater temperature fron the
econonnizer will be 370"F to 400'F. Feedwater entering the econonizer wil be
340'F. A feedwater heater operating on 200 psig steam will raise the deaerating
heater feedwater (250TF) to 340oF. The blowdown will be continuous in the 2% to 

range amJ ,ii, ,l s Lhrougn fjasn tanks, flashing into the 15 psig system. Theboiler will be equipped to tire on bagasse and fuel oil and will have a CAD travelling
grate capable of withstanding turnace temperatures generated by 20% moisture
bagasse (here ann throughout this text moisture content refers to wet basis, or 
ncwb). It will be equipped with a 1ly ash arrestor. 

Note: A ooiler alternative would be to eliminate the economizer and replace it with 
more boiler feedwater heaters. The airheater would be enlarged to provide air at
higher temperature, possibly up to 500oF. The exit gas temperature from the
airheater .vouli be higher and consideration could then be given to a ader two-pass 
type flue gas nagasse dryer. This woula give a bagasse moisture in the 32 to 37% 
runge and the boiler efticiency would be aterially improved as would the bagasse
combustiolitv (burnability) when compared to firing 49', to 51 % moisture bagasse. 
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This system, with higher steam pressure and temperature, enables the sugar- Mii to 
produce steam nore efficienrly from bagasse and also enables the uurbogenerators
to proauce more kilwa:t hours per pound of steam to the turbine throttle. These 
two factors plus the aoility of the unit to quickly compensate and adjust to 
fluctuatimn steam and power loads, both of which are common in a sugar mill, makesIt an excellent type of generating unit for a sugar mill. The turbogenerator must be 
specitieJ so that it can operate efficiently across the wide range of throttle and 
extraction steamn flows found during the in-crop anu off-crop periods. 

The new turmogenerator would extract stcam at 200 psig and 15 psig and be able to 
operate in full condensing node with minimum extraction flows when the vacuum is 
2 incnes mercury aDsolute. The unit would be rated at 19,500 KVA at 0.8 PF or 
15,600 kW. It woUla be housed in an enclosed building having a positive airpressure 
and roof ventmlat,)r. The building would have a crane and the andbridge boilers 
turbogenerators vill have cormplete ins-rumnentarion. Capacitors are budgeted for 
hnproving the lactory and system power factor. 

bulk bagasse storage capacity sufficient for 24 hours operation (960 metric tons)
would de installed witn automatic storing and discharging. A bagasse baler and a 
bale breaker Icr surplus bagasse would also be included. 1 5 The installed cos,. of the 
baling system (included in the overall capital estimate) is approximately US$ 135 
thousand. 

Tie boiling house and conoensate return system would have equipment added to 
improve steam economy and recover heat from all condensate points. Multiple
condensate storage tanks woula be provided for condensate contamination testing
and for reserve sor,-age. A deaerating teeuwater heater and a small feedwater 
makeup evaporator would be installed for off-season use. The evaporators would oe 
converteo to quintuple eifect units with flash pots and primary, secondary and 
tortiarv juice iieating with vapor. A minimum of tour additional 2,000 square foot 
Juice heate±rs would be added to the system. The vacamiri pani woula continue to 
operate l00i on first cell vapors. 16 

As witn Level 3, tne improvements envisioned at El Viejo should reduce the sugar
factory's boiling house and evaporator steam consumption fr.om 1100 lbs. per metric 
ton of cane per hour to 975 lbs., and possibly lower. The boiler feedwater 
temperature would be increased to 250'F prior to the boiler feed pumps. 

l5The type proposed is an AMBACO Model BH "Auto-Tie" Hole Baler with a 6 inch 
diameter vent hole similar to the one at PROAGRO in El Salvador. 
16 The shift Iron a quadruple Lo a qulirtuple effect evaporator in the sugar factory 
improves energy performance by about 10 percent. 
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Level 	4: Major In,,,estment, High All-Year Power Production 
(Taboga 4) 

The last technical option TB4) is included in order to depict a hypothetical case inwhich 	a conveniently locatea larger mill, such as Taboga, could draw on surplus fuelsavailable at mills close enough to ,nalhe transport economically feasible, Thetecnnicai systen en,,isioned is the sarnie as that described in Level 4 for El Viejo (EV
4): a Colipletely new, high-pressure boiler and turbogenerator.17 The investment of over US$ I-)nillion would enable the export of 104 million kWh of electricity to the 
national gri(. 

The bagasse fuel supply system of TB4 would have the following characteristics: 

a) 	 One large A\MBACO it-H "Auto-Tie" Hole Baler (22 MT Bagasse/hr.) would 
be installed in the "VMeseta Central mill in the Grecia area having the
largest amount of surplus bagasse. Surplus bagasse frorn other mills in the 
area would be hauled in bulk to this central baling station, and the balea
bagasse would be snippecn immediatly to Taboga for storage until neededin tie off-season. The baled ba.gasse will decrease in moisture to 20%
after 90 days storage at Taboga.16 

b. 	 Surplus oagasse fron the El Palmer mill would be hauled in bulk to Taboga
,,here it would be baled and stored. 19 

17The Taboga boiler will differ in that it will nave a maximum continuous rating of 
250,000 lbs. of steari per hour, and will be equipped to fire bagasse, fuel oil and/orcoal. The efficiency of the boiler firing coal will be 84.6% and fuel oil 86.99/.agasse coulo be fired simultaneously with either fuel oil coal.or The added steamcapacity oi time Taboga boiler will increase costs about $1.5 (niilion. The coalreceiving, storage, conveying and firing equipment usec in the fuel sensitivity

,analysis (Chapter 3) adds at least $350,000 to the base EV4 cost. ThL design of theCAD travelling grates, firing chutes, ' distribution rotors and combustion airdistribution for coal firing must allow for the differences in the combustion
characteristics of the two fuels, coal ana oagass e, vhich may or nay not be firedseparately during plant operations. Mouifications of existing bagasse burning boiler
plants of similar size to burn coal and bagasse both separately and simultaneously

nave cost in excess of $1.2 rnillion, which indicates the comiplexity of designing o:

redesignitg a boiler to burn both fuels.
 

"3 The 	6agatex 20 syste:m was evaluated for use but was found to be too expensive as
 
the one-tine licensing cost to treat 150,000 netric tons of 
bagasse would aimount toUS$ 512,250. Te only advantage of the Bagatex 20 treatemnent is that 20-Umoisture ,:ontent s reicned in 20 days rather than 90 days with the hole type baler.
\Vhere ,Jr, a,.ss. is needed sooner than 90 days for higher power generation during
WLe dry sea.son, %,.gatex 20 nay prove to be economically advantageous. 

19An AVIL5A(O type compactor for densifying bagasse before bulk shipment couldpossibl, reduce bulk shipping costs depending on the hauling rates for low density
bulky material. 
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The Taboga mnill currently nas a baler, but the mill would have to set aside 
approximately 35 acres for storing baled bagasse and cane trash. 

As with the earlier technical projections, the Taboga mill can substantially reduceits fuel oil or coal--the former by over I million gallons per year--requirements by
firing cane trash from its own fields as well as bagasse imported fromn other 
factories. 

Power Production Projections 

Although it is clear that eac'l mill in Costa Rica chocsing to sell electricity will 
have to analyze its technicai system and configure its boiler/turbogenerator systern
according to its own needs and circumstances, it ispossible to determine a rough 
range of produmction possibilities on the basis of the technical projections described 
here. If the various mills were to export electricity at Level I, the annual total 
from the inuusty wou-ld range from 17-19 million kilowatt hours. If in addition to 
this lower level production by the smaller mills, the five largest mills were to 
procuce a the nore efficient Level 3 represented by the higher investments of EV3, 
tne annual total production iromn the industry would range from 400-500 million 
kilowatt hours. .\lthough these are very rough estimates, they do help illustrate the 
range of power production that might realistically be expected froio differing
investment patterns, even without the installation of any entirely new boiler/
turbogenerator systen of the kind hypothesized for Level 4. 

Supplemental Fuels 

Because they permit the production of electricity for a nore extended period after 
the end of the crushing season, supplemental fuels are extremely important to the 
financial success of many cane power investments. The cost of electricity
production and the number of kWh produced per ton of bagasse at each level of 
investment are shown for El Viejo in Figure 2.2 and 2.3. To make the larger
investments financially attractive, the mill must produce power throughout the 
year. Year-round production greatly improves capital utilization and permits the 
negoiation of contracts with the utility that pay both avoided fuel and capacity
charges to tne sugar factory. 20 But year-round production requires suppiemnental
fuels. The fuels examined for this study from least to most expensive are: a)
purchased bagasse; b) cane field residues (also called trash); c) plantation wood; d) 
fuel oil; and C) coal. 

because Costa iU.can ills currently use fuel oil as a supplemental fuel, and because 
the other proposeo fuels are either new to these mills or require several years to 
develop, the "Dase c-ase" economnic and financial analysis assumes that the nills will 
use fuel oil alter they run out of bagasse. Sensitivity analyses in Chapter 3 review 
the economnic au financial attractiveness of using fuel oil at different prices.
Figures 2.4a an j 2.4b show how miuch of the electricity sold to the utility will be 
produced fron each type of fuel under the scenarios presented in this report. 

2 0 5ee A\ppendix C for an explanation of the distinction between these charges. 
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Figure 2.2
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Purchased baga sse
 

The Level 4 projection for Taboga includes analysis of purchasing waste bagassefron nearby mills to replace oil during off-season operation. Bagasse could betransported and stored in wet or baled form iith baling and storage facilities at one 
or several mills. The case labelled TB4 includes capital costs for bagasse balingeqjuipuent ino storage facilities for the Taboga Mill and one other mill in the MesitaCentral area. The estimated cost for a ton of purchased bagasse is 276 colones(U5$3.65) MIT, 146 colones paidincluding (US$2) to the contributing mill and atransport cost of 6 colones per kilometer for an average distance of 20 kilometers. 21 

Cane Residues (trash) 

An accumulating body of 2xpeiimental and practical evidence suggests that canefield trash is an important but neglected resource, that appears be the leastone to 
cost fuel for combustion, after mill bagasse, in many locations around the world. 2 2 

(a) Trash Quantities 

The precise amounL of fiber available from cane trash can be expected to vary withplant varieties, climate and soil conditions, cultivation procedures, and harvesting
practices. Available evidence suggests that where the cane is hand harvested
without burning, the fiber in the trash can be expected to equal or exceed that
which reaches the mill in the harvested stalks. 2 3 

2 11n practice, the payment for the contributing mill might be waived, since thedispos- 'f excess bagasse is often a problem for which a mill must expend funds. 

22i'e La Romnana Mill in the Dominican Republic currently harvests cane trash for 
use as a feedstock in the production of the chemical furfural. Commercial
harvesting of residues for ooiler fuel is now practiced at the Tarlac Mill in thePhilippines. A recent review of this evidence is available in the published results of
the A.I.D. Cane Energy Symposium he!d in April 187. See Marcia Gowen, et. al.,
Cane Energy Utilization Symposium; A Report from the 2nd Pacific 
Basin 13iofuels
 
Workshop, Vols. I and II (A.[.D., Washington, D.C.).
 
2 3 Alex Alexand(r and his associates at the University of uerto Rico measured the 
Jry-inatuer content of rnachine-harvesteai cane stalks and residues and concludedthat for each 7.9 tons of stalks there were associated 6.7 tons of tops and leaves.Assuming mat some 15'X3 of Lhe ofweight the stalk was compose of sucrose andother sugars, these data suggest that fiber quantities in stalks and trash were aboutequal. They also indicate that trash removal is less effective wher1 tile harvest iscarried out by machine. See Alex Alexander, The Energy Cane Alternative (New
York: Elsevier, 19'85), 46. 
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The most detailed examination ot this matter, a study conducted in the Dominican 
Republic by Proie.;sor Allan Phillips of the Uni'ersity of Puerto Rico, concluded 
that, on average, tnere was 0.67 metric tons of crop residues left in the field (at
50% moisture) for every ton of cane stalk harvested. 24 The cane involved was 
topped and cut by machete, \vithout burring. A.l.D. is currently working with the 
Hawaiian Sugar Planter's Association to collect more detailed technical economic 
environmental information on trash quantities and to discover the most appropriate 
means of trasn harvesting under different conditions.25 

Except in seed fields, sugarcane is burned before harvest in nost locations in Costa 
Rica. Because of tihis practice, the amount of residues is nuch smaller. If
electricity production becomes a profitable activity--and cane trash a valuable 
comrnodity--fmills mnay want to experiment with harvesting unburned cane. The
increased cost of harvesting cane may prove worthwhile if the quantities of trash 
can be more than doubled and the cost of collection reduced. 

Researcher Barney E-land and others at the U.S. Department of Agriculture facility
in Florida have measured available trash in fields that have been burned and then 
mechanically harvested. His conclusion is that, in general, 2-3 metric tons of dry
matter can be recovered from fields that yielded 20 tons/acre at harvest. The 
Florida experience thus suggests that 2.7-4.0 tons of trash (at 25%D moisture) can be 
harvested fron burned cane fields for every 20 tons of cane stalks harvested. 2 6 

In t;ie case of the El Viejo estate, where production of c:ane is estimated at 110 tons 
per nectare (43.3 tons/acre) this suggests that as much as 16-22 tons of trash might
be collected per hectare. For an estate harvest of approximately 195,000 tons of 
cane, 23-39,0 tons of trash night be harvested. Fron the lands of farms supplying 
cane to the mill, an additional 15-21,000 tons night be collected, for a total of 
43-60,000 tons ot hign quality fuel. The advantage of adding trash is that it allows
mills that only produce electricity 'uringthe milling season (Figure 2.5) to extend 
the YeneratLon period. 

2 4 The study was sponsored by the Electric Utility of the Dominican Republic. For 
further details, see the summary in Allan Phillips, "Cane Crop Kesidue for Biomass 
Fuel," available at the Department of Agricultural Engineering, University of Puerto 
Rico, Mayaguez, Puerto Rico. 

25 Experijnents sponsored by A.I.D. are currently under way in Jamaica to test a 
specilally designed cane trash baler, and in Hawaii to test the performance of
standardizeu round- and square-type balers. Later in the year field trials are also 
planned at the Nong Yai Mill in Thailand. 

2 6See B.R. Eilana and I.E. Clayton, "Unburned and Burned -Sugarcane -arvesting in 
Florida," Transaction of the ASAE (Vol. 26, No. 5, 1983). As Eilard stresses, of 
course, the challange is in collecting the material at a cost that makes economic 
sense. 
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Figure 2.5 
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Because of the experimental character of cane trash harvesting methods and the 
lack of experience with this agricultural procedure in Costa Rica, the study team 
has assumed, fur purp~oses of the sensitivity analysis, that the mill could collect 
approximate y 2/3 of these materials, and these only from the fields owned and 
controlled by the mill itself--some II tons for each 110 tons of cane harvested--or a 
total of 19,636 tons. 2 7 

Based on experimental evidence in Puerto Rico, the Dominican Republic, and 
Hawaii, this study assumes that the trash will reach the boiler with a moisture 
content of 25 percent. Again, this is based on experience with unburned cane, and it
is possible that the naterial in Costa Rica may have a lower moisture content. 2 8 

The gross calorific value is set at 6053 Btu/lb. 2 9 

(b) Trash Costs 

The study team's estimate of the cost of harvesting, transporting, storing and 
processing trash fuel is summarized in Appendix D. Although the precise methods 
used will vary by locaLion and farm, the study team assumed the residues in Costa 
Rica will be harvested using a tractor-drawn PTO-powered rake (to windrow the 
material) and a rectangular baler of the kind that is currently used to bale hay, and 
wiil be transported to the mill by the same methods used to transport harvested 
cane.30 

The trash will be stored in dispersed locations and carried to the mill as needed 
after the harvest. At the mill the trash will be prepared for combustion in a "tub" 
grinder. The costs for these operations are based on current costs incurred by the 
mill for similar activities. Costs for the harvest equipment, delivered to Costa 
Rica, are based on quotes from Ford-New Holland Corporation. The findings, 
reported in Appencjix D and Table 2.2, suggest an average price, delivered to the 
boiler, of 867 colones (US$ 11.80) per metric ton. 31 

2 7 This number is based on the judgement of team members after a visual review of 
post-harvest fields on the El Viejo estate. 

281f the trash moisture content is less than 20%, boiler modifications may be 
necessary to avoid problems in combustion. 

2 9 The gross calorific value of bagasse, at 50t. moisture, is set at 4007 Btu/lb. 

3 0 Since the El Viejo mill currently employs workers to collect residues into 
windrows for burning, the costs associated with this procedure are treated as savings. 

31 Experience to date at other locations suggests a wide range of costs for the 
collection, storage, transport, and preparation of cane trash for fuel. The lowest 
are those of La Romana Mill in the Dominican Republic, which has been able to 
deliver fuel at US$ 7.10 per metric ton. 
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Table 2.2
 

Financial Cost Estimnates for Supplemental Fuels in Costa Rica
 
(EStiidtes for El Viejo Mill) 

Purchased Fuel l mported Domestic
Fuel Type Bagasse Trash Wood Oil Coal*** Coal**** 

GCV (Btu/lb.)* 4,007 6,053 4,007 18,230 12,825 7,200
Boiler Efficiency 	 75% 75% 7 5% 87% 8 5%.D 85% 
NCV to Steam 	(Btu/lb.)** 3,005 4,540 3,005 15,842 10,850 6,120 

Low Cost (US$/ton or bb.) $1.99 $10.00 417.59 $14.00 $6S.00 $54.00
Baseline Cost (US$/ton or bb.) $3.65 $11.80 $19.85 $18.00 $73.00 $57.00 
High Cost (US$/ton or bb.) $7.70 $15.00 $22.12 $22.00 $78.00 $60.00 

Low Cost/million Btu 	 $0.30 $1.00 %2.65 	 $2.84$2.58 	 $4.00
Baseline Cost/million Btu $0.55 $1.18 $3.00 $3.32 $3.05 $4.22 
High Cost/,nillion Btu $1.16 $1.50 $3.34 $4.05 $3.26 $4.45 

* Gross Calorific Value 
** Net Calorific Value after boiler loss 
** All costs are for fuels delivered to the mill at El Viejo. Imported coal costs include an 

arbitrary US$ 3.00 for port conversion costs. 
* Figures 	for Uatsi coal, the least cost domestic coal available to El Viejo.
 

See Table E.7 in Appendix E.
 

Conversions: 	 I bb. fuel oil 42 gals 
I gal. fuel oil 8.155 lbs. 
Ex. rate US$ 73.2 colones 
Metric ton 2205 lbs. 
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Plantation Wood 

The anaiysis of non-utility power generation in Costa Rica prepared for A.I.D. byHagler, Bailly and Company (A.I.D. December 1987) reviews recent research on thepotential of fuelwood from plantations in Costa Rica. The conclusion is that the 
resource base is sufficient to sustain large quantities of production aon sustainable
basis--mare than 16 million tons of commercial wood. The review also concludes
that the delivered cost of a ton of kiln-dried wood fuel would range from
1237.9-1619.7 colones (US$ 17.59-22.12), for an average ofcost 1,453 colones
(US$ 19.85) per ton delivered to the plant. 3 2 For this study the team assumes thatwood has the same calorific value and combustion characteristics as field trash (at
25"," moisture). 

As this data suggests (see Table 2.2), if the estimates from earlier studies are
correct, wood would be nore expensive than field residues, but might be moreattractive than fossil fuel alternatives to supplement bagasse at sugar mills. 3 3 As is
the case with trash, it is clear that the use of wood fuels to "back out" fuel oil or
coal should be explored by investors who must rely on these fossil fuels forelectricity production in the off season. because tme economic benefits to thecountry would be much larger, due to foreign exchange savings and greater
employment when compared to other energy sources, the Government of Costa Rica 
may want to consider policies to encourage plantation wood development and use. 

Fuel Oil 

Sugar mills in Cosla Rica currently burn fuel oil as a supplemental fuel. This study
assumes, for purposes of the technical projections and the financial and economic
analysis, that the mills would turn to petroleum as the primary supplemental fuelwhen they run out of bagasse in the "off" season. Should they find it possible to
supply all their fuel needs with field residues, wood, or other lower-cost biomass 
fuels, the team expects that they will do so. 

The world petroleum market is volatile, making it hard to estimnate fuel oil priceswith any accuracy. The present study uses a baseline cost of US$ 18 per barrel as a
conservative figure for the short run (Table 2.2).34 A sensitivity analysis in
Chapter 3 reviews the implications of prices that are lower or higher than this
baseline number. Because many energy policy experts anticipate a tightening of the 

3 2 See A.I.D. December 1937. "Non-utility Power Generation in Costa Rica:
Potential, Impediments, and Policy Issues," Washington, ).C.: December, 1987, pp. 
2.38-2.47. 

3 3 13ecause wood is not currently produced at a commercial scale--and a five to six 
year lead time is necessry for large-scale production--the economic and financial
analysis of Chapter 3 does not assume that wood fuels will be available. 

34 This price may be lower for periods in Costa Rica because of refinery imbalances. 
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Power Plant and Fuel Options 

wotld petroleum market in the mid to late 1990's, the possibility of price increasesin fuel oii represents a key area of risk to investors in cane power systems (see
Table 2.3). To the extent that they are unable to utilize cane trash as a fuel,investments in the "high investment, high production" scenarios--Level 3 and 4--are
highly sensitive to these price changes. 

Coal
 

Coal is not -n established fuel in Costa 
Rica, and there is considerable uncertaintyabout the cost of coal as a supplemental fuel for power generation at sugar mills.This uncertainty applies both to domestic coal, which is just at the point ofdevelopment in Costa Rica, as well as to coal imported from Colombia, Chile orelsewhere. Coal varies in its quality (energy value as well as ash, sulphur and watercontent) and is expensive to transport. Appendix E assesses the delivered costs of
various coals to EL Viejo and Taboga mills. 

As Table 2.2 indicates, imported coal may prove less expefsive than fuel oil as asource of power for electricity production at some Costa P!icai-, ,ils. N-JLt,however, that the cost of coal in Table 2.2 does not include the capital cost ofhandling, storing, and processing the coal for combcstion at the rnill. To illustratethe financial and economic resu'ts of utilizing iiiported coal instead of oil in the offseason, Chapter 3 includes a sensitivity analysis of this option for the El Viejo and 
Taboga Mills. 

As Appendix E demonstrates, domestic coal in Costa Rica is more expensive thanimported coal on a delivered energy basis, and the mills examined in this studyunlikely to use 
are

it unless prces for imported coal inci-ease or government policies
provide incentives to promote the product from domestic mines. 
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Power Plant and Fuel Options 

Table 2.3 

International Product Price Forecasts 

Products Price (1988 US$/bbl) 
1990 1995
 

LPG 15.80 20.54 

Prm. Unleaded Gasoline 26.95 33.20 

Reg. Unleaded Gasoline 25.00 31.00 

Prm. Leaded Gasoline 26.70 32.70 

[Zeg. Leaded Gasoline 24.50 30.50 

Naph tha 18.50 26.35 

Kerosene 25.10 31.10 

Jet Fuel 25.50 31.50 

High-3peed Diesel 24.50 30.50 

Low-speed Diesel 24.10 30.10 

Low-suliur Fuel Oil 19.50 24.50 

High-sulfur Fuel Oil 18.50 23.50 

Source: Petroleum Project, Resource Systems Institute, East-West Center. June 
1983.
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Chapter 3 

Financial and Economic Assessment 
of Cane Power Systems 

The conclusion of this study is that the production of power for sale to the gridCosta Rica makes financial anu, certainly, economic sense to the mills and 
in 

country as a whole. The least risi<y 
the 

ilternative is to simply tighten mill operations,and sell simall onounts ot excess power to -he grid during the har'est season. Thiswould Iivolve 1o ivestmHient and would contrioute, if all mills were to do so,17- 9 nillion kilowatt hours 
some 

ot power per )'ear. With moderate nvestments manymills Can) increase power output al(d total net betnellts. Cane power production
Would Den.etit the country as a wnole by drawing upon tle financial and managerials ills ot the private sector, creating additionai jors in rural areas, diversifying thesug..ir industry into an attractive new by-product iiiarket, ano replacing imported
fuel Wili less expensive domestic teeastocks. 

Financial and Economic Investment Models of Electric Power Production 

To determin the attractiveness of cane power production and to identity keyfactors ilnlJencing the coinimercial success o1 the systens, the teamn applied aninvestmnent uodel developed for millsugar power investments (CANNEPkOVERKSION 1) to generate scenarios for t.e target mills oased on varying capitalinvestmnent aind power ouLt.ut assuHIptions (see Appendix 13). ihe teali conductedbotl i inanciai 111d I1counomiic analyses to show the private and puolic sectormnCensvi.t belli tivi ty Qnalyses !,._ IoI de on key variables M thesceti.,rios--ele tr cic L ur_nse price, loan rates, fuel costs, and power load
rates--to deternin rIsI:tMe mSociated viti tneseeach of facrors. 

The tour investimen t levels developed tor the mrills, bsed on tecnnical options in 
Chapter 2, include: 

" Level t: no Investment and low energy output (using waste bagasse frommill operatiuns to generate surplus electricity for sale during the cropping
season); 

" Level 2: low tnvesnment ana ;moderate power output (naking small capital 
investments to Increase and 3ofnewniat extend electricity production); 

o Level 3: mnoderate investments and nigh, year round power output lkeeping
existing a iil ooiler:, out na<ing higher capital investinents In newturbogenerato.-s to extenu power production year round); and 

" Level 4: nigh investments and nigh, year round power output (investing in 
new high pressure boilers and going to year round energy production). 



Financial and Economic Assessment of Cane Power Systems 

Table 3.1 <-;.egorizes various scenarios for the mills at these different levels. A 
base case is CJeveloped tor each mill using the most lii<ely benefit anO cost
assumptions. lie nase case uses financial prices, current market prices, for all 
variables (see Appendix C). The only exception is for interest rates, as expiaineu 
later. 

Power System Benefits 

Mills receive airL:ct benefits from the sale of electricity to the grid (electricity
revenues) and in(irect savings througn displacing previous energy used, in this case 
electricity and petvoleum. Displaced fuel savings are valued at the industrial tariff 
for electricity ana at tne current market price in Costa Rica for residual fuel oil. 
The ciirect Oenemts are discussed below. Figure 3.1 and Taole 3.2 shows the 
magnituue .inu composition of -enefits for- e,.cn of the mills in the study. 

The price IC L-ay- to he mills lor elcctricity is the key to prolitability for cane 
power Dysten>.to c ed for additional generation capacity in theDue the imrimdi~t, 

near term, oiilic.mls at ICL indicated dturing team visit.s that ICE might pay 
 a 
preiniui price tor years 1-5 and then drop the price down after year 5 to its avoided 
cost. Tne )renIium price suggested wa.s 5 colones per kWh (6.8 US v/kWh), with the 
price beyonu yt -ir up O!ar negotiation. 

The avotded 'ost itjology is useu for calculating the economic or marginal costs 
of electricity in Costa kimca (Appendix C). A recent power sector analysis (A.I.l).
Decefnaer ,")S7) estln'ateo a range of avoided costs based upon different energy
sources I anK 3.3). Vernal, geothernal, and gas turbines are the current (thernal) 
and pianneu (getnerimal ,d gas turbines) peaking energy sources for ICE; thus their 
costs represent .iarginal costs to the grid ana weighted averages are used for 
S4ttl} the ld:e p.Lr eC(s.f~c 

Two areas ot major uncertainty remain: tiie actual production costs when these 
plants coie on-ltne ano uates tor cornig on-line. Actual electric -,eneration costs 
are notorious tnroughout the world tor tar exceeding earlier estimates. Dates of 
actual production are particularly problematic tor geothermal power. Gas turbines,
thougn expensive to run, can be expected to coine on-line relatively sooni. 
Geothermal start-up clates are tar ihore uncertain if serious delays are encountered 
in construction anu nanci ig. 
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Financial and Economic Assessment of Cane Power Systems 

Table 3.1
 

Investment Levels and mill Characteristics of Models
 

Level/ m, ill 
Capital

investment 
Power 
Output Equipment Fuel 

Level I 

Quebracia Azul (QA) 
El Viejo I (EVI) 

None 
None 

Low 
Low 

No Mooificatiois 
No Modifications 

Bagasse 
Bagasse 

Trash* 

Level 2 

El Viejo 2 (EV2) Low Low Topping Turbine Bagasse 

Trash* 

Level 3 

El Viejo 3 (EV3) Medium High Topping and (3) Bagasse, Oil 
Condensing Turbines Trash, Coal* 

Level 4 

El Viejo 4 (EV4) High High NewY Boiler, Bagasse, Oil 
Double Extraction Trash, Coal* 
and Conaersing 
Turbine 

Taboga 4 (TB4) High High New boiler, Double bagasse, Oil 
Extraction anu Trcish, Coal* 

Condensing Turbine 

Trash or coal are adued or substituted for oil in EVI, EV2, EV3, EV4 and TB4 in 
the fuel sensitivity analyses. 
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Figure 3.1 
Average Annual Cane Power Benefits 
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Table 3.2 

Average Annual Cane Power benetits 
(Million Colones/year) 

Mills 

QAi EVI EV3EV2 EV4 TB4 

12.6 8.1 48.1 459.7 507.8 520.0 

0.0 1.6 1.6 1.6 1.6 0.0 
0.0 4.6 4.6 4.6 4.6 0.0 

2.6 14.3 54.3 466.9 514.1 520.0 

9.3 6.0 35.6 340.2 375.8 384.8 

0.0 1.6 1.6 1.6 1.6 0.0 
0.0 4.6 4.6 4.64.6 0.0 

9.3 12.2 41 .S 346.4 382.0 384.8 
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Table 3.3 

Full Avoided Cost Estimates for Electricity in Costa Rica 
(1987) 

ICE's Avoided CostsPeriod 	 System Peak Off-Peak 

(US i/kwh) (Cltc/kWh) (US /kh) (CRc/kWh) 

Up to 1989** 	 Existing
 
Thermal Units 8.5-10.5 6.2-7.7 
 * , 

After 1989*** 	 Geothermal 5.1 3.7 3.1 2.2 

Gas Turbine 7.3 5.4 ** 

Honduras - 3.0 2.2 

Off-Peak avoiaea costs are for purchased power from Honduras. 

• Includes only avoided energy cost component, no capacity charge since using 
existing therinal units. 

kIncludes full avoided costs, an avoided energy and capacity charge since 
building new power plants to neet expanding demand. 

Source: A.I.D. 	 December 1987. Appendix D. 
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To account for these uncertainties, low and hig:h electricity price scenarios are usedin the sensitivity analyses. I1 ICE's plans proceed smoothly, the low price scenario 
might be expected. The high price scenario uses costs that might be projected ifserious proole;ns arise in the power expanior! plans. The data assumptions used in 
the scenarios are: 

e Low Electricity Purchase Prices: 

Years 1-5 5 Cl c/kWh 6.8 USe/kWh
Years 6-20 3 CRc/kWh 4.1 US¢/kfh 

Current plans for expanding ICE's base generation into geothermal
expected to be on target, coming within five years. In 

are 
the short run, t;ie

electricity purchase price for years 1-5 is expected to be 5 CRc/kWh (6.8
USV/k\Vh) based upon estimate- provided by ICE officials, but to drop
dcwn to a weighted average ot geothermal peak and off-peak avoided 
costs for years 6-20, which is 3 C[Zc/kWh (4.1 US /k\Wh). 

* Medium (Base Case) Electricity Purchase Prices 

Years 1-5 5 CI?.c/<Wh 6.8 US /k\/h
Years 6-20 3.7 CRc/kWh 5.1 USe/kWh 

Like the low price scenario, electricity purchase prices in the short term 
remain at 5 CRc/kWh but after year 5 they fall to 3.7 CRc/kWh. This
price reflects the avoided costs for geothermal power and includes
allowance for construction 

an 
delays or other unforseen eventualities in the 

current expansion plans. 

* High Electricity Purchase Prices: 

Years 1-5 5.8 CR,-/kWh 7.9 USe/kWh
Years 6-20 4.2 CRc/kWh 5.7 USe/kWh 

Higher generation costs are projected in this scenario to reflect the
failure of geothermal to come on-line as fast as currently planned forcing
ICE to rely in the short term on existing therinal units and gas turbines,
and in the long term on high-priced gas turbines and geothermal. The
purchase price in years 1-5 (5.3 CRc/kWh) represents an average of
thermdl (6.2 CRc/kVh) and gas (5.4 CRc/k\Vh) peak avoided prices; the 
long terin high price in years 6-20 represents an average of the
geothermal weighted average (3.02 CRc/kWh) and gas turbine peak price 
(5.4 CRc/kWh). 
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Mill Modifications and Capital Costs 

Mills face fo :r possible financing options, which greatly alter total capital costs andthe feasibility of the investment. Mills can either use only equity, a possibility inLevel 2, or a d,}bt/equity arrangement that can be based on concessional, national orprivate interest rates. Without access to cuncessional rates (7-11 %), millsextremely high finance charges, 26% at national banks and 31'% at 
face 

private banks inrominal terms. Given the existing loan period restrictions and prohibitive costs ofprivate banks, mills .voulo probably prefer going to national banks for large
investments if they cannot access concessional loans. 

Since much of ICE's electricity expansion is concessionally financed in Costa Rica,an argument can be nade for allowing mill operators access to concessional ratesfor electricity investments, provided they sell to the national grid. 60% ofUp to
ICE's project loans are financed by the Inter-American Development Bank (IDB).Since a 

repayment, respectively, the country might benefit 


the private banks and sugar industry have good history of debt collection and 
from allowing a portion of thecapital loans associated with cane power systems to be concessionally financed with 

payment going through the private banking sector. 

For simplicity, only institution andone lending interest rate for any investment, aconcessional, national private is inor rate, used each run of the model. The base case uses a moderate concessional rate, i 6, based on the thatassumptionelectricity investments for sale of power to the national grid should receive the sane financial rate structure as faced by the national utility. Sensitivity analyseson the interest rates show the effect of different financing arrangernenis on project
viability. 

Employment Generation and Labor Costs 

Generating power from bagasse increases labor demand at the power plant and, iftrash is collected, in the field. Relative to other costs (Table 3.4), labor'scontribution ranges fron 2' in the case of large power systems (EV3, EV4, and TB4)to nearly i00% for the no investment surplus power option (QAI, EVI). Totalworkdays generated by the power plants vary from 3,652 to 10,050 days per yeardepending upon the option (Table 3.5). Trash collection adds another 200 days ofwork for each 1900 tons of fuel used per year. In value terms, the power plant jobscan contribute 2.5 to 6.S million colones per year per factory to the rural economy,
which equates to $33,000 to $90,000. 

Fuel Costs 

Prices for the various fuels--bagasse, trash, fuel oil, and coal--are presented inAppendix 1) and summarized in Chapter 2. As seen in Table Figure 3.2,3.4 and fuelcosts are significant in Levels 3 and 4 due to fuel oil As discusseduse. later, thesignificant cost fromsaving realized substituting trash or coal for oil are sufficient 
to warranr serious attention by the inills and government. 
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Figure 3.2
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Table 3.4 

Average Annual Cane Power Costs 
(Million Colones/year) 

Costs QAI EVI EV2 EV3 EV4 TB4 

Year i 
Capital* 0.0 0.0 33.8 211.0 380.7 434.3 
Op/Maintenance 0.0 0.0 3.4 21.1 38.0 43.4 
Fuel 

Purcnased bag. 0.0 0.0 0.0 0.0 0.0 4.4 
Cane Trash 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 267.3 244.3 195.9 

Labor 2.9 2.5 2.5 6.8 6.8 6.8 
Total 2.9 2.5 39.7 506.2 669.8 685.3 

Years 2 - 20 
Capital 0.0 0.0 11.3 70.5 127.3 145.3 
Op/Maintenance 0.0 0.0 3.4 21.1 38.0 43.4 
Fuel 

Purchiaseo bag. 0.0 0.0 0.0 0.0 0.0 4.4 
Cane Trash 0.0 0.0 0.0 0.0 0.0 0.0 
oil 0.0 0.0 0.0 267.3 244.3 195.9 

Labor 2.9 2.5 2.5 6.8 6.8 6.8 
total 2.1) 2.5 17.2 365.7 416.1 395.8 

Cinclu es equity in year one capital costs. 
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Table 3.5 

Annual Employment Generation and Labor Benefits 
from Cane Power Plants in Costa Rica (19&8) 

Mill* Employment** Wage Income 
(days/yr) (O CRc/y,-) (M US $/yr) 

QAI 4,260 2.86 0.039
EVI 3,652 2.45 0.033EVIT 5,87 i 3.95 0.054 

LV2 3,652 2.45 0.033EV2T 5,871 3.95 0.054 

EV3,3T 10,050 6.75 0.092EV4,4T 10,050 6.75 0.092T1B4T 10, 050 6.75 0.092 

Source: Team estiimates. Assumes 8 hour labor day. 

Miil options followed by a "T" are ones utilizing cane field residues (trash) as fuel.
*'efflects employment at the power planz only. Additional jobs in the fields are

created by trash coilection. 

Net Present Values and Economic Impacts of Cane Energy Systems
 

Present value analyses of the mills show cane 
energy production to be attractive ata variety of investment levels (Figure 3.3a and 3.3b). From a financial perspective,nills could expect to receive anywhere from US$ one to three .nillion in net returnsbefore taxes. Only one option, EV4, loses money. Applying Costa Rica's business 
tax rate, the net present values fall by 50 percent. 

In economnic terms, at medium electricity prices, all low power levels of investmentare attractive to the country but high power scenarios show negative NPV's due totheir dependency on Imported fuel oil. The highest economic returns are realizedwith extended electricity production at low power output, investment Level 2.
 

6eyond the net: return,, of the investmnent, the mills 
and country must compare thecapital and foreign exchange requirements and amount of power exported for tilevarious options (Figure 3.4a, 3.4b and Table 3.6). Levels I and 2 require little or nocapical,, and similarly have ztero or low foreign excliange needs. In contrast, Levels 3ard 4 often have NPVs near Level 2, but require IJS$ 10 20to ,1 of capital, and candraw off from UJ5$ 6.7 to 3.7 NI in foreign exchange (or I I to 13 .%1W power sales.When comparing options, the low investnent/low power and moderate investi nent/high power scenarios (option EV2 and EV3) may fare the best overall in ternsfinancial NPVs, foreign exchange and capital requenents when compared to power
of 

ouput. 
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Figure 3.4a
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Table 3.6
 

Direct Financial Benefits and Characteristics
 
of Cane Power Systens
 

(1988)
 

Foreign** Power 
NPV* Capital Exchange Export 

Mill (M US$) (m US$) (M US$) (M kWh/yr) 

Level I 
QA 1 0.82 0.00 0.00 2.5 
EV 1 1.10 0.00 0.08 1.6 

Level 2 
EV 2 2.86 1.54 -0.33 9.6 

Level 3 
EV 3 2.62 9.59 -6.70 91.9 

Level 4 
EV 4 -0.09 17.31 -8.71 101.6 
T13 4 2.00 19.77 -8.23 104.0 

* Financial NPV without taxes. 

** Foreign exchange represents the total direct net foreign exchange requirements
(without shadow valuing) of the investment option, i.e. the total foreign exchange
saved from the displaced petroleum at a mill minus the foreign exchange needs for 
capital and operating expenditures. Negative values indicate net outflows to the 
country from an investment option. Note, however, this value does not include the 
indirect foreign exchange savings to the country from cane electricity replacing
liesel-based electricity generation by the utility. See Table 3.7 for the inclusion of 
such benefits. 
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Sensitivity Analysis 

best, Base and Worst Case Scenarios 

Electric power generation from mills is a new alternative for Costa Rica. Millowners and utility executives have no experience to guide them in estimating systemcosts ind reliability. High uncertainty exists on pivotal variables like electricitypurchase prices, interest rates, and future fuel prices. To clarify the ris'-s involved,best and worst case scenarios are compared to the base cases for all options (priceassumptions are given in Appendix C). Clearly if, as in the best case, the utility
p"ys high electricity prices and fuel prices, and interest rates remainsyst-fins could increase low, thesetheir net returns by as much as ten-fold (Figure 3.5 and 13.2).Conversely, if the worst case is reaiized all systems except for those at Level I
could experience significant losses. 

A wide variaoility in returns exists L)eween the best arid worst cases, with thegreatest risk being for high power scenarios. This suggests that if high outputoptions are chosen, then firn agreements must be reached by the mills on allnegotiable variables, notably electricity prices and interest rates, to reduceinvestinent risk wherever possible. One primary area where financial risk may bereduceo is substituting cane trash or coal for oii during the off-season, as discussed 
below. 

Effects of Changing Electricity Prices 

A key variable to the mills is the electricity purchase price, which they willnegotiate with ICE. Given the lack of precedents, this rate is uncertain at present.ICL otticials have suggested that they may be willing to pay a premium above ICE'slong term avoided costs in the short term (1-5 years) due to the immediate need foradditional capacity and the potential for the mills to act quickly to contribute to
ICE's seasonal demand. 

It is clear fron a sensitivity analysis of electricity prices (Figure 3.6 and Table B.3)that these rates are of extreme importance to the profitability of the powersystems. All assumed rate structures (5/3.0, 5/3.7, and 5.8/4.2 CRc/kWh for years1-5/6-20) show positive financial NPV's, with the exception of EV3, EV4 and T134 at
low prices. The degree of variability between the low and 
 high scenarios widensexponentially as the power output of the options increases. At Levels I and 2, rieNPV's jump up anywhere from 16 to 40'k going from low to high price scenarios.This spread increases by factors of 3 to 12 times low price scenarios at Levels 3 and

4 wihen I I to 13 NIW are exported.
 

The results underscore the importance for nills and ICE of carefully designedpurchase price agreements. As the Hawaiian sugar industry and electric utilitieshave learned, such arrangements need to benefit all parties, including the customer.Consideration needs to be given to a number of issues in order to protect the utility,mill operators and consumers from problems caused by unexpected events. A rangeof inethous are used by the Hawaiian sugar industry to protect againstuncertainty, lor example indexing electricity prices, setting 
such 

floor prices, and
including escalators. 
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Figure 3.6
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Effects of Oil Price Changes and Petroleum Savings 

The volatillty ol kuel prices, particularly petreleum prices, over tile past twodecades hlas that;neuat industric; must plan to reduce their vulnerability tochanging imel costs. in this study, three fuel prices affect cane power returns, thosetor oil, trn ]d -oa_. As evidenced in Figure 3.7a and 3.7b, oil costs are most 
liuport'ant ,itZn i 1 ,'itputs (Levelspower 3 and 4). 

"o account 1,.)rpossible escalation fall oil costs, uor in sensitivity analysis ofvarying inilation tactors anid two base prices .$I4/bbl and $1IS/bbl) 'as applied to allbase cases. The results, shown in Figure 3 . 7 a, suggest that if oil prices increaseconstantly over perit or 2 ' year tnen, all oaise case invstinents at Levels I and 2 are still proitaole out Levels 3 and 4 lose noney. As seen below, substituting trashfor oil m1it.gates tis eltect to somhe degree. Since oil prices are not expected toincreatse up to per ycam until the nid-I 990's, a variable inflation scenario usinglow (U.S.$ I4/bbi) anu hase case (U.$ 8/bbl) id prices shows tne high powerscenarios are more resilien to oil price changes. As they reccrtly have, residualfuel oil prices could fail. To account for this, a low pcice scenario (US$ I 4/bbl)delnonstraItes that such a drop, if it remain,-d with an annual 2", inflation in re-altermn after year five, cuulhl significantly raise iinancial NPV's of the cane power
systems (Figure 3.7ib ano Table b.4). 

13eyonu the bernemits to specific mills, the country reaps important foreign exchangesavings through petroluen displacement froin cane power production. benefits occur from tile (I) displacement of previous electricity and direct petroleum use atthe mill and (2) displacement ot centra! station diesel use tron the portion ofexported cane power based on bagasse use. Net annual savings to the nills in tilsstudy range froirm $123,000 to $2.2 million per year, which over a twenty year lifeamount to significant fcreign exchange savings to Costa Rica (Figure 3.7c).Generalizing froin these findings to the broader potential for cane power in thecountry gives annuial petroleum import savings of as much a $7 million per year
(Table 3.7). 

Effects of Substituting Cane Trash for Oil 

Cane trash collection is an experimental but potentially exciting option by which
nills can supplement 
 their biomnass supply and displace oil use during theoff-season. Experiments canewith trash by sugar companies in tie D3ominicanRepublic anu Philippines (Gowen, ed. 1987) as weil as on-going tests in Thailand andJamaica by A.I.D.'s Office ot Energy b3ioenergy Systemrs and Technology Project areproving tne technical feasibility of trash collection. Since trash collection is notcommercially proven Costa trashin Rica, costs userd in the models are still 
hypothetical.
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Figure 3.7a
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Figure 3.7c
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Table 3.7 

Potential Petroleum Savings from Cane Power in Costa Rica 

Net
Power Production Mills Petroleum .Savings 

(No.) (M US$/yr) 

Surplus 15 1o88 

All-Year 5 5.00 

Assumes 5 large mills at $1 million savings per mill producing power all year and 15 
mills have $125,000 savings per mill for surplus power production. 

A sensitivity analysis of trash prices shows that NPV's fall as prices increase 
(Figure 3.). However, the NPV's are relatively inelastic to trash price increases,
since trash costs are a small portion of total costs. Increasing trash costs 50% from
$10/ton to $15/ton, reduced NPV's oy only 30% in options EV2, EV3, EV4 and Y134.
Substituting trash for petroleum for some 42 days a year in options EVI-4 and T14
increases net returns ioy 4' to 1St' (Figure 3.9 and Table 3.8). In EVI, net returns 
decrease with th2 addition of trash since trash does not substitute for oil as in the
other options. In all other cases, three imporTant benefits are being realized. First,
mills earn ;nore money if they use trash. Second, the country is saving foreign
exchange by using trash rather than petroleum, and third, it is employing more rural
workers. The riost dramatic impact ot trash fuel is on the Level 3 option, which
bcomnes the imusl _Jttractive of all acnd far less vulnerable to changes in oil prices. 
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Figure 3.8
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Table .3.8 

Direct Financial Benefits and Characteristics
 
of Cane Power Systems With Trash
 

(1988)
 

Foreign Power 
NPV Capital Exchange Export

Niill* (M US$) (M US$) (M US$) (M kWh/yr) 

Level l 
QA 1 0.82 0.00 0.00 2.5 
EV 1 1.10 0.00 0.08 1.6 
LV IT 0.05 0.00 0.08 3.5 

Level 2 
EV 2 2.86 1.54 -0.33 9.6 
EV 2T 2.82 1.54 -0.33 13.8 

Level 3 
EV 3 2.62 9.59 -6.70 91.9 
EV 3T 5.70 9.73 -5.94 91.9 

Level 4 
LV 4 -0.09 17.31 -8.71 101.6 
EV 4T 0.02 18.04 -8.17 101.6 
TB 4 2.00 19.77 -8.23 104.0 
TB 4T 3.00 19.77 -7.68 102.0 

* Mill options followed by a "T" are ones utilizing cane field residues (trash) as fuel. 

** Foreign exchange represents the total direct net foreign exchange requirements 
(without shadow valuing) of the investment option, i.e. the total foreign exchange
saved fron the displaced petroleum at a mill minus the foreign exchange needs for 
capital and operating expenditures. Negative values indicate net outflows to the 
country from an investment option. Note, however, this value does not include the 
indirect foreign exchange savings to the country from cane electricity replacing
diesel-based electri :ity generation by the utility. See Table 3.7 for the inclusion of 
such benefits. 
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Effects of Substituting Coal for Oil 

Costa Rican mills are unfamiliar with the use of coal as a supplemental fuel and the"base case" analysis assures that they will turn to fuel oil as the first supplementalfuel when they run out of bagasse. The penalty paid for fuel oil use is high,however, and the poor returns on the larger investments (Level 3 and 4) reflect thisfact. A review of the coal resources that might be used reveals that imported coalis significantly less expensive than domestic coal on a delivered-Btu basis (seeAppendix E), and may even be less expensive than imported oil at the base case 
chosen (US$ 18/bb). 

A sensitivity analysis using the lowest price coal available to El Viejo mill (12,825Btu coal from Chile) reveals that this less expensive fuel would significantly raisethe returns for the Level 4 investments,-in the case of TB14 from US$ 2 million toUS$ 3.62 million (Figure 3.10). These findings, plus those from the trash sensitivity,suggest that mills able to secure a supply of both field residues and inexpensive coalwould be. advised to consider replacing their boiler systems entirely. They would
remain, however, vulnerable to changes in the price of these fuels. 

Figure 3.10
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Sugarcane Electricity versus Alternative Utility Options 

Costa Rica's utility faces serious economic and timing issues in developing its 
generation expansion plan. ICE needs to select a least-cost expansion strategy that
will keep its rates down. However, the most attractive least-cost options, such as
geothermal or hydro, have long lead times and ICE is under pressure to invest
immediately in additional baseload capacity. The utility is paying dearly for its
reliance on expensive gas turbine and diesel power generation, while the country is
in jeopardy of losing its competitive edge in attracting new export industries since
local and foreign companies cannot be assured reliable and sufficient electricity by 
the utility. 

Implicit in the preceding fuel price sensitivity analyses for cane power systems is a 
comparison to ICE's planned least-cost options. Currently, ICE must rely on diesel
and gas turhine units throughout the dry season for meeting its peak and off-peak
demand, and in the wet season diesel for peak hours but a mix of hydro and fuel oil
for off-peak hours. The only systems ICE can develop in the short term are diesels 
or gas turbines. ICE pays 7 USV/k\Wh based on its existing diesel/gas systems. Note
that this is an averagc cost, it is not the cost of new or rehabilitated diesel units,
i.e. not the short term avoided (marginal) cost. Full avoided costs for diesel thermal 
units are given In Table 3.3. 

Long run marginal costs reflect the integration of geothermal units into the grid.ICE's long term plans are to bring on sufficient geothermal, and possibly coal, to
substitute for much ,4 its diesel/gas turbine use. Due to quite recent delays in ICE's
geothermal plans, such options are not expected to come on line until the rid, not
early, 1990's. t3ecause of these delays, the high electricity price scenario presented
in Figure 3.6 appears to represent the most realistic estimate of sugarcane power
investment returns. Appendix C presents the data and assu:.iptions on which the 
analysis is based. 

In the short term, sugarcane power investments at all proposed levels are the least 
cost option for the country. Further, unlike other options, they appear to be the
only realistic indigenous fuel alternatives available to Costa Rica in the short term.
When combined with the results presented in Figure 3.7c that show annual petroleum
savings for each mill, power from sugarcane residues becomes even more attractive 
to the country as a serious generation option. 

Effects of Changing Loan Rates 

Mills recognize that the rate charged for loans is key to their ability to invest in
electricity production for sale to the grid. Base cases assume concessional loans at
II % in norinal terms are available, terms tied to borrowing and repaying in foreign

currency. An anal'sis of different nominal interest rates borrowing in colones

(Figure 3,11 and Table B.5) derionstrates that Level 2 has the widest flexibility i.;
terms of dcceptable rates (note Level I assumes zero capital costs). Although still 
positive, even returns for Level 2 fall by 30'Is if a private bank rate is necessary.Moderate Investments begin to lose money at "national" rates, unless, as shown
'ater, trash c,-n be substituted for oil. High investmnents go negative once national 
or private rates are charged. 
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These results indicate that moderate and high capital inves:nents, which produce themost power, are extremely vulnerable to high interest cates. If it is important to
Costa Rica to generate the maximum power frof,, milis in che short term, mills may
require access to the kindAs of concessional rate now available to ICE. 

Effects of Utility Dispatch Factor 

As seen in Figure 3.12, the present values of cane power systems are highlydependent upon selling all of their exportable power to the grid, i.e., achieving highdispatch factors. Low dispatch factors (below 75%) result in underutilization of power plant capital. Note that mills anticipating dispatch factor significantly lowerthan 90-100% nay find alternative technical configurations more efficient to 
increase generation flexibility. 

Effects of Changing Discount Rates 

Discount rates appear to have less importance for the net returns than other factorsin the analysis:. Several rates are used in the analysis, a low economic rate (10%),the current rate employed by national and international organizations (12%), and
two higher rates (15% and 25%) that are closer in line with current nominal interest 
rates in the country. 

As shown in Table 3.9, lower rates increase the net present values, except in the case for EV4. However, at 25% discount rate, the NPVs still remain positive,indicating that even if businesses or the country assign a high opportunity cost tothe value of noney, investments in cane power systems look attractive. 

Potential Benefits, Risks and Policy Needs 

Cane power systems make economic sense to the sugar industry and the countryunder a variety of conditions. The medium surplus power scenarios with moderate
capital and technical changes at the mill produce the highest total net returns unlessfield trash is available, at which time the Leve! 3 all-year power production option
becomes the most attractive. A conservative ap!)roach would be for the mills tobegin by supplying ICE with in-crop surplus power, which requires no capitalinvestment and always insures positive returns. Once their ability to'provide firmh 
power is established, mills might then ada equipment (e.g. topping turbine) to boosts5les. Finally, if trash collection proves successful, further investments woulddecrease the country's deperdence on imported oil or coal. 

Electricity production from mills for most options also provides critical benefits tothe country. New economic activities and jo',s are created in rural areas, areas that
have few economic alternatives. Low power scenarios that involve no capitalcommnitnents are the least risky and provide attractive returns. They makeavailable only small amounts of electricity to the grid. In contrast, higher power 
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NPV's for Discount Rate Sensitivities 
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10 
Discount Rates (,)
12 15 25 

0.92 0.82 0.70 0.47 

1.25 1.10 0.93 0.61 
0.04 0.05 0.06 0.08 

3.24 2.86 2.42 1.55 
3.17 2.82 2.41 1.59 

2.67 2.62 2.50 2.03 
6.19 5.70 5.08 3.66 

-0.03 -0.09 0.10 0.23 
2.12 2.02 1.85 1.30 

2.12 2.00 1.18 1.21 
3.04 2.79 2.46 1.60 
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scenarios provide nore electricity to the utility but have different capital and 
foreign exchange implications. Additional electricity is available to the country in 
high power scenarios without incurring public sector debt, rather drawing upon the 
private sector's ability to produce a new product effciently at lower long run costs. 
Foreign exchange is required but probably less per unit energy delivered fron cane 
power systems than under ICE's short term expansion plans. 

In terms of total electricity supplied to the grid, high power scenarios are the nost 
attractive for Costa 1-ica. Inportant, but certainly controllable, risks are 
associated with such options. In descending order, the greatest project risks
identified by this study surround electricity purchase and other fuel prices, loan 
rates, and daily power scheduling. All such risks can be minimized prior to project
implementation through adequate contractual agreements between the mills and 
utility, and by clear policies regarding private power production in the country. 

Investments in cane power systems will require cooperation between the government
and mills to ensure that both sides realize their highest potential. Specific areas 
that will require cooperation include: 

agreement on electricity prices that reflect ICE's long term electricity
generation costs, i.e., full avoided costs. Contracts may want to have 
prices indexed to alternative fuel prices (oil, coal) and consumer price
index with escalators and floors to ensure equitable returns to the nills and 
fair 	rates to the consumers; 

* special consideration by the government regarding interest rates, import
auties, and taxes for private sector electricity production for national use 
that reflects similar policies towards the national utility; 

* financing options involving ICE, multi-national funding agencies, the 
national sugar association, and the mills. Innovative schemes--such as 
third party financing, Build Operate and Transfer (bUT), debt/equity swaps, 
or ICE ownership--could make such investments attractive to the mills and 
country; 

0 	 reliability and dispatching schedules that allow the mills to remain solvent 
:n producing energy to the grid; and 

* 	 research and development in alternative boiler fuels for extending cane 
power production year round to displace fuel oil demand, such as trash 
collection, wood plantations, and other indigenous fuels that pump fuel 
revenue3 into the local economy. 

Such cooperation will require high level support from he government as well as the
active involvement of mill operators. If this can be achieved, all parties will 
benefit. At present, these positive economic and financial results indicate that the 
next 	step is to conduct in-depth investment analyses at particular mills. 
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Appendix A
 

Efiicient Steam Production and Use for
 
Electricity Generation at Costa Rican Sugar Mills
 

Introduction 

The Costa Rican sugar industry can currently produce more power than needed forfactory operations during the milling season; however, the industry could extend its
ability to produce surplus power without major capital investment by improving the
efficiency of steam production and use in the factory. Specifically, mills could: 

a. 'vlaximize the amount ot steam produced per ton of bagasse through
improved equipment or management. At the simplest level, the cost for
increasing efficiency cannot exceed the additional revenues produced by
the sale of the surplus electricity generated with the incremental steam. 

b. 	 Adopt practical and cost effective methods for storing and handling
bagasse to permit operation of the power generation equipment after the 
factory has stopped crushing. 

c. 	 Reduce steam used for sugar production by changing management
practices and upgrading or replacing process equipment. 

The Costa R'ican sugar industry could produce electricity throughout the year if asufficiently inexpensive fuel could be found to be usea in factory boilers after
bagasse runs out. How much the sugar industry could afford to pay for fuel of coursedepends on the price they 	receive for electricity and the efficiency with which their
existing equipment can convert the fuel to electricity. Most factories will need toinstall irore efficient combustion and generation equipment inmorder to profitably
generate electricity after bagasse runs the costout given of other available fuels and 
the likely price for electricity. 

For sinall factories, the potential improvement in efficiency of conversion will not
likely be large enough to justify investment in new equipment. If located relatively
near large factories small factories may find it most profitable to sell any surplus
bagasse they can produce to larger, more efficient factories rather than producing
surplus electricity themselves. 

This 	 Appenuix discusses a number of factors affecting the efficiency of steam

production and use in sugar factories. Generally, a sugar mill can
modern 	 be designed
to operate on much reduced steam inputs per ton of cane. For raw sugar factories, 
process steam demand can 	 range from 34.0% on cane, where maximized powerproduction is byproduct revenue 	 ona 	 objective, to 50"0' cane where ininimizing
surplus bagasse production is the objective. Sulfitation plantation whiite sugar
factories will use 5'6 to 10% steammore than 	 die raw sugar factories, thepercentage varying with 	 the type of pan floor sugar boiling system used and the
efficiency of water use in the pans and wash-syrup application and separation at the 
centrifugals. 



Efficient Steam Production and Use 

Factors Affecting Efficient Steam Production 

Production of Low Moisture Bagasse 

As is well known, lower moisture content bagasse has a higher net calorific value and 
better burning characteristics in furnaces. Good cane preparation followed by good
milling control and maceration distribution can consistently provide bagasse in the 
46.0%0' to 50.0% moisture range. The net heat release in BTU per pouna of dry
bagasse will range from 6510 at 50% moistuc;. content bagasse up to 6680 at 46 
percent. Figure A.1 shows how lower bagasse moistures affect boiler performance; 
as bagasse noisture decreases (1) power consumed by the fans decrease, (2) required 
combustion air decreases, (3) calorific value of the bagasse increases and, (4) boiler 
efficiency increases. 

Furnace combustion temperatures increase when lower moisture content bagasse is 
burned. For example, at 50% moisture content the furnace temperature will oe 
l300-1900'F; at 33%0 the temperature will be 2100-2200'F; and at 20% the range is 
2600-2800'F. High combustion temperatures have been known to cause furnace 
slagging and refractory problems. 

Air leakage into the boiler setting, boiler shell and flue gas dzcts should be kept to a 
minimum. Excess combustion air should be just sufficient to provide adequate mixing 
in the furnace and provide sufficient combustion air. Insulation should be adequate. 

Heat Recovery Equipment 

Airheate, s operating on boiler flue gasses are now in common use in Costa Rican 
sugar factories; whether they are heating the combustion air sufficiently high is not 
known. Heat contained in the boiler flue gasses that would normally be lost out the 
stack is used to preheat combustion air. Heating combustion air before it enters the 
boiler improves bagasse combustion and boiler efficiency. A temperature of 4IOF to 
500'F is suggested as the upper limit for combustion air to the furnace with the 
actual I1mit depending on the furnace design. Also, to avoid corrosion, minimum 
metal temperatures at 80% MCR boiler load should not be less than 260'F when firing 
bagasse alone. When firing high sulfur fuels the metal temperature inust be higher; 
for example, 3%.u sulfur in fuel would call for a metal temperature above 290'F. 

Economizers like air preheaters provide double benefits. Apart from recovering
waste heat from the flue gasses, they also heat up the boiler feedwater to a 
temperature approaching that of the water in the boiler feed drum. The economizer 
heated water should not, however, approach within 50°F of the boiler feed drun 
water termperature to avoid water hammer in the economizer. Boiler feedwater 
heaters are often used to raise boiler feedwater temperature, sometimes Increasing
the feedwater temnperature reduces the heat transfer load on the boiler making it 
more efficient. 
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Figure A.1 
Boiler Efficiency Changes in Response 

to Moisture Content of Bagasse 
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To naximize recovery of waste heat from flue gases, it is necessary to use an 
economizer followed by an airheater. Normally, this will reduce Hue gas
temperature from to A ofabout 600'F 300°F. number Hawaiian mills have installed 
two-pass Rader flue gas rotary drum dryers to dry their bagasse from 45% moisture 
content down to 35 to 40 percent. These units are installed following the economizer 
and airheater. If the exit flue gas temperature drops below the dew point, corrosion 
problems occur in r,ild steel components. 

Boiler Blowdown 

Blowdown should be kept in the 3.0% to 5.0% range preferably on a continuous 
blowdown basis. Installation of flash tanks in the blowdown system will recover 60% 
to 70% of the blowdown heat for use as exhaust steam. The condensate from the 
flash tank can be recovered for use as boiler feedwater makeup. 

Deaerating Boiler Feedwater Heater 

Deaerating boiler feedwater heaters are used to scavenge oxygen from the boiler 
feedwater and heat the boiler feedwater up to 250°F with blowdown flash vapor or 
exhaust stam-. Increasing the feedwater temperature reduces tne heat transfer load 
on the boiler. 

Bagasse Quality Effect on Boiler Heat Losses 

The following table shows the adverse effect of poor quality bagasse fuel in terms of 
moisture content and high ash. If nigh ash fuel is burned, then as a counter-acting 
measure the moisture content should be low, preferably below 35%. The ignition
characteristic and the so called "burnability" is improved and unburned carbon in the 
furnace ash is materially reduced as more bagasse is burned in suspension. 

Effect of Bagasse and Field Residue Quality on Boiler Heat Losses 

During normal operations at sugar factories, ash and moisture content of bagasse can 
vary significantly depending on weather during harvest and on how frequently frilling
stops because of breakdowns or lack of cane. Fluctuations in bagasse quality are 
relatively unimportant for low pressure boilers and do not seriousiy affect sugar
operations. Although boiler efficiency will occrease, factoriesmost have plenty of 
surplus bagasse. 

As boiler teinperatures and pressures increase, the impact of fluctuations in fuel 
quality on boiler performance increases. Changes in ignition characteristics and
"burnability" ol oagasse due to unexpected charges of wet bagasse or bagasse high in 
ash content will increase the amount of unburned carbon in the furnace and fly ash
decreasing boiler efficiency. Excess air requirements will fluctuate naking it 
difficult to inaintai stable boiler conditions. 
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Switching among cr blending bagasse, cane tops and leaves, oil, coal, and otherbiomass resioues vill furtner complicate boiler operation. To operaLe at inaxinum
efficiency, e2ch of these fuels or blends of fuels will require different boiler settings. 

Factors Affecting Efficient Steam Usage 

Because they --ire primarily interested in producing sugar, most conventional sugarmills try to balance production of exhaust steam from all prime movers andback-pressure turbogenerators with the consumption of exhaust steam in the factory.
Tihe driving forces behind factory operations ai'e the demand 'or steam to processsugar and the desire to minifnize bagasse disposal problems. 

When electricity can be sold, factories use extracting and condensing turbogenerators
ani try to pass as much steam as possible through the turbogenerators to maximizeelectricity production ,vnile still neeting the factory's demand for steam to processsugar. Saving steam in the factory means increased electricity sales. During periods
of time vten there is no demnand for steam to process sugar, all steam will be sent to
the condensors ano used to produce electricity. 

Given the potential to generate revenues from sales of electricity, most factorieswill be able to significantly reduce steam consumption in sugar factory operations
.ith ininimnol investments. 

%lillingRate 

MIilling rate directly affects the efficiency of steam use. Figure A.2 depicts the
variation in steam usage per ton cane hour (TCH) in a factory designed to mill 100TCH. Asswm;iing all other factors are unchanged, an increase in the milling ratedecreases the per unit steam consumption and a decrease increases the per unitsteam consumption. To maximize the efficiency of steam use in milling, the curve
indicates it is better to shutdown factory milling and processing operations forperiods when cane supply is inadequate rather than mill at one-half or three-quarters
speed. 

Note that operating the mills requires about 10,000 kilograms of steam per hour evenif no cane is milled. Radiation from pipes and equipment and a small percentage dueto so called "no load" power consumption make up the greatest proportion of basesteam consumption. Insulation on pipes and equipment keeps base steam consumption
 
to a minimum.
 

Evaporator-Pan Floor Operations 

In areas where surplus bagasse disposal has been a problem, emphasis has not beendirected t ward steam economy in the boiling house. However, for factories usingsteafn pressure in excess of 400 psig and condensing turbogenerators, each 10 to 16pounds of steam savedi in the inills or processing can mean one additional saleable 
kilowatt hour. 
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Figure A.2
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Most o the Costa Rican mills use evaporator vapors for juice heating and/or vacuum 
pan heating. The evaporator station is the best steam saving opportunity in the sugarfactory, particularly when vapors are bled off for vacuum pans ana juice heaters.
Tables A.1, A.2 and A.3 indicate the stean economy advantages of more extensiveuse of vapor heating for both quadruple and quir,tuple effect evaporators. Table A.1
shows a 1.9% stean saving, by miore vapor heating, between Items A and f3. 

A comparison ot "Fable A.2, Items C and 1) with Table A.3, Items E and F indicatesthe steamn ecolloiny advantage of the quintuple effeccs over tile quadruple effects;
the sf:wam usage reduction being the of 11.1% C vs.on order (Items E) and 17.5%
(Items D vs. F). Steam demand ranges from 34.3% to 42.6% on cane with the higherpressure exhaust steam arrangement requiring substantially less heating surface.Extraction of higher pressure exhaust steam will, of course, reduce the amount of power generated per pound of steam flowing to the turbogenerator throttle valve. 

The vacuum pans in Tables A.l to A.3 indicate a 13.9% steam usage on cane. This islow and is attributab to high syrup densities, good pan vacuum and supersaturation
control, good grain uniformity and minimum water usage in the vacuum pans, andnolasses feed to the pans as well as in the centrifugals. Many mills, including somesulfitation mills, operate in the 15"' to 20% range. The steam usage reduction
between these two percentages is 10.7%, other conditions being tile same. 

Steam Traps and Condensate Usage 

Practices in tile Hawaiian sugar industry suggest all first cell condensate froin
exhaust steamn shoulo be returned to the boiler feedwater system. boiler feedwater
makeup should be taken from tile andrthird fourth evaporator cells. Use hotcondensate for mnaceration; however, temperature should not be above 160'F toprevent or inininize nill feed slippage. Condensate from steam traps should bereturneu to the boiler feedwater system and all steam leaks, should be eliminated.
Testing ot condensates for sugar should be a standard laboratory practice.
Evaporator station should have condensate flash pots to flash condensate to the
 
immediately following cell.
 

Steam Turbine Mechanical Drives 

Steam turbines have become a standard for mill drives and many knife and shredder
drives. Many of the earlier turbines had poor steam rates, generally in the 30.0 to40.0 lbs. per hp.-hr. range. New multistage turbines operating at 160 to 200 psig andexhausting at steam15 psig have rate in) the 23.0 to 23.0 lbs. per hp.-hr. range. A5.0 lb. difference on an 300 hp turbine is 4,000 pounds per hour of 160 or 200 psigsteam. The amount of steam saved can be extracted if necessary to meet 15 psig
exhaust steamn requirements in the factory passed through the turbine andor 
condensed, in either case generating kilowatts hours.more 
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Efficient Steam Production and Use 

If the process equipment has adequate heating surface in he heat exchange 
equipment, then it is better to operate 160 psig mechanical drive turbines. In the 
case of a 15,000 k\V 8350 psig, S25°F TI double extraction and condensing turbine, the 
difference between extracting at 160 and 200 psig, all other conditions being the 
sane, is about 2,000 <W when extracting 138,000 lbs. per hour of 160/200 psig steam. 
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Talie A.la 

Ewporrur Performiance Based on 200 TCH 

Quadruple Elect 

Item A: V.par fram 3rd effect 
for lieatifg, a[ii ira::, 1st for 
boiling an tihealing to 212'F. 6.18 0 

852t217 F 17.00T ' 

6 3LSS. 182 F 

Cell II III IV 

Evdpordtion, Toris/hr S0.05 44.6) 44.65 27.65 

Allowable, lbs./Nq.Ft. S.50 8.50 8.50 8.50
 
!Sq. Ft. Required 18,850 10,500 10,500 6,500
 

Htcaturg (ist stage):- 19 x (175-90)/98S = 17.00T vapor from 3rd ellect 

Hcating (2nd stage);- 198 x (212-175)/967 z 7.60T vapor Iram 1st effect 

boiing: - = 27.801 vapor Iram st eflect 

lReheating:- = 5.18T steam at 5 lbs. effect 

Evaporatiton:- [197-3 (17.00)-7.60-27.80]/4 27.65- steam at 5 Its. gauge 
Total 85.23T stem at 5 lbs. gauge 

KEY 

[jjjj boiling 
Q Heating 

Q ReLeating 

k ,E ,aporat :0'o 

http:lbs./Nq.Ft


Table A. I b 

Ivaporaror Performance based on 200 TCH 

Quadruple ELfect 

lteni b: Vapors from Ist and
 
3rd cells for heatmig to 2121F.,
 
from Ist eClect for boiling anrid 2.93T 2.24T
 
reheating to 21 2'F. 
 R 

83.80T 3. 4 r .6 7 

5 IS217 F -\202 F -isB F

8O07 47 15S ' 43.09 / 260.0 "9 26.09 

i 
C) 

Cell II I 

Evaporaton, Tons/hr 80.67 47.15 43.09 26.09 
AllowaDle, lbs./5q.Ft. 8.50 8.508.50 8.50
Sq. Ft. Required 19,000 11,100 10O,150 6,150 

fieating (lst stge):- 198 x (1 75-9)0)/8S = 7.(OT vapor tron 3rd effect 
Heating (2ia stage):- 19S x (195-175)/976 = 4.06T vapor from 2nd effect 
li.atiiig (3rd stige):- 198 x (212-195)/9t7 = 3.48T vapor from Ist effect 
RelheatIng (Ist stage):- 216 x (21 2-202)/9b7 = 2.241 vapor fron, Ist elfect 
Boiling:  = 27.80T vapor fromr Ist eflect 
Rehe.ti6 2nd Mtage):- 216 x (22-212)/960 2.93T stea; at 5 lbs. gauge KEY 
Evporation:- [197-3 (1 7.00)-2(4.06-3.48 

-2"23-27-bJI4 27.65T steam at 5 lbs. gauge 
= 26.091 sted at 5 lbs. gauge F1-i-i-g 
z 8ol dt 5 los. gauge LoJ83.6oT stcam 

Hcaling 

0,eheatong 
F~vap'or a i ot, 

http:7.00)-2(4.06-3.48
http:lbs./5q.Ft


Fable A.2-a 

Lvoporan.,tor trrinanne based on 200 TCH 
Y)QJJru)ic Lllec 

V.=rying PrusuIrc- If. C.larIdri, of First Eflect 
2b" Hu. V , un::, VFor Space of Last Eftect 

Iteit C: - Calandria pressire 

- 11.9 4 lbs. gauge 1.5 9 T 0 5 .18 T , no 
2780243.6F 

83.88T 1.4 5T 6.70T1.4 

1~~2 1.470181 

243.6F 0 /2288F 209.8 183.2 125,4 

Cell SII III I V 
Evapordlion, Tons/hr 82.29 47.8b 42.16 24.71 

Allow.bIe, lrs. /q.F t. 12.85 12.85 12.85 8.5
Sq. Ft. Required 12,800 7,440 6,560 5,820 

Hictig ist stgej:- 19. x (177-90)/988 17.45T vapor trom 3rd effect 
fivating (znd stage):- I18 x (205-177)/972 = 5.70T vapor from 2rid effect 
Heatring (3rd st~gen.- 198 x (21 2-205)/960 = 1.45T vapor from 1st eilect 
boding:- 27.80T vapor from lt eftect 
Relleatirlg (lt stage):- 216 x (225-2G2)/960 z 5.1 8T vapor from 1st effect 
Rehealing [2rd stOge):- 216 . (232-225)/950( 1.591 steam at 11.94 lbs. gauge
Evaporatwon:- [ 197-3 17.4 )-20.70)-1.45-27.80 

-5.18 / 24.71T steam,at 11.94 lbs. gauge KEY 
Total 83.881' stena,, at 11.94 lbs. gauge 

0] Boling 

0COe!eating 
'N, L~ rio: 
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Tanlc A.2b 

Lv por.lor Periorm.±nc t - osed on 200 T.H
 

Qu. Iruple Lflect
 
V. ry 8gPru.sjres in CuiandrIa of First Eflect 

26" HU. V.aujr In Vapor Space ol Last Ellect 

Item D: - Calandri, Pressure 
- 15.12 Ins. g ,ug -" 

.60 T .55. 

250 F 0 0 
34 . 

.8021 
l / 2;3~24.5 F .-

84.41 

15.12 lbe,246F 8. 

20F 

Cell 

Ev~jrjt,on, Tons/hr 82.si 48.46 41.92 23.84
 
A lIow bl , iq.Ft. 5.05bs./ 15.0 15.0 .5
 
Sq. Ft. Required 11,030 6,460 5,590 5,610
 

Hleting (St stage):- 19S x (l80-90)/986 = l8.08T vapor from, 3rd elect 
ileating (2nd stage):- 198 x (212-180)/969 = 6.54f vapor fron 211r eflect 
boling: - = 27.80T vapor froa ist effect 
Reheating (st stage):- 21b x (231-202)/956 z 6.551 v,.r Iron 1st eflect 
Rene..tig (2nd Stage):- 216 x (238-231)/945 = 1.60T steam at 15.12 lbs. gauge 
Evapar.tion:- [197-3 (18.08)-2(b.54)-27.80-6.551/4 = 23.841 stealm at 15.12 lbs. gauge KEY 

Total = 84.41T steam at 1512 lbs. gauge 

rihr,L:$op 
r 

0 



labit, A.3a 

tEvIp,rtor Perior1ioin - Qouoople ELfeCt 
I A',, d LM 200 -C'1t 

Varying ltlires es in ( ,Imndria of First Effect 
26" l.it, \' oUMVapor ",pa-e of Last Life:t 

h.Irj~ Hif ft 
Item E: - Calandria pressure 
- 11.65 lbs. gauge 

74.66T 2 7 , T 3.28T 5.2 7T 5 0 

11.05 108 

731T4-38 430,.7747 14.79 

24 F 23 2 1 . 2 00.8 176 -/1_125.4 

CeHl II 

Evaporation, Tons/hr 73.19 42.23 36.04 30.77 14.79Allowable, lbs./q.Ft. 10.4 10.4 10.4 10.4 6.75Sq. Ft. Required 14,070 8,130 6,935 5,915 4,380 

Heating (lst stage):- 198 x (170-90)/992 = 15.98T vapor from 4th effect
 
Ih-ating (211d stage):- 198 x (196-1701977 
 = 5.27T vapor from 3rd effect
 
I hatIng (3rd stage):- 198 x (212-196)/967 = 3.28T 
 vapor from 2nd effect

fRefieatig (lst stage):- 216 x (215-2021/967 
 z 2.91 T vap.or from 2nd effectReheatiog (2jd stage):- 216 x (229-21 5)/9 53 3.16,- vapor from Jst effect KEY
I1oihng:- = 27.80T vipor from Ist effect

Reheatig: (3rd stage):- 216 
 x (2J 5-229)1950 = 1.37T steadi at 11.65 lbs. gauge
Lvaporation: -I 97-1(15.98)- 3(5.27)-2(3.2)-2(2.9 1) FBoilinL

-3/16-27.801/5 = 14.79T steam dt 11.65 Ibs. gauge L] 
Total = 74.56T steam at 11.15 lbs. gauge 

0 tea rig 

keteatinL0 


0Eprcjl 

http:lbs./q.Ft


Table A.3b 

L-va oraor Perlorman_ e - lumtopule 

15(oed on 200 1(II 
lffect 

Varying 
2t," 1K, 

inresres o alodratol 

V.ictiwi V.por 'pvc: of 
, dJd~lr tl. ct 

FirsL Effect 
Last ELfe:t 

Item F: - Calandria 
- 15.12 lbs. gauge 

Pressure 

Cell ! Itl IV 
Evaporation, Tons/hr 68.28 64. B 30.54 25.05 .2 

Allowable, lbs./Sq.Pt. 
Sq. Ft. lRequired 

12.5 
:0,920 

12.5 
10,380 

12.5 
4,890 

12.5 
4,010 

6.75 
2,445 

leating (IA.,t.ge):- 198 x (174-90)/990 = 16.801 
lHeating (2no ge):- -98 x (201-174)/974 = 5.49T 
lecating (3rd 19geP-l9S x (212-2ui)/962 z 2.27T 
lsulihng: - z 27.80T 
Reheating ((St stage):- 216 x (22 1-202)/962 z 4.27T 
lReheating (2Und tge):- 216 x (2 3,-220)/953 z 3.401 
IReheatimg (3rd stoge):- 21b x (242-236)/945 = 1.37T 
Evaporalion:- 1197-4 ( 6.08)-3(5.49)-2(2.27)-2(27.80) 

-2(4.27)-3.401/5 z 8.25T 

Total = 69.65T 

vapor from ,oi:, effect 
vapor from 3rd effect 
vapor from 2nd e fect 
vapor from 2nd ellect 
vapor Iro;n 2nd effect 
vapor troll Ist effect 

steam, at 11.65 lbs gauge 

steam at 11.65 lbs. gauge 

steam at 11.65 lbs. gauge 

r--1 
L1 

KEY 

B,lng 

0 Heal ing 

ReritatirlEg(D 

Evcparat on 
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Financial and Economic Models and Resulzs 

Table B.l 

FINANCIAL AND ECONOMIC ANALYSIS OF
 
ELECTRICITY PRODUCTION FROM COSTA RICAN SUGAR MILLS
 

Project: 

Season: 


System: 


Total kwh product./yr. 


Total kwh export/yr. 


Power export (MW) 


Tot. invest.(M CRc) 


[M US$] 


CANEPRO MODEL VERSION 1 

MILL: EL VIEJO 

OPTION: 3 CASE 

Revised: 7-2-88 

SUMMARY OF RESULTS 
Et Viejo 3 BASE Date: 
Al[ Year Electricity Production, Bagasse ad Oil 
New Topping Turbine and Three Condensing Turbines 

7-2-8b 

Av. etec. cost (CRc/kWh) 


CUSS/kWh] 


Av. cost supplement. -trash 

fuel [US$/kWh] -oil 


-coal 


Net power employment (days/yr.) 


Sugar Mill and Fuel Charateristics
 

Total Cane Milled (MT/y) 

Mitt Size (MT/d) 


Bagasse to Boiler (MT/y) 

Bagasse Moisture (Ccwb) 

Trash-25%ncwb GCV (BTU/lb) 


Bag. GCV (BTU/lb) 


Fuel Oil GCV (BTU/Ib.) 

Coal GCV (BTU/MT) 


Exported kwh/MT Bagasse 


ExporteakWh/MT Cane Trash 

Exported kWh/tIT Coal 


EAported k~h/gai. Fuel Oil 


Power Plant Characteristics
 

Boiter Configuration
 

Lb/hr (x1OOO) 


Psig,deq 
 4'5, 660 FFT
 
Tot. 
 cu 


9Y,669,553 


91,942,949 


11.4 


702 


9.59 

4.01 


0.05 


NA 


0.05 

NA 


10,050 


NPV, financial (M CRc) 
 191.45
 
[H US$] 2.62
 

NPV, after tax (M CR) 
 95.73
 
CM US$] 
 1.31
 

'V,economic (M CRc) 
 (164.61)

[M US$) 
 (2.25)
 

Discounted net Forex 
EM Us$ (5.68)
 
Discounted net Forex--SER 
EM US$] (6.70)
 
IRR 
 NA
 
Percenrage equity financing 
 20%
 
Loan interest rate 
 11%
 

TECHNICAL ASSUMPTIONS
 

300,000 

2,941 


97,020
 
50.0% 


6,053 


4,007 


18,230
 
11,200 


180 


0 


0 


9 


200
 

Boiler Fuels
 
In-crop Bagasse used 
 ?8,977
 

Supplemental Fuels
 
Surplus Mill Bag.-50%mcwb (MT/y) 
 18,043
 
Purchased Bag.-50%mcwb (MT/y) 
 0
 

Cane Trash-25%mcwb (MT/y) 
 0
 
Coal (MT/y) 
 0
 
Petroleum (gal/y) 
 8,393,191
 
Wood (MT/y) 
 0
 

Displaced Fuel
 

Electricity (kWh/y) 
 341,496
 
Petroleum (ga/y) 
 147,000
 

t~'S91.m~L 1' 



Financial and Economic Models and kesults 

Annual Power Distribution 
 Total
 
Total Power In-Crop (kWh) 13,397,464 Total Power Off-Crop (kWh) 86,272,039
 
Su~ir Factory (kWh' 2,399,904 Sugar Factory (kWh) 2,055,688
 
Power Pldnt (kWh) 199,932 Power Plant (kWh) 659,046
 
Outside Load (kWh) 599,976 Outside Load (kWh) 1,812,053
 
Exportable (kWh) 10,197,652 Exportable (kWh) 81,745,297
 
Daily Load Factor 100% Daily Load Factor 100%
 
Days of Export (d/y) 83 Days of Expert (d/y) 252
 
Exported (kWh) 10,197,652 Exported (kWh) 81,745,297
 

Tot. Annual Export (kWn) 91,942,949 Exported (MW) 11.44
 

HINANCIAL AND ECONOMIC ASSUMPTIONS
 

Project Life (years) 20
 

Rates
 
Discount Rate 12% Marginal Tax Rate 50%
 
Private Bank Interest Rate 31% Exchange Rate (CRc=l US$) 73.20
 
Nntionat Bank Interest Rate 26% Shadow Exchange Factor 16%
 
Concessionary Interest Rate 11% Shadoow Exchange Rate (SER): 61.49
 
Import Duty 0% Shadow Wage Factor (enter 1 if no change) 1.00
 

Capital lnve~tment Options (G=no, !=yes) Fuel Prices
 
Ful Equity 0 Surplus Bag.-50%mcwb (CRc/MT) 0
 
Debt/Equity 35%mcwb (CRc/MT) NA
 

Private Bank 0 Purchased Bag. (CRc/MT) 143
 
National Bank 0 Cane Trash-35%mcwb (CRc/MT) 867
 
Concessional 1 25%mcwb (CRc/MT) 867
 

Imported Coal 4,392
 
Percentage Equity 20% [US$/MTj $60 InfLation(%/yr) 0%
 

Oilt [M US$/ga] $18 Inftation(%/yr) 0%
 
CaPital Invest. for Imp-jved/New Power Systems Wood (CRc/MT) 0
 

Imported Equip. (M CRc) 505.67 Electricity Purchase Price (CRc/kWh)
 
Foreign Ex.-Fin. [M US$] 6.91 Financiat-Interim In-Crop (yrs 1-5) 5.0
 
ForEx-SER Il US$] 8.01 Off-Crop (yrs 1-5) 5.0
 

Negotiated In-Crop (yrs 6-20) 3.7
 
Local Equip. Costs (M CRc) 196.5' Off-Crop (yrs 6-20) 3,7
 

[M US$] 2.69 Economic-Avoided In-Crop (yrs 1-5) 5.0
 

Off-Crop (yrs 1-5) 5.0
 
installation (% capex) 0% In-Crop (yrs 6-20) 3.7
 

Off-Crop (yrs 6-20) 3.7
 
Install. Costs (15% capex) 0.00 Electricity Tariff (Displaced Fuel) 4.7
 

ForEx-Fin. [M US$ 0.00 Power Inflation Factor (%/yr) 0%
 
ForEx-SER [M US$ 0.00 In-Crop Labor Wage (CRc/hr) 84
 

Laborers/day 10
 

Hours/day 24 
lot. Cap. Invest. (M CRc) 702.21 

Tot. Cap. Invest. [M !,$] 9.59 bff-Crop Labor Waqe (CRc/hr) 84 
Percentage Foreign/Tot Cap. 72% Laborer. 'day 10
 

Maintenance (% Cap.i;,ve,t. ) 3% H !ur',::a, 21
 
Forewjr C,. 25 Tras h ,at>)r
 



Financial and Economic Models and Results 

BENEFIT-COST ANALYSIS: Financial and Economic Analysis 

PROJECT YEARS: 1 2 3 

BENEFITS 

Electricity Revenues (Total) 
Interim Price (Years 1-5) 

In-Crop 5.0 CRc/kWh 
Off-Crop 5.0 CRc/kWh 

Negotiated Price (Years 6-20) 
* In-Crop 3.7 CRc/kWh 

Off-Crop . 3.7 CRc/kWh 

459,715 

50,9 

408,726 

0 
,. 

459,715 

50,988 : 

408,726 

0 
0 

, 

459,715 

50,988 

408,726 

0 
0 

459,715 

50,988 

408,726 

0 
0 

Displaced Fuel 

Electricity 

Petroleum 

-

Costs (Total) 

. 4.7 CRc/kWh 

31 CRc/gal 
ForEx-Fin. [MUS$] 
ForEx-SER CM USSI 

6,217 

1,605, 
4,612-
0.06 
0.08 

6,217 

1,605 

4,612 
0.06 
0.08 

6,217 

1,605 

4,612 
0.06 
0.08 

6,217 

1,605 

4,612 
0.06 
0.08 

Total Benefits u+ite,). 
Per kWh-(Undiscounted) CRc/kwh 
Per IKwh (Undiscounted) USc/kWh 
FcrEx-Fin. (MUS$] 

* ForEx-SER [M US$) .

. 

465,931 
5.07 
6.92., 
0;.06 

?. 0.08 

465,931 
5.07 
6.92 
0.06 
0.08 

465,931 
5.07 
6.92 
0.06 
0.08 

4:,9-1 
5.07 
6.92 
0.06 
0.08 

44. COErS ..4L . . .. S 
Capital Investment 

Full Equity 0 
Debt/Equity 

Private Bank 0 
National Bank 0 
Concessional 1 

((TotavCapital Investment 
Tot. ForEx-Fin. CM US$] 
Tot. ForEx-SER CM US$) 

0 

0 
0 

210,986 

210,986 
2.08 
2.41 

~ 

0 

0 
;0 

70,544 

70,544 
0.6906 
0.81 

0 

0 
0 

70,5,44 

70,544 

.1' 

0 

>0 

0 
70, 4 

-_70,544. 
i06 

. ,: 

operations and Maintenance, 
ForEx-Fin. [M US$ 
ForEx-SER (M'USS) 

21,066 
0.07 
0.0 

21,066 
'0.07 

0.900 

21l,066 
0,07 

21,066 
'0.07 

'' 9 

Labor4 
In-Crop 
Off-crop,~. 
Total Libor 

160$4O 

6, M.4 

~ 8 
.SAM~ 
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Fuel
 

Surplus Bag. 0 CRc/mr 50%incwb 


Purchased Bag. 143 CRc/MT 50%.axcwb 


Cane Trash 867 CRc/MT 35%ncwb 


867 CRc/MT 25%mcwb 


Coal (Imported) 4,392 CRc/MT 


ForEx-Fin. [M US$ 

ForEx-SER [M US$] 

Petroleum 31 CRc/gal 

ForEx-Fin. (M US$] 

ForEx-SER [M US$] 

Wood 0 CRc/MT _%cwb 

Total Fuel 


Total Costs 


Average per kWh-(Undiscounted) CRc/kWh 


Average per kWh-(Undiscounted) US$/kWh 


ForEx-Fin. [M US$] 


ForEx-SER (M US$1 


ANNUAL NET BENEFITS 


(Net Profits before Taxes)
 

Annual Net Foreign Exchange-Fin 


Annual Net Foreign Exchange-SER 


FINANCIAL ANALYSIS RESULTS
 

NPV 	(Financial) 

[M US$] 


IRR 


(Guess %)
 

ECONOMIC ANALYSIS RESULTS
 

NPV 	(Economic) 


(M US$1 


Annual Net Imported Oil Displacement [M US$] 


NPV ForEx CM US$1 


NPV ForEA--SER (M US$] 


Public Capital Invest. Displaced [M US$] 


Net Employment (days/yr.) 


0 


0 


0 


0 


0 


0.00 


0.00 


263,306 


3.60 


4.28 


0 


263,306 


Y,2,112 


4.0
 

$0.05
 

5.74 


6.78 


(36,180). 


(5.68) 


(6.70) 


191,450.02
 
2.62
 

-5%
 

(164,608.34)
 

(2.25)
 

(4.21) 


(33.35)
 

(17.59)
 
9.59
 

10,050.00
 

0 0 0
 

0 0 0
 

0 0 0
 

0 0 0
 

0 0 0
 

0.00 O.UO 0.00
 

0.00 0.00 0.00
 

263,306 263,306 263,306
 

3.60 3.60 3.60
 

4.28 	 4.28 4.28
 

0 0 0
 

263,306 263,306 263,306
 

361,670 361.670 361,670
 

4.36 4.36 4.36
 

5.17 5.17 5.17
 

104,261 104,261 104,261
 

(4.30) (4.30) (4.30)
 

(5.10) (5.10) (5.10)
 

(4.21) (4.21) (4.21)
 

http:10,050.00
http:164,608.34
http:191,450.02


Financial and Economic Models and Results 

Table B.2 

Financial NPV's for Best, Base and Worst Cases 
(villion US$) 

mill Best Base Worst 

Level I 
QA 1.11 0.82 0.44 
EVI 1.37 1.10 0.45 

Level 2 
EV2 4.28 2.86 -0.62 

Level 3 
EV3 11.48 2.62 -9.99 

Level 4 
EV4 10.86 -0.09 -8.62 
TB4 14.22 2.21 -20.92 



Financial and Economic Models and Results 

Table B.3 

NPV's for Electricity Price Sensitivity Analysis 
(Million US$) 

viiI Financial NPV Economic NPV 
Low Mediurn High Low Medium High 

Level I 
QA 0.73 0.8' 0.99 0.73 0.82 0.99 
EVI '.04- l !.21 1.12 1.18 1.29 

Level 2 
EV2 2.51 2.86 3.49 2.48 2.83 3.47 

Level 3 
EV3 -0.78 2.62 8.66 -5.65 -2.25 3.80 

Level 4 
EV4 -3.85 -0.09 6.59 -9.04 -5.29 1.39 
TB4 -1.85 2.00 8.84 -6.33 -2.48 4.36 



Financial and Economic Models and Results 

Table B.4 

NPV's for Oil Price Sensitivities 
(million US$) 

mill Constant Inflation* Variable** 
0% 1% 2% 3% 2% 2% 

$14/bbl $18/bbl 

Level I 
QA NA NA NA NA NA NA 
EVI 1.10 1.13 1.17 1.20 1.03 1.14 

Level 2 
EV2 2.86 2.89 2.92 2.96 2.79 2.90 

Level 3 
EV3 2.62 0.95 -0.88 -2.90 6.84 0.50 

Level 4 
EV4 -0.09 -1.64 -3.33 -5.20 3.82 -2.05 
TB4 2.21 5.19 0.14 

* Rates apply from year I to 20. 
** tZates apply from year 5 to 20. 



Financial and Economic Models and Results 

Table B.5 

NPV's for Loan Rate Sensitivities
(imlillion US$) 

mill 7% 
Loan Rates (%) 

i 1% 26% 31% 

Level 2* 
EV2 3.15 2.86 2.33 2.16 
EV2T 3.11 2.82 2.29 2.12 

Level 3 
EV3 4.40 2.62 -0.68 -1.76 
EV3T 7.51 5.70 2.35 1.26 

Level 4 
EV4 3.13 -0.09 -6.05 -7.99 
EV4T 5.38 2.02 -4.19 -6.12 

Taboga 
TB4 5.78 2.00 -4.80 -7.02 
TB4T 6.48 2.79 -4.01 -6.23 

* No Capital investments are made in QA, EVI and EVIT. 



Financial and Economic Models and Results 

Table B.6 

NPV's for Daily Load Factor Sensitivities 
(Million US$) 

Daily Load Factors 

100% 60% 

Level I 
QA 0.82 0.38 
EVI 1.10 0.82 
EV T 0.05 -0.57 

Level 2 
EV2 2.86 1.16 
EV2T 2.82 0.38 

Level 3 
EV3 2.62 -2.88 
EV3T 5.70 -1.09 

Level 4 
EV4 -0.09 -8.06 
EV4T 2.02 -7.13 
TB4 2.00 -8.19 
TB4T 2.79 -7.72 
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Appendix C 

Economic Analysis Methods and Assumptions 

Economic ana'ysis assumes the national perspective in assessing the attractiveness
of an investment. As contrasted with financial analysis, which determines private
narket incentives, econornic assessnent shows a project's contributiun to, or drain
:)n, national welfare. Key benefits and costs are shadov valued where narket
interventions--such as taxes, externalities, subsidies, undervalued currency,
etc,--distort ma:'ket prices.* additionIn to Jhadow valuing particular benefits orcosts, all transfers witnin the economy such as taxes, import duties and interest
charges are excluued in an (-:cononic analysis. 

Critical Nariables that are significant to the net benefits streamis of the cane powersystems constdereu for Costa iRica whose financial prices do not reflect their social 
value include: 

* 	 elect ricity purchase prices, which should be based on the avoided costs to 
ICE of odsplacing theii peaking fuels; 

o 	 all fcrepi excnange usec, in purchasing fuel (oil and imported coal),
capital, and recurring operational :osts; and 

0 	 discount rates that are based on social versus current market rates. 

Estaolishing purchase prices that account for the long -un marginal costs ofelectricity generation in Costa Rica is based on an avoided cost methodology
described in detail below. Foreign exchange is needed for capital, portion of thea
operations ano maintenance, and inported fuel expenditures. According to A.I.D.Mission economists, the appropriate shadow exchdnge rate 	is 1.16 since the colon is
currently overvalued. Several discount rates are used in the analyses to assess the 
ef-ect on net returns of varying thE. time value of money. 

* Shadow pricing individual benefit or cost streams raises some theoretical and 
practical problems. Arguments against sh&cuw valuing are eloquently stated by
Lipsey and Lancaster (1957) in their "second best" theory. According to that theory,changing specific prices wili affec: relative price adjustments within an economy.
Thus, shadow pricing cannot be justiied in a project where high interdeperdence
ex;sts in the project variables to tWe economy. Practically, two counter arguments
can be nade. First, many financial prices are already distorted iy serious inarket
interventions--taxes, subsidies, quotas, and trade agreements; thus the primacy o

narket prices is not comnplciely justified, although it 
 is clear price adjustments can 

occur. Second, sensitivity analyses using shadow prices for key factors tell what
would occur if these )rice relationships prevailed, rather than implying that only
these shaaow values are acceptable. 

'
 



Economic Analysis Methods and Assumptions 

Wages are not shadow priced in the analyses since there reportedly is a seasonal 
shortage of skilled and unskilled labor around the mills, with some operators paying
for workers' transport costs or providing transport to the mills. At present, no 
attempt is made at shadow pricing trash prices for inclusion of envi.onmental costs 
(nutrienlt removal) or field owner benefits (reducing trash disposal costs). On-going
experiments on cane trash collection and impacts by A.I.D.'s Office of Energy will 
provide b.vtter data on actual costs or benefits. The above variables are shadow 
priced in the economic, best versus worst case, and sensitivity analyses. Data used
in these analyses are presented in Tables C.1, C.2, and C.3. 

A Suggested Method for Comput~ng Avoided Costs* 

In order to deliver "firm" power to the ICE grid, a sugar mill will need to produce
with a high degree of reliaoility. This reliability will, in turn, affect the price that 
ICE is willing to pay for output. 

The two types of costs that a sugar mill can save for the utility are energy costs and 
capacity costs. Avoided Energy Costs (AEC) are those variable costs that a utility 
saves by purchasing power from a sugar miil. Typically, these include fuel and 
variable operation and mairitenance costs. 

Avoided Capacity Costs (ACC) are those capital charges that the utility inay avoid 
by not purchasing a given increment to its capacity. To determine ACC, it is first 
necessary to calculate the retiability of the power supplied by the sugar mill. Such 
reliability is a system cmncept. That is, reliability cannot be determined just by the 
operation of one facility. R.:ather, it needs to be related to the characteristics of 
the utility's load, the size and outage rates of the utility's own units, and the 
sequence in which the units are operated. From ICE's viewpoint, the important
question is not the reliability of the sugar mill units alone. Rather, they must know 
ho, reliable their systen will be if they purchase power fron a sugar mill or a group 
of mills. 

Using the accepted Loss of Load Probability (LOLP) as the main measure of system
reliability, a Reliability Ratio (RR) can be calculated for the proposed facility. To 
cormpute RR, one must first determine the Effective Load Carrying Capacity
(ELCC) of the proposed facility; i.e. how much can the system peak increase with 
the new facility. The computation of EL.CC requires that the utility hold the LOLP 
constant or at an acceptable level. 

*Source: Excerpted from Flaim (1985) in A.I.D. September 1986. "Electric Power 
From Cane Residues in Thailand: A Technical and Economic Analysis", Appendix C. 
Produced by P.ONCO Consulting Corporation for the Office of Energy, Bureau for 
Science and Technology, U.S. Agency for International Development. 

C-2
 



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

Economic Analysis 

Data 

Discount Rlate 

Benefits 

Methods and Assumptions 

Table C.1 

Economic versus Financial Analysis
 
Assumptions for Key Variables
 

Financial Economic 

Market rate (12%) 

Purchase Elec. Price Suggested negotiated 
prices: 

05 CRc/kWh(yrs 1-3) 
'3.7 CRc/k'/h 

(yrs 6-20) 

Displaced 
Fuel Oil Market price 

($18 or $14/bbl) 

Social rate (10%) 

Avoided costs: 
Low: 

05 CRc/kWh (yrs 1-5) 
03 CRc/kWh (yrs 6-20) 

High: 
05.8 CRc/kWh (yrs 1-5) 
04.2 CRc/kWh (yrs 6-20) 

Foreign exchange shadow 
value (16% abuve narket 
price) 

Costs 
Capital Market value 

Includes interest 
ac varying rates 

Debt financed, 
paytients spread 
over loan period 

O & M Local and foreign 
component not 
differentiated 

Labor Market wage rate 

Fuel Oil Market Price 
($18 or $14 bbl) 
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Foreign component shadow 
valued 

No interest charge 
Paid in year t 

Foreign component shadow 
valued 

Not shadow valued due to 
labor constraints in sugar 
inoustry
 

Foreign exchange shadow 
value (16% above market 
price) 



Economic Analysis Methods and Assumptions 

Table C.2
 

Data Assumptions for Sensitivity Analysis
 

Variable Base Range 

Electricity 
Purchase 5 CRc/kWh (yrs 1-5) Low: 5.0 CRc/kWh (yrs 1-5) 
Price 3.7 CRc/kWh (yrs 6-20) 3.0 CRc/kWh (yrs 6-20) 

High: 5.8 CRc/kWh (yrs 1-5) 
4.2 CRc/kWh (yrs 6-20) 

Bank Loan Rates I1% Concessionary: 7, 1 % 
National: 26% 
Private: 31 % 

Daily Load Factor 100% 60-100% 

Fuel Oil Prices and $18/bbl Low price: $14/bbl 
and Inflation Rates Annual inflation rates 

Constant: 0, 1, 2, 3% 
Variable: 2% in Yrs 5-20 

Trash Price: $11.80/MT Low: $10/MviT 

High: $15/mwT 

Discount Rates 12% 10%, 12%, 15%, 25% 

C 



Economic Analysis Methods and Assumptions 

Table C.3 

Data Assumptions for Best, Base, and Worst Cases 

Variable Best Base Worst 

Daily Load 
Factory (%) 100 100 60 

Discount 

Rate (%) 10 12 25 

Loan Rate (%) 7 11 31 

Imported Duty (%) 0 0 30 

Fuel Prices 
Fuel Oil inflation (%/yr) 

(at $1 /Lbl) 0 0 2 

Trash Prices ($/NiT) 10.00 11.80 15.00 

Elec. Purchase 
Price (CRc/kWh) 

yrs 1-5 
yrs 6-20 

5.8 
4.2 

5.0 
3.7 

5.0 
3.0 
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Economic Analysis Methods and Assumptions 

ICE can calculate LOLP with and without the proposed sugar mill facilities. From 
this computation, they can give -.n ELCC for that facility. The Reliability Ratio, 
then, is simply the retio of the ELC.C to the facility's nameplate capacity. 

i.e. 

RR ELCC (1) 
Capacity 

A value of RP. close to I (it is always less than 1) means that the system's peak load 
can increase by a factor close to the nameplate capacity of the proposed facility. A 
high RR value is important if sugar mills are to receive maximum credit for their 
electricity production, and therefore, rn ximurn payment. 

The capacity savings for the system will come in the form of retired or deferred 
plants. To determine these values, ICE will need co calculate the weighted Average 
,Avoided Cost (AAC). This calculation starts with an estimation of avoided costs by 
tine period. That is, the utility will calculate the impacts of the sugarmill on the 
daily and seasonal generating cycles of its system and on the energy costs for the 
two alternatives. Such a calculation will give the value of the ELCC; i.e. how much 
the new facility can increase the system peak throughout the daily demand cycle. 
The Avcided Capital Cost in a given period, then, is the uniform capital cost 
associated with a reduction in systemr load during that period. Step Two is the 
reliability analysis outlined above. Calculation of ELCC from Step One provides the 
needed input for determining the value of P R. Step Three is to combine the data on 
AEC and ACC to give an overall Average Avoided Cost. Symbolically, this may be 
represented as an equation: 

AAC = [(AECi)(kWhi) + (ACCi)(kVthi)(RR)] (2) 
kWhi 

This formula computes the weighted average of the energy costs and the capital 
costs in period i avoided by the investment in the facility. The calculation must be 
done for each period of the utility's load to determine the change in 1LLCC for each 
configuration of power plants and power demand. 

An example may be instructive at this stage. Assume that ICE has just two energy 
sources, 7as and oil. Suppose that AEC for gas is $0.03/kWh at all times and that 
the AEC for oil is $0.04/kWh at all times. Now suppose that the proposed facility 
has a reliability ratio of RR=0.95, i.e. 95%. Suppose further that the Avoided 
Capital Cost per k\V is $1,220 (leading to a capital cost per kWh of $0.03 under 10 
year amortization of a 10% loan). Finally, assume that the current generating mix 
is gi.: 60%., oil= 40'. For simplicity's sake, assume that the power generated 
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Economic Analysis Methods and Assumptions 

during the period in question is 1000 kWh. Using equation (2), we would get an AAC 
of: 

AAC = [0.03 x 600 + 0.04 x 400] + [0.03 x 1000 x 0.95] 
1000 

= $0.06/kwh 

That is, in out- hypothetical example, each kWh of power from the proposed facility
would save ICE $0.06/kWh. 

Such calculations need to be made with real data from the ICE system. However,
the nethod is sound and can be understood easily by all of the parties to the 
agreemnent. 

In Costa Rica, one of the major considerations for sugar mills and ICE would be the
importance of the power produced during the off season. Suppose, for example, that
the system peak were to occur dring the sugar milling season and that tile ELCC 
was increased only slightly if at that period.all during Under those circumstances,
RR would be small (low ELCC) and the main credit to the sugar mill would come in
the formh of an energy credit. However, if the system peak occurred during tile 
sugar milling oil season and the ELCC was increased by almost the full amount of
the capacity of the plant then the mill would be due a capacity payment by ICE. In
all likelihood, the sugar mill would help ICE with part of its April load, thereby
earning some capacity credit. However, the calculation would need to be done 
carefully for various systen configurations. 

ICE !nay not oe willing to pay the entire value of AAC to the sugar mill. However,
tie value of AAC should oe considered as a miaxinum figure. Regardless of the
specific figure negotiated by ICE and the sugar mills, the calculated value of AAC
shows the value to Costa Rica of such a power supply. As long as the price paid by
ICE to the sugar mill is less than AAC, such production gives a net benefit to the 
Costa Rica. 

Note: viuch of the material in this Appendix is Drawn from the excellent article by
Theresa Flaim, "Avoided Costs for Solar Facilities," EnergyPoic, June, 1985,
267-282. The thrust of this article was aimed at intermittent electricity providers.
Nevertheless, it provides a useful summary neededof the concepts to compute the 
relevant avoided cost figures. 
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Appendix D 

Trash Harvesting for Costa Rican Sugar Mills 

The cost estimates for trash (cane residue) harvesting in Costa Rica are summarized
in Table D.J. The approach recommended by the study team is based on anexamination of experience in the Dominican Republic, the Philippines, Jamaica,
Puerto Rico, Hawaii .J Texas. Papers reviewing trash harvesting activities aroundthe world can be found in the published results of A.I.D.'s special workshop theon
subject, held in Hawaii in April, 1987.1 

Procedure
 

Cane field residues can be harvested in a variety of ways, depending on the
site-specific circumstances of the sugar operation involved. In Hawaii, in most
locations, whole cane is harvested in one operation. In the Dominican Republic,
cane residues (cailed barbojo) are raked into windrows, chopped with a regular
forage chopper, and blown into specially designed wagons. The wagons are
transported by ox and tractor to an extensive network of cane rail loading points,
and transported to the mill by the mill-owned rail system. 

Based on recent A.I.D.-sponsored experiments carried out in Hawaii by the Hawaiian 
Sugar Planter's Association, the study team recommends that the Costa Rican
industry use standard, commerciaily available, rectangular balers to bale residues
that have ueen either rake. into windrows by tractor-drawn rakes (the 'base case"
for cost estinates) or either hand-rake- o- thrown into windrows during the harvest 
process itself. The bales, which can be varied in size to perinit manual loading,
would then be transported to the mill by the same means as cane. Since the trash
will be used in the "off" season, the bales can be stacked in piles near the fie'ds orat decentralized depots until cane hauling equipment is free to bring the material to
the inill. The latter approach would permit the designation of a smaller area for 
storage and handing at the mill itself. Once at the mill, tile trash would be storeduntil needed, at which time it would be fed to a tub grinder for shredding andintroduced to the boilers using the same fuel feeders employed for bagasse. 

ISee M. Gowen, Rapporteur and Editor, "Cane Energy Symposium," Vol. II 
(Washington, D.C.: A.I.D., 1987). 



Trash Harvesting for Costa Rican Sugar mwills 

Moisture 

Research in a variety of locations suggests that hand-harvested field residues of 
unburned cane would, after a period of field drying, have a moisture of some 25-35 
percent. In Costa Rica the cane is currently burned before harvest, and tile study 
team has assumed that tnis would continue to be the procedure. Burning removes 
the dryest parts of the cane, especially attached desiccated leaves, leaving the 
green tops to be removed during harvest. The green tops have a greater moisture, 
but the team has assumed that the burning dries these, leaving approxirnately the 
sane i,,oisture as unburned material. A period of fieid drying would quickly bring
these to the 20-25'U moisture assumed in the technical analysis presented here. 
Storage piles at the mill and at field depots should be covered with plastic or thatch 
to prevent the absorbtion of moisture during rainy periods. If this is done, the 
moisture will renain the same or actually decline. 

Harvesting Unburned Cane 

The study team strongly recommends that Costa Rican mills choosing to sell 
electric power conduct experiments to determine the costs and benefits of 
harvesting unburned cane. Although this would increase the cost of hand harvesting,
it might produce enough increased revenues--especially where the trash harvested 
would displace imported oil or coal--to justify its adoption as a standard agricultural 
practice. Because the benefits would be industry wide, LAICA itself might 
undertake some factory/field experiments to collect information of this kind. 

Costs 

The cost estinates for trash harvest, transport, storage, and preparation are based 
on data collected for ELI Viejo Viill. As noted in the text of Chapter 2, the quantities 
that would be available, even after burning, appear to be much greater than the 
anounts proposed for use by the study team. The mill analyses assume that 19,636 
tons would be burned. In order to present a more realistic cost estimate, the cost 
analysis here assumes a larger number, 32,727 tons, allowing the capital costs to be 
spread over a larger tonnage. 2 

2 The cost of the harvest of only 19,636 metric tons, using the same capital 
equipment, would be US$ 12.60 ton. 
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Trash Harvesting for Costa Rican Sugar Mills 

Financial Assufnptions 

interest rate 

loan period (yrs) 

import duty 


Technical Assumptions, mill 
m:il cane (mnt/y) 
nili grina rate (mt/hr) 

cays 	ot grinding/yr 

in-crop 

out-of-crop-

Tecnincal Assumptions, Field 
cane '6 mill alna 
mill harv, cane (int/y)
mill narv. trash (Ot/y) 

proU. narv. cane (lnt/y)proa. harv. trash (nt/y) 
total trash available 
av. noisture ( ) 

Cost Assu nptions 

harvest equtp set (e)harvest capital cost/set 
[cost in J.S.$] 


Duty

total capital cost 

annual capital cost/per set 
tons/harvest equip. set/yr 

harvest capital cost/ton 

naterials cost/ton 

Table D.1 

Trash Cost Estimates for Costa Rican Mills
Based on Data from El Viejo Mill 

(netric tons and colones) 

Fuel Processing 

0.26 mill capital cost/hrly ton 
5 [cost in U.S.$]

30% duty 

Total capital cost
hourly tons fuel use 

300,000 total mill capital cost 
150 mill capital cost 
102 total fuel tons/yr
102 processing capital cost/ton 

0 
mill labor cost/ton 

65% field labor cost/ton 
195,000
21,273 transport cost/ton 

105,000
11,455 tractor/driver cost/ton 
32,727 

251% farmer payment/ton 

benefit (no re-burn)/ton 

1,142,454 Total trash cost/ton
$15,586 [in U.S.$] 

342,736
 

1,485,190 
 Economic Attributes 
563,624 for. exch. cost/ton [USS]

10,167 Total for. exch. cost [US$] 

55 field employment (days/ton) 
field employment (days)53 other employment (days/ton) 
other employment (days) 
total employ (days) 

D-3 

219,900 
$3,000 
65,970 

285,870
25 

7,075,283 
2,685,045 

32,727 
82 

17 

60 

150 

400 

73 

73 

867
 
$11.8 

$1.9 
$18,586 

0.02 
6545 

0.014 

409
 
6,955 



Trash Harvesting for Costa Rican Sugar mills 

The cost estimates presented in Table D.I, below, are based on the following 
assumptions: 

I. 	 The quantity of trash is estimated at 12 MT for each I i0 MT of cane. 

2. 	 Harvest equipment is -. set of two machines, a Ford-New Holland side delivery 
rake (Onodel 25S, $3, L58 delivered), and a Ford-New Holland standard baler 
(model 26, $11,928, delivered), totalling $15,366. To these prices we have 
added $200 for internal oelivery in Costa Rica. Prices as quoted by Ford-New 
Holland, lo-9-M,. 

3. 	 The equipnent is assumed to produce 100 tons of bales per set per day. 

4. 	 Materials cost is for baling twine. 

5. 	 Fuel processing cost is higher than it would be if a larger amount of field 
residues could be collected. The amount collected here is sufficient for only 55 
days of olf-crop operation. 

6. 	 Mill labor costs per ton assume two full-time skilled laborers managing a boiler 
feed rate of 25 tons per hour. The rate includes 10 colonos per ton (fuel cost 
and depreciation) for the use of the front-end loader used during the season for 
bagasse handling. 

7. 	 Field labor cost assumes an unskilled worker loads one ton per hour, or 20 to 25 
square bales. Cost is the same as that for one ton of cane. 

S. 	 Transport cost is double the average cost of transporting one ton of cane to the 
miid. 

9. 	 Tractor cost assumes that one half hour of tractor/driver time is required to 
harvest each ton of cane. Lease of tractor/driver cost 800 colonos per hour. 

10. 	 To reflect the higher cost of trash harvested from lands and other than those 
controlled by the mill, 73 colonos has been included as payment to farmers. 

11. 	 Benefit for no burning is a credit to the mill for costs now incurred to dispose 
of trash. 
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Appendix E 

Domestic and Imported Coal Resources
 
for Electricity Production at Cosia Rican Sugar Mills
 

Costa Rican Coal 

In 1978 the Instituto Costarricense de Electricidad (ICE) started a program toinvestigate the econonic potential of the coals of the Baja Talamanca region ot
Costa Rica. Subsequent studies completed in 1980 established the presence of numerous coal outcrops in the Rio Carbon Volio drainage basin. In 1981 A.I.D.
tundec a brief reconnaissance of this region by Miller and Landis of the U.S.
Geological Survey. This %as the beginning of cooperative studies between the USGS
and several Costa R~ican organizations. 

In 1982 a prelirriinary study of l44 square kilometers of the Baja Talamanca region
(including the Pic Carbon Volio area) was unertaken by Malavassi and Bolanos of
ICE, with assistance of the Japanese International Cooperation Agency. Later in
19S2 tnis entire program was transferred to Refinadora Costarricense de Petroleo
\RECOPE) under the direction of 0. Ramirez. To date, geologic mapping andchemical analyses have been undertaken (or are being undertaken in the areas oflent, Volio (Utsai), and Venada. Very preliminary information is also being gathered

iron sone of tne other coal fields of Costa Rica (eg. San Carlos, Puriscal, etc.). 

Locations of Coal Deposits and Candidate Sugar Mills 

Prelii i ary estimations o! the quantity, quality, and accessibility of the Known coaldeposits in Costa Ric,, ";uggest that two of these areas (Zent and Uat.ii) have thegreatest potential for use in the near tuture for industrial purposes. The Venado 
depostis miglht also De developed in the future if needed. 

Approximnate distances of transport from lenc, Uatsi, and Venado coal fields tothese ;mills are shown in Table E.I. Transport costs by roads in Costa Rica are
estimatec to oe 5.25 colones per metric ton per kilometer (equivalent to U5$ 0.07 
per metric ton per kilometer). 

Quantity and Quality of Domestic Coal Resources 

Table E.2 shows rank ofthe the coals and projected reserves for each of the three
najor exploitable coal fields in Costa i~ica. Note that the Venado field, which is

closest to the candidate ills, has the smallest reserves and is lowest in heating
value of the three fields. 



Domestic and Imported Coal Resources 

Table E. I 

Distances by Road from Coal Fields to Candidate Sugar Mills 
(kilometers) 

Sugar Mills Coal Fields 

Venado Zent Uatsi 

Taboga 85 309 424 

El Viejo 125 34 454 

Quebraca Azul 45 180 265 

Table E.2 

Total Reserves of Costa Rica Coal (Dec. 
(million inetric tons) 

1986) 

Coal Resource Proven Probable Possible Total 

Field Type Res. Res. Res. Reserves 

Uatsi Subbit. A & B i9.3 9.1 4.1 32.5 

Zent Subbit. B & C 5.6 5.4 3.8 14.8 

VenaaJo Lignite A a 
Subbit. C 2.0 - - 2.0 
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Domestic and Imported Coal Resources 

The average chemical composition and energy content of coals fron the three fields 
are shown in Table E.3. The Uatsi coals are highest n rank (avg. 10,500 But/lb dry),.
followed by the 7ent coals (avg. 8,500/lb dry, and by the Venado coals (av. 6,000
But/lb dry). The Uatsi coals also have the lowest ash content and highest fixed 
carbon content. 

Lead Times Required to Develop Domestic Coal Deposits 

According to L.LCOPE, the exploitacion of the Zent deposit is scheduled to begin
sometime W Md-i,, ,Vith about 1,000 metric tons being mined for initial tests and 
about i 0,000 inetrtc tons being imined ior commercial purposes. This coal is
scheauled to jsec the Costa Ricanz 0, cement inIdustry. KECOPE has also 
indicated that it Ias plans to develop both the Uatsi Venadoand fields in the near 
tuture 3 to 4 years from now), depending upon future demand for coal. If this 
schedule for development proves to be correct then any of these three deposits 
would be available for use in this cane energy project. 

Table E.3 

Geochemical and Energy Characteristics of Costa Rican Coals 
(Avg. Value) 

Uatsi Zent Venado 
Calorific Value Wet WetDry Dry Wet Dry
Kcal/Kgr '1000 5724 3221 20004699 3500
Btu/lb 7200 10300 5800 8.500 3600 6300 

\loisture (01 wt.) 33.59 - 27.09 - 35.00 -

Ash (Co wt.) 17.0413.85 22.55 29.74 23.00 -

Vol. \lat. ("U wt.) 29.71 44.72 30.04 41.89 15.00 -

Fixed C (. wt.) 25.41 38.24 20.67 28.68 10.00 -

TotalS (0 wt.) 1.51.0 1.0 1.4 1.0 
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Domestic and Imported Coal Resources 

Imported Coals 

Table E.4 shows published chemical and energy characteristics for export coals from 
Colombia and Chile provided by three exporting companies. These values indicate 
tha t the Coionbian and Chiiean coals are significantly iigher in quality than the 
domestic Costa Rican coals. Note the higher calorific values and lower ash, sullur,
and inositure contents (as received). 

Table E.4
 

Published Quality of Colombian and Chilean Coals (As Received)
 

Company Calorific Value Ash (,/%) Sulfur (%) Moist. (%) 

Proceso 6,500 kcal/kgr 10 0.85 10 
(Colombia) 11,700 Btu/lb 

Carbones 7,500 kcal/kgr 8.5 0.75 7
 
(Colombia) . 3,500 Btu/lb
 

Evacar 7,124 kcal/kgr 13 2.9 9 
(Chile) 12,825 Btu/lb 

Evacar 5,750 kcal/kgr 17 2.9 11 
(Chile) 10,350 Btu/lb 

Relative Ccs-z of Imported and Domestic Coals 

Table E.5 shows the estilnated costs for imported coals ana Table E.6 shows the 
costs for domestic coals. It is expected that, if coals are imported for use in the 
sugar mills, they will oe un!oaded at the Pacific port of Caldera. Thus, costs were 
deternined for transportation to this port. 

In preparing Table E.5, the FOB and shipping costs were obtained from the exporting
companies and the storage and handling costs were provided by RECOPE. Ground 
transportation costs were obtained by multiplying the map distances (most direct 
route by road) by a transportation rate of 5.25 colones per netric ton per kilometer 
(provided by RECOPE). 

E - 4
 



Domestic and Imported Coal Resources 

Taole &.5 

E~cirnaeo Costs per Metric Ton oi ColoinwOn ,nl Chilean Coals 
(Costs ProvLeG oy RECOPE) 

Grouno Transport Tot. Costs Dehlv.Eluorking rap morage To Mill/MT To .ll/MTCoal Fiela Uestinat o ort/ T Cost 6 Hwaii El Vie. Que Vie. queruoga Tooga El 

colooi cuiluer'l $45 $16 $3.65 47.00 $8.75 $9s $72 $73 $74 

Crilic
 
(12325 btu) Calaera $37 $16 $3.65 $7.00 $8.75 
 $V.80 $64 $6J $66 

CnIle 
(J350 OEU) Calaera $35 416 13.65 $7.00 $8.75 $9.80 $62 $63 $64 

For Taole E.6, a base price of $27 per metric ton (at the mine) was utilized. This is
the price that RECOPE has recently announced for coal from the El Indio Mine at 
Zent, which will begin production within the next few months. Transportation costs 
were calculated ,n the same manner as tor the imported coals. 

As these tables indicate, the total costs per metric ton of coal del.vered to each ofthe mills are considerably higher for the imported coals ($58 to $74) than for the 
domestic coals ($10 to $57). However, the Colombian and Chilean coals have much
higher heating va'ues that the Costa rican coals. Thus, a greater amount of CostaRican coals would be needed to produce an equal amount of heat as that which can 
be produced by a metric ton of the imported coal. 
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Table E.6 
Estimated Costs per Mvletric Ton for Costa Rican Coals 

Coal Fields Sar Mills 

Taboga El Viejo Quebrada Azul 

Venado 
Cost (1Ob) Mine $27 $27 $27 
Trans. Cost 6 8 3 
Tot. Cost Mviill $33 $35 $ 

Zent 
Cost (FOB) Mine $27 $27 $27 
Trans. Cost 21 23 13 
Tot. Cost Mill $48 $50 $40 

Uatsi 
Cost (FOB) Mine $27 $27 $27 
Trans. Cost 28 30 17 
Tot. Cost @ M1,ill $55 $57 $44 
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A better comparison of the costs of using imported versus domestic coals is
indicated in Table E.7. This table shows the relative costs of the coals in terms of
equal units of nearing value (cost per millior Btu's). Using this comparison, it is 
e dent that the costs of Costa Rican coal would be significantly higher and that 
these would probably not b economical to use. 

Table E.7 
Costs of Imported and Domestic Coals per Million Btu 

Cost in $ per MT 
Delivered to Miil 

Cost per Million 
Btu ,d Mill* 

El Quebrada El Quebrada 
Taboga Viejo Azul Taboga Viejo Azul 

Imported 
Colomb ia 
(11700tBtu) 72 73 74 3.30 3.34 3.39 

Colombia 
(1350013tu) 72 73 74 2.86 2.90 2.94 

Chile 
(12825Btu) 64 65 66 2.68 2.72 2.76 

Chile 
(0350Btu) 62 63 64 3.21 3.26 3.31
 

Domestic 
Venado
 
(3600Btu) 33 35 30 4.91 5.21 4.47 

Zent 
(5800btu) 48 50 39 4.44 4.62 3.60 

Uatsi 
(7200btu) 55 57 44 4.09 4.24 3.28 

*b3tu values reouced to reflect 85% boiler efficiency. 
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Appendix F 

Biomass-Fired Steam-Injected Gas-Turbine Cogeneration 
for the Cane Sugar Industry 

Abstract
 

Considerable amounts of power could be produced at cane-sugar factories for exportto the utility grid (vnile meeting on-site energy needs) by adopting
energy-efficient 

more 
cogeneration and sugar-processing technologies. With off-season

operation of the power plant using auxiliaryan fuel (e.g. stored cane tops and 
leaves), still larger quantities oi electricity could be exported. Modern conclensirg
extraction stcam turbines have been installed in several factories worldwide. By
conparison to these, steamn-injec tec gas turbines firea with gasified biomass, which
couic becomrie comnnercially available within a few years, offer higher
thermiodynainric efficiencies, lower unit capital costs, and weaker scale economies.
A :ase stuy based on tme JLamaican Monyinusk factory indicates attractive rates of 
return on gas turbine investments, compared to those tor steam turbines. Gasturbines have the potential to provide some 1000 G\Wh per year of electricity using
the Dresently produced cane residues in Jamaica. Globaily, over 30,000 MW of gas
turbine capacity could be supported with the 1985 level of cane-residue production.
The costs of procucing thi3 electricity would be lower than the estimated costs for 
power from most central station alternatives including hydro. 

Introduction 

This study was undertaken to assess the prospects for increasing the production of
exportable electricity from sugar factories by the use of gas-turbine cogeneration
syste:s, 'vith residues from the cane as the primary fuel. [1] Gas turbines at sugar
factories would represent a fundamental technologicai change, involving some risks,so their expected technical and econumnic performance must be far better than that
of tne cornmercially established steam turbine before they coula be considered forthe sugar industry. To compare advanced gas-turbine and :nodern steam turbine
cogeneration, a case study based on Jamaicanthe Monymusk factory was
undertaken, with tata drawn in large part from a study exploring the feasibility ofinstalling a large condensing extraction steamr- turbine (CLST) cogeneration systein 
at '\Ionymusk. [2] 



Biornass-Fired Stearn-Injected Gas-Turbine 

Exporting Electricity from Sugar Factories 

Bagasse-fired cogeneration is familiar to the world's sugar industry, but few sugar
factories generate excess electricity for export to national utility grids. A typical
factory cogeneration system would product sone 20 kWh of electricity per tonne of 
cane crushieo (<\Vh/tc)--just enough to mneet on-site demand. Such a system would
also neet on-site .tean demands and leave no excess bagasse. ,-, modern, large
condensing extraction stean turbine (CEST) cogeneration system, similar to that
being considered for .\onvmnus and to those already installed at a few factories 
(e.g. in Hawaii 3j nno Reunion [4], could export in excess of 100 kWh/tc, while 
meeting on-site energ.y demands. It steam-conserving process technologies widely
used in oil-oependent industries like beet-sugar and dairy (e.g. condensate juice
heaters, ailling tilin evaporators, and continuous vacuum pans) were adopted at cane 
sugar factories, still miore electricity (perhaps 25% nore) could be exported to the 
grid. Furtherinore, if an auxiliary fuel were used for power production in the
off-season, me total electricity generation would be still higher--some 240 kWh/tc
(Figure F.HI. 

The iomnass-gasilier steam-injected gas turbine (bionass-GSTIG) cogeneration
system considered the s'u(Iy, if operatedin present year-round
"steam-conserving" factory would produce about 460 kWh/tc, or about double 

at 
that 

a 

for a CELbT ind 23 tJmes as much as that produced at a typical sugar factory today 
\Figure F.0. 

GSTIG Technology 

The biornass-G5TIG system (Figure F.2) would operate by c,,nverting the biomass 
feedsr..-i< int- a combustible gas in a pressurized gasifier, which would be coupled to 
an aircraft-derivative steam-injected gas turbine. Some of the air froin the gas
turbinie conpressor would be 'Jsed in the gasifier, and the combustible gas would be 
cleaned of particulates before burning it in a comnbustor with the balance of the 
compressor air. The hot turbine exhaust gases would raise steam in a heat recovery
steafn generator (HRSG), some of which would be required to operate the gasifier
and tihe rest of which could be used for process needs or for injection into the 
combustor. The injection of steam into the combustor leads to an increase in bech 
power output and electrical efficiency. 2 

I Note that iii all cases in Figure F.1, foi' ease of comparison, the electricity 
production is referenced to the cane processed during the milling season. 

injection, mass2 With steamn the higher flow through the turbine expander increases 
power output. Higher efficiency is achieved largely because only a negligible
amount of additional work input is required to pump the boiler feed water to boiler 
pressure, avoiding the large aimount of work required to compress a gaseous working
fluid. Aircraft-derivative gas turbines are chosen for steam becauseinjection, they 
are designed to accomnmnorate turbine flows considerably in excess of their normal 
ratings. 5 
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Figure F. I: Electricity generating potential of cane-residue-firea condensingextraction steam turbine and gasifier steam-injected gas turbine cogenerationsystems. The two right-most bars include the effects of reauced process steam
demand and off-season operation with an auxiliary fuel. [I] 
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Figure F.2: Schematic_ representation of a bioinass-gasifier steam-injected gas 
.urbine (biomass-GSTIG) cogeneration cycle. 
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Steam-injected gas turbines fired with natural gas have been operating
commercially in the United States for several years in cog¢eneration applications.
This technology is attractive for cogeneration applications, because steam notneeded for process can be injected to produce more power; under provisions of the
Public Utilities PZegulatory Policies Act (PURPA) in the U.S., extrathe electricitycan be sold to the utility at a reasonable price, 3 thus extending the financial
viability of gas turbine cogeneration to a wide range of variable steam-load 
applications. 35] 

Steam-injected gas turbines fired with gasified coal has been under development by
the General Electric Company (GE) in the U.S., with support from the Department
of Energy (USDOE), [6j following the successful coirmercial demonstration of a gasturbine-steam turbine comnbined cycle 4 operating on gas derived froln sulfur-bearing
coal at the 100-MW Cool Water central station power plant in California. [71 As c,the time of this writing, however, an agreement between the USDOE and GE to
continue this $156 million "clean coal" program had not been reached. A key goal ofthe coal-GSTIG program is the oevelopment of a system for removing sulfur from
rile not combustible gas, which woula considerably improve the system's efficiency
conpareo to the cold-scrubbing system used at Cool Water. Should :he clean coal
prograii proceec, GE inuicates that a commnnercial-scale demonstration of the
hot-gas sutfur-reinoval technology would be undertaken within one year, followed
within tmree years by the startup of a 3-MW coal-GSTIG pilot plant and within six 
years by the startup o 1 commercial demonstration plant. []50-NM 

The coal-GS IC technoloty is largely transferable to systems based on biomass. In
fact, the hioher reactvity ot bioirass makes it inherently easier to gasify than coal.[9 Furtnermnore, nos t oio:iass contains no sulfur, obviating the need for, and
auditional cost of, the sulfur remnoval equipment. Thus, rio new technology must be 
proven to use ioinass iln GSTIG systems. [3] In fact, by "piggy-backing" onto then'rgoing work on coal-GSTIGs, the commercialization of the bioinass-.GSTIG 
technology could be accomplished in about 3 years. [3] 

3 PURPA requires electric utilities to purchase cogenerated electricity at a price
equal to the cost the utility could avoid by not having to otherwise supply that 
electricity. 

4 In a gas-turbine steam-turbine coinbined acycle power plant, the hot exhaust froin
sinply-cycle gas turbine is used to raise steam in a HRSG, which in turn is used todrive a conoensing steam turbine, which augments the power production of the gas
turbine. Industrial (lot aircratt-derivative) gas turbines are used in combined cycles. 
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Performance and Cost Estimates of Biomass-Cogeneration Technoiogies 

Performance 

Fueled by bagasse during the milling season, both CEST and GSTIG cogeneration
systems cold produce variable amounts of electricity and process steam, as theshinpitied representation in Figure F.3 indicates. To increase electricity productionin a CEST, a greater iractior of the steam would be condensed rather thanextracten. In a GTIG, a -reater fraction ot the steam produced in the HiNSG would
ke Injected into the Combustor. -\t any level of process steam production, the 
GSTIG units would prorluc roughly twice as nuch electricity per tonne of cane as
the CE5T (Figure F.3). However, the naximnun level of process-steam productionfor the GYTIG systems considered here is about 300 kg/tc, 5 while the CEST could
produce in excess of 400 kg/tc. Matching the aailable process steam with the 
stean demanus at a sug-r factory is discussed beibv. 

Costs 

Capital: Installed unit capital costs have been estirated for several sizes of CEST anu GSTIG systems 6 (Figure F.4). [1 Unit costs are higher for CEST systems, andthey have stronger associated scale economies. Unit costs for the GSTIG would belower because of their substantiall,, :,igher energy eftic.iency and reduced materialrequirenents (e.g. ne condenser or cooling tower). In addition, scale economieswould be ,veaker than !or the CfESF systens, since even in the larger sizes it isexpecteu thtt shop fabrication, rather than field assembly, could be used extensively. 

[lso snowvn r o)npfariso'f in Figure F.4 is a cost estimate for a new 61-MW
coal-fired centrai 5tation power plant, which is discussed below. This was previouslyidentified in a report for the Jamaica Public 5ervice Company (PS) Ill--hereafter 
reffered to as the NIONENCO report] at a least-cost expansion option. 

5 The total steam produced in the HRSG of a GSTIG would be in excess of 300kg/tc. It is estimated, however, that the Lurgi-type gasifier considered here woulo
require (primarily for cooling the bed) about 20"' of the total steam production,
which is based on the steam requirements when gasifying coal in this type ofgasifier. 1'6] The gasification steam required with biomass nay actuaily be lower,although sufficient testing with biomass has not been carried out to ueterrnine this.
An alternative gasifier, e.g. a pressurized fluidized-bed unit such as the kheinbraun
High-Temperatui-e \hiikler unit., nay require virtually no steam, since its nori nal
operating teiriperature without steam would be relatively low. [Iij 

6 Fne United CaresGNP deflator has been used to express all costs in this report in 
constant 19S 5 U.S. dollars. 
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Figure F.3: Steam and electricity proauction estimates for CEST and GSTIG
cogeneraiion systemns operating at sugar factories during the miiling season with 
bagasse as fuel. [1] 
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Figure F.4: Estimated unit capital costs for biomass-fired CEST and GSTIG 
cogeneration system, [1] and estimated capital cost for a new 61-MW central station 
coal-steam plant in Jamaica. [11] 
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Maintenance: Maintenance costs are a key consideration for gas turbines. They are 
believed to be relatively high. based prinarily on the electric utility experience wizhpeaking gas turbines. Indeed, with low capacity factors and repeated starts and 
stops., such units often have high per-k<Wh maintenance costs. [121 However, \vith 
rne proper maintenance prograins that accompany most -as turbines operating in
baseloac. 'appiic:-tion's, tle costs can be quite nodest. 7 

'inor .ntcnance Of aircraft-derivative gas turbines, upon which GSTIG systems
,,,oull 1 bbased (see tootnote 2), Is facilitated by the nodular design of the machines.)I aIly developed to minimize down tune tor aircraft. Major maintenance is 
fypiailvy done off-site, while a replacement engine continues to produce power. The
repiacement engines are often leased or purchased from manufacturers as part of a
service ment. IngreemrL ethr ',2, manufacturers provide innovative service 
contracts ',vhi,,,,.rimwe deliverv (anywhere in the world) in installation of a
replace:nen t eg I: ,Viitin I specitied period of a major engine failure (e.g. 48
hours), ,.vhiCh ,s ade possib ie by the very compact nature of aero-derivative 
ilacnines. 

With relatively low maintenance costs, stationery gas turbines, including many
aircralt-uJerivative units, are operating in industrial applications worldwide (See 
Figure F.5). 

Taole F.1 pro/ides a summary of the cost assumptions used in the financial analysis
o11scussed in the next section. Maintenance cost estimates were based on previous
studies ana discussions 'vith industry experts. [I] The operating labor estimates are
based on employmnent data tor power plants operated by .JPS as a function of plant
capacity. ,! ] 

Table F.1 
Cogeneration Costs Assumed for the Financial Analysisd 

Cogeneration System C==CEST GSTIG 

Capacity (MWV) 27 53
Unit Cost (.$/kW) 1560 990
 
Total Installed Cost (10 6$)b 42 53

Fixed Maintenance (10 3 $/yr) 
 660 1300
 
Variable Maintenance ($/kWh) 0.003 0.001

Number of operating employees 24 .55
Labor cost (IDS$/,!r) 130 300 

a Fromn LIT 
S [If conservation are made at the factory, the capital cost wouldsteam retrofits 


increase by 1,3. million (see Table F.2I.
I 

7 For example, the Dow Cheical Conpany has operated several natural-gas-fireu
Pratt anu NhitnCey -T-4 aircraft-derivative gas turbines (15-20 MW each) in
cogeneration plants In the San Francisco area for some 20 years, with total 
Inaintenance costs averaging $0.002-$0.003/k\Vh. [121 

F-9 



Bioinass-Fired Steam-Injected Gas-Turbine 

-Worldwide 
SIndustril Installations 

,. LM2500 

US (49__.)
 

a4 N
 

. . . . i .ua-(3)• Ele tri a l D vV n z el " ,, (7)"% 0O Auin2e" 
-'3}W ......n (4) . i /(5) 

*il ,JT- (1))In 21. l 

M.haialDrvs 10 

Figure F.5: Current worldwide industrial installations of the General Electric
LM-2500 aircraft-derivative gas turbine. (Supplied by the General Electric 
Company, Cincinnati, Ohio, USA.) 
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CASE STUDY: A Sugar Producer's Perspective 

To explore the financial feasibility 
have been calculated for CEST 
hypothetical raw-sugar factories. 

of exporting electricity, internal rates of return 
and GSTIG cogeneration plants installed at 

Assu nptions 

Factory Operation: 
175 tc/hr during a 

The operation 
206 day season, 

of the 
was 

Monymusk Factory, 
chosen as the basis 

processing 
for deve

a 
loping 

nominal 
the 

hypothetical factory energy demands. Monymusk has operated for the last several years with an average cane throughput of 150-160 tc/hr, which is below its rated
capacity of over 200 tc/hr, because of inadequate cane supplies and deteriorating
factory equipment. [13J With World-Bank supported rehabilitations to field
irrigation systems, as well as the processing plant, plans are to raise the throughput
to 200 tc/hr, or a total of over 755,000 tonnes per season, by 1990. 

Two levels ot sugar-factory energy demands considered in this study are summarized 
in Table F.2 and aiscussed in detail elsewhere. [1,14] The total steam requirement
of 374 kg/tc for the "con entional" sugar factory is based on the performance of
existing equipment at Monymusk. To utilize a GSTIG cogeneration system, which
would produce a maximum of about 300 kg/tc of process steam (see Figure F.3 and
footnote 5), equipnent retrofits would be required at a typical factory to reduce 
steam cenana. Decreasing steam demand would also permit a greater amount of
electricity to be exported from the CEST. A "steam-conserving" factory considered
here woula utilize condensate juice heating, falling film evaporators, and continuous 
vacuum pans to reduce the exhaust steam aemano to 209 kg/tc, or that available 
fromn tne niil turbines (Table F.2). 

Lxported-Electricity Price: In principle, the price a utility pays a cogenerator for
electricity should reflect the cost the utility avoids by not having to supply that
electricity itself, e.g. by building new capacity or operating existing plants. The
lowest cost of new electricity supplies (including capital, fuel, and 0 & M charges)
in Jamaica is estimated to be 5.0-5.8V/kWh for a new 61 MW coal-steam plant. ,9 
The cost of operating existing oil-fired plants (0 & M and fuel only) in Jamaica is 
estimated to be 4.5-6.i/k Wh. 0 

8 Assuming an installed cost o'f $1316/kW (which includes a proportion of the costs 
of building a national coal-handling system), a heat rate of 12,030 kJ/kWh, a 66%'
annual capcity factor, an annual labor cost of $358,000, rnaintenace costs of
$0.002/kWh, a discount rate of 121, and a 30-year economic life. [i1] Assumed coal 
costs are given in Table F.3. 

9 Generating costs estimated elsewhere [2] for Jamaica are: 8.3C/kWh for a new
coal-fireu steam-electric plant, 6.6//kNh for a new oil-fired steam-electric plant,
and 8.7V/kWh for a new oil-fired gas twbine plant. 

10 Assuring a heat rate of 14,500 kJ/kWh and an 0 & M cost of $0.003/1<Wh. [11] 
The assuned costs of resioual fuel oil are given in Table F.3. 
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Table F.2 

Summary of Factory End-use Scenariosa 

Factory Type Cost Factory Energy Use 
Equipment Retrofits Thousand Steam (kg/tc)b,c E.ectricityd 

1985 US$ [Live] [Exhaust] (kWh/tc) 

"Conventional" 0 209 374 13.0
 
No Retrofits
 

"Steam Conserving" 209 209 13.0
 
Plate/Gasket luice Heater 100
 
5-Effect Falling Film Evap. 2,400
 
Continuous Vacuum Pan 
 600
 
TOTAL 3,100
 

a 	 Fron [I]. See also [14] 

0 	 Steam conditions are 1.4 VPa, 250'C for live steam and 120 0 C, saturated for 
exhaust steam. 

c 	 F-. the analysis of the conventional plant, it is assuned that the existing 
turbo-alternators are operated to produce all on-site electricity, in which case 
all of the cogenerated power would be exported, and all steam (374 kg/tc) would 
be 	 supplied to the factory as live steam. For the steam-conserving factory, the
turbo-generators existing in the plant would be retired, and the cogeneration
plant would supply on-site electricity needs. 

d 	 With a new cogeneration systein installed, the previously-exi,ting boiler system 
(including fans, putnps, and other electrical ancilliaries), which accounts for
approximately l/1 of the electricity demand at a typical factory [15], would be
shut down. The electricity demands shown here are with a new cogeneration
system. Note that elsewhere in this paper, the electrical output of the CEST and
GSTIG sys t ems are specified as net of the cogeneration plant. 
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B1agasjse Costs: During the milling season, a CEST unit would burn unprocessed (50,0'moisture content) bagasse, for which no cost is cnarged. For the GSTIG systems it
is currently unknown what level of processing of the bagasse will be required forgdsification. Five levels that are considered here, and their associated costs, are 
shown in Table F.3. 

Costs of Off-Season Fuel: Since a cogenerator would need to operate year-round
earn an avoided cost that includes a capacity credit, several 

to 
off-season scenarios 

are considered here. 

6arbojo, the tops and leaves of the cane, is assumed to be the off-season fuel for tile
base case, cost estinates for which are given in Fable F.3. The harvesting and 
storage of barbojo for energy has not been done on a large commercial scale.
However, field trials or small-.:cale operations have been conducted in Puerto Rico
[18 ], the Dominican Republic [19], Mauritius [20], The Philippines [21], Thailand [22j,and Florida [23], and tests are underway in Jamaica. In Puerto Rico, whereextensive field trials with three varieties of ane have been carried out, an average
of 660 kg of 50"t) moisture content barbojo were produced with each tonne of cane.

(Left on tie field after cutting, the barbojo dried 
 from about 50% to 350%' moisturewith 6 days). One approach being pursued in Jamaica [24] has been to focus ondeveloping cane varieties that will retain most ot their leaves through harvesting,
with the whole cane being transported to a central location where the barbojo and
 
mnillable cane would be separated.
 

initial trials indicate that increased weed growth and decreased soil moistureretention associated vitn barbojo removal are not serious problems in some 
cane-growing_ regions. Of greater concern appears to be potential danage to an
energing crop and soil compaction (particularly of clay soils, as in Jamaica) 
on
ratooned fields during mechanical collection of barbojo. In any case, while somhe
level of 
barbojo recovery appears feasible, longer-terin studies are required to fully
aSSess the agrono1imic effects. 

Since barbojo has yet to be proven commercially viable, plantation fuelwood is
considered as the off-season fuel in a second scnario. Experience in tropicalregions indicates that the total costs for establishing fuelwooo plantations,
harvesting, and chipping is in the range of $1.00 to $l.50/GJ (Table F.3). For the 
present study, $l.25/GJ is assumed. 

Since ba-bojo recovery is unproven and "energy plantations" would require, several 
years to establish, a third off-season scenario is considered in which oil is burnedduring the off-season "or tve first 5 years operation,of followed by a switch Looarbojo. The CEST systems woulo burn residual fuel oil, and the G5TIG would burndistillate fuel oil. The lower oil prices shown in Table F.4 are assumed for operation
during this five-year period, since these are the prices currently used in JPS 
projections to the year 200C. [17] 
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Table F.3 

Levelized Fuel Prices Assumed for The Jamaica Case Stucy 

Fuel Price (I985$/GJ) 

Bagasse
 
As delivered from mills, 50% moisture 0.00
 
Dried to 25' moistuea 
 0.58 
Baled, dried to 251 moisture and stored a 0.78 
Briquetted (12% mnoisture)a 1.16 
Pelletized (15% moisture)a 2.02 

Barbojo
 
Baled, dried to 25% moisture, transported and storedb 0.97
 
Briquetted, transported, and stored (12% moisture)c 1.35
 
Pelletized, transported, and stored (15% moisture)c 2.21
 

Plantation Fuelwood 1.0 0 -1.5 0 d 
Residual fuel Oil
 

Low e
 
2 .9 0

Hign 4.00 
Distillate 	Fuel Oil
 

Low 5.40 e
 

Hign 
 7.50 
Imported Coul
 

Low 1.43 e
 

High 2.08f
 

a From [161. 

b Estimated in [21. The barbojo would dry in the field to roughly 35%0'moisture, 
after which it would be baled. It is estimated that it would have a moisture 
content of about 25% moisture, by the time it is used at the cogeneration plant. 

c Calculated as the cost of baled barbojo ($0.97/GJ, which includes transport and 
storage costs) plus the difference in cost between baling and either briquetting 
or pelletizing bagasse. 

d See Table F,10 in [1]. 

e Currently used in JPS projections to the year 2000. [17] 

[ Estimated for Jamaica to the year 2000. [11] 
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Table F.4: Potential foreign exchange savings to Jamaica with alternative 
cogeneration systems (based on the 1985 level of cane production) by avoiding 
construction of new coal-firec capacity or by displacing existing oil-tired capacity.a 

Litecycle 
Potential Required Foreign 

New Capital Exchange 
Generating Capacity Investment For Fuel 
Technology (MW) (Million $) (Million $)b 

I. CEST CoGEN d 79 >32 0 
vs. New Coal-Steam e
 

Coal td $1.43/GJ 88 116 70 

Coal d $2.08/GJ 38 116 102 


vs. 	 Existing Oii-Steamri
 
Oil $2.9/Gj 0 0 172 

Oil k $3.2/GJ 0 0 190 

Oil $4.0/6] 0 0 237 


2. G5TIG COGCE0 153 160 0 
evs. New Coal-Steadn
 

Coal $1.43/6J 172 226 138 

Coal ,d $2.08/C] 172 226 200 


vs. Existing Oil Steamnf
 
Oil , $2.9/(3 0 0 337 

Oil 0 $3.2/G 0 0 372 

Oil d $4.0/6] 0 0 464 


Present Value 
Of Lifecycle 

FOREIGN EXCHANGE 
SAVINGS WITH 

COGENERATION over 
Coal/Oil Firingc 
(Million $) ($/M Wh) 

54 3.54 
86 5.64 

not 	applicableg 
58 3.81 
92 6.89 

204 6.84 
266 8.92 

177 5.94 
212 7.11 
304 10.2 

For 11cne production of 2.2 million tonnes per year, and CEST and GSTIG export 
electrcity produc:'on of 231 and 452 kWh/tc, respectively. Thus, the CEST and 
CSTIC systems would produce 500 and 1000 GWh/year, respectively. 

D For a 12:b discount rate and a 30-year lifecycle. 

" For this analysis, all of the capital is assumed to be foreign excnange. 

C Assuming all of the capacity is installed at a cost of $167l/kW, which includes 
factory retrofits tor a "steam-conserving" factory, and a calculated capacity 
factor of 73 percent. 

e See Footnote 8 for costs of coal-steam electricity. 

f See Footnote 10 for costs of oil-steam electricity. 

g CEST power woulrj not displace oil-fired power unless the price of oil is at least 
$3.2/G, %.vnerethe fuel plus operating cost for the oil-fired plants would equal 
tne total generaring cimt for the CEST ($0.048/kWh). 

h Assuming ail of the capacity is installed at a cost of $104S/kw, which includes 
factory retrotits for a "steam-conserving" factory, and a calcu!ated capacity 
factor of 74 percent. 
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Results 

Base-Case: The annual exports of electricity and the estimated financial rate of 
return (LRO©) for alternative cogeneration investments at factories with two levels 
ot process energy cinands are shown in Figure F.6. The cogeneration systems
considered here are sizea for fueling with the bagasse availablt from the processing
of 175 tc/hr: a 27 -M'IV CEST or a 53-,MW GSTIG. An investment in the CEST plant
at a "conventional" factory estimated to provide a l{OR of 1.3-16%, if barbojo were
the oif-s:ason fuel. \With additional investments in process-equiplnerit required for 
a "steam-conserving" factory, slightly more electricity could be exported, but the
ROR .\ouici be virtually unchanged (Figure F.6), since the extra investment costs 
(Table F.2) would offset the extra electricity revenues. 

Investing in the GSTIG system (fueled briquetted bagasse and barbojo l ) and
"steani-conserving" retrofits w, Id provide an estimated ROR of 18-23% anc the 
exports of electricity would L-2 aoout double that for the CEST (Figure F.6). 1 2 

At the "steam-conserving" factory up to $23 of electricity revenue woulo be
generated per tonne of cane crusned, if GSTIG cogeneration were used ana if the
eiectricity buy-back rate were 5.0/kWh. Sugar revenues would equal electricity 
revenue Ior a sugar price ot about 23¢/kg. For comparison, electricity revenues 
',itn tne CE'). woulo equal sugar revenues for a sugar price of about I 1 /kg. 

lInpact ot Alternative Fuels: The "steam-conserving" case is chosen here to
illustrate the inpact a1 using alternative fuels. 

If less extensive processing, than briquetting of bagasse and barbojo were required
for the GST1G, te i Oki would increase from . range of 13-23% up to a range of 
24-29%, while ii pelletizing were required, it would fall to 11.16 percent. 

It plantation fueJwood were used as the off-season fuel, the RORs for both CEST 
ana GSTIG woulo be comparable to those for the base case shown in Figure F.6,
since the off-season uel costs would be comparable. The total fuelwood plantation 
area required would represent 30-40% of the sugarcane land area.1 3 but the GSTIG 
would export about twice as much electricity per hectare of plantation as the 

I Tne Lurgi dry-ash gasifier, which is considered for the GSTIG systems analyzed 
here, was originally designed to gasify chunks of coal. The biomass fuel, therefore,
inay need to be in a form similar to coal chunks. If an alternative gasifier were
considere0(, e.g. a Rheinbraun High-Tenperature Winkler fluiuized-beu unit [10], less 
processing ot the bagasse might be required, with dramatic impacts on cost. 

12 The total tonnage of barbojo required for thme off-season with the CEST would be 
aout 3/4 at the tota:d ba-gasse tonnage consumed during the milling season. For the 
GSTIG, oagasse an bar:ojo consumption would be comparable.
 
13 Assuming a plantation yield of 40 m3 of wood per hectare per year (a yield
 
readily achievable in Brazil) [1] and the average Jamaican cane yield in 1985 of 62
 
tonnes per hectare.
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Figure F.6: Financial rates of return and annual electricity exports for cogeneration
and process-equipinent investments ut "conventional" and "steam-conserving"
described in Table F.2. Table F.1 gives cost assumptins for the cogeneration
facilities. A thirty-year econornic life is assumned in all calculations. 
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CE T. New perianent employment associated with maintenance of the plantaLionswould represent about 30:, of the estimateo direct employment associated with)
Monynusk today, anl a still larger number at temporary jobs would oe created in 
establishn- tne plantaftions. 

For tiie scenarios in which oil is burned during the first 5 off-seasons, the ROR forthe G5FIG ne , vhile that for1,oulI 1-i3 the CEST would be 10-12 percent. TheRO, 1or tune GSVIC falls relatively further from that for the casebase since the
66TIG would burn distillate fuel oil, Nvnile the CEST would burn less costly resiJual 
f uet oil. i 

Pesuirs for Smaller Installations 

The average cae-processing capacity of sugar factories in Jamaica and many othercountries is lower that t75 tc/hr. Since there are scale economies associated withboth the CEST and GSTIG tchnologies (see Figure F.4), the ROR would decrease inboth cases for cogeneration imvestments at small factories. However, because of its.veaker scale econonies, the financial advantage of the GSTIG relative to the CESTwould increase with decreasing size. For a "steam-conserving" factory processing
about 20 tc/hr, the iW.R would be for a 5-MW9-13% GSTIG unit (fueled by)riquetteu :,ne residues) and 3-5% for a 3-MW CEST (using less-processed cane 
residues). Lt ] 

Case Study: National Perspective 

Jamaican Cantext 

,lile tioe OUl muchoulliGprovide ,nore attractive rates of return to a sugarproUucer ti;vAmo would a CEST plant, the capital involved (Table F.I) would be far in
 
excess o: investinents to which 
 sugar producers are accustomed. In contrast, theinvestnents in G>bTIG unih would typically be less than what ao electric utility
night 1[v'est Dauli-,g a comparable amount of new central station capacity

(Figure F.4). Iri addition, the capacity increment of a single GSTIG would be smaller
than a typical new central station power 
 plant, allowing a utility to better track
 
evolving electricity supply and demand.
 

14 In a fourth scenario, the cogeneration sys:en could be undersized relative to the 
in-season fuel supply, and bagasse stored forexcess ise during the off-season (afterprocessing to permnit long-term storage), thus avoiding the use of an auxiliary biofuel 
as well as ot )il. In this scenario, about half as much electricity woulu be produced
annually, anda tue iORs would be 14-18% for the GSTIG (using briquetted bagasseyear-round) and 10-13 ', for the CEST (using baled, dried bagasse during the 
off-season). [ I] 
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For a utility, cogenerated electricity would be of interest if it cost less than otherutility sources. Fueled by oriquetted cane residues at a "steam-conserving" factory,
tile 
GSTIG would produce exportable electricity for about 4.l/kWh, and the CEST
would produce abotj iaif as much electricity for about 4.SV'k\Vh. It plantation
fuelwood were t2 ott1-season fuel, generating coscs would be 4.0C/kWh for the
GSTIG and i/k Vh for the (GEST. In the scenarios involving oil the costs would beabout 5.2./kw,h for the GSrIG and 5.4%/kwh for the CEST. These cogeneration 
costs are coipared in Figure F.7 to die cost of power from a new 61-MW coal-fired 
power iiant, ,.vhich is oeing considerec by as least-costaP3a expansion option. It
would produce electricity f)r an estimnated total cost of 5.0-5.3¢/k 1,h (See note 8).
In all c:ases sho,.vr in-, Figure F.7. the CS IG plant would provide comparable- or
lower-:o t elt..tricity han the new coal-fired option, even with a low price for coal. 

-he cost of ,ogenerated electricity is also compared in Figure F.7 to the operating
cost of existln, oil-fired power plants, which would range from 4.5 to 6.1C/kWh (See
Note 10). For the cases where biomass is the sole fuel, the GSTIG facility would
produce eIe,ctricity at a lower cost, even with oil at $2.9/GJ, Under these
conditions, it wvoulc 5e econo incally '.vorthwhile to scrap existing Gil-fired plants
and rep.ace then with new GSTIG facilities. 

If Janaica's total resource of cane residues were to be exploited for power, some
existing oil-fired -enerating capacity could be retired, new central-station power
plant construction could be deferred for many years or perhaps decades, andsubstantial foreign exchange would be saved. A typical 1980s cane harvest (2.2
million tonnes) vould support up to SO \,Mlof CEST units that could export about
500 mnillion k .,h of electricity annually, or over 150 M\V of GSTIG units that could
 
export aoout 1000 mnillion kh per year. For comparison, JPS generated 1,437
million k,Ah in I9S5. If G3TIG generated power were to displace new coal-fired
capacity, up to $270 nillion dollars of foriegn earnings might be saved over the
30-year life of the plants (Table F.4). If cogenerated power displaced electricity

fron existing oil-tired units, up to $300 million night be saved (Table F.4). Per kWh
 
generatec. the savings with G>TIG would be 50-90% higher 
than with CEST. 

Southeast Brazilian Context 

Southeast Brazil, where most of Brazil's sugarcane grows and which includes the
heavily industrializea state of Sao Pauilo, provides an interesting :ontrast to

Jainaica, because it is a cane-producing region which 
relies heavily on hydropower, amuch less costly electricity source than most alternatives. \ith electricity demandin Sao Paulo growing at 8-10% per year [25j, the installation of new hydro capacity
is under consideration. Since all of the economical hydro potential has aiready been
exploited in the South, however, new plants would be build in the Anazon, withtransmission lines connecting them to Sao Paulo. [26j Electricity fron such
facilities is estlinated to cost fron 3.2 to 5.S8/I<Wh, depending primarily on the 
siting of the facility (Figure F.7). 
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Figure F.7: Estimated levelized cost of generating ex-portable electricity witil CEST 
and GSTIG cogeneration systems at a "steam-conserving" sugar factory and for 
three central-station alternatives. [I] Total costs are shown for a new 61-M'vW 
coaF,-steam plant in Jamaica and new hydro plants supplying power to Southeast 
Brazil. Also shown is tht cost of operating existing oil-steam plants in Jamaica. 
The three cogeneration cases correspond to the scenarios described in the text. 
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Based on the calculations for the Jamaican case study, large (53 M,\V) GSTI;
cogeneration jpLnts operating year-round on briquetteci cane residues at sugar
factories in >aO PaUlo c:ould supply electricity at a cost in the mid-range of thoseestimated for new nyoro and small wouldsuppiles, units be competitive with the
higer-cost hydro supplies. By contrast, only the larger CEST units would be 
co npetitive ,and then only with the higher-cost nydio (Figure F.7). 

Given tme snortage of c:apital in C5razil (as in inany other developing countries, the
capital cnarges alone for electricity nay be a-, important as the total cost of
generation, in which case the GSTIGs h:Lvewould a significant advantage. For
exanple, the capital charges for GS1lG power would be 50 to 80% of those for hydro
capacity costing $!400,/kWV (Figure F.7). For CEST, only a modest capital advantage
would be gained, and only with larger units. 

Even it GSTIG units were operated only during the milling season, the produced
power may be attractive to the eleccric utilities if nydro ana GSTIG options were
considered together. the millinSince cane season coinciaes with the dry season,cogeneration at sugar processing f.cilities could help fill the hydropower "trough",
(Figure F.S), thus making greater use of the installed hydroelectric capacity.
Furthermore, since GYTIGs thave thethe would capability to operate on oil in theotf-season, a larger risk of a rain-short year could designedbe into new hydro
facilities, resulting in still lower capital charges for hydropower. 

Imp~ica tions 

The introduction of GSTIG units worldwide could nave a significant impact in over
70 countries that grow cane. The anount of cane residues produced globally in 1985would support over 50,000 MW of GSTIG capacity, most of which would be in
developing countries in Asia and Latin America (Table F.5). '3ased on an
extrapolation of the results for Jamaica, some 300 billion (I09) kwh of electricity
could be produced at the 1985 level of cane production (Table F.6). This is morethan 1/ of tie electricity generated by utilities in these countries in 1982, and is 
conparabie to tne level of electricity generated with oil. 

A global t,ansition to USTIG cogeneration, while attractive, offers challanges for
both the sugar anu electric utility industries. In the sugar factories, the
introduction ot steain-conserving process teclinoiogies would probably be required,
and year.round operation of the cogeneration plant would be beneficial. Thedevelopment ot oarbojo recovery systens or "energy plantations" would be desirable 
to supply fuel for tue off-season. Since investments in a cogeneration plant wouldtypically be large compared to traditional investments in tile sugar industry,
creative financing and ownership arrangements may be desirable, e.g. utility and/or
third-party participation. 
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Figure F.8: The current hydro-electricity supply "trough" and the sugar cane milling 
season in the state of Sao Paulo, Brazil. [1] 
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Table F.5 

Estimated Potential Worldwide GSTIG Generating 
Capacity at Sugar Factories With the 1985 Level 

of Sugarcane Production.a-b 

!egion Potential Electricial Capacity (MW) 

South Anerica 	 17,800 C 

Asia 14,000
 

Central America 
 10,100
 
Africa 
 4,900
 

Oceania 
 2,700
 
United States 
 1,900 

Europe 
 200
 

Total 51,600 

a 	 Sugarcane production, assuming ten tonnes of cane are required to produce one 
tonne of sugar. Sugar production frorn [271. 

6 	 Assuming 1 206 day season, 24 hour/day operation, 90% plant availability, and a 
GSTIG fuel requirement corresponding to 172 tonnes of cane per hour tor a 53 
'vW unit. 

C 	 Includes capacity that would be installed at alcohol production facilities in 
Brazil. 
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Table F.6: GSTIG electricity generating potential using the 198.5 level of cane
 
production (A) and -he actual total electric utility generation in 1982 (B) in
 

3
developing countries. Number are given in 109 k\Vh1

A B A B A B 

ASIA 89 599 
Inaia 31.6 129.5 Iran 0.90 17.5 
China 19.0 327.7 Vietnam 0.g [ 1.69 
Thailand 10.8 16.2 burma 0.45 1.52 
Indonesia 7.6 11.9 Bangladesh 0.42 2.98 
Philippines 7.4 17.4 Malaysia 0.32 I 1.1 
Pakistan 6.4 14.9 Nepal 0.12 0.284 
Taiwan 3.4 45.0 Sri Lanka 0.07 2.07 
CENTRAL AMERICAN 65 100 
Cuba 35.5 10.8 aoaica 094 1.30 
N1ex co 15.7 73°2 Panama 0.72 2.7, 
Dominican Kep 4.2 2.38 Belize 0.49 0.065 
Guatemala 2.3 1.42 harbacos 0.45 0.339 
El Salvauor 1.2 1.45 Trinidad robr 0.36 2.30 
Nicaragua 1.1 0.945 Haiti 0.23 0.352 
Honduras D3 1.04 St. Chris - 0.12 na 
Custa 1Ric. i.0 2.42 Nevis 
SOUTH AMERICA I117 257 
Brazil 95.0 143.6 Guyana 1.I 0.255 
Colomnia 6.1 21.3 Bolivia 0.78 1.40 
Argentina 5.5 36.2 Paraguay 0.36 0.569 
Peru 3.3 7.25 Uraguay 0.23 3.47 
Venezuela 2.1 39.0 31rmaIne 0.05 0.175 
Ecuador 1.3 3.09 
AFRICA 32 167 
5outh Atrica 11.4 109.0 IMozambique 0.26 3.25 
Egypt 3.7 17.2 Somalia 0.24 0.075 
Mauritius 3.1 0.320 Nigeria 0.23 7.45 
-iloabwe 2.1 4.16 Angola 0.23 1.46 
Sudan 2.0 0.910 Uganda 0.15 0.569 
Swaziland 1.8 0.075 Congo 0.11 0.195 
Kenya 1.6 1.73 Mali 0.09 0.080 
Etmopia 0.87 0.618 Gaoon 0.05 0.530 
,Vlalawi 0.69 0.410 tBurkina Faso 0.05 0.123 
Zarnbia 0.64 10.3 Chad 0.04 0.065 
Ivory Coast 0.57 1.94 Guinea 0.02 0.143 
Tanzania 0.47 0.720 Sierra Leone 0.02 0.136 
Madagascar 0.45 0.342 Benin 0.02 0.016 
Caineroon 3.32 2.15 Liberia 0.01 0.389 
zaire 0.30 1.48 R,wanda '9.01 0.066 
Senegal 0.30 0.631 
OCEANIA 22 
Fiji 1.6 0.241 Pap. N. Guiea 0.13 0.441 

ALL SUGAR-PRODUCING DEVELOPING COUNTRIES 304 1,124 

a From [11. 
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For candidate GSTIG manufacturers, the potential markets appear large enough
justify the development effort 

to 
that would be required to commercialize the

technology, and the projected growth of the sugar industry worldwide--l.5% 
year through at least the mid-1900's [28] would insure 

per 
secure markets in the future.

The potential market be ifGSTIG may still larger cane-based fuel alcohol comesinto wide use. Preliminary calculations indicate that GSTIG cogeneration would be
well-suited for the production of electricity at alcohol distilleries. [1] Although the
fuel-alconol industry is developed on a large scale today only in Brazil, this situation 
may change, if, as expected,i) oil prices rise considerably in the next 10-15 years.
In light of the favorable projected economics of GSTIG cogeneration, a co-product
strategy with GSTIG-electricity could make alcohol production economically 
a ttractive at lower oil prices than otherwise, [1] a possibility that warrants a 
detailed assessment. 16 

Conclusions 

Steam-injected gas-turbine cogeneration at sugar factories, using gasified cane 
residues as fuel, would be technically and economically attractive. The modern
jet-engine-based technology, on which GSTIG cogeneration would be based, would be
appropriate technology for firing with biomass in Jamaica and other countries for a 
number of reasons: 

The natural, economical scale of the technology is small (5-50 MW), which
is well-suited for use with a diffuse energy source like biomass. 

For a utility, GSTIG capacity additions would typically be sinall in
relation size the mostto the of utility grid in developing countries,
making it easier to keep evolving demand and supply in balance. 

Widespread operation of systems lead lowerGSTIG could to average 
electricity prices in many countries. 

15 The U.S. Department of Energy projects rising oil prices in a tightening world 
market, e.g. residual fuel oil for IJ.S. utilities is projected to cost $4.3/GJ to
$6.4/GJ in the year 2000 compared to $2.27/GJ in 1986. [29] 

16 A multiple-product strategy might involve producing electricity plus a mix of 
alcohol aind sugar that depends on the relative market prices for sugar and oil at any
tine. This approach would be consistent with the trend toward production of
multiple, higher-value products. For example, the Jamaican Sugar Industry
Research Institute's Factory Technology Division is testing a small-scale (10 tc/hr)
low energy-consuming plant at its Bernard Lodge facility that can produce a mix of 
higher value-added products addition sugar: syrup,in to cane amorphous sugar,
fancy molasses, and charcoal (from cane rind). 
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Because GSTIGs would be based on aircraft-derivative gas turbines, a 
sophisticated local maintenance capability is not required as a 
prerequisite for introducing the tech.)ology. Most major repairs would be 
done off-site, while replacement engines (flown in from centralized 
facilities) continue to produce power. 

" 	 Utilizing inaigenous, renewable resources, GSTIG technology could reduce 
dependence on imported energy supplies, leading to savings in foreign 
exchange.
 

* 	 For GSTIG suppliers, potential markets exist which could justify the 
needed commercialization effort. The global market potential with 
existing levels of cane production is some 50,000 MW of capacity, and 
sugar demand is projected to grow l.5% annually through the mid-1900s. 

" 	 GSTIG units inay -'so provide favorable economics at fuel-alcohol 
distilleries, even with today's o'l prices. The cane processing plant of the 
future may be one which produces electricity from a GSTIG as its primary 
product, with sugar and/or alcohol as co-products. 

" 	 Introduced for initial operation on the biomass already available in the 
sugar cane-processing industries, GSTIG systems might notivate 
subsequent wider applications using other biomass forms, including 
fuelwood from "energy plantations." 

" 	 The higher efficiency and lower capital cost of GSTIG relative to CEST 
would make fuelwood nore valuable for power generation than would be 
the case for existing wood-burning power generating technology, thus 
making fuelwood plantations a more attractive investment opportunity. 

* 	 GSTIG systems would be used largely in rural areas of developing
couniries, where they might help generate greater employment 
opportunities by increasing the value of the agricultural products, and 
hence the level of investment in the agricultural sector. 
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