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ABSTRACT

Considerable amounts of power could be produced at cane-sugar factories
for export to the utility grid (while meeting onsite energy needs) by
adopting more energy-efficient cogeneration and sugar-processing
technologies. With off-season operation of the power plant using an
auxiliary fuel (e.g. stored cane tops and leaves), still larger quantities
of electricity could be exported. Modern condensing-extraction steam
turbines have been installed in several factories worldwide. By comparison
to these, steam-injected gas turbines fired with gasified biomass, which
could become commercially available within a few years, offer higher
thermodynamic efficiencies, lower unit capital costs, and weaker scale
economies. A case study based on the Jamaican Monymusk factory indicates
attractive rates of return on gas turbine investments, compared to those for
steam turbines. Gas turbines have the potential to provide some 1000 GWh
per year of electricity using the presently produced cane residues in
Jamaica. The costs of producing this electricity would be lower than the
estimated costs for power from any central station alternative in Jamaica.



INTRODUCTION

This study was undertaken to assess the prospects for increasing the
production of exportable electricity from sugar factories in Jamaica by the
use of gas-turbine cogeneration systems, with residues from the cane as the
primary fuel [1]. Gas turbines at sugar factories would represent a
fundamental technological change, involving some risks, so their expected
technical and economic performance must be far better than that of the
commercially-established steam turbine before they could be considered for
the sugar industry. To compare advanced gas-turbine and modern steam
turbine cogeneration, a case study in the Jamaican context was undertaken,
with data drawn in large part from a study exploring the feasibility of
installing a large condensing-extraction steam turbine cogeneration system

at the Monymusk factory [2].

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 produce some 20
kWh of electricity per tonne of cane crushed (kWh/te) --just enough to meet
onsite demand. Such a system would also meet onsite steam demands and leave
no excess bagasse. A modern, large condensing-extraction steam turbine
(CEST) cogeneration system, similar to that being considered for Monymusk
and to those already installed at a few factories (e.g. in Hawaii [3] and
Reunion [4]), could export in excess of 100 kWh/tc, while meeting onsite
energy demands. If steam-conserving process technologies widely used in
oil-dependent industries like beet-sugar and dairy (e.g. condensate juice
heaters, falling film evaporators, and continuous vacuum pans) were adopted

at cane sugar factories, still more electricity (perhaps 25% more) could be



exported to the grid. Furthermore, if an auxiliary fuel were used for power
production in the off-season, the total electricity generation would be
still higher--some 240 kWh/tc (Fig. 1).1

The biomass-gasifier steam-injected gas turbine (biomass-GSTIG)
cogeneration system considered in the present study, if operated year-round
at a "steam-conserving" factory would produce about 460 kWh/tc, or nearly
double that for a CEST and 23 times as much as that produced at a typical

sugar factory today (Fig. 1).

GSTIG TECHNOLOGY

The biomass-GSTIG system (Fig. 2) would operate by converting the
biomass feedstock into a combustible gas in a pressurized gasifier, which
would be coupled to an aircraft-derivative steam-injected gas turbine. Some
of the air from the gas turbine compressor would be used in the gasifier,
and the combustible gas would be cleaned of particulates before burning it
in a combustor with the balance of the compressor air. The hot turbine
exhaust gases would raise steam in a heat recovery steam generator (HRSG),
some of which would be required to operate the gasifier and the 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 both power

output and electrical efficiency.2

1 Note that in all cases in Fig. 1, for ease of comparison, the electricity
production is referenced to the cane processed during the milling season.

2 With steam injection, the higher mass flow through the turbine expander
creates more power output. Higher efficiency is achieved largely because
only a negligible amount of additional work input is required to pump the
boiler feedwater to boiler pressure, avoiding the large amount of work
required to compress a gaseous working fluid. Aircraft-derivative gas
turbines are chosen for steam injection, because they are designed to
accommodate turbine flows considerably in excess of their nominal ratings.
See [5].



Steam-injected gas turbines fired with natural gas have been operating
commercially in the United States for several years in cogeneration
applications. This technology is attractive for cogeneration applications,
because steam not needed for process can be injected to produce more power;
under provisions of the Public Utilities Regulatory Policies Act (PURPA) in
the US, the extra electricity can 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 [5].

Steam-injected gas turbines fired with gasified coal has been under
development by the General Electric Company (GE) in the US, with support
from the Department of Energy (USDOE) [6], following the successful
commercial demonstration of a gas turbine-steam turbine combined cycle4
operating on gas derived from sulfur-bearing coal at the 100-MW Cool Water
central station power plant in California [7]. As of 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 of the
coal-GSTIG program will be the development of a system for removing sulfur
from the hot combustible gas, which would considerably improve the system
efficiency compared to the cold-scrubbing system used at Cool Water. Should
the clean coal program proceed, GE indicates that a commercial-scale

demonstration of the hot-gas sulfur-removal technology would be undertaken

within 1 year, followed within 3 years by the startup of a 5-MW coal-GSTIG

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.

4Ina gas-turbine steam-turbine combined cycle powerplant, the hot exhaust
from a simple-cycle gas turbine is used to raise steam in a HRSG, which in
turn is used to drive a condensing steam turbine, which augments the power
production of the gas turbine. Industrial (not aircraft-derivative) gas
turbines are used in combined cycles.



pilot plant and within 6 years by the startup of a 50-MW commercial
demonstration plant [8].

The co0al-GSTIG technology is largely transferable to systems based on
biomass. In fact, the higher reactivity of biomass makes it inherently
easier to gasify than coal [9]. Furthermore, most biomass contains no
sulfur, obviating the need for, and additional cost of, the sulfur removal
equipment. Thus, no new technology must be proven to use biomass in GSTIG
systems [8]. In fact, by "piggy-backing" onto the ongoing work on coal-
GSTIGs, the commercialization of the biomass-GSTIG technology could be

accomplished in about 3 years [8].

PERFORMANCE AND COST ESTIMATES OF BIOMASS-COGENERATION TECHNOLOGIES
Performance

Fueled by bagasse during the milling season, both CEST and GSTIG
cogeneration systems could produce variable amounts of electricity and
process steam, as the simplified representation in Fig. 3 indicates. To
increase electricity production in a CEST, a greater fraction of the steam
would be condensed rather than extracted. 1In a GSTIG, a greater fraction of
the steam produced in the HRSG would be injected into the combustor. At any
level of process steam production, the GSTIG units would produce roughly
twice as much electricity per tonne of cane as the CEST (Fig. 3). However,
the maximum level of process-steam production for the GSTIG systems

considered here is about 300 kg/tc,5 while the CEST could produce in excess

5 The total steam produced in the HRSG of a GSTIG would be in excess of 300
kg/tc. It is estimated, however, that the Lurgi-type gasifier considered
here would 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 of gasifier [6]. The gasification steam required with
biomass may actually be lower, although sufficient testing with biomass has
not been carried out to determine this. An alternative gasifier, e.g. a
pressurized fluidized-bed unit such as the Rheinbraun High-Temperature



of 400 kg/tc. Matching the available process steam with the steam demands
at a sugar factory is discussed below.
Costs

Capital: Installed unit capital costs® have been estimated for several
sizes of CEST and GSTIG systems (Fig. 4) [1]. Unit costs are higher for
CEST systems, and strong scale economies are associated with these units.
Unit costs for the GSTIG would be lower because of their substantially
higher energy efficiency and reduced materials requirements (e.g. no
condenser or cooling tower). In addition, scale economies would be weaker
than for the CEST systems, since even in the larger sizes it is expected
that shop fabrication, rather than field assembly, could be used
extensively.

Also shown for comparison in Fig. 4 is a cost estimate for a new 61-MW
coal-fired central station powerplant, which is discussed below. This was
previously identified in a report for the Jamaica Public Service Company
(JPS) [10--hereafter refered to as the MONENCO report] as a least-cost
expansion option.

Maintenance: Maintenance costs are a key consideration for gas
turbines. They are believed to be relatively high, based primarily on the
electric utility experience with peaking gas turbines. Indeed, with low
capacity factors and repeated starts and stops, such units often have high
per-kWh maintenance costs [1l]. However, with the proper maintenance

programs that accompany most gas turbines operating in baseload

Winkler unit, may require virtually no steam, since its normal operating
temperature without steam would be relatively low [25].

6 The United States’ GNP deflator has been used to express all costs in this
report in constant 1985 US dollars.



applications, the costs can be quite modest.

Minor maintenance of aircraft-derivative gas turbines, upon which GSTIG
systems would be based (see footnote 2), is facilitated by the modular
design of the machines originally developed to minimize down time for
aircraft. Major maintenance is typically done off-site, while a replacement
engine continues to produce power. The replacement engines are often leased
or purchased from manufacturers as part of a service agreement. In other
cases, manufacturers provide innovative service contracts which guarantee
delivery (anywhere in the world) and installation of a replacement engine
within a specified period of a major engine failure (e.g. 48 hours), which
is made possible by the very compact nature of aero-derivative machines.

With relatively low maintanence costs, stationary gas turbines,
including a large number of aircraft-derivative units, are in use worldwide:
a 3-MW Ruston gas turbine is scheduled for 1987 start-up at the Petroleum
Company of Jamaica’s Kingston refinery [26].

Table 1 provides a summary of the cost assumptions used in the
financial analysis discussed in the next section. Maintenance cost
estimates were based on previous studies and discussions with industry
experts [1]. The operating labor estimates are based on employment data for

power plants operated by JPS given in [10] as a function of plant capacity.

CASE STUDY: A SUGAR PRODUCER'S PERSPECTIVE
To explore the financial feasibility of exporting electricity, internal
rates of return have been calculated for CEST and GSTIG cogeneration plants

installed at hypothetical raw-sugar factories.

7 For example, the Dow Chemical Company has operated several natural-gas-
fired Pratt and Whitney FT-4 aircraft-derivative gas turbines (15-20 MW
each) in cogeneration plants in the San Francisco area for some 20 years,
with total maintenance costs averaging $0.002-$0.003/kWh [11].



Assumptions

Factory Operation: The operation of the Monymusk factory, processing a
nominal 175 tc/hr during a 206 day season, was chosen as the basis for
developing 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 [12]. 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 of sugar-factory energy demands considered in this study are
summarized in Table 2 and discussed in detail elsewhere [1,13]. The total
steam requirement of 374 kg/tc for the "conventional" 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 Fig. 3 and footnote 5), equipment retrofits would be
required at a typical factory to reduce steam demand. Decreasing steam
demand would also permit a greater amount of electricity to be exported from
the CEST. A "steam-conserving" factory considered here would utilize
condensate juice heating, falling film evaporators, and continuous vacuum
pans to reduce the exhaust steam demand to 209 kg/tc, or that available from
the mill turbines (Table 2).

Exported-Flectricity 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 O&! charges) in Jamaica is estimated to be



5.0-5.84¢/kWh (Table 3) for a new 61-MW coal-steam plant.8 The cost of
operating existing oil-fired plants (O&M and fuel only) in Jamaica is
estimated to be 4.5-6.1¢/kWh (Table 3).

Bagasse Costs: During the milling season, a CEST unit would burn

unprocessed (50% moisture content) bagasse, for which no cost is charged.
For the GSTIG systems it is currently unknown what level of processing of
the bagasse will be required for gasification. Five levels that are
considered here, and their associated costs, are shown in Table 4.

Costs of Off-Season Fuel: Since a cogenerator would need to operate

year-round to earn an avoided cost that includes a capacity credit, several
off-season scenarios are considered here.

Barbojo, the tops and leaves of the cane, is assumed to be the off-
season fuel for the base case, cost estimates for which are given in Table
4. The harvesting and storage of barbojo for energy has not been done on a
large commercial scale. However, field trials or small-scale operations
have been conducted in Puerto Rico [14], the Dominican Republic [15},
Mauritius [16], the Philippines [17], Thailand [18}, and Florida [19], and
tests are underway in Jamaica. In Puerto Rico, where extensive field trials
with three varieties of cane have been carried out, an average of 660 kg of
50% moisture content barbojo were produced with each tonne of cane. Left on
the field after cutting, the barbojo dried from about 50% to 35% moisture
within 6 days. One approach being pursued in Jamaica [20] has been to focus
on developing cane varieties that will retain most of their leaves through
harvesting, with the whole cane being transported to'a central location

where the barbojo and millable cane would be separated.

8 Generating costs estimated in [2] are: 8.3¢/kWh for a new coal-fired
steam-electric plant, 6.6¢/kWh for a new oil-fired steam-electric plant, and
8.7¢/kWh for a new oil-fired gas turbine plant.



Initial trials indicate that increased weed growth and decreased soil
moisture retention associated with barbojo removal are not serious problems
in some cane-growing regions. Of greater concern appears to be potential
damage to an emerging crop and soil compaction (particularly of clay soils,
as in Jamaica) on ratooned fields during mechanical collection of barbojo.
In any case, while some level of barbojo recovery appears feasible, longer-
term studies are required to fully assess the agronomic effects.

Since barbojo has yet to be proven commercially viable, plantation
fuelwood is considered as the off-season fuel in a second scenario,
Experience in tropical regions indicates that the total costs for
establishing fuelwood plantations, harvesting, and chipping is in the range
of $1.00 to $1.50/GJ (Table 4). For the present study, $1.25/GJ is assumed.

Since barbojo recovery is unproven and "energy plantations" would
require several years to establish, a third off-season scenario is
considered in which oil is burned during the off-season for the first 5
years of operation, followed by a switch to barbojo. The CEST systems would
burn residual fuel oil, and the GSTIG would burn distillate fuel oil. The
lower oil prices shown in Table 4 are assumed for operation during this
five-year period, since these are the prices currently used in JPS
projections to the year 2000 [21].

Results

Base-Case: The annual exports of electricity and the estimated
financial rate of return (ROR) for alternative cogeneration investments at
factories with two levels of process energy demands are shown in Fig. 5.
The cogeneration systems considered here are sized for fueling with the
bagasse available from the processing of 175 tc/hr: a 27-MW CEST or a 53-MW

GSTIG. An investment in the CEST plant at a "conventional" factory is
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estimated to provide a ROR of 13-16%, if barbojo were the off-season fuel.
With additional investments in process-equipment required for a "steam-
conserving" factory, slightly more electricity could be exported, but the
ROR would be virtually unchanged, since the extra investment costs (Table 2)
would essentially offset the extra electricity revenues (Fig. 5). 1Investing
in the GSTIG system (using briquetted bagasse and barbojog) and "steam-
conserving” retrofits would provide an estimated ROR of 18-23%, and the
exports of electricity would be about double that for the CEST (Fig. 5).

At the "steam-conserving" factory up to $23 of electricity revenue
would be generated per tonne of cane crushed, if GSTIG cogeneration were
used and if the electricity buyback rate were 5.0¢/kWh. Sugar revenues
would equal electricity revenues for a sugar price of about 23¢/kg. For
comparison, electricity revenues with the CEST would equal sugar revenues
for a sugar price of about 11¢/kg.

Impact of Alternative Fuels: The "steam-conserving" case is chosen
here to illustrate the impact of using alternative fuels.

If less extensive processing of bagasse and barbojo were required for
the GSTIG (e.g. drying and baling only), the ROR would increase from a range
of 18-23% up to a range of 24-29%, while if pelletizing were required, it
would fall to 11-16%.

If plantation fuelwood were used as the off-season fuel, the RORs for
both the CEST and GSTIG would be comparable to those for the base case shown

in Fig. 5, since the off-season fuel costs would be comparable. The total

9 The 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, may need to be in a form similar to coal chunks.
If an alternative gasifier were considered, e.g. a Rheinbraun High-
Temperature Winkler fluidized-bed unit [25], less processing of the bagasse
might be required, with dramatic impacts on cost.



fuelwood plantation area required would represent 30-40% of the sugarcane
land area,lo but the GSTIG would export about twice as much electricity per
hectare of plantation as the CEST. New permanent employment associated with
maintenance of the plantations would represent about 30% of the estimated
direct employment associated with Monymusk today, and a still larger number
of temporary jobs would be created in establishing the plantations [1].

For the scenarios in which o0il is burned during the first 5 off-
seasons, the ROR for the GSTIG would be 11-13%, while that for the CEST
would be 10-12%. The ROR for the GSTIG falls relatively further from that
for the base case since the GSTIG would burn distillate fuel oil, while the
CEST would burn less costly residual fuel 0il.11

Results for Smaller Installations

The average cane-processing capacity of sugar factories in Jamaica and
many other countries is lower than 175 tc/hr. Since there are scale
economies associated with both the CEST and GSTIG technologies (see Fig. 4),
the ROR would decrease in both cases for cogeneration investments at smaller
factories. However, because of its weaker scale economies, the financial
advantage of the GSTIG relative to the CEST would increase with decreasing
size. For a "steam-conserving" factory processing about 20 tc/hr, the ROR

would be 9-13% for a 5-MW GSTIG unit (fueled by briquetted cane residues)

10 Assuming a plantation yield of 40 m> 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.

11 1n a fourth scenario, the cogeneration system could be undersized
relative to the in-season fuel supply, and excess bagasse stored for use
during the off-season (after processing to permit long-term storage), thus
avoiding the use of an auxilliary biofuel as well as of oil. Additional
steam conserving measures would be required in the factory to permit the
undersized cogeneration plants to supply the on-site steam demand. In this
scenario, about half as much electricity would be produced annually, and the
RORs would be 14-18% for the GSTIG (using briquetted bagasse year-round) and
10-13% for the CEST (using baled, dried bagasse during the off-season) [1).

11
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and 3-5% for a 3-MW CEST (using less-processed cane residues) [1].
CASE STUDY: A NATIONAL PERSPECTIVE

While the GSTIG would provide much more attractive rates of return to a
sugar producer than would a CEST plant, the capital involved (Table 1) would
be far in excess of investments to which sugar producers are accustomed. In
contrast, the investments in a GSTIG unit would typically be less than what
an electric utility might invest in building a comparable amount of new
central station capacity (Fig. 4). In 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.

For a utility, cogenerated electricity would be of interest if it cost
less than other utility sources. Fueled by briquetted cane residues at a
"steam-conserving" factory, the GSTIG would produce exportable electricity
for about 4.1¢/kWh, and the CEST would produce about half as much
electricity for about 4.8¢/kWh. If plantation fuelwood were the off-season
fuel, generating costs would be 4.0¢/kWh for the GSTIG and 5.1¢/kWh for the
CEST. In the scenarios involving oil the costs would be about 5.2¢/kWh for
the GSTIG and 5.4¢/kWh for the CEST. These cogeneration costs are compared
in Fig. 6 to the cost of power from a new 61-MW coal-fired power plant,
which is being considered by JPS as a least-cost expansion option. It would
produce electricity for an estimated total cost of 5.0-5.84/kWh (Table 3).
In all cases shown in Fig. 6, the GSTIG plant would provide comparable- or
lower-cost electricity than the new coal-fired option, even with a low price
for coal.

The cost of cogenerated electricity is also compared in Fig. 6 to the

operating cost of existing oil-fired power plants, which would range from
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4.5 to 6.1¢/kWh for oil costing $2.9-$4.0/GJ (Table 3). For the cases where
biomass is the sole fuel, the GSTIG facility would produce electricity at a
lower cost, even with oil at $2.9/GJ. Under these conditions, it would be
economically worthwhile to scrap existing 0il-fired plants and replace them
with new GSTIG facilities.

1f the country's total resource of cane residues were to be exploited
for power, some existing oil-fired generating capacity could be retired, new
central-station powerplant construction could be deferred for many years oY
perhaps decades, and substantial foreign exchange would be saved. A typical
1980s cane harvest (2.2 million tonnes) would support up to 80 MW of CEST
units that could export about 500 million kWh of electricity annually, or
over 150 MW of GSTIG units that could export about 1000 million kWh per
year. For comparison, JPS generated 1,437 million kWh in 1985. If GSTIG
generated power were to displace mew coal-fired capacity, up to $270 million
dollars of foreign earnings might be saved over the 30-year life of the
plants (Table 5). 1If cogenerated power displaced electricity from existing

0il-fired units, up to $300 million might be saved (Table 5). Per kWh

generated, the savings with GSTIG would be 50-90% higher than with CEST.

IMPLICATIONS
The introduction of GSTIG units worldwide could have a significant

impact in over 70 countries that grow cane. The amount of cane residues
produced globally in 1985 would support over 50,000 MW of GSTIG capacity,
most of which would be in developing countries in Asia and Latin America.
The amount of electricity that could be produced in developing countries
would be comparable to that now produced with oil or about 1/4 of the amount
generated by utilities in these countries [1].

A global transition to GSTIG cogeneration, while attractive, offers



challenges for both the sugar and electric utility industries. In the sugar
factories, the introduction of steam-conserving process technologies would
probably be required, and year-round operation of the cogeneration plant
would be beneficial. The development of barbojo recovery systems or "energy
plantations" would be desirable to supply fuel for the off-season. Since
investments in a cogeneration plant would typically be large compared to
traditional investments in the sugar industry, creative financing and
ownership arrangements may be desirable, e.g. utility and/or third-party
participation.

For candidate GSTIG manufacturers, the potential markets appear large
enough to justify the development effort that would be required to
commercialize the technology, and the projected growth of the sugar industry
worldwide--1.5% per year through at least the mid-1990s [22]--would insure
secure markets in the future. The potential GSTIG market may be still
larger if cane-based fuel alcohol comes into wide use. Preliminary
calculations indicate that GSTIG cogeneration would be well-suited for the
production of electricity at alcohol distilleries [1l]. Although the fuel-
alcohol industry is developed on a large scale today only in Brazil, this
situation may change, if, as expected,12 0il 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 attractive at lower oill prices than

otherwise [1], a possibility that warrants a detailed assessment, 13

12 The us Department of Energy projects rising oil prices in a tightening
world market, e.g. residual fuel oil for US utilities is projected to cost
$4.3/GJ to $6.4/GJ in the year 2000 compared to $2.27/GJ in 1986 [27].

13 4 multiple-product strategy might involve producing electricity plus a mix
of alcohol and sugar that depends on the relative market prices for sugar and
oil at any time. This approach would be consistent with the trend toward
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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:

o 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.

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

o Widespread operation of GSTIG systems could lead to lower averapge
electricity prices in many countries.

o Because GSTIGs would be based on aircraft-derivative gas turbines, a
sophisticated local maintenance capability is not required as a
prerequisite for introducing the technology. Most major repalrs would
be done off-site, while replacement engines (flown in from centralized
facilities) continue to produce power.

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

o 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

production of multiple, higher-value products. For example, the Sugar
Industry Research Institute's Factory 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 in addition to sugar: cane syrup,
amorphous sugar, fancy molasses, and charcoal (from cane rind).



sugar demand is projected to grow 1.5% annually through the mid-1990s.

o GSTIG units may also provide favorable economics at fuel-alcohol
distilleries, even with today's oil 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.

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

o The higher efficiency and lower capital cost of GSTIG relative to CEST
would make fuelwood more 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.

0 GSTIG systems would be used largely in rural areas of developing
countries, 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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Table 1. Cogeneration costs assumed for the financial
analysis.?2

Cogeneration System ===> CEST GSTIG
Capacity (MW) 27 53
Unit Cost ($/kW) 1560 990
Total Installed Cost (108$)P 42 53
Fixed Maintenance (103$/yr) 660 1300
Variable Maintanance ($/kWh) 0.003 0.001
Number of operating employees 24 55
Labor cost (10%$/yr) 130 300

8 From [1].

b 1f steam conservation retrofits are made at the factory,
the capital cost would increase by $3.1 million (see Table 2).

Table 2. Summary of factory end-use scenarios.?

FACTORY TYPE COST FACTORY EEERGY USE
EQUIPMENT RETROFITS Thousand Steam (kg/tc) . Electricityd
1985 US$ [Live] [Exhaust] __(kWh/te)
"Conventional" 0 209 374 13.0
No retrofits
"Steam-Conserving" 209 209 13.0
Plate/Gasket Juice Heater 100
5-Effect Falling Film Evap. 2,400
Continuous Vacuum Pan 600
TOTAL 3,100

aFrom [1]. See also [13].

bsteam conditions are 1.4 MPa, 250°C for live steam and 120°C, saturated for
exhaust steam.

CFor the analysis of the conventional plant, it is assumed that the existing
turbo-alternators are operated to produce all onsite 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 onsite electricity needs.

Cyith a new cogeneration system installed, the previously-existing boiler
system (including fans, pumps, and other electrical ancilliaries), which
accounts for approximately 1/3 of the electricity demand at a typical
factory [23], would be shut down. The electricity demands shown here are
with a new cogeneration system. Note that elsewhere in this paper, the
electricial output of the CEST and GSTIG systems are specified as net of the
cogeneration plant.



Table 3. Cost and performance assumptions and levelized cost of generating
electricity from a new 61-MW coal-fired power plant, and from existing oil-
fired units in Jamaica.

ASSUMPTIONS

For New Coal-Fired Power Plant®
Capacity (MW net of plant) 61
Full-Load Heat Rate (kJ/kWh) 12,030
Annual Capacity Factor (%) 66
Plant Cost (installed 1985$/kW) 1,195
Coal Infrastructure Cost (1985$/kW) 121b
Annual Labor Cost (1000 19858) 358
Maintenance Cost (1985$/kWh) 0.003
Discount Rate (%/year) 12
Plant Life (years) 30

For Existing 0il-Fired Units
Average Heat Rate (kJ/kWh) 14,500¢
0&M Cost ($/kWh) 0.0034

LEVELIZED BUSBAR COSTS (1985 $/kWh)

New coal plant Existing oil-fired
with coal at: plant with oil at:
$/GJ ===> 1.43 2.08 2.9 4.0
(§40/t) (§58/t) (§19/bbl) ($27/bbl)
Capital 0.0283 0.0283 0 0
Fuel 0.0172 0.0250 0.042 0.058
Labor 0.0010 0.0010 e e
Maintenance 0.0032 0.0032 0.003 0.003
TOTAL $0.050 $0.058 $0.045 $0.061

@Assumptions based on [10].

bNo coal delivery system exists today in Jamaica. The $121/kV represents

one-sixth of the cost of building a coal-handling port and the associated

infrastructure required to deliver coal to 6 plants in Jamaica. The total
cost for infrastructure development, based on [10], is estimated to be

$44 .45 million (19858).

CThe average heat rates for two JPS steam-electric plants in the early 1980s
were [10]: For Hunts Bay in 1981, 1982, and 1983, the heat rates (kJ/kWh)
were 14,643, 14,992, and 14,828, respectively. For Old Harbour, they were.
15,368, 17,443, and 14,458, respectively.

dThe 0&M costs for the Hunts Bay and Old Harbour power plants in 1983 were
$0.0037/kWh (1983$) and $0.0028/kWh, respectively [10].

©The maintenance cost given in this column includes the labor cost.



Table 4. Levelized fuel prices assumed for the Jamaica case study.

FUEL PRICE (1985$/GJ)
BAGASSE

As delivered from mills, 50% moisture 0.00

Dried to 25% moisture? 0.58

Baled, dried to 25% moisture and stored?® 0.78

Briquetted (12% moisture)?@ 1.16

Pelletized (15% moisture)? 2.02
BARBOJO

Baled, dried to 25% moisture, transported and storedP 0.97

Briquetted, transported, and stored (12% moisture)® 1.35

Pelletized, transported, and stored (15% moisture)® 2.21
PLANTATION FUELWOOD 1.00-1.504
RESIDUAL FUEL OIL

Low 2.90®

High 4.00
DISTILLATE FUEL OIL

Low 5.40¢€

High 7.50
IMPORTED COAL

Low 1.43e

High 2.08f
8From [24].

bEstimated in [2]. The barbojo would dry in the field to roughly 35%
moisture, after which it would be baled. It is estiamted that it would have
a moisture content of about 25% moisture, by the time it is used at the
cogeneration plant.

cCalculated 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.

dsee Table 10 in [1].

€Currently used in JPS projections to the year 2000 [21].

fEstimated for Jamaica to the year 2000 [10].

19



Table 5. Potential foreign exchange savings to Jamaica with alternative
cogeneration systems (based on the 1985 level of cane production) by
avoiding construction of new coal-fired capacity or by displacing existing
oil-fired capacity.?@

Present Value
of Lifecycle
Lifecycle FOREIGN EXCHANGE

Potential Required Foreign SAVINGS WITH
New Capital Exchange COGENERATION over
Generating Capacity Investment For Fuel Coal or 0il Firing®
Technology (MW) {Million §) (Million $)b (Million $) ($/MWh)
1. CEST COGENd 79 132 0
vs. New Coal-Steam® |
Coal @ $1.43/GJ 88 116 70 | 54 3.54
Coal @ $2.08/GJ 88 116 102 | 86 5.64
vs. Existing Oil-Steam |
0il @ $2.9/GJ 0 0 172 | not applicableb
0il @ $3.2/GJ 0 0 190 | 58 3.81
0il @ $4.0/GJ 0 0 237 | 105 6.89
2. GSTIG COGEND 153 160 0 |
vs. New Coal-Steam® |
Coal @ $1.43/GJ 172 226 138 | 204 6.84
Coal @ $2.08/GJ 172 226 200 | 266 8.92
vs, Existing 0il-Steamf |
0il @ $2.9/GJ 0 0 337 | 177 5.94
0il @ $3.2/GJ 0 0 372 | 212 7.11
0il @ $4.0/GJ 0 0 464 | 304 10.2

4For a cane production of 2.2 million tonnes per year, and CEST and GSTIG
export electricity production of 231 and 452 kWh/tc, respectively. Thus, the
CEST and GSTIG systems would produce 500 and 1000 GWh/year, respectively.

PFor a 12% discount rate and a 30-year lifecycle.

CFor this analysis, all of the capital is assumed to be foreign exchange.
dAssuming all of the capacity is installed at a cost of $1671/kW, which
includes factory retrofits for a "steam-conserving" factory, and a
calculated capacity factor of 73%.

€See Table 3 for costs of coal-steam electricity.

fSee Table 3 for costs of oil-steam electricity.

BCEST power would not displace oil-fired power unless:the price of oil is at
least $3.2/GJ, where the fuel plus operating cost for the oil-fired plants
would equal the total generating cost for the CEST ($0.049/kWh).

hAssuming all of the capacity is installed at a cost of $1048/kW, which

includes factory retrofits for a "steam-conserving" factory, and a
calculated capacity factor of 74%.
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