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Chapter 1

Introduction

1.1 Scope of Effort

The following report is prepared to meet three objectives. The first is
to provide the basic input 4data on renewable energy sources for thke National
Energy Modzl being prepared for the Ministry of Mining and Energy by the
Argonne National Laboratory. The second is to review the potentisl uses for
renewable energy resdurce§ which have been proposed in the various reports and
communications received by the Ministry or prepared by its staff. The third
objective is to present financial and economic evaluations of certain resource
and technology combinations so as to provide an insight into their potential

usefulness.

The review of potential resources focuses on: (1) the availability of
thése resources; (2) the costs and conversion efficiencies of the technologies
used with these resources; (3) the expected end-uses of these resource-
technology combinations; (4) the extent to which these ccmbinations will
substitute for commercial fuels or meet new energy requirements; and (5) the
period over which these combinations are expécted to be introduced. The
resources being consideréd include: solar insolation, wind, hydropower,
fuelwood, energy crops, biomass residues, peat, ocean-thermal gradients,
animal dung and urban wastes. The availability of the renewable resources are
relatively well understood although there are significant gaps in the land use

data and the statistics on agricultural production and livestock ownership.

The end-uses of the renewable energy resources are defined for purposes of
this report as: electricity generation, irrigation pumping, transport shaft

power, industrial process heat, industrial shaft power, on-farm shaft power,

N
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on-farm process heat, and residential process heat. The electricity
generation category has been broken down into commercial (grid), industrial
and residential (auto—generation). The level of demand for these end-uses are
being examined in a series of energy demand surveys (agricultural,
residential, industrial, commercial, transportation and tourism). However,
the data from these surveys were not available at the time that this report
was being prepared. Therefore, the demand markets have been loosely defined

in terms of potential markets.

The technologies which are used to convert the renewable resources into
fuels or energy which are appropriate for the seleéted end-uses are shown as
entries into the technology matching chart in Figure 1.1. . The rows refer to
the renewable resources being considered. The columns refer to potential
end-uses. The costs and conversion efficiencies of the technologies shown in
Figure 1l-1 were determined primarily from secondary sources. Although
considerable discussion has taken place concerning the use of these
technologies within Jamaica, only a few of these technologies have been

considered in feasibility studies or firm bids by suppliers for use in Jamaica.

1.2 Macro-economics

This report does not provide detailed financial and economic evaluations
of the various renewable resource-conversion-technology (R-T) combinations
(other than for a few case studies). evertheless, some background on the
macro~economic conditions in Jamaica is necessary in order to assess the
potential of these combinations for meeting the future energy reéuirements of
the country. The ailocation of these R-T combinations in the future will be
projected by the National Energy Model based on relative costs and potential

markets.
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The country has suffered a steady worsening of economic conditions over
the last ten years. The Gross Domestic Product (GDP) declined at an average
rate of two percent per annum. On a per capita basis, this rate of decline is
closer to four percent per.annum, despite a relatively low birth rate and
considerable net migration. The most seriously affected sectors were
construction, wholesale/retail and manufacturing. These declined by 10
percent, 5 percent and 4 percent per annum, respectively, as shown in Table
l.1. The mining sector declined by 3 percent per annum, primarily due to the
reduction in the exports of bauxite. The agricultural sector was relatively
unctanged because the decline in the sugar ihdustry was compensated for by the
introduction of new crops. The only significant g?owth was in the banking and
service sectors and even there the growth rates were less.ihan the rate of
increase in population. While there were some signs of a recovery in 1981,

this recovery appears to have stalled (see Table a.l).

The contribution to GDP of the different economic sectors has also changed
over the last ten years as shown in Table 1.2. Both the agricultural and the
mining sectors nave fluctuated in importance over this period, but neither has
contributed more than 8.25 percent to the GDP. The manufacturing sector has
declined from 18 percent of GDP in 1973 to 16 percent in 1982. The
wholesale/retail sector has declined from 21.5 to 16 percent of GDP over the
same period, while government sc<rvices rose from 11.25 to 1¢.5 and other

services rose from 19 to 23 percent.

The general economic malaise, the movement away from manufacturing and
trade to services, and the increase in the relative prices of fuels and energy

have caused changes in the pattern of energy consumption. The expenditure for

private consumption of fuels has increased at a more rapid rate than inflation



Table 1.1.

Average Rate of Change in Major Sectors
of GDP 1973-1982

Sector

Mriculture

Mining and quarrying
Manufacturing
Electricity and water

Construction and in-
stallation

Distributive trade (whole-

sale and retail)

Transport, storage and
communications

Financing and insurance
services

Real estate and business
services

Producers of government
services

Total gross domestic
product

Average Rate of Change | R<¢ for Constant
Percent Per Year | Rate of Change
Negligible -
"3 % (028)
-4 % (.91)
+1 % (.71)
-10 % (.89)
-5 % (.78)
Negligible -
13 (.47)
1 3 (.71)
5 % (.90)
-2 % (.85)

Source: National Income and Product 1982; simple exponential regression,



TABLE - 1.2
PERCENTAGE CONTRIBUTION OF GROSS DOMESTIC PRODUCT BY INDUSTRIAL SECTCRS AT CONSTANT PRICES

INDUSTRIAL SECTOR 1973 1976 1979 1982
Agriculture, Forestry and Fishing 6.6 7.8 - 8.3 7.7
Mining and Quarrying 8.1 6.2 7.6 6.2
Manufacture 17.9 18.8 16.4 15.9
Electricity and Water 1.0 1.2 1.2 1.3
Construction and Installation 10.1 8.4 7.1 5.9
Distributive Trade (Wholesale and Retail) 21.5 16.8 15.1 16.0
Transport, Storage and Communication 5.5 6.8 6.6 6.9
Financing and Insurance Services 4.1 4.6 4.7 5.2
Real Estate and Business Services 9.3 10.6 11.1 12.3
Producers of éovernment Services 11.2 15.3 18.6 19.5
Miscellaneous Services 5.6 5.ﬁ 5.1 5.4
Household and Private Non-Profit Institutions | 1.8 1.3 1.0 1.1
Less Imputed Service Charges 2.7 3.2 2.8 3.4

Source: National Product and Income 1982

9-1
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(see Table a.2). Electricity consumption has increased during the decade, but
with considerable fluctuations. The consumption of petroleum fucls has also

fluctuated, but in a generally downward direction.

The experiences of the last decade make it somewhat difficult to predict
what will occur over the next two decades. Projections of the economic growth
through the year 1987 have been prepared by the Jational ?lanning Agency.
Their projection of a growth rate in GDP of 4.7 percent per annum for the
period 1983 to 1987 now appears optimistic. A series of three projections of
the GDP by sector for the period 1981 to 2002 were prepared in support of this
project. A summary of these is shown in Table 1.3. For the medium case, the
GDP is expected to grow at an average rate of 2.6 percent_ﬁor the first five
years, then increase to a rate of 4.7 percent for the next five years and
finally drop back to a rate of 2.6 percent for the final decade. The average
rate fcr the period on a per capita basis is a relatively modest 1.7 percent
per annum (a total increase of 40 percent over the two decades). The most
rapid growth is forecast for the mining, manufacturing and construction
sectors with average growth rates during the period of 7.9, 5.1, and 8.6
percent, respectively. The electricity and petroleum refining sectors are

expected to grow by an average of less than 3 percent per annum during the

same period.

Given these projections for a relatively slow economic growth and a slow
rate of growth in population (estimated at between 1.4 and 2 percent per
ahnum), it appears that the impact of renewable energy resources will be more

in the area of fuel substitution than in meeting new demand.

1.3 Cost Inflation

Determination of the costs ot using various resource~-technology

combinations for different end-uses was based on data’available from two ,tZ7
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Table 1.3. GDP Forecast by Sectors
in Constant Prices 1982-2002

| | Actual | | | |

Sector | Forecast | 1982 | 1987 | 1992 ! 1997 | 2002
Agriculture High 225 274 340 424
Medium 146 1932 216 242 271
Low 175 187 199 210
Mining High 218 262 315 379
Medium 117 175 238 323 439
Low 163 216 285 378
Manufacturing High 374 469 591 749
Medium 303 350 410 480 563
Low 297 313 330 349
Construction High 178 252 355 500
Medium 113 146 181 225 279
Low 122 136 151 168

wholesale/
Retail High 359 426 505 600
Medium 304 328 364 404 447
Low 317 341 367 395
Electricity High 29 ' 33 37 42
Medium 24 28 31 35 39
Low 25 26 27 28
Other High 1,135 1,315 1,535 1,805
Medium 1,018 1,067 1,117 1,172
Low 1,002 1,041 1,082 1,115
TOTALS High 2,518 3,029 3,678 4,499
Medium 1978 2,237 2,506 2,80F 3,210
Low 2,102 2,260 2,442 2,654

Source: Adgro-Socio-Economic Research, Ltd., "An Economic Analysis in
Connection with National Energy Plan," 1983.
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sources; 1) various proposals for using these R-T combinations in Jamaica,

2) secondary sources on the use of these R-T ccmbinations in countries other
than Jamaica. In order to comparé the different cost estimates, it was
necessary to adjust them to base year (198l) prices. Because the prices were
estimated in both Jamaican and foreign currencies, escalators were calculated
to adjust price quotes for both, with the foreign currency escalator based on
the U.S. dollar in the 7J.S. economy. For the Jamaican prices, only two
indicators were avallatle for making these adjustments; the consumer price
index and the GDP deflator (see Table a.3). Since the latter contains a large
labor component and no imports, it was used to adjust labor costs. The former
was used to adjust the costs for equipment, facilities, and construction. For
the foreign currency prices, two economic indicators were used. For
equipment, facilities and construction costs the wholesalevprice index for
industfial goods was used. For labor costs the index for average wages in
manufacturing was used. The resulting inflators for labor and construction,
facilities and equipment are shown in Table 1.4, together with inflation

factors for the price of petroleum fuels.

/ [}

4}7



Cost Escalation Factors
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TABLE - 1.4

US$ (Foreign Currency)

Jamaican §

Capital, = Capital, 4

Equipment, 2 3 Equipment, 5 6

Construction  Labour Fuels Construction Labour Fuels
1973 4.50 3.60 } 2.35 1.90 (
1974 3.55 2.75 1.90 1.75
1975 3.05 2.30 4.66 1.70 1.65 3.18
1976 2.75 2.05 4.88 1.60 1.50 3.18
1977 2.45 1.85 4,02 1.50 1.39 2.80
1978 1.85 1.45 2.68 1.40 1.28 2.77
1979 1.45 1.25 1.73 1.25 1.18 2.28
1980 1.15 1.07 1.20 1.09 1.10 1.32
1981 1.00 1.00 1.00 1.00 1.00 1.00
1982 .95 .93 .96 .98 1.04 1.16

1 based on CFI all items

2 based on GDP deflator

3 based on 3unker T prices f.o0.b. ex Curacao

4 based on wholesale prices for industrial goods

5 based

6 based

on average wages in manufacturing

on medium fuz2l cil prices f.o.b. Singapore



Chapter 2

Hydropower

The potential for generating electricity in Jamaica through the use of
falling water has been studied extensively. At present there are five
hydro—electric facilities operéting as part of the Jamaica Public Services
(JPS) system. These facilities range in size from 2.5 to 4.75 megawatts of
nominal capacity. They were constructed between 1945 and 1959. Their total
output amounts to 15.2 megawatts. From the period 1976 to 1979, they operated
at about 83 percent capacity. Since then they have reportedly been cperating
in excess of their nominal capacity of 133 Gigawatt-hours per year.*
Currently, they provide about 10 percent of the total electricity generated by

JPS.

During the last £ x years, a series of new hydro-electric projects have
been identified by Swedish and Canadian consultants working in Jamaica. 1In
the first phase of these studies, ten sites were identified. Five of these
have been the subject of feasibility studies conducted by SWEQO. These sites,
Rams Horn, Constant Spring, Rio Bueno, Rio Cobre and Great River, range in
size from 0.5 to 8 megawatts. They are expected to provide a total capacity
of 11.2 megawatts and an annual output of 51.5 gigawatt hours. The largest of
these projects, Great River, would provide about two-thirds of the total
output. The planned construction of these units is tentatively scheduled for
1984. The other five sites were analyzed by two consultant firms, CEDSI and
Motor Columbus. The former submitted prefeasibility studies on four sites,
Laughland-Great River, Cave River, Morant Bay and Negro River, in 198l1. The

latter completed a feasibility study on a Y.S. River site in 1978. These five

* Qutput as reported in Economic and Social Survey, Reference 43,
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sites have a total capacity of 11 megawatts and an expected output of 51
gigawatt hours. The Laughlands project is expected to account for almost
three-fifths of this output. As with the other schemes, the expected starting

data for construction is 1984.

The various projects considered in the first phase are descrited in the
data sheets in Tables b.l to b.5. Because of the considerable capital
investment for these ten schemes, about 60 million U.S. dollars, it is
expected that they will be completed over a number of years with about 7.5

megawatts being brought on-line in each year from 1987 to 1989.

The second phase of site identification was undertaken by CEDSI and is
currently nearing completion. Aan island-wide inventory was prepared and 51
sites were identified as possible hydro-electric sites. Based on data
gathered during site visits, and on subsequent costs estimates, the original
list was reduced to 23 sites at which electricity could be generated at a
reasonabie cost. From these 23 sites, ten were selected for feasibility
studies. These ten are described in Table b.6. The otber sites have various
problems related‘to access, environment or size. The ten selected sites range
in size from 0.5 megawatt to 5.5 megawatts. Their total capacity is 19.5

megawatts with an expected annual output of 103 gigawatt-hours.*

Assuming that the feasihility studies will require two years, the approval
process another two years, and the construction and start-up an additional 2-3
years, these facilities will not come on-line until 1989. Since these

facilities will require an estimated investment of 45 million U.S. dollars, it

* This expected output is based on preliminary analysis. Better estimates
will be provided in the feasibility studies.
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is assumed that the construction will be phased and will follow the
construction at the Phase I sites so that approximately 6.5 megawatts will be

added each year from 1990 to 1992.

The remaining 13 sites from the second phase have an estimated capacity of
17 megawatts and an expected output of 98 gigawatts-hours/year. It is assumed
that some of these sites will be considered in a third phase of analysis and
about one-half of these sites will be developed by the mid-1990's. These
would add an additional 8.5 megawatts by 1997, thus bringing the total
hydro-electric power on the ¢grid to 65.5 megawatts. The scheduled

implementation is shcwn in Table 2.1.

The total cost for the 20 facilities to be constructed in Phases I and Il
is estimated to be $J186.3 based on the estimates presented in Table 2.2
(using a conversion factor in 1981 prices of J31.78=US$l). 1If it is assumed
that the local and foreign currency expenditures are divided evenly, then the
cost would be US$52.3 million and $J93.2 million. The price per kilowatt of
capacity is approximately $J4,450 or US32,500. 1In the SWECO reports, the
maintenance was assumed to be three percent of the éapital costs. In the
CEDSI report, 10 percent was used. For the current analysis, a median value
of reven percent is assumed with two percent in foreign currency and five
percent in local currency. The annual maintenance cost when all projects are
completed would be $US2.1 million plus $J9.3 million. This is equivalent in
1981 priceé to an annual cost per installed megawatt of US$50,000 plus

$J223,000.
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Table 2.1.

Projected Hydro-electric Capacity 1983~1997

Year

1981-86
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

Megawatts

15.2
22.6
30.0
37.

44.0
50.5
57.0
57.0
57.0
60.0
63.0
65.5

000's MWHR's*

106.5
141.0
175.0
209.0
243
277
312
312
312
329
346
356

* Assumes 80% availability for existing units.
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Table 2.2.

Proposed Hydro-electric Facilities

Capital
Expected 1981 Cost Earliest
Energy Capital per Date of
Na me Capacity Output Cost Kwe Availability
(MW) 106 KW hr $106 10378
phase I
1. FRams Horn .48 3.1 J. 6.23 4.9 86
2. Constant Spring .78 6.0 J. 6.23 4.9 86
3. Rio Bueno 1.10 5.9 J. 3.9u 3.6 86
4. Rio Cobre 1.00 4.5 Je 7.72 7.7 86
5. Great River 7.80 32,0 J. 49.9 6.4 87
6. Laughlands Great River 6.50 27.8 U.5. 9.1 2.5 86
7. Cave River .66 3.4 U.S. 1.5 3.6 86
8. Morant River 22 13 Uu.s. .8 6.5 86
9. Negro River 1.00 6.1 U.S. 2.58 4.6 86
10. Y.S. River 2.60 12.4 U.S. 7.22 5.0 86
Phase II
l. Wwild Crane 1.04 6.14 U.S. 1.72 3.0 g0+
2. Green River 1.42 7.84 U.S. 2.41 3.0 90t
3. Morgans River .97 5.69 U.s. 1.91 3.5 90
4, Rio Grande Canal 3.54 18.30 U.S. 6.49 3.3 90
5. Yallahs River 2.56 15.03 U.S. 6.11 4,3 90
6. Swift Scheme 2 .56 3.04 U.S. 1.35 4,3 90
7. Swift Scheme 1 1.92 9.08 U.S. 4.20 4,0 90
8. Spanish Scheme 6 - 1.49 7.83 U.S. 3.81 4.6 90
9. One Eye River «55 2.70 U.S. 1.48 4.8 90
10. Martha Brae River 5.59 27.42 U.S.15.94 5.1 90

+ 2 year feasibility, 2-3 year construction, 2 year decision-making.
* Discounted by 8 percent to 1981 prices.

** 1.78J% =1 U.S. $.
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Since all plants are expected to be hnoked into the grid and operated as baseioad
facilities, the energy generated will be used to replace existing steam units or as
substitutes for construction of new thermal plants. The location of these sites is

shown in Figure 2.1.
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Chapter 3
Solar

This chapter examines five technologies which make use of solar radiation
as a source of energy. These technologies are passive collectors for water
neating, solar crop driers, photovoltaics, concentrating collectors for
central power generation, and solar ponds. These technologies are very
different in their applications. The most promising is passive collectors
which are currently being installed on many institutions, businesses and homes
in Jamaica. Crop driers are expected to have limited impacts because their
applications are generally limited to specific designs for small-scale
applications. Photovoltaics continue to be toco expensive to be considered for
widespread use and the nation of Jamaica is sufficiently compact that remote
site applications are limited. The use of concentrating collectors and solar
ponds for large scale electricity generation are experimental technologies
with limited applications world-wide. The former is expensive and requires
considerable electrical storage capacity. The solar ponds and concentrating
collectors require considerable land areas in locations protected from high
winds. The solar ponds have even more stringent requirements as to the

geology of the area.

In the short-term, only the passive collectors are expected to be widely
used. In the medium term, solar ponds may be constructed and crop driers used
for specific high-value crops. In the long-term, photovoltaics may f£ind some

applications in small-scale irrigation.

Steve Marston of the MME staff provided considerable information regarding
the current and potential uses of solar energy in Jamaica. He also provided

costs estimates for local fabrication of many of these technologies.
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3.1 Resource

The level of solar insolation in Jamaica is similar to that of other
islands on the same latitude, e.g., Puerto Rico and Hawaii. The daily level
of insolation is currently recorded at only one location, Norman Manley
Airport.i/ Although close to Kingston, this site is not representative of
the metropolitan area because it does not experience the same degree of
cloudiness. 1Indeed, there is considerable variation in the availability of
solar radiation throughout the island because the changes in topology cause
variation in rainfall and cloudiness. These factors affect not only the

available solar radiation, but also the mix of direct and diffuse radiation

received at the different areas of the island.

In order to estimate the solar insolation in different areaslof the
island, the information on rainfall and extraterrestrial insolation were used
in a formulation developed in Puerto Rico. This formula derives a "k-factor"
based on the number of inches of rainfall. This parameter is multiplied by
the extra-terrestrial radiation, which was computed directly for Jamaica.z/
The rainfall data used was the monthly data collected by the Meteorological
office .3/ This data is summarized in the form of rainfall contours for each

month of the year based on the data from the previous decade.

With this information it was possible to divide the island into 8 zones as
shown on the map in Figure 3.1. For each of these zones a monthly estimate of

the solar insolation was calculated. The results are presented in Table 3.1.

1 There is now under review a program for an extensive monitoring of
solar radiation throughout the island to include collection of data on direct
and diffuse radiation; however, useful data from this effort will not be
available for a few years. ‘

2 ¢, Cromer, Reference 22.

3 Climatology Branch, Jamaican Met. Service, "The Climate of Jamaica,™
Reference 21.

//
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Regions of Jamaica Based on Annuai Solar Insolation
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TABLE - 3.1

Estimated Monthly Insolation Levels

(000's Btu/ft%/day)

Region Estimated

Month 1 2 3 |4 | s 6 7 8 9

Jan. 1.15 | 1.05 | 1.15] 1.40| .75| .80 | 1.05 | 1.15 | 1.40
Feb. 1.60 | 1.30| 1.60|1.60| 1.15| 1.15 | 1.25 | 1.50 | 1.5
March 1.60 | 1.45 | 1.60]1.70{1.10|1.45 | 1.30 | 1.60 | 1.80
April 1.50 | 1.35| 1.50|1.80|1.35|1.45 | 1.50 | 1.50 | 1.9%
May 1.15 | .60 | 1.30|1.45! 750115 | 1.30 | .95 | 1.80
June 1.5 | .60 | 1.45]1.55] .8501.15 | 1.30 | 1.30 | 1.95
July .75 | .40 | 1.55|1.851.00|1.60 | 1.60 | 1.30 | 1.85
Aug. .95 | .60 | 1.60|1.90| .95|1.50 | 1.60 | 1.45 | 1.80
Sept. 90 | .35 ] 1.20]1.45| .80|1.30 | 1.30 | 1.25 | 1.60
Oct. .95 | .65 .95|1.10] .45| .90 80 | .90 | 1.60
Nov. 1.05 | .70| .85|1.30| .55| .85 80 | 1.05 | 1.49
Dec. 1.10 | 1.00 | 1.10]1.35| .60! .95 95 | 1.10 | 1.35
Ave. 1.15 | .85 | 1.30|1.55| .80|1.10 | 1.25 | 1.25 | 1.70
Min. 75 | 35| .85)1.10| .45| .80 | .80 | .95 | 1.38
Max. 1.60 | 1.45 | 1.60|1.90{1.35|1.60 | 1.60 | 1.60 | 1.95

1. Westmoreland, Hanover, St. James, North St. Elizabeth

2. Upland Hanover and Westmoreland

3. Trelawny, St. Elizabeth, Manchester, parts Clarendon, St, Catherine
St. Andrew and St. Thomas

4. Coastal Clarendon and St. Catherine

5. Upland Portland, St. Thomas and St. Andrew

6. Border St. Mary, St. Ann, St. Catherine

7. Upland St. Ann

8. North Central area from Clarendon and St. Ann to West coast

9. Norman Manley Meteorological Station data.

SOURCE: Met. Office, K factor equation relating rainfall and cloud cover
presented in Solar Water Heater Design notes.
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This data suffers from several problems. The first is that the rainfall
con;ours may not be completely accurate because of the need to extrapolate
contours from the measurements of a few rain gauges. The second i3 that the
correlation between level of rainfall and cloudiness is generally not strong
enough to make differentiations in the level of solar radiation between
adjoining regions. The third is that it is difficult to estimate the direct
and diffuse components of radiation from these estimates. Although formulas

exist for making these extrapolations, they are necessarily less accufate.

Despite these problems, the estimates for the north coast of Clarendon and
St. Catherine as shown in Table 3.1 are in general agreement with the
measurements from Norman Manley airport which has a topology similar to these
areas. Tnhe estimates in Table 3,1 indicate *hat regions other than the
coastal lowlands receive from 25 percent to 50 percent less solar radiation
during the year. The lowest levels of annual solar radiation occur in the
upland areas where there is considerable rainfall throughcut tie vear. I(See

Figures c.l and c¢.2.)

The pattern of varlation in solar radiation during the year is different
for different regions of the island. Ih regions 1 and 2 (Figure 3.1) the
periods of lowest radiation occur during the months of July through October .
In the other regions the perind of lowest radiation is estimated to occur
during the months of October through January. While these monthly numbers
must be used with care because of the uncertainties associated with the method
of estimation, they do provide an indication of the considerable variation in
solar insolation during the year. The use of solar inmsolation as a source of
energy will be limited b& monthly variations of +25-30 percent ahd even

greater daily fluctuations due to cloudiness.

L
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Any system which is designed to make use of this resource mugt be equipped
with a considerable storage capacity (e.g. solar ponds) or with a backup
system (e.g. electric/solar water heaters). In the latter case, the solar
technology will be.financially viable only if its total cost is less than the

marginal cost of fuel saved from lower utilization of the backup system,

3.2 Technologies

The technologies which are being considered for converting the energy from
solar insolation to useful energy include: passive collectors for water
heating and crop drying, photovoltaics for small-scale electricity generation,

concentrating collectors for producing grid electricity, and solar ponds.

3.2.1 Collectors for Water Heatina

A wide variety of collectors are used for heating water. The selection of
an appropriate collector depends on the application for which it will be used
and the quantity and temperature of water required. The most common
application in Jamaica is for residential and institutional hot water. This
is provided by locally-assembled, flat-plate colleétors. The collectors have
a conversion efficiency of between 50 and 80 percent, however, the overall
efficiency of the hot water system will be much less. The efficiency for a
thermosyphon system is estimated to be 30 percent whereas that for a forced
water system is estimated to be 25 percent. The price in 1983 for the former
ranges between J360-80 per square foot while the price for the latter is about
J$65 per square foot. A breakdown of costs for a typical system is shown in
Table 3.2. It is expected that these costs will drop as local manufacturing

experience increases and the markets expand. It is expected that they will be
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appfoximately 25 percent less by 1986 and 50 percent less by 1992. The annual
maintenance costs are estimated to be about 2 percent of the total capital

cost or about J31.2-1.6 per square foot.

Estimates of the amount of energy captured and the cost per million BTU
for the thermosyphon and forced-water systems are presented in Table 3.2 for
different levels of solar insolation. These estimates assume that the systems
have a life of 15 years, that they are amortized over their lives at a
discount rate of 7 percent (in constant terms), and that 80 percent of the
captured heat is used. These two systems are compared with the shallow pond
system which utilizes polyethelene bags and is now being developed at
Livermore Laboratories in the United States. The current price for this
system is estimated to be $J30 per square foot, however, it is likely that its
actual price, when available for distribution in Jamaica, will be closer to
J340 per square foot. These systems are expected to have a life of only 10

years.

For high levels of insolation the costs per million BTU for all three
systems is estimated to be between J$55 and J$65 while for low levels of
insolation the cost is estimated to rise to J3130-145.* While the numbers
used in these estimates are limited in accuracy to +25 percent, the
implications are clear. Solar water heaters are competitive in applications
where they are used in conjunction with an existing eleétric or LPG water
heater sysﬁems but are not competitive when used in conjuction with industrial

systems using diesel or bunker C.**

* These costs include backup electric heaters in the storage tanks.

** These conclusions are similar to those arrived at by T. Lewis, S.
Marston and D. Keith despite variation in assumptions as to system cost and
efficiency.



Table 3.2,
Solar Water Heater Costs and Qutput

Typical flat plate unit

Two 4'x8' flat plate collectors J31200
60 gallon glass lined tank J$1200
piping, controls, pumps J$ 600-1500
installation J$1000-1300
Total Cost J$4000-5200
cost/sq. ft. J$ 62-81
System Solar Insolation System Useable*’ Cost per**
(ave. BTU/ft2/day) Efficiency Energy 106 BTU (J9)
(106 BTU/yr)
thermosyphon 1900 .30 10.6 54.8
1500 .30 8.4 69.2
1100 .30 6.2 93.8
800 .30 4.5 126.2
forced water 1900 .25 8.8 6l.2
1500 .25 7.0 77.1
1100 .25 5.1 105.9
800 .25 3.7 145.9
polyethylene bag 1900 .20 7.2 58.4
1500 « 20 5.6 74.2
1100 .20 4.1 101.4
800 .20 2.9 143.3

* Assumes 80 percent utilization, 64 sg. ft, collector.

** 15 year life, 7 percent interest rate

Source: S. Marston, References 54 and 55, Consultant's estimates
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With improvenments in system efficiencies and reductions in system costs, it 1s
expected that the solar water heaters will become more attractive relative to'
stand-alone electric and LPG water heaters, but not relative to oil-fired

systems. This analysis has been done in 1983 prices, the 1981 prices for the

same systems are shown in Table 3.3.

Other technologies can be used where higher temperature water is
required. Potential uses include preheating water for use in open cycle
boilers and preparing hot water for commercial and industrial applications.
Typical costs and efficiencies are shown in Table 3.3 and Figure d.1. Despite
the larger sizes of these units and the higher temperatures, the system costs
per million BTU of useful energy are not expected to be significantly lower.
Therefore, the same price constraint would apply to these applications. It is
unlikely that solar water heaters will replace oil-fired boiler water heaters,

but they may be used in conjunction with electric and LPG water heaters.

3.2.2 Photovoltaics

Photovoltaics are not currently in use in Jamaica except for experimental
units. These devices remain among the most expensive technologies for
converting solar radiation to useful energy. Early expectations for a drop in
the price to less than US$1 (1980 $'s) per peak watt have generally been
discarded for two reasons. First, the rate of investment in research and the
cost reductions resulfing from that research have greatly slowed down in the
last few years. Second, the balance-of-system costs will not decrease
significantly as a result of future research and these costs now account for

more than half of the costs of the photovoltaic systems.

&V
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Table 3.3.

Solar Collector Designs

for Heating Water

Final Water 1983 1981
Design Temperature Size Costs Costs Efficiency
(°F) (ft x ££)  (38/6e%)  (as/6ed)
flat plate 100-140 4 x8 20%; 19 50-80;5/
~thermosyphon system 100-140 2--4 x 8 60-805/ 55-73 30%7/
-forced water system 100-140 2--4 x 8 65— 60 25%—
shallow pondg/ 3/ 8/
~-polyethylene bags 100-~140 2-~8 x 25 40~ 37 15-20%~
compound parabolic 140-300 8 x 4 701/' 54
evacuated tube 250-400 8 x 4 84§/ 77
trough 400-600 120-150 110-138
Notes: . Collector only, source: $S. Marston.
2. System, source: S. Marston, future cost 30/ft2,
3. Consultant's estimate. ,
4. $750 for 4' x 8' collector only; balance of system estimated $1500.
5. $900 for 4' x 8' collector only: balance of systen, estimated $1800.
6. Peak efficiency.
7. System efficiency.
8. ©Source: S. Marston.

¢
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The costs for photovoltaics and their conversion efficiencies vary. A
typical cost for a module in 1983 is $5-11 per peak watt Qith an average
efficiency of 10 percent.* The expectation is that the module cost can be
reduced to about $2 per peak watt and the efficiencies increased to 12 percent
by the end of the decade. However, these costs do not include the
balance-of~system costs which are currently about US$10-20 per peak watt.
Optimistic estimates project system costs in the US$2-5 (1980$'s) per peak
watt range by 1990 but there is considerable disagreement as to whethér or not
tie balance-of-system costs can be reduced to the required levels. For
insolation levels averaging 1500 BTU per square foot per day and conversion
efficiencies of 10 percent, 23 square feet of photnvoltaic cells would be
required to produce an average output of 1 kilowatt assuming a ratio of peak

to average output of 2:1.

The cost per average kilowatt is about US$15,000 (in 1981$) for the
collectors and another US$20-40,000 for the balance of the system, again
assuming a ratio of 2:1 peak-to-average. In the future, the system cost 1s
expected to drop to US$12-20,000 but this level is not expected to be realized
until the end of the decade and would not be commercially available until the

early 1990's.

Since Jamaica has grid electricity available throughout most of the
island, it is unlikely that photovoltaics will have an important use in
providing electricity. The exceptions are isolated uses such as cathodic

pfotection for pipes and tanks and remote communication systems. Most of the

* 8 percent if the output is converted from DC to AC.
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remote locatinns are in the upper elevations towards the center of the
island. These would not be appropriate for use of photovoltaics because of

the high level of cloudine:s and precipitation.

3.2.3 Crop Driers

The use of solar crop drying is common throughout the world, but is
generally limited to patio-drying with direct radiation. The use of dryers
incorporating solar collectors and d?ying chambers in which the pre-heated air
is circulated through natural convection or forced air has been limited.

Solar crop driers are generally designed for high-value crops which are
produced in relatively small quantities such as coffee, cacao, bananas,

coconut/copra, vegetables and herbs.

In Jamaica, coffee beans are dried while they are stored in bags. They
are then transferred to the Coffee Board factories where the beans are husked
and then dried again prior to hulling and roasting. The drying of the husked
bean is done by burning diesel fuel. The drying is controlled to ensure a
uniform mdisture content. Proposals for dispersing the coffee drying activity
to the plantations have been resisted by the Coffee Board because of the need

to ensure a consistent moisture content prior to shipment.

Cacao is dried during the fermentation process. The drying heat is
provided by patio-drying. For processing copra the coconut meat is dried at
the factory by burning the husk and nut to generate the drying heat. Most
bananas are sold or exported as fresh fruit, however, a small portion of
rejects are dried and then used in the production of chips or other processed
food. This drying is generally done with biomass residues. Vegetables and
fruits are generally not dried but delivered directly to the markets for sale

or export.

o
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The potential use of solar crop driers appears to be limited given the
current type of crops, their markets and the_scale of processing. Most crop
drying is done on a relatively large scale using agricultural or processing
residues for fuel, therefore, it is unlikely that solar crop driers will be
usgd except in isolated cases of on-farm drying of high value crops such as
herbs. Because of the lack of well defined wet and dry seasons, crop drying
may occur during periods cf low solar insolation. It is therefore necessary
to provide backup systems to provide drying heat when skies are overcast. In
this situation, the benefits of solar crop drying are limited to the potential

fuel savings.

The costs for crop driers and their conversion efficiepcies are difficult
to determine because most units are designed for specific‘applications. The
efficiencies of solar crop drier collectors are assumed to be similar to those
of flat plate collectors, i.e. 50 to 80 percent. However, the quantity of
heat required depends on the required change in moisture content, the method
of moving the air between the heater and the crop, and the temperature of the
heated air. The cost of the solar crop driers would be less than for solar
water heaters because of the simpler construction in the balance of the
system, but the cost per million BTU would be higher because of the much lower
level of utilization. For a crop drier utilized for three or four months in a
vear, the cost per unit energy would be 50 to 150 pércent greater than for a

water heating system.
3.2.4 Solar Ponds

The potential for using a non-convecting solar pond for the production of
Process heat or electricity in Jamaica was first examined by H. Tabor as part

of an IDB consultancy in 1982. As part of this effort, he visited seven

K
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potential sites. The selection of an appropriate site is a fairly complex
undertaking since it requires knowledge of the wind regime, the permeability
of the ground, and the location of underground water, including aquifers. The
selected sites must have sufficient land area (30-50 acres per megawatt) and
be located close to a source of water, preferably sea water, to make up for
evaporation losses. Also, the sites must be free of stresses or strains in
the earth which might cause differential thermal expansions resulting in earth
movement. Of the seven sites visited, three were selected for further
examination to collect the information indicated above. These sites are the
Salt Island Lagoon in the Hellshire Development area, the Grand Pedro Pond in
St. Elizabeth and the smaller of the Yallah Ponds in St. Thomas. (See the map

in Figure 3.2.)

Without knowledge of these sites it is difficult to estimate the cost of
constructing a solar pond. Also, data on these ponds are limited because at
present, there are very few in the world. Israel has the most experience with
solar ponds, having constructed several over the last two decades. Two of the
nmost recent ones are used for electricity generation. . The first is a 150KW
facility that has been in operation since 1979, the other is a 5MW facility

that is currently under construction.

Any discussion of costs for generating electricity through the use of a
solar pond must be considered speculative. In a 1980 paper, Reference 80, Dr.
Tabor estimated the costs for a solar pond power station located in a sunny
climate as: USSl3/m2 for a lined pond, US$8 for an unlined pond, and
US$1500/kw for a generating facility. 1In his report for Jamaica, Reference
78, he estimated the cost for a lined pond as US$9/m2 and for a generating

facility as US$1320/KW. He also inclvded a cost of $10.80/m2 for salt.
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He further estimated that the efficiency of the pond as a collector would be
@8 percent and that the efficiency of the electricity generation would be 8
percent with 25 percent of the electricity being used by the plant itself. A
summary of the conversion factors and costs are shown in Table 3.4 based on
Tabor's 1980 and 1982 numbers. The input solar insolation is assumed to
average 1700 BTU/ftz/day as was observed near Manley Airport. It is

expected that the seasonal output will vary by a factor of 2:1 for maximum
versus minimum. The costs are presented for two separate scenarios: in the
first, the facility is used to provide a base load and in the second, the
facility is used to provide the peak load during 8 hours of the day. The
second case requires a larger pond and therefore a higher capital cost, but
would replace the more expensive generating capacity, i.e., gas turbines.
Cost calculations are made for a 5MW facility. This tacility would require
166 acres to serve peak loads and 505 acres to serve a base load. The capital
costs for a baseload system would be aiout J$1¢,800 per kwe while those for

a peak system would be about J37,800 per kwe. The annual operating and
maintenance cost per megawatt-hour sent out would be J$26.4 for the baseload

system and J360.5 for the peak system.

The three sites under consideration -- Salt Island, Grand Pedro and
Yallahs pPond ~- have sizes of 200, 85, and 190 acres. They could be used for
6, 2 1/2, 6 MW peak load facilities respectively or for 2, 1, and 2 MW base
load facilities. Given the experimental nature of solar ponds and the
ambivalence reflected in Dr. Tabor's report, it would appear that if solar
ponds are a feasible source of electricity they will not be introduced into
Jamaica for at least 10 years. This assumes that a feasibility study to
select a site and to determine the costs and benefits of such a project would

require two years, that construction would require about 2 1/2 years from
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Table 3.4.

Solar Pond Costs and Technical Parameters

Annual Solar Radiation*

Lower Boundary Temperature
Upper Boundary Temperature
Temperature drop across heat exhanger
Carnot Efficiency ( T 449¢C)
Pond Solar Conversion
Turbine Efficlency
Overall Efficiency
Internal Energy Requirements
Net Efficiency
Plant Availability*
Utilization of Generating Capacity*
Annual Energy Sendout
Busbar Generating Capacity:
Eight hour peak
Twenty-four hour base load
pond costs:
-~lined*»
-~unlined**
-=-salt
Generating facility#**
Annual maintenance (1.5%)
(1.5%)
Water
Labor

1700 BTU/ft2

(74 mm BTU/acre)
(21.7 MWHR/acre/day)
87°C

28°¢

150¢C

12.5%

18%

65%

l.46%

25%

1.1%

85%

90%

66.6 MWHR/acre

30 kw/acre
9.9 kw/acre

US$52,500/acre
US$32,4G60/acre
US$43,700/acre
US$1500 /kw
US$22.5/kw
J$40.1/kw

el { Bl

J$485,000

5 MW Plant Costs (Mn§)*+

Peak Bageload

Capital Cost

-- pond J 22.6-28.6 J 68.4-86.5

-—generation facility Us 7.5 us 7.5
Annual Cost

-~ maintenance Us .113 73 4113

J .200 J .200

~~ labor#*** J .169 J .485
Sent out (GWHR) 11.2 GWHR 33.5 GWHR
Delivered**** 9.4 GWHR 28.1 GWHR

Source: H. Tabc-'s, "Report on Mission to Jamaica",

* Consultant's estimate.

** Tabors, Review Article: Solar ponds,

*** J$1.78 = US$1.

**** Agsume 16 percent distribution losses.

Reference 80.

oo
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signing the contract through start up, that the preliminary and final Adesigns
and tendering would require another 1 1/2 years, and that the process would
not begin until the large Israeli plant had been operating for at least three

years.

3.2.5 Solar Central Peceiver Generating Facilities

The "power tower" is perhaps the most speculative of the proposed solar
conversion technologies. Only a few units have been constructed world-wide
and only one large plant is operating to produce commercial electricity, the
10MW large facility in Barstow, California. Therefore, all estimates of
conversion efficiencies, capital costs, and operating costs are highly
speculative. The cnly proposal for use of a "power tower" for electricity
generation in Jamaica is contained in a proposal by CEDSI to perform a
feasibility study of a SMW Central Receiver Power System that would use
heliostats for collectors and molten salts for heat transfer. The major
difficulty with establishing such a facility in Jamaica is the problem of
Cloudiness which would necessitate a considerable storage capacity. Other
difficulties are associated with environmental problems, such as the high
level of humidity, occassional hurricane force winds and salt in the air, and

vresource problems, such as the availability of land and labor.

The central receiver can be used in four configurations: first, as a
stand-alone power generation system, second, as a fuel-saver which does not
replace existing grid capacity but instead saves fuel by supplying electricity
to the system on an as-available basis, third, as a repowering unit which can
be used to provide steam to existing steam-based generating facilities, and
fourth, as a part of a new hybrid generating facility. Presently, CEDS is
considering the third option, but there may be a difficulty in locating a site

of sufficient size near an existing facility.
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It is unlikely that this technology will be useful as a source of power in
Jamaica for three reasons. First, it is unlikely that the technology will be
technically proven and commercially available before the early 1990's.

Second, the technology will have significant requirements for skilled labor to
operate and maintain the large number of tracking heliostats. Third, the
costs are not likely to'become competitive for some time. Although costs and
conversion factors can only be estimated, current estimates range from $1500
to 37000 per effective kilowatt of capacity. The costs shown in Table 3.5 are
not conservative but they are high relative to other technologies. The

operating and maintenance costs are estimated to be J$ 158 per megawatt-hour.



Table 3.5.

Solar Power Tower Costs and Technical Parameters

Average Solar Radiation . 1700 BTU/ftZ/dayl/
5.4 kwhr/m2/day
Average power available : .48 kw/m2 2/

Conversion efficiencies

collector .65

generating system .32

internal electricity use 58 3/

net efficiency 20%

plant utilization g5% 3/
Average Output at Busbar .08 kwhr/hr/m2
Unit Capital Costs (US$)

collector 145-250/m?  (770-1330 per kwg)d/

receiver and converter 500/kwg

4 hour storage 240/kwe
Subtotal 1510-2070 kwg

For 5 MW, Station

land area . 28 acres 5/
capital cost US$Hmn ' 7.55-10.356/
labor costs 000's J3/year 370
maintenance US$ 000's 189-259

J$ 000's 336-461
Busbar output (GVHR) 7.4
Delivered output (G4HR) 6.210/

Sources: Argonne 1983 Reference 4, Caputo 198 Reference 16.

Note:

1. Typical of Hellshire/Norman Manley airport area.
2. Assume 90 percent of insolation falls during 10 hour period (ignoring
cloudiness).
3. Consultant's estimate.
4. 5.3 m2 of heliostat per kilowatt of effective capacity (.5/(.48 x .65 x
«32 x .95) assuming 2:1 peak-to-average).
5. Assume area required is four times the area of the heliostats
6. Excludes land costs.
7. Two unskilled, six semiskilled, and four skilled per shift with two
shifts to cover 7 12-hour days of operation.
8. 2 1/2 percent of capital cost for imported parts and consultancy
and 2 1/2 percent for local parts and labor.
9. 365 x 10 x .85 x .09 x 5000 x 5.3 Kwhr.
10. 16 percent losses in distribution.



Chapter 4

Biomass~-- Fuelwood

This chapter discusses the potential for establishing fuelwood plantations
in Jamaica. ‘hree technologinss 4are considered that would make use of the
fuelwood from these plantations; th.se are dendrothermal electric generation
facilities, wood and charcoal boilers, and large-scale gasifiers. Another
three technologies are discussed that would make use of fuelwood from existing
forests as well as from these plantations: these are wood cookstoves,

charcoal kilns and small-scale gasifiers.

The information on the potential of fuelwood plantations was obtained
primarily through discussions with Messrs. Budhlall and Kelley of FIDQO and
with two FAO consultants Messrs. Thompson and Stamphers. lowever, the
extrapolation of their information to the presentation in this chapter was

done by the author and does not necessarily reflect their opinions.

Of the technologies examined, those which Have appeared likely to be used
in the nearterm are the charcoal kilns, several of which are now in use
around the island. In the medium-term it is expected that improved kilns will
be introduced and that a fuelwood plantation will be established. It is also
expected that gasifiers will be introduced to make use of sawmill wastes and
that small-scale gasifiers will be introduced for irrigation pumping. 1In the
long term, it is expected that a dendrothermal generating facility will be
established in conjunction with a fuelwood plantation. It is also likely that
the increasing cost of collecting fuelwood will result in more fuel efficient
operation of existing cookstoves and the introduc. on of new fuel efficient

stoves.,
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4.1 Resources

Much of Jamaica is classified as wooded areas. A survey by the FAO in
1970 based on an aerial photographic survey indicated that some 44 percent of
the island was forested, 20 percent of which was scrub forest. A breakdown of
the types of land use is shown in Table 4.1. This breakdown indicates that 7
percent of the island is covered in well-stocked natural forest and another

1/2 percent is covered with forest plantations, principally Pinus caribaea and

Hibiscus elatus. All of the forest plantations and about 4/5 of the

well-stocked forest are on government-owned land. Two-thirds of the
well-stocked forests are located in three tracts, John Crow Mountain, Bull
Head Mountain, and Mount Hairy.* The size of these government lands by

Parish is shown in Table 4.2. About 45 percent of the reserves are located in
the hills and mountains of pPortland, St. Thomas and St. Andrew. Another 20
percent are located in the rugged terrain of Trelawny. In fact most of the
wooded areas are located in the hilly or mountainous regions of the country as
can be seen by comparing the maps in Figures 4.1 and 4.2. The relative
isclation afforded by the topography has protected these forest lands from

being cleared for agriculture and from being cut for timber and fuelwood.

A more recent survey of land use that used the same photographic survey
data as well as some more recent survey wor k**, produced the results shown in
Table 4.3, The total wooded area is 1.33 million acres or 49 percent of the
total area of Jamaica. Most of this land (95 percent) is covered with
deciduous trees. The proportion of wooded land in each parish ranges from 28

percent to 70 percent. The highest percentages are in Westmoreland, Trelawny,

* Lilieth Nelson, Reference 68.

** Cries, Reference 81.

b
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Table 4.1.

Forest Areas of Jamaica

__hcreage Percent of Total Land Area
All Forest Areas 655,000 24.1%
~--Well stocked

natural fores* 181,500 7.0
--"ruinate"

{temporarily unstocked) 453,000 16.7
--forest plantations 10,200 o4
--other wooded land .540,600 19.9

1,195,600 44,0
Government Forest Areas (nly
--forest plantation 10,200 4
--well-stocked

natural forests 150,000 5.5
--"ruinate" 45,000 1.7
--other wooded areas 60,000 2.2

265,000 9.8

Source: FAO Wood/fuel Energy Study 1970, Reference 39



PARISH

St. Andrew

St. Thomas

Portland

St. Mary

St. Ann

Trelawny

St. James

Hanover

Westmoreland

St. Elizabeth

Manchester

Clarendon

St. Catherine
TOTAL

4-4

TABLE - 4.2

AREAS OF FOREST LAND - FOREST RESERVES

BY PARISHES :

1976

000s ACRES

14.
32.
74.
3.
10.
55.
5.
1.
1.
18.
26.
19.
23.
264.

7
5
4

(Including Portland Ridge 15.1)
(Including Hellshire 19.5)

Source: Statistical Yearbook of Jamaica 1981.

9
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St. James, and St. Thomas, all with over half the land classified as wooded
area. The lowest percentages are in the parishes of St. El izabeth, Clarendon

and Manchester, where the agricultural activity is the greatest,

The productivity of the wooded areas is difficult to determine since the
density of trees and the species vary. For the forest areas the FAO estimated
an average sustainable yield of 130-160 fta/year (2,5-3.2 tons air-dried
biomass) for pine and eucalyptus and 58-84 fta/yea: (l.2-1.7 tons air-cdried

biomass) for other species.

The potential for growing and harvesting fuelwood is determined by the
availability of land suitable for growing timber. According to an evaluation
of the soils, topology, climate and land use of Jamaica petrformed as part of
the CRIES study, Reference 80, the land areas most suited for growing timber
are located in the middle and western sections of the island and include most
of the land in the parishes of St. Ann and Manchester and more than half of
the land in the parishes of St. Catherine, Clarendon, St. Elizabeth, St. James
and Trelawny, as shown in Fiqure 4.3, Most of these areas are at the lower
elevations. They are currently used for pastureland or Aaqriculture or are

unused wooded area as shown in Table 4.4.

Perhaps the major problem with establishing plantations for growing timber
or fuelwood is the land tenure system of Jamaica. Land which is not
controlled by the large agricultural estate§ is divided into relatively small
private holdings. The records of ownership of these parcels is not well
established and there is considerable legal difficulty in acquiring large

tracts of land.

FIDCO is currently establishing timber plantations in the Blue Mountain

area. Their program, which is supported by loans from the IBRD and CDC as

i/

B
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Table 4.4. Existing Land Use
in Areas Suitable for Growing Timber

(Percent of Area)

| - CURRENT LAND USE === «+- |

| Unimproved Improved Agricultural |

Parish Deciduous Pasture Pasture Sugar Other Other
St. Anns 46.4 21.6 14.2 1.2 9.7 6.9
Manchester 35.5 17.8 22.6 .3 9.7 14.1
5t. Catherine 49.4 9.3 7.7 14.9 7.0 11,
Clarendon 33.5 20.8 5.2 18.2 10.6 11,7
5t. Elizabeth 28.3 8.1 22.7 5.3 18.1 17.5
5t. James 55.3 10.0 8.5 4.6 10.8 10.8
Trelawny 66.6 4.0 9.5 8.2 7.3 4.4
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well as the JNIC, is to Produce 14 million board-feet, about 28 p
Current ‘domestijc demand. Fipco is Planting Carribean Pine with a
2conomic rotation period. Assuming that 70,000 m3 Oof sawlogs mus

delivered to the FIDCO mil} in order to produce 14 million board

Planted would have to be 15-20,000 acres. The operating plan for

2rcent of the
20 year

t be

FIDCO is to

pPlant 1000 acres per year, but because of difficulties in obtaining contiguous

pParcels of sufficient size, they have been unable to meet thig scaedu.n., Most

of the areas they are Planting are Mountainous. Thig will make ¢t
extraction ang replanting quite high. The Forest Dept. has lease
acres to FIDCO for 99 years, but much of this lang has poor acces

slopes,

fuelwood Plantation ip Jamaica, the actual costs for FIDCO to cle
be converted to Plantations were compared with Planning estimates

the FAO for their study of a fuelwood Plantation in Jamaica, Refe

he cost of
d 24,000

S and steep

ar areas to

rence 39,

These costs are Summarized in Table 4.5.£/ Using this data, an estimate was

Prepared of the costs for establishing eucalyptus Plantation with

an 8 year

rotation. They will vary considerably depending on the terrain.Z/ The

Ccosts shown ip Table 4.6 represent g median, neither flatland nor

mountainous, They do not include the cost of the land. For the flatlands the

forest are shown in table 4.1,
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TABLE - 4.5

FIDCO AND FAQ FUELWOOD PLANTATION COSTS

FAO_(1975) for FUELWIOD
ITEM 1975 COST MULTIPLIER

Road J$110/acre 3.05

Road maintenance

Felling J$1.20/ton 3.33
Extraction

to road with

tractor J$3.60/ton 3.05
(With cable) ( 4.50)
Replanting J$280/acre 2.70
Transport J$.1/ton-mile 3.85

FIDCO (1982/3) FOR TIMBER

1981 costs (J$/acre )

1981 COST

$335/acre
$33.5/acre/year
$4/ton

J$11/ton
(J$13.70)

J$755/acre

J$.39/ton-mile

Site Preparation 76 - 171
Planting 152
Weeding |
vear 1 (3x) 76
2 (2x ) 48
3 (1x ) 29
Road construction J$8ES/acre
Harvest _ J$70/ton (includes J$30/ton transbort)
Hauling J$.3/ton-mile

Source .iiscussions with
F1DCO management,

FAO 1975 ref
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ESTIMATED YEARLY FUELWOOD PLANTATION COSTS

Species Eucalyptus, rotation 8 years, density at 95 tons/acre cutting.
(50% moisture).

Costs per 1000 acres (develop/harvest = 125 acres/year).

YEAR TASK $J/1000 acres
1 Road construction 110,600
Site preparation 21,400
Planting 25,000
Weeding 12,500
Subtotal 169,500
2 Road construction 110,600
Road maintenance 11,100
Site prepafation 21,400
Planting 25,000
Weeding 1 12,500
2 8,000
Subtotal 188,600
3 Road construction 110,600
Road Maintenance 22,200
Site preparation 21,400
Planting 25,500
Weeding 1 12,500
8,000
3 4,800
Subtotal 204,500
4 Road construction 110,600
Road maintenance 33,300
Site preparation 21,400
Planting 25,000
Weeding 25,300

Subtotal 215,600
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TABLE - 4.6 cont.

-2 -

YEAR TASK J$/1000 acre
5 Subtotal 226,700
6 Subtotal 237,800
7 Subtotal 248,900
8 Subtotal 260,000
9 Harvesting 296,900
Hauling * 59,400
Road maintenance 88,800
Site preparation 21,400
Planting 25,000
Weeding 25,300
Total 516,800

* 10 miles round trip, J$.5/ton mile.



YEARS
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TABLE - 4.6 cont.

FUELWOOD PLANTATION COST SUMMARY

FIXED COSTS

J$/ACRE

169.
188.
204.
215.
226.
237.
218.
260.
160.

5
6
5

VARIABLE COSTS
J$/TON Greenwood

20

50%MC
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Currently the Forestry Department is conducting species trials in order to
identify species suitable for establishing fuelwood plantations. It is
expected that next year a few 40 acre test plots will be established. No plan
has been made for establishing a plantation. The primary constraint is the

non-availability of large parcels of land.

Two types of land that are considered as possible site areas for planting
trees are the dumping grounds of the bauxite mining companies (Figure 4.4) and
the peat bogs at Negril and Black River (Figure 9.1), For the bauxite lands,
the species Caliendra has shown some promise. It has a high yield and can be
coppiced with a machete every two y2ars to yield about 10 tons of oven-dry
stemwood per acre. The two difficulties with using the bauxite lands ace; 1)
that they are controlled by the Aluminum companies, and 2) that experiments
have already been conducted on growing agricultural crops which indicate a
potentially higher return. For the peat bogs, no species has yet been
identified aé suitable. Seven species are now being grown on test plots in
the bogs but only one is reported to be doing well. HRucalyptus would not be
satisfactory because of its tendency to dry out the land thereby causing salt
intrusion. ©Even if a species can be identified that grows well in the bog
soils, considerable study would be required to determine how to establish
raised areas for planting the trees and how to transport labor and equipment

into and fuelwood out of the bogs.

If sufficient land is identified and suitable species selected, then it
should be possible to establish a fuelwood plantation by the early or mid
1990's, assuming the following: 3 years species selection and planning, 1

year initial land clearing and planting, 7 years growing and 1 year harvesting.

AU



Figure 4.4

Map of Bauxite Mining Lands
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The potential uses for fuelwood include domestic cooking, conversion to
charcoal for industrial and domestic fuel, production of electricity in
dendrothermal plants, direct combustion for industrial process heat including
steam raising, and combustion in a gasifier to generate producer gas. Theée

options ar. ?iscussed below.

4.2 Conversion Technologies

4.2.1 Wood Cooking

Fuelwood is used as a cooking fuel in about 1/2 of the households in
Jamaica. No data has been collected on the type of stoves used or the
efficiencies of various indigenous stove designs. It is tpought that most of
the stoves are of simple construction, predominantly the éhree rock
configuration. These stoves have an average efficiency in the range of 6-12
percent depending on the operating environment, the skill of the operator and
the type of‘cooking. More efficient wood stoves l.ave been the subject ~f
considerable research over the years. Although various compendiums of stove
designs have been prepared,* the number of new designs which have been
successfully introduced and adopted by a significant percentage of the
population is limited. Although some new designs can increase efficiency to
the range of 12-20 percent, they tend to be more difficult to construct and
operate and more expensive than traditional designs. Given the conservative
nature of cooking activities, it is not surérising that new stove designs are
relatively slow to be accepted., However, the rapid diffusion of aluminum
cooking utensils among the rural population of developing countries, indicates

that marketing channels are available if the product is clearly advantageous.

In Jamaica, the "modern®™ method of cooking is with électricity or LPG, but it

* Vita/ITOG, Reference 84.
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is probable that fuelwood will continue to be the least costly cooking fuel in
the rural areas for the foresceable future. Th2 cost of fuelwood will
increase as supplies diminish and as the distance between the user and the
supply increases over time. 7his trend will encourage more efficient use of
existing stoves as well as the purchase of more efficient stoves. These more
efficient units will probably cost on the order of J$10-J350, will provide an
average conversion efficiency of about 16 percent and have an average life of

5-10 years.

4.2.2 Charcoal Kilns

Two types of kilns are currently used in Jamaica. Oﬁe is a locally
fabricated metal kiln based on a design prepared by the Tropical Products
Institute. The kiln has four chimneys and four input ports. It‘is built up
from metal rings which are three meters in diameter and when stacked are about
two meters high. The other type of kiln is an earth mound kiln. Many of
these are constructed by piling branches into a conical shape and covering
them with earth. Others are simple earth pit kilns. At present no brick

beehive kilns are used in Jamaica.

A comparison of the coste and conversion efficiencies of the metal, earth
mound and beéhive kilns is shown in Table 4.7. The conversion efficiencies
{(computed in terms of the calorific value of the output charcoal divided by
the calorific value of the input fuelwood) averages 33 percent for the earth
mound kilns, 45 percent for the metal kilns and 53 percent for the beehive

kilns. These three designs are generally used for different activities.

The earth mound kiln is used for small-scale production activities in

which the charcoal is prepared at the source of the wood and the kiln is

completely mobile. The metal kiln is also used at the source of the wood. It

iy



Charcoal Kiln Parameters
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Table 4.7.

kiln type Mound Metal 1 Metal 2 Metal 3 Brick Beehive
data source 1 1 2 3 4

. 3 3 3
gize variable 7 m 7 m 7 m 5 m diameter
input charge 3 3
~--volume 2-4 cords 2 cords 4.5"m 6 m 37 steres
--weight (000's 1lbs.) 5~10 5 3.15-4.14 5.2 30-33
output
--bags 18-50 18-25 25 20 19-21
--weight (1,000 1lbs.) 9-2.5 1.26~1.75 1.25 1.2 10~-11.5
weight conversion

ratia®/ 18-.25 +25=.35 .28~,40 .23 .33-.35
energy conversion .

ratio7l .28-139 039"-55 044"'-63 136 052"-55
wood species hardwoods hardwoods coconut hardwood eucalyptus
labor man-hours
-~load 4~8 4-14 12 .
--unload 4-8 4-14 9-12 20 40-45
firing time (days) 1-4 1-2 1 l1/2 4
cooling time (days) 2 l11/4 4
total production

time (days) 2=7 2~3 3 31/2 8 1/2
capital cost J$ (000's) ~-- 3.0 3.0 3.0 7.58/
variable costs

(J$/£iring) 2/

labor 10-21 10-35 70-80 75 100~1124/

bags 18-50 18-25 25 30 200

wood delivery 20 10~-25 - 48-3143/

fuel (chain saw) - 10 - 10
Subttotal .

J$/ton charcoal 73-107 $0-108 152-174 190 70-100

income
--per bag 10-15 12 10 12 125/
~-per firing 216-600 216-300 250 240 2400-2760
--per ton 400-600 480 400 400 480




Notes:

1)

2)
3)

4)
5)
6)
7)

8)
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Notes for Tahle 4.7.

Charcoal Kiln Parameters

"1 cord = 3 1/2 m3 stacked,
1 stere = 1 m3 stacked = .5 m3 wood = 350 kg.

$J1.78 = US$1l for beehive kiln.

Lower number wood from native forest,
higher number wood for Eucalyptus plantation.

Assume J$20 per 8 man-hr.
Estimates.
Oven-dry weights for wood in and charcoal out.

Aggume oven-dry wood 7600 BTU/lb and oven-dry charcoal
11,900 BTU/lb.

Kiln alone J3$2,350.

Sources:

1. L. Nelson Reference 68,
2. Personal communications J. Stamphers.
3. A.R. Paddon Reference 71, rconsultant's estimates.

4. Florestal Acesita, SA, Reference 40,
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is portable but less so than the earth mound kilns. It is generally used in a
configuration of two or more kilns and is moved only after many firings. The
metal kiln has a capital cost which the earth mound kiln does not. The
beahive kiln is nct necessarily located near the source of wood. It is a
permanent unit and must therefore be located in the centroid of an area which
will provide fuelwood for the expected life of the facility. The beehive kiln

has a higher capital cost, but a lower cost per unit capacity than the metal

kiln.

The capacity of the kilns is quite different. The beehive is the largest,
with an area of about 40 cubic meters. The metal kiln has a capacity of about
six cubic meters or less for the size currently used in Jamaica, but there is
a larger design which has a capacity of about 16 cubic meters., The capacity
of the earth mound kiln can be varied according to the size required.

Generally it is bullt with a capacity in the same tange as the metal kilns.

The firing time for a kiln varies with its size, therefore, the longest
firing times are for the beehive kilns and the larger earth mound kilns. The
annual output of the three types of kilns depends on their production cycle
and their level of utilization. If two days is allowed between production
cycles and the kilns are used throughout the year, then the average annual

capacities would be:

Earth moundvkiln 40-50 tons/year
TPI small metal kiln 38-60 tons/year
Beehive kiln 175~200 tons/year

For these production levels the capital costs for the three kiln designs
would be 0, J$50-875, and J$12-314 per ton of annual capacity. For purposes

of the national energy model a utilization level of 70 percent is assumed thus

./\(o '



4-24

reducing average annual outputs to 32, 35 and 130 tons per year and the

capital costs to J$0, J$86, and J$18 per ton of capacity.

The system capital costs and the variable operating costs are much more
difficult to estimate because they depend on a number of factors. The
estimates for variable costs presented in Table 4.7 range from J$70 to J$200
per ton ot charcoal, * however, the bases for these estimates differ because of

the assumptions made about:

a. the costs for delivering the wood to the kiln
b. tiae number of kilns operated in parallel

c. the level of mechanization in the collection of the wood and the
preparation of the kiln for firing

d. the costs of labor including the generally uncounted cost of the owner
of the kiln.

The cost of the fuelwood input must be computed differently if it is
obtained; a) from existing forests withcut replanting, b) as a byproduct of
forestry o: sawmill activities or c¢) from fuelwood plantations organized to

provide wood for charcoal making.

In order to compute costs for the National Energy Model, three scenarios
were used. The first makes use of the earth mound kiln and the natural
forests to provide cooking fuel directly to the household. The second makes
use of logging and sawmill residues to produce charcoal in metal kilns for
gsale in the market or direct to hotels and commercial establishments. The
third scenario makes use of a fuelwood plantation and a battery of beehive

kilns to produce industrial charcoal for large scale users such as the cement

* Not included in these estimates are the costs for transport of the
charcoal to the market or consumer.
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Table 4.8.

Comparison of Kiln Operation Scenarios

Scenario One Scenario Two Scenario Three
1. Source of wWood natural logging, fuelwood
forest sawmilling plantation

2. Type of Kiln earth mound metal beehive
3. Kiln Life 0 5 years 15 years
4. Annual production

per kiln (tons charcoal) 32 35 130

Monthly consumption

per kiln (tons wood) 150 120 380
5. Distance (miles)

to source 0 0 2

to market 10 15 25
6. Transport Cost

(J$ per ton charcoal)

wood V] 0 1.4

charcoal 7 10.5 17.5
7. Capital Costs

(J$/ton-year)

kiln 0 86 18

balance of systeml/ 11.3 11.3 39.5
8. Product per firing (tons) .63 .63 ' 5.0
9. Variable cost J$ per ton 2082/ 3273/ 1124/
10.Annual Maintenance Costsé/

{(J$/ton-year/vear) 1.63 4.88 3.50

Notes: 1. Two chain saws, two shovels, wheelbarrow, two sieve chutes for
scenarios one and two.

2. J$16 for chainsaw fuel, J$40 for bags, J$75 for labor, including that
of the owner.

3. J$16 for chainsaw fuel, J$40 for bags, J$150 for labor, including that
of the owner, per firing.

4. J$50 for chainsaw fuo:l, J$320 for bags, J$190 for labor, including that
of the owner, per firing.

5. 5 percent for kilns, 15 percent for chain saws, ten percent for
other equipment.

/

b
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industry, smelters, industrial gasifiers, etc. These scenarios are summarized
in Table 4.8. The cost of transport has been calculated based on the costs

presented in Tahle d.2.

4.2.3 Dendrothermal Plants

The demand for electricity is steadily increasing and many of the existing
generating units are due for retirement in the next ten years.* A possible
source of future generating capacity is the use of wood-f ired, st2am-
generating plants. These plants would be located near to or within fuelwood

plantations and would burn wood chips to produce steam.

The conversion efficiencies of wood-fired boilers is apout 80 percent,
when computed using the low heat value of the wood. The overall: conversion
efficiency of the turbines and generator is about 30 percent so that the
system efficiency is 24 percent. This implies a fuel consumption rate of 2.3
lbs. of air-dried wood per kilowatt hour (assuming that air-dried wood has a
moisture content of 20 percent and a low heat value of 6150 BTU/1lb.). For
fuelwood plantations with an output of 95 tons greenwood (50 percent moisture
content) every 8 years, 100 acres would'supply enough fuel for 640 megawatt-
hours per year. For a generating pPlant serving the base load with a .9 load
factor and an 80 percent availability, each megawatt of capacity would require

1000 acres of fuelwood.

The capital and operating costs for several different size plants are
shown in Table 4.9. The cost per kilowatt of capacity decreases with an
increase in plant size, from $1925 per kilowatt for a 3 megawatt facility to

$1385 per kilowatt for a 50 megawatt facility. These costs are derived from

* This subject is discussed in Chapter 10.
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Table 4.9. Dendrothermal Generating Plant

Capacity IMW [ 10Mw S50MW 1.3MW
Hours operationl/ 7,000 7,000 7,000 5,250
Load Factor2/ .9 .9 .9 .9
Annual Generation

(000's M§ HR) 18.9 63 315 6.14
Annual send outd/

(000's MW HR) 17.7 59.0 295.0 5.74
Annual Delivered4d/

(000's MW HR) 14.9 49.6 248.0 4.82
Boiler Efficiency5/ .8 .8 .8 .8 1
Generation Fificlency$/ .3 .3 .3 1762
Rate of fuel consumption

(lbs air-dried wood/kw hr) 2.31 2.31 2.31 3.37
Consumption of

air-dried woodl/ 21.9 - 72.8 364.0 9.12/

000's tons/yr.
Consumption of green

wood 000's tons/yr8/ 35,0 116.5 582.5 N/A
Plantation Size%/

(000's acres) 3.0 10.0 50.0 N/A
Capita]lg7§t (mn$Us) 2/ 4,622 13.36% 55,402/ 1.4352Y
(mn3J) 2.08 5.95 24.65 .639
Unit Capital Cost

($ US/kwe) 1,925 1,670 1,385 1,380
Maintenance Costsl2/

(000's $ US) 115.5 334.0 1,385.0 35.9
(000's $ J)13/ 205.6 594.5 2,465.3 63.9
Labour Costs

(000's J3%$/year)

Unskilledl4/ 129.6 259.2 388.0 129.6

Semiskilledl5/ 453.6 453.6 635.0 226.8

Skilledl6/ 182.4 182.4 182.4 182.4
Transport Costsll/

(000's J 3) 122.4 655.2 4893 N/A
Plant Life (years) 25 25 25 20

N/A = Not Applicable
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No tes for Table 4.9.
Dendrothermal Generating Plant

Notes:

l.
2.
3.

4.
5.
6.
7.
8.
9.
10.
11,
12.

13.
14.
15.
16.
17.

18.
19,
20,
21,

JPS average plant availability.

Consultant's estimate.

Assume 6.5 percent internal consumption.

(including chipper 12 kw hr/ton green wood).

Assume 16 percent logs in transmission and unmetered use.
Based on Low Heat Value of Fuel at 20 percent Moisture.
Delgor Reference 24.

Assume 20 percent moisture content, 6150‘Btu/lb low heat value.
Assume 50 percent moisture content at the forest.

95 tons/acre greenwood if clear cut every 8 years.
ESI/EDI Reference 32.

FAO fuelwood study, Reference 39.

2 percent of capital costs for imported spares and consul tancy
2 percent of capital costs for local spares and labour.

J$ 1.78 = US$ 1.0.

Annual cost J$ 10,800/man year.
Annual cost J$ 15,000/man year.
Annual cost J$ 24,000/man year.

J$ .7/ton mile average distance 5 miles for 3 MW, 8 miles for 10 MW,

and 12 miles for 50 MW.

For operation of sawmill wastes, 2 shifts per day.
SETIMEG proposal to FIDCO. ,
Sawmill wastes at FIDCO facility, 7200 BTU/1lb., Reference.
80 percent US$, 20 percent J3.

q)\
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sources outside of Jamaica. The only proposals for a dendrothermal facility
in Jamaica are contained in a paper prepared by the Scientific Research
Council and a proposal submitted to FIDCO by the French concern SETIMEG for a
1.3 megawatt facility to be installed at the sawmill in Spanishtown. The
details of the former are summarized in Tables d.3 and d.4. The latter
proposal contains a relatively low cost, $1380 per kilowatt, however, the
technology is relatively simple and the system conversion efficiency would he

only 14 percent.

The possibility of using 3 and 10 megawatt plants for electricity
generation are analyzed in a paper by Ms, Wright and Mr. Illori presented in
the case studies in the appendices. Their findings indicate that these plants
may be financially viable but are not economically viable as discussed in
Chapter 11. The 3, 10 and 50 megawatt plants would require 4.7, 15.5 and 78
square miles of fuelwood plantation, respectively. The difficulties in
obtaining lérge tracts of land for fuelwood Planting have already been
mentioned. Even if the current problems regarding land records and land
tenure were resolved, and if the government were to institute a program for
more efficient use of land, the fact remains that most agricultural activities

provide a greater return than fuelwood plantations. *

4.2.4 Wood Fired Boilers

Industrial process heat requirements can be classified according to
whether or not steam is raised as a means of energy transfer. A similar

classification of industrial shaft power requirements can be made. At present

* Agssuming that the dendro-thermal plant would replace a Bunker "C" steam
Plant with a heat rate of 14,000 BTU/w-hr, the value of the fuel replaced per
acre of plantation would be about J$B25 per year (using the 198l price of
Bunker "C" of J$1.58 per imperial gallon).

?
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most of the requirements that involve steam raising make use of oil-fired
boilers, with the notable exception of bagasse-fired boilers in tne sugar
mills. In the future, some of these steam requirements could be met by using

boilers fired with wood chips or sawmill residues. These boilers have

conversion efficiencies ranging from 75 percent to 82 percent. The costs for

various size boilers are presented in Table 4.10 and their performance
characteristics are compared with oil-fired package boilers. There are no
apparent economies-of-scale in boiler costs; in fact, the larger units are
more expensive per unit capacity than the smaller units. Smaller boilers are
generally available as package boilers at a cost of about US$50 per lbs/hr. of
steam raising capacity. The larger boilers are field-erected units with costs
of about 390 per lbs./hr. The costs in Table 4.10 do not include the costs
for material handling, including chipping the wood and transferiing the fuel
from the trucks into the furnace. The cost for these activities is estimated

to be between US$5 and US$10 per ton.

The rate of fuel consumption for wood-fired boilers is between .2 and .22
lbs per 1000 BTU. e acre of fuelwood plantation would provide sufficient
fuel for 65-71 million BTU per year. A package boiler with a capacity of
10,000 1lbs. of steam per hour, operating 24 hours a day at 80 percent of load
with an availability of 80 percent, would require 1050-1150 acres of
fuelwood. For a single shift operation the demand would be reduced to about

300 acres of fuelwood.

The difficulty of obfaining sufficient land to grow fuelwood presents a
constraint on the use of larger boilers. Smaller units requiring 50 to 100

acres of fuelwood could be more easily established. Units of this size would

be sufficient to provide 500-1000 horsepower-hours (assuming a compound steam
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Table 4.10.
Fuelwood and Charcoal Boilers

Package Field Erected Package
Type Boiler Fuel Wood Wood 0il
Output
- psi 3002/ 300l/ 900 900 300l/ 900 900 900 300
- OF 400Y s00Y 800 800 a00Y/ 800 800 800 a00¥/
- 000's 1lbs steam/hr 1.1 11.0 10 20 26.4 . 120 200 500 26.4
- mn BTU/hr 1.32 13.2 14.5 29.0 J1.7 174 290 725 31.7
Ef ficiency (%) 752/ 752/ 80 80 82 80 80 80 90
Consumption
- Short tons/hr .14 1.43 1.47 2.95 3.14 17.6 29.4 73.6 1.00
- 1lbs/mn BTU 217 217 203 203 19¢ 203 203 203
Capital Cost3/
(mn USS$) .06l .227 .747 1.12 1.39 10.6 14.1 45.5 .736
(US $/1b.-hr) 55.2 20.6 74.7 56.2 52.5 88.3 70.5 91.0 27.9
Maintenance Costs¥/
000's US§/yr 1.2 4.5 14.9 22.5 27.7 212 282 310 14.7
000's J$/yr 2.2 8.1 26.% 40.0 49.3 377 502 1,620 26.2
Unit Maintenance Costs
(US$/1b.-hr 1.10 .41 1.49 1.12 1.05 1.77 1.41 1.82 .56
Laborl/.3/.5/
Skilled - - - - - - - -
Semi-skilled 1 1 1 1 1 2 2 2 1
Unskilled 1 2 2 2 2 4 4 4
Labor Costs®/
Skilled - - - - - - - -
Semi-skilled 15.0 15.0 15.0 15.0 15.0 30.0 30.0 3u.0 15.0
Unskilled 10.8 21.6 21.6 21.6 21.6 43.2 43.2 33.2 -
Subtotal 25.8 36.6 36.6 36.6 36.6 73.2 73.2 73.2
Annual Outputé/'Z/
109 BTU 2.20 22.0 24.1 48.3 52.7 290 483 1,206 52.7
106 1b. steam 1.83 18.3 16.6 33.3 43.9 200 333 832 43.9
Source a a ‘ b b c b b I5) c

Te~-v
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Notes for Table 4.10.

Fuelwood and Charcoal Boilers

Consultant's estimate.

Wood 6150 BTU/1lb.

Boiler only, not material handling equipment.

4 percent of capital cost, 1/2 US$, 1/2 J3, $1.78=US$l.
One shift operation.

Unskiiled $10,800 man-year, semiskilled $15,000/man—year.
80% utilization.,

sources

4 Meta, Reference 57.
b ora, Reference 87.

C Flores Asecita, Re ference 40.
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engine is used), or 12.5 -~ 25 million BTU of steam per day for 260 days per

year.

4.2.5 Vood and Charcoal Gasifiers

Gasifiers fueled with wood or charcoal are att;acting increasing interest
throughout the world. 1In Jamaica large-scale gasifiers could be used in
industrial applic~tions for raising steam or generating process heat.
Small-scale gasifiers could be used to provide on-farm shaft power. Most of
the applications considered for Jamaica are for fixed gasifiers. There is
also the option Jor using gasifiers to provide mobile shaft power such as on
tractors or jitneys. These applications are common in the Phillipines, but it

is unlikely that they will be used in significant quantities in Jamaica.

The large-scale applicatiohs include retrofitting boilers and installing
new gasifier equipped gas boilers. Although these gasifier-equipped boilers
consume more fuel than wood-burning boilers, they are easier to control and,
therefore, are preferable in applications where the rate of steam generation
must be adjusted to specific levels. Another large-scale application is
generating "clean" process heat for crop drying, ceramic firing and

brick-making.

The small-scale applications include powering small irrigation pumps and
on-farm crop grinding equipment. Shaft power can be obtained by fitting
gasifiers to gasoline and diesel engines. 1In the case of the gasoline engine
the capacity must be derated by 40 percent because of the low energy density
of the producer gas. For the diesel engines the derating is less but the
engines require a fuel mixture with at least 10 percent diesel in order to

ensure combustion.

i
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The price of a gasifier varies with c=ize, source, and application. The
small-scale gasifiers, 26 hp or less, are relatively simple since they are
manually loaded and do not require sophisticated, complex controis. The
larger scale units are more difficult to operate and require fuel-handling
equipment as well as controle to ensure proper matching of the supply of gas
and the cemands of the end use. For units from 1 to 20 horsepower the price
averages about US$50~75 per horse-power. It i3 possible to consiruct these
units locally but quality work is required for their fabrication. For engines
in the range of 100-500 horse-power, the cost for a gasifier is about US$40~60
but this cost does not include fuel-handling equipment. For large boilers
with outputs ranging from 1 to 10 million BTU per hour, the cost of the
gasifier is US$10-20,000 per million BTU/hr of capacity. ‘The unit cost for
the gasifier decreases as the size increases. For small-scale gasifier and
generator sets, 10 to 50 kilowatt capacity, the costs range from US$1900 per

kilowatt for the smaller units to US$1080 per kilowatt for %the larger units.
A summary of some typical costs for gasifiers alone and gasifiers connected to

boilers and generating sets are shown in Table 4.1ll.

An analysis of the costs and technical parameter for a typical medium size
gasifier, 1.27 million BTU per hour, and a typical large gasifier, 12.7
million BTU per hour, is shown in Table 4.12. The conversion efficiencies for
wood gasifiers are estimated to be 80 percent. When the wood gasifiers are
attached to jas boilers the system efficiency is only to 72 percent.. For
charcoal gasifiers these efficiencies are higher, 89"percent for the gasifier
and 80 percent for the boliler and gasifier. The charcoal gasifiers are
simpler to operate and more units are designed for chafcoal than for wood.
However, the loss of heat content in the conversion from wood to charcoal is

much greater than the marginal savings in heat content due to the higher

Q)
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Table 4.11.
Gasifier Prices

(US$)
Capital Unit Cost. 1
Configuration Fuel Size Country Cost Quoted Standaré
gasifier
for boilers wood chips l.6mn BTU/hr Uus 30,000 19
n . 4,2mn BTU/hr " 50,000 12
" " 8.4nn BTU/hr " 82,000 10
gasifier and wood ;
generator sets charcoal 15-500 kwe Brazil 100-200/kwe 10-20
wood 12 kwe Germany 22,660 1,888/kwe 553
. 16 kwe wn 260,438 1,652/kwe 484
" 50 kwe " 54,013 l,OGO/kwe 317
25 kwe Costa Rica SOO/kwe 147
gasifier
for engine charcoal 5 hp Various 40-75/HP 16-30
gasifiers
for engines charcoal 10-16 HP Phillipines 34-207/84p 13-81
gasifier
for engine " 156 HP no 10,000 25
gasifier
for engine " 389 HP nu 18,000 18
gasifier
for tractor . 65 HP ne 2,500 15

Y/ Per 1,000 BTU/hr of capacity.

Source: Meta 1982 Reference 56,
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Table 4.12.

Typical Gasifier Costs and Technical Parameters

Typical Gasifier Costs and Technical. Parameters

Gagsifier Only

| Gasifier and Boiler| Gasifier Engine

|
I
| Wood and Charcoall
!

Fuel Wood and Charcoal |[Wood and Charcoal

Size Medium | Large | Medium | Large | Small
Output

- mn BTU/hr 1.27 12.7 1.27 12.7 -

- 000's 1lb. steam/hr - - 1.05 10.5 -

- HP - - - 5
Efficiency

- wood 80% 80% 72% 72% 25 %

- charcoal 89% 89% 80¢ 80% 25 %
Consumption (short ton/hr)l/ .

- Wood .126 1.26 .14 1.40 8.3 lbs./hr
Capital Costz/

- 000's uUs$ 22.7 124 56.4 210.5 875

UsS$/000's BrU/hr 17.9 9.8 44.4 16.6 -

UsS$/HP - - - - 175
Maintenance Costé/

000's USS$ .45 2.48 1.13 4.21 17.50

000's JR .80 4.41 2.01 7.49 -

J$/000's BruU/hr .64 .36 1.58 .59
Labory 3/

Skilled 1 1 1 -

Semi-skilled 1 2 1 3 o2
Labor Cost (000's J$/yr)2/

Skilled ' 19 19 19 19 -

Semi-skilled 0 30 15 45 3

Subtotal 19 49 34 64 3
Annual Output®/

- 109 BTU 2.2 22.2 2.2 22.2 -

106 1b. steam - - 1.84 18.4 -

- 103 HP-hr - - - - 8.3
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Notes for Table 4,12,
Typical Gasifier Costs and Technical Parameters

Notes
l. Assume wood 6150 BTU/lb. low heat, charcoal 11,200 BTU/lb.

2, Excludes fuel handling equipment.

3. 2 percent of capital cost in US$ and 2 percent in J$, J$1.78=USS$1l.
4. Sinmgle shift, consultant estimate.

5. Semi-skilled: 15,000/man-year; skilled: 19,000/man-year.

6. 80 percent utilization, single shift, six hours per day.

Source: Meta Reference 56.

Consultants estimates.
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efficiencies of the charcoal gasifiers. The medium size wood gasifier
consumes 255 lbs. of wood per hour (assuming 6150 BTU/1b. low heat value) at
full load while a similar charcoal gasifier would consume 135 pounds per hour
(assuming a heat value of 11,200 BTU/1b.). The larger gasifiers consume about
10 times chese amounts. Since both charcoal and wood gasifiers are relatively
simple to operate the labor requirements are limited to a semi-skilled
operacor for the smaller unit and to one skilled operator and twc semi-skilled

helpers for the larger units.

The costs and technical parameters for a small-scale gasifier and engine
are also shown in Table 4.12. The small-scale gasifier is.less expensive to
operate but has an estimated efficiency of only 75 percent: When connected to
an engine the system efficiency drops to 20-25 percent. Fuel consumption

therefore averages 1.6 to 2 lbs. of fuelwood per horsepower-hour.
4,3. Markets

4.3.1 Fuelwood Cooking Fuel

At present there is very little information about the use of fuelwood for
cooking in Jamaica. The household survey conducted for MME in 1979 and the
one currently in preparation, do not collect data on actual fuelwood
consumption but merely attempt to determine what proportion of the households
use fuelwood. A summary of the results from the first survey are shown in
Table 4.13. These results do not distinguish between households which use a
single fuel and those which use a mixture of fuels. The data on quantity of
wood consumed were not included in the first survey and were recorded in

*
non-weight terms in the second survey. The parishes with the highest

* Without standardization of measurements it is somewhat meaningless to
record fuel consumption. The only common unit is weight,
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TABLE - 2.13

Household Choice of Cooking Fuels

(¥ household using)

PARTSH ELECTRICITY  LPG KEROSINE ~ CHARCOAL ~ FUELWOOD  TOTAL
Kingston 1 47 66 42 12 168
St. Andrew 4 61 54 31 16 166
St. James 54 43 40 37 49 223
St. Catherine 1 31 56 33 40 161
St. Ann 49 30 57 24 74 234
Hanover - 30 35 24 75 164
Trelawny - 22 45 22 70 159
Portland 37 20 53 37 75 222
“larendon 1 24 37 43 69 174
Manchester 35 27 40 17 64 183
Westmoreland - 23 35 14 80 152
St. Thomas - 28 41 43 76 188
St. Mary - 23 40 24 86 173
St. Elizabeth - 13 42 5 95 155
~ less than i%

Source: Household Energy Survey 1979-1980
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percentage éf households using fuelwood for cooking are St. Elizabeth, St.
Mary and Vestmoreland. The parish with the lowest percentage is St. Andrew.
The lowest percentage is associated with the high level of urbanization in St.
Andrew, the higher percentages do not appear to be related to the distribution
of population zr the availability of fuelwood. If the data from St. Andrew is
excluded, then between 40 and 95 percent of the respondents from each parish
use fuelwood for some part of their cooking.l Island-wide about 54 percent of
the houseinolds use fuel wood for some pért of their cooking. The data in
Table 4.13 reveal that many of the households which use fuelwood also use
chércoal, especially in St. Mary, St. Thomas, Clarendon, and Port land.
Fuelwood is collected by the household or purchased from higglers in the
market. It is burned in three-rock or other simple wood skovesn No
information is currently available on the cooking activity, the types of
utensils used and the resulting level of fuel consumptton. Data from other
countries indicate that Households which cook exclusively with fuelwood use
between 1 1/6 and 1 2/3 1b. of air-dried wood per capita per day. If it is
assumed that 54 percent of the households obtain half their cooking heat from
fuelwood then the level of consumption would be between 270 and 390 thousand
tons per year. If it is further assumed that the fuelwood has a 20 percent
moisture content at the time it is used, but a 50 percent moisture content at
the time it is removed from the forest, then the total amount of greenwood
consumed for cooking is between 430 and 620 thousand tons. If the wood is
obtained from both undisturbed forests and from disturbed forests/scrub land

in a ratio of 1:2, then the equivalent area cut would be 2.4-3.5 thousand

*
acres of the former and 18-26 thousand acres of the latter . This is a

* Assuming 60 tons/acre from mixed forests and 16 tons/acre from disturbed
forests.
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conservative estimate since marginal sources of wood are not included in the
calculation. These areas represent 1 to 2 percent of the natural forests and
2-3 percent of the ruinate, and "other" wooded lands. ibwever, they represent
a much larger percentage of those areas which are easily accessible to the

rural population.

4.3.2 Charcoal Production and Markets

Charcoal is currently used as a cooking fuel in 29 percent of the Jamaican
housenolds and in a limited number of hotels, restaurants, and food shops (for
barbecues, especially Jerk fish, chicken, and pork). Charcoal is also used in
a few industrial applications such as lead smelting for battery manufacture.
It is also a potential fuel for use in cement manufacturiné which is expected

to consume 112,000 tons of coal in 1984 and 168,000 tons in 1987.*

Charccul is currently produced by small-scale prodhcers using either metal
"TpI" kilns‘rented from the Forestry Department or "ground” kilns (either
earth mound or pit kilns). A survey conducted by L. Nelson, Reference 68, in
1982 of some 30 charcoal producers revealed that they collect the wood from a
distance of one mile or less and use mostly wood which has been cut by someone
else as part of forest clearing activities., The kilns are generally fired for
l to 2 days, either once or twice a week. About 2/3 of the respondents used
single kilns while the remainder used 2 or 3 kilns. Most of the charcoal
makers have helpers who include not only friends and relatives but also hired
labor. The latter were mentioned by nearly 2/3 of the respondents. Most of
charcoal is sold directly to the households, although 1/3 of the respondents
indicoted that they had also sold some charcoal to hotels and other commercial

establishments.,

* Source: MME National Energy Plan 1982.

oA
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Another review of the charcoal making activities was performed by a member
of the Tropical Products Institute in the spring of 1979.* This survey
concerned the use of the "IPI" metal kilns which had been fabricated in
Jamaica for the Forestry Department and waich were leased to various charcoal
producers. A summary of the findings is shown in Table d.5. Although 30
kilns had been fabricated only 9 were found to be in active use at five sites
with a weekly output averaging about 146 bags (about 3 1/2 tons) per week.
Another seven sites had the remaining 21 kilns but these were not beiﬁg used.
Most of the activities surveyed suffered from lack of equipment, especially
chain saws, lack of adequate training and incentives for workers, and lack of

raw materials.

Most of the facilities had been organized to use the wood from forest or
estate clearing activities to make charcoal. One example is a large facility,
now shut down, located at Serge Island. It contained 16 kilns of which 9 did
not work properly because of poor fabricaticn. This faqility was set up to
process Carribean Pine from a clear-felling operation in the Blue Mountains.
It was closed because of lack of transport and technical supervision. Another
example is a facility located at Cambridge Backland that operated three kilns
to process felling wastes produced as part of Forestry Department harvesting
activities. When the Forestry Department ceased activity, the charcoal

producers cut down their own trees for charcoal.

A charcoal-making activity using metal kilns was visited by the author in
the summer of 1983. It is a downstream activity of a sawmill, in the parish
of St. Ann, which is milling wood obtained from coconut trees killed by the

"lethal yellow" disease. The kilns are located at the sawmill and plans are

* A.R. Paddon 1979 Reference 71. /
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underway to expand production as the volume of wood milled increases and a

market for the "low density®” charcoal is established.

No information has been ~collected on the weight of charcoal consumed for
cooking. It is mostly burned in pit.barbecues or cast-iron coal pot stoves.
Data from other countries and estimates by the FAO indicate a level of
charcoal consumption of between .3 and .6 lb. per capita per day. It is
assumed that the higher figure is for families which use only charcoal, If
the average household that burns charcoal obtains only half its fuel from
charcoal, then the annual national demand would be about 31.5 thousand tons.
With an average yield of .3 lbs. charcoal from 1 1lb. of fuelwood, this implies
a demand for 105,000 tons of fuelwood per year. Since mosF of the feedstock
is obtained directly from the forests and only slightly dried, the demand for
greenwood would be only about 25 percent greater. This implies that about
2250 acres must be cleared each year to produce charcoal for household
cooking. If an eucalyptus plantation were used to meet this demand and the
wood was converted to charcoal in kilns then about 12 thousand acres would be
required assuming that the harvested wood has a moisture content of 50 percent

and the wood used in the kiln has a moisture content of 35 percent.

Another use for charcoal in the household is for ironing which is done
either with a flat iron heated on a charcoal stove or with a charcoal iron.
About 23 percent of the households in Jamaica use charcoal for ironing. The

distribution of demand by parish is shown in Table 4.14.

Still another use for wood and charcoal in the household is for heating
water. About 9 percent of the households surveyed indicated that they used
charcoal for water heating while another 26 percent indicated that they used

fuelwood for the same purpose. Most of the water heated with wood or charcoal

o\\o
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TABLE - 4. 14

Household Choice of Ironing Fuels

(% household using)

FLAT TRON
~ARISH ELBECTRICITY LPG OR KEROSENE CHARCCAL IRON FLAT IRON
STOVE OR FLAT IRON FIREWOOD STOVE
CHARCOAL STOVE
Kingston 55 8 15 3
St. Andrew 71 8 10 3
St. James 39 9 23 11
St. Catherine 35 14 23 11
St. Ann 33 37 22 45
Hanover 26 13 28 22
Trelawny 25 16 28 37
Portland 21 12 43 22
Clarendon 21 5 39 30
Manchester 23 18 19 38
Westmoreland 26 6 16 32
St. Thomas 13 13 55 38
St. Mary -~ 15 12 22 32
St. Elizabeth 8 26 13 78

Source: Household Energy Survey 1979-1980
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is used for drinking or for washing clothes. The distribution of this demand

by parish is shown in Table 4.15.

The demand for charcoal as a cooking fuel appears to be income elastic
as indicated by the data in Table d.6. This same table indicates that the
demand for charcoal for ironing is more income elastic, that is, it decreases
more rapidly with an increase in income., Since the income elasticity for
electric and gas water heaters is positive, the income elasticity for charcoal

as a fuel for water heating is thought to be negative,*

The long term trends in the demand for fuelwood and charcoal can only be
guessed at, in lieu of better data. Th=2 assumptions used in the market

analysis a:: shown in Table 4.16.

4,3.3 Market for Dendrothermal Plants

It is assumed that the dendrothermal plants, in order to be financially
attractive, must be 3 megawatts or larger. Because of the amount of land
required to grow the fuel, this plant would probably not excead 10 megawatts.
It would be operated by JPS or the Aluminum companies, perhaps 1n co-operation
with FIDCO or the Forestry Department. The electricity generated would be rfed
into the grid to meet the baseload demand. The market for this generation

capacity is discussed in Chapter 10,

* This is not necessarily true since the demand for both could increase
with income.



TABLE - 4.15

Water Heating Fuels

(% households using)

PARISH ELECTRICITY LPG KERCSENE  CHARCOAL AND FIREWOOD
Kingston 4 17 28 27
St. Andrew 7 20 21 13
St. James 2 3 2 6
St. Catherine 1 6 6 17
St. Ann 2 28 42 €2
Hanover 1 3 7 8
Tre:lawny 1 15 23 58
Portland 2 6 40 30
Clarendon 1 10 9 59
Manchester 5 | 7 14 53
Westmoreland - 7 7 43
St. Thomas - 8 13 57
St. Mary - 3 2 43
St. Elizabeth - 5 24 90
- less than 4%

Source: Household Energy Survey 1979-1980
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Table 4.16.

Assumed Trends in the Demands for Fuelwood and Charcoal

Ena Use
Cooking
Ironing
Water

teating

Process Heat

Producer Gas

Cooking

Fuelwood

will
with

grow together
rural vopulation

will decrease as a
proportion <f populaticn

Wwill decrease as
proportion of pepulation

will increase 1in
ance as a fuel and as a
source of charccal

l Land
5
hel
]
[a
T

[

limited use except for
package boilers

no increase

Charcoal

will jrow together
with urban population

will decrease as a
proportion of populaticn

will decrease aa a
proport ion of population

will increase in import-
ance as a substitute for
oll and coal

incréase in importance
for boilers and process
heat applications

grow in proportion to
population
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4.3.4 Merket for Boilers anc Gasifiers

It is difficult to determine the market for wood-fueled boilers and for
wood and charcoal gasifierzs since there are no data available on the extent of
the demand for industrial process heat and no breakdown of demand by those
applications which use steam and those which do not. The same can be said for
the demard for industrial shaft power and on-farm shaft power. .. this point

it is only possible to list the potential applications as has been done in

Table 4.17.

If fuelwood plantations can be ectablished in Jamaica and reqular supplies
of fuelwcod assured, then wood boilers will be attractive to industries
currently using oil-fired boilers provided that the cost df the delivered
fuelwood is less than the cost of the bunker C replaced. 1In 1981 prices, this
amounts would mean less than US$58 per ton of wood at 20 percent moisture
content. For existing facilities, consideration will be given to retrofitting
boilers with gasifiers provided that the net =avings in fuel provides a
d.scounted payback period for the gasifier of five years or less. The gasifiers
could also be attractive for industries requiring clean controllable process
heat, such as food processing and ceramics. Retrofitting of diesel and gasoline
engines for stationary shaft power greater than 20 horsepower is not likely to
occur given the proximity of the rural areas to the grid and to major urban
centers. Gasiflers and wood boilers may also be installed at sawmills where
there are adequate residues and no alternative use (e.g. particle beoard,

charcoal) . A map of some potential sawmills is shown in Figure d.1.
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Table 4.,17.

Potential Markets for Wood and Charcoal Furnaces,
Gasifiers and Boilers

"

Wood Wood Charcoal Charcoal and
Bconomic Activity Boiler Gasifier Gasifier Wood Furnaces

Large Scale
poultry X X
beverages¥ X
caeranics X X X
sawmill X
foud processing X X
metal working X
textiles
phamiceuticals
sugar, rur, molasses X
flour mills
canning
footwear
t obacco
metal fabrication X
fertilizers X
crop drying X X

x x

x X X X

Small Scale

irrigation

small crop grindors
tractors

on-farm trucks

x X X X

* Mon-alcoholic.
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For small-scale gasifiers, the primary use would be for small-scale
irrigation. 7This demand is discussed in Chapter 10. Other demands are not

expected to be significant unnil nmuch laser in She 2lanning period.

/)-’
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Chapter 5§

Biomass~-Sugarcane

This chapter discusses the potential role of the sugar industry in the
conservation and production of energy. The conservation of enerqgy involves
improvements in the milling equipment so as to reduce the dependence on
petroleum--based fuels. The production of energy involves the use of bagasse
for electricity generation, cane juice for the production of ethanol, cane
lands for production of biomacs and distillery wastes for the production of

methane.

The data presented in this chapter is based largely on. estimates and
secondary sources. The author is grateful to Mr. Richardson of the MME for
tracking down what littl2 data were available on the current operation of the
sugar industry and for his analysis of the energy requirements and potential

technical modifications which might be made to the mills.

The conservation effort is currently underway and the construstion of a
pilot methane production unit is expected to be approved soon. These are the
only two technologies that are expected to provide results in the short-term.
In the medium term, it is possible that additional ethanol distilling capacity
will be installed, but it is unlikely to exert a major impact on the use of
petroleum fuels unless there is another dramatic shift in relative prices of
fuels. Such a shift would also be necessary to encourage the growing of
energy cane. The energy cane has the same attraction as other technologies
which are only partly understood, it appears as a panacea. However, there are

serious difficulties in grafting a biomass production activity onto a
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declining industry which is suffering from overstaffing in the mills and
shortages of field labor. The logistics and timing of the cane grinding
activity make it unlikely that the existing industry could generats

electricity beyond that required for its own consumption.

5.1 FResource

The growing of sugar cane is one of the oldest agricultural activities in
Jamaica, dating back to early colonial times. It is also the major
agricultural activity on the island involving between 110 and 120,000 acres
(about 4.5 percent of the total land area) of which only 20 percent is on
estates. Sugar cane is planted once every six years., The cane is copplced
during the intervening years. The maximum vield obtained in Jamaica is 40 to
50 tons per acre per year in the parish of Westmoreland. The overall vield is

about 23,5 tons per acre although the estates obtain an average of 26 tons,

The sugar industry has been in a state of rapid decline for the last 15
years. During this period the annual production of cane decreased by about 60
bercent. Between 1972 and 1982, the rate of decline in production averaged
about 6.5 percent per 7ear, as snown in Table 5.1. Since the vields have not
charged significantly during this period, this means that land harvested has
also declined. It is not known what percentaje of the approximately 165,000
acres that have gone out of production in the last 15 years is currently used
for agriculture or pastureland, but much of this land is unused and

overgrown,

The quantity of sugar cane required to produce a ton of sugar has
increased during this period as shown in Table 5.2. This is due in part to
the practice, introduced over the last decade, of burning the fields prior to

harvest. It is also due to the quality of cane received at the mills,



TABLE - 5.1

Sugar Production Statistics

’Sugar Cane l-l Sugar = , Sujar — Domestic_g- Molasses Z
Produced Produced Exported Sugar Froduced
Year (MM tons) (000's tons) | (000's tons) | (000's tons) | (tons)
1972 4.07 373 276 97 144
1973 3.58 326 261 66 129
1974 3.75 307 270 97 121
1975 3.52 355 254 101 120
1976 3.57 363 230 133 118
1977 3.18 291 213 78 116
1978 3.22 287 196 N 131
1979 2.93 279 185 94 108
1980 2.74 228 130 98 101
1981 - | 2.41 195 123 72 90
C '
1982 2.48 1N 194 I S S __wavgg‘““_qﬁﬁ_Lr
1 Source = Social and Economic Statistics 1971-1982
2 Source = Statistical Review - Various Years
“

Molasses 1 Rum 2 Rum 1
Exported Produced Exported
(tons) (000's Titers) (000's liters)
60 14.6 7.2
39 17.2 6.7
39 18.6 14.0
N/A 18.4 11.4 o
G
43 14.3 10.1
3] 14.8 | 9.9
|
52 13.3 ! 8.5
24 14.9 11.1
7 16.9 12.4
0 18.6 10.9
5. _“15.4‘»v~v—~l —b.1
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TABLE - 5.2

Sugar Industry Production Ratioes

Tons

Tons Cane/Ton

Cane/Acre Sugar
1973 : 26.8 10.5
1974 26.4 10.0
1975 24.5 9.8
1976 25.6 9.9 .
1977 24.8 10.9
1978 27.6 (32.7) 11.7
1979 26.2 (30.1) 11.0
1980 24.0 (30.0) 11.0
1981 21.5 (27.6) 12.0
1982 23.4 (26.1) 12.5

Estate Yields in Parenthesis

Source: NPA, Economic and Socfa] Survey, 1981
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The increased use of equipment for loading can: in the field has increased the
quantity of dirt in the cane that is delivered to the mill. 1In a well run
aill, such us Worthy Fark, the owners have thae option of rejecting dirty cane
so the production of one ton of sugar requires only about nine tons of calec.
However, at gevernment mills which must accept all cane, such as Bernard

Lodge, ore ton of sugar reqguires 12-13 tons of cane.

5.1.2 Sugar Industry

The sugar mills have also gone into a state of decline during this
period. Although the quantity of cane milled has declined, the number of
mills has remained relatively constant. The mills were operating close to
capacity in 1967-1968. Since that time their level of utilization has
steadily declined as has their physical condition. Normally, the mills
operate during the half of the year in which the cane is harvested. While the
period of milling has remained the same, the actual number of days operated
has been yreatly reduced. Large work forces and relatively high prices for
cane (fixed by the government at $55/ton in 1983 for cane sold to mills) have

reduced the profitability of the sugar industry to the point where an IBRD

loan had to be obtained for renewing the equipment in the government mills.*

Some of the hardest hit of the mills are those owned by the government.
While the private sector has attempted to operate their mills at reasonable
levels, some of the government mills are all but closed. The severity of the
situation in the government mills is indicated by the data in Table 5.3.
There are now plans to close down some of these mills to reduce the excess

capacity as well as the level of government subsidy to the industry.

* Approximately $450 million announced in July 1983.
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Table 5.3. Sugar Production in Government Mills

(000's tons 96° Sugar)

1980 1981 1982
Frome 522.8 516.2 235.4
Monymusk 565.0 461, 2 118.6
Bernard Lodge 315.5 321.0 72.8
Cucken Field 157.7 151.3 5.7
Grays Inn 124.,5 80.4 —--
Long Pond 177.0 118.1‘ 9.2

Source: SIRI.
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The principal products of the sugar industry are sugar, molasses and rum.
Currently the sugar industry 2xports its production to the EEC countries and
to the United States under quota systems. The current quota price of 17.5
cents per pound is considerably higher than the world price of 17 cents per
pound. Despite this implicit subsidy to the sigar industry, Jamaica is unable
to fill its quota, which is 68,000 tons to U.S. and 125,000 tons to EEC. Rum
continues to be the most profitable product of the sugar industry. Despite
this fact, the production and export of rum hat not improved sigrificantly
since the mid-1970's (see Table 5.1). Molassec is used as a base for rum and
as an input to livestock feed and food products. The domestic production of
molasses has dropped by nearly one-third since the mid-1970's with the result
that the export of molasses has been snarply curtailed. A resoyrce flow
diagram of the product of the sugar industry is shown in Figure 5.1 for the

years 1981 and 1982.

The long-term prospects for the sugar industry are not good, not only
because of the decline of the industry within Jamaica, but also tecause of the
change in the worldwide market. In the United States, a rapidly increasing
percentage of the sugar requirements are being met with fructose, primarily
from corn, rather than sucrose. In the EEC, the increasing surplus of beet
sugar is reducing the demand for cane sugar. Although the price of sugar
recovered from the slump in the late 1970's, it peaked in 1980 ard has

steadily declined since then (see Table e.,l).

5.1.3 Energy and Sugar Cane

The sugar industry is the subject of five proposals for improving energy
production and consumption. The first concerns improvements of the boilers at

the mill to reduce their dependency on fuel oil. . The second involves burning
¢

\
N
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Figure 5.1.
Resource Flow Diagram for Sugar Industry in 1980 and 1981

Farms Estates
91,000 reaped acres (85,000) 21,000 reaped acres (21,000)
20.2 (22.1) tons/acre 27.6 (26.1) tons/acre

|

1,834,000 (1,878,000) tons cane produced 580,000 (548.000)| tons cane produced

L.

12 (12.5) tons cane/ton sugar

I
198,000 (194,000) tons sugar 90,500 (99,100) tons molasses

'

[ ‘ ]
1,120 (1,007) proof 5,388 (5267) proof
gallons alcohol gallons rum

Notes: 1982 values in parentheses.

Source: Economic and Social Survey 1982, adjustments by consultant.

i
WV
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excess bajasse to generate elactricity. The third suggests the growing of
high-fiber enerqy cane on cane land not currentiy in production. The fourth
considers the use sugar cane to produce ethar >1. The fifth examines the use

of the distillery wastes from rum-making to prcduce biogas.

The proposged improvement of the sugar mill boilers is wmeant to reduce the
relatively high level of oil consumption at the mills. The mills normally
consume a certain gquantity of fuel oil in starting up their boilers and in
maintaining the mill during tie out-of-cane se:son. The use of fuel oil at
the mills began increasing in the early 1970's, when bagasse was diverted to
the manufacture of particle board. Recently, the problems with irregular
supplies of cane and the increasingly intermitten® nature of the mills'
activities have increased the demand for boiler fuel, especiall; for
bunker C. The increasing cost of 0il has caused the mills to adcpt measures
to reduce oil consumption including the use of wood wastes for boiler fuel.
These measures appear to have been successful in certain mills, e.g., Bernard
Lodge, but not in others, e.g., Monymusk, as shown in Table 5.4. Overall, the

industry has continued to consume about five million gallons of bunker C per

Yyear as shown in Table 5.5.

Currently, there are plans to install air preheaters and superheaters on
the boilers of some of the mllls in order to improve their efficiency. These
units were delivered to Jamaica several yeafs ago as part of an IBRD-financed
project, however, they were never installed. Other near term plans call for
installation of a partial suspension boiler at Frome and a new, water-wall
boiler at Monymusk. It is also planned that all mill’boilers will eventually

be upgraded to 300 psi and that where multiple small boilers are used they
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TABLE - 5.4

0il Consumption in Sugar Industry 1979-1982

(Gallons_»il/ton_sugar for Government-owned Mills)

E Sugar Mills ! 1979|1980 i 1981 1982 |
| Frome e L e .82 .92
| Honymusk 1.86 1.44 1.74 4.33
5 3ernard Lodge 6.96 3.0 2.91 66
j Duckenfield 4.51 3.80 4.60 4.07
| Gray's Inn | 3.8 2.92 3.83 -
' Holland 1 3.2 .69 1.38 1.66
% Long Pond 4.58 2.72 3.37 - 1.84
| ,f
TOTAL E 3.27 208 | 2.00 1.64
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Table 5.5.

Fuel Oil Consumption in Sugar Mills 1980-1982

(000's Imperial Gallons 0il Used)

1980 | 1981 1982

Frome?/ 947 422 554
Monymusk2/ 1,026 1,256 2,452
Bernard Lodgeg/ 954 906 78
New Yarmouth?/ 102 358 124
Innswoodg/'S/ - - _—
Duckenfield?/ 600 660 366
Long pond2/ 482 378 363
Worthy parkd/ 19 15 43
Appletone/ 339 310 343
Hampdeng/ 200 i39 78
Holland2/+</ 39 101 -
Gray's InnY/ 364 325 593
Total 5,072 _4,868 4,99

a4/ Total Annual Consumption.

b/ National Sugar Company Ltd. Plant.
¢/ Non Operational - dismantled.

4/ Worthy Park Ltd.

e/ Wray Nephew.
£/ Hampden Ltd.

9/ Burns no oil, does not generate electricity.

Source:

National Suqar Co. Ltd.
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will be replaced with large boilers. The potential for improved efficiency of
the mills or for fuel substitution is excellent, but the funds for capital
investment are severely limited. The technical considerations of this

proposal are dealt with in the next section.

The possibility of burning excess bagasse to produce electricity was
contained in a proposal submitted by one concern. This proposal contains a
number of unlikely assumptions including:

a. the sugar mill can operate on 35 percent of the bagasse

produced from grinding the cane;
b. The bagasse boiler can achieve an efficiency of 87 percent;

C. the turbine/generator can achieve efficiencies of 93 percent,

Even in a well-run mill, the quantity of excess bagasse would be limited to 30
percent. The proposed efficiencies are well in excess of those normally
achieved as'was pointed out in an analysis by Mr. Keith. Using excess bagasse
for electricity generation is generally not a gocd idea because bagasse is
produced only during the grinding period which lasts about cne-half the year
and there are considerable difficulties involved in storing bagasse. Further

consideration is given to this proposal in the next section.

The growing of high fiber "energy cane" was proposed by the Scientific
Rasearch Council of Jamaica.* Currently, the SRC is trying to obtain
permission to import energy cane from the U.S. in order to run it through an
existing mill. This high fiber cane yields 80 to 120 tons per acre of
above-ground biomass. It would produce about three times as much molasses as

existing varieties per acre and this molasses could be used to increase rum

* The specifics of this proposal were not avallable at the time
this report was prepared. The information presented is based on a
discussion with Dr. Binger of the SRC. .
“!

W
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production. The cane would also produce about the same quantity of
<ugar per acre. The fiber from the cane would be used as a hoiler
fuel, Some of the problems involved in introducing this high fiber
cane are;
1. about 40 percent of the biomass is contained in the leaves and
therefore it would not pe possible to burn the field prior to

the harvest without a considerable loss of fuel value:

2. the cane would have to be manually harvested since equipnent
is not available for harvesting the dense cane;

3. 250 to 400 percent more grinding capacity would be required
per acre planted, however, the existing mills are now
operating at about one-~half of capacity;

4. the current floor price for cane of $55 per ton would make
this an uncconomical fuel. The financial viability of this
proposal will be extremely sensitive to the cost of delivered
cane.

The problems of creating an energy production activity from a declining

agricultural activity are considerable. This proposal is discussed further in

the next section.

The production of ethanol from sugar cane has been the subject of
considerable discussion in most countries. Brazil has taken the lead in
developing this technology. Its decision to proceed with large-scale
distillation of ethanol from sugar cane was based or. the avallability of large
amounts of uncultivated land suitable for growing cane and on national
policies which gave great weight to reduced dependence on foreign oil,

Neither of these conditions pertains in Jamaica. Jamaica currently produces
about 1.2 million proof gallons of hydrous ethanol for sale to industry at
distilleries located at the Innswood and Monymusk mills. Since this

production does not meet demand, additional quantities must be imported.
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A consultant's study of the possibility of lamge-scale ethanol production
concluded that the project was not feasible. A major poroblem is that the cost
of the cane delivered to the mill would be higher than the value of the
ecthanol produced. Another proclem is that the return on the production of
sugar and rum 15 higher than on the production of ethanol. A detailed study
of the possibility for retrofitting an existing mill, Bernard Lodge, for
ethanol production was prepared by Messrs. Richardson and Lidcas., Their
findings are presented in the appendix, "Case Studies®. They concluded that
neither the existing mill nor the retrofitted nill would be financially viable
jiven the 196l prices. If the sugar were sold a- rthe quota price tnen a suyar
mill would lose less money than an ethanol plant, but If the sugar were sold
at the world price, which at that time was only 7¢ per lb.) then an ethanol
plant would lose less meney. The costs and conversion efficiercies fo: a
newly built ethanol plant are presented in che following section.

The prop.sal for introducing a larme biogas digester to convert the dunda,
distillery wastes from rum, into methane was initiated by Bacardi whicnh has
such a facility in operation at their distillery in Merto Rico. This
proposal is now Leing considered for funding by USAID., A summary of the
financial and technical characteristics of this proposal is presented in the

next section.

5.2 Conversion Costs and Efficiencies

5.,2,1 Mill and Distille-ry Efficiencies

The sugar mills now use the bagasse as a boiler fuel, exclusively.
Because of the variability of supply, the reduced efficiency of the boilers,

and the need for steam during the out-of-cane season, the mills consume in

addition to the bagasse, approximately two imperial gallons of fuel oil for
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every ton of cane ground. The material flow for a typical plant is shown in
Figure 5.24. These qills requice between 1,100 153, <f steam zer ton of cane
crushed for an efficient mill and 1,300 lbs. of steam for an inefficient

mill. The latter is more common. If we assume a low heat value for bagasse
of 3,250 BTU/lb.,* and for fuel oil of 166,000 BTU per imperial gallon, and if
we assume a a boller efficiency of 75 percent for bagasse and 35 perceat for
oil then the heat rate per ton of cane processed is 1,520 lb. of low pressure
steam (1,150 BTU/lp.). The bunker C provides about 16 percent of the required
steam which 135 used primarily in starting up the bollers prior to cane
grinding and in running the generators during the out-of-cane season. In the
1960's when the boilers were in good condition, the mills burned no oil and

produced 10 to 15 percent excess cane which ~as incinerated.

If the mills are retrofitted with air preheaters and steam superheaters, the
expected material flow would be as shown in Figure 5.2b. The consumption of
bunker C would be eliminated, but all of the bagasse would continue to be used as
a fuel. The out-of-cane fuel requirement would be met with the excess bagasse
produced during the grinding. The estimated price for the retrofit of Bernard

Lodge is J3.5 million excluding the cost of the preheaters and equipment.

A modern mill has a material flow as shown in Figure 5.3. Assuming a
boiler efficiency of 75 percent producing 300 psi steam (1,200 BTU/lb.), the
steam rate is about 1,100 lbs. per ton of cane, as shown in Figure 5.4. The
excess bagasse would be used for maintaining the mill during the out-of-cane
season and also to provide the energy for a distillery, if one were attached

to the mill.

* Based on 50 percent moisture content.
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Figure 5.2.

Sugar Mill Material Flows

a. Present Mill

2,000 lbs.
Cane
Crushed
600 1lbs (50% MC) 1,400 lbs.
Bagasse Cane juice
/N
2 imp. galions——pBoiler Fuel 160 1lbs. .56 lbs.
Bunker C Sugar 96° Mollasses
b. Well Run Retrofitted Sugar Mill
2,000 lbs.
C1;e
Crushed

.

600 lbs. (50 % ¥0) 1,400 lbs.
Bagasse Cane juice
Boiler Fuel 220 1lbs. 76 1lbs,
Sugar 96° Molasses



Figure 5.3.

Sugar Mill Material Flcws

c. Material Flow for a modern Sujar Mill and Rum Refinery

2,000 1lbs.
Cane

Crushed

PN

600 lbs. (50% MCj

Bagasse
/////
¢0 1lb. 540 1b.
IExcess Boiler
Bagasse Fuel

1,400 1lbs.
Cane juice
/
/S
/ \
220 1lbs., 76 lbs.,
Sugar 96° Molasses

Distillery
/

Y

22 imp, gallons
Dunda

Digester

Biogas
55 cubic feet

2.2 imp. gallons
Rum
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Figure 5.4,

Modern Mill-Energy Flow
2,000 lbs.

600 lb, bagasse (50 percent mc)

|
3,750 BTU/1lb (3,2?0 BTU/l1b low heat value)

2.25 % 106 37U

J

excels 2.03.x 105 BTL
pagasse \

50 1h.

(.22 x 196

BTU )

iler efficiency 65 percent (75 percent based
on low heat value)

1.32 x 106 s7U
1,100 lbs steam (1,200 BTU/lp)

~.,

™~

AN
.62 %x 106 BTU .7 x 106 BTU

grinding water eva ation
el
.56 x 1065 BTU .14 x 106 BTU
evaporating drying bagasse

cane juice

Source: FAO fuelwood study, modified by consultant's estimates.
Note: Bagasse bone-dry heat content 7,500 BTU/lb.

\“V'V
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A national plan for rationalization of the sugar Tills is currently under
consideration but nad not been mnade puslic at wrne <iae €als ceport was
prepared.  The components of this plan are thought to include:

3. a large IBRD loan for renewird the jJovernment nills, including the

installation of new 'oilers:

b. upgradirg the steam svstenms in all mills to 300 psi:

€. closing some of the less «fficient mills: and

1. retrofitting alr preheaters and superheaters on mills for which this

2quipment was procured, (i.e., Monymusk, Duckenfield, Bernard Lodge,

Long Pond) .
in the short run, proposazls have been made for mproving the manual
controls for the bagasse boilers, adding automatic bagasse ferding systems to
the furnaces, zad 234ding eguipmens to the oll burners zo improwve thelr

efficiency.

It is anticipated that by 1987 the consumption of ounker 7 at the mills
will nave becn consideranly reduced and that the purchase of electricity from
JFS at the Holland and Innswood factories will have vpeen discontinued 1n favor

of auto—jeneration.

5.2.2 Electricity Generation

Although the French proposal was unrealistic, it did identify the
potential for using bagasse to cenerate electricity for commercial use. It is
possible tha® the mills could generate electricity for sale tc JES during the
in-cane season. Assuming a 15 percent surplus of bagasse, 1 boiler efficiency
of 80 percen:, and a generating efficiency of 27 porcent, 1 mill grinding
1u0,000 tons of cane could generate 835 Megawatt hours (allowing 10 percent
for internal uses) for sale to JPS. If the in-cane 3eason lasts six months,

this would amount to an average output of .2 Megawatts. At current grinding
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levels, the mills, if upgraded, could generate 4 1/2 Megawatts. The problems
#ith this scheme are numeronus:
1. The condition of the sugar industry is not good and its
future is unclear;

2. The availability of generating capacity during only one-half
the year has limited venefits for JPS;

3. The current problems of irreqular cane supply and
intermittent operation would have to be eliminated; and

4. The cost of installing and operating generating capacity for
oniy six months of the year would be expensive,
The loglstics are too problematic to include this potential source of
electricity until the 1990's and by then it is uncertain what the condition of
the industry will ne. A summary of the probable costs for a generating

facility at a large mill handling 400,000 tons per year is shown below,

Table 5.6, Costs for Electricity Generation

from Bagasse

Input 400,000 tons cane
Bagasse 120,000 tons
Excess 18,000 tons
Couversion efficiency .215
Output 3,320 MWHR
Average output .85 MW*
Capital for 1.0 MW steam
generating capacity U.S. $ 2.0 willion

Annual maintenance Uu.s. $ 40,000

J 3 71,200
Annual labor Jd 3 76,00G4%

5.2.3 Ethanol Plants

It is generally agreed that the costs of constructing and operating an

ethanol plant and providing the cane are in excess of the market price for the

* plant availability 95 percent, six months per year, load factor .95.

** Agsume operation by existing mill personnel except for technical
supervision.



ethanol which could be produced. The cane currently has a price at the mill

of 7355 zer ton. This cane will vield approximataly 15 imperial jallons of
ethanol. If this is mixed with gasoline at a 1:9 ratio so that ,no changes
have to be made to the automobiles using the fuel, then the etnanol can be
sold ac the refinery for about J$4.50 per imperial gallon in current prices
(abuut $J3,50 in 198l prices). The coct of refining and transport must be
less than J}.33 per imperial gallon 1f the ethanol plant is to bhe financially
viable. With the transport costs between the refinery and a distillery in
Spanish town cstimated to pe about J$.15 per imperial gallon at current
tar1frs, the cost of refining must be less than 1'3§.64 per 1mperial gallon or

J$8-10 per ton of cane processed.

The cap.tal and operating costs of a sugar uill and an ethanol digbbllery
are about the same since both require labor and equipment to crush the cane
and 2vaporate the juice. Currently the yield from a ton of cane is 165 ips.
of sugar which can be sold, C.l.F., to the EEC or the USA four about J882.
Assuming thot 15 percent of this is for transportation, the inccme per ton of
cane processed into sugar is atout $70; the income per ton of cane processed

into ethano) is about $65.

The costs for some typical ethanol plants for capacities ranging from 4.4
thousand imperial gallons per day to 53 thousand imperial gallons per cday are
shown in Tahle 5.7. These plarts are stand-alone units. Their costs are
based on Brczilian estimates as presented in the IBRD publication "Alcchol
Production irom Biomass in Developing Countries". The prices have beer
updated to 9Bl. The labor costs for these plants are re%atively high since
the manning levels are assumed to pe comparable with Jamaican sugar mills

which are operating at productivity levels of ore man per 1,000 tons of cane



Table 5.7.

gthanol Plant Costsg

Capacity (litres,/day) 27,000 | 120,000 | 240,000
annual input
000's tons/year 1/ 40 239 178
Annual output mn litres 2.8 16.7 33.4

Capital Costs (000's) 1/

Engin. cving (US$) 175 519 883
Process EZguipment (US$) 1,306 5,430 9,350
Utilitles (J3) 568 2,387 4,181
Clvil Works, Land (J$) 649 1,802 3,004
Erection (US$) 100 295 370
(J$) 176 516 655
Contingency 2/ (US§) 252 981 1,649
(J3) _ 183 631 1,075
Subtotal (US$) 1,833 7,325 12,252
Subtotal (J$) 1,576 5,336 8,915
Tocal (US$) (mn US$) 3/ 2,72 10.23 17.26
Unit costs (US3/1,000 lit/day) 136 85 72
Labor 4/
Skilled 33 60 75
Semi~skilled 33 60 75
Unskilled 22 40 50
Labor Cost 5/ (G00's J3/yr)
Skilled 627 1,140 1,425
Semi-skilled 495 900 1,125
Unskilled 238 432 540
Subtotal (mn J3$/yr) 1.36 2.47 3.09
Maintenance 6/
(000's US§/yr) - 41 153 259
(000's J3/yr) 73 273 461

Source: IBRD Reference 45.
Notes: 1/ 1979 prices escalated by following factors:
1.3 engineering, 1.375 equipment, 1.45 utilities, 1.35 civil works,
1.25 erecticn.
2/ 15 percent of cost.
3/ 38 1.76 = ussl.
4/ Largest facility based on estimate of Bernard Lodge. Work force
for others scaled down assuming labor varies as the capacity raised
to the 1/3 power.
3/ Assume full vear employment for half years work skilled
J$ 19,000/man year, seni-skilled $15,000, unskilled J% 10,800.
8/ 1 1/2 of capital cost in US$ and 1 1/2 percent in J$; J$ 1.78 = USSL.
1/ 6 months per year, 85 percent plant availability 90 percent load
factor, 24 hours per day operation.
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ground. fconomies-of-scale are assumed so that th: labkor cost drops from
J$2.20 to J$.42 per imperial gallon as the size of the plant increases from

4.4 to 53 thousand gallons per day,

The material flow for the ethanol plants is shown in Figure 5.5a. Since
these facilities have a processing sequence similar to sugar mills, it is
possible to retrofit existing mills to produce ethanol rather than sugar. The
retrofit involves diverting the cane juice from the evaporation vats for raw
sugar to the evaporation columns for producing ethanol. The material flow for a
retrofitted ethanol plant is shown in Figure 5.5h. The costs for these
retrofittec plants was estimated by using the costs for a molasses-based
distillery. The costs were estimated to be 65 percent of the costs for a
completely new ethanol plant. These costs are explained in more det;il in

Richardson and lucas's case study.

5.2.4 Energy Cane

The projected yield from energy cane is about 30-120 tons per acre. Of this,
20-30 tons is in the form of leaves and other non—cane biomass. The cane would
be manually harvested and the fields would not be burned prior to cutting. The
cane would be transported to a sugar mill and ground to produce sugar. The
leaves and the bagasse would be burned to generate steam for grinding and for
electricity generation. A proposed material flow for the processing of this high
fiber cane is shown in Figure 5.6. This flow assumes that the cane would produce
the same amount of sugar per acre but 200 percent more molasses. The costs for
growing and harvesting this crop have not yet been determined,i/ although a

study is currently underway by Swedish consultants,

Y a preliminary economic evaluation was made by Dr. Binger of the SRC,
however, it is currently being revised. The numbers used in this section are crude
estimates and should be revised when actual planning figqures are available.
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The high energy cane would produce considerably wore fuel per acre planted
than a fuelwood plantation. Assumning that approximately 10-50 rons of bagasse
are produced per acre and 15-25 tons of non-cane biomass are collected, =ach
with a 50 percent moisture content, then this amounts to about 360-560 million
BTU of fuel per acre per year (using the low hea* value for bagasse). This
compares with a yield of only about 90 million BTU per acre per year for
proposed iuelwood plantations, If it iz assumed that the cnergy for grinding
1s the same for high tiber cane as for regular cane, then about 47 percent of
the bagasse would be used for 2rinding. Another 4-5 tons would be used for
making the sugar, molasses and rum. o energy 1is assumed to be required for
preparation of the non-cane biomass. If the bagasse were converted to
2lectricity using a steam plant with an overall efficiency.of 20-22 percent,
then the total output would be 12.3 to 2i.7 megawatt hours per acre of enefgy

cane.
The requirements for producing this electricity would include:

1. an increase In grinding capacity or the utilization of the
excess mill grinding capacity (approximately 18 million tons of
excess capacity assuming that one-half of the unused capacity
from the late 1960's is no longer available):

2. An increase in labor for harvesting an acre greater than the
increase in yield because the cane will not be burned prior to
harvest;

3. Mo increase in mill labor since the mills are heavily
overstaffed, but additional labor for operating the electricity
generation plant to be emplyyed for the full year;

4. Electricity generation for the six months of cane harvesting;
5. An installed capacity of electricity generation of 4 to 7
kilowatts per acre assuming a baseload operation with .9 load

factor and .83 plant availability; and ’

6. Yo change in the transport cost per ton of cane delivered to
the mill;
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A summary of the basic costs tor a 2,000 acre operation is presented in Table
5.8. The harvesting lahor costs were determined oY assuming that rthe current
floor price for cane of J355 per ton is allocated 20 percent to land rent (or
return o wwnerj, 16 percent for materials, 10 percent for transport, and 50
percent for lawcr, «ssuming mancal narvesting. The resulting lLacor cost of
J327.5 /ton was increased to J320/ton to allow for more difficult harvesting.
The cost to produce the electricity generated would bhe relatively high for two
reascns:  iirst, the cost of narvesting the cane which accounts for acout 4§
to 45 percent of “he total cost, and second, the cost of the generating
facility whicn 135 1sed for only wne-nalf <f the year S1nce Ltz difficult o
store large quantities of nagasse. It night be possible to extend the per 1od
of harvest to eight months wnich would reduce the size of rthe qenera%ion
facility and the additicnal orimding facility. 7This would reduce the overall

cost of tnhe electricity oy abouh 10-15 percent.

The analysis presented 50 far remains highly speculative since no attempt
has been made to grow or process energy cane in Jamaica, much less use it for
the generaticn of electricity. The emphasis on manual harvesting has led to
relatively high costs. It 15 unclear whether the Jamaicans would willingly
return to manual narvesting, especlally for a denser cane, or wherther

mechanlcal narvesting would be required.

5.2.5 Biogas

A project is currently underway to construct a pilot 3,000 liter capacity
biocgas plant using the Bacardi Corporation design. This plant would process
the wastes, dunda, from one of the rum distilleries. The principal function
of the anaercbic digester is to reduce the BOD count of the wastes prior to

discharge. As a by-product, the digester produces biogas which contains



Taple 5.8.

L}

Costs for Inergy =ane Grinding “ill and IZlectricity Generation Mill

inputs
2,000 acres .
100,000 tons bagasse
40,000 tons non-cane biomass
910 x 109 BTU
Outputs 1/
Generated 34 x 106 gwhr
Send out 30.5 x 106 kwhr
Delivered 25.7 x 106 kwhr

Generation Plant (10 MW)

Capital Cost 2/

(mn US $) 13.36

(mn J3) 5.95
Maintenance Cost 3/

(000's USS) 334

(000's J3%) 595
Labor 000's Jg 4/ 895

Additional Grinding Facility

Capital Cost 3/

(mn USY) 1.30

(mn J9) .96
Maintenance Cost 6/

(000's USS3) 36.8

{000's J3) 65.5
Labor -

Additional Cane Harvesting

Labor (mn 8J) 4,20
Transport (mn $J) 77

Notes: 1/ Send out excludes 10 percent for internal use, delivered excludes

16 percent losses.

2/ 31,670/kw comparable to dendrothermal plant.

3/ 2 percent of capital cost in US$ and 2 percent in J3, 1.78 = 1.

4/ same labor as 10 MW dendrothermal.

5/ Derived from cost estimate of cost for 60,000 lit/day ethanol
plant, assume 35 percent of cost for grinding.

6/ 1/2 the estimated maintenancec costs of a 60,000 lit/day ethanol
plant,
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52-66 percent methane. The digester has a reten-ion time of approximately 10
days sO that the pilot plant will be able to procecs apout 300 iliters per day
of dunda. The gas yield is estimated to be 2.5 cubic feet of biogas (1.7

cubic feet of methane) per imperial gallon of waste processed. The ectimated
gas production for the six rum distilleries is shown in Table 5.9. The total

potential is nearly 1 million cubic feet per day.

The costs for these digesters were estimated baced upon the projected
costs for the pilot plant. It was assumed that the cost of a facility would
increase in proportion :o the 3ize of the facility raised to the 2/3 jowor.
The results for a 10,000 and a 100,000 imperial gallons per day plant are
shown in Table 5.10. The costs are assumed to be predominately in local
currency bused on the proposal by the Bacardi Corporation. If the larger
units require a higher percentage of foreign investment, then it is likely
that the costs will increase to allow for transport and foreign production.
The labor costs have been held constant for both plants. It 1is assumed that
two skilled and eight semi-skilled workers are required for continous
operation of both digesters. The labor costs contribute significantly to the
economies—-of-scale of operating the larger unit. The estimated cost of the
hbiogas for the 100,000 imperial gallon/day unit is about J$.03-.05 per cubi:
foot or J3.06-09 per thousand BTU of heat content. If the labor costs were
eliminated by using refinery paersonnel exclusively, then the cost would be

reduced by about 30 percent. For the 10,000 imperial gallon/day plant the

cost per cubic foot of gas would be about 5 times as large.

5.3 Market Penetration

The improvements in sugar mill boilers and the reduction in oil

consumption are expected to occur over the next five years, together with a


http:J$.03-.05
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Table 5.9.

Potential Biogas Generation From Dickillary wastes

Wastes (imp. gallons) Biogas (cubic ft) Energy (BTU)*

Distillery Baily i Yearly | Daily | Yearly | Daily | Yearly
000's mn 000's nn 106 109
Innswood 39,6 14.5 99 36 50 18
Long Pond 4.0 16.1 110 40 55 20
Monymusa 110.1 40.2 275 101 139 51
Applaton 110.1 0.2 275 101 133 51
Hampden 33.0 12.0 83 30 42 15
New Yarmouth 14.0 16.1 110 a0 50 20

* Low ({(net) energy value, assume 56 percent methane.

Source: Bacardi Corp. Reference 1ll.



5-31

Table 5.10.

Projected Costs for Dunda Biogas Digester

Capacity 3,00C Litres | 10,000 imp. Gallons | 100,000 imp. Gallons

Capital Coits

(J3 000'3) 74.10 454.0 2,108.0
(US$ 000's) 2.78 17.0 78.9

Maintenanc: Costs 1/

(J$ 000's) 2.24 13.6 63.2
Lahor 2/
{(J3 000's3) - 62 62
Input per day 300 litres 1,000 imp. Gallons 10,000 imp: Gallons

Daily gas output
- (cubic feet) 165 2,500 25,000
- (mn BTU fuel) .083 1.26 12.6
Annual gas output
(000's cu ft) 59.4 900 9,000

{mn BTU fuel) 30 454 . 4,540
| ]

* Adjusted from Bacardi memo from early 1983 to mid-198l1 prices then
escalated by (volume)2/3.

Y 3 percent.
2/ one skilled, 4 semi-skilled, plus distillery staff.
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rationalization of the industry which will result in the zlosing of some of
the less afficient a1ills., By 1992 it is expected tnat the consumptiocn of fuel
oLl in the mills will have been reduced to 10 percent of the current level and
that this oil will be used for maintaining the mills in the out-of-cane
season. The use of the excess bhagasse for electricity gencration is not

expected to occur because of the legistic proolems previcusly mentioned.

The use of cane for producing ethanol will not pe considered over the next
five years, assuming that the relative price of vil does not increase
significantly. If the downturn in the relative price of sugar <contianues and
the real nrice of oil increases, then ethanol plants may be establiched to
provide for mixing with gascline. The maximum production level is expected to
be that required to provide a 10 percent mixture by 1922 and a 20 percent
mixture by 1997. Following this period, consideration may be Jiven to
conversion of automobile engines to run on ethanol if the relative fuel prices
are favorable. In this case, the maximum market penetration by the year 2002

would be a volume equal to 25 percent of the gasoline consumption.

The use of "energy cane" for electricity generation will be introduced
gradually 1f it proves to be financially viable., The costs for growing and
harvesting energy can2 will not be understood before 1986. After this time,
if the economics are favorable and there are no preferable uses for cane land,
1t is expected that in 1992 as much as 20 percent of the cane land would be
used for growing energy cane. By 1997 this percentage may have increased to
40 percent and by 2002 to 50 percent. This option would occur in place of the

ethanol option.
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The use of dunda for bhiogas is expected to be introduced rapidly if the

zconomics prove favorable. The results of the test plint ire oxpected to be

avallable by 1586, By 1392, it is expected that 30 percent of the wastes will

be processed by anaerobic digestars if the economics are favorable and that

this percent will increase to 90 percent by 1997.



Chapter 6

Biomass-Agricultural wastes

This chapter discusses the potential use of agricultural residues as
fuels. The residues are categorized as field residues wnich are left tehind
after harvesting and process residues which are generated at the location of
the crop pracessing.  The technologies wnich can be used to convert these
W4astes into useable fuels include: biojzas digesters, small-scale gasiliers,
ethanol distilleries and charcoal <ilns. 1In addition, these residues can be

Surned directly to provide process hoat or to raise steam.

o

The data on the availability of residues were obtained From two studies.
The first, written by Lilieth Nelson, Reference 68, made use of a con;iderable
amount of survey data collected under her supervision. The second, written by
Malcolm Assoc., Reference 51, integrated data collected from interviews with
the commodity boards and the Agricu” tural Ministry in Jamaica with data from
secondary sources. The data on *he potential of agricultural residues for
fuels were obtained from laboratory neasurements made in Thailand, Rreference

73, and California, Reference 47, as well as secondary data.

The potential uses of field residues are limited because of the dispersed
nature of these resources. The ornly possible application is as a feedstock
for small-scale gasifiers used to power irrigation pumps in fields where the
residues are located. Many of the potential uses of process residues have
already been explored by the crop processing industries. Bagasse is used as a
boiler fuel, cncoa wastes are used as a mulch, citrus wastes are used as
animal feed, banana rejects are used for processed foods, coffee wastes are
used as a fertilizer. It is expected that biogas digesters will become

important for converting some of the process residues to methane to be used
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within the processing industries. Neither charcoal kilns nor gasifiers will
e used In significant nambers £5 convert residues %5 fuels in the near or
medium term bacausce of the difficulties in using these types of residues as

k3. Ethanol distillation would not prove to be economic for tne

small-scale operations that would use agricultural residues as feedstocks.
5.1 FResources

The primary uses of land in Jamaica are for forests, vastureland and sugar
cane, nowever, a considerable amount of land is used for other Srops.
According to the 197)'s land use data, about 25,000 acres are planted in
bananas and about 39,000 acres in cotonuts, about 105,0)0 acres are used for
mixed intensive agriculture and about 65,00 acres for mized extensive
agriculture. Smaller areas are planted in orchards (4,000 acres) and tobacco
(1,700 acres). In addition, coconuts and Lananas are grown on about 57,000
acres of forected area. The area planted by crop type and by parish is shown
in Table 6.1 based on data from the CRIES report (Peference 31}, which in turn
was based on aerial data from the rrevious decade. The parishes that are most
intensively cultivatad are those in which sugar cane is predominant,
Westmoreland, Clarendon and St, Catherine. The parish with the yreatest
percentage of land used for mixed agriculture, 18 percent, is St. Elizabeth.
Manchester, St. Mary, St. Ann, St. James and Trelawny all use between 6 and 9
percent of their land for mixed agriculture (see Table £.1). Those with the
largest percentage of land planted in bananas and coconuts are St. Thomas and
St. Mary. The latter has 16 percent in these crop and the former has 13

percent,

¢

\
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5.1.1 Current levels of Crop Production

The principal export crops other than sugar are bananas, cocoa, coffee,
spices and citrus. & summary of the level of production and areas cultivated
is presented in 7Table 6.2. The total production of nananas for export nas
declined significantly over the last decade. However, the acreage planted in
bananas has not declined proportionally with the result that more bananas are
being sold on the local market or are being left unharvested. It is not clear
from the data in Table 6.2 whether the decline in land planted in bananas has

occurred in the cultivated areas or the forested areas,

]

The amount of ccffee seat to the packing plants has fluctuated considerably
over the last decade probably in response to changes in weéther. The
published data on the areas reaped and the resulting yields, as presented in
Table 6.2, do not appear to be accurate. The lowland coffee are thought to
vield between' 1 and 3 tons per year per acre whereas highland coffee yields

are only about 10 percent as much.

The production of cocoa declined during the 1970's but appears to be
improving in the 1980's., The area Planted appears to have increased, while
ylelds have declined. 1In 1979 it was estimated that some 33,000 acres of
cocoa were harvested, A similar trend of decline and recovery can be seen in
the production of citrus. 1In this case, the yields did not change
significantly but the amount of land reaped appéars to have declined. At
present, somewhere between 15 and 25 thousand acres are planted in citrus.

The area planted in condiments is much smaller, about 5 thousand acres, but

both the quantity and the yields have been steadily increaSing.

The principal non-export crops are tubers, vegetables, and legumes,

Statistics on their production over the last 13 years are shown in Table 6.3.

W\












In 1982, 199 thousani tons of yams, potatoes and other tubers were harvested

from atout 36,520 acres. The best harvest, a2lmost 350 tnaousand “ons, occurred

[}o)

1n 1378, Although the viealds had improved during =ha crevious decade, the
area planted in “hese crops floctuated and then declined after 1974. ‘e
trend for cassava has seen similar with yields increasing to 5 tons per acre
narvested. The acreage planted in cassava peaked 2% 8,023 acres in 978 but
nas since dropped toe apout malf tais level., This is provaniy Ln resgonse to
the Zarmgate zZrice received 3¢ the zassava. The produaction of legumes
increased over the last decade ac yields impggoved,  TMe ceax production
occurred in 19728 when 13 tnousand tons were narvestad Srom 33 thousand acres.
Production has since declined to about i) tnousand %cns on 23 “housand acres,
Vegetables have shown the most consistent trend with Loth ':.'1_01.35 and arecas
reapad showing increasas over the last decade despite a serious setback in

les are harvested from 22

o

1979, At cresent, about 110 thousand tons of vegeta

thousand acras.

6.1.2 Future Crog Production

The declire in the productior of many of the export crops over the last
decade creates 30ome uncertainty as to the future composition of Jamaican
agriculture. The importance of agricultural to the national aconomy 1is
considerable not only as a source of domestic production but also as an earner
of foreign exchange. The income from agricultural exports currently accounts
for about 13 percent of the total export earnings of the country and about 2/3

of the earnings from exports other than bauxite and alumina (see Table £-2.).

The production of crops for domestic consumption has shown a mixed
performance over the last decade with an initial period of qrowth, followed by

a period of significant decline and finally by a recovery. This production
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has failed to keep pace with population growth. As a result, the country
imports a considerable amount of food, especially cereal and cereal
preparations. Food imports accounted for between 1/6 and 1/5 of the nation's
import bill over the last decade (see Table f-3). The value of tae imports
has been ‘ncreasing by about 21 percent per year (see Table f-4). The cost cf
these imports in 1981 dollars has fluctuated about the J3400 million level for
the last few vears despite a decline in the real prices of food imporps. This

amount is nearly double the amount earned from agricultural exports.

Despite the dilemna of declining agricultural exports and increasing
agricultural imports, the government is only ncw seer ing to develop a
comprehensive plan for agricultural development. Some piecemeal plans have
already bcen devised for specific crope. These include the rapid expansion of
the cultivation of coffee in the Blue Mountains (see Table f.5) to service the
export markets, especially Japan. Despite the profitability of growing
coffee, the xojected increase in production of 30 percent a yYear seems
optimistic given the difficulties of working in this terrain and the lack of
experienced coffee farmers. In the sugar industry, a process of
rationalization is expacted to occur with mills being closed and presumably
cane lands being converted to other uses. The production of coconuts has been
severly reduced by the "lethal y2llow" disease which is slowlv destroying most
of the coconut palms in Jamaica. At present, about a half millicn trees are
being planted each year, mostly in dwarf varieties, however, it is unlikely
that this crop will recover to former levels of production. Other plans have
been generated by the individual commodity boards and some forecasts have been
prepared by the Mational Planning Xgency but as yet no government policy has

been prepared.
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The preparation of a program for agricultural development is the goal of a
government effort called Agro-21. This program has two goals, fooc self-
sufficiency and export promotion. The program will use as its base the
sectoral forecasts prepared by the NPA for coffee, rice, banana, sorghum and
livestock among others. It seeks to develop the highest value uses of the
land while emphasizing employment. The program will focus on large-scale
agriculture but will take into account the needs of the small-holder through
development of peripheral farms. It proposes to develop about a quarter
million acres of which 1/4 will be forests and 1/5 will be improved pasture.,
Part of this quarter million acres is located in the Morasses in Black River

and near Negril.

The Agro-21 project has only recently begun and no firm plans have been
established. Some of the major difficulties to be faced are: a) the problem
of land acguisition due to question of land titles, land tenucre and absentee
owners; b) the current dispersal of authority and data among the various
marketing boards as yell as the Ministry of Agriculture; c) the problem of
high unemployment which inhibits any change in labor-intensive agricultural
practices; d) the high cost of agricultural production in Jamaica relative to
neighboring countries; and e¢) the high post-harvest losses due to poor
harvesting techniques and multiple handling of the product because of the lack

of organization in the purchase and transport of agricultural products.

6.1.3 rarm Size and Ownership

The agriculture of Jamaica has traditionally been based on estate
agriculture, but in the last several years the number of small holdings has
increased as shown in Table 6.4. Currently about 93 percent of the farms have

10 acres or less. These account for about 26 percent of the total acreage



Table 6.4.

Percentage Distribution of Farms and Acreage
oy Size of Far.

5 ACres 25 Acr 2s 100 Acres
0 to Wnder to nder to Wndoar to WUhder 500 Acres
lears 5 Acres 25 Acres 100 Ac:es 500 Acres and Over

Percentage of Farms
1568/69 78.5 19.3 1.6 .4 .2

1978/79 8l.9 16.2 1.3 ) 2

Percentage of Acres
1968/69 14.8 22.1 8.3 9.9 44,9

1978/79 16.0 19.3 8.1 12.3 44.3
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cultivated. The large farms, those over 500 acres, account for only .2
percent of the farms but about 44 percent of the total acreage. The
edominance of large farms is especially significant for farms ygrowing crops
for export where about half the acreage 1s controlled by farms larger than 500
acres, and for farms raising livestock and poul try, where about two thirds of
the acreage is controlled by large farms. In contrast, the growing of
domestic crops is done primarily on small farms, 10 acres or less, which
account for about =8 percent of this acreade. The large farms account for
less than 9 percent of this acreage, The growing of mixed crops is balanced
Detween large and small farms with 48 percent of tne acreage on farms greater
than 200 acres and 46 percent on farms with 50 acres or less. A summary of
the distribution of farm sizes by crop type is shown in Table 6.5; more

details are given in Table f.6.

Host of the farms under 200 acres are cwned by individuals. Some farms
1]
between 50 and 200 aaes are owned by partnerships. The ownership of farms

larger than 200 acres is a mix including single owners, partnerships,

corporations, co-operatives and governments (see Table £.7).

6.1.4 Field Residues

The field residues from sugar cane include the top leaves, the ground
fibers and the ratoon. These three account for 10~-15 percent, 15 percent, and
5 percent of the plant weight with the remainder accounted for by cane.
Currently, the top leaves and ground fibers are burned prior to harvest even
thouch the former can be used as livestock feed and tha latter can be turned
under to provide soil nutrients. The ground fibers have a heat value of 7,500

BTU/lb when oven-dried.
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Table 6.5.

Distribution of Farm Size by Crop Type

Farm Size Greater Less
{acres) tnan 500 200-500 50-200 20-50 than 10
Percentage of Acreage
Total 44.3 7.5 9.0 13.0 26.1
Export crops 50.0 6.5 7.3 12.6 23.6
Domestic crops 8.9 3.6 7.7 21.8 58.0
Mixed crops 44.7 3.6 6.1 13.9 31.6
Livestock and
poultry 64.4 11.6 12.2 7.7 3.8
Percentage of Farms
Total .2 .2 o7 5.9 93.0
Export crops .2 .2 .9 7.6 91.2
Domestic crop 10.4 85,5
Mixed crops 5.7 94.2
Livestock and
poultry 1.5 1.5 6.2 18.5 72.3

Nk
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The main plant stem of the banana tree accounts for about 63 percent of the
total plant weight., It has a high moisture content, about 80 percent on a wet
basis. It is not cut down until the plant becomes unproductive. Field
residues include unharvested bananas which can he considerable. At present,
about 5 percent of the bananas are left on the vine. Since the boxing plant
rejection rate is about 22 percent, it is pcssible that a higher percentage of
bananas will be left on th2 vine in the future to minimize the cost of
transporting potential rejects to the boxing plants (currently estimated at

J$1.40 per ton/mile).

Coffee is grown in two areas; the lowlands where it is harvested between
August and Decemkber and the Blue Mountains where it is harvested between
October and March. ‘The ccffee bushes are coppiced cvery 8 to 10 years but

other than that, there are no field residues.

The major citrus crops are oranges and grapefruits. The only field

residues are the trees which are cut down when they are¢ old,

Cocoa has two harvest seasons, September-February and !March-June. The
cocoa is harvested by removing the beans from the pods in the field. These
pods account for about 75 percent of the weight of the harvested plant. Only
about 1/4 of the pods are turned under for soil nutrients., The rest are

discarded.

The primary residues from the coconut trees are the palm leaves. The
majority of the coconuts grown on large farms are removed to a central
location for husking. About 50 percent of the coconuts are harvested

unofficially and are sold or eaten as "jelly" coconuts,
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Cassava is harvested by removing the plant from the ground and then
separating the root from the stem. About 1/3 of the stem is used for
replanting and the remainder is discarded. The dry stem has a welght equal to
about 35 percent the weight of the root and has an energy content when bone

dry of 38,700 2rU/lb,

The primary field residue ‘rom corn is the stalk which is generally turned
under for soil rnutrients. This stalk weighs about 68 percent of the weight of

the unhusked corn and has a heat value, when bcne-dry, of 6,500 BTU/Llb.

The field residues from vegetables include the stem and leaves. The
quantity varies with the type of vegetable. The average quantity of field
residue is about the same as the quantity of vegetable harvested,. The
residue, when fresh cut, has a moisture content of about 70 percent on a wet
basis but this reduces to about 17 percent after it has been left in the field
for a few weeks. The heat energy value of these residues when oven dried

ranges from 6,000-7,500 BTU/lb.

6.1.5 Process Residues

Among the major process residues for bananas are the stems and plant
rejects. The stems account for about 56 percent of the weight of the
harvested plant. These stems are generally discarded at the boxing plants.
For bananas the emfhasis in export markets on "unmarked bananas" has led to a
boxing plant reject ratio averaging about 22 percent as show. in Table f.8,
These rejects are either sold in the market, made into specialty products such

as banana chips, or used as livestock feed.

The process residues for coffee include the husk and the skin. The husk is

removed in the milling process and accounts for about 55 percent of the weight
2/1
6/
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of the unprocessed bean. The hull is removed after the processed bean is
dried and accounts for about 15 percent of the weight of the dried bean. Both
the huck and hull are used as a fertilizer or mulch., The former must be
faermented to reduce acidity, but is has an NPK value of about 1.4-.3-3.7.

About 70 percent of these husks are used to fertilize coffee farms.

The process wastes from citrus are generated at the processing plants for
juices, canned fruit, oils and 3jellies. About half of the citrus harvested is
processed at these plants. The residues are mostly skins and vulp which
account for about 35 percent of the weight of the fruit and have a moisture
content or about 70 percent. The pulp can be used as an animal feed but must
first be dried which requires about 100 imperial gallons of fuel oil per ton

of feed.

The fermenting of the cocoa beans produces a placenta in small guantities,

but otherwis=: there are no significant process ra2sidues.,

The processing ot coconut occurs in stages. The removal of the husk generally
occurs at a central location. The husk averages about 1.2 lbs. per nut and has
a calorific value of approximately 3,700 BTU/lb (6,900 BTU/lb. oven-dried). The
husk is used as a mulch in nurseries or by soya manufacturers, If the coconut is
used to make copra, then it is transported to the copra factory where the husk
and shell are removed. The shell averages about .2 lbs per nut and has a heat
value of 7,400 BTU/1b (7,600 BTU/lb. bone-dry}). Both the husk and nut are used
as fuels for drying the copra. The shells make good charccal, especially,
activated charcoal. At present, there are no shell charcoaling activities.* The

copra industry has been declining steadily. 1In the early 1970's about 20,000

* Activated charcoaling requires expensive imported technologies.

977
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tons were produced but by 1977 only 3,400 tons were produced. For 1981 the
figure was below 1,000 tons, but in 1982 there was a slight resurgance to
1,400 toncs., tiiowever, between D0 and 95 vercent of the coconuts harvested
legally are sold as gyreen cr ry coconurs. Currently, many of the island's
N

coconut trees are sutffering f{rom the "lethas ye.low" dicease and are being cut

down and replaced mostly with Malayan dwarf varieties,

The process residucs from cassava vary dependinrg on the procesting. If the

4]

roots are cut into chips or pelletized for animal feed, then there are no
residues. If the rcot is processed into flour tvhen two mill residues are
produced. The first are the skins and associated dirt from the rocts., The
second are the residuals from the centrifuging process. The former has no use

#hile the latrter can he used as a binder in charceal-making,

A summary of available information on crop production and estinates of the
field and process residues is presented in Table f.9. Estimates of the total

quantities for differeant process residues are shown in Table 6.6.

6.2 Conversion Technologies, Costs and Efficiencies

The technologies which can be used to produce energy from agricultural
wastes include: anaerobic digesters, athanol dgistillation, pyrolization for
charcoal, gasification, and direct combustion. A number of factors determine

the suitability of tha different agricultural wastes for these technologies.

For biogas digesters the critical factors are the C/N ratio, the acidity,
and the lignin content. The biogas slurry should have a C/NN ratio of less
than 30. sSince most agricultural residues have a higher ratio, it is
necessary to mix these regidues with manure or with otﬁér residues to lower

the C/N ratio. The pH of the slurry must be kept close to 7.0, thus the



6

18

Table 6.6.

Estimates of the Volume of Process Residues

1979-1981
Average Crop Residue Residue Moisture
Crop Residue Production Factor Production Content
000's Short Tons 0UO's Short Tons |3
Sugar cane Bagasse 2,700 .3 810.0 50
Banana Hrvested stems 46 1,25 57.5 80
rejects .28 12,8
Coffee Hisk 10 .55 5.5
Hull .06 o6
Citrus Skinsg, pulp 37.7 .35 13,2 70
Coconut Hu sk 250 mn 1,2 1b. 300.0 55
Nut 2 1b, 50,0 3-5
Plantain Harvested stems 29.4 1.25 36.8 80
Notes:

p
No residues: cocoa, cassava (no fuel value).

No information:

corn, legumes, yams and potatoes.
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addition of acidic residues must be balanced with the addition of lime or
other bas.c materials. The lignin content of ra2sidues is not only non-bio-

degradable but also limits the breaxdown of cellulose.

ror gasifiers, the moisture content, particle size, fuel density, and ash
content arfect the cuitability of fuels. The higher the moisture content, the
lower the heat content per pound of fuel and the lower ti,. gas yi=1ld. A high
moisture content also increascs the moisture content of the gas p:oduced. The
size of the particles is also important. If they are too large, they will
cause bridging within the combustion chamber and slag formation. If they are
too small, they can cause excessive pressure drop across the gas producer. A
desirable size for residues is on the order of a 1 to 3 cefitimeter cube. The
density of t e fuel and the surface ~o~volume ratio affect the design of the
gasifier and the fuel feeding system. The ash content is also important. If
it is too high, it will cause slagging. This is a significant problem for

bean stems, cereal straw and corn stalks.

Ethanol distillation is affected by the chemical composition of the
residues. Crops which have a high sugar content are the most easily converted
to «thanol. Crops which are mostly starch, such as grains, corn and potatoes,
require additional processing. Cellulosic materials are the least desirable

feeustocks for ethanol. This group includes wood and agricultural residues.

Various feedstocks can be used to produce charcoal, but the important
quantities are the density, moisture content, heat content, and the surface-
to-area ratio of the material. Mcst agricultural residue: have a high
surface-to-area ratio and low density. These tend to produce fines which are
difficult to briquette. The moisture content and heat content determine the

yvield of charcoal. The only commonly pyrolized residues are coconut husks and

Y



6-20

shells, Ixperiments with pyrolysis of rice husks and cocoa wastes have had
limited success. The factors which affect the use of residues for direct
combustion are the same as those which affect their use for charcoal making or

gasification.

One factor that affects the proposed uses of all residues is their
collectability. Field residues which are not collected as part of the
harvesting or land preparation process are generally too costly to collect for
use as a fuel. Process residues from large-scale agricultural processing
facilities generally have the greatest potential for use as a source of
energy. In many cases, these residues are used in the processing activity,
e.g9., bagasse for sugar mills and ethanol distilleries, coffee skins for
coffee drying. Process residues from small-scale mills are limited in their

use by tihe volume generated,

The characteristics of several of the different agricultural residues
available in Jamaica are shown in Table 6.7. A matching of these residues
with potential technologies is presented in Table 6.8. The coconut husks and
shells can be converted to charcoal or producer gas. Other potential gasifier
fuels include corn cobs, dried coffee pulp and coffee skins. Charcoal can be
made from corn cobs or bagasse. The only residues which can be used for
ethanol production are citrus pulp, banana rejects, wet coffee pulp, and
unused cassava roots. Most of the residues can be used in the production of
biogas provided they are mixed with manure to ensure a low C/N ratio. Some
exceptions are coconut husks and shells, sugar cane leaves, bagasse, corn
stalks, and cassava stems. Nearly all of the residues can be used as a fuel
in direct combustion processes with the exception of those having a high

moisture content such as banana rejects, wet coffee pulp, and citrus skins.

/

.
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Table 6.7.

Fuel Characteristics of Agricultural Wastes

Oven-
Dry
Air-Dried Heat
Type of Moisture Content Ash Volatile CM
Biomass Content Density 020 Content Solids Ratio
(% wet basis) (lbs/ft3) BTU/1h 3 3

Coffee pulp 70 - 12.4 1.3 -- -
Citrus pulp -- 40 * -— -~ - -~
Bean stem 8-20 27.4 * 6.4-7.2 - - 32
Corn stalk 8-20 24.4 * 7.9 6.4-7.5 92 53-57
Corn cob 3-20 18.9 8.1 1.5 50 96
Cereal straw 8-20 5.0 g.1 3.5-6.0 79 51~87
Rice hulls; -~ 42.3 6.2-6.5 16-23
Coconut shell 3-7 - 7.6 4 - -
Cassava siem - - 8.0 -~ ald -
Tobacr s stalk -— -~ 6.8 - -- -
Coconut husk 30-55 - 6.9 - -- -
Grasses 8-20 - 7.1-7.6 -- - --
Vegetable

residues 8-25 -- 6-7.5 - 63-80 -

-=- No information.
* Densified.

Sources: Kaup,

Gross Reference 47.

Van Buren Reference 83.

Olympic Assoc. Reference 70.

Pukting, 2Arnold Reference 73.
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Table 6.8.

Agricultural Residues and Conversion Technology Matrix

Biogas | Gasifiers | Charcoal | Ethanol | Direct Combustion

Coconut husk X X X
Coconut shell X X X
Banana rejects X X

Banana stems X X
Sugar cane leaves p 4
Sugar cane bagasse b X
Corn cobs X X b4 b4
Corn stalks X
Coffee pulp X X X
Coffee skins X X
Cocoa pods X X
Cl trus pulp X X

Citrus skins X

Citrus reject X

Potato vines X X
Cassava stems X
Vegetable wastes X X
Cassava roots X b4
Bean stems X X

Source:

Preliminary categorization by consultant.

2



The fuel yields for different resource~techaology combinations are shown

in Taole 6.9. The highest yiclds of ethanol ar2 obtained frum corn, cassava

[«

and molasses, between 36 and 74 liters per ton., The vields of »isgas from
agricultural residues range between 4 and 10 cubic feet per pound. For those
residues [ound in Janalca, kthe rarge is expected to pe between 4 and & cubic
feet per pound. Criarcoal weljght conversion ratios are cXpected to range
between .13 and .38, or gasifiers, the vield i3 zpecified in “enns of
horsepower-hours, since it is exyected that this tecnnology will e used for
producing shaft power. The production of 1 horsepower hour is estimated to

require petween Z ard 3 pounds of air-dried residues.

The costs for the different conversion technologies are similar to their

&>

costs when used with other foms of biomass as shown in Taole 6.10. The only
exceptions are ctrhanoi disrilleries which are more costly because of the small

uctlieon unitse  Also, these distilleries have large variable

[&]
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costs assocliated with the yeasts and enzymes required to convert the residues
to sugars for distillation. This technology is clearly too costly for further

consideration.

6.3 Market Penetration

The only potential use of field residues during the planning period is
expected to be as fuel for small gasifiers used with pump-motor sets for
irrigation. This resource-technology combination could provide 1 percent of
the pumping capacity by 1988 but probably not more than 5 percent of the

capacity by the end of the planning pericd.

The major use of process residues will be in industrial-scale biogas
digesters attached to large processing activities. Citrus, banana and cof fee

packing plants are the most likely establishments to uge these digesters.



Table 6.9.

Fuel Yields for Agricultural Residues

Ethanol 1/ Biogas =4
(Imp. Gallons/ (Qubic Ft/Ab)

Short Ton)
Sugar cane 14 corn cob 7.5
Molasses 58 Cereal straw 5.5
Cassava 36 Potato vines 4.3
Corn 74 Grasses 10.1
Banana 18 Rice hulls 9.4
Wet coffee pulp 2.5
Citrus wastes 6.6-7.8
Cocoa pods .45

Cha rcoal 7 Producer Gas 4/

(lbs./short ton)

Coconut husks 350~-520
Coconut shells 520-770
Corn cobs 500-7 50

(hp~hr/short ton)

Biomass 650-950

IBRD Reference 45, Malcolm, Reference 51.

Olympic Assoc., Reference 70; NA's Reference 67.

1
2
3 Charcoal 11,200 BTU/1b., energy conversion efficiency .40-,60.
A Efficiencies: gasifier 75-80 percent engine 28-32 percent.

5

. 10-30 percent mc.



Table 6.10.

Costs for Agricultural Residue Conversion Technologies

| Unit cCapital | Total Capital | | Annual | ] Variable
Source Technology Capacity | Cost | Cost | Output | Maintenance | Labor | Cost
. 3 3 . 3 1/
Biogas ft J$/ft J$00's 000ft J$/yr J$/vr
1 1060 5.1 5.43 130 650 10,000 -
2 1060 15.2 16.1 130 2090 10,000
3 3
Charcoal ft J$/tt J3$000's tons/yr J$/yr J3$/yr J$/ton
3 210 14.2 3.0 18-27 150 - 100-150
74 3/ y >/
Gasifier hp US$/hp Js hp-nr/yr J8/yr J3/yr
4 5 75 375 6,500 66.8 1,625 -
5 50 €0 3000 65,000 534.0 1,625 -
(74 7
Ethanol US$/imp.gal-yr Uss imp.-gal/yr J3$/yr $/yr J$/imp-gal
6 17.59 387,000 22,000 10,000 86,000 2.32
6 7.52 496,000 66,000 13,200 86,000 2.32
7 3.12 562,000 180,000 15,00¢C 172,000 2.32
Footnotes:
1l/ 1 hour/day; J33%5/hr
2/ gasifier only
3/ 1,300 hrs. operation/year
4/ 10% maintenance, J$1.78 = USS$1
5/ engine operator, 3$5/hr.. 15 min. per hour
6/ 1.5% of capital cost
2/ 1 - unskilled, 2 - semi-skilled, 2 - skilled per shift ]
8/ yeast, enzyme, denaturant, water, but not fuel and electricity
Sources:
1 plastic bag, Appendix-Case Studies.
2 chinese design, Appendix-Case Studies.
3 assume feedstock density 30 lb/ft3, 50 firings/year, .4-.6 energy efticiency, metal kiln
4 Meta, Reference 56.
5 Kaupp, Goss, Reference 47.
. 6 Malcolm, Reference 51, single shitt.
<7 Meta, Reference 56.
'8 Meta, Reference 56, with 50 percent surcharge, double shift.

c2-9
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Charcecal making used to occur at the larger copra factories, however, the
"decline in the production of copra has eliminated this activity. It seems
unlikely that the coconut processing industry will recover to the point where
coconut husk and shell charcoal will be pcoduced. The 15e of these residues
for fueling jasifi®vrs is 2ven less likely. Te potential ase of corn cobs,
coffee pulp or coffee hulls for gasifier feedstock is also unlikely, since
there is no larye corn processing industry and the coffee residues have
alternative uses. The coffee pulp is a potential biogas digester fuel while
the hulls can Le burned directly to provide process heat for drying the
beans. At uyresent, the coffee heans are dried in rotary or vertical driers
using diesel fuel. The cost of the diesel fuel is sufficiently large to
justify conversion to a hull-burning system as has been done in other coffee

producing countries, e.g., Costa Rica.

Since there is no information available on the consumption of anergy for
the different agricultural processing industrizs, it is not possible to

estimate the potential for fuel substitution in these industries. Instead it

is estimated that the maximum possible utilization of the residues will be as

follows:

|_Maximum Percent of Residue Used
Residue Technology End-Use | 1988 1992 1997 2002
banana rejects bicgas cooking heat 2% 5% 10% 15%
banana stems biogas shaft power 3% 10% 25% 50%
coffee pulp biogas drying heat - 10% 25% 50%
citrus pulp biogas drying heat - 10% 20% 35%
coffee skins direct combustion drying heat 10¢% 30% 100% 100%

Y



Chapter 7

Biomass-mnimal Wastes

This chapter describes the use of animal wastes to produce methane. The
conversion technology, anaercsic digester, is now available in a rariety of
configurations. Because of the costs of constructing the digester and the
daily labor required for operation, these units have had limited success in
residential applications. 1In this chapter the focus is on the use of
digesters in those establishments which raise large numbers of cattle, pigs

and chickens. Thes

]

establishments produce encugh dung to use larger units
and the marginal time required for operation and for handling the feedstock
and the slurry is relatively small since much of this work‘is already done.
These establishments would also have internal energy requirements which would

consume the gas.

The data in this chapter is drawn primarily from secondary scurces, since
the OLADE digester program has produced poor results at relatively high
costs. It was collected and analyzed by Don Peterson of Meta Systems. The

interpretation of his results was entirely the responsibility of the author.
7.1 Resource

Jamaica has a relatively large livestoc& industry which includes cattle
ranches, dairy farms, pig farms, and poultry breeders. The census data on
poultry and pig farms are shown in Table 7.1. Of the 1,226 poultry farms, 376
were listed as having more than 500 chickens. Most oqﬂthese farms are located
in the parishes of St. Catherine and Clarendon. About 70 percent of the farms

raise broilers exclusively. Another 17 percent raise broilers and layers and

i
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TABLE - 7.1

Pattern of Animal Ownership

POULTRY
% of Farms
Flock Size No. of Farms Specitied
50 - 99 243 25
100 - 499 351 36
500 - 999 80 8
1000 - 2499 73 8
2500 - 4999 37 4
2 5000 186 19
Unspecified 256
TOTAL 1226
PIGS
Herd [ Quality Non-Quality i Sub !
Size . Pigs Pigs | _Total | Sows Preweaners
| i |
1 -4 1 1858 6107 7801, 5240 567
5 -9 | 991 1249 2143 ? 241 1253
10 - 19 779 605 1301 99 553
20 + 654 178 761 66 238
TOTAL 4282 8136 12006 5646 2611

Souce: M of Agriculture

1960, 1970 ref..



the remainder raise layers exclusively. The broilers are xept for an average

of 8 weeks and weigh about 3.7 lbs. at the time they are slaughtered.

The pig farmers are distinguished by those Keeping quality pigs and those
keeping non-quality pigs. About 1/3 of the 4,282 quality pig farimers have
herds of 10 or more pigs whereas only about 10 percent of the 8,136 non-
quality pig farmers have herds of this size. Of the 5,646 pig farms which
have sows only about 3 percent have 10 or more. Most of the pigs are sold to
butchers or packing houses. The quality pigs sold to packing houses average
about 160 1lbs, at the time of the sale while the non-quality pigs sold to
butchers averaged just over 140 lbs.

No census data is available on cattle farms. A 1978 census of dairy
cattle indicated a population of 35,000, but the current inventéry is thought
to be significantly lower. There are about 40 large independent dairy farms
having between 100 and 700 head. ‘There are another 80 to 109 farms with about
25 head.* An average of 62,000 head of cattle were slaughtered per year from
2980 to 1982 and an estimatec 40 million quarts of milk were produced. The
dairy cattle population is estimated to be 30-40,000 based on the dairy farm
data. From the rate of slaughter, it is estimated that the total cattle
population, dairy and non-dairy, is between 180 and 230 thousand head. It is

assumed that most of these animals are on large farms.

The level of production of dung from poultry, pigs and cattle was
estimated based on the liveweight of the animals. For pigs the average

liveweight was assumed to he 65 lbs, slightly less than half the weight at the

* This information was obtained in conversation with officials at the
Jamaica Livestock Association.



time of slaughter. For poultry, the average weight was assumed to be 2.5

los., about 2/3 the weight at time of sale. For the cattle, an estimate of
500 lbs. was used for fully grown animals. Dstimates of the amount of dung

produced per day on a dry weight basis are shown in Table 7.2,

7.2 Conversion FEfficiencies and Costs

The expected vyield of biogas from the three types of animal dung depends
on several factors relating to the operation of the digester as well as to the
type of feed the animal receives or the type of pasture on which it grazes.

An example of the range of estimates for biogas production from pig dung are
shown in Table g.l. ‘fThe range of biogas vield from dung is shown in Table
7.2. The dung produced by a herd of ten cattle is capable of producing
between 220 and 370 cubic feet of biogas per day in a digester. Similarly,
the dung from a herd of 20 piys is capable of producing 82-156 cubic feet of
biogas per day and that from a flock of 100 chickens is capable of producing
18-30 cubic feet of gas per day. It is assumed that these yields will not

vary significantly for different types of digesters.

The cost of a digester depends on its size which is determined from the
amount of gas to be produced. The digester has to be large enough to hold the
slurry as well as the gas produced in one day. The volume of slurry is
determined by the retention time and the ratio of water-to~solids. For a
typical retention time of 30-50 days* and a 7-9 percent concentration of

solids, the following calculations would apply:

* The longer the retention time the greater the yield of gas.



Table 7.2, Estimation of Dung ard Biogas Producticn

by Type of Animal

Dung Production

I Dung/Bay (dryl

! I
Average | weight lbs. | Gas ] | C00's
weight | per 100 1lb. | vield | ft3/Day/ | ft3/vear
lbs. | Liveweight) | ft3/1b ! Animal | Animal
Cattle 500 1,1-1.5 4-5 22-37 8.0-13.°
Pigs 65 .9-1 2 7-10 4.1-7.8 1.5-2.8
Poultry 2.5 1.0-1.3 7-9 .18-.30 .08-.11
Gas Production (ft3/day)

Number of Animals 20 50 100 500
Cattle 600 1,500 3,000 14,800
Pigs 120 300 €00 3,000
Poultry 4.8 12 24 120

Sources: Meta Systems Inc, Reference 56.
Van Buren, Reference 83,
Pukting & Arnold, Reference 73.
NAS, Reference 67.



Total
Loading Rate Retention Total Daily Gas Digester
(lbs. Ary Time Slurry Production Capacity
weight/day) (days) (cubic feet) (cutic feet) (100 cubic feet)
cattle pig cattle pig
10 50 100-125 45 €~ l.6 21
50 40 400-500 220 425 7.2 9.3
100 30 600-750 430 850 11.8 16.0

At present there are 9 biogas digesters which have been tested in Jamaica.
They range in size from 70 to 300 cubic feet as shown in Table g.2. The
results from these t¢sts are somewhat unclear as is the interest of the
individuals who tested them. Since the cost of fabricating these units was
considerably above that for other countries, Adigester costs were obtained from
secondary sources. In Thailand, with much lower labor and material costs, the
Indian-design digesters cost about US$1.45-2.85 per cubic foot. 1In Costa
Rica, the cost is closer to US$5.70 per cubic foot. Assuming slightly higher
labor and material costs in Jamaica, it is assumed that the digester cost
would be J$12.60 to J$17.65/per cubic foot. <rthir cost is assumed to apply to
the Chinese and Indian designs but not to the more elaborate designs
fabricated by OLADE. An alternative digester technology is the plastic bag
described in Appendix g. These units are expected‘to cost about J$5 per cubic

foot.

The maintenance costs for the digester systems are expected to run about 5
percent of the capital costs per year. The bags are expected to last about 8
years so that the replacement costs for the bags would increase the average
cost of maintenance to about 12 percent. The metal tops on the Indian désigns

are expected to last about 6 years while the Chinese designs are expected to

NaS
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require mijor renewals at the end of five years so that their maintenance

costs will avera~e closer to 13 percent Fer year.

A sumnary of the -osts for the two types of digesters is presented in
Table 7.3. ‘'The labor costs far loading and unloading the digesters are not
included under the assumption that the amount of material handlirg involved
does not increase as a result of the introduction of the digester. 1If the
cost of operation is included then an additional cost of about J$1,000 /year
would be incurred. For a mor2 complete analysis of the digester economics

refer to the case studies in the appendices.

The use of animal wastes for the production of biogas is a well estab-
lished tezhnology, but the potential for successful applications are somewhat
limited. Large but unsucessful programs for the introduction of household
digesters have been undertaken in several countries including Incia, Thailand,
and China.* Because of the small land area of Jamaica and the extensive
network of roads and electrical-distribution, most of the population has
access to electricity and petzoleum-based fuels for use in household cooking
and lighting. It is considerad unlikely that the hiogas will have a
significant impact in the residential sector, therefore this chapter has

focused on the livestock sector as potential users of biogas digesters,

The biogas digesters would serve as a source of fuel for process heat
(about 620 BrU per cubic foot), electricity generation {28 cubic feet per

kilowatt-hour) or shaft power (16-18 cubic feet Per hqrsepower-hour) for

* The definition of success is relative, here the concern is not so much
with how many units have been installed, but rather on how many units continue
to be operated after five years.

©
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Table 7.3,

Estimated Biogas Digester Costs

Indian |
or |
Chinese | Plastic Bag*®
Design | ,
Size-(m’) 15 30 50 15 30 50
- (£t3) 530 1,060 1,760 530 1,060 1,760
Output Capacity
100 ft3/day 1.6-2.6 3.2-5.2 5.3-8.8 1.6~2.6 3.2~5.2 5.3-8.8
103 £t3/ yearx* 50-80 100-160 160-270 50-80  100~-160 160-270
Construction Costs
J$ 1,000's
Total 9,3 16.1 22.3 3.56 5.43 8.97
Material -- - - 2.66 4.15 7.24
Labor - -- -— .90 1.28 1.73
Unit Cost J$/ft3 17.5 15.2 12.7 6.7 5.1 5.1
Maintenance
($J /year) 1,210 2,090 2,900 430 650 1,080
Period Between
Renewals (years) 5-6 5-6 5-6 8 8 8
System Life 15 15 15 15 15 15
* Source: Case Study, Donald Peterson.
** Aggume 85 percent avallability.
J\\
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dairies, piggeries or chicken farms., Since no data is available on the
quantity of fuels used by *these establishments as a function of the size of
the herd or flock, it is assuned that they will use all of the duag available
up to a limit of the input required for a 75 cubic meter digester
(approximately 160 lbs. of dry matter dung per day). The availability of dung
depends on the type of animal and the type of operation. For quality pigs
which are kept penned and chickens which are Kept in a coop, the availability
of dung i: assumed to be 90 percent of that produced. For dairy farms, where
the cows are allowed to graze during the day, and for farms with non-quality
pigs, it is assumed that the availability is only 50 percent of that
produced. For cattle which graze continually tie availability is assumed to

be negligible.

Since the capital costs for a bilogas digester are considerable it is
assumed that only the larger establishments will use them. Specifically, pig
herds of 10 or mére, cattle herds of 10 or more and chicken flocks of 100 or
more. If the biogas is a less expensive fuel than petroleum fuel in the
production of process heat and shaft power or than electricity in producing
shaft power, then it is assumed that 1 pPercent of these establishments will
use digesters by 1988, 15 percent by 1992, 29 percent by 1997 and 50 percent

by 2002. The annual production of biogas would then be as shown in Table 7.4.
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Table 7.4. Estimated Biogas Generation

from Animal Dung 1988-2002

Mairy
Cattle Pigs Chickens
Mamber of farmg with
large herds or flocks 130 2,216 727
Btimated number of
animals (000's) 18.3 53.0 2,300
Mnual collectable dung
production (lbs./animal) 1,190 195 9
Bstimated annual dung pro~
duction (106 1lbs.) 21.8 10.3 20.7
Potential biogas pro-
duction (106 cubic ft) 98 88 166
Years 1988 1992 1997 2002
Maximum expected gas
productioh (106 cubic ft/yr) 3.5 53 102 176




Chapuer 8
Wind

This chapter examines the use of windpower in Jamaica. The two types of
technologies which are considered are wind turbines for the generation of
electricity and windmills for pumping water. The former would be configured
in the form of multiple-unit wind farms, while the latter would be used in
small-scale irrigation. It is possible that a number of sites could be
ldentified for establishing wind farms, but there is a gquestion cf the value
of intermittent and unpredictable power to JPS. It is unlikely that such a
generation facility would be financlally viable, since it would reguire 100

percent backup. The windmills nave a better chance of being uzed in the

future, especially for irrigating small fields that are located eway Lrom the

grid.

The data in this chapter was compiled with the aid of Donald Peterson of
Meta Systems Inc. Dr. Vaugnn telson provided valuable technical guidance
during the latter stages of the analysis. The presentation and the results

are the responsibility of the author.
8.1 Resources

The infomation on the availability of wind power in Jamaica is somewhat
spotty. 1The Meteornlogical office has collected data for wind roses from
selected sites in Jamaica for several decades, but continuous measurements of
wind speed were not reported until 1979 and then only in a few sites. The
data gathered since then suffers from discontinuities due to maintenance
problems with the recorders and anemometers. Data is currently now being
collected in at least 10 sites: Passley Gardens, Discovery Bay, Yallahs,

Hellshire, Manro, Flagaman, Manley International Airport, Sangster 40&



Internationai Airport, Crawford and Bodles (see Figure 8.1). A nuch nore
extensive program of wind monitoring has been proposed at 15 additional sites

as snown in figure h.l.

Sufficient data were available from the first five sites to determine the
frequency distribution of wind speeds for different months. Sample monthly
wind frequency distribution curves for fdellshire, Discovery Bay, and Passley
@rdens are shown in Figures n.2 to h.5. For Hellshire, relatively 5trong
winds were recoried in the months of January and July, tha oontins of April and
per:ods oI low wind occurred in February
and October. T™e Hellshire freguency distribution curves display a double
peak with a high gprobability of occurrence of winds in <he range of 6-10 miles
zer hour and a lower probability of occurrence for winds in the range of 16-28
miles per hour. Since most of the wind nmachines have a miniman reguirement of
10 niles per hour, this first peak does not represent a source nf useful

power.

For Discovery Bay and Passley Gardens the average wind speads are lower.

ko]

Both nave double peax distributinns with the higher speed peak occurring
between 10 and 15 miles per hour. The nlghest average wind speeds were

recorded for Minro. The wind speeds at Yallah were between those of Discovery

Bay and Passley Gardens.

The diurnal wind pattern was examined by averaging the hourly wind speeds
over a month. The results are shown in Figures h.6 to h.7 for the Hellshire,
and Figures h.8 and h.9 for Munro. 1in four of the first five months of the
year, Hellshire had an afternoon wind which picked up at about 11 a.m. and
continued until 6-9 p.m. In March, this pattern was inverted with a wind that

began in the early morning, about 3 a.m, and continued until 8 a.m. The

\V
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pattern charged in July, August and December, to an all day wind which started

a4t about 8 a.m. and continued until S5-6 p.m., but in Movember the pattern was
5imilar to znat in the beginning of the year., At the Munro station the
diurnal patvern for six of the nine recorded months was nne of relatively
constant wind throughout the day. Of the other three mornths, May and October
nad snort afterncon peaxs between 3 p.m. and 7 p.m. and February nad a calm

seriod between 12 necn and £ p.m. In %he other months the winds were

relatively constant through =he day.

Tne trends observed above were recnrded during one or at most two years in
the period 1%79-1383. Since the calibration of the equipment was not
carefully wmaintained, it is not possible to extrapolate these observations to
other arcas of the island or to other years. ipwever, this data does provide
a basis for evaluating the potential of wind macihines for providing shaft

power.

T™ree uses of wind machines are being considered for Jarmaica. These are:
a wind fam to generate electricity for <he grid, water pumping for
irrigation, and remote s3ite applications for autogeneraticn of zlectricity.

T™e latter application was examined by Dr. Chen of UWI, rPeferences 18 and 19,

- 22

[

and rejected because of the nigh cost. His finding concurs with experience
elsewhere with the caveant “hat such units inay be viable in situations where
the excess electricity produced can be sold to JPS for use on the grid.
ibwever, this option is in conflict with the assmption of remote applications
as well as with the JpPS's inability to benefit from such small, dispersed
sources of power. A3 a result, only the wind farm and irrigation applications

Will be examined.
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3.2 Technology, stz and Maversion Factors

In order to determine the two poten=ial applications for wind power, two
types of wind machines were analyzed. The fircr are wind turbines with
Qutputs rangong from 23 aw %o 2.5 megawatts.  “he cecond are wind mills which

would be used for vertica: pumping up to depths of 20 meters and for

horizontal pumping.*

8.2.1 Wind Turbines

The capital costs for wind turbines generally display economies of scale
for sizes approaching 1/2 megawatt. Hbove tnis size it is unclear whether the
increased coests Zor materiale anAd ma‘ntenance and for the more expensive
electrical controls will result in a higher unit cost. The costs for some
intemediate size wind turbines currently available are shown in Table 8.1.
The costs for a lame scale 2.5 MU unit presently under development was
estimated by ANL to be about USHL050/kw in 19&l prices. However, <his unit is
not expected to be available for about 4 years and this cost estimate appears

optimistic.

The power curves for three of these units are presented in Table 8.2.
Also shown is an approximation of the power curve for a 2.5 Mi{ unit. The
expected outputs from these four units were combuted based on the wind
frequency curves in Figures h.2-n.5. These were calculated assuning that the
wind frequency data was for a height of 15 meters and that at nigher

elevations the velocities would increase according to the "1/7th law", i.e.,

* Pumping at depths in excess of 20 meters creates problems of load
matching due to differences in the velocity versus torque curves for the pumps
and windmills. At depths below 20 meters it is possible to use a wind turbine
to power an electric pump Lut this would involve additional costs.
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June 1983
Capital costs for various Wind Turbines
Brand KW Rotor Dia Power Curve
Available Cost /KW Rated*
|
Carter 25 KW | 32 / $1,300 - $1,400/KW
|
|
Carter ¢ 200 KW ; 65" v $1,125 - S$1.250/KW
i ] ! 1
Wind Worker 10 KW 33 Ly 3,000/KW
' ! i
Enertech 1900 I 1.8 KW 13! v 2,778 - 3,333/KW without towers not
| installed
; " . - ——
Fnertech 21/5 4 KW 21! v 3,250 - 3,750/Kw
Fnercech 44 ! 25 KW 44" 2,000/Kw
]
s 40 KW 1,500/KW
Windmaster 72°' 100 KW 150" 1,8C0/Kw
150 KW 1,333/KW




Table 8, 2.

Wind Turbine Power Qurves

Velocity Carter | | Mo -2
Range 200 kW | PM 25 kW 7ind Worker | 2.5 My
{ MPH) (Kd) | (kW) (kW) | (MW)
7_9 0 -S 'S 0
10-12 5 3.3 1.6 0
13~15 16.3 6.2 3.3 0
16"18 3308 lO-O 6!7 056
19-21 58 16.2 8.4 + 91
22=-27 106.8 24.8 8.4 1.68
28-33 170.8 31.4 8.4 2.50
Greater than
33 188.5 30.7 8.4 2.50
Qutof £
Ve locity 50 50 45 45.0




in proportion to the height raised to the .143 power. The expected annual

outputs for the different units and locations, assuming a 90 percent

w

avaiiabllity, 13 shiown 1n Table 9,3,

ror Hellshire, the utilization of capacity would be about 22 1/2 percent,
for the 10 %W unit, 22 percent for the 25 kW unit, 12 1/2 percent for 200 kW
unit and 14 percent for the 2.5 MW unit. The utilization would be higher in
Minro (16 percent for the 200 xW unit and 31 1/4 percent for the 10 KW unit)
and much lower for Passley Garvdens (.8 percent for the 200 xW unit and 3.3
percent for the 18 ¥Wunit). The smaller units have a sigher level of
utilization because they are designed for the light winds found at most of
the sites. The expected outputs and costs for the four =urbire sizes are
shown in Table 8.4. Degpite the lower utilization of capacity for the larger
units, their lower unit cost makes them less expensive per unit of
rlectricity yenerated. However, the low cost of the 2.5 MW unit 1s somevhat

'

suspect since it is based on an extrapolated nrice and a theoretical nower
curve which assumes 100 percent output above 28 mph. Since the épeclfication
of a unit's power curve has a significant effect on its financial viability,
it is difficult to draw any conclusions about the 2.5 MW unit. Th» Carter
200 kW unit has a power curve which makes it more expensive as a source of

electricity than tihe 25 kW unit from Enertech.
8.2.2 Windmills

The units considered for water pumping applications are multi-vane
windmills. Data for a number of these units ara sumnarized in Table 8.5.
From this data, the general characteristics were obtained for a unit with a

five meter diameter rotor and is attached to a piston punp. The specification

for this typical unit is shown in Table 8.6.



Table 8.3.

Bstimated Pergy Generated (MWKER) for Five Sites

| [ | 200 kW | 10 kv | 25 kW | 2.5 MW
Location | Month | Year | Model 1 | Model 2 | Model 3 | Model 2
Passley Girdens 6 79 1.7 .38
7 79 1.6 .33
10 79 2.0 40
Discovery Bay 4 79 31.5 2.7
5 79 34,3 2.8
7 79 21.3 2.2
Yallahs 3 79 22,9 2.4
5 79 7.4 1.3
6 79 7.1 2.8
7 79 11.4 1.6
9/10 79 2.2 42
Hellshire 1 82 44.0 2.2 9.0 534
2/3 82 35.0 3.4 7.3 402
4/5 82 9.8 1.1 3.0 110
7/8 2 48.2 4.0 9.2 67
9 81 35.3 3.3 7.1 410
10/11 81 12.2 1.9 2.8 355
11/12 81,82 12.5 1.3 3.0 226

Muanro 2 81,83 47.8 4.0
2/3 81,82 66.1 4.6

4 81 9.7 1.4

5 81,82 30.2 3.5

6 8l 11.6 1.7

7 81 37.6 3.6

8 81 39.0 4.3

9 8l 51.1 4.7

11 80,81 17.2 2.3

| 36.9 | 3.9 l |

l 12/1 l81,82

Notes:
Rotor axis height 10kW 15 meters.
25kW 15 meters.
20kW 30 meters.
2. MW 50 meters.
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Table 8.4.

Annual Electricity Generation for Wind Turbines

Location/Unit 10 kw 25 kw 200 kw 2.5 MW
Passley Gardens 2.9 13.9
Discovery Bay 20.3 229
Yallahs 13.4 80.4
Helishire 19.8 45.9 217.7 3020
Munro 27.3 278.4
| .
Capacity I 10 kW | 25 kW | 200 kW | 2.5 MW

Annual Output (Hellshire)

Sendout Mwhr 1 19.8 45.9 217.7 3,020

Delivered Mwhr ¥/ 16.6 38.6 182.9 2,537
Unit Cost US/kW 3,000 1,600 1,200 1,050
Capital Cost (000 USS$) 30 40 240 2,625
InstallationZ}OOO Usg) 7.5 10 60 656
0O &M (USS)3 500 666 4,000 43,750

(I3, 3 1,780 2,374 14,240 155,750 -

Unit Capital Cost

(J$/kWhr) 4.02 2.31 2.92 2.30
Unit variable Cost

(J$/kWhr) .161 .100 .116 .092

| | | |

Notes:

Y Distribution losses 16 percent.

%/ One-third operation and maintenance cost in US$ for parts and 2/3 in J$
for parts and labor overall cost is 4 percent of capital cost.

7 US$l=J%1.78.


http:US$1=J$1.78

Table 8.5,

Multi-Vane Windmill (osts

Qutput at Installed
10 m Cost
Unix fotor Diameter Blades Efficiency head (usg)
1 4.9 18 13.6 % 6.2 2,538
2 3.7 18 8.3 3% 6.6 750
3 4.2 18 2.8 % 1.7 1,800
4 2.3 20 1.1 1,084
5 7.6 18 3.6 1,016
6 4.9 6 5.2 1,530
7 4.9 12 13 % 5.2 -1,200
Source: Meta Systems Inc, Reference 56.
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Table 8.6.

Typical Multi-Vane Windmill Characteristics

Potor diameter-f m

Axis height-10 n

Efficiency .163

Qutput at 10 n head-5.5 m3/mr

Blades~-12

Maximum head-20 m

st US$-1,750

Annual maintenance -~ US§ 29
- J$ 104

Life20 years
Pump-piston
Pump efficiency-.8

Power curve (overall efficiency .13)

Qutput Inperial Gllon/Minute

Mph KW hp 15 ft. 30 ft. 50 ft.

7-9 .04 .06 13 6.5 1
10-12 .11 14 32 16 10
13-15 22 +30 69 35 21
l6-18 .40 <53 121 61 36
19-21 .64 .87 1<8 99 59
22-27 1.19 1.59 365 1R3 110

Greater than 27 cutoff.
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The costs presented in Table 3.6 exclude the cast for waﬁer storajye and
distribution. There are three basic systems fcr water distribution:
sprinklers, which are cormmon in Jamaica, gravity flow open channels, and drip
irrigation. The second uses the least energy but requires gently sloping
fields. 7The third uses the least water but requires a large amount of
piping. Because of the intemittent nature of the winds, it is necessary to
provide buffer storage into which the water can be pumped, for release at a
later time. The cost for this storage is assumed to be similar to the cost
for establishing solar ponds, about J§5.5 per cubic meter ($J.16 per cubic

foot) .

Table 8.6 includes a power curve which was cestimated using the following

equation.
P = BxExpxV3x1l0 x A
where:
P = Power output in kW.
B = Betz constant = .593
E = System efficiency = .13
P = Density of air = 1.18 kg
V = Velocity of wind in meters/second
A = area of rotor = 19.6m=2

This power curve was used to estimate the pumping capability of windmills in
different sites. The total quantity of water pumped, assuming a 90 percent
availability of the windmill and pump, is shown in Table 8.7 for each of the
sites and for four depths, 5, 15, 30 and 50 feet. 1In the low wind areas, such
as Passley Gardens, the windmill would provide 2.6 acre-inches per year for a

15 foot pumping depth. For high wind areas such as Munro, the same windmill

ol
N
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Table 8.7.

Windmill Pumping Output

| Pumping Qutput per Year

Annual* | 000's imperiai gallons | Acre-inches
Parish kWw-hr | 5 ft 15 It 30 £t 50 ft | 5 ft 15 ft 33 £t 50 f¢
Passley Gardensg 200 1’5 62 30.7 18.4 7.8 2.6 1.3 .8
Yallahs 900 929 276 138 82.9 35.1 11.7 ° 5.9 3.5
Hellchire 1,320 1,216 405 203 122 51.6 17.2 8.6 5.2
Miunro 1,830 1,686 562 281 169 71.4 23.8 11.9 7.2
Discovery Bav 1,350 1,244 415 207 124 52.8 17.6 a.8 5.3

* Assume 90 percent availability.
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would pump atout 1 acre-foot per year for a punping depth of 30 feet. In
order to c¢pproximate the national demand, it is assumed that the wind regine
15 generally similar t- something between Yallahs and Passley Gardens with an
annual punping capacity »f .8 acre-feet at a puaping depth of 15 fect. The

demand for irrigation is discussed in Chapter 12.

8.3 Market Potential for Wind Machines

bt

The potential for wind farms as a source of grid electricity is limited by
the number of available sites with a good wind regime. With the axception of

relatively inaccessible locations on the mountains, -t is unlikely that more

)
(1]
4]
4o
ct
Q
[&]
¥
}—a
b
.

than a haif dozen suitab ne found. The electricity jenerated by

a wind fa:m is detemined by the number of wind turbines and their capacity.
4

If it is agsumed that a wind farm consists of 35 “urbines, then the 25 M9

units would have a capacity o2f .9 megawatts and provide an average output of

about .2 mejawatts from an .rca of 18 1/2 acres. 4 wind farm with 200 Kd

turbines would have a capacity of 7.2 megawatts and an average output of .9

negawatts from an area of 74 acres. For a wind farm with twelve 2.5 My

turbines, the cepacity would be 30 megawatts, the average output would be 4.2

megawatts and the space required would be 154 acres.

It is unlikely that the first wind farm will not be established before
1988 because of the time required to collect reliable data on wind regimes.
Tt is also assumed that the first wind farm (if it is econordcally viable)
would use 200 xW units (although with units other than the Carter 200 X4). By
1992, a second wind farm might be established with turbines of one half to one
megawatt capacity. If additional sites are located and the economics remain
favorable, it is possible that two more farms could be added by 1997 and

another two by 2002.

, \QQ"



Because of the intermittent nature of

would not replace any capacity but rather

capacity. Because thelr supply cannot be

cannot be used for baseload demand. ‘When

2lectricity to the grid, it will have one

substitute for peak capacity units which

cause the baseload units to run at a lowe
efficiently. 1In the latter case, the sav
will be slightly less than the amount of

units. Giwven these circumstances, it is
to be financially viable. tbwever,

electricity which would be obtained from

follows:

this type of generation, these units
they would require back up

guaranteed, thls source of power

the wind farmm is supplying
of two effects; either 1t will
can be taxen off the line or it will

r load factor and thus less
ings resulting from the wind farm
fuel nomally consumed in baselocad

unlikely that wind farms will prove

Lf they are, the maximum anount of

these farms is estimated to be as

1988 ! 1992 l 1997 | 2002
Average output (MJ) .9 3.6 15 25
Peak output (MW) 7.2 43 115 192
Electricity
generated
annualiy (GWHR) 7.9 49 131 219
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The market potential for windmills is more difficult to define because it
is dependent on the type of acriculture, the cropping patterns and the

location of yrowingareas for Aifferent Zrops.

At present, the sugar industyy L5 in a 5tealy state of decline with sone
indication that vegetable and other cash crops «vill replace the cane no longer
being produced. The government does not have any specific plans for
developing the agricultural scctor. There are some loosely connected ideas
associated with development of the coffec production and some schames being
generated a3 part of AWRO-21, but none of these scem very firm. ‘'the
introduct.on of irrigation in Jamaica nas been sexry slow. Although there ave
no curren: statistics, it 15 estimated that about 70,000 acres ara currently
under irr.gation with most of this acreage located on sugar estates. There
appears to bhe no central governrment activity irn promoting irrigation. 7The
responsib.lity for public irrigation is left to the local governments which
s. If irrigation is increased, it is likely that

maintain some larye pun

J4
&

electrical pumps will he used for large centralized systems.

only for small holdings in areas away from the

[

Windmills will be usefq
grid. The windmills will be used in situations where water is available
within 20 meters of the surface or where water is being lifted out of rivers.
If a . stem can be developed for maintaining pressure in the pipes, it is
likely that a significant proportion of the irrigation water raised by
windmills will be distributed through drip irrigation systems. The remainder
will be distributed through unlined irrigation canals. It is expected that no
more than 15-20 percent of the national irrigation needs will be met by
windmills (if they prove tn be economically viable) due to the distribution of

fam sizes and the extent of electricity coverage.



Chapter 9

Electricity Generation Using Peat, Urban Waste and OTEC

This chapter discusses three sources of energy which could be used in
intermediate=sized generating facilities. The iirst resource is the peat
located in the wetlands at Black River and hegr.l. This is not a renewable
resource and depending on tiie rate of extraction would provide fucl for 40-80
years of clectricity genereticn. The second resource is urban waste which is
currently collected in Kingston and disposed of as landfill. This waste could
be incinerated and the heat produced used to raise steam in a the:-nal plant.
Al though the urban waste is not a renewable ruesource, it would be continuously
avalilable in increasing quantities for the forszeable future. “he thord

)
resource .s the stored heat of the ccean. OTEC mares use of the ocean's

temperature yradient as a function of depth of water to generate clectricity.
This resonrce can be considered rencwable becausce of the vastness of the

ocean's thenial mass providea that the facility i1s properly designed so that

the temperature gradient is maintained.

9.1 Peat Resource

Jamaica has a number of peat bogs located along its shores as shown in
Figure 9.1. The potential of the largest morasses, those at Black River and
Negril, has been the subject of considerable study as shown in Table 9.1. The
initial studics were performed to determine if the peat could be harvested and
burned efficiently in thermal generating plants. A preliminary cost estimate
for harvesting the peat was prepared and is summarized in Table 9.2. The
fixed annual cost of extraction is estimated to be J$22.2 per ton of peat at
50 percent m.c. (in 1981 prices). The initial capital cost would be US$18.8

million and J$4.2 million. The difficulty with using the peat is its high

;

|
VO
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Table 9.1.

Studies Related to Peat Deposits
at Black Piver and “Nooril

Project History

1.

1¢77

1979

198l

1981

1982

1983

1983

Prefeasibility Study - Preliminary Report

Bebank IEnginecering nonsl., Ltd.

Prefeasiblility Study - Report on the Production and Utilisation of
Feat at Megril and Black River Morasses

Evbank Engineering Consi., Ltd.

Feport on land vosts for drying peat by APEC

Environmental Feasibility Study of the Jamaica Peat Rosources

Utilizatlorn ivoject oy NRCD by Traverse G.oup

The Peat Fosources of Jamaica and Their Potential for Fuel Supply
- Iobinson fron pCJO

)
Study of envireornnentel and economic feasibility of using Peat
Fesources - Tund Whiversity - Sweden

analysls of Fuel Characteristics of Peat by Finish Consultants
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Table 9.2.

Harvesting Costs r/} Peat
1981 Prices™

1/ 1976 000's Ton] 000's 198l 000's
initial Costs {Irisn Pounds) rss) (J$)
2/
900 acres land~™ 19¢ 1,225
Extraction equipment 6,463 27,00
Railroad equipment 684 1,800
Structures 484 2,997
Subtotal 7,827 18,810 4,222
annual Costs
Labor 1,642 7,968
*Yaintenance 213 500
o 3
rugl~/ 388 2,630
Subtotal 2,243 11,204
1/ . .. . o
Notes: I For harvesting .5 million tons ai 5° percent nolsture content.
é/ Zxcludes costs of land for drying.
— Assume J$2.90/imper:ial gallon of truck diesel ard J$. 255 whr,

©\W



moisture content and low heat value. The in-situ moisture content is about 88
percent. This must be reduced to 50 or less in order to be burned in a
boiler. The time required for drying is between 10 and 50 days in the period
from November to April. During the period from May to October it is not
possible to dry the seat because of the rains and the low wind. Therefore, a
drying area must be prepared which includes covered storage for a half year's
supply of peat. For the six month dryiig period about 5 rotations can be
achieved so that at any time 20 percent of the annual consumption will be kept
in the patio area. The patio drying area has an active cupacity of 71 tons of

peat per acre.

The heat content of the peat is relatively low, about.7,200 BTU/lb on an
oven-dry basis at Negril and 6,400 BTU/lb. at Black River. The former has an
ash content of 16 percent and a sulfur content of 1.6 percent and the latter
has an ash conFent of 21.5 percent and a sulfur content of 1.8 percent. At 50
percent moisture content, tit» low heat value of the peat would be 3,100
BTU/lb. for Xzqril and 2,700 BTU/lb., for Black River. Assuming a boiler
efficiency of .8 based on the low heat value and a turbine/generator
efficicncy of .3, a megawatt-hour of genera.ed electricity would require 2,29
short tons of Negril peat at 50 percent moisture content or 2.63 tons of Black
River peat. The peat was successfully burned in an Irish peat-fueled
generating station, however, it required a maximum draft and manual ash
removal in order to maintain the burning. The Negril peat can be briquetted

but the Black River peat cannot.

The current peat reserves in the two morasses were surveyed by Dr. Robinson,
formerly of UWI, Reference 75. The reserves at MNegril cover an area of 5,840
acres of which about 96 percent has an average seam thickness of 18 1/2 feet

with a maximum thickness of 52 feet. The total reserve is estimated to be 12.8
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million tons, dry matter. About 89 percent of this reserve is easily
accessible, i.e., seams of more than 10 feet., At Black River, the reserves
cover apout 10,723 acres with an average seam depth of 12 1/4 feet and a maximum

seam depgth of 40 feect., The total reserves are estimated to be 16.1 million tons

dry matter, 2% which awout 74 percent is easily accessible.

9.2 Peat-Fired Generation Plant

For a 40 MW generating station, the annual output would be about 250
GWAHR. This would . uire between 575 and 675 thousand tons of peat at 50
percent moisture. The combined reserves of Negril and Black River would be
sufficient to fuel such a facility for 70 to 80 years assuming that only the
easily accessible peat is mined. For an 30 MW facility, ghe yseful life would

be 35-40 years for these two reserves,

Although the estimated cost ~f the peat would be considerably less than
petroleum fuels per xilowatt hou: Of generated electricity, the cost for the
generating plant would e considerably higher. An estimate of the capital
costs for a 40 MW and an 80 Mk Jlant were prepared and a summary of the costs
is shown in Table 9.3, The initial capital cost for the B0 MW plant is
egtimated to te US$103 million plus J$46 million. The annual cost for
operations and maintenance is estimated to be US$2 million and J$5 million.
The fixed annual cost per megawatt-hour sendout, exclusive of capital costs,
would be J$19 (using the 1.78:1 exchange rate). For a 40 MW plant, the
capital and maintenance costs are halved, but the labor costs are unchanged.,

As a result the fixed annual costs would increase to J$22.5.

The preliminary cost estimates indicate that a peat-fired thermal plant
would be less expensive to construct and operate than an oil-fired plant, but

the financial viability is jeopardized by two factors, the problems of drying
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Table 9.3.
Thermal Scation Costs Urban Waste
Coal and Peat
ruel Coal Peat. Urban Waste
Fuei capacity (MW) 70 70 100 80 40 6 12 18
Hours operation 8760iﬂ/ 07690 8760 7000 7000 7009 7000 7000
L.cad factor2 .GSEi/ .05 .65 .9 .9 9 .9 .9
Annuai: generation
(300's MW hr/yr) 399 399 569 504 252 37.8 75.6 113.4
Annrval sendout3
(000's MW hr/yr) 3N 371 529 449 225 32.1 64.3 96.4
Annual delivered
(000's MW hr/yr)~ 311 311 445 377 189 27.0 54,0 81.0
Boiler efficiency’ .9 .9 .9 .8 .8 .8 .8 .8
Genevation nfficiency® .3 .3 .3 .3 .3 .24 .26 .28
Rate of consumpticn7
of fuel (lb KW hr) 1.0 1.0 1.0 4.9 4.9 5.3 4.9 4.6
Consumption cf fuel
{00075 tcns/yr) 200 200 28.6 1,235 617 100 185 258
Capital costS
(Mn $ US) 66.64 86.80 117.¢6 103.42 51.71 21.12 39,17 58.03
(Mn $J) 0,65 38.63 52..53 46,02 23.01 9.40 17.43 25.82
Unit costs 13
(S $/Kwe) 1190'—/ '_/ 1470'—/ 161b'"/ 1516'—/ 4400'—/ 4080“_/ 403
Maintenarc ks’
alnternar..e cosfts .'L3/ ]_3/ E/
(000 's US3Y) 1000 1300 1765 1994 397 320 618 923
o DEVZNRNNt VAR 7/
(000's J%) 1780 2320 3140 3548 1774 1047 1985 2947
Labor rec i“°mentsll
miee w3/ 13
Unakilled 12 12 15 21 21 8 8 8
13 13 13
Semi-skilled 51 51 52 55 5% 24_—/ 24—_/ 24—_/
Skilled 15 15 15 15 15 5 5 5
12
Labaor costs (000'3 J8$)
Unskilled 129 129 162 227 227 86 86 8%
Semi-gkilled 771 771 786 832 832 363 363 363
Skilled 342 342 342 342 342 114 114 114
Total 1242 1242 1290 1431 1431 563 563 563
Plant life (years) 30 30 30 30 30 30 30 30
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12.
13.
14,
L15.
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Notes for Table 9.3.
Thermal Station Costs Urban Waste
Coal and Peat

80 percent plant availability.
Baseload .9 load factor, for coal ESI, ref. 34.

Internal consumption 7 percent for coal, 11 percent for peat, 15 percent
urban waste.

16 percent line less,

Leased on low heat value cf fuel.

Steam turbine, Delgor ref. 24.

Coal 12,600 PTU/lb. peat 2,900 BTU/lb., urban waste 3,350 BTU/lb.

80 percent foreign 20 percent local.

2.5 percent capital cost for coal, 3 percent for peat.

Half foreign currency for parts and for labor consuléancy, half local.
Based on JPS staffing plus unskilled labor for fuel handlfng.'
J$900/month unskilled J$1,260/month semi-skilled; J$1,900/month skilled.
Delgor ref. 24.

ESI ref. 34.

ESI ref. 33.

a
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the peat and the environmental impacts cf mining the peat. The patio drying
area required for a 40 MW plant would be 1-1.5 square miles and the covered
storage area would occupy an additional 15-25 acres. For an 80 MW plant the
storage requirements would te doubled. A study by the consultants APEC pointed
out the problems of finding a site with sufficient land area. Proposals have
been made for building up part of the bogs as a drying ar=a, but no costs have
been computed for establishing such a site or for t e labor and transport

required for the drying.*

The environmental impacts of mining the peat could be significant because
the bogs are¢ actually wetlands. The Black River Morass is a peat-filled swamp
transected by the sediment-free Broad and Gayle Rivers and bounded by the
sediment-laden Black and Y.S. Rivers., The swamp provides a breeding area for
fish and shrimp., The fishing industry is one of the major economic activities
of the area qround Black River. The conversion of this swamp to a lake
through the digging of peat to depths of 10 feet (7 feet below sea level) or
nore,** would significantly change the ecosystem of the Morass and would have
significant impact on the fishing industry in the area. At Negril, the Morass
is a coastal swamp developed as infill behind a barrier beach, The Morass is
drained by the Negril River in the south and the Orange River in the north.
The beach axea is being developed as a sattelite tourist area. The principal
attraction of the area is the white sand beaches and the reef located about a

kilometer off shore. The principal environmental impact of converting this

* NO ccisideration was given to using the waste heat from the thermal
plant to dr/ the peat, however, this would probably be an important component
of any drying scheme.

*#% The author observed that the area in the Negril morass that had been
mined for testing the peat was inundated.
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swamp to a lake is that the flow of water through the area will be enhanced
and may threaten the coral reef; since the reef protects the beach, any damage

to it would be detrimental to the tourist industry.

It is unclear as to how the issues of drying and environmental impact will
be resolved. CQurrently. there is a study underway by meimbers of the LiUnd
University in Sweden to determine the potential environmental and economic
impacts of mining the peat for electricity generation. At the same time, the
swamps are being considered for agriculturel development and for the
establishment of fuelwood plantations. If a decision is made to use the peat
for electricity generation, then it is likely that a 40 Mw plant will be
established at Negril because of its better fuel properties and less immediate
environmental impacts. If this plant proves financially viabl; and without

major negative environmental impacts, then it is likely that a second plant

will be constructed at Black River.

9.3 Urban Waste Resources

It is estimated that the residents of Kingston produce on average, 1.8
lbs. of solid waste per capita per day. This woﬁld imply that about 700 tons
is produced each day in the metropolitan area. Only about 300 tons of this
amount is collected due to a lack of sanitation equipment. The per capita
generation of solid wastes is expected to increase for the next two decades so
that by 1990 between 810 and 860 tons will be produced each day and by the
year 2000, 1,000-1,150 tons. Assuming that the rate of collection increases
to 50 percent by 1990, ard to 70 percent by 2000, then the amount of solid

waste collected will be about 420 tons per day in 1990 and about 750 tons per

day in 2000.
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An analysis of the solid waste revealed that it had a moisture content
which varied between 10 percent and 65 percent, but tended to be above 35
percent, especially during the rainy months. Ten to twenty percent of the
solid matter is inorganics and therefore cannot be burned. The high heat
value of the organic material at 0 percent moisture content was measured as
7,400 BTU/1lb. When the inorganics are included and the low heat value
computed, the heat value for the solid waste at 35 percent moisture content

would be 3,000-3,700 BTU/1lb.

3.4 Urban Waste Generating Plant

A study by Delgor, Reference 24, concerning the use of urban waste as a
source of fuel for electricity generation examined facilities with capacities
ranging from 300 to 900 tons per day. These plants would use two to three
incinerators, a steam generator and turbine/generator set. The boiler
afficiency wés estimated to be .8, based on the low heat value, and the
efficiency of the turbine and generator system was estimated to be between .24
and .28 with an overall efficiency of .19-.22. The plant would require 2.1-3
short tons {(at 35 percent moisture content) per megawatt hour. For a plant
with an 80 percent availability and a .9 load factor, each MW of capacity
would require an average of 36-52 tons per day. Thus, the solid waste
currently collected would be sufficient for a plant of 6-8 MW. The expected
collection of solid waste by 1990 would be sufficient for an 8-11 MW plant and

that for 2000 would be enough for a 14-19 MW plant.

The costs for a 6, 12 and 18 MW plant were estimated and are presented in
Table 9.3, The capital costs for the plant are based on quotes obtained from

manufacturers. The costs for a 300 ton per day plant with a 6 MW capacity

include initial capital costs of US$21 million plus J$9.4 million and fixed

.Y
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annual costs of US$320 thousand plus J$1.6 million, excluding the collection
cost for the solid wast2. The annual fixed cost would amount to only J$6.8
cents per Kilowatt hour sendout, however, the capital charges are sufficiently
large that the consultants determined that the project would not be feasinle.
Neither the 12 MW nor the 18 MW plant presented in Table 9.3 show significant
economies of scéle to justify their consideration for construction in 1990 or
2000 unless there is another major shift in the relative price of petroleum
products., In this case, a 6 MW plant could be operated in 1986, a 12 MW
facility could be operated in 1995 and an 18 MW plant could be operated

starting in 2002.

One of the major operational problems that would occur in an urban waste
thermal plant is removing the moisture content of the fuel. During the rainy
monthZ, the moisture content would rise to 65 percent; the solid wastes cannot
be burned at moisture levels above 35 percent. Another problem is the
variation in the supply of urban wastes which would require that a few days of
storage be maintained. Both these problems would increase the material

handling costs for the urban waste plant.

9.5 Ocean Thermal Energy Conversion

The waters off of Jamaica have sufficient depth and temperature gradients
to be used in the OTEC conversion process. The gradient of 40°F (22°C) has
been observed over a depth of 3,300 feet (1,000 meters) within 1-3 miles (2-5
kilometers) of the shore. Three sites have been identified in the waters off
of Cow's Bay Point, Homer's Cove in Westmoreland and Rio Bueno in St. Ann (see
Figure 3.2). Biofouling experiments are now being conducted to determine the
potential buildup of micro-organisms that might occur in the heat exchangers

of an OTEC plant.

i
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While the concept of obtaining energy from the temperature gradient in the
ocean waters is not new, the applications of this technology have been
limited. Two experimental units have been constructed, one in 1979 and the
other in 198l1. The former was a barge-mounted system which produced a net
output of 15 kW; the latter was a shore-based unit with a net ocutput of

120 kw.

Although several reports have been submitted regarding the potential use
of OPEC in Jamaica, only two serious proposals have been made. The first was
put together by a Brazilian group which proposed to construct a 1 MW
shore-based facility at Cow's Point that would use a nearby solar pond to
enhance the temperature gradient. This proposal has been-temporarily shelved
due to lack of financing and the withdrawal of one of the consortium's
partners. The other proposal was made by Ocean Thermal Energy Corporation.
This proposa} concerns the construction of a 12 megawatt facility composed of
a first-phase, clcsed-cycle 2 MW plant and a second-phase open-cycle 10 MW
plant. Both units would be shore-based, They would be built, financed,
insured and operated by the corporation. An agreement would be signed with
the Jamaican government which would guarantee purchase of the output up to 12
megawatts at US$.056 per kWhr (and pegged to the official OPEC price for a
barrel of crude) and 1.1 million gallons of drinking water per day at US$6.8
per thousand gallons. The agreement anticipates a 50 week per year operation
at an output of 11 MW or greater. There is a tather loose provision for
compensaticn to JPS if the unit is down for a period greater than o weeks.
JPS is currently reviewing this proposal to determine the effects on system
reliability and foreign exchange expenditures. The net present value of this
25 year agreement was estimated to b2 US$102 million based on the following

assumptions:
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1. a discount rate in real terms of 4 percent;

2, the prices of electricity and water computed in constant
prices did not change;

3. the annual output of the unit averaged 50 weeks at 11.5 MW
and 1.05 million gallons of water per day;

4. an annual payment in foreign currency over the life of the
agreement of $7.94 million based on #2 and §3;

5. a two vear period before implementation of the agreement
during which the price does not change but inflation
averages 10 percent:;
6. no balloon pavment at the end of the agreement, (this
payment would add about 31 million to the net present value).
It appears from the proposal that a concessionary rate is being given so that
the corporation and its suppliers will have a chance to demonstrate their
technology. 1In order to provide OTEC generating capacity at an equivalent
cost, it would be necessary to provide a 12 MW plant at a capital cost =f
about US$5,000-5,500/kw_. The major risk is that if the system does not

prove reliaple then the JPS will nave to provide backup aid therefore the only

savings would be in reduced fuel consumption of the backup unit.

9.6 OTEC Plant Characteristics

The efficiencies of the OTEC plants are limited by the relatively small
temperature gradient. The carnot cycle efficiency for a temperature gradient
from 75°F to about 40°F is only 7 1/2 percent. Half of this temperature
differential is lost across the evaporators and the condensers. The turbine/
generator has an efficiency of about 65 percent so that the overall system
efficiency is only about 2 1/2 percent. The quantitx of the electricity
generated which is required for internal use is considerable. 1In the pilot

plants about 75 percent of the power generated was used internally with 45

>
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percent being used for the pumps. Therefore, it is estimated that the system

conversion efficiency computed at the busbar will be only about 1.5 percent

for the larger capacity units.

The problem of estimating the capital cost of an OTEC facility is due to
the lack of a demonstrated facility in the 10 to 40 MW range and the lack of a
specific site. Recent estimates for a 40 MW unit have ranged from $6,500 to
37,250 per kwe in 1981 prices.* For 10 MW units, the cost is expected to
increase to USS7,600/kwe or more; for still smaller units.it is expected to
increase tu US$ 8,000/Kve or mnore. Estimates for the costs of constructing
and operating various sizes of OTEC plants are presented in Table 9.4. Also
included in this table are the estimated costs for an OTEC plant combined with
2 solar pond, This configuration increases the system conversion efficiency
from 2 1/2 percent to about 11 1/2 percent and thereby reduces the costs for
pumps, pipes'and heat exchangers. The costs for a 5 MW OTEC Solar Pond
facility to be built in Hawaii was estimated to be only US$5,OOO/kwe but it
required about 160 acres of s>lar pond. 1In Jamaica, this pond would add
USSl,950/kwe (including the cost of salt) to the cost of the facility. The
annual operating and maintenance costs for the different configurations in
Table 9.4 were estimated to be J$.10 per kilowatt-hour send out for the 10 MW
OTEC plant, J3.09 for the 40 YW OTEC plant, J$.09 for the 5 MW OTEC/Solar Pond

and J$.07 for the 40 MW OTEC/Solar Pond.

If an CTEC plant appears financially viable, it is expected that the
government might install a 40 MW unit after 1990, if the technology has been
proven for large scale generation. If the first plant is successful, then a

second with 60 MW might be constructed by the year 2000. The current proposal

* The lcwer estimate is from the Alfa Laval proposal, Reference 6 and the
higher estimate is from Gibbs and Cox, Reference 42.

, W
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Table 9.4.

OTEC Flant Cost Estimates

OTBC OrEC/Solar pPond
Configuration Capacity 10 MWg 40 MW 5 MWg 40 MWe
Availability 7,500 7,500 7,500 7,500
load factor .9 .9 .9 .9
ion 3/
Annual Generation 122.5 490 6l1.5 490
3 5/

Annual sendout (GWHR) 67.5 270 33.8 270
Annual dei}vered

(GWHR) 56.7 226 28.4 226
System efficiency 2.4% 2.4% 11.5% 11.5%
Capital cost (US$ mn) 76 280 30 220
Unit cost (US§/KW,) 7,600i/ 7,”001/ 6,0002/ 5,5002/
Maintenance US$§ mnY 1,79 6.58 .71 5,17

J$ mn 3.18 11.71 1.26 9.20

Labor

Skilled 8 10 8 10

Semi~-skilled 20 30 20 30

Unskilled 8 8
Labor costs (000'sJ$)

€killed 182 228 182 228

Semi-skilled 302 454 302 454

Unskilled 86 86
Subtotal 484 682 570 768

Notes:

L Alfa Laval AB, Reference 6; Gibbs & Cox, Reference 42.

2/ 31,950/kws for the pond and the rest for the plant {(approximately

3 50 percent of 38,000/kwg).

E7 31,950 /kw, for the pond and 50 percent of 37.000/kwe for the
plant.

&/ 4.7 percent based on Gibbs and Cox with half in foreign currency
at 1.78:1.

3/ Assumes =ffective capacity is at the busbar after 40-50 percent of

gengfated electricity is taken off for plant operation.

Agssumes 16 percent distribution losses.
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for establishing a 12 MW facility, which would be operating by 1986, is under
review by JPS. Since the proposed foreign exchange costs for the water and
elrtricity combined are less than the fuel costs for the less efficient
thermal plants, this proposal would appear to provide a gowua source of

capacity.
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Chagpter 10

Demands for Electricity and Irrigation

Two of the potential major uses of renewable energy are for qgeneration of
electricity and small-scale irrigation. In this chapter electricity
generation is examined from the point of view of the existing supply of
generating capacity and the demand for electricity consumption in the major

econonic sectors. Tne data in this analysis is drawn primarily from a report

orepared by Messrs. fagin and Miller of JBS.

Yhe demand for cmall-scale frrigation pumplng 1s examined oy first
estimating the potential demand for irrigation. At present very little
irrigation i35 used in Jamaican agriculture; the principal exception being
estate agriclulture, especially sugar cane., The data used to estinmate
potential demand was obtained from a UNDP/FAQ study conduicted in 1974, This
study examined the irrigation requirements for different crops in the various
basins on thz island. The method for calculatiny pumping requirements from
this data was sugaested by Winston Boyne of the MME and was undertaken by Jim

Fells of the Peace Corps.

The observations presented in this chapter do not necessarily reflect the
opinions of dessrs. Fagin, Miller, Boyne or Fells, but, without their

assistance, no analysis could have been perf ormed.

10.1. The Electricity Generating System

The electricity generation capacity of Jamaica can be divided between the
public system operated by the JPS and the private system operated by the
larger users such as the bauxite/alumina industry. 1In addition, there is some

small-scale auto-generation capacity on the island, but there is no data

W
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available on these systems and they are thought to repreczent a relatively
small part of the island's total generating capacity. The JPS system
currently zccaintz for 68 percent of the island's rnominil Genarating oo
and produces about €] percent of the total @lectricity generated in Jamaica as
shown in Table 10.1. The distribution system of JPS covars most of the island
as can be seen in Figure j.l. It includes 492 miles of primary distribution
(1368-69 KEV), 1653 miles of secondary distribution (33-12 KV}, and 33129 miles
of tertiary distribution (4~6.9 ¥V). There is an on-going rural electrifica-
tion program but it nas had limited success oecause the arcas which remain

Without electricity are relatively remote and therefora costly to connect,

The JPS system consists of a mixture of oil-~fired steam nlants, gas
turbines and mini~hydre facilities. The system is relatively old. The age of
the steam plants averages 16 vears, and the age of the gas turbines averages
11 years. Tne mini-hydro facilities were all built in the late 1940's or _he
1950's,  Althcugn the nominal capacity of this system i35 416 Megawatts (net
Q4R, see Table j.1), the available capacity is considerably less. The
availakility of the steam units averages about 77,5 percent, a5 shown in Table
10.2. The availability of the other units is thought to be higher but
probably nct greater than &5 percent. As a result the average available
capacity 1s about 339 megawatts, and the probability that 1/3 or more of the
nominal steam capacity is unavailable is 25 percent. In evaluating new plants
it was assumed that these plants would be available §0-85 percent, or

7000-7500 hours per year.

The system capacity is divided into 69 and 138 KV distribution systems
with about 60 percent on the former and 40 percent on the latter. As a result
of the age of the equipment, including the distribution system, there is a

relatively low system reliability and frequent power outages or low voltage

¢ /MO
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‘fable 10.1.

National Electricity Generating Capacity in 1981

Capacity Quzput
Hw Percent GWHR Percent

Public (JPS) 454 6 126l 6l
Private (l.ame Units) 2.2 32 828 39

Bauxite  Alumina 168 25 7852 37

Cement 14 2 23 1

Sugar 30 5 23 1
Sourc=: HME annual report

{

j\\
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T7ABLE - 1U.¢

JAMAICA PUBLIC SERVICE CO. LTD.
_PVAILABILITY FIGURES
TYPICAL
STATION UNIT NC. AVAILABILITY*_
Hunts Bay 'A' 1 0.802
Hunts Bay 'A! 2 0.902
Hunts Bay 'A' 3 0.848
Hunts Bay 'A' 4 0.807
Hunts Bay 'A' 5 0.814
Hunts Bay 'B' 6 0.889
Hunts Bay GT 1 0.620
Hunts Bay GT 2 0.804
Hunts Bay GT 4 0.734
Hunts Bay GT 5 0.870
0ld Harbour 1 0.872
0ld Harbour 2 0.750
.0ld Harbour 3 0.709
01ld Harbour 4 0.421

*Based on Data for the years 1977 to 1980

Availability figures for the following units

-

STATION

UNIT

Bogue Diesels
Bogue GT
Roaring River Hydro

Rio Bueno Hydro

Lower White River Hydro
Upper White River Hydro
Maggotty Hydro

1-9

e i R = S

Source:

.

not available

JPS Annual Report
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cvonditions daspite the fact that the peak demand is only about 220 megawatts.

{See Table j-2.)

The generating units are relatively inefficient, especially the steam
2lants. The ¢gross heac rates Sor the st2am plants averaged about 15,200
BUrU/kwhr, about i rercent gross efficiency in 1980. The more efficient units
nad efficiencies on the order of 33 percent while the least efficient units
nad efficiencies of only 13 percent. (See Table j-3.) The gas turbines have
an efficiency of about 20 percant as shown in Table 10.3. The average heat
rate and efficiency for the system changes from year to year, as can he seen
from the data in ™able 10.4, depending on the availability of egquipment, major
tenewals, and the acquisition of new equipment. The construction of a 65
megewatt unit thermal plant in 1975 resulted in a considerable reduction in
the heat ratve for the Hunts Bay facility in particular and the total system in
jeneral., ibvevVer, che heat rate increased in tre years after 1976 until 1980

'
Wwhen this unit was unavailable for much of the year and the heat rate

increased to 14,500 R U/kwhr (23.5 percent grose =fficiency).

The low system reilability and the low fuel efficiency are further
aggravated by significant losses in the system. About 10 percent of the
losses ocaur in the distribution system, but ancther 13 percent result from
unauthorized use (sece Table 10.5). Attempts are being made to reduce the
losses. In the evaluation of new generating units it has beer assumed that

the total loss is only about 1% percent,
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TABLE - 10.3

LPFICTENCY OF GENERATING UNITE 1020

f .
i ~ CowELT T :
i 3 RO§ S Hr .l VI RATE _‘: anacs :
STATION UNITS BTU/ ¥ VN RO I FEICIERNC [
e nmhmmﬁj-.*wmu4~m ]
i | i ;
HUNTS BAY 2| 1-5 18940 ! 10980 | 13.0 |
]
GAS TURBINES | 1-5 16630 | 17540 20.5 |
OLD HARDBOUR 1 16150 | 17040 | 21.1
QLD HARENUR 2-3%* 13850 l 14612 24.6
|
DIESELS 1-12 11380 12010 i 30.0
HUNTS BAY B 6 10478 11054 32.6

* The more efficient unit No. 4 at the 01d larbour was out

of service in 1980.

Source: MilGann, ref
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TABLE - 10.4

JPSCo. HEAT RALTE BY STAIION, 1072-102G

(=T /Vwh)

e

o | STEM | GAS TURBINES | ~ TUTAL

; ’oAR ! HUNTSV-T- LD ? HUNTS EQ‘EEGUE"__T DINSEL i SYSTEM i

- BAY [ HARBOUR | say I e

| 2 |

| 1972 | 19677 128569 : 158596 | - 11577 /A

1 1673 19187 13377 19055 16862 11419 l 15181

| 1974 19801 12952 15553 16146 -11571 14377
1975 18841 12453 15365 16390 ' 11104 13970
1976 1475606 13520 14877 " 14415 j 10981 | 13894
1977 1387§ 12281 l 142889 | 15216 | 11708 i 14101
1978 12318 12821 15255 i 31693 g 11208 | 13134
1979 14048 14244 16014 i 15626 : 12033 i 14341
1980 14991 15719 17328 | 16346 | 11477 1 14502 |

| | | | ]

Source: MilGamn, ref.
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TABLE - 10.5

r v . - e
s 5 o
rVICE T pR]

1273484 1WH

ENERGY: 245769 MWH (19%)

12,

60584.4 5.

~J

£,229478.4

] ) I DR e - T -
E MW LOSS | SNERGY | FERCENT OF . ESTIMATED COST GF |
CATEGORY AT ODPEAK i LOSS  (MWH) i GENERATION i LOSSES (J$) g
L R o e — e
| | |
rRANSMISSTON | 3.s } 20542 1.¢ ! 2,793712 |
- R 5 | I
| | | o |
! SURSTATION : :
i TRANSFORMERS | 2.3 1062¢.2 1 1,445530.4 ;
o i
| |
g 10
!
|
|

15943 2,1662¢€3

167697.

L]

10.1 1

LNACCO

UNTED

30.

138174.

\D

13.

TOTAL

|
|
51,
|

23.1

Scurce: MilGann, ref
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10.2. Electricity Demand

The demand for electricity is divided into four billing categories by
JPS: residential, large industrial and commercial, small industrial and

commercial, and "other".

The residential demand accounts for 31 percent of the total demand while
the small commercial and industrial users account for another 43 percent. The
large commerciczl and industrial users and the "other" uscers each aczount for

13 percent 0f the demand.

The number of resldentlal hooxups has increased since 1973 oy apout 7
percent per vear but the average consumption per hookup has bheen declining
steadily due to the deterlorating economic situation and the lower average
demand cf nuw hooxups (see Ficure 10.1). The large commercial and industrial

hookups 1ncreased from 15 to 24 during the period 1973 to 1978 but nas

declined to 22 since then. The average consumption per hookup has also
decreased a; the economic condition worsened although a slight incrzase was
recorded peuweer 1981 and 1982. The small commercial and industrial hookups
increased during the last ten years, zut the average consumption per hookup
declined from 1975 to 198l. “he number of "othar" users increased ap until
1579 and th:n leveled off. The average consupmtion per "other" nooxup
fluctuated during this period. The total number of hookups and average
consumption for each class of users during the last 10 years are shown in

Table 10.6.

The annuial load factor for the system is 29 percent based on all available
units. If only the available units are considered then the annual load facter
is closer to 38 percent. The peak demand increased during the period 1970 to

1976 but de:zlined thereafter as can be seen in Table 10.7. The demand for

’l/\/\
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TABLE - 10.6

AVERAGE NUMER OF CONSUMERS

1973-19581
CATEGORY (1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
RESIDENTIAL 122,515131,964 |142,075 | 153,272 (163,834 | 177,745 [189,858 | 199,468 | 208,390 P16,403
COMMERCIAL ‘
AND -
INDUSTRIAL
. SMALL | 20,875 21,441 121,999 | 22,636 | 23,316 | 23,615 |23,861 | 23.765 23,876 | 24,207
LARGE ! 15 15 19 21 21 | 24 24 23 23 22
| i
OTHERS 1,788 | 1,847 1,983 | 2,014 2,094 | 2,168 | 223 2.229 ). 229 2,221 |
———— —+ - PN i TnStet SRR P JPH N SRS SR S S ——t
==_====ZQIQE=======LQQ_i2§4iéé&%élzéiég_QZ::giZZgﬁiér;2éﬁs522=L29232§§=:”i2_222= 222,485 1 234,518 R42,853
, *PRELIMINARY
ELECTRICITY CONSUMPTICN 1973 - 1931
AVE MWHR DER UJER PER YEAR ~
1973 1974 | 1975 1976 | 1977 1978 | 1979 1980 | 1981 1982%

RES IDENTIAL 2.40 1 2.26 2.31 2.26 2.12 1.97 1.74 1.59 1.51 1.52
INDUSTRIAL AND {
COMMERCTAL |

i .
- SMALL {20.62 20.23 21.15 21.36 20.82 20.25 18.75 18.30 18.07 19.29
|
| |
- LARGE(000's) i 9.46 1 9.43 7.90 7.47 7.10 6.49 5.87 5.80 | 5.47 6.30 !
i ' ;
| i |
OTHER 57.95 p3. 05.74 66.73 73.87 j69.64 63.76 61.32 65.03 | 65.14 !
t i____-,_fl_ J____,“¢“ RS R RO 4 : )

Source: Economic and Social

5 Survey; various
Notes: prowth in residential consumers 77 per annum with R™=99 issues

R
reduction in average annual residential consumption 6% per annum with R7=93

11-01
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TABLE - 10.7

JPSCo. SYSTEM PEAK LOAD DEMAND 1970-21

Source:

PEAK (M)

156.7

173.4
204

214.3
221.3
228.7

MilGann, ref
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electricity is relatively flat over time, Both the annual and diurnal peaks
are small. The daily distribution of demand reveals a ratner broad peak which
lasts {rom 10 a.m. to 9 p.m., with a slight Zip during the period 5 p.m. to 8
p.m. (see Figqure 10.2). The period of louwest demand occurs between midnight
and 7 a.m. when the level of consumption is about 2/3 that of the peak

pericd. The vearly variation in demand in 1982 had slight increasaes in demand
due to higher air conditioning lcads in the hotter months, but the fluctuation
between the lowest and the hichest months was only +7 percent. (See Figure

10.3.)

In the evaluation of alternative sources of electricity generation, it was
assumed that the dendro-thermal, mini-hydro, OT&LC, peat,.apd urban waste
facilities would all gevve the baseload demand. This paseload is currently
served by the steam plants. It accounts for about 8% percent of the average

demand.

The JPS prepared a series of forecasts for cach category of user based on
reqression nodels (see Table j.4). These forecasts are presented in graphical
forms in Fiqgures 10.4 for the total demand and in Figures 10.5 and 10.6 for
nach category of demand. The cyclical growth pattern for small commercial and
industrial and "other" demands is due to the use of lagged variables in
preparing these forecasts. The projections were made several years ago and
have not talen into account the last few years of slow growth. The
discrepancy between the most recent consumption figures and the forecast is

significant only for residential demand as showa in Table j.5.

»

The anticipated increase in total demand of 3 1/2 percent per annum from
1982 to 1991 is not unreasonable given the trend in recent years. It implies

an increase in demand equivalent to about 10 1/2 megawatts per year, if
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operated at .50 load fertol with an 80 percenc availability. These forecasts
provide a reasonable projection based upon the assumption of an increasing
GDP. If an econcmic recovery is d2laved, 33 i1z now appears it will be, then

these projections need to be shifted further into the future,

10.3. Generating CTosts

The difficulties faced by the JPS in meeting current demands and iméroving
the reliapility of its system are due in large part to a financial crunch.
Although the charges for electricity have increased rapidly in the last ten
Years, the costs for supplying the electricity have increaced more rapidly.,
The average revenus per kilowatt hour for all users increased from 2.6 cents
in 1973 to 27.3 cents in 1982. The average revenue in 1932 for residential
4sers was 15 percent nigher anl “hat for large ccale conmnmercial demand uisers
was 19 percent lowe=- (see Table j.6). IDuring the same period the operating
costs increased from 2.2 cents per kilowatt hour to an estimated 27.8 cents
per kilowatt hour (see Table 10,8 . The primary increase has been in the cost
or fuel which accounted for about 25 percent of the operating cost in 1973 and
rose to abou: 65 percent in 1943, 1This overating cost does not include the
costs for interest, repaymen. of principal or dividends on bonds, but does
include a provision for deprecilation which in 1980 accounted for 1/6 of the
operating costs. The costs of labor for plant operation are not reported in
the JPS annual reports. In order to estimate costs for operating new plants,
the 198l salary scale for JPS employees (Table j.7) was used together with
typical JPS plant staffing levels (Table j.8) . In 1983 there were about .9
operating personnel per installed megawatt of capacity and they were receiving
an average salary of about J$13,000 per year. This implies a cost for

operating labor of about 1/2 cant per kilowatt hour, exclusive of benefits.
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For many of the renewanle energyy tecnnologies this figure would e higher

pecause of the higher material-handling costs.

The capital costs for repvlacement units ware computed in 1981 prices to
provide a basis for comparison with the pronosed plants tnat ugse renewable
snarces of enemy. Three types of plants Wwere analyzed: a 70 MW oil-fired
steam plant, a 20 MW diesel generator and a 20 MW gas turbine. The costs are

oresented in Table 10,9, he first two are assumed to De used [or baseload

i

generation and to have an avalilahility of 895 percent. The tnird 15 assumed to
neet peak demand and to be used 40 parcent of the time. These are the types
of units whicn would he constructed vy JPBS to provide additional capacity. It

is5 3also these units which would be needed to nrovide backup capacity for

intenmnittent sources such as Wwind farms ard solar power towers.

10.4. Future Supply Peguirements

The futu:ze demand for new electricity generating plancs will result from
the increasing demand for electricity as discussed in section 10.2 and from
the retirement of existing capicity. The retirement scnedule presented in
Table J.9 inaicates that ©E€.5 neguawatts of capacity are scheduled for
rectirement oefore 1990 and ano-her 92.5 megawatts are scheduled to ce retired
by 1995. An agreement has been signed by JPS for the purchase of a power
barge which is being built by the Japanese for delivery before 1985. This
bamge would have a capacity of 40 MW and would cost about J$1200 per installed
kilowatt. No other investments are currencly urderway. A detailed plan of
future inves:ment in generatinj capacity has been prepared by Messrs., Miller

and Fagin but this forecast was not available at the time the report was

orepared.
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Table 10.9.

Feplacement Qosts for JPS facilities

Fuel Process

0il-Steam Turbine| M esel-Generation|Gas Turbine

Capacity {(Mw) 70 20 20
Houres of operationl/ 7,500 / yr 7,500 / yr 3,500
nad factor .9 .9 .9
Annual gug;ration (000's MWHR) 472.5 135.0 70

Sendoytl 448.9 128.2 66.5

Losss 377.0 107.7 55.9
teat rate (U00's BLU/xwhr) 11,508 8,335 13,532
System efficiency .295 .41 25
el consumption (imp gallons MWHR) 69 52 95
Flant Lif2 (years) 30 25 20
Unit zosts (USE/KW,) 1,020 1,291 450
Zapital osts .

ND00's Usk 64,260 21,940 8,100

000's J% 12,709 6,906 1,602
Maintenance Costs

900's USH 546 3/ 254 144

000's J% 972 452 255
Labor Costs

Skilled 182.4 182.4 182.4

Semi—=skilled 453.6 302.4 302.4
Subtotal 636.0 484.8 484.8
Source: Miller, Fagin personal communication.

Notes: 1
s 4 85 per

5 perc

— 16 per

— Fixed US$ 2.1/kw variable US$§ 2.0/kwhr, 50 percent J$.

~' Fixed US$§ 2.45/kw variable US$ 3.4/kwhr 50 percent J$.

cent availability.
ent internal consumption.

cent distributicn loss.
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If it is assumed that the demand will increase at the equivalent of 10
megawatts of effective capacity per year, that the retirement schedule is as
shown in Table .9, and that the current capacity 15 jist adequate to meet the
present demand, then by 1990 75 megawatts would be required to nmeet new demand
and another 59 megawatts of capacity would have to be rcplaceq. Since the

rzpilaced cqguipment has

0
o)

relatively low output, i1t should be possible to
substitute tnis capacity with 30-40 megawatts of new capacity. The total
requirements for rew generating capacity, 100-115 MW, are well in excess of
those proposud for the various generating facilities that would use renewable
resources. Also the size of most units using renewable resources would be
acceptabie to the JPS, which currently plans to limit the size of any new
plants to 70 megawatts. Larg - units would create “co high a risk of system
breakdown in situations where these facilities unexpectedly drop out of the
grid.

10.5. Demand for Irrigation

The island of Jamaica contains some 33 catchment areas as shown in Figure
10.7. 7The UNLP/FRO prepared a study of the irrigation potential in some of
the major catchment areas that include areas suitable for intensive
agriculture. In all, eight arsas were studied, including the Rio Cobre and
Ric Minho basins, Dry Harbour, the basin at Negril, Bull Savannah, the Pedro
Plains and two sections of the Martha Brae River valley. The boundaries of
these areas are shown in Figure 10.8. The existing well depths in these areas
indicate that the Rio bre basin, the MNegril basin, the Redro Plains and Bull
Savannah have relatively shallow wells, 50 feet or less, while the Rio Minho
and Martha Brae River basins and Dry Harbour have relatively deep wells, 50
feet or more. A distribution of well depths by area is presented in Table

10.10. 'This data is based on periodic measurements made by the Division of
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Table 10.10.
Frequency Distribution of

Depth to Water for Existing Vells*

DEPTHS (ft.)

Parish 0-20** 21-59 51-100 greater than 100
| s2 1106 | 98 | 68 |
Clarenden J | | | !
| 16%] 333 30%| 21% |
(130 [ 59 K [ 38 T
S. St. Ca+therine] | | | |
! 45%| 20%] 22%] 13% |
) T T e BEE [ 35 | 55 |
St. Elizabe<h i J | | |
i 37%| 243 153 243 |
Martha Brac oy 120 b1y | 21 |
River Basin ! | | | |
| 6% | 3l% | 30%] 33%|
Hanover and | 47 | 19 i 3 | 7 |
westnoraland i | | I |
I 62% | 25% ] 4% | 9% |
I3 | 1 I 4 | 26 1
St. Aanr | I I I |
l 9 | 3% | 12%] 76%]
[321 1260 |222 1215
TOTALS I | | | I
I I I

[y

tote: lMumber of welils, upper left, percent of wells in lowear right,

* Includes wells for which there have been water level measurements taken.

** Includes artesian wellse.

Source: P. lLamm, Water Resources Div. MME

Vz
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Water Resources. The overall availability of groundwater is indicated by the

classification scheme used in Figure 10.9.

The existing irrigation systems are relatively large units operated by the
estates or the Parish Councils. Most of the units operated by the Parish
Councils are located in the parishes of Westmoreland, St. Elizabeth, and St.
Ann. The size of the pumps are reported as being between 10 and 200
horsepower, powered by electric motors or diesel engines. Details of these
irrigation facilities are presented in Table 10.11., The estimates of the
volume of water pumped averaged out to about 7 million imperial gallons per

year or 325 acre-inches per facility.

In this study, the focus is on smaller irrigation systems that use
renewable resources such as biomass fed gasifiers and windmills. The pumping
requirements for the seven UNDP/FAC study areacs were calculated by first
estimating the net irrigation requicrewments for each arz2 and zach major crop
and then copputing the pumping requirements associated with providing this net
irrigation requifement. These pumplng requirements were converted to power

and energy requirements per acre for different pumping heads.

The net irrigation requirements were determined using the Blaney Criddle

method. 1In this method the net irrigation requirement is defined as:

(l) IN = IC - Re
where Iy is the net irrigation reqguirement in inches

Ic is the gross irrigation requirement in inches

and R, is the effective rainfall in inches.

The value for the net irrigation is computed for each month by first

computing the gross irrigation requirement as shown in equation (2);
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Table 10-11.

Existing Parish Council Irrigation Pumps

i Pumping I Type of Pumps
Parish | Facilities | Gravity | Diesel | Electric | Unspecified
Westmoreland 18 2 8 7 1
St. Elizabeth 9 3 5
St. Ann 7 7
tot Specified 6 6
| Average Estimated
Average | Water Pumped per

Parish 10 hpll0, 50|50, 100]J100|{Horsepower|Facility (imp gal.)
Wwestmorelanc na na na na na 7.2 million
St, Elizabeth - 3 3 3 83 11.5 million
St. hnn - 3 1 3 98 6.1 million
ot Specified - 1 2 3 120 8.8 million
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(2) Ic = f Ko Kp
where f 1is the water consumption factor in inches

Ko is the crop cover coefficient

and Ky is the climatic coefficient.

The water consumption factor, f, is a function of the percentage of annual
daylight hours occuring during the month, p, and the mean temperature, T, as

shown in equation (3):

(3) fo= pT /100

The percentage of annual daylight hours for each month is assumed to be

constant throughout the island as shown below. The mean temperature was

determined frorm meteorological data for each redgion.

Percentage of Annual Percentage of Annual
donth Davlight Hours Month Daylight Hours
Jan. 7.9 July 9.2
Feb. 7.2 Aug. 8.8
March £.4 Sept. 8.3
April 8.5 Oct. 8.2
Mav 9.1 Nov., 7.7
June 9.0 Dec, 7.9

The climatic ccefficient, KT’ is determined from the regression equation:
(4) Kp = .01737 - .314

The crop cover coefficient, KC, is determined from the leaf area of the
plant, which in turn affects the evapotranséiration rate of the plant. This
factor changes as the plant grows. For precise analysis, separate factors can
be used for each month, but for the purposes of this analysis an average value

has been used for eacnh type of crop as shown below:

4
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Crop Ke
Banana .83
Citrus .60
Maize .80
Pasture .75
Sugear Cane .90
Vegetables 65
Rice 1.10

The effective rainfall, R,, was obtained from the rainfall statistics
collected over several decades by the Meteorological Department. Values for
each region and each monthi are shown 1n Table 10.12. The results of the
computation of net irrigation requirements are presented in Tables k.1, k.3,
oS, %.7, %.9, w.11, k.13, and k.15 for Rio Minho, Rio Copre, Dry Harbour,

Negril Basin, Bull Savanna, Pedro Plains and two sections 2f Marthe Brae River

basin, respectively.

The pumping requirements were determined oy taking the daily pumping
period and the average daily evapotranspiration rate and determining the flow
rate reqgu:red tc neet this demand. The resulting relationship is shown in

equation (5):
(53) 0 = (4 SOEC)/(eltl)

where Et is the average daily evapotranspiration rate (inches/day)

Q is the pumping rate (gallons/minute/acre)

€, is the efficiency of the distribution system

and t, is the average dally pumping peciod (hours/day)

Sanpl: values for the evapotranspiration rate, Et, are shown 1n Table
10.13. The efficiency of the distritbution system depends on the type of
system. lor a furrow cysten, the value of el 1S between .55 and .65, for a
sprinkler syster, 2 is between .6 and .75, and for drip irrigation systems

El is between .8 and .9. The average pericod of application was assumed to
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Table 10.12.
Effective Rainfall at Eight Sites

(inches)
Rio Rio Dry Negril Bull Pedro Martha Brae
Month Minho Cobre Harbor Basin Savana Plains Valleys
Jan 1.0 3.2 1.4 1.0 1.5 2.4 2.3
Feb .7 2.5 l.6 1.0 1.3 1.6 1.3
Mar o7 2;0 2.2 1.3 l.6 1.4 1.7
April 1.2 2.5 3.3 2.2 2.5 1.0 2.3
May .2.7 C 4.1 5.0 3.5 3.2 4.4 5.8
June 2.7 2.8 4.6 2.9 2.5 3.2 4.5
July .7 1.6 4.5 1.7 1.6 1.8 2.9
August 2.8 2.2 4.8 2.9 2.7 2.9 + 3.8
Sept 2.3 2.6 4.4 3.7 3.4 3.7 4.6
Oct 6.3 4.1 4.5 4.3 4.0 4.5 5.1
Nov 2.2 4.1 2.5 2.6 3.5 3.6 3.7

Dec .7 4.1 1.8 1.5 1.6 3.9 3.5
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Table 10.13

Daily and Yearly Exapotranspiration Rates

Crop

Et.* Ins./yr.

l

Et. Ins./day

Sugar cane
Pasture
Citrus

Ba nanas

Tobacco

Sugar cane
Pasture

Rice (2 crops/yr)
Tobacco (Sept-Jan)

Vegetables X3 crops/yr)

Corn (3 mths.)

Ground nuts (3 mths. )
Tobacco (4 mths.)
Rice (8 mths.)
Pasture

Vegetables

Cl arendon

St.

78.10

81.60

36.0

63.6

40.8

Catherine

St.

65.17

59.47

56.20

15.68

55.0

Elizabeth

19.2

18.3

19.2

69.5

©64.3

60.7

0.21

E.T. = Evapotranspiration Rate (a measure of the consumptive use of water) .

Source: W. Boyne ref.
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be & hours per da;. The pumping flow rates in gallons per minute are shown
for different crops in Tables k.2, k.4, k.6, k.8, k.10, k.12, k.l4, and k.16

for the eight areas of study.

The power and energy reguirements are determined by first calculating the
rnumber of hours required to provide the required net irrigation, IN, given a

flow rate Q. 1This calculation is shown in Bguation 6.
(6) ty = (452 In)/(e1 Q)

The constant 452 is used to convert the irrigation requirement in inches
and the flow rate in gallons per minute into hours of pumping. The power
requirements, P, are determined by multiplying the flow rate, Q, by the
effective head, h, which includes a draw-down factor and distribution losses,

and then dividinyg by the pump efficiency, e as shown in equation (7)

2[
(7) P o= (Q h)/(3960 ey)

The constant 3960 is used to convert the results into horsepower. The
efficiency of the pump depends on the type of pumping mechanism. For an
electric motor and pump, e, is about .6. For an internal combustion engine

and pump, the value ¢f e, is .17. For a windmill, the efficiency of the

2
pump only is assuned to be between .6 and .7. The draw-down factor and the
distributional losses are assumed to add 20 feet to the value of the effective

head.

The pressure reguirements for horizontal pumping have not been included.
For situations in which the pumps are used for horizontal pumping, the
equivalent head, h, depends on the type of distribution. For sprinklers it is

100 feet, for furrow systems 30-50 feet and for drip irrigation 20 fc.%.* The

* Based on private communication with Dr. Vaughn Nelson.

AV |
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energy required for annual pumping is determined by simply multiplying the
power requirement, Pl by the annual period of operation, t2, to obtain the

answer in hcrsepower hours.

The power and energy requirements for irrigation pumping in different
regions and for different crops are shown in Table 10.14. On average, the
horsepower requirements are 1/4 horsepower per acre for the depths up to 20
meters assuming open trough irrigation. If drip irrigation is used then the
power requirements average 1/3 horsepower per acre. Wwhen the depth increases
to the range of 20-50 feet, the power requirements increase t¢ an average of
4/9 horsepower per acre for trough irrigation and 1/2 horsepower per acre for
drip irrigation. 1In the water depths ranging from 50 to 100 feet, the trough
irrigation requires an average of 3/4 horsepower per acre whereas the drip
irrigation requires 4/5 horsepower per acre. The higher values for the drip
irrigation are due to the addicional effective head required for horizontal
pumping versus the trough system which is assumed to use gravity flow. The
increase ié not as great as it could be, since the efficiency of distribution

with the cystem is higher. The average energy requirements during a year and

the range for different crops and regions is computed in kilowatt hours as

follows:
e Trough Irrigation Drip I.rigation
Depth Average Range Avearage Range
0-20 190 40-350 260 60-560
20-5¢C 359 60-560 400 80-770
50-100 610 130-1010 610 130-1010

The monthly energy requirement will fluctuate with the net irrigation

requirements over the year.

’

W



Table 10.14.

Typical FTower and Fnergy Requirements by Region, Crop, Type of Irrigation and Lepth

- T ‘Oprn Channel te)=7) ] Deip e] = (.85)
T hpe of Trrigation 10 3y T s TR 35 15
Dopth Area Crop P E P E P E I P E P E P E
Rio Minho SuGATCane .30 3.2 -59 5.8 .96 10.1 .42 4.4 .63 6.6 .96 10.1
pasture .32 2.4 .58 .4.3 1.01 7.5 .44 3.2 .66 4.8 1.01 7.4
totoces maize .17 2.7 .30 5.0 .52 8.6 .23 1.7 .33 5.6 .52 8.6
vertetable .24 2.0 .44 3.6 .76 6.3 .33 2.7 .49 4.1 .76 6.3
Rio Cobre SUgarcane -6 3.7 -4 6.9 .83 1.18 .36 5.1 .54 7.7 .83 1.1
pasture .24 2.6 .43 4.8 .74 6.3 32 3.6 .48 S.1 -74 8.3
tebacco .15 1.2 .27 2.2 .47 3.8 .20 1.6 .30 2.5 .47 3.8
vegetahle .22 2.1 .40 3.9 -69 6.7 .30 2.9 .45 4.4 .68 6.7
Dry Harbour Sugarcane .30 2.5 .56 4.6 .96 7.9 .42 3.4 .63 5.1 .96 7.9
pasture .32 1.2 .59 3.3 1.02 5.7 .44 2.5 .67 3.7 1.02 5.7
tobaceo, maize .16 .0 .30 3.7 .51 6.4 .22 2.2 -33 4.8 .51 6.4
veaetable .25 1.2 -46 2.2 .79 3.8 .34 1.6 .51 2.5 .79 3.8
Bull Savannah pasture .26 2.4 .43 4.3 .83 7.5 .36 3.2 .54 4.9 .83 7-4
mitTe, tohacco .23 .9 .43 1.7 .75 2.9 .32 1.3 .48 1.9 .74 2.9
vegetable .25 1.8 .46 3.4 -79 5.8 .34 2.5 .51 3.8 .79 5.8
Negril Sugarcane .30 2.0 .56 3.8 .96 6.6 .42 2.9 .63 4.3 .56 6.6
pasture .29 1.3 -54 2.4 -92 4.1 .40 1.8 .60 2.7 .92 4.1
vegetatilc .25 .8 .46 1.4 .79 2.5 .34 1.1 .51 1.6 .79 2.5
Fedro Plains pasture .26 3.7 .48 6.5 .83 11.8 .36 5.1 .54 7.7 .83 11.8
tobucco, raire .23 1.2 .43 2.1 .75 3.7 .32 1.6 .48 2.4 .74 3.6
vegetahle .25 2.4 .46 4.4 .79 7.6 .34 3.3 .51 4.9 .79 7.6
Martha Brae Sugarcane .30 1.1 .55 2.0 .96 3.5 .42 1.5 .63 2.3 .96 3.5
passute .24 .4 .43 -7 .75 1.3 .32 .6 .48 .8 -74 1.3
we3etable -29 .6 .53 1.2 .92 2.0 -40 -9 .60 1.3 .92 2.0

P in horsepower por acre.
E in 00's kw Lourr jor acte por year.

bump efficiency (t5% for desnthe heads tor effective heads with gravity
system ofen channel and morizental pumping crip system. The

foilowing “olue s were gnoed:

Systen epth (o) 10 315
Orip 50 75 115
Cgen Channel 30 a5 an

9€-0T1
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The motivation beyond the rather laborious calculation is to determine the
potential of using small irrigation pumps powered by windmills or gasifiers
rather than electricity or petrolaum based fuels. 'he windmill described in
Chapter 8 would be suitable for irrigating an acre provided that the
distribution of the wind during the year corresponded to the pumping
requirements during the year. The options would include units irrigating from
1l to 10 acres. 1The important consideration for gasifiers would be the
availability of residues at the time the irrigation is required. The field
residues would only be available for a few months following the harvest. If a
second crop were planted, then the gasifier could use the residues as fuel
during the early stages of growth. However, for the full season it would be

necessary to find a more continuous supply of fuel.

Assuming a ratc of fuel consumption of 1.7 lbs, of air-dried wood per
horsepower hour or about 2.3 lbs. per kilowatt hour, then the total guantity
of fuclwooq required per acre for a gasifier powered pump would be in the
range of 140 to 1,300 lbs., for wells of less than 20 feet in depth. About
double this quantity would be required for wells with depths in the range of
50-100 feet. Since residues have a lower hea: value, the annual requirement
per acre would be on the order 200-1800 lbs. per acre for the shallow wells

and double this for the deeper wells.

Pumping technologies using wind or gasifiers would find their principal
use in farms of 25 acres or less which currently account for about 35
percent of the total acreage. 1t is assumed that the use of these
technologies will be restricted by local conditions including wind regimes,
crop calendars, water table depths, cropping patterns and topology. They
will also be restricted to current practices vhich rely vheavily on rain-fed

agriculture or irrigation from rivers. Therefore, the initial uses will be

>
N
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relatively slow in growing, so that by 1988 at most 2 percent of the small
farns or .7 percent of the total farm acreage would use either of these
technologies. By 1992 this percentage might have doubled and by 1997 doubled
again. However, it is not expected to account for more than 10 percent of the
small farm lands or 3 1/2 percent of the total planted acreage during the next

twenty years.



Chapter 11

Case Studies~-Project Zvaluation

This chapter concerns four case stucdiec prepared by personnel from the

They Were produced

Py
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nistry of Mining and =Enerjy and oy sroject consultancs.
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as assignmerts for a seminar on projec “heze four reports

2rxamine the econonic and financial viability of estatlishing wind farms,

dendro-therral plants, ethanol Zistilleries and biogas digesters in Jamaica.

analyses are discussed telow. iHowever, they do point out those factors which

0
(3]
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critical to the Juccess or failure of these technologies. A summary of

&)

the implicacions vf thece 3=udies is presented celow. Copies of each report

U
~
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included 1n the 2ppendices.

11.1. Eroclems 29f the
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Trese evaluations were to pe prepared 1in 1961 prices since the data being

prepared for the lational Dnerjy Model was to be in 1931 prices. ipwever, the

(V%)

bicgas digecter analysis was prepared in 1983 prices, the dendro-thermal plant

analysig in 138l crices, a

]

d the other =“wo reports in a mix of 1981 and 1983

the zignificant devaluatzion during 19£3 and the threat of rapig

a
"
—
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@
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inflation az a result of tne devaluation have node it difficult to cguate
foreign and local cost. The financial conversion rate that was used for 1961
w“as 1.78:1 whereas the economic conversion rate (the shadow eichange rate) was
2.8:1. Thue t.: foreign exchange costs are undcrestimated in the financial
analysis, but not in the economic analysis. This also affects the calculation
of savings cue to reduction in the consumption of petroleum fuels, For the
biogas digester calculated in 1983 prices, the financial rate was set at 2.8:1

and the ecoromic rate at 3:1. The local costs have not yet adjusted to the

il
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considerable inflationary impact of this devaluation so these are

underestimated relative to foreign costs.

Since no experience or firm bids were available for estimating the cost of
these tecnnologles installed 1n Jamaica, it was necessary to estimate costs
from secondary zources. In MOSt cases these cost estimates are similar to
those Used in the previous chapters, but they are not identical since they

were prepared at different times and for different purposes.

The analyses are in various stages of completeness due to the limited time
available for their preparation and review. The most detailed evaluation was
prepared for the biogas digesters since this report was also being prepared
for use in a project. The least detailed report is for wihd fams since the

least preparation time was available.

The worth of these evaluations is that they provide a basis for further
analysis. The basic assumptions have been set out, the financial and economic
parameters have ween defined (see Tables 11.1 to 11.3), and the economic base
cases nave pbeen ldentified. 7The principal costs and henefits nave been
estimated and their relative importance to the project ezamined through the
preparation of spread sheets., Revisions of these estimates or sensitivity
analyses on major parameters can be carried out with relative ease using these
Same sheets. The use of sensitivity analysis is very important given the
Uncertainties associated with the costs for most of these projects, especially

the labor and capital costs.

11.2. Implications of the Analyses

The analysis of the wind farm revealed several key factors. First, the

capital and maintenance costs for the turbines are the dominant costs. The
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TABLE - 11.1

Evaluation Planning Costs 1981

1 3
Fuels Financial ﬁconomggm
$ Jam./Imperial Gallon $Jam. Imperial Gallon
Premium 4,65 2.70
Regular 4.55 2,60
Truck diesel 2.90 2.55
Kerosene 2.50 2.65
Bunker C 1.58 1.24
2 Financial Economic

Labor J$/Month + 207% Benefits
Supervisory-plant 2,000 2,400 2,400

~floor 1.400 1,680 1,680
Engineer 1,650 1,980 1,980
Skilled Labor 1,200 1.440 1,440
Semi-skilled labor 1,050 1,260 1,260
Unskilled urban labor 750 900 630
Unskilled rural labor 500 600 420
estimatsa
1. June 1981 Final s2lling price in Jamaica
2, 1980/81 JPS tariff
3. 2x-Curacao refinery prices plus 15¢ /gal. ocean transport +

45: /gal. land distribution costs Tler kerosene, gasoline, diesel
(0¢ for bunker C).

4, Consultant's estimate.



Foreign exchange

Discount rate

tlectricity cost

Cost of land
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TABLE - 11.2

ECONOMIC EVALUATION FACTORS

1981 BASE YEAR

Financial

J$ 1.78 = USS1

B~
N9

25.5 ¢J/Kwhr

JS$ 1000/acre

Econimic

J$ 2.8 = Uss1

11%
30 ¢ J/Kwhr

J$ 1000/acre
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TABLE - 11.3

Cost Escalation Factors

Jamaican § Uss (F

Capital, 1 Capital, )

Equipment, 2 3 Equipment,

Construction  Labour Fuels Construction
4.50 3.60 2.35
3.55 2.75 1.90
3.05 2.30 2.38 1.70
2.75 2.05 2.49 1.60
2.45 1.85 2.05 1.50
1.85. 1.45 2.16 1.40
1.45 1.25 1.72 1.25
1.15 1.07 1.20 1.09
1.00 1.00 1.00 1.00

.95 .93 , .96 .98

1 tased on CPI1 all items

2 tased on GDP deflator

3 based on 3unxer C orices f.o.b. ex Curacao

4 based on wholesale prices for industrial aoods
5 based or. &veraoe wages in manufacturing

6 based on medium ‘uel oil prices f.o.o. Singapo!
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costs for land and for the interface with the grid are relatively small.
Second, the wind regime does not appear to be favorable for the larger
turbines because of their higher starting speeds. The analysis was conducted
for the Bellshire area where the wind speeds are reasonable but not strong.
Also, no allowance was maue in the analysis for the greater wind speeds at
higher elevations in acccrdance with the "1/7 law" or for differences in the
air density. Third, the smaller turbine, a 25 kW unit, was able to generate

about Z4 percent of its capacity during Lhe year, whereas the 200 kW Carter
unit was able to achieve only 11 percent of its capacity. Fourth, the monthly

output varied wy a factor of 5 from the minimum to tne maximum for the 200 kW

unit and by a factor of more than 3 for the 25 kW unit.

The conclusion of this analysis is that a wind farm using the larger
turbines would be neither financially nor economically viable, but that a wind
farm with the smaller units might be financially viable at the 4 percent

discount rate thouth not economically viable at the 11 percent discoun: rate.

The analysis of the biogas digesters revealed that on farms with large
quantities of livestock the generation of biogas as a substitute for certain
petroleum-based fuels is both economically and financially viable. However,
the selection of substitutable fuels depends on the assumptions about capital
and labor coste and about the cost of petroleum fuels. Specifically, in the
financial analysi s, biogas cannot compete with kerosene at its subsidized
price, but i¢ always preferable to gascline at its controlled price. In the
economic analvsic the border prices are obout the same for gasoline, diesel
and kerosene, so biogas can compete with kerosene. The costs for using biogas
digesters are less for the plastic bag digesters than for the chinese

(Brazilian) designs which use cement and fiberglass. This analysis is
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need to be revised since the analysis used the current fixed price for cane
and the 198l price for sugar converted at the 1.78:1 exchange rate., With the
new exchange rate of 2.8:1 and the current f.o.b, price for sugar to the EEC
of about US§E28U,/ton of raw sugar, the income from the sugar would cover the
cost of the cane, estimated to be between $500 and $600 per ton of raw sugar
produced and the cost for mill labor, estimated to be J$125-150 per ton of raw
sugar. However, the residual left for maintenance of the mill or for

financing improvements to the out-dated equipment would be minimal.

Ethanol is less profitable than sugar since one ton of cane will produce
about J$70 of ethanol and between $70 and $87 of raw sugar, in current
prices. The two activities require about the same labor and quantity of
bagasse for fuel. Since Jamaica is currently exporting less than it can sell
under the EEC and US4 quotas, it is able to maintain an inflated price for its
sugar. However, If the sugar production were to increase to the levels of the
1960's or the subsidized EEC/USA price were to drop significantly, then the
production of ethanol would be more profitable, i.e. generate a smaller loss,

than milling sugar at the margin.

The analysis of the dendrothermal plants indicated that both the 3 and 10
Megawatt plants were financially viable but not economically viable. The
internal rate of return in financial terms was 10 percent for both sizes. The
reason that the plants were not economically viable is due to the hi gher
discount rate used in econ.mic analysis, and also to the assumptions used for
the bace case. First, it was assumed that if the dendrothemmal plant were not
built then an existing unit which would otherwise have been retired would be
maintained for another 25 years. It is likely that such a unit would have to

be replaced or renewed during this period at considerable capital cost.
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Second, it was assumed that the labor from the older unit to be replaced could
not be completely transferred to the dendro-thermal plant and that some of
this work force would be absorbed into the existing multiple generator
facility, even though its capacity was beinyg reduced. Third and perhaps most
important, there is a considerable cost for establishing a fuelwood
plantation, over eight years, before any return is realized. It is possible
that the wood cleared to establish the plantation could be used to fuel the
dendro-themal! plant after the first few years of the project or that this

wood could provide other benefits during tne first eight years of the project.

The economic analysis polints out that the savings in petroleum fuel are
not enough tc justify the establishment and operation of a fuelwood plantation
and dendrothemal plant., It also points out that the maintenance costs for an
ola thermal plant are similar to those for a new dendrothermal plant because

of the higher costs L material handling equipment in the latter.
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