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Cane Production
 
for
 

Sugar and Electric Power
 
in Jamaica
 

MECUTIVE SUYYA1RT 

The principal conclusion of this report is that the Jamaican sugar
 

industry can be made profitable.
 

Although sugar has bee: grow. in Jamaic for centuries, a comlination 
world sugar Irices an, a severeof circumstarces, including decliring 

shortage of foreign exchange, have undermined the econonic viability of
 

the gcvernment-ow-e4 sugar estates. As a result, they have become a
 

to the econony, lrcsing money yearly and requiring significart
burder 


Over the :ast de:ade, -perts at the University of Puerto Eico and 
the cultivation ofelsewhere have exper'mented with new approaches to 

sugar cane (and other tropica- grasses;. The results L;f this iesearcn 

indicate that, with proper mnaoezetnt, cane can become a highlv 
of electricity while at theattractive source of fuel for the generation 

same tire producing sugar and m=lasses.
 

This study, prepared by a tea- of experts for the Agency for
 

International Develcpment, analyzes the technical feasibility and
 
a means of revitalizing
economic attractiveness of this new approach as 


the Jamaican sugar industry. The overall conclusion of the study is that
 
of thisJamaica :s in a Particularly good position to take acvantage 


opportur.i ty.
 

The pilot program recomnended here would be large enough to prove the 

and the mazntuce of its potentialsoundness of the new al,;roach 
benefits, among which are large gains in emloyment ir the cane sector, 

increased production of sugar, large savings in i :ted oil costs, an­

the generation of enough electricity t- surrly a significart fraction of 

th-e country's nees.
 

The pilct project includes the following eements 

the designation of a pi'ot prcject site cC
 

aprroxinately 20,000 acres;
 

begin
initiatior. of a cane planting program that will 


with a small area (500 acres) and then expand to
 

of the pilot site;
include the full 20,000 acres 


intensive training, utilizing the 
500-acre plot, of
 

workers and managers needed to manage the expanded
 
acreage, plus a program of extension services for
 

private farmers;
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new 	agricultural practices 
that
 

the 	introductior of 

than double the tonnages of cane produced;
will more 


o 	 the introduction of new harvesting techniques 
that
 

now burned as a

will recover field trash, which is 


use 	as s boiler fuel;
waste product, for storage and 


the 	milling facilities at
 
o 	 retrofit and improvement of 


the 	pi' t site, sC that it is
 
the sugar plant now at 


capable of process'ng 4,5001 tons per day of cane;
 

powerdesign and constrCtion of a h4-gh-eff ciencY 
to generate a net
plnt rated at 5 megawatts a-4 able 

of approximately 25 megawatts of electricity for the 
up to A5
the 	grinding season, and
notional grid during 


rest cf the year.
merwatts during the 

o n 	 financial
 new 	investment at the pilot site on 

An eva ix~ti of the 


of return of

with an, internal rate
it is justified,grords su~gests that 	 its
foreign exchange benefits by 


75 : w'. begin tc pro uce net20 

anzo earn (or save, by d-s la-ir. impcrts rearly

fi*t- year 
its 	ninth year. "hese benefits steM almost
 

U. .A . z~iicn per year by 
principal

the protuctcn of sugar ant energy. which are the 
w-l! also provide secure 

ecue=. fro: 

the 	 venture. The projectco-Troducts of 

for more than a thousand 
employment for the current labor force and 

In short, the project will transform a 
adzitional workers. 

status, showing an internal
 
deficit-ridden sugar estate to profitable the
 

of return of 10-95, eliminating the present drain on 

rate 


foreign exchange reserves.
g:,vernment's revenues an3 

becomes e- more

E-aluated or. econo::c groun4s, the Tr:Jec 

0. he eccnomic
 
showing a: interns- rate of return of
attractive, costs to


trices for foreign exchange benefits and 
analiss em:'cys shaiow 

tc theexcanr contributes 
show the veaue that dditionl foreign 

..: also takes into acoount erjoyment benef'its that 
Jamnai.can eCo.n 
the 	project jrcvides. 

r[ec _nr~en a t" ons: 

this project to 
a. 	That the Government of Jamaica submit 

potential funrdng agencies for 
detailed consideration; 

the 	 technica2. 	 Tha.:et the Government of Jamaica, with 
a 500-acre pilot plot to assistance of A.I.D., begin 


new 	agricultural intensification
adapt and prove 


techniques before going forward with 
the power plant
 

and cultivaTion of new acreage;
 

undertake
 
3. 	That the Government of Jamaica, 

with A.I.E., 


a series of follow-on studies to refine 
technical and
 

economic Parameters.
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Cane Produ':tior. 
for 

Sugar and Electric Power
 

in Jamaica
 

I. BACKGROUND
 

I. The Jamaican Sugar Industry 

Jamaican sugar
W-hen Jamaica' s colonial history ended in 1962, the 

industry produced 4.1 rillior tons of cane, 44C,0C tons of sugar, and 

time sugar and molasses were produced10C,00C tons of molasses. At that 	
andowned Jamaicans 

in 19 ow-ned factories; eleven were by
privately sugar 

eight were owne: by foreign firms. y 19E2, the 2.th year of' 

had dropped to 2.F rillion tons (62. of the
independence, cane production 

tons (45e of
 
1962 output and sugar production had declined tc 20,0 


7he number of suzar factories had drc.ped to eleven,

the 192 cpuout> 


of whi ch were owned b the government.seven 

Ir. many other sur exprting count rie es production has dropped 

has been caused EY competitior: from new
during this period as well. T-his 

an' an over&llthe recessiOn vears,d7iproAuers, de.rease demen" ng 	
smarket price for sugar. Tie decline in Jamaica' 

decline in the world 
L--;-r,.e export 

sugar production, however, has 	 occurred despit( 


At present Jamaica is exporting about
 
situation for Jamaican sugar. 

tons of sugar per year under favorable marketing 
agreements;


154,000 long 

this sugar goes to the European Community, with some 20,000 tons 

most of 

going to the United StpteF. In l9F' the total Jameican sugar output was 

f-_:ino its ex- rt cucts, it had tc 
below 20,):() 1-no tons. After 	 a cost ofimort abou n of sugar to meet oestic needs at 

about US = million. The jamEican government therefore has a major 
inenti-... e. to expan f ..g-ar production...inc L% e1p .
 

rc 	 -,ct ' is co-itments an: its own 
Jamaica's inatility meet . export 

whch have
is primarily tc. int-rnal factors 

needs with domestic sugar due 


advere~v af"keted ca- production an- ..rcessi n. As n tec, Seven of
 

the sugar fact ri s ' n -.- F- the three lrgost are n operated ,"
 
"
 , governnen'- has not 	 ... t.in 

o..ns 1,t the een 

maintenance an-: nro 
gcvern.me 


r.O..of m s,
adecua'te funds for th-e 

ece from 297' 
fie d euipment or ian: managemenL. 2P rlP most cf the 

cane production on all 
to 10l, farmer cooperatives were res-onsibale for 

largest sugar factories
 
of the estate lands associated 	with the three 

(Bernar bodge, Monymusk, and Frome). The cooperatives did not prove an
 

which dropped sharp:ly, and 
of managing cane production,effective means 


w, e dissolved by the government in 1981. 

industry is in need of investment for
The entire sugar 

Its problems are many, including
rehabilitation and modernization. 

poorly maintained irrigation and drainage, inefficient cane production, 

and frequent mill and factory sbutdowns. The 
harvesting and transport, 

.- 1I­

http:gcvern.me


industry is currently suffering annual losses ar ex:ess of US t20, w4th
 
cf approximately t75 million.
accumulated National Sugar Company debt 


acute funding limitations or. needed improvements.
These have resulted in 

Yet the industry continues to play a crucial role in the Jamaica economy 

-- it is the third leading foreign exchange earner and the second largest 

employer. Furthermore, the livelihood of 250,000 Jamaicans depends
 

directly or indirectly on the cane industry.
 

Although Jazaice now has favorable markets for its sugar, there is
 

price prospects in the face of
 concern over the longer term market and 


annual worldwide sugar surpluses, recent price pressures, and the
 

political prominence of agricultural subsidy issues in industrialized
 

There is little doubt that the sugar industry will continue
countries. 

Thus it
 to experience losses producing sugar unde:" the present system. 


sten- to address major problems and
 is critical for Jamaica to take 


opportunities in this important sector.
 

2. Energy; in Current Sugr ,era ons
 

stalk after it has beer.
Bagasse, the remainder of the sugarcane 


out, is generally burned in inefficientmilled and the jui7e squeezed 

boi lers ir Jamaicar sugar factories. The lcw-pressure steam
low-pressure 

(2) as process
is used (! tc prc)v.de mechanica- rcwer for cane milling, 


heat in the iciling house, an:d tc generate the electric power needed
 

n the factory. Hlowever, :Iue to the inefficiency of mill boilers anc
 

pressure steEr, t y cEpical sugar
s 	 theturline,ge.eators operatg witt lcw 

mil does not produce a surplus of electric pcwer and generally must 

purchase from the uzility grid.
 

Up to the early 1970's Jamaican sugar factories were energy
 

factories even had excess oaga!ose. However, in
 
self-sufficient and some 


of bagasse has 2harply declined due to reduced 
recent vyers the surryl 

cane r u....on..
 

The lacv of a consistent su;:ly of cane to the 	 mills, the 
of the boilers an low-pressure turbine.'generators, and theinefficiency 

sugar factories have all contributed to 
poor operatng cocnditions in the 


of fuel cil and of elecr--c p:wer from the grid.

increased consump.tion 

of fuel ol were being used as supp;emaen!
By 1952, five miion gallons 

fcr eXEM7 e, of the w neededcr: 7

fuel in the indstry. At one es-:e 


at the mill, bu7 . additacr.al
for mill operaticnS is generate: grid for the nratEfon
 gw-ttare purchased fro:: th.= 


a se ected con-,ex
nder a cane energy 4rcje2t,

*pumps or esFat.e lands, 

i uding a new rower !ant' would meet all of 	its own energy nees an, 

for the national grid.would become a major producer of electric power 

3. National Energy and Power Situation
 

Jamaica depends on imported petroleum for 98% of its 
total energy
 

Between 1972 and 1981 the cost of the petroleum imports 
rose from
 

needs. 

The percentage of Jamaica's
 US±71.5 million to US tI9S million per year. 


export earnings used for petroleum imports rose in this period from 17.1
 

to 50.7 percent.
 

--2 ­
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7r e JziMc Pu1i C Service Comanr, Sa the natiCna'. electric 

utility, generates 9 percent of its power with im7ported fue' oil. The 

used for electric power generatior in lciF3.1 million barrels of o," 


cost 	over US 493 million. Electricity demand in Jamaica has grown from
 

Cwh in 93. Despite decreasing
82E Gigawatthours (Gwh) in 1971 to 1172 

overall demand for petroleum ,3.4 percent per annur, 150-195., 
rate of nearly 5electricity demand continues to increase at an annuln. 


percent. Large rate increases ariazn:2 from the removal of subsidies and
 

the recert devaluation of the Jamaican dollar are expected tc reduce the
 

growth of demand in 1954 and the near future,
 

is considered inadequate and
Severtheless, present power supply 


unreliable. Current installed capacity is approximately 450 M.w, but
 

availale capacitv varies from 20D to 3 .Mw due tc the poor con'ition of
 

many generting urits. With peak demands of 220 to 24,, .w, available 

strained and breakdow--s are frequent. Furthermore,capacity is often 


many peaking ur.:ts burn diesel, costing 25 percent more than fuel oil.
 

expans'on in generating capacity to meet
Therefore, a prlficant 
anred for the coming decade, and addine
Jamaica' s power rnee; iS ri 


resources represents a cost-effective
capacity based on Janeican baa-sse 


opticn in comparison to new oil or diesel-fired units.
 

4. Px.ec-tior. of the Study. 

At the recuest cf the Government of Jamaica, the US Acency for 

a tear of techn ca" specie'i_ sts durincInte.-rtionEl DeveoTment ;rvided 

evaluate the technical' feasibility an,;
the pe-iod May - )ucust 	 79&,i to 

of the generation of electrical energy and sugar
economic attractiveness 


from increased cane production in Janamica. These specialists worked
 

of GOJ individuals fro 	 relevant
with assessment groups, composed 

in three
ministries and organizations, in evaluating program options 


areas: azr r:' reiffe:d6 mill and pcwer plen-. en: eccnom alsis
 

-
 =­. th the surer industr of..Ja-ca can 	be. turne:This teen ccn u
 

aroundt t .. of a caneenerK system. This frther
team 

T..,e cane 'energy system can be establi shed at an
concludes that a 


exnsti;n sucar estate.
 

The fellowinp sect:on presents a descripticn of the jroposec
 

cam'ene-.. program. ce :ni-n araculture/field activities, proposed
 

an t an for a sse-fire :wer lant. This
 

and ec:.nomc aneIysis, and then the

section, is followed by the f*nancIl 


r'!; end CE-s.
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II. PROPOSED PROGRAM
 

1. Introduction
 

given 	to a specific set of system concepts and
Cane/Energy is a name 


practices which can be described as follows:
 

selection of sugar cane varieties capable of high biomass
 

production;
 

0 

0 	 intensive cultivation to obtain significantly greater cane
 

yields per 
acre;
 

0 	 efficient use of milled bagasse as a boiler fuel; 

0 	 collection and preparation of cane field "trash" as a 

supplemental boiler fue; 

0 	 year-round operation of a high-efficiency power plant 

utilizing primarily cane-derived fuel to supply steam for
 

sugar factory operations as well as baseload power for the 

Jamaica electric grid. 

production is particularlyThe cane/energy approach to new cane 
It attempts to take maximuz advantage of the

appropriate for Jamaica. 


country's known agricultural resource capabilities in an important
 

industry. A successful cane/energy development program would offer a
 

number of important benefits to Jamaica:
 

provide less expensive energy and disrtace substartial oil
 

imports used for power generation, now tctaling 3.1 million 
million, thereby hel;ingbarrels per year at a cost of UStO 


to alleviate the foreign exchange crisis by reducing hard
 

currency expenditures;
 

produce sufficient additional sugar to displace imports, now 

a cost of USL! million; andtotaling 60,00- tcns per year at 

establish a basis for revitalizinr the sugar industry, thereby 

maintaining and rotentiaily increasing enployment.
 

Perhaps most important, the diversification of the sugar industry
 

into provision of baseload electricity also provides a measure 
of
 

prominent vulnerabilities of
protection against two of Jamaica's most 

recent years -- destabilizing fluctuations in the world sugar market, and 

Together these two factorsincreasing world prices for imported energy. 


have accounted for a significant portion of the country's 
balance of
 

payments problems over the past ten years.
 

The teayn concentrated their work on an analysis of the feasibility
 

of developing a complete cane/energy system at a pilot estate. 
After an
 

assessment of possible sugar plantation/factory candidates, 
Monymusk
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!,td.) was sr'ected as the site for evaluatiorn cf
(Clarendon Sugar Co., 


all technical parameters. The asscssment is designed as a case study.
 

should be considered applicable to other sugar operations,The findings 
ezcs-arv adjustments for
especially those at a similar scale, with 


condition of the plantations and mill,
site-specific factors (e.g., 


rainfall/irrigation needs)• (As a rough indication, the map in
 

F shows cane growing areas cf Jamaica and their potential
Appendiz 
electricity output under a cane/ener. 	management approach.)
 

2. Description of the Pilot Area at Monymus:
 

T'he Monymus- Estate and surrundin_: rrivate farms which produce cane
 

acres or. the Clarendon Plain on
together co rrse an area of about 2C,(KD 


the south coast of Jamaica. Three other sites were considered for the
 

project: namely, Frome, Bernard Lodge, 	 and TacL.kenfreld. The Monvmi:s: °
 

s te for the pilot project in
chosen as the mos: suitab'eEstate was 

surioy, FecIs, and topc.graphy, a'lthough itrelatic; tc acreage, water 


presents chalenges related to the cuantity and auality of water suy-7.
 
The Monvus: Estate and 

and s!ai*nizt1on not tresent at the other sites. 


Sugar Factory -s now operate z by the C:a.•endonSugar Co., 1I-., a
 

su-sidiary of the state-^Wned Nationa Sugar C-ran
 

cf estate ienos are avai!a !"e for the p.,cjevt.About 12,00' acres 
,&00 acres of larger farms,

The pro.ect w:i. als, drav cane fro. about 


per farm, and about _000 acres of small
ranging from 30 to 1,000 acres 


farmer holdings. The major finding cf this assessment is that the
 

introduction of a cane/energy system at Yonvmusk is a technically
 

feasible and economically attracive proposal.
 

BF (27 0 C) in theThe e-n tenmeratures in this region are 
700 F '2cC in the ccdder mnth.s. Trhese arewarmer mont*:s and 


t em.era' -es for maXim zing cane production. Over a 30 year
eicellen-
rainfa l has been 6.2 inches, with the heaviestperiod the mean annuI 

preipitation ccncentrate: :n a Yy-Jun_ rainy period and in a season of 

heavier rains -n Serteml-er and Octocer, it is nct psss'ie to harves 

cane durinp these ra:nv seasons. Frceot for the fail rainy season, there 
cro

is a water deficit in the area an: irrigation is necessary for good 


troduc ti cn u,-n nine t ten months1 a year. ThE .. y.us'? Estate ":ans
 

are Wr:ae' ground from 10- S n deort
wtr water ahut we -a no--' 

.. ,,- 71 tc 290 feet.
 

estate an- its surroundin area is located on the low alluvial
 

is aqua~eta c~ry
plain of the Fio Minhc Piver. About e1 of 	the area 

high moisture car'cit-y Lnd
soil, a deer, imperfectly drained soil with 


slight erosion hazard. 'Special management problems are drainage and
 
In the absence of good
inadequate moisture supply in the dry season. 


show high accumulation of salts
drainage, the aqualeta clay soil tends 	to 


from the scline ground waters. About 2,000 acres of the Monymusk Estate 

lands must be considered sufficiently saline to impair productivity. 

This problem can be alleviate, through careful attention to drainage and 

proper irrigation techniques and, where necessary, light applications of
 

gypsum (calcium sulfate) to prevent Boil alkalinization.
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3. Cane Productilr. 

This section of the report describes the agricultural components 
of
 

as it would be implemented at the Monymusk
the cane/energy system 

on a thorough evaluation of the steps


Estate. The approach is based 

cane under Jamaican ccnditions and
 needej tc grow high tonnages of 


the factory and powerplant.
cane residues to
deliver the cane and 


Cane Production Management for Energy 
and Sugar


3.1 


to maximize yields of biomass (plant

The agricultural objective is 


has been the case in the past. The
 
matter) rather than just sugar, as 


a fuel to produce electricity. In effect, sugar
as
biomass is then used 


fiber become co-pro+ucts, each contributing to 
the economic
 

and biomass 
new objective requires changes in
 viability of the system. This 

c'op cycle, beginning
agricultural techniques extending throughout the 

with soil preparation and extending through 
harvestinp.
 

tons
 
effect of this approach is to iroresse dramatically the The net 


It is estimated that production 
will
 

of cane producel per acre. 


eventually reach 6" long tons per acre, almost 
three times the current
 

The total sugar produced per
long tons per acre.average of about 27 
of cane
though the quantity of sugar per ton 
acre also increases, even the costs per ton
slightly. Costs of production also rise butdeclines 

costs 
of cane decrease. Because there is less sugar per ton of cane, the 

The loss of sugar per ton of cane, however,
 of sugar per ton increase. 


is more than compensated by gains from energy 
sales.
 

3.2 Ca ital Investments Pequired
 

irrigatic
A nunber of investments irn agricultural. mahinery, 

to implement the 
systems, equipment, and land preparation are necessary 


These investments are
 
new alproach to cane management at Mcnymusk. 


figures are detailed ir Section IIi:
 
described be'low, vnd the cost 


Analysis.
Financial and Economic 

,rrigaticn. A=n-e wster throughout the year is essential tc achieve
 

neeced tc introve the water
and investments are
high tcnnages cf cane, 
r:iFal is not
In the Clarendon area s-ulystem a Yconvmus- Estates. 

a drn7 the ra=ny seasonsaFr-curtu dem:nd, excesufficie n neet't 
the nearby mountains
 

in s rinr ar earyv fall when surface runoff in 
be used 

streams well supplied with water which can 
keeps the rivers and 


pumped from 
for irrigation. Monymusk therefore depends heavily on water 

Lack of
recharged during the rainy season. 
limestone aquifers which is 


parts and inadequate maintenance have led to a deterioration of the
 

pumping stations and irrigation canals.
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to develoy water resou,rces and improve the
The investment required 

as part of a larger analysis of water
 irrigation system is being reviewed 


will make possible
resource options in the Clarendon area. The findangs 

a more precise estimate of the capital required, but for the purposes of 

this study we have used an estimate based on a study prepared by the 

management of the estate.
 

major problem in the Clarendon plains,Drainage. Soil salinity is a 

and has been worsened by several years of abnormally low rainfall. The 

clay soil, because of its texture, tends to show higheraqualeta 
of salts if proper drainage is not in place. The saltaccumulations 

of ground waters has been growing and salinity in the soil
content 

In most areas soil salinity is relatively low in
 
increases with depth. 


the upper layers of but may reach toxic levels at 4.5-6 feet. If the
 

soils are irrigated with poor quality water, or if the drainage 
system is
 

a serious problem for agricultural
impaired, salinity could become 

presently experiencing difficulty.
productivity even on 1&d:7 not As
 

estate land selected at
 pointed out previously, of the '2,00C acres of 


Monymusk Estates for thib prcject, about 2,00C must be considered
 

to have impaired productivity. On these anc other

sufficiently saline as 


shaping and forming w-!l, as part of the improved
growing areas, land 


irrigation system, also help in reducing the salinity of the soils by
 

enco--agr the leaching of accumulated salts by storm rains.
 

new cane management methods V-i!!

Field Equipment ar:- Machinery. The improve
as well as expenditures to
recuire investments ir.new ecuipment 


old and worn from
 the stock of existing equipment, much of which is 


New equipment includes: rotovators for better
 constant use. 

conditioning of the soil, fork lifts, rotary scythes for cutting the
 

cane trash and tropical
tropical grass and hay rakes for baling the 


grasses.
 
3.3, Cane Cltivation Practices
 

cane to maximize biomass
As noted, the management of sugar 


production differs from the traditional arproach. Key aspects of this
 

new approach are described below.
 

Sol Preparsticon. Soil tre.aration is es.ec*a...y importanr ir
 

is essential in irom~ting the
 
attaining higher tonnages of cane, since it 


development of a large healthy root system. Trnis means deeper- owing, 

tc 1reak up any sol compactcn an: _ in aeration 
including subsoiling, 


of the heavy clays. Lan' smo-thing is Fiso neee:
 
and internal drainage 


to eliminate any deT;ressions which may water and salt
cause 


A new technique to be introduced is the use of the
 accumulation. 

harrowing


This machine is used with a tractor after the last 
rotovator. 

ensure good soil tilth, and a proper seed bed.
to 

practice fertilizer is applied in
Fertilization. In traditional 

rates, usually about 12 weeks after
various formula and at various 
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piantinf or harvesting, or. the soil surface between the rows, and then 

covere:. Under the new methods fertilizatic .. occur i tw: phases; 

one beneath the seed bed prior to planting and the ether applied on the 

surface about 12 to 2A weeks after planting. Ratoon crops will also 

receive two applications of fertilizer; one following harvesting and the 

other .0- 12 weeks later. Fertilizer rates and formulations will be 

from soil and foliar analysis but it is anticipated that theredeveloped 
' 

wil be a significant increase (ap-roximately 0 9" in the level of 

nitrogen added. 

Planting. Sugar cane is planted from imature cane stalks (6-E 

months old) called seed cane. Planting will be done at the regular times
 
will be
i.e. sprinr and fall. 	 Hcwever, the distance between rows 

:n reased as wil2 the density of planted mater'al in the rows. In this
 
of seed cane is planted
system of rianting, between four and five tons 


per acre.
 

ett:.ngs are a;iTiez t:
arrirsticn. At present, sever. irrigatcr. 


the si-s. Tc achieve higher tcrnages, m:,re water will be aplied and
 

will not be withheld for a few before,Onths harvest to
irrigation 

"ripen" the cane, as in the current practice. petween eleven an:
 

thirteen wettings wi-l be ap.pled at three-wee: intervals for heav"
 

clays, with mcre frecuent arpTlications for lighter -so..ls.
 

cEt .. A re-e-erence ap:+cetion of herbicide1,1,io.d.e Ap-i 	 by awill be use: tc control weeds before germination. follcwed 

has closed sunlight is cutpost-emergence a;plication. Once the canopy 

off and no additional herbicides are necessary.
 

Har-vest. Cane will be 	 harvested by hand as it currently is in 
wi7- no lorger be burned prior to harvest.Jaa::ca. However, the cane 


This will m.Ke it T.oSl it: col'ect the es:Cnr trash ,tcrs and
 

eaves * .twill re~uire higher pa:y for n arrsw'- dc the 
is 'loaded and transr o -t,.the-- Il by machines.
ctd
cut:nE. 7Tu;cane 


Trash on the pround will be 	 solar dr;e for four or five days, then 
area where it wl be stored.raked4. bFed_ End tranFcrte- tc the mill 


trash

"See E: arvesting, for furth- details. The 

r after baling wil be left or. the field tc provlde mu:ch and ren -:n 


Lab-r needs. Because prodc~ic. fron the sane la"s wll be nearly 
three times greater thca it 	 is ourrent:,, an: :e-ause unburnt cane wfl­

tc harvest refe tedi in higher wages., therecuire mere tine, per ton, 

cane energy systen wilI increase en;><yment signi ficantl. Harvesting
 

will e -oy more than triple the current :eve's of labor (measured in
 

person months). However, because the grinding season is longer, we
 

the total number of workers 	 at between two and two-an:-one-halfetimate 
tne number currently employed.
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New Varieties. Hig.her 1.roductivity will be achieved "ry the phased 

introduction of new varieties whose genetic attributes result in the 

production of large amounts of biomass. The varieties chosen may be
 

adjusted according to the value of the fiber for combustion as well a2
 

the market for sugar. Several Jamaican commercial varieties have been
 

the capacity to produceidentified by team experts wbich appear to have 
be used until new foreign varieties, such
high tonnages, and these will 

and Louisiana can bp introduces.as those already tested in Puerto Rico 
Varieties.For further information on Jamaican varieties, see Appendix A: 


3.4 Training and Extension. 

The new agricultural Iractices make it necessary to pay carefu' 
dissemination. Training -willasa beginattention to training and information vhc se-ii 

with the first 500-acre plot (described below), which wi sere a 
trained on thecenter for demcnstratirng new practices. The personnel 

in further training. Operatorsilot project will form a ca;re to assist 

of the large trivate farms will also require assistance, and their 

pc rson el are expected to participate in the pilot plot. Finally, 

extension services will be necessary to disseminate informaticr and train 

operators of the smaEl f.rms whose production -s part of the prcjec4,. 

ua.ified experts will be needed ime:iately, one for the
Therefore, two 


the large farmers. In addition, 1Y
pilot prot, the other to work with 

or four extension personnel will be
the secondc or th.:r: year, three 


wor.ing with the small farmers, providing instruction,
needed tc lerirn 

see. and other rmaterials to help them raise their product'oL levels.
 

3.5 Tropical Grasses
 

Trorica? grasses may be used as a suplemental fuel, and the 

incluces a trie: review cf the meth'.ods to be use 4.r. growingassessment 

them. Details are presented in Arperd-ix C. The pi ,t rot of 50C acres
 

I" acres of Narier grass genus PerfSetum). Grass
 may include at least 

ctn ;,'_ crci and five ratoons and is harvested at six
oe ntis rro -c. wh S an:month interval's. ther grasses, notably Sordan (a hy rid of 

Sud. . should be evaluated for its performance undergra'Ses also 


Jamaican conditions.
 

3.6 Introduction Flan 

The project ill seek confirmation. via. a 5C acre pilot plot, of 

the accuracy of estimates of the ag-cultura inprts necessary to achrieve 

target yields under Jameicar conditions, as we!l as an assessment of 

(and, perhaps, grass) for theirseveral varieties cf Jamaican sugar cane 
Tr , ct.vity is scheduled to beginbiomass potential and sugar contert 


will allow the training necessary for the subsequent
in early 1965, and 


expansion of land cultivated in the new cane production system. YWil and
 

factory improvements will begin at the completion of the 195 crop, so 

that by the third year the mill will be able to receive the higher 
rust 

tonnages produced. Imported varieties must be te"ted for smut and 


Jamaican quarantine, snd multiply in seeddisease, then go through 
It is erpected that these varieties can be introduced in the
plots.


third or fourth year of the prcject. 



3.7 Expected Production Levels 	and Operatinr Csts
 

Expected Production Levels. The proucts oltained from the 

agricultural component of the cane production syctem, when the millable 

cane has been processed and when the trash and grasses have been 
sugar, andharvested, are: 1) bagasse, 2) baled trash and grasses, 3) 

4) molasses. 

Following the introduction of the new cane producticn system, cane
 

yields will increase fro. approximately 23 long tons/acre (current
 
The
levels) to 50 tons/acre on the estate and large private farms. 


and by year is shown in Tableincrease in cane yields expected by source 

11-1, Cane Production by Source, and gra~hically depicted in Figure I1-I, 
to lag behin. inSources of Cane Production. Small fars are expected 

the adoption of new practices for various reasons. As indicated above it 

ih anticipated that new varieties w-Il be introduced between the third 

and fourth years. By year ten, all acreage of estate and large private
 

farms will be producinp new varieties and experiencing additfonal yLeld
 

long tons/acre. B. the same
increases of approximately 30 , averaging 61 

yields will alsc begin to increase
 year it is estimated that small far-m 


the introduction of new
 as a result of new cultivation techniques and 


varieties. Accordingly they will be rroducing an estimte.d 35
 

o ;er worcs, new management anc 	varieties
tons/acre. By year ten, in 


been fully introduced and the new cane production system will
will have 
be in place.
 

TABLE II-1: Cane Production by Source
 

Total Small Grand
Total Lstate Total Large 

Total
Year Production Farm 	Productior Farm Production 


44",451
1985 232,880 	 10=,2E3 105,2-

453,091
298 257,228 97,932 97,932 

!98- 309,601 122, 18. 101,185 532,970 
1985 494,2Z9 I51,50 10B,506 754,261 

92, 8E,1 	 114111 821,761198? 514,792 
127,0< 1,037,651
io9 677,AC1 	 277,25: 

225 5C 115,Y ,030,50C199: 	 690,090 

, 18; , O
 

1992 693,550 	 271,c 
127,250 l,1L3,35C
1993 758,600 	 256, 50C 


z 	 259,750 133 1,159,50:
199 766,001 

143,500 ,193,0C;
1995 783,000 266, 5N 


1996 776,250 .17, O 134,750 1,132,75'
253,350 133-,00O 1,164,250
 

1997 749,750 2.0,000
 
136,500 1,176,00
1998 783,000 	 256,50C 


I,164,OOC

1999 766,000 	 250,750 138,250 

266,50X 	 143,500 1,196,5C0
2000 786,500 
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FIGURE 11-] : 

Svurces of C,ne Production
 

1.2.
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Years of Project
 

[ large private lands t small private lands 

F7 estate lands 

Bagasse yields will vary (as will sugar yields) with the amount 

of fiber in the selected cane variety. Varieties range from 

15 percent fiber (current Jamaican levels" t: as much as 22ap.-cximetely 
stalks, cut b-" harnd. produce
percent. Four tons cf milae cane 


11. attached leaves, 4"'
approximately one ton of cane trash (45% tops,

(see Figure A-l, Alpen i.) and of this, it is estimated
detached leaves--


that sixty percent will be collected for use. Although research suggests
 

that yields of 32 long tons of dry biomass per acre can be obtained from
 

grasses grown under Jamaican conditions, the conservative figure of 20
 

tons is used for present purposes.
dry 


The sugar content of canes grown for energy is lover than canes
 

This is due partly to the agricultural
grown by conventional methods. 


management method, which is designed to promote growth rather than sugar
 

accumulation. Although conventional canes can contain as much as 12 to
 
ton


13 percent sugar, an average sucrose rroduction of 8 percent, or 
one 
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I2. tons of cane is used. classes, the mater4al
of sugar for egch 

the sugar h-s been extracter, wil! average 5.5 gallons

rer-' ninr after 

per ton of cane.
 

costs of agricultural
Cost Estimates. Present estimates fcr the 

Financial and Economic
operations are presented in the Section III: 


have beeu derived, whenever possible, from the costs 
Analysis. Estimates 

of similar operations in Jamaica, with appropriate adjustments for 

stemming from new managezent methcds.

increased costs 


Mill and Factory Improvements
4. 


This section of the report presents the technical and econ-)mic
 

and factory 
cderations associated with retrofittinf" an existing mill 

high quality utility fuel 
to process cane efficiertly sc as to prLduce 

describes necessary

and sugar as co-products. Although this report 


specific mill the Clarenjor_ -ugar Company, Ltd.,
modifications for a 

assessment are largely
Monymusk Cane Sugar Factory, the results of this 

Ci.e., Frome and Bernard Lodge)
large mills
applicahle to the other two 


owned by the Jamaican government. 

Y.ill anc Factory4.1 Description of Y.nymusk 

Sugar Factory was originally designe3 to process
The Monymusk Cane 

tons of cane per 24-hour day when it 
225 long tons/hour or 5400 long 

on April 6, 1949. Today's average cane processing rate 
began operation 

tons per day, or 39 percent of design
(1984 actual average) is 2100 long 

inreduction are 1) a decline 
capability. The reasons for this drastic 

ten years ago to
 
cane deliveries from estate lands, from 300,000 

tons 

yearreceived 20!,002 tons this 

lq.,(0)2 tons this year (P::ymus als-
cane yar a-liisfron privaie larnds : and 2. inade-ua-te 

for the mil! by washing and size reduction, through
Cane is preparec 

driven, recuiring4rVesseries. one so+ is turbinetwo sets of k on The 

525FT, and the other electric motor
37,G02 lbsjhour of s-ear a' 202 psi ­

driven. 

The mill consists of w tur 'ne d---ve-, e dr'v:-_c three sets of 

5i percent
over ,lways
mc: sture content isrIls on series. The beoassr 
, worn mill r-ller surfaces. Th e
 

194 a inZicaticn Cf
5. M'F 29, 
 c zan,'E,-utane.us-Vrec.i re 9 ,Oand
two turlines operate 

at 20, psi - 52.5"F. 

juice iswater conten" of the cane
The boiling house, where the 

and the sugar crystallized in vacuum pans,
reduced by evaporation 


on 25 psi exhaust steam (127,000 lbs.!hr) from the
 
operates 

steam
50,000 lbs,1hr of 25 psiturbines and approximatelyabove-mentioned 


extracted from the main electric-power turbine. 
Eighty-five percent of
 

condensate (108,000 ibs/hr) and returned to
 
this steam is recoverable as 


the boiler feedwater system for the power plant 
steam generator.
 

associated auxilaries is
The condition of power-house equipment and 

replaced in the modified mill
 nnt presented here since they will be 


The equipment includes: existing steam boilers,
discussed below. 
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coc ng water and boier feedwater system, and bagasse
turtine generater 

handling systen. 

repair. As

Ali mechanicae ecuipment and factory buildings need 


of years sufficient funds for annual maintenance
 noted, over a period 

In recent
 

during the off-harvesting season have not been made fivailable. 

a limited
 

years, the funds available have been barely adequate to pay 


maintenance work force during the non-grinding season, and have
 

spare parts or factory upgrading.
beeninadequate 	for sufficient 


4.2 Modifications to the Existing Mill and Factory
 

to 450'
the mill to increase its capacityThe prcect wil modify 

to produce sugar, mclasses, and electric power.
long tons/day of cane 


the mill involve both rerlacement and retrofit of
 
The modifications to 


structures. 
 The existing boilers in
 existing equipment, buildings, and 

stear 	and e'ectricity necessary
the m'll and factor" will be rezove, and 


for operations will be drawn directiy from the new power pant.
 

Tale 11-2: New/Eenovated Equipment Recomrended for Mill and Factory
 

Cane-'ard: New Equipment 
gantry cranes equi:pped with a each Gartry structure with 2-22CI 

8 ton 	grabs,
 

• 2 each 205t off loaders, one (1) mobile, one (1) faxed, 
° 


• 	 2 each 45 Washing Plants,
 

1 each 966 Cat. Wheel Loader.
• 


Cane Yard: Equipment Renovations
 
reiforced concrete


° 	 res'rface tne ert-ire cane 
the tal end of 	 the main 

e en-ire feeder 	carrier an:Sr&ise 

carrier above grourd 

to sran the width of the new 
Modify te existing feeder tables 


tw-
 (2) new wash plants.
gantry, an to 	include t",e 


Xill: New'Be:,.aced Equi pment 
to the cane feed line,° 	 belt-type tra= iron separator added 


o 	 six: (K'new pun-- (2 screened and . unscreened' 

new m.:! and eighteen (l£ resheiied mill roiler
three 


o Rears for firs recuctio n of Nc. 2 drive unit
 

° pin ons an couplinE boxes
 

but not installed due 
Boiler House: 	 New Equipment (Most already on site, 


to lack of funds)
 
(at site)a 	 install the new Oliver filter 

D 	 install the two (2) new seed receivers (at site)
 

• 	 install the two (2) new evaporator vessels (at site)
 

a 	 install one (1) new vacuum pan (at sitc)
 

replace valves
 
(10) total
0 replace vacuum pumps, ten 


6 replace/repair lagging, as required
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in order tc sustain the exze'ted crashing rate cf 4r-OCK lone tons/day 

Lr a continuous basis, a rajor equipment rehabiitation program shou2d be 
undertaken. A major barrier to efficient operation of the Mornyusk 
factory is the cane receivia= yard.. The existing cranes are under-rated 
for the weight of cane delivered in any single trucckloaJ. The study tear 
recommencs that the cane yard area be re-Oesigned. 

Some of the retrofit or upgrading reouirements, as observed during 
the factory visit in Juy 1954, are summarized in Tale 11-2. In 

addition to the above specific areas, genera: repairs are required 
throughout the factory. Only minimum work should be performed in the
 
steam electric power generating areas as this wil be retired.
 

4.3 Costs and Bernefits of Fill and Factory Rehalilitation 

The stud4 :ean assetled ire'_iminary estimates of the costs of mill 

and factory ur-gra:"n. The costs, shown in Tabe 7:-', were estimated 

by Mon-=usk personnel from -eturn cost data and exterience on-s~te, and 

should represen an. accuracy cf 1,- Once these modificatiors havelOT. 

been com leted, production capacity woud be i through an annual
 
factory maintenance prorrar costing an estimated J.,_O0,OCC per year.
 

TALE 11-: Mi"2 and Factory Up-Grade Costs
 

JS . 100or.onUst x 


Cane Yard 1,500 4,500
 
Milling Plant 810 1,500 

Boil ing house 22r 2,09C 
=
 

Sul Tctal 2,53. 8,090
 

General Repair - /85 9,650
89 Budget 

Fact c r Total US S2,535 JS 17,740 

M of..the rc. fic.tins of the an factor' outlined above
 
will be carrier on: durlrn7 the first three years of the project, rrior to 
the COM e f ..n of thE r pIcr:.. Stear. extracted from the t.;rtne cf 

the new pcwer jant wue b usc ;n the suzar fat:,ry tc operate the 
turlines in the m:- in; den-artme::i. and tc e'.'a-crate sugar in the bc.!ling 

the operation of the suspension boiler
house. The elimination of regucar 

in the sugar faictory will sa've a- averape of about 2.4 million gallons of 

fuel oil which has beern burned to supplement the energy produced from
 
o


bagasse. The factor?'s thre ' tresent turbine-generators and the present
 

bagasse handlinp system wi2l be deactivated.
 

5. Power Plant Description
 

The new power plant will be designed and operated as an efficient
 

high-pressure utility power plant with an expected onstream factor of
 

98.6 percent. The power plant will be constricted alongside the Monymusk 
sugar factory in order to use bagasse as the primary power plant fuel 



6 

of factory operatioL. The panrt
during the apiroxinately 2LC days'year 

the Ja=alca Pullic Service utility grid.
wll provide electric power to 

ater needed 
It will ats. provide al! the steam, electricity , andrrcceoz 

of factory operations. Recoverable
by the factory during the period 

the power plant from the factory.

condensate will be returned to 


The major components of the power plant are:
 

a steam boiler capable of producing up to 45C,000 lbs/hour 
of
 

high pressure steam
 
to a 45 Mw electric
0 an extraction turbine connected 


generator.
 
* 
 a water treating facility,
 

0 boiler feed water equipment,
 

• a cooling tower,
 
0 fuel handling equipment,
 

& ash handling equipment,
 

• an electric power transformer station. 

of the total systez is depicted in Figure 11-2.
The layout 

5.1 Fuel Sources
 

The primary fuel for the proposed power plaDt 
during the
 

from the modified
 
cane-crushing season will be bagasse available 

It is
 
A 240-day crushing season 4s assumed for this 

study.

factory. the rate
the factory will be at 

expected that the normal crushing rate at 


or 187.5 long tons/hr.
of 4500 long tonske'y 


The amount of bagasse available for the power 
plant during the
 

the fiber content of the cane. The
 
crushing season is dependent on 


ey 15 percent
Jamaica contains a1rroxi
nornal. cane cultivate_ in 


cane produced after the introduction of new
 fiber. However, the 

a fiber content greater than 15 pecent. The
 

varieties may have 
 in
 
relationshil between fiber content and energy output is illustrated 


Figure 1-3.
 

as the fiber content of cane :nreases from 
As shown in the figure, 

of ba sse,..a- 75 percent moisture,
1c percent to 21 percent, the a"oun' 


Zonz tens /hr to 
power plant wil increase fror acut tL 

availale for the 

contain a;;rcximate-ly 11.5
 

abcut 6C long tons/hr. This baasse ill 
mcisture ccntent, the bagasse
Ai percen
million Btu per metric ton. 


of about 50" million Ptu per hour,fuel can sustain a boiler firing rate 


percent fiber content. the firing rate will be about 697
 
whereas at 21 


million Btu per hour.
 

cane trash
 
The study team estimated that, during the off-season, 

the 


(cane tops and leaves), which is harvested, 
will be of sufficient
 

The cane trash will be
 
quantity to provide the main source of fuel. 


stored for use during the off-season. A normal 52-day

baled and 
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Fiptre TI-2: Schematic Svtem LTvoxit 
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off-season is assume4 for 	th7.s stud-,. The bales retrieved during the 
uT an: t:- trash reduce: :n size to coparecff-seasrn rust be Irol:en 

with the bagasse (2 inches long, 1/2 inch wide, /IE inch thick maxim,= 

size, passing an 80 mesh/inch screen). The study tean has recommended 

the purchase of a shredder and a hammer mill tc prepare the trash as 

boiler fuel. This equipment permits the use of other fuels such as wood, 

coal, or other forms of biomass. 

It is estimated that 75,002 lon tons of trash per season can be
 

baled and stored for use during the mill' s off-season or during the cane 

crushing season as a supplement to bagasse. The baled material is 

expected to have a iois,8re content of about 20 percent, with a 

of about 14.F millico. Ftu per long ton.correspono:ng energy content 


.The total bagasse and cane trash fuel projected over the course of
 

the project, in Btvs, is show in F4gure 11-t. The estimates are based
 
charter.
 on the cane agc.icutura trc,Fgrai: described in Sectior . of this 

7ne arru~2 o,2 disile-ement projected froe usino this fuel in the power 

plant, which begins operation in Year F of the rrcject, is shown in 

Figur l.eT . In. aotua!it7, sone Oi will be disilaced in Years 2-4 as 

well, as the mill is a'lle to use the inc:'eased bagasse yields in its 

exi sting steam power facilities. This benefit is taken into account in
 

the financial and econromic analysis.
 

5 .2 Fuel FHandlin 

The study team recommends that bagasse and supplemental fuels be 

follows:received, stored, and prepared as 

The 50 percent moisture bagasse from the mill may be fed either
 

directly to the steam generator fue- preparation equipment or to
 

stancar: rratice is to shut down for one to two
 

hcurs da4Iy, an: for 12 h:rs every Sunday, there must be a capacity to
 
stCrage. Since 	 ril 

store bagasse to all-w ccntinuous operation of the power plant.
 

er tc -_ b _ sse stora_ 	 building via anBagasse shouid be de 

overhead conveyor, an: recovere: for delivery tc the power pla,.t by means 

Tne Fagasse storage oaTa-ity should beof an undergrcund conveyor. 

sufficient for f4ive 0y o.eratCn.
 

,r. th e other h.nd field trsh'- can be stored :n bales in the field and 

deivere tc the power a: ony as required by the overall, mic:-uez, 
consumytion schedule. Bale: wil be store: directlv outside of t-e fuel 

t:. the fue1 preparation ecupment bypreparation build4n an: delivere_ 

similarly to the trash fuel.
 conveyor. Alternate fuels may be handled 

The bagasse fuel ccntains 50 percent moisture as received from the 

3r percent -isture content before enter:g themill and will be dried to 

as fuel feed system. The trash contains 20 percent moisturf ancboiler 

the fuel system. Both milled.
needs only shredding before enterinr 


trash are to be passed through a hammer mill-dryer-fuel
bagasse and 

preparation unit immediately prior to enterirg the boiler fuel feed
 

cyclones to separate the fine fuel particles
system. This unit includes 


from the vapors after the drying operation. All cori'veyi 1g eouipment
 

would be totally enclosed 	to contain dust.
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FigurE 11-4: Fuc! Production in E"*'s
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5.3 The Steam Boiler
 

The boiler has the following specifications:
 

450,000 lbs/hour of steam
Rating: 

Steam pressure: 1250 psi
 

850"F
Steam temperature: 

Boiler feedwater (BAW) temp. 370F
 

75 percent
Boiler efficiency: 


The boiler will have automatic controls for start-up, operation and
 

shutdown to improve reliability and safety, and to maintain a steady
 

steam supply and power output. It will have an auxiliary burner and
 

of auxiliary oil fuel under
combustion contrcl system to regulate the use 


conditions when bagasse firing is not adequate.
 

boiler feed water system will be installed.
A new cooling water an 

The
The condensing turbine will need about 20,000 gpm of cooling water. 


from several sources, needs to be
supply of this water, which may come 


examined in a detailed feasibility study.
 

The Steam Turbine and Generator
5.4 


The turbo-generator has the following specifications:
 

Turbine: 	 multi-stage (15-20), double, controlled,
 
extraction turbine
 

45,000 Kw, 13.8 	kv with brushless exciter
Generator: 


Inlet steam: 	 450,000 lbs/hour at 1200 psig and 850
 

Emtraction: 1) 	130,000 lbs/hour of steam at 200 psig and
 

525 0F to be used in the existing back pressure
 

turbines which drive the mills in the sugar
 

factory
 
2) 56,000 lbs/hour of 25 psig steam to be used ir
 

the boiling house for juice evaporation
 
same
(augmented by exhaust steam at the 


pressure from the turbines in the milling
 

department'
 

two-pass surface designed to fit available
Condenser: 

cooling water conditions
 

Due to the use of back pressure steam in the sugar factory when it
 

is in operation, the maximum steam flow throvgh the condenser 
is expected
 

to be about 300,000 lbs/hour during the cane-crushing season. 
The
 

condenser load will be increased to over 325,000 lbs/hour during 
the off
 

season.
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steam
The gross power generated will be a function cf the total 


production which is, in turn, a function of the total fuel availability.
 

be used for power plant
Approximately 7% of the gross output will 


auxiliary equipment; about 3 W will be used for irrigation pumping on
 

the estate lands and an additional 3 PWrwill be needed for factory
 

Electricity car. be

operations during the cane harvesting season. 


in the range of 13.8 kv; separate
any voltage but preferably
generated at 


transformers will step up the power for the grid and step it down for use
 

Precise estimates of net power availability for the JPS
 
in the factory. 


course cf the detailed project feasibility
grid will be made in the 

indicate that the net
 

study; preliminary estimates by the assessment team 


power output will be about 25 Mw during the cane harvesting season and
 

4 Yw during the off-season.
 

5.5 Plant Capital Costs
 

show- in

Estimates of the capital cost of the power plant are 


the costs of similar, but not identical,

Table 11-4. They are based on 


5 to 10 years ago and on current equipment
power plants built in Hawaii 

This t.0 million investment takes place
cost data ncouired from vendors. 


over the first four years of the project, as detailed in the section on
 

Financial and Economic Analysis.
 

Power Plant Cost Estimate
Table 11-4: 


USt x 100O*
Item 


790
Fuel System 

14,237.5
Steam Generator 

T-urbo-Electric Generator l9,0-2.5 
Site Preparation & Civil Work , , 
Management and Monitoring 	 1,145
 

1,467.5
Coutractorg Fome Office 


Field Distributables 
 2,3,D
 

US 40, U2.&
Total Estlmated Cost 


at the ratio 7C:3.. J(4=US±I
in both USTand J,
*Actual investments are 


Training estimated to be US t50,)DO a anannual maintenance
Note: 

us 500,OO plus Jt 4,000,OOC.
 

to eight 
The process of final design and costing will require 

si 


steam generator and the turbo-generator will be
 months. Both the 

the final cost will be influenced by the degree of
 custom-designed units; 


efficiency and reliability designed into the plant during the project
 

(See Table 7)

definition phase. In addition to the capital costs listed 


the project budget should include funds for the training 
of power plant
 

personnel and annual power plant maintenance costs of 
US $500, 000 plus 

J$ 4,000,000.
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III. FINANCIAL AND ECONOMIC ANALTSIS 

I. Introduction
 

This chapter presents the results of the financial and economic
 

analyses of the cane/energy project. The principal purpose of the
 

an attractive
financial analysis is to determine whether it is 


is concerned with the project's financial benefits and
investment. It 
costs over time and
 

costs, and the distribution of those benefits and 


among the various entities directly involved in the project, 
namely, the
 

the large and small farmers whose cane it
Clarendon Sugar Company and 

Since the project involves both the production of
 purchases for milling. 


sugar and power, there is a separate financial analysis of the 
power
 

plant portion of the project, which involves an investment in domestic
 

and foreign resources equivalent to USt4O million.
 

economic and social
The financial analysis is followed by an 


analysis in which the project's contribution to the Jamaican economy is
 

assessed, focusing on its contribution to the solution of 
Jamaica's
 

the

problems of unemployment and the foreign trade deficit, and 


distribution of the benefits and burdens among the various participants,
 

including the goveriment of Jamaice, the Clarendon Sugar company, the
 

large and small farmers, and workers.
 

The difference between the financial and the economic and social
 

analyses is that the former deals exclusively with cash flows, while 
the
 

the social

latter employs shadow or accounting prices, that is, 


Thus, for example, from the
 opportunity costs of inputs and outputs. 


standpoint of an enterpris3e, wmges are a cost in financial analysis. But
 

increased employment and wages are benefits received by workers. The
 
cost, is


of labor, as distinguished from its financia.
opportunity cost 

earned in the absence of the prcject. The

what the workers would have 

the wages paid and the opportunity cost of labor is


difference between 
the prcezt and is counted as a 

the benefit received by the wrker from 


benefit in economic analysis.
 

costs can be valued not at
 Similarly, foreign exchange benefits and 


it is in financial analysis, but at a
the official excharnge rate as 

that foreign exchenge
hypothetical or "shadow" exchange rate, the value 

the economic welfare of jamaica. Additional
 
at the margin contributes to 


to finance investment expenditures requiring
foreign exchan~e car. be used 

which would otherwise
services from abrosa
purchases of capital goods and 


The shadow exchange rate is calculated to show the
 
have to be foregone. 


gain to the economy that foreign exchange earnings represent and the
 
In economic
 

sacrifice involved in the expenditure of foreign exchange. 


terms, it measures the opportunity cost of a marginal unit 
of foreign
 

exchange.
 

Any alleviation of the shobrtage of foreign exchange will promote
 

investment by Jamaican enterprises and will increase 
government
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rever.uez by peritting the impcrtation of 	a var ety of consumer goods not
 

would increase government
but whose importationproduced in Jamaica 
tariff revenues. Similarly, any venture which promotes stable and/or 

increased employment contributes to the Jamaican economy. Thus, the 

purpose of shadow-Fricing labor and foreign exchange is to ensure that, 

other things being equal, proj.cts which give employment and 
which save 

1i be given prior4 ty over projects that or earn fore exchange wi "a 
which consume foreign exchange.provide less em'loyment and 

2. Methodology
 

cash flows. Capital
is that of discountedThe methodc'ogy em;ioyed 
when they are made, eliminating the need toexpenditures are corn e: 

and use other accounting practices
calculate de-rreciat,;:r alowsnces 


the receipt or expenditure of cash. All
 
which do not actually involve 


costs an, benefits are caFcul&ted in 1954 prices. Over the period
 
n the price level


encompassed by the analysis, this assumes 	 th&t changes 
costs eually. Foreign exzhange benefits 	 and

will affect benef ts and 
dollars, anz when conversion into foreir. 

costs are can'-l..ated in US 	 or 

it is done at the offlcia exchange rate,
domestic currency is recuired, 

current-ly abtou. Jt-=US5. N ,te that in the economic analys the
 

US l to reflect the willInrness of a rate of Jconversion is done at 
J-- ir. domestic resources to gain one 

the government of Jhai_ca to spend 
of fore"gn sichange.
dcllar, or its equivElert,
additional US 

rate of ten percent emeloyed in the financial analysisA discount 

access to foreign borrowing
to Jamaica of
represents the marginal cost 


It has been selected
 
from one of the international lending agencies. 


are being negotiated at variable
 
arbitra.ilv since currently many loans 


Such b-rrw-n. has financed a high proporticn of totaB government
rates. 


. . discount
deca-eorne . anoor the ten percenc
rast t.investnert expenz-tura s"over theT roy 4 raaZr 
in prcoect

rate may be use-4 as a firs rseu_ 


in t Er, E ate of return (IT? . he difference between ten
ranki-ng is the 

net fi.... benefit of the

the inR- m -j1,retaken Ls thepercent and 

w rth un ertin .
 prcect compared with a project barely 

an4 th e-.n..omc IRE may be

7 0ffer.n1c et-we-en the fi ancin 

and econoc benefits cf the 
aIKen as a measre of the other socia' 


of c4-C ii ja!:cE, the scr_4t
projct._ Give tSP.. rEage C 4n 	 of 

cymenT. r-;e's sunnor-edforeign exchanze, an: the high, evel cf une:- - to, c:.t fin~ancial
b-y the r~.n ' be:eur-mr~;n~i withw res:*ect. -cbyte o~rm-ns..ouid be' 	 tiana° 

socia. criteria.
and econom_ and 


costs is done or an
 
The first calculation of financial benefits an: 


(1954'
that is, taking the differences between current
incremental basis; 

costs. The lands, mill,


benefits and costs and future benefits and 


in their present condition aresystem, and equipmentirrigation 
only the costs of the additional capital
considered "sunk costs," and 


plant are taken as costsand machinery, and powerimprovements, equipment 
A second calculation of financial benefits

in the incremental analysis. 
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and costs is made in which the land is valued as though it were being 

rented at its annual value in alternative uses, and 	 the existing 
or their values inimprovements and equipment nt their salvage values, 

The rurpose of 	this second calculation on asome alternative use. 
the question as to whether ornon-incremental basis" is to help answer 


not the land should continue to be devoted to the production of sugar 

be devoted to some other agriculturai use.cane or bhould 

was made by discounting-The financial analysis of the power plant 

the expenses and revenues directly attributable to the energy portion of 

the project. These included the capital investment in the power plant, 

the increase in field costs and irrigation costs both of which are the 

result of producing cane for energy, Rnz the operating costs of the power 

plant. Only the power revenues and the rower and fuel savings of the 

included as benefits.mill end irrigation system were 

The results of the f-i-ancia and economic analyses indicate that the 

project can be expected to realize & substanical rate of return both 

financially and econoi.cally. Not only does the project a&year to enzoy 

of return on an incremental basis, but can be a high financial rate 
consistent.y losinr money intoexpected to turn a compny which has been 


one that has the Trcspect of earring a very satisfactor return
 
in which thep can benon-i'ncremeal a' The prosect is one 


the need of subsidies, cont ri'Ye
expected to free itself from 
exchange, Trovidesubstantially to gCovernment revenues, save fcreign 

laho force, and emTloy many hundreds secure epIloyment for its current 


of additional workers.
 

3. Project Costs
 

to restore7Te project will require an investment of Jt3l.5 millions 
of which JI. millionand renovate th- mi and irrigation sy :tem, 


wil consist of the fore'gn exchange re2u*r It irE'c the ca.i.tal
 

be required which will have
expenditures. Add-tional machinery wil to 

be imTorted involving a cost of US ;.! million over the first five years 
-


recuire an investment of Jt!. E. 
of the prcject. The p:_wer plant will 

million and .. million. The amount of investments and their timing 

over the first four years are indica Ed in TaV-e 11--1. 

the cane energy systemcosts Ter acre 	 will increase e:ause 
water and chemicals, and because h._ ....viei

.ildi 

will use mcre fertilizer, 

an the ass:ated trasF will be mere eY-enSVE t harvest . .e costs
 

cf cane, however, wi!l decrease. :-- -#::..... Aa". i
 
per ton 
worrsheet showing how these costs were calculated Harvest labor costs 

on the 
for the estate, large private farms, an. smaill farms were based 

estate in the l9E2-E: crop year, calculatedactual costs incurred by the 
estate's management. The costs for 

from financial data provided by the 
cane were considered to be somewhat

the large and small farms per ton of 

on the
 

lower in 1982-8, JtA.O0 per ton compared with Jt5.61 per ton 


on the estate budget for planting in
 estate. Planting costs were based 
allowed for energy varieties. Other
 

1954. A fifty percent increase was 

based on the estate financial reports for the
field operating costs were 


1982-83 crop year.
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-- 

-- 

-- 

The wage bill for fie'd 1ascr at the wyu: estate aunted tc
 

3,,O 0K , during the croy year 19K2'/E' Assumingran verage annual wage
 

this represents the emyloyment of over 80 field
in tat .,ar of JtZ,00C, 

the
 

workers by 	the estate. Based on the acreage in the estate and 
additional
estimst-t to have em;loye- a:


private farms, the latter a6r 

The total tur!,er erj'oye5 is expected to increase as a
 

600 field workers. 

the fifth year. The remainir
 

result of the project b1y 600 or more by 
increasel fertiliZer use, aL
 costs is attributa.le to
increase in field 


cane must be irrigated (1a insteac of
 
increase in the number of times the 


to obtain the increase in yields.
incurred
7), and the other costs 


the Monymusk Project: Years 1-4
Tabi- II-1: lnvestment RecuLred by 


JLME_4-car Foreign Exchange
 

-
Th-pen 4itures PaT. t-res

Ccst Item 	 t M'US~z orYear 	 Jtn-4-11 io r 


1,502
l,724
Mi1I Costs 
IrrigatioL systen 1,900 3:5 

1,27E
 
ery 


Power Flant 

Tota first year 12,624
 

Fac' ier. 


500
3,500
2 Yi1l Costs 

1,900 
 315


Irrigation 	system 

1,674


Ma chiner 
7,900
15,481
Power Flart 


secc nd vea 26,86 	 10,35T-a 

500
3,500
3 	 M'1 Cc ts 


irrigatorn S-;sLen
. ..
 

25,80? 	 1, -5Power Pant 
29,3 0Tcta' third year 

50c.
3,5C.
M*!',Costs 

or ..
-r--: ti, S'"te 


--"
 
Ka c h-nne r-

'70
 
10,318&	 5,
Power Plant 


8,15Z
13,818
Total fourth year 


USt 37,220
Jt 76,622TOT"AL, first four years 


NOTE: Further expenditures for machinery w31 be required 

be financed out of earnings. NT
 
annually after year 4 but can 


provision has been made for working capital.
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4. Financial Analysis
 

4.2 Benefits
 

The financial benefits of the project are derivcz from the increased
 

production of sugar and molasses, the generation and sale of electricity,
 

and savinl.s effected in the mill and cane yard. The sugar is priced at
 

UStC.11 per pound. This represents a saving in foreign exchange, since
 

sugar produced in Jamaica is exported under preferential terms to the ECC
 

and the U.S. as a result of increased quotas, ard Jamaica import!s sugar
 

tc setisfy the domestic market shortfall. The trice cf US .22 is
 

sub!stantialiv less than the prices projected by the W':rld Bank during the 

next decade. Because world sugar prices are currently low, a 

However, Jamaican authorities, evenconservative estimate is justified. 

durine the current depressed sugar market, are paying a landed price 

above UStS.l er pound An7 increase in prices will make the project 
more worthwhi:e. It is significant that even at this low price placed ot 

suCar output of the project, expected financial returns arethe increase4 


attractive.
 

The trice of molasses represents a similarly conservative estimate. 

The price 	of J ! 2 (USt7 is less than half cf the pIri cE in the U.S.,
 

U~t- to US.&E (f.o.l., New Orleans . Its oporturity cost
currerntlv 

is in the range of USt8, or J L9f at the official
f.o.b,. jamaica 


molasses will probably be u:sed in the domestic
exchange rate. Since the 

thus, if anything, the
liquor industry, the lower price was chosen and 


molasses benefits are understated.
 

The value of the fuel oil seved by the generation of electricit from 

cane is based cn a world price of US~-I. per barrel and the currentthe 

- the -rice of
electr c efficiences n Jamaica. in the -ea term, 


to be scft. But after !CIO prices are
oil is errecte4 tc conLinue 

expected tc increase in real terms at 2-2. . r.erc en: per year. Thus, the 

price cf USS3" rer barrel for the fuel save: als, at:-ers to be very 

conservative when carried, as in this analysis, ove- the life of the 

is use- to generate aprcject. and cCnsidering that more expensive diese 
'
 

prir. . .. S .ctricity. Fzwer is currern:- s 'd a . a iricemca' el 
plantsmare tha. 	 adecuate to comnensate for the ca:::a en:.oye i: power 

and toI tr3vide f..r an ...F_2-' eturn on the inves. nt ,wfng irn large
 
-


p.-rt tc th- recent ren--v,& o: s,-sdie an- recent dev-lua- o'ns. 

es 	 in this analysis
The domestic benefits were con e vat ive 

of the power plant over a thirty yearat the value of annual depreciation 


life and to provide for a 10% return on the investment. The power
 

authorities in Jamaica are exp('cted to agree to a price that will
 

to be iomported, the capital
compensate for the oil that would have 


em;loyed, and to provide a return of 10 percent. Tal.e III-2 shows the
 

(implicit? prices for electricIty to be charged the power grid and they
 

a high of USt0.097 per kilowatt hour in the fifth year to less
 range from 


than UStO.08 in the fifteenth year.
 

.- 26­



Table 111-2: Calculation of the Price/Ywh Charged
 
to the Power Grid
 

us USt
Year Total USe JS 

Cort Cost Price
Power Cost 

Sold (ooo) (-000) Ezuivalent per Kwh 

(0000 Ywh" :)" 

967 21313 15003.25 .09E7952
5 155 
17542 .0885960
6 198 12347 20780 


.0882183
7 197 12317 20248 17379 

8 201 12516 197] 17444.75 .0867898 

a 210 7236 1012 1844.5 .0842671 

10 221 13825 186A9 a8487.25 .0836527 

11 227 14192 18116 18721 .08247iZ 

12 223 2389 17584 18286 .082 

13 216 1349 _051 17760.75 .08222= 

14 225 14027 14027 175373.75 .0779278 

13858 13858 17322.5 .07802 715 222 


In addition to the foregcing benefits, the mill and irrigation
 

systemri- save- their large current 1ill ftr e ectr city and fuel o '.
 
were mace by calculating the fuel ol
The estimates of these benefits 

equivalent pe, megawatt-hour saved plus the direct saving in the oil
 
In addition, allowance
consumed to produce the steam used in the mill. 


that the mill's purchases of oil and electricity
was made for the fact 


include P 
substantial marrin for distribution costs. These were
 

capital and an allowance for
estimated by calculating a return on 

to calculate sa7es to the power grid.
depreciation in the proportion used 


4.2 7nternal Eate of Be- r
 

given the estimates o' financia'= costs end benefits calculated in
 

the manner Ous! described, the prcject has a net present value of USt75.E
 

illion ercvn a disco..nt percent, and an interna' rate of
...-- rate of ten 
to say, the inese nt re u*recreturn o.1 nearly 30 percent. 7hat i 


7

wiI' yiel a suFt.. ia. return. -Te calcat-on is she-n in 

'
 
W-ee. on a ncn-:ncrementa bas:s, an: :-ln the values 

mil! as costs, the prcject has a presen- value
assigned to the ]and and 


of UStl.19 million with benefits and costs discounted at ten percent, an
 

an internal rate of return of nearly 11 percent. That is to say, it is
 

worth keeping the Monymusk esta-te in the production of sugar cane by
 

adding the production of power and the new investments needed to do 
so. 

In effect, this analysis recomends "saving" the entire operation as an 

economic enterprise. (See Table III-11, Appendix E.) 

An analysis of the portion of the project devoted to the production
 
a present value of
of electricity indicates that the power plant has 


an internal
USt45.6 million, employinc a discount rate of 10 percent and 


rate of return of Z3.5 percent. Analyzed -eparately, the power plant
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thus appears to be f nanci'a:!v justified a= reinforces the ccnclusion 
that the cane'erergy project is worth undertaking. This ca .. lation is 
shown in Table 1I1-9, Appendix D. 

5.0 Economic E alueticr
 

5.1 EmIployment
 

The opportunity cost of unskilled labor is very 2cw given the 

extremely high levels ol unemployment in the cities an: dn the rural 

areas of JamaicF. Any field worker job created by the project can be 

assumed tc be filled by an unemployed person directly or indirectly. The 
- ,


unemoyve4d are assume to find some sort of activity which provides them
 

The shadow price of labcr has been estim,ted
with the means of survival. 


at 25 percent of the wage received. For each J.40C? of field labor, a
 

of JLiOOC has been estimated, with the difference
social opportunity cost 


represerting the benefits accrainr to the worker.
 

during aCurrent labor contracts provide for support of wcrkers 

24C days. Some of the benefits to workers will
guaranteed wcrk 'vear cf 

in savings to the estate since the mill is expected tothus result 


operate the ful 24C 'Evs. These benefits are not separately estimated.
 

=.2 Other Sugar Benefits
 

Sugar Industry Authority (SIA) which
Monymusk sells its sugar to the 

in Jamaica. The
is the marketing agency for all the sugar produced 


authority pays sugar producers less than the revenue it receives in both
 

the domestic and foreign markets. However some of the revenue is used to
 

for the purpose of
subsidize the producers. nne economic benefit assumed 


thi:s anaiysis is ecu'm to the subsidies received bT the estate and the
 

fa.,rs, which are eliminated by the pra eCt
 

5..7 Foreign E-xhange 

Sin== t:.*e-fo'urths of the sugar produced in Jamaica is sc7d in the 

+he U.S., the SIA importspreferer.tial mrktLs of the EE- (T.Y.) and 


s dometic ccnsmrtIcr T.e increase: production cf
 sugar for Janeica 

sugar wi make pcssibe a reduction i im-:r:s an2 ; re:ty save foreign 

ex ar Pec Sin r I the cwer gt_nera -ilid anE :he fue savings will
 

c.r the use of oi!, saving foreign enchaenrs.
conserve 


project are
The net fc.reig-.n exchange benefit- esuling from the 


valued at Jt*=USL, in this economic analysis. At the same time, the
 

of the project will have to be revalued
foreign exchange costs 


similarly. This is accomirished by increasing the net foreign exchange
 

benefits and costs by 25 percent.
 

5.! Economic Velue of the Project 

The economic value of the project resulting from the preceding 
rate of 10 percent increases to US3137.2adjustments using a discount 


million. The economic internal rate of return increases to 39.7
 

percent. The calculation is shown in Table 111-8, Appendix D.
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E.0 Deteoed Ananysfs of Costs
 

6.1 Agricultural Field Costs
 

Table 111-3 shows the increased costs of field operations associated
 

with the project, both for existing Jamaican varieties and the new cane
 

course of the project. Their costs are
varieties introduced over the 


described below.
 

are expected to increase as a
Irrigation Costs. Irrigation costs 


result of the increased number of times that the fields will be
 

The increase was based 
on the water
irrigated, eleven instead of seven. 


supply costs incurred by the C1arerdon Sugar Company in 1982/83,
 

Jt,69.,IX in irrigating arTroximetely 10,000C acres, or a cost of
 

expected to increase to jt-75. 6t, an

Jt769.50 per acre. Costs are 


increase of Jt21i.lt per acre.
 

and Fuel Costs. Fertilizer costs are expected
Fertilizer, Chem-.cal, 

prcject, an increase of Jt12 over 

to amount to J$3E."per acre for the 
The estate's financial reports for 1QE2-F7 showtraditional operaticns. 


12,377 gallons of lubricants, 82,5B2
that field operations consumed 

22,764 gallons of gas,.line. These were
gallons of diesel oil and 


US-4 2, USI -.2-, and US!!.2c: per gallon
conservatively Irice. at 
Chemicaisrespectively, for a total of US266,20, or USt2E.82 per ac-e. 


" cost per acre to U- Jt­or were estimated at US 3.2E to bring t.e 


per acre. Because these products are mhe, are sn --.in the
 

in economic analysis.
analyses as foreign to make for greater ease 


Table 111-3: Increased Field Costs Per Acre
 

Cost 
item 

Irrigatioen 


Fert- lzer 
Fuel and chemicals 
Harvest abet.cr 
Other harvestfr.,*-


Add fcr: 
Spring Planting 
Rattornns 

Total Planting Crop 


Total Rattoon Crop 


*Small farms are not 

(it) 

ESTT SnMAII FAW7 LA.T. FAKB-F 

Jamaican Energy Jamaican a--e rgy Jam:acan E e rg 

Va riv tV Va-- etv Variety Variety* Variet Va--et 

211.l! - 212.lZ 2 !. 21!i .!l- 2.-.14 

120 12 122 2- 12-

2h0 26? 160 16 6:, 

26- 20. . 2!' 2 

131.318t.0o 22C..21r.0"- E : l71.'" 87 ozn-= 

434. 8 43-543.6-S z. 
43.8- 43Z.BE 

69.04 69.04 69.04 6.0.0 

1324.69 1516.02 1088.57 1257.4 142.2 

958.85 1150.1E 722.73 e .56 1O60.3": 

expected to introduce the new varieties. 
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labor costs for the harvesting
Harvest La r'. It is expected that 


of cane under the project wi-l increase by 50% per ton compared with
 

traditional cane. This is due to the greater density of cane stands and
 

the cane is not burned before harvest. The actual
to the fact that 

. was Jtl,077,l0C with
harvest labor cos: incurred by the estate in 19S2-E 7
 

a harvest of 192,000 tons, or J±5.62 per ton and4 J07.7l per acre at a
 
an
However, the private farms yielded
yield of 19.2 tons per acre. 


current wage payment is reported to
 
average of 25 tons per acre, and the 


the estate and large farms are expected
be JA4.0C per ton. The yields on 

per acre for the Jamaican varieties of cane under the
 to be 50 tons 


for the new energy varieties. Yields on the
 
project an 65 tons per acre 


E tons per acre.
_-=mll ferms P" pypptea to increase to 

It is believed that improved management Fractices and increased
 

bn5 ]erbicid ..
Uld increase yields on the
 
app!Ications of ferti iiZe 

in line witY the large private farms. A.
 
estate and bring its costs more 


of . is assumed, incres n
 tra~dtionae la'tr harvest cost per ton 


to JFT.52 per ton vith the ener;y variety. Fcr the large farms, a 
and a cost of Jt6.O0

traditional labor cost of Jt-L.02 per ton is assune: 

per ton for. the energy variety. Trie resulting cost- are shown in the 

cabculaticns in Tab!-e Il-4. 

Table :I1-4: Calculation of Harvest Labor Costs
 

Large Small
 

Estate Farms Farms

Iten 


Traditional Cane 
Cost per ton 
-'ns per acref, 

5.61 
10.2107 .•712 

4 
!CO 

4 
!9?X 

Co0st per acre 

Cane 'Terg', Jam. 
Cost per ton 

Tons :er acre 
Cost per acre 

Variety 
7.5 

50 
37 = 

6 

5C 
30) 

6 

35 
210 

Cane"BnrrT, New Yariety 
7.c--
Cost p-er ton 

Mon r.er a-re 65 
2104.5 390Cost per acre 

Incremental Cost Per Acre 
267.28& 200 110
 

Jamaican Variety 
 110
-7. -290New Variety 
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assumed to increase in
Other Harvest Costs. Other harvest costs are 


proportion to the number of tons harvested. The estate in 19S2-83 had
 
"other harvest costs" of Jtl009, or Jt5.255 per ton.
 

Planting Costs. The increase in cane planting costs is based on the
 

It showed a labor
budget for planting 169C acres on the estates in 1984. 

and other costs of Jt964.4, excludingcost per acre of Jt123.1l 


irrigation costs and fertilizer. Land preparation costs included in the
 

above, Jt3ll.7!, and labor costs, Jt123.11, are assumed to double for an
 

increase of J1434.88 per acre.
 

estate show
financial records of the 
assumed to double 

Rattoon Costs. The 29E2-S3 

labor costs of J$69.00 per acre. These are 

All field
approximately with cane cultivation under the project. 


to remain constant. Table 111-5 summarizes
overhead costs are assumed 


costs for rattoon crops under conventional management, new
the field 

new management for energy
management for Jamaican varieties, and 


varieties.
 

Table i.-5: Average Estate Field Costs: Traditional Management
 
,


and New Management, Rattoor Crop (USet


Per lb/sugar
r: 
(at .O84r
Per Acre Per Ton 


Conventional Management
 
.084
1170.50 50.89
Jamaican Variety 


New Manarezen
 .:o42.509*
2129.35
Jamafcan Variet; 

New Management
 .0C
37.70
2320.65
Energy Variety 


6.2 Mill Costs 

remain the
Mill orerating costs tother than energy, are assumed to 


same. re jrVeStm+en in an im~rcved cane vard and mi" eu -metare
 

to. enalle the mill to process the increased tornage of cane at

assumed 

the same total operating cost.
 

The mill in 1962-7 consumed from
There are, however, mill savings. 


the grid 4,316 Mwh of electricity, the irrigation system 
9,718 Mwh, and
 

To produce the grid
the mill consumed 978,877 gallons of fuel oil. 

a value at US$30
 electricity required 29,200 barrels of oil, which has 


The gallons of fuel oil saved were equivalent
per barrel of UStS76,000. 


28,45( barrels of oil with a value of US$853,672, for a total saving
to 


of US1l.73 million.
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save overheac an: distribution costs.
In add tion, the mil wil 


RTese assumei to be equal to the depreciati. on the facilitiesare 
required to Iroduce electricity plus a 10 percent retur. on the 

to be in the samedollar savings are assume!investment. The Jamaican 
as is the case with the


proportion to the value of the fuel saved 

In the case
the grid Iy Moneymusk under the project
electricity sold to 


savings, a 25 percent allowance was made for distributor.
of fuel oil 


costs.
 

6.3 1and and Mill: Non-Incremertal Analysis
 

to assist in
The purpose of the non-incremental analysis is 


it is worthwhile, despite the large financial
 
determinino whether or not 


to sigar

returns tc the investment, to continue devoting the estate 


and mill

For this purpose, it is necessary to value the
production. 


at their o~pcrtunity costs. The government values land capable of being
 

J ,0CK per acre. T]ese prices woull appear to
 irrigete_ at 7',00C to 

is J40- to J40C per


indicate that the marginal product of such larnd 


.Jt4l ,C)' is c;Eual to J-OC,,'.lO,
 year. cazitalizino at 10 percent. 
tenincorme of Jo00. in perpetuity an: an. interest rate of

assur.ing an 
in the ncn-incrementsa
percent.) The opportunity cost of the land 


per year.
analysis was taker. at the higher cost of Jt40-C 

r 

cpvte to other uses than the Trczuctio of sugar,
I the mill wcro 


it would have very littlv'uevElue End, given the con:U tion of the
 

well. Although the balance
 
equipment, the latter has litte value as 


the end of Sertember 19E7 showed 
sheet of the Clarendon Sugar Company at 


fixed assets of Jt2l.9 million, the latter included the distillery which
 

The remaining assets were thus
 was not included in this analysis at all. 

some other
 

valued at J4 million as the value that they might 
have in 


the book value, is a "sunk"
The historical cost, or
hypothetical use. .. 4..
"- . some
COSr an h A s sl Li on what the assets won:d be worth in 
an has litt'e beerinc
cost 
Use. A.umin that the disti-ierv hE- a va-ue ef about ,S:
 

rr aout Jc. million, and 
rem .il.the rook value would be t 

beer. estimated at one-cuarter of the latter, or Jt4 
salvage value ha: 


million.
 

6.L Den:=n traticn Costs
 

cf the firs, year of the rodec, a plCt of 50K:
 

cane. The costs of
entE- Jamaican varfeties c- energy
in
acres--l be 7 
- '
 

t', s nr a' flartting .cu t2vai, an,; hervei:t-nr r.Ve been z-1n,c 


to planting, cultivation, and harvesting costs
 
thi s ana'ys:s as ecual 


in fact, this initial -lanting will be
 
under the new management syster. 


costs wll be greater. Foreign and Jamaican
 
use- for training and the 


employed to monitor the planting, cultivation, 
and
 

consultants will be 

estate. A separate budget has
 

harvesting and to train the staff of the 


been prepared and it is expected that all of the additional costs
 
a grant from
 

associated with this portion of the project will 
be borne by 


an international agency.
 

some costs of monitoring and ongoing training have
 Nevertheless, 

shown in the analysis as extension and
 been included. These are 
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J-2-0.
training, inr-1u::nz ,)' in the first year an' jtC,OC0 ir. al 

h.s also beer. made for er.cln foreigns,'4seq--- years. Pr1vis'on. 

has bee-- alloate- for this purpose
consultarI- as nee"e anc: US 5 O 0, 

in the fJ-st two years of the prcject. It is expected that the costs of
 

in the grant referred to above.
the foreign specialists wi 	1 be included 


7. Financip7e-ureerts and Returns, Nsc-7ncreer.tal Analvsis
 

recuirements an" returns on a 

items not included in the incremental 
Tc caloulate the financial 

non-incr zentel basis, cost 
the land values for each year and the

analysis were ateed. These include 
and final periods. he calculations aremill values in, both the initial 

th- The 1 A7e-11x f It reveals that by the fifthsh..wn in 
m11. wi" hnrve bee-. restored tc prcfitailiy. The net cash year, the 

: " (unU.. the frst four vers amount to
41-.. tz 

UEC9.7 mi Ilion. It should be rcalled that the estate has been losing 

-1 year n years and thesei-lnionr per recent 
. :_2 or._. A1t t in the tenth 

the e uivlen: Cf abo' 
tatur 

year, it will be return-in 	 about US-2.C mtillion per year, without any 

As scr as the pcwer praen cones on strea. in 

losses are -:he: r. th 	 U.',.. 

..	 r 

1

the filth year, the r ?ject wi sn w a pos tive net cash flow of the
 

eou:vanent of !.3 rn-
m:__on-. 
' t have bee:- conservative..:rec;ver, the estin;tes of the bernefi 

' 
There attess tc 1- r- re'- n- tc use sensitivitv aBnE vYs s tc determne
 

as
tc changes in sugar prices 	 tnasmucthe wulneraK I the j 


of prices substantially exceed the values
connoditv fcre-asts future 

prices have been calculated
assumed in this analysis and the power at
 

on the latter will accrue to the Jamaican power

cost. Any profits 

company.
 

6. Fin :r.-"iaar.: Econoic vauation of Power Plant 

The power lent itself rezresents an investment US .....ml -cn C 

rezresent s an expenditure of
which tho ecoivalent cf USt:2.0 milcr 


nete~
,7anacan resourc~.~nT~el~,.yeixI 	 n 
fror tre sale of"rower

operating eirie.':-:ures and expected recei-.s 	 an: 

the savings i fuel an2 p-wer currertly being ccnsuzer by the mill and
 
t..odiscounted flow ana'sis with
su :etef .. cashirrigation. .ssce_ were 	 rower - Fr..­the r-- r. Ete e~r.:er, v that thesaa. 


i prent... . . rate, an: an.
 
internw rate cf return f :. 

value Cf Uc -• . i::cn., en~loying a 1IC dsco_-unt 

e4et
 

power Iat's benefts ant: 	expen::ltures
Since a major pcrtion cf t.e 
at the shedw exchange rate 

are in foreign exchange, both were restated 


increased employment is due tc the
 
of Jt5:US11. Moreover, since the 


included in
the field, em;oyment benefits were
cane/energy techniques in 


The result was a present value of US6-.5 million,
the calculation. 

employing a discount rate of 10 percent, and an internal rate of return
 

of 25.9 percent (see Table 	1.1-10, Appendix D)..
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APPE!;Zry A
 

Varieties
 

An "energy" variety is a sugar cane variety whose genetic attributes
 

allow for a high production of biomass (stalk, leaves, and tops; also see
 

?igure A-1). For Jamaica where sugar production is still a viable industry,
 

tie variety should also possess the ability to produce satisfactory amounts of
 

sugar even when cane tonnage and fiber production are stressed.
 

Commercial sugarcane varieties which appear to have high tonnage
 

properties in response to proper agronomic inputs are available in Jamaica
 

from the Sugar Industry Research InFtitute (SIT.!E. These vrieties were
 

identified and evaluated on the basis of visaal observation by cane breeding
 

specialists and information provided by Jamaican agronomists. Of eleven
 

varieties considered, five were considered unsuitsable as candidates for
 

biomass production in the proposed pilot prcject because of rus'i
 

susceptibility, poor growth performance, or both. Six varieties appear to be
 

rapid growing with excelent tillerinr 	and large cane populstion per acre.
 

Their characteristics are presented below.
 

(a) BJ 71 52 

UCW 5LE E72?''
Variety BJ 7Z-52 (originating fror the cross Y.BJ has
 

good ge.ination, raid early growth with good tillering and ratooning
 

ability, arc an erect growth hahit (suitable for mechanical harvest). No rust
 

infection was observed on this variety. It has an average-to-good sucrose
 

as a biomass producer.
content- This variety appears to have 	promise 


(b) BJ 74-51
 

Variety B.J 74-! (UCW 54-Ec >. 62C,7, is characterized hy uniform 

grcwth, good tillerinr an, ratooning ability, average-tc-gooc sucrose content, 

anc is resistant to both smut and rust. 

Variety BJ 70-17, (UCW 54-65 X C? 6101i has good germination, good
 
t 4llerin7 and ratooninE alility, high tonnage and good juice ouality. It is
 

reportedy resistant tc smut and rust. 

=Cd' B.C 7-l 

Variety BJ 70-15 (UCW 54-65 X CE 6101) 	is characterized by good
 

stem with an average tillering
germination, strong growth vigor, and thick 


ability. It is resistant to both smut 	and rust.
 

(e) MY 54129
 

Variety KY 54129 (Parentage unknown) was imported into Jamica from Cuba.
 

It is characterized by a rather thick stem with strong growth vigor and
 

average tillering ability. It is resistant to both smut and rust.
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(f) UCF 54E 

Variety UCW 54E5 (F 42271 E 47-227" is reportedly adaptable to almost 

all soil types including salty lands at the Monymusk Estates. It accounts for 

in cane in Jamaica in the 1980 crop.50 percent of the total acreage This
 

cane but with average to low fiber content.
variety is -noun to be a sweet 


Varieties BJ 74-52, BJ 74-51, BJ 70-13, BJ 70-15, and NY 54129 are 

recommended for testing in the proposed pilot farm for energy cane 

production. In case of seed shortage of any variety mentioned above UCW 5465 

can be used as a substitute variety.
 

growing countries which
There are surarzcnes av ilsble in other cane 
as well as untested local varietie! whichshould bE introduced to Jamaica 


should be evaluated as new "energy" varieties."
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Figure A-I: The Cane Plant
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APPENDIX F
 

Trash harvestinr
 

follows:
The procedure for raking an baling trash is as 


from the field a hay
remova of cane
Two days following the harvest and the low HT tractor will enter 
rake of the disc type mounted to the drawbar of 

at the same time, leaving it in 
the field, raking and turning over the trash 


This hay rake is transported or,
 
neat rows, for a second turning in two days. 

rake has sever. free-wheeling discs, with 40 
adjustable ground wheels. Th 

the
WTIen the rake is adlusted so tha' 

wire teeth on the margin of each disc. 


motion by forward motion by 
teeth touch the ground tey will be Set ir+c the 


This mo-tior tjrrs arc m:.ves the trash,
 
the forwarf movenent of t-e tractor. 

to the 
it it a row bhird the moving tractcr. ',-: rakes hi tched 

accumalting l'.1 feet in a singlewill rake a swath of
and the left of the tractorright 

pass.
 

the tres is dry, the aI&inr systen, oraw byl 
On day five, or when 

" 
HF tract--r will enter the i' coUl ..... nd bling the -r.e: trash tha
 

jc  7 in this instance wil
 
syste: intended for use 
has beet roe- up. The bal


the .Veaton, at dryness. 
uare bale that weighs 0.74make a sin. le, s 

c f can e e 4n an hour of 24
4ItnF i4 tras-Under ideal co.ditions, 

have dense oCJter 
of C.74 tcr.s each. reause these bales a 

bales per hour 


they are assurec maxiru roteccior fronmoisture .enetrti.

shell, 

from the field with a hydraulic
Te baled trash is then collected 

n trailers for transport to staging areas or 
operated bale fork and placed 


the electricity generating: facility.
directly to 

he so,re: o. coer fence reas, the: are fenced for s4uity
Bales should 

one
o:r s' * wacer w.-" T'enetrate c.il 

1,e t the "-ha-or. :e" reasons . of the
 
, h avV rain shower . The low mcisture con-e: 

- t: rorercs-or two "° 
 t =-ousrs .
 
'25 reroer . moisture wil minimize the of 

trash bale 


comb"ustior.
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APFEN'I;P C 

Tropica2 Grasses 

Of the trop ca2 grasses, other than species of Saccharurr that have been
 

evaluated for it bior-Ess energy potential, "Napier" -or 'Elephant Grass," of
 

the Genus Pennlsetun aypears to be the most promising. Another gra3s wcrthy
 

of mention is "SorlEn" a hybrid of Scrghur. and Sudan grass which nre two
 

species nf the genus Szrghum.
 

Data on Napier Grass pro.uction in Jamaica is limited to that produced as 

green feed for dairying and other livestock in3ustry. Figures that are 
avaa 	 tha 32 ong tons of dry biomBss per acre per year can be 

easily roduc. ith adeouate int-ts of water and fertilizer, it is ouite 

possible that this pcter.t'al could be doubled. 

A pil - nting of 5'1.. ares haEs been favorablv consideredA for the pilot 

fa-m stud.,. e conservative figure of 7,, long tono of dry matter per acre 

per year is hYe yield being considered. This would be harvested every s-x 

mnthF at ar. aerage cf 17 7 'Ic. 1plant crop and five ratoon crops are 

programned, an are expected to yield a minimum of 5,000 tons from 50 acres 

during this three-year period. 

The fie.ds for tlr.e r= .. ig of Napier Grass woud have to be ieve: eroug-. 
to permIt fcod Lig n The field would be su'ect to two plowings, two 

knifings ir. a criss-cross pattern an: would receive a final harrowinD pr.. to 

the application of fertilizer, troadcasr, by hand. Tne next operation wou.i 

be the incorporation of the fertilizer with a "rototil]er," ensuring that it 

is well mixed, breaking up all clods of soil, leaving the field in fine tilth, 

ready for the final operation of furrowing. 

Planting materia" will be long canes of Narier Grass with all of the
 
traSh removed. T e grass use wc,-d c keyt for several days prior to- the
 

in the shale and not permitte­scheduled . 7lantineese lon canes are kept 

to d- out. Frecuent apalicat-cr. of water may be necessary to help break
 
-
e eyes from which grow the young plantlets.dormancy of th= fert: 

These see: pieces are placed ir the recently prp... furrows with 25 to
 

3C percent overla. .ctin.g that I tc 4..5 tons cf-Nier ed cane w.:l be
 

requirec per acre, in furrows with five-foct centers.
 

The seed pie w... . pro.rtly 	 be covered b-, mac.ne, wit1 a follow-uI 
where necessary. Immrediately, or as soorinspection and cover-ng up by hanA 


as possible the field must be irrigated with at least three inches of water,
 
The sacon3
preferably splied with an overhead portatle irrigation system. 

wetting should follow in 12 tD 16 days, depending on the soil type, with the
 

subsequent four cycles of water programmed, to be applied as required. 

At approximately 13 weeks from planting, the second and final application
 

of fertilizer is made, the rate and formulation is determined by soil analysis.
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At six mnths of are, the first cuttinF wil be made w.t* a rctary scythe 

: :,wer-ccn'iti'oner, wh'ch nct or.1y 1 cares 1:tcuts the cier down, :sc 

shatterp the canes, ensuring even faster solar drying. 

The cut Nafier grass will be raked and turnerd ever twice with two to 
three days spacing between rakings. The same equipment and technicue as 

already decribed in the section on cane trash will be emp-oved for this 

operation. 

The shattered, dry Napier Grass will then be baled and removec fron the 

field in approximately seven to ten days. The equipment and technique
 

emyloyed is described also in the section on cane trash.
 

Fdllow-r. the rez.ovaK of the baled NEonEr grass, the field will be 

ratoon croT. This wI: consist cf a shallowreconaitioned for the first 


knifing cf li g..t cultivation, parallel with the furrow direction, without
 
"' 
distur i n th-e NE7.er Grass stools. Fcllowing this cperation, three inches of 

arrigation shI' d be- atoied, with the subseouen- four cycles being aylied as 

recuire'J. 

At tharteen weeks following the renovation, fertilizer is aple th
 

rate an: fo.mu:e dete-mined by soil analysis.
 

A six months of &e fron the renovation, this irst raton crc¢ is
 

harveste: using h a-n procedures and machiner already cescribe:.
 

Four more ratoon crops may be made before a reduction in yield is noted, 

at which time the field should be prepared and replanted either to Napier 

Grass or Sugar Cane. These four subsequent ratoon crops are reconditioned in 

the same manner employed in the conditioning of the first ratoon. 

Sc-&nd, menticne: in the first paragrar., should he evaluated
 
- . ­

experiments ly, as a short-ter twc.-cnts' trc ca grass for boiler fue2. 
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Ta-le II1-t
 

Worksheet: Analysis of Field Costs. 1._54-19C
 

4 	 7Year 

1800K 18000 1900' 2000: 2C0' O 20000 20000Acres unde" cu tiva~or,.800a18010 

800 0 0'Traditional management 38000 17500 16500 1250 7500 5500 

X --0IX 8:0 ,-1- 61C10000'Estate 
Large farms 	 40 ' 40,0 400 30' 2002 lOK 

4000 400 40 -K- 32)00 200 10( C
Small farms 

I, %OC 	 C) 2000.C 5CC C, ,7,0 11;02", 1L ID 1r2 2000Energy ManRgezer.t 

500 100C 200 400,2 00 4DD- 1000 200Planting, estate 

7500 8j -, 11000 .000C50' 150: 3500 

rattoons, estate 

100 1000 1002: IO0 0 2!00
Plantir, Iar.e farms 

1000 202)0 3000) 400 300):
R att.ors, lare fa.ms 

100' l0C, 12),?' 0 1000fa.rn-Plantino. sn:-- a' 7 	 10.0 200 3000 4000N 3000F:attocns, farMs 

Cultivation Costs
 

Cane/Erergy, cost increase
 
661 1325 2648 5299 1325 6063 1515 3032
Planting, estate 


1437 3356 7190 7671 12652 11502
478
Rattoon, estate 	 125 1259 0 1425
125C 2675
Planting, 2are fa.s 


83- I1'Ec2 2 7 . C56 C 31 P0~at C.C. fan, -r 

10 2089 0 10 .. 0I"E 8:11 1%'lantinr, smE'K1 farms 
723 14 6 2167 2 2162

attoon, s al farms 

-
661 1802 64 . 12 1-40--i 22 c 20625 2279E

TOTAL COST INCFEASE 
2C ,03220 57 56.C.4060 5600140less ,fue4,che-z225 14C-i-zer 

n0T 522 23MA 	 489-c 93?5 1003- 5 5 26798TCA... .cA. 
n35 38 804r 05'1010TD.,AL U.S. (COnO 
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Continue5
 

9 10 II 12 13 14 15 
e 


20000 20000 20000 20000 20000 20000
Acres under cultivation 20000 


0 0 0
Traditic'na mragement 0 0 0 0 

-


0
Estate 

Large farms 0
0S~a:: f~-zs 

E..ergy YF.anrement 20000 20000 20000 20000 20000 20000 
------------------- -----------------------­

20000' 

Planting, estate 
Eattoc.ns, esta'Le 
?a inF, larze farms 

,attoons, arge fa.rMs 

4000 
8000 
10cC; 
3000 

1000 4000 10C 
1100) 800 1100r 
10 100r 0 
300trOO?3000 

200 4000 
100C 80o2 

10 100 .. 
30X$ 30C-

100 
11000 
i000 
300" 

Fantin , s~a1 farms 100C 1000 1I00 C) 1000 10-0 I0X 

F.attoorS, small farms 3000 300 3000 400 300C 300 3000 

Cultivation Costs
 

Cane/Energy, cost increase
 

Planting, estate 6063 1516 6063 1516 3032 6063 1516
 

F.atic on, estate q200: 12(52 9200 1265? 1.502 920 12652
 
1-'2 l42.142. C 427 142
F-at -, are fa.-s 1-25 

rattoc,n, large farms 38 3180 318- 4242 3180 318 318: 

Plantin, small fa-ms 1089 1089 109 0 1089 1080 1089 
2 217 216 2!6'
Eat~oon, small farms 2167 2167 2167 

T0'T~ cosT IN2PtAS, 23130 _2032 23130 21300 239- 2 13C 220 

is. Tent., Thn. 5600 5(,0 5600 5600 56CC 5600he!, 5600 

140' 1400' 1000 14CCT0TII U.S. COST 140 14% 1400 
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Frn6nc:F2 An.... s s of trhe i.rv;usk Projet t , :rn:re~e!nt - BaEsE 

Year Year Yea- Year Year Year 
62 3 

CAPITAL EXPEN:lJUnFES 
Irrigatior. J 1900 90C 

F 315 315 
Machinery 	 J 

F 1278 1674 1627 194- 2122 1800 

M.2l Costs J 10721 3502 3500 
F 1500 500: 500 

Plant Costs 3 154& 25800 10318 
F 790" 13457 570E 

Sub-total. 	 J 12624. 209.1 29300 1C':1 0 0 
F 309 1038? 1558- 765 2122 1800 

OPRATION COSTS 
Agricultural, field J 522.7 1384.1 4897.f .1.42 100.070r 

F 30 38= 82= 1015 1344 

Irrigation. 	 J 37 37; 376 376
 
F 

M112 Costs 	 J no change 
F 

Plan Costs 66385 63E5
 
F 60: 600
 

Extension & Trnz. 	 J 215 70 70 72 70 70 

F 180 180 

Sub-total 	 J 737-3 1454.1 5339.6 9841 16862 22251
 
F 215 285 385 805 1615 1944
 

REVENUES OR BENEFITS 
Sugar Sales . 

F C 0 2"'c 712 8/..2 12707 

Y.:1asse Saes O 
F 

C 0 6E 1E"2 i9E-, 29c3 

Power Sa:es 21313.1 20780. 7 

F 9-75 22347 

Electricity Savings 

F'ue' Oi! Savins 

j 
F
Jf 

1931 
87;.5
69.2 

193: 
816.5 
699.2 

F 699.2 6c.2 

•-t ta:"S u1'- L,C'ta_ 176 646P ":-- -2 2-.92.3 2E2";_- .. 1; . . = " 

F 2759 7721 1°'02.7 26E2c.7 

NE: OPRT. FENEFTIS .3 -77.-7 -1454.1 -4691 -I.-&. 90; .34142.5 
F -215 -285 237/. 63 6 18087.7 246E5.7 

TOTAL NET BENEFITS J -13361 -22335 -33991 -1835 9065.3 4142.5 

F -3308 -10674 -13210 -1739 15065.7 22885.7 

NET PRESENT VALUE CALCULATION 
IO% 301 29.5% 29.81 29.7%
Discount Rate 

NPV of J1 benefits J -30744.7 -38571.4 -3F6,.5 -38647.6 -356e5.4 
@J4=USI FJ -7686.17 -9642.8( -9690.13 -96F1.89 -9671.35 

NPV of USt benefit F 83286.11 9282.945 9926.53433 9537.017 9665-.726 
TOTAL NPV, USt 75599.95 -359.911 236.4150 -124.877 -5.62311 
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Table 111-7, Continued
 

Year Year Year Year Year Year Year Year Year 

7 8 9 10 11 12 13 14 15 

2034 2101 1772 1743 1731 1731 1731 1731 1731 

-10123e 

0 0 0 0 0 0 0 0 -101238 

2034 2101 1772 1743 1731 1731 1731 17L1 1731 

12921 16263 16995 15897 16995 15700 16263 16995 15897 

1400 1400 1400 1400 1400 1400 1400 1400 1400 

376 376 376 376 376 376 376 376 376 

6385 6385 6385 6385 6385 6365 6385 6385 6385 

600 600 600 600 600 600 600 600 600 

70 70 70 70 70 70 70 70 70 

'9752 23094 23826 22728 23826 22531 23094 23826 22728 

2000 2000 2000 2000 2000 200C 2000 2000 2000 

12566 12927 14791 15109 15770 15203 14582 15435 15196 

2950 3035 3472 3547 3702 3569 3423 3623 3568 

20247.5 19714.7 19181.9 18649.1 18116.3 17563.5 17050.7 16517.9 15985.1 

12317 1251G 13659 13825 14192 13890 13498 14027 13858 

1931 193: 1931 1931 1931 1931 1931 193 192: 
876.5 876.!: 876.5 876.5 876.5 876.5 876.5 876.5 876.5 

699.2 695.2 699.2 699.2 699.2 69.2 699.2 699.2 699.2 

699.2 699.2 699.2 699.2 699.2 699.2 699.2 699.2 699.2 

25827.7 25379.9 25284.1 24826.3 24448.5 23782.7 23103.9 22771.1 22183.3 

26458.7 27018.7 30025.7 30509.7 31537.7 30668.7 29655.7 31037.7 30631.7 

6075.7 2285.9 1458.1 2098.3 622.5 1251.7 9.9 -1054.9 -N44.7 

24458.7 25018.7 28025.7 28509.7 29537.7 28668.7 27655.7 29037.7 28631.7 

6075.7 2285.9 1458.1 2098.3 622.5 1251.7 9.9 -1054.9 100693.3 

22424.7 22917.7 26253.7 26766.7 27806.7 26937.7 25924.7 27306.7 26900.7 

IRR = 29.7 pVrcent
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r7If- : 7:- ­

c.,t-e- mor.yt. ?rce:-- cremer.tKF a s 
nor.4c An... 

Year Year
ear p-Year Yea r Year 62 -. 4 -

SIA BenaefltE
 
@30.e/I't s 
 6622 17090 202:5 30497 30158 

Ilncrease;- Labor Income4 
J 100.2 300.7 1102.6 2305.5 290.9 4271.7 4516.7Harvest 

7 66.9 202.7 401.4 200.7 401.4 66.93.4 
4.7 2.6
1 3.1 5.2
Construction 


Foregr Exchange
 

Benefits an1 
CostF c j0=US ! 3 -3306 -10C.4 -13210 -1336 16220 23042 22579 

9065.3 4142.5 6075.7
-22335 -33992 -1848?F:N;nT:AL BENEF2'S J -23361 

15966 22886 22,4'25
F -330 -1064 -l3210 -1336 


TC:AL _CANT' FNAN7TAr BENEFIT
..... 

" 6 23 67596J -16.:32 -32636 -3 '272 -255, 467 E 

23040 2259
 
F -330E -1074 -13210 -1336 16120 


Year
Year Year Year

Year Year Year Year 

9 10 11 12 23'Ccnt'd) E 2
 

ECDNOMC BENEFTS
 
37848 34997 37044 ,647,SIA J 31025 3549E 36262 36487 

Increased Lebor 527. 2
 
Harvest J 4770.2 5023.8 5277.4 5277.4 5277.4 5277.4 5277.4
 

S27.6 401.4 2. 401. 6.9 267.6 401.4 2K 7 
401.4~~ 20,-­

orej gr. Ec.ang. 2746: -270­27961 27092 26-79 o 23072 2640e 26921 

2D0.- 2222 1S2265.C 2456.' c22.5 P a, ­
7 2692
2697E 29.


F 220: 2625L 2 677 27807 

T:TL8 E70N. FIN. BENEFITS 
66631 69129 68463j 62421 6E7e9 7OV59 72110 7075 


2705527092 26079 27461

F 23072 26406 26921 27961 


CALCULATION OF NE: PRESENTI V)LUE ANT TRP: 
39.7%10% 39% 40% 

Discount Eate 


-4593 -4165
J 213003 .3123

KPV of J benefits 


FJ 53251 -780.7 -1146 -1041

@J14-US! 

F 83971 1485.9 918.12 1083.5
 
WPV of USt benefit 
 42.2
 

TOTAL NPV (USW) 137221 705.2 -230.2 

ThLE 30 7 
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Financial Analysis cf the Power Plant
 

Operating Increased Irrigs-

Year 

Capital 
Costs 
(UStOOO) 

Operatint, Revenues 
Costs & Savings 

(USt00C (US 000) 

Field tion 

Costs Costs 
(Ustoo) c( Ust)(o) 

Net Cash 
Flow 

1 165.VE .00 < £ 

2 !1770.2z 
1! O1nT.OD 

4l.O5 
1608.4C 

.0 
94.00 

-12227.25 
-21609.40 

4 828550 31-53.75 Q/-.00 -1153'3. 25 

2196.25 7236.5 3522.7 o4.OC 11427." 

6 

8 

10 II2196:.27 

2"96.25 
229E.27 
2296.2: 

22QE.2= 
219E.25 

19"T5.3 

l1;2.1 

20,C-677 
2C-2.5;2-0:;4 

5I9c.0r% 
AE3C.22-

E= 

9,6,4-. 7 
F374.2

-lP ¢Z= .7 

04.CD 
4. O 

04 .7.7,-

q4.Or,) 
94. 0q'.f 

1225- .05 
12 6 ' 

1271E. 7 
13-E07n 

1213 
219E.2c
2 09-.2 

2-c'293-::7:.c - -z1. 
32- .C. N, 0 .2:O 

. _-

14 
15 -101238.00 

2101.2:: 
2196.25 

2 -F. 77 
2D07.>.= 

;,Et7: 
5374.25 

C .0 

Q-.O 
12=C,77 
36E!.03 

Calculaticn of Net Present Value 

4.0..1 
141.8­

10.0 percent 
23.5 percent 
23.6 Tercen: 12.49c 

=
TR 23. percent 
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Economic Valuation of the Power Plant
 

Foreign Net 

Net Cash Labor Exchange Economic 

Flow Benefits Benefits Benefits 

Year UStO00 (Ust00) (USDO, (Ustooo) 

2 -259.5 
. -32.2 -357.87 

2 -127122 0-.2- -2125.00 -3OT 
3 -21609.40 327.02 -3460.50 -2/742.e9 

4-1 
5 21423 

25 677.36 
776.00 

-1627.75 
2558.9 

-124e7.63 
IL759.36 

6 
7 

1226 .0E 
1269.E7 

116S.26 
12A5.0 

3144.6E 
3123 .22E20.E71 

16599.0z 

8 l1P2l.o = 12ra.LE 3172.9- 1635. 

12748.17 1 6.3 345. 6 175;3.77 

10 130560.7 136.5 300.,7 17925.77 
17 
12 

10C15.37
875;;.06 

41q.711i 
Y8:2c.96
357.4 --. 75; .7C 

A~' C-z 1386.26 .1F.4'2 

"' ~ 12t50 '3 19.71 3550.66 17421.12 

15 113611.03 1736-08 3508.4- il850. 5t 

Calcu.stic- N et Value 

10.0 percert 60522.00 
25 percent 1299.26 

26 percent -56.19 

25.9 percent 72.42 

T? = 25.9 percent 
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Finsnc-.a. e q-ireents an- RetrnE, Non-'r,c- meta! Basis (-c'0
 

Year Year 
2__________ 

Year3 Year4 Year 
___ ,__ 

Year
6 

T::al Net Benefits J -54139.3 -59413.1 -71069.6 -5565.0 -28012.7 -32935.5 

F -3308.0 -10674.0 -13210.0 -1338.0 15965.7 22885.7 

Add Back: 
Mill, sa2vage value J 4000.0 

Land value 3 8000.0 800.0 80090.0 O00.0 80,00.0 8000.0 

Net Cash Flow J -42439.3 -­141*.1 -63069.6 -47565.0 -20012.7 -24935.5 
F -3308.0 -2067A.0 -13210.0 -2338.0 159655.7 22885.7 

IIS34'D.-u -* .v -2327 . -2877.4 -2229.3 10962.57 266c.C3 

Year Year Year Year Year Year 

7 E 0 10 11 12 

Total Net Benefits 3 -310C2.3 -3A792.1 -35619.9 -o'79.7 -36455.5 -35286.3 

F 2212Z.7 22917.7 26253.7 26766.7 27806.7 26937.7 

Back: 
yi~l, salvage value 

LmanA- value 

J 
J 80Oy.0 8 D .0 8000.0 8000.0 8000. 0 8000.0 

Net Cash Flow J -23002.3 -26792.1 -27619.9 -26979.7 -28455.5 -27286.3 

F 22124.7 22917.7 26253.7 26766.7 27806.7 26937.7 

US Eauivaent 16674.13 16219.68 19348.73 20021.78 20692.83 20116.13 

Year Year Year 

17____ 14 

Tcta_ Net Benefits J -37065.2 -38:32.0 63915.3 

F 2z924.7 27306.7 26900.7 

AAA Back: 
Ki " l, zalvage value J -101238.0 

Land value 3 8002.0 8000.0 8000.0 

Net Cash Flow J -2906S.1 -30172.9 -29622.7 
F 2592A.7 27306.7 26900.7 

USt Eauivalent 18657.68 19"73.45 19495.03 
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APFEINKr E 

Additional Research Needs
 

The study team recommends that more detailed analysis in several
 

of several of these areas, most notably the study of
 
areas. In the case 


team feels that additional
 water resources anr extension needs, the 

the
 

research should precede the commitment of major 
resources to 


In the case of otners additional analysis is less vital but
 project. 

would considerably improve the chances of successful implementation.
 

I. Water Resourzes
 

The Monymusk estate has been suffering from unseasonal 
rainfall
 

cane growers

shortages for 	several years and the aquifer upon which the 


serve the public

depend for their irrigatior: water--more than 60 pumps 


Salinity problems have
 estate alone--has been declining in quality. 


than a thousand acres has been lost
become so severe that more 
to
 

productive agriculture.
 

Although it may be reasonal!e to expect that "normal" rainfall
 

so crucial tc the cane/energy
patterns will return, the water supp!y is 


system that a careful, separate examination of this matter 
is urgent.
 

studies of the water situation in the
several techrica: 

there have beer proposal- for major irrigation
 

The-e are 

Clarendcn area, and 


These should be examined and, if necessary, a separate ground
projects. 

water expert should be asked to consider the matter.
 

2. Agricultural extension
 

on the sale of sugar
Many hundreds 	of small fa.mers depend today 


two mills in the Clarendon area, Monymusk and New
 cane to one of the 

Yarmouth. The introduction of new agricultural techniques relying on 

expensive fertilizer and new varieties may be 
partly beyond their reach, 

them will seek to adapt to the new

but it seems likely that many of 


conditions if the cane/energy system succeeAs. Therefore, we have
 
i wil sh4w a "0'increase in
 

estimated thnat four thousan, acres of 
we examined. 	 Other 

prouctivity over the fifteen years of prcject life 

to gr.w torages of low-sugar care or tropical grasses
farmers may choose 

to the power r!ant as supplemental
and sell the 2ignoceiluloSic material 

utilize quantities of 
fuel. It appears that the plant may be alle to 


a local trade in biomass is likely to arise.
 
this material, and 


Of particular interest here is the question of the pricing formula
 
to the factor.
holders for cane delivered 
to be used to compensate small 


Currently many small farmers sell their cane to 
transport brokers, who
 

obtain a price and pay the farmers on the basis of the average sugar
 

This scheme, while practical, provides little
 content of the load. 


incentive for 	the individual farmer to raise productivity 
on his or her
 

land. In addition, no formula has been devised that accounts 
for the
 

fuel and sugar value of material delivered.
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F,ha y, th e er.t i " e Trole7 of e)t:r:Or neEds ar." the overal 

anr'. t of the rc,.e ortr -sa- far-ers an.-ocal resients . 

If, as we expert, this prcject will transform thecareful' investigEtion. -
of productivity, thechar-?ter of cane agriculture to much higher levels 

market for traditional, low-yield sugar cane of the kind grown by 

marginal farmers may experience a gradual decline. Government programs 

to help pecple adjust to 	 these changes should be exan*nej with care in 

advance.
 

3. Key Markets: molasses. sugar, alcohol 

One of the attractive features of the cane/energ arrroach is that 
market
man_'ers have ccnsidera&Ke flexibiliry in adarting tc chanring 

are valualle products, an,conditions. Currently, b.th sugar anJ energy 

hoth of the=. as we have deicted it, the operation depend. heavily on 

that the sugar market may continue to worser andIt is vossille, however, 

the en.r ' market m to irrr, ve. thisFf is the case, manaFers
 . continue 
ma choose a differesnt mix of rroduots fron the ceratioin- Fcr example, 

Fs to takebee- a-vocated in Puertc 	 r.:co,a dif.Fe.rer.. ar;roach, which has 

and use it to produce rum. This saves the energy
the juice from the cane 

t us- The.use,;n sugar rroduction an directs the s.crose another 


Ja-macan rum no... r- currently relies on "fia.. ." molasses 'or
 

and the .c mar:et for higher grade mlasse-- or
,
1,ackstr- 7 ' therefore .
 
Un c.s ad r.: ts:m:asses. T.ere may be arn eix:rt markea for this*
 

' ar.ne tradecff with sugar rroou:aon needs to beproduct, howe.er, 

for Jamica in the future might be tc utilize
examined. Another option 


the sucrose to produce fuel alcohol. Ths would displace imported oil in
 

reduce the cost of refinery operations by

the transport system and would 


lower octane gasoline (alcohol acts as
allowing the refinery to 	produce 

ar c-tane booster, re'cin the energy reuiredz tc refine each gallon of
 
examinec
gasoline'. Agair, this use of high-test moeasses neecs t: be 

uses. ircudinz the extraction of sugar tc disy:aoe
aains: a'ternative 

imr,orts.•
 

/.. krcu~turao E::erinentatio. 

As tho charter cn energy 	 cane agriculture indicates, the 

of care i expectel tc rlay an :n.roant:r -ro-oti of rma w- ries 


par, in the one rn, n "oostin' the production of bio ass.
 
are significant
its seen very likely that there?arter,.:re, 


orcrtunities for fut-,er genetic imyrovement of rionasr vie. in both
 

Eecause of this, planning for an
and tro, Ical grasses. 
to import, and test, new varieties, is

sugar cane 

expansion of Janaica's capacity 

in a study of agricultural research needs
critically important. Include. 

of the more promising strains--such
should be a close examination of some 


their resistance to cane diseases. Such
 
as U.S. 67-22-02--to ascertain 

must be comrleted before 	they can
 an examination is time consuming, and 


As the estimates of production in this study indicate, a
be imported. 

a


delay of several years in the introduction of new varieties would have 
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measuralble effect on the prouctior of sugar as we'2 as ?rergy. Ony
 

carefu2 1.2arngn car. prevent t'is, since intr:fJ_ 'r: ever a single new
 

due to quarantirne requirements.
variety can take a year or more 

5. TrainirF 

Success of this project depends heavily on the ability of those in 

Jamaica to manage the new cane productior.
charge to train personnel in 


system. Accordingly, a careful review of training needs in the field,
 

mill and power plant should be completed early in the planning process.
 

Indeed, the process of expandinC new production of cane, beginning with
 

the 50. care i-ct, sho-id itself be rev4ewed is a trainfinP exercise as 

well as & means cf jrovinr agricultural technicue. JmcE has man­
.skil"ed persons withr experience in suga r,-on en: in the menagenent 

of power systems. However, it arpears that the sugar industry has 

a serious loss cf to:- an mide-eve matnaement and technica:suffered
expertise i. the years declne. in addition, thne operationrecent cf of 

enery systen w:l denenc unusuEl abilities and, most an integra-e care 

1 mprtant, a chnrgE in concertun: orierticn: the mil in such a systeo 

is no lonrer just a sugar refinery, but a fuel suiylier; the power sy-em 

is not just a mill and boiler, b a large-scale, grid-co-nected Plant. 

It would see: particlir-y apyrcrrite, in this respe:t, for the 

Agency for ternational Ievelopnent tc consider enr:lqi qualified 
_
personn -. _ n the Conventional EnergyJamai can mnaement ac techni cal 


program it is often possible to
Training Program (CETF). Under this 

arrange internships with successful -rivate corporations. If internships 

:awaiian sugar companies that arecould be arranged, for example, wit-


amounts of energy, Jamaicans may be able to benefit
producing large 


directly from an examination of operations with similar goals.
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Preface
 

This pction Plan was prepare' by request of the Office of the Prime 

Minister for Phase 1 of the project, "Cane Production for Sugar 
and Electric 

by theA technical and economic feasibility assessment
Power in Jamaica." 


title has been prepared under separate cover, representinr 
the efforts
 

same 

of a tean of technical specialists, G00 officials and USAII' staff over the
 

" s actiorn plan Iresents activities, budget

pelezte.r Q,4 


the proposed cane/energy
arw a Sche4 l- fc! the first fourteer months of 

prc,ect. 
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ACTION PLAT -- PHASE I
 

Cane Production at Monyiusk 

I. Introduction
 

stu y teayn which prepared 	the assessment, "Cane Production
 
The USA -!/G0J 


selected the Monymusk Sugar Estate
 for Sugar ar-'d Eectric Power ir Ja cica," 

prcect site for undertakingnr cene erowing areas as the pilotand ..rrcun-	 approac. changes the aim of cane a cne/energy progra. 	 The cree'. ­

just sugar proujc * s to producing a combination of production frort producing 
t"k" conten72ates raising tfr' r 

power. Present 0% 
sugar and electric 

pr .Ouioun to meet internaticna sur r production levels 
Ynnymusk area' s cane 

-id imTr3ving tra i t-ona practices. Py contrast, the proposed
by using 

new :ane rnaenent Tractices in
ir-r:.duce
careenergy ap-roaco w:i 

sugar anc power

the air- of getting high levels of bcth 
accordance with 

production.
 

The project at Monymusk will encompass approximately 20,000 acres of
 

overall objective of an expanded program 
estate lands and private farms. The 

land under a cane/energy
will be bring 70,00_' and 90,00D acres of 

geate foregngn exchangeto be-ween 	 g .....;:-tertia
m r g rs e h wcu havev the :t n -F to-- h 	 ' 

manaeennt s.tez w:. 

earnings of US-I0C - r mi-_licn annuaiv fron the production of savings and 
of suror, °C',OCC tons of m-lasses and one million megawatt-hours2vC,,097 tons 


06F.C (-f electricit. 

will give the Jamican sugar industry a stable 
7-e cane/energy a.rrach 	 u! r saso consolidtico n.,J t -t t h lucrative export sugar 

c c - p r o d c-prodtu - t i,4.n e re - , whie al s o 
the iut emarke' and the sinifioarit donestic market. 1- will bring to 


F s an ali itv to atust to changing

it does n-t hove as wediversitv = 
i* sugar in'us"rv will . anticipated ±ha ,

economic con4ft0 t it4 

" sed the resu_-t of th ' 
be are to attract 'ontant-a rr:vatE invet en' on 


pilot yr3ject.
 

11 months, or 
Thi-s action plan details the activities for the first 

Monymusk, beginning in November 1955. Phase I, of the cane/energy project at 

as well as an expandcd program will be
 Further planning for the pilot projec' 


this phase.latter stages ofdetailed during the 

/) 



2 .	 -At V:, tv Desor rt i') 

Activities in this worr plan are based on the following assumpticns 

regarding important components of the project: 

11) 	that lISAIIT will be providing techrica! support through the first 5 years
 

of the progran;
 

(2) that the foreign exchange capital funds car, be obtained fron private
 

sector and/or international financial institutions and dono: agencies;
 

(3) that the local capital and operational funds will be available from:
 

'a 	the G:overrnent of JaMaica, an­

(t 	the Venezuelan/Mexican oil agreement financing facility.
 

final area
Furthermore, in order to assure success of the r:lot effort and 

formed by the USA:­deve~loment, it is recommended that a team of ex.,erts be 


Mission in Jamaica to manage the development of the project. This team will
 

r' for a period cf five Years 	andbe located botr. in Kngston and 	at 

the firS: 500 acres of the rojet.
wil'. have ia d rection for 

to her' te 2,C acre project at Mon;mus: an iritia pot cf 
cr4Er 

cf t..s acreage are tc50' acre2 w412 be cultivated. The primary purposes 
to confir- estimates of theintroduce new cCltivation margement procedures, 

to train
to achieve target cane yields, and
agricultural inputs necessary 

personnel in the new cane management system.field and administrative 


is dedicated to the objectives of
Assuming that the overall Monymusk estate 
of the first 50t acres will provide athe 	cane/energy pr-ject, the management 

sho.u­base for ern....on of cultivatin - th entire areF. T,=s, personnel 


t, trane:_ n arre e our., nu --ers t r..,-de s. e re- r_- for
 

cultivation cf sujsecuent acreages.
 

T,e stages cf' activ'ty inoluded in this action plan are elabora ted 

1: Phase I Activities an:be ow . These are also illustrated in Figure 

ImTlementation Schedule. 
" Desig)nate Jaaicen apen-y n This a-e* 	 tc be ezenting Agen:y: is 

will be reur to provi-- a'-G"' resp.nsihlitv. The impe...tirn Agency 


Iogis'ica' "r ort related tc the ;rz~ram.
 

respcnsiri-ity of
2: 	 Establish Coor.dinr-ting Comnttee: This is a joint 

GOJ and the USAIl/Jamaica mission. The Coordinating Comnittee is an
 
program progress.
inter-agency oversight body which monitors and controls 

that Jamaican development interests are kept
The 	com-mittee also ensures 

of the program. Suggested composition of such a
 paramount in the structure 


committee is as follows:
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i. 	 Minister cr Per "-L Secretary "on:
 
- Ministry of Agr.culture
 

-	 Ministry of Mining and Energy
 

Ministry of Public Utilities and Transportation
-

ii. 	Representatives from!
 
- Sugar Ird-stry Authority'
 

- Private Sector Organization of Jamaica
 

United States Agency for International Development
-

-	Jamaica Public Service Company
 

This 	 is a joint responsibility of3' Nominate U. S. Przject Mnarer: 
The Project Manager is expected toUSAiP/'ashington and USAlr/Jaraica. 

possess substantial management experience in sugar cane growing 
operations.
 

He would be responsible for all field related activities.
 

Manaer (Program Director, s is a GO" 
4' Nominate Jazaican Pr: iect 


The Prcject Manager would be responsible for overall program

responsibility. 


He would provide liaison with the various
 
development and direction. 


smooth operation of the pilot project, and
 governmental agencies to ensure 

would also be rescns.te for: 

Frearation of loan documens; 

* 	 Coordinating additional studies;
 

• 	 Extension service development;
 

• 'ater supply arrangements;
 
* 
 Developing policy recommendations for GOJ in bioenergy development;
 

* 	 Formulation of training program;
 

Design of research & development activities.
* 


plan: Tris is a joint
5) Assem*le Specialists to begin detailed work 

The specialist team will
resronsibility.USAID?ashingiot. and USAI,'Jamaica 
expected tc be energy

consist of four man--ears of' effort, two cf which are 
the Puortc Rican program.cane 	agricultura: specialists from 

and
 
E' PreprSe wter im:rovemen'ts assessment necessary 

for Phase 1 

water su y systen: Tis iS the resrons fi ty of 
outine details c. 

A7D w-i: organize a tern cf technical specialists to wor;:
 
USAH/WashinctOn. 


water su;§y in prcject areas.
 
with 	the water Besources 1 ivision on 

Trh is 	is the responsibility of
Iwork an:
7) ComTlete detailed Phase 

on the work plan are to be started as soon as
 

the Program Director. Efforts 


the specialist team is in place.
 

This 	is a Program Director responsibility.
8) Prepare training plan: 


Prior to formulating a course, subjects such 
as potential participants and
 

A full time training specialist
funding sources will have to be addressed. 


will be provided by USAID to work with a local counterpart 
in developing and
 

-3­
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... aC cn-ase-t Lm=rn.e program, asTraining vI' . be c:.n 

l'
exetingexcuin imrr:rt ase~tF cf t 


+	 Jil?tt+ to s.cr as 	 , V'2, and Jsu,activity er. wi.. iw.olve 


Prevare P.asc-2 plantinp prcgrams: Tris is a Proerar. Directoro' 
to the Coordinating Committee forTlar-. should be tresented
responsibility. 


approval by M.arch lqg.
 

20" Begi. end i[!r.ezer training rogra-: This is a Program Tirector 

Plns wil be presented to the Committee for approval.responsibility. 


!I) Begin and implement ranting and cultivation proram: This is a 

Pro.ect Manager responsib 
inaty. Plans will be 

joint Program r''ireztDr and 

the Commi ttee for aiproval.
presented tc 


1
(5SO'

12) Pre-,re ementat.on Program and begir panting Phase-2 


Planning is to
 
acres . Program Director,7Project Manager responsibility. 	 will
 

planting pha-e of 1507 acres: however, imnlementation 
for the rext
begir 


' the cane pr.d'~ci evauation (ste-­ewait results of 


ua;ty ar cuEntity of early grcwth
l:'; E,,a.uate - e r-.c:c. Tre 

for the future deve'opment of the
 

wi" provide v-_a-ua le 	information 

Both p- nt.n and production results will be Tresented
 

cane 'energy prograr.. 

;r:ject decisior raking.

to the com=-_itee for review and 

caneOr. the assu_:ticn that 
IL' Prelnry Em.r-neerfr. Fev:ew: 

Ieves,early er.gr eerir-g" design studes will be 
prOziucciOn a hieves exrecte: 

tc the sugar mill and 	thE 
relate the proposed power plant
to 


electric utility distribution system.
 
conducted 


This is a Program Director
 15) Prepare detailed prject -plan: 

in. collalcrat..o, with the project management team.
 res, 'tosilty, 	

subnitte *
for aro'.rrcval 
areaoes will be
nF" ~-n~*_--, 


7 .:_ ttee fclc wing areas.-rnz.
th 


-Fmnan_:ing 

-Fesearch and deve'7opment program
 

-_: ofuels PClciy
 

-Intlementation -lan 
-Wter su.:>v s-,.ster
 

Other E S Cf te cane 'energ-y rogram, such as extension an training, m.y
 

warran: detai-_ de-,e' n plan-s as w -.
 

3. Further Sudies
 

A number of additional studies will be needed 
in order to determine the
 

to plan
 
most beneficial expansion of the cane/energy 

program and 

The anticipated


cost-effective implementation of new project 
investments. 


are as follows:
assessments 
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(a) Net foreirn exchange stlzd7 
(1' Water supply systen assessment 

(c) Pricing mechanisms for cane and other Ifofuels 

(d) Alcohol option study 
on Bernard Lodge, Frome, Duckenfield and Long
(e' 	Prefeasibilit-y studies 


Pond
 

A timetable will be
No dates have been estallishe3 fcr these studies. 


once the planning and arrangements are in place
developed 


4. Estimated Budget, Equipment
 

A budget for Phase I activities has beer prepared and is shown in the 

tables detailing agriculturalfollowinrg pages. This ic followed by tw: 

costs
 

equipment needs, estimated hours of utilization and projected equipment 

for the 50") acre initiel plot. 
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FIUIRE" 1: PIIASE I ACTIVITIFS AND IMHPI.EENTATION SCIEUIIE 

lichedule of Prospective Activities 
for period November 1984 - March 1905 10V. EC-

18na 
AH " -4 %PR IAY.- Iih.b. AVU_1. I Y--. F, 

'96 
i-- _ 

ittivltie. 

O Desigfntion of Lead Jamaican 
Aqency to be Impamenting Agency 

C2 r.ntablich Coordinating Committee 

3 Hnmlnal:e U.S. Project Manager 

40 Nominate Jamaican Project Manager 

0 

O 

Aseemble Specialinte to begin 
detailed workplan for 
Phane 1 (500 acree) to includet 

(n) 2 - Agro Rpeclalists 
(h) 1 - Irrigation SpeoLalist 
(c) Machinery Specialists 

Prepare Overall Amneumeiit of 

1nt.nr Improvements Nocessary 

(D Cnmplets Detailed Workpan 
PhAae I 

(n2 

(0 
Prepare Training Plan 

Prepare Phase I Planting Proqrams 

010 nnqln and Implemmnt Trraininq Proqram 

nnqln and Implemant Planting and 
Cultivation Program -

1 Propnre Implementation Program and 

lnqgin Planting Phase 2 (1,5o0 Acrin) I 

Evaluate Cane Production 

14 Preliminary Engineering Roview 

(5) Ppr-,...rn rtAil i proin.t Pian _ . . 



---

1: Estimated Budget: Pnase I -- 50C Acre Pilot Project1able 


U.S. Specs lists* 


Gen'] Manager @ tl2,0CO/mo. (incl. overhead,profit) x 12 

Agro Spec. @ t3,200/mo. from U.P.R.-overhead x 1C 

Machinery Spec. @ 5,000/mo. x 4 

Training Specialist @ 3,200/mo. x 3 

Engineering Specialists @ 8,000/mo. 	 3 

Subtotal 


Travel, 	Per Diem 

Subtotal 


Ja~raicar Specialists 
Assistant General Manager @ 4.,500 per month 

Agrc Specialists @ ±3,500 per month 

Irrigation Specialists @ .3,500 per month 

Training Specialist C t3,000 per month 

Er:ineering Specialists @ t5,00C per month 

Machinery Specialists @ t3,000 per month 
Subtotal 


Travel, Per Diem (Interna Jaaica. 

Subtotal 


Office Space, Frnitlire, Equipment_
 
ft. space @ J$120/sq.ft-
2,00- sq. 


Yarni ture 

Equipment, Office and Radio Intercom 


Subtotal 


rt
Person.eK Transr.:rtation: EquiT-me


1 Y.u ti-perscn var. 


2 7'Z ton pick-up 

Subtotal 


Personnel Transcrtatior: Operation/Maintenance
 

Fue, mainr.tenance, insurance
 

Field "' 	 --raton Costs
 

.. tcns C Jt-'0 per ton
aninr Materials 7,500 

5 1 acres @ 'arres
cPrting 	 7,.5 


Water Improvements J±200/'acre** 


Irrigation Jt, /acre" 


Harvesting Jt'_.E00/tcn/(3',00 tons) 


Fertilizer and Chemicals @ tJ400/acre 

(covered under equipment rental)
Cultivatior 


(Cont'd)
 

US 


144,00
 
51,200
 
20,000
 
9,600
 
24,000
 

24 8,800K,
 
67,200
 

31f,002
 

18, 000
 
20,00
 

315, 000
 

*Various means of recr-itment: university, private sector 
and direct-hire.
 

actual cost will depend on site
 "4 Figure reflects an estimate as 
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C, Ox
 

, ,­
3 .occ 
42,-,"
 
1-C,
IY­
1E,D_:2 

32C, 57X
 
2',XC
 

24 r, 

1E, ccc 
3C, C0
 

430,000
 

10O,
 

0' 
425 , 
1: 1
 

18 ,-xC
 

20C.&0
 

http:Person.eK
http:J$120/sq.ft


'ale 1: Estimated FBu;d't 'cont'd)' 

Field Operation Costs (cont'd) 
Equipment Purchase (est.) 

- Sub-soiler 
- Laser grading control 
- Rotovator 

Subtotal 

Us 

8,00 
57,000 
1O,000 
75,000 

Equipment Rental 

Traininr Equipment 
Visual aids, sound and photo lab 25,000 

Bud~et S..... 

$ 'ecialists(US an Jamaican*) 
Office, Furniture, etc. 
Personnel Transportation 

Field Operations Costs 
Equipment er.tal 
Training Equipment 

TOTALS 

316,,000 

38,000 
75,000 

25,000 

454,000 

*Does not include program director 

-_
 

•
 
1,007,5'5 

570,ODX
 

340, ?'­
43C,O--'1
 

O?'6E,C 
1,O07,5:­

570, C:-

2,413,5X­
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Prime mover 


1. 	D6-Crawler: 


2. 	4 WD-RT-Tractor 

(200 hp approx) 

(Quick-coupling) 


3. 	2 WD-RT-Tractor 

(75 hp approx) 


4. 	2 WD-RT-Tractor 

(100 hp approx) 


5. 	D3 or D4 Light crawler 


6. 	Cane Loader 


7. 	Back-hoe 


8. 	O/H-Irrigation Set 


Complete 


9. 	Hand Toole 


Table 2: Equipment Utilization
 

Purpose 


Clear land 


Tillage 

Earth moving 


In-field haulage (wet conditions)
 

Harrowing
 

: Multiple-operations 
interrow tillage 

: Earth moving land-plane 

Soil Shredding Pototator 

Final harrowing 

: 	inter-row (plants) 

: 	Furrowing (plants) 


Fertilizer placement 


Spraying 

Trash-raker-bale 

General haulage (on farm) 


: Road-haulage (crop) 


;tandby for 3
 

: In-field haulage (crop) 

: Alternate to 2 or 3 (out of crop)
 

: 	Load Cane (crop) 


spot Cane Seeds (planting)
 

Excavate (construction) and maintain 


irrigation and drainage ditches 


Ftrst 2 irrigations-plants an- ratoons 


22 	to 14 day cycle
--Irrigation 50 Acs on 


Harvesting 

cultivation 

Maintenance 


implements 


-Blade 


-Sub-soiler
 
-10 x 36' harrow
 

-Disc-ridger 

-Chisel
 
-Rotovator
 
-Fertilizer Applicator
 

-Land Plane
 
-Laser equipment
 

-Spraying equipment 

-Furrow boddy
 

-Fertilizer spreader
 

-Boom-spray
 
-Trash rake/baler
 
-Tipper trailer
 

-Cane trailers 


-Cane trailers 


-Cleaning 

-Excavating
 
-Loading Buckets
 

-Cutting knives/files/ 


grinding stone
 
-Shovels/spades

-Hand tools
 

-Back-pack sprayers.
 

Purchase
 
Price USS
 

125,000
 

80,000
 

0,000
 

45,000
 

75,000
 

112,000
 

60,000
 

30,000
 
(estimate)
 

5,000
 



Table 3: Estimated Hours Utilization - 500 Acs' 

Year I Year 2 

Hours 
Year 3 Year 4 

1. D6 Crawler 

Approx. hirage 

rate-J$100/hrs 

- Clearing 
- Harrowing 

- Sub-soil 

- Earth moving 

Sub Total 

150 
750 

1,000 
200 

2,100 

100 

2,200 hrsa 

J$220,000.00 

...... 
-­

..... 
-­

...... 

--

-

-- -­

2. 4 WD-RT Tractor 

180-200 hp 

Approx. oJ6D/hr 

Multiple-opers. inter-row (Plants/Ratoons) 100 

Land Prep: Potovate/soil shredding 500 

Final harrow 300 

Land planing/earth moving 300 
1,200 

Sub Total J372,000 

650 

...... 

..... 
-... 

650 

650 

650 

650 

650 

0 3. 2 WD-RT Tractor 

(75 lip) 
Approx. J340/hr 

Planting: Furrow/cover. 

place fert. 

Crop Maint:Spraying 

General haul. 

Harvest: Pake & bale 

l,>250 

1,275 

250 

--

1,275 

400 

1,000 

1,275 

400 

1,000 

1,275 

400 

1,000 

Sub Total J$]1l,000 

4. 2 WD-RT Tractor 
(170 hp) 

Approx. J348/hr 

Harvest: Road-haulage 
Stand by*" 

1,250 

,, 59 

2,0r00 
250 

g 

2,000 
250 

k,2w 

2,000 
250 

45 

5. D3 or D4 Crawler 

Approx. J$60/hr 
In field haulage 

Stand by * 

Sub Total 

700 

43,000 

2,000 
250 

2,000 
250 

2,000 
259 

6. Cane-loader 
Approx. J38/hr 

: Load Cane (Crop) 

Load/Spot Seed Cane" 

250 
--..... 

2,000 2,000 2,000 

Sub Total 20,000 



Estimated Hours Utilization - 500 Acs* 

Year 1 Year 2 

Hours 

Yee 3 Year 4 

7. Back-hoe 

Approx. J$90/hr. 

Excavation/Mailtenance 

Sub Total 

500 

U 
45,000 

250 

;,5,Q 

250 250 

8. O/H Irrigation Set 

N/A 

1,120 1,120 1,120 1,120 

9. Hand-tools Back-pack sprayers (3) 

Total J1570,000 

indicated is for normal operation; in a training mode time requirement will increase.
* Equipment time 


*' Denotes out of season activity assintinq in cultivation operations.
 


