


FOREWORD

The purpose of this report is to present basic information for estab
lishing and operating a plant to refine sugar from sugar cane i~t a
country with a tropical or semi-tropical clirp;ate. The information
includes general rtlanufacturing methods, plant layout, and costs of
materials, equipm.ent, and labor based on the assumptions contained
in this report.

The piant described is consic..,~ >:~d to be the economic minimum in
size which utilizes suitable eq\.llpment and methods. Products are~

to be simple and varieties limited in order that costs may be kept
to a minimum.

. As an essential preliminary, potential plant operators must deter
mine whether or not there: ..is a market for the products of this plant.
Nu.turalcly, they must be willing to assume the risks inherent in any
busine:ss. The profits shown in the profit and los~ statement are
illustrative and de-pend upon market conditions, good management,
and local factors.

For further information and assistance, readers should contact their
local Productivity Center. Industrial Institute, Servicio, or United
States Opera.tions Mhsion.

This r.eport is one of a series prepared for the Office o(Iudustrial . '.~
Resources of the INTERNATIONAL CDOPERA'I'ION ADMINIST RATION
by the Methoc.:s Engineering CounCil, PittGlmrgh, Pennsylvania.

July 1955

".-~ in the United States
8.1:f.A.u, BUSINE:: the ,

Waslii .......- ADMINISTRATION
"'6l.>Vn 26, D.C. .
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There a;re numerous natural soui'ees of sugar.
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Sugar Cane
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According't() Goode1.s World Atlaa, the:~entire production of cane, S

amountrito 18, 375, 34~ short tons whichoriginate,asfollow,s:

Latin ~erica

The '~cieIits longed fo.r a land IIflowing with milk .and ~oneYI;1 .
the ltlioney flowing' reeds II of these ancients were sugar cane.. Su
wail known in India in 60P ::.3. C. , and was iiLtroducedlintQ'Europe
Arabs. Christopher Cor;umbus is said to have, intrced the pI ,
Cuba.) Sugar, ~ pure cad>,ohyarate, is a q'.lickly a; ., milated,ene
giving food which ,is greatly i~.demand"throughotittheentireworld



This is a small grape thm is dried in the sun.
When dry. the grapes are called raisins or
sultanas.

This is the Canadian maple tree. and sugar is
made from its sap. ..

.' .
This x:,-zport C(Jlnt~mpJ,ates' that the plant will be located, near the sugar cane
prodtlCing area. Tnat is ~thCl.t h;:u'Vested cane may be brought quickly.
and directly to tne mUle Production ofi:.ane varies with many conc:litions .,
Su.chab\Soil; temprerature. water p and' climate; and yield amounts to
'f:rom40,to15t.,ns per acre. The plant herein describ~d requires an
input of some 6'00 to ,800 tons of cane p~r day £,or its economical opera
tion and theharvestingc~paig~usually'lasts about five months. It is
therefore assumed that, it \.-i:ll.,draw its raw materials from an area of
not less than Z,OOO acres under ;eultivation~

The output of this plant Wi)l amount to approximately 60 tons ~f refined
sugar per day. ,It,ii aS13umed tha,t,this quantity will be removed p,romptly
from th,e plant to, a suitable wa?ehouse and distribution center.

The pilaptdescribfJd inthisrepo~·tpcriorm~thecompleteprQcessing.' riJ:
suga.r from canoe throui,h' packaged, refined suga1.".However, it isu8ual
to perforl'll the processing at two locations. The ravJ: sugar. is produced
near the cane 'growing a:reas by mille usually called "'centrals. It The raw
sugar from cseveral centrals is then shipped, often long distances ~d
usually overseas, to great refineries at the seaports of more dent _1y
populated areas where the consumption is high.

GENERAL ASSUMPTIONS:

In order to make realistic estimates. certain ..lssumptions must be tnade.
These are:

1. The costs of building. equipm.ent. and material necessary
are based on United State~ prices. .

2. Labor costs used are the average labor costs for the industry
and skill described. based on recently published figures of
the United States Bureau of Labor Statistics.

3. All other costs, statistics, and figures are based on current
United States prices.

4. Adequate water is available at the plant site; power is
generated as required. .

5. ~quate transportation facilities are available at the
plant site.



The plant described in this report produces 99.9% pure suc,rose or
~ rystalline Cane sugar. It is packaged in wooden ba~r61sc6ntaiHirlg

approximately 400 pounds for the industrial user, and in papel'bags
or cal'4board containers of.1, 2, 5, or 10 pounds capacity for the
conSUln~r.

8. Machinery is set up to perform only one functi.on in the.
process, so no ~etup time is required and none is allowed
in the unit cost calculations.

6. The plant operates on a continuous basis fox the duration
of the harvesting cam.paign which is estin~~ted as five
months.

7. The following items cannot be estimated reaJ.istically:

a. Di~tributionmethods and selling custs.
b. In-freight and out-freight. .
c. Land value.
d. Taxes, insurance, and interest.

As by-products of the production of sugar, nlolasses (blackstrap) may
be sold to the ferlnentation industries, and bagasse or megasse (wood
fibre) may be used as fuel or sold for the manufacture of insulating
OT wall board. ., .

Therefore, they arce not include~ i,~ the calculations
except for general estim;a.tes in the working papers,
in the appendices.

Cane sugar is produced from a plant which is a member of the~ g:....ass
family, Graminacae. The cultivation of sugar cane requires tropical
or semi-tropical ternperature;~ and a great deal of rain.. This_~linu.ts.

its successful growth to those regions within, or adjacent to, the
isotherIns of 680 F.

There are Inany varieties of sugar cane. Each is grown in the region.
which is most favorable because of clilnatic and soil conditions, or
resistance to the diseases of cane prevalent in that area. It grows :from
5 feet in height to a height of 25 to 30 feet, but commonly ranges from
10 feet to 15 feet. The stems are from 1 to 3 inches in diameter.

Sugar !:ane is propagated from cuttings from the stalk rather than from
seed. Sections of the stalk, each containing two or three buds which
are located at a node r.j,r joint, are planted in the ground with a ehal:low .
covering of earth. Growth arises from the bud as several shoots known'
collectively as a stool.

PRODUCTION PROCESS:

PRODUCT SPEClFICATIONS:



·Crushins.Whenthe. cC\l1ereac'hes ,theniill'I(See
, to"a proc'ess.of~licing, shreddl:ilg, o,rchipping,
to piec '. 'all size; This. (}Qeration is not
juice,. acilit~teextraction(in thet;rushin rocess w

.Crushers consist of tlireegrooved .at toothed rolls. through.
shredded carie is passeCt..

There are generally three or rnoresets of these three-roller mills
employedin pressing out (extracting)jtpe juice from the cane. By the
time' the cane has gone throug); the 8~ir~\dder and~he first mill about 6
of. t~.e juice bas been extractc.aD Tn..~ succeeding mills express additi "
quantities of juice - - water or (Ulute juice usually being added to facilit

.the removal of as much as possiaae at the final regrinding and milling.
The woody fibre left as a result is known as bagasse or megasse.

~<:.::":·~:dicationof the juice. The purpose of purification. also called clarifi
cation or defication, is to remove the largest possible amount of impurities'
from the juice at the start. Clarification is effected by the use of sulfur·

'dioxide JSOz), lime and heat. For a picture of a Clarifier, see figure Z.· .
The amountof S02 and lime used, the way in which they are added. and
the temperature to which the juice is heated are variable factors depending
upon the region and conditions. The more common way of adding 1i~~ is
that of mi.xing a definite amount in the form of milk of lime (Ca (OH)Z) th
a weighted quantity of the cold juice. The exact amount of lime to be d,
until recently. :was determined by various methods employing .. different
indica~ors and titrating. It is no~ common to adjust the juice to the~desired
hydrogen ion concentration by means of pH determining apparatus. B,est
results are obtained when the pH of the cold juice is brought up to8or 8. S.
Someo! the factors which must be considered in regulating the pH of the
juice are: inve~s~onof SUCl"0se, destruction of sucrose, destruction of .



The temperature is gen.erally ;raised to boiling' after linu,ng•.. A fioc
,culellit precipitatecontainingcaldu~phosphates and ether i;nsoluble
salts c.arries down finely divided material in the juice, .:including ICO-'

agulated albumen, iat,.g:wn, and wax. The juic*=.. is then permitted' to
.settle arid'the clear 1iquiddecanted~ The Il'?-ud,slopslor sludge .whi~

. :remains is pressed in a: filter (see figure 3)~ and t~e juice extracted
by the filters is mixed with the purified jUic_e~ The combinedclarifie
jui£ei8 evaporated in multiple-effect vacuumeevaporators to a. syrup .....
containing about 35 to 45 per cent of water. .

"C~s~cl11i~ati~..The ~~n<:~~trate4 juice, ~r syrup; is,_~u:ther ~yapor
ate 1n va:,~uumpansuntlilt 'lS saturated vnth sugal' (see- f1.gure, 4).
When the syrup becom:es saturated, crystals of. sugar separate out.
As wate:r ei'vaporates,m.ore syrup is added to theean and sugar is"
deposited,(Jn the crystals. already Jormed. . The mase ofsyrui? ann £jug
crystals fiballyobtained.is designated by t:b,e sugar mariufact1irersas'
-.:tnas8~cUit'e;'magma7 ormelaifa:

~~-t~i~e::~:~t:::~~l';:~~:a~~::~~rt::~o~f";'~sj
perforated bron,zesheets. Crystals of sugar remain in the basket whil

. the liquor~ or molasses, is thrown. out through the perforations by .
centri.fugal force. Tli~,~crystals of sugar are bro~ and some syrup
still adheres. This sug~,J known as 'raw sugar$ may be further pre
pared for consumption by refining. The molas,ses still contains crystal
lizable sucrose and is therefore rnixed with syrup and returned to the
vacuum pans. The new massecuite is centrifuged and molasses again.
returned to the y:acuum pan to be treated as before. Af~r thecentfj::a.gal
treatment has been repeated threi: times, the higher quality A and B
sugars are ready to be bagged and. the C sugars$ of lower grade, are·
to tile vacuum pans as seed for more A and,~,~ugars. Molasse-'i3~'7. suc
sucrose con:cent~ationthat removal .0£ sucrose is unecon~'"ri.cal1:~<~~al
blackstrap" and L'largely used in the fermentation industries\. .

:" ," , , .-"' - -', .-\

To pr~duce a higher qUality·~hite,sugar, a further refining p:i:'ocess m
dissolve the crystals in hot water, passing the liquid through.an activ
carbon,filter.. The water is then evaporated in a vacuum and the sugar
passed through a centrifugal. which throws olf most of the remaining
molasses. c

c

, '

The crystalline sugar is washed to remove the remai;ning film of molas
and passed through a revolving agitator (see figure 6) where it is dried.
heated air current and emerges as white crystals of granulated sugar.
Theiie are sifted through wire mes;h screens from which they pass to t

. automatic packaging machinery (see figure 7). .



.One (1) Inagnetic separator.

One (l).main iane carrie~~ 42 ft wide x 100' long, all
.steel con:structiori~ with steel chain~ ~p'rockets,.. ~hafts.
and the like t and &rivlen by one Z5 HP electric ttietor.

One (1) Y:~tary ca.."le leveler mounted on shaft and drive!!
by one (1) '15 HP Inotor..

Two (2) sets of C:3Jle ~ves InoUD/~ed on rotating: shafts;
each driven by one (l) 100 HP electric motor•

x

8;. Five (5) heavy duty~ ~-rol1 cane mills. Z5" x 4:2 ft
• Each

mill_drivf"n by one (1) 150 liP motor;complete with all
acceli~;ries.; (The mills wo\dd be driven by individual
electric lnotors and all auxiliary equipInent. of the factory
such as pumps.. conveyors,· and the like would. also be
motor driven.) The facto~ would be completely electrified.

9. Complete set of tanks,· pumps, conveyors." air cOInpressors,
and so on. . .

10. Two (2)600 square foot horizontal juice heaters.

11.. 6ne (1) clarifier, approximately 20' diamf:ter.

12~ One (1) multiple-effect evaporator of approxiInately 10,000
square feet heating surface, COInplete with condenser and
aCC'rHaories.



13.

14.

15.

16.

17.

1'::-.. All necessary buildings of steel construction with approxi-:
tnately 25,000 square feet of fleor space and with corrugated

.siding and roofing, ventilating sash, windows, steel doars,
and the like ..

It is estimated that a factory of this sb~e would cost about $2, 750, 000
deliv~red along side ship at a Uniteri States port..

The expense for transporting, asseznbllng, and erecting such a plant
would: in all probability cost up to $100,000, making an estimated
total erected plant cost of $2, 850, OOO~

. .

The automotive and tractor e~,uipment required will amount toipproxi
mately another $50,000, m.aki:l1g a toi,al plant cost of $2,900,000..

One~;~'!k'ffit:l!"entory of cane would be about $2.5,000.

Th~ invesnnent for necessary operating supplies, 'including chemicals, .
containers, repair parts, and office supplies, will amot.Wt to' about .
$75,000.. ...... > .' .

~"::.::'-~

Another $250, 000 would be req¢red as a cash revolving fund to meet
operating expenses~ .

Another .$200, 000 would be required to finance accounts receivable
aI'Ilounting to an assumed 30 days' sales.

These figures do not include any investment to finance plantations which
som.e concerns operate to raise their own sugar cane.



$3,450,000 ' _

No figures
$Z,900,000

25,000
75,000

450,000

Refined .and packaged sugar, 60 metric
tons per day .

Outtpu

Total capital iequirenients

Campaign - 5 months (operate continuously)

Input .
. Sugar cane, 600 metric tons per day'

(This represents the yield of up~ard8
of 2, 0.00 acr~s under cultivation)

l..1and·
Building!?, equipment, and machinery
Raw mat~rial.inventory
Operating supplies
Working capital

PROFIT CALCULATiON:



.!+;n experienced eJ1gine~r.alY7.ed.the data \' )taillcdm the~
knowledge and' augmemed it in arens where additional info~
Jlee4ed~ The tl~ancial ratios of profits to sales.. profit.to wo
return on, investment, and the like are based on realistic um.
prac;ticc.s.

Tile data in thisreportwe~ ,ra~frCZia;!farietyofsources.
equipment requirements c he processes'c c.onformgene ,
practicescwheretbey·exis' Jhe United States. The me}l
cmentlJ are those suggested ''" equipment m~~a(:turers.•

~ '.- :-"_o:-<f_:i,,---:~
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APPENDIX IV - - ILLUSTRATION'S:
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&~T REQUIREMENTS REPORTS AVAILABLE

A~ . ~ VE WHEELS
AN(,.,iL FEED PELLETS
ASBESTOS • CEMENT SIDING
BRASS FOUNDRY
BUCKETS. PAILS AND PANS
BUILDING BRICKS
BUJLDING HARDWARE
CERAMIC DINNERWARE
COARSE W~~PPjNG PAPER
CONCRt2TE BLOCKS &SLABS FOR WALLS
COTTON DRESSES
COTTONSEED OIL
FARM HAND TOOLS
FE~TILIZER MIXING
FIBRE BOXES
FLAT GLASS
GLASS CONTAINERS
GRAY i RON JOBB I NG FOUNDRY
JOB MAl':H INE SHOP
K, TCHEN \.EARTHENWARE
LEATHER TANNING
MEN'S HOSE
MEN'S UNDERWEAR
PAINT
PAINT AND VARNISH BRUSHES
PHOSPHATE PROCESSING
PLASTICS MOULDING
REFINED SUGAR
SANITARY WARE
SHELL BUTTONS
TERRY CLOTH
TWO-BURNER GAS PLATES
WALLBOARD




