


FOREWORD

The purpose of this report is to present basic. 1nforma.t10n for estab- :
lishing and operating a plant to refine sugar from sugar cane ian a
country with a tropical or semz-trop1ca1 climate. The 1n:£ormat10n
includes general rnanufactunng methods, plant layout, and costs of
matenals, equlpment and labor based on the as sumptlons contamed
in this report L : , :
The plant'descnbed is consic ed to be the economic mlmmum in
~size which utilizes suitable equlpment and methods. Products are.
to be sxmple and varieties limited'in order that costs may be kept
to a minimum. :

o As an essentml prehmlnary, potent1a1 p:nant operators must deter-—
- mine whether or not there is a market for the products of this plant.
Nuturally, they must be w1111ng to assume the risks inherent in any
business. The profits shown in the profit and los: statement are
i f11}ustrat1ve and depend upon market conditions, good management

~and 1oca1 factors. ‘

o ‘For £urther 1nformat1on and assistance, readers should contact their
- local Productivity Center, Industnal Instltute Serv1c1o, or Umted
£ States Operanons Mlssmn i

: "I‘h1s report is one of a series prepared for the Offlce of- Ip&ustnal

Resources of the INTERNATIONAL COOPERATION ADMIVISTRATION

‘ f"by the Methocds Engxneemng Counc11 P1ttsburgh Pennsylva.tua,

© July 1955
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IN’TROB UC TION' ‘

oy 5*‘g1v1ng food Which 1s greatly in. demand; threugha it

:Cuba S 5.0%
_"“’Brazﬂ L Austraha ‘ ; SR 44
~ Puerto Rice 4. - U.S.A. 2.z
- Dominican Repubhc 2.6 ‘ Lo
‘ ,;;Argent1na R 2.4 : All o;her pmces 7.6
Peru R R : kel
‘Other 1.5
" Asia
LA 'kInrha and Paklstan - 19. 3%
g ~ Indonesia =~ 6.5
. Formosa 6.5
i Ph1hpp1ne Islands 5.4

PLANT REQUIREMENTS

FOR. MANUFACTURE 0_,
REF‘INED SUGAR

‘ The ancients longed for a land "ﬂomng thh milk and hon
~  the "honey ﬂow1ng reeds'' of these ancients were sugar s

. was known in India in. 606 3. C. o and was lntroduced inte Europe b
Arabs. Chnstophex Columbus is said to ‘have introduced the Lplan
"Cu"ba. Sugar, a pure ﬁ;atbohy&rate, is a qxucl;l ’as”'rru’lated *'energy
"he entn:e : arld ‘

:Accordlng to Goode 5 World Atlas, the entxre productmn of cane
a.meunts te 18 375 340 short tons szch ongma,te i 's}follost !

Latin Amenca ; 5 7

| 'Ha‘wan

There axe numerous na,tura,l soumes of sugar Theprincipal«.dne |

SugarCane < (Bat Saccharum 0£f1c1arum) groWs in. tropmal
: : ‘oY sem:—trop:.cal climates and is.a perenm"
lastlng from 2 to 40 years. iy ‘

Sugar Beet = This is a large white beet root ﬁfom ’w}uc‘z
E ~ sugar ie extracted; the process was initially
‘developed in Germany about t'wo lmndr&d e

years ago. : , : il




 Sugar Grape -  Thisis a small grape that is dried in the sun.
S o : When dry, the grapes are ‘called rms:ms or
“sultanas. ' o ‘ SR

k Sugar Maple = - . This is the Canadza.n map.e tree, and sugar is
: PR 4 ,;made from 1ts sap. : ‘

v y';Saccha'ose (sucrose) 1s the general na.me of any crysta.},hne sugar havmg

o f‘;Th:s rfpcrt cont»mp‘iates that the plant w111 be located near the sugar cane
. producing area. That is =5 that harvested cane may be brought quickly
- and directly to tne mill. Production of cane varies with many condit:.ons
L jsuch as‘soil, temprerature, water, and climate; and vield amounts to

.. irom 40.to 75 tons per acre. The plant herein describzd requires an

- input of some 600 to 800 tons of cane per day for its economical opera-
~ tion and the harveﬁtmg campaxgn usually’ lasts about five months., It is
. therefore assumed that it will draw its raw: materials from an area of

: not 1ess than 2, 000 acres under ﬂultwatmn ‘ u

'I‘he Ol.tput of this plant wnll a.mount to apprommately 60 tons oi refmed
'sugar per day. It iz assumed that this quantity will be removed promntly
. from thﬂ plant to a amtable waxehouse a.nd distnbutmn center

. The p\lant descx’ibﬁed in thls repox‘t per:ox'ms the z:@mp},etee processmg ot
. sugar {rom cane throwgh packaged, refined augar. ‘However, it is usual
' to perform the processmg at two locations, The raw sugar is produced
. near the cane growing areas by mille usually called ""centrals." The raw
~ - sugar from several centrals is then shipped, often long distances and
usually overseas, to great refineries at the seaports of more den. ‘1y
popnlated areas where the consumption is high, ~ ~

GmNERAL ASSUMPTIONS'

In order to make reahstlc estimates, certaln .:.ssumptzons rnust be made.
Th-ese are' : : 3

1. The costs of buﬂdnzg, eqmpment ‘and matenal necessary
‘ are based on United States prices.

2. Labor costs used : are the average labor costs for the industry
and skill described, based on recently published ﬁ.gures of
the United States Bureau oi Labor Sta.txstxcs. g ‘

3. an othu;.r costs, ste.txstics, and f1gures are based on current
g U:uted States pnces, ; , , .

L 4. Adequate water is avaﬂable at. the pla.nt site; power is
‘ ' generated as. reqmred

5. Adequa.te tra.nsportat:on fa.cxhhes are avaxlable at the
plant s:te - : :




6. The plant ogerates on 3 cantxmmus ‘basis for the duratxon
- of the harvesting campaign wh;u.:h is estlnx:’«ted as five
months : :

- 7. The following items cannot be esti"zlznated reéliéticdily:;

a. Dlstnbutxon methods and selling c:usta. o
~b. Im-freight and out ~fre1ght w :

c.  Land value. :

d. Taxes, 1nsuram.e and 1nterest

" Therefore, they are not included in | the calculatmns i
except for general estrnates in the ‘working papers .
~ m the appendices, ; : ;

8. Machnlery is set up to perform only one iunctzon in the
process, so no setup time is required. and none is. allowed
in the unit cost ca.lculat:.ons o :

'DRODUCT QPE(JH? ICA‘I‘IONS

The plant descnbed in this report produces 99 9:0 pure sucrose or
-grystalline cane sugar. It is packaged in wooden barrels cantaxmrxg
approxlrpately 400 pounds for the 1ndustr1al user, and in paper bags el
~or caidboard contam.ers of 1, 2, 5, or 10 pounds capamty for the -
consumsr, »

As by—products of the product1on of sugar, molasses (blackstrap) may
be sold to the fermentation industries, and bagasse or megasse (wood
fibre) may be used as fuel or sold for the manufacture of msulatmg
or wall board. :

PRODUCTION PROCESS:

Cane sugar is produced from a plant which is a member of the g;-ass
family, Graminacae. The cultivation of sugar cane requlres tropxcal
or semi-tropical temperatures and a great deal of rain. This limits
its successful grnwth to those regicns w:.tmn, or adJacent to, the
1sotherms of 68° F. _

There are many varieties of sugar cane. Each is grown in the region
which is most favorable because of climatic 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 tc 3 1nches in dia.meter ‘

Sugar cane is propagated from cuttings Jfrom the stalk ra,ther than from
seed. Sections of the stalk, each cantammg two or three buds which ;
are located at a node w:r joint, are planted in the ground with a shatlow

covering of earth, Growth arises from the bud as several shoots known .
collectively as a stool. : L




. ‘planting is lcnowﬁ as piant cane, 5
"’;Jare known a.s ratoona. G

- Thcre are aeveral'vanauons to the proces“
T J',fis agene’ral outhn aof the process

"EV.tﬁCrus; lers canslst ef th*‘:ree grooved or t",othed rolls threugh
i ghredded cane 1s pas sed : ' i :

There are gene%ally three or more sets of these three rouer mﬂls T e
~ employed in pressing out (extractmg the juice from the cane. By the }f
time the cane has gone through the shredder and the first miil about 60%
~ of the juice has been extracted The succeedmg mills express additicnal
 quantities of juice -- water or dilute juice usually being added to fac:.htate
. the removal of as much as possﬁile at the final regrinding and mxlhng. '
B The Woody fl.bre left as a result is known as bagasse or megasse

The purpose of purxflcatmn, also ca.lled cianfl-‘
catmn or deﬁcatmn, 1s to remove the large st possible amount of xmpuntles B
~ from the juice at the start. Clarification is effected by the use of sulfur
‘dioxide (S ), lime and heat. For a plcture of a clarifier, see figure 2.
' The amounf of SO, and lime used, the way in which they are added, and
. the temperature t6 which the juice is heated are variable factors dependmg
upon the regwn and conditions. The more common way of adding lime is o
' that of mixing a definite amount in the form of milk of lime {Ca (OH) ) with =~
- a we1ghted quantlty of the cold juice. The exact amount of lime to bé used ‘
~ until recently, was determined by various methods employmg different ,
- indicators and titrating. It is now common to adjust the juice to the. desxredk
hydrogen ion concentration by means of pH determxmng appara.tus Best
 results are obtained wheri the pH of the cold _)mce is brought up to 8 or 8, 5
~ Some of the factors wlnch must be considered in regulating the pH of the
e Jmce are: inve"sxon of aucrose, destructmn of sucrose‘, destructmn of




. Lby the filters is mixed with the purified juice. The combined clarif’e'

“',Crystaihzatmn The concentrated Jmce, or syrup, is: further evapo‘

- As water evaycrates, more syrup is added to the pan and sugar i
- deposited on the crystals already formed. The mass oi syrup and cugar
. crystals, ﬁnally obtained

- fc,emnfu' "‘k’l"n ;i
ot

iy  the liguor; or molasses, is thrown out through. the perforatmns by

: - still adheres. This sugar, known as raw ‘sugar, may be further pre-
e pared for consumptxon by refxmng The molasses still contains crystal-

L vacuum pans. The new’ massecuite is centnfuged and molasses again o

. treatment has been repeated thre¢ times, the higher quality A and B

i automatic packagmg machinery (see ﬁgure 7)

of the settung.

; The tempgrature is gem:rally rmsed to boxling after hm" g,
sculent precsztate containing calcium phosphates and ot her :nsoluble
_salts carries down finely divided material in the Juxce, 1nc1u<i:mg co-
- agulated albumen, {at, ‘gum, and wax. The Jmce is then permitted to
- .settle and the clear llquad decanted. The mud, slops, or sludge ‘whi
. remains is press*’d in a filter (see ﬁgure 3), and the juice extracted

juice is evaporated in multiple-effect vacuum evaporators to a syrup
zcontalmng about 35 to 45 per cent of water, it

: ‘3’ ,L

“ated In vacuum pans until it is saturated with sugar (se€ figure 4).
Wher the syrup becomes saturated crystals of sugar separate out

o des:.gnatcd by the sugar manufacturers ;
«mass,ecm”e, magma, or ‘ i e Al e

‘The maasecmte is pla,ced 1n centnfugals {see ﬂgurﬂ 5)

,, | per o'rated metal baskets whu:h have a lining of wire cloth and e
'?perforated bronze sheets. Crystals of sugar remain in the basket Whlle

o ,centnfugal force. The crystals of sugar are brown and some: syrup

‘lizable sucrose and is therefore rmxed with syrup and returned to the

returned to the vacuum pan to be treated as before. After the cent’"fnagal

 sugars are ready to be bagged and the C sugars, of lower grade,
to the vacuum pans as seed for more Aand B augars. Molasses
_sucrose concent/'a.tlon that removal of sucrose is \.meconogﬁlca’
blackstrap and 1arge1y used in the f.e rmentation 1ndustries

are returned

To produce a h:gher quahty winte sugar, a further reﬁmng plocess may
dissolve the crystals in hot water, passing the liquid through an activated
carbon filter. The water is then evaporated in a vacuum and the sugar
passed through a centrlfug& Whlch throws off mos-:.t of the rema.m:.ng
'molasses : 5

The crystallme sugar is washed to remove the remaxmng fxlm of molasses, i
~and passed through a revolving agitator (see figure 6) where it is drxed ina

- heated air current and emerges as white crystils of granulated sugar.,

 Thewse are sifted through wire mesh screens from thch they pass to the .




'V'f.&pproximwéely 25 0%9 sqaare feet of floor apace are reqmrza
‘anmcates p«asmble space alivcatlons. R s

: "Ganeffcede table, ai,l ‘tzeel, ronstlruction' driven by

 The process for making sugar can be shown graphically as in figure 8.

.4

’ The following eqmpment roughly cuthnes the mos* important Ltems of a o
6‘50 to. 800 rfnetnc ton sugar factory* e SO (el ‘ Lo

: *'qutary cane ho;sts, electncally dnven, 60' beams, ,
. ;,capa.wﬂ:y lﬁ tons, all sﬁeel censtructmn Sl

: ’l)fauxﬂ;ary ane carner, a.bout 6' wxé.e x 80' long,

. "'3,11 steel construciion; with rmler chains and steel slats 5  $ S
, dnven by a 25 HP electric motor ‘ Coil ‘

a:“ﬁne (;) main cane carrier, 42" w:de x 100' 10118' all

- .gteel construction, with steel chain, sprockets, ghafts, %
amd the iikc, and &nven by one 25 HP electnc mﬁtor

v One (1) fotary cane leveler mounted on sha.ft and dnveq
by one (1) 15 HP motor. Tk : el P

o Two (2) sets of cane krnves moun,ed on rota.ting sha.fts,
- each driven by one (1) 100 HP electmc motor, :

One (1) magnet:.c sepa.rator, ;

i F:we (5) heavy duty. 3 roll cane nnlls, 25" x 42" Each
I nnll driven by one (1) 156 HP motor, complete with all

accessories. (The mills would be driven by individual

~electric motors and all auxiliary equipment of the factory
' such as pumps, conveyors, and the like would also be

motor driven )} The factory would be complefely electrif:.éd

10,

1.
12.

Complete set of tzmks, p\umps, conveyors, air compressors,‘ ‘

and soon. e , , S

Two (2) 600 square foot. honzontal Jmce heaters.

One (1) clarifier, approximately 20! dxamr,ter

One (1) multiple-effect evaporator of approx:mately 10, 000

- square feet heating surface, complete with condenser and

acrms:ories.




13, “Thxee (3) vacuunt pans about B'Vidzatneter, romplgte wﬂ:h 3117 ;Agjg,?‘f‘;‘

wcesa@r‘ies and condensgrs.

g .VM.‘,

14 - Four (4) electncally dnven cen:tnfugals mth f”ame and - L

g acceaaorws.

15. One (1) complete reﬁnery u51ng vegetable ca,rbon as a j o o

refining medium and of a capacity to refine the: complete

output of the factory which shouid amount to approxtmately ‘f s

- 60 - 70 metric tons of sugar per day.k ar

o 16 ";One (1}5 complete sta.tmn £or baggmg amz paclmng the
s granvlated f;mshed sugar. ci ,

17. Power piamt cantmning twa (2), 750 KW turbo—generators, -
o one (1) 250 KW diesel genera. - with all necesiary 5mtch~
gear ané mrxng in the entire vl , L

w V 18. . Thrze (3) 5@0 HP water tuhe bm.lers with fumaces and
o accesaones. ‘ : : :

i?._ g A‘il neceasary buﬂﬂingg of ateel conatmctmn mth approxzn |

 mately 25,000 square feet of flcor space and with corrugated

-siding and roofing, ventilaj:mg sash, windows, ~steel dours, -

: and the hke

' It is estimated that a factory of this size would cost about $2 150 000

dehvared along side ship at a Umteo. States port

The expense for transportlng, assemblmg, and erecung such a plant b

‘would in all probability cost up to $100, 000, making an estxmated
total erected plant cost of $2, 850, 000.

The automotive and tractor eqmpment requircd w:lll amount to ipproxi-
mately another 550, 000, making a tmal plant cost of $2,900, 000

. One W:ek'ﬁ“ ‘imrentory of cane would be about $25 000.

WM;‘,TFThe imresz:ment for necessary opera,ting supphes, mclud%ng cherm als, . L

containers, repair ?arts, and ofﬁce supplies, wﬂ,l amomxt to- about
$75, 000. | it

Another $ZSB 000 would be reqmred as a cash revolvmg fund to meet o

operatmg expenses.

Another $200, 000 would be rcqmred to ﬁnance accounts recexvable
a.mounting to an assumed 30 days' sales. e

; These figures do not include any :mvestment to ﬁna.nce planta.tlona which
~ sorme concerns opzrate to raise their own sugar cane, S .




he anpower reqmrements, of comrse, ‘ wonld vary ‘with orgamzatlon
,,a;nd pra,ctices r any particular area. However, a ‘total of 125 people
per day on a three-shift basis would be needed to operate the actor ‘
: for a campazgn whlch generally lu.sts about f1vo months. e e

“‘?f 15ﬁ ooo

TCAPITAL REQUIBEMENTS S e
S - Value ,
| Estlmated‘ : Actual‘fj‘li‘_‘,

o Lami B : Sl WL e No f1gures S
= B:.uldvngs, eqtupment and machnery e $2 900,000 ‘
- Raw material 1nvent0ry Py ; bl -25,000 7
~ Operating supphes : Sl Sl 75,000 e .
Workmg capltal S e S 450,000

| Total capxta.l reqmrements‘ - $3,450, 000 i’
; ,Campalgn - 5 months (operate contznuously) i 1’50’days - s

: Ingut : ‘ ,_ : N e
Sugar cane, 600 metric tons per day . 90,000 tons

~ {This represents the yield of npwards : S

of 2 009 acres under cultivation)

Output f | st L L
Refined. and packaged sugar, 60 metnc e
: tons ner day e , 9,000 tons o Sl

Whu:h a,t a gross reﬁnery pnce of $8 50 St iy
. per 00 pounds or $1?>4 per ton xepresents iy g
; approxlmately Sl 5y 51 681 ooo* i

S *;*Cnstaomers woulcl pro‘bably mclude JObbers, lar e rocery houses, and
e ;_«jmanmfactuxers usmg sngar such as canc y and soll rmk manufacturera.ﬂ




Operating auppiiea e
- Depreciation (7% of $2, 900 ODO)

Seili!;,‘g expenses (ex;:lmiing,fraig .

Qpcz“ ,proﬁﬁi‘efi‘

SUMMARY»

-;This report shows that a plant to produce reﬁned augar can b
 for a total capital investment of $3,450,000. The fixed ass
.~ $2,900,000 and the working capital $450 000. The efficient
~_ this plant should result in yearly proﬁts of a.pprmnmately 3
tzxes. ; _

el m ' Dunng the m ont!
o ,man:ufactunng campaigaa an addztwnal 1oo.‘m»m would he xequzr d s
: 'that operaiions can ru, . conti: Co V

cesses ccmform f;ren
ted States., T

lmowle&ge and augm%nted it in areas where add:.tional infomnatic
. needed. The financial ratios of profits to sales, profit to working ¢
 return on investment and the hke are based on reahshc tInit” \
' practicea. = , , ; o
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APPENDIX IV -- ILLUSTRATIONS
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NS
Handled ﬁy rotary cane hcns? .
Stored ‘ ; :
To feeder table and conveyed‘ through leveler |
: Cut up by cane knives ' )
By conveyor to i
O
@
O
(D

Cane crushing mills
J“i Each successive

< mill havingvgreater

pregsure

pulp .‘Pagasse, ;Whichkmay be used as fuel or
. for the production of by-products
Juice is collected from mills into juice tanks

S Sugar Content’ - %5 to 20%2‘
Jaice heaters Bx -3

with milk of “{Sug- . 712.0
lime and SOz Pur 80.0
introduced Acid 5.0

Liming tanks

Ciarifier Cycle may be repeated |
to obtain desired degree
of purification

Filter

\v, Mud cake may be used as fertilizer on the fields

Thack juice

Evaporators -

Vacuum: pans
Crystalizer

Centrifugal separators

Molasses and raw sugars may be re-
uxtroduccd -as thick juice .

Carbon filter

Vacuum pan

Centrifugal separator - - H .
T ‘ Bx - Degrees an or per cent of solzds

Wi £, ’ o 99 5 ’ Sug ~Per. cent sugar or. Polanzanon
< ) - {water 0,1 g ' . Pur - Pun:y or ratzo ot sugar to toml
sh 0.0 ; - - ‘solids
& . ’ : : o s )
| S :;.:rula:o; ‘ : \ F Acid = Acidl ty incc oi }[10 NKOH per

i0ce of )mce

Finish 5’:01'?8‘ AMERICA.N SOCIETY OF MECHANICAL :

S “ENGINEERS FLOW PROCESS CHART | i‘
. Packaging machines SYMBOLSAS USED:. o

'fotﬁﬁilhedsugar - L g S O

Packag:ﬁ lugax warehouse ‘ P S S
for ship . o I e g i 0 D . Transportation

fug D Final molasses

¥y ) : ’ o by-product to:

- : 7 i : ey distillery or as.
e . L steck food

Operation -

Pigure B Diagram ahowmg 3 way :o extract T
and: rcfme sugar i




~© Crushers

| heaters | Clarifier |

| carbon fiter,
~ washer, granu-

_ lator, and dryer

| Centritugals

1 Maintenance

. Washand
locker rooms




.. AMT REQUIREMENTS REPORTS AVAILABLE

Av - IVE WHEELS

AN! ‘AL FEED PELLETS ,
ASBESTOS - CEMENT SIDING
BRASS FOUNDRY ;
BUCKETS, PAILS AND PANS
BUILDING BRICKS '
BUILDING HARDWARE

CERAMIC DINNERWARE

COARSE WaiPFING PAPER
CONCRLTE BLOCKS & SLABS FOR WALL¢
COTTON DRESSES

COTTONSEED OIL

_FARM HAND TOOLS
FERTILIZER MIXING

F1BRE BOXES

FLAT GLASS

GLASS CONTAINERS

GRAY iRON JOBBING FOUNDRY
JoB MALH!NE SHOP

K| TCHEN  EARTHENWARE
LEATHER TANNING

'MEN’S HOSE.

MEN'S UNDERWEAR

PAINT

PAINT AND VARNISH BRUSHES
PHOSPHATE PROCESSING
PLASTICS MOULDING
REFINED SUGAR

SAN I TARY WARE

SHELL BUTTONS

TERRY CLOTH

_TWO-BURNER GAS PLATES , : e
" WALLBOARD , e

FOA—Fcnr ﬂ t. lthour »
5923 6730155






