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1 EXECUTIVE SUMMARY 

In 1991 the world sugar production amounted to approximately : 14 million tons, Gf which 
64" came from sugarcane and 36" from suprbeet. There are more than 2200 S".Jgar processing 
plants in 111 countries. 

The report describes raw cane sugar processing and cane sugar refining and their respective 
impact on the envi~t. Generally, it is the effluent from the processing which is of major 
concern, although discharges to air, water and land occur in both operations. The residuals are 
generally putrescible organic materials. 

Little more than 10" of the sugan:ane can be processed mto commercial sugar. Furthermore, 
for C\"c!r)' ton of cane processed about twenty tons of water are needed. Thus, recycling and reuse of 
process water and residuals are very important both for the proeection of the environment and for the 
overall profitability of operations. A well cootroll~ and balanced production process with good 
sanitation which fully utilius the ~ibilities for reusing residuals in the process or as by-products 
should be the starting point for environmental prot«tion. In addition, treatment of water and air 
discharges is oftai n~ry. 

The United States New Source Perf~ Standards can serve as ~idelines on achievable 
discharge limitations in the absence of national rqulations. It is however important to consider factors 
such as: scale, age and location of plant; the assimilative capacity of the recipient medium during the 
crop season; and the time needed for plant upgrading (as preventive measures for pollution control are 
preferred it has to be r~ognih:d that these, in genu.al, take more time to implement than end-of-pipe 
measures). 

A considerable development of sucrochemistry and ethanol applications is expected in the 
near future. This development is expected to bring forth problems of pollution by aggressive molasses 
and vinasses on a much wider scale than previously associal.ed with the sugar industry. 

2 INTRODUCTION 

Worldwide, sugarcane is cultivated betw«n 30' latitude north and 30' latitude south. In 
1991. the world sugar production amounted to approximately 114 million tons, of which 64 5' came 
from sugarcane and J6~ from sugarbeet. There are more than 2200 sugar processing plants in 111 
countries. 

This report describes raw cane sugar pl'OC4:5Sing and cane sugar refining and their respective 
impact on the environm.mt. Generally, it is the waste from the processing which is of major concern, 
although residuals occur in both operations. Their potential and actual uses as by-products are 
important for both environmental and economic reasons. 

The environmental concerns associated with sugar production include water and air pollution 
and the disposal of solid wastes. With proper management environmental impacts can be negligible. 
Wastes resulting from the processing and refining of sugar are generally putrescible organic materials 
which have potential for utiliution and reuse. 

3 MANUFACTURING PROCESSF.S 

Although in a few ca~ raw cane sugar proce.<1sing and cane sugar refining are carried out in 
the same plant, they are presented individually beau e the two operations pre..;ent suhstantial 
differences and are mo~t frequc:ntly i:arrioJ out in s.=parate locations. 
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3.1 RAW CANE SUGAR PROC~ING 

Sugarc~ has a \latiable composition. avi:rage figures are: 79~ water; 14" fibi!r; 13.3,. 
saccharose; and 2. 7 ~ soluble impuriti-=s. The processing of a ton of sugarcane yi.:lds on average 
between 105 and 115 kg of commercial sugar. The diagram below summarizes the processing o!" raw 
sugarcane to col!Ulkrcial sugar through the so called three boiling syst.:m: 
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Figure 1 gives a schematic flow diagram for cane sugar p~ing. 

Washing Cor dry cleaning) is not always needed. The harvesting method used will appreciably 
affoct the amounts of dirt, trash and mud ent.:ring a mill and d«ide if washing is necessary. Aft~r 
washing, the cane is cut into chips and shredded to enable the extraction of juice and bagasse. This is 
achieved by crushing in tandems of tbuie roll mills, or diffusion system with dif~r and press or 
mills. The juice is s.:parated from the: .:ane fibrous residue called bagasse. 

Jn the clarification stage impurities in the juice are removed through a process of screening, 
heating and liming. For the production of white plantation sugar, sulphur dioxide is added 
(sulphitation). Otb.:r supplementary treatments can be added such as phosphatation, carbonation, etc .. 
The juice is then d«anted and the mu-I filtered. 

The clarifi~ juice is concentrated in multiple effect evaporators under reduced pressure, and 
a syrup is obtained. Jn the boiling stage a mixture of syrup, molasses and sugar remelt known as 
massecuite is furth.:r concentrated and partially crystallized in individual vacuum pans. Further 
crystallization is obcained in the mixing stage. 

The sugar crystals are separah!d from the mol:mes in a series of centrifugations. The first 
centrifugation yields first strike sugar and A mollL'l.>eS. A molasses is iagain concentrated and 
centrifuged yielding second strike sugar and B molasses. B molasses is similarly concentrated and 
centrifuged yielding third strike sugar and final molasses. The third strike sugar is again melted and 
recycled in the first strike and/or us.:d to initiate the strikes. 

After centrifugation th<" sugar is dried and packed in bags or stored in bulk. White plantation 
migar can be consumc:d in this state: C~ sugar is refined either in separate refineries or in the 
sugar plant itself "ith appropriate equ1p~nt. 
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YllUl"e 1. Sdwmatic Flow Diagram ror Cane Sugar Proct.W•' (Ref. 11) 

1 
Beet sugar manufacturing is similar 10 COM sugar procusing from the point of 

clarification, only the washing, preparation and atraction processes differ. On arrival 
al the factory, the ~et is analyud for sugar content. After washing and weighing, the 
~et is .rli~d. ~ slices are drawn into a slowly rotating diffuser and treated with a 
counter cu"ent flow of waJer which SqHJratu the sugar from the ~et slicu. The juice 
is thm 1u111~d by liming and carbonatic>n (see cane sugar refining) after which 
clarification taker place. 

In ttrms of environme-1al impact a distinct fea1ure of ~et sugar r1cessing i.r 
the large amount of water used in the early stages of the process. The re.Ju/tinx w.-me 
water requires .wrling and other treaJments before it can ~ discharxed. Th(' 

1
ibrou.r 

re.ridtu need' atttntion a.r f(1 its handling and re-u.re. 
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3.2 CANE SUGAR REFINING 

The raw material for refining c.msists of the crystalline supr produced by the raw ume 
sugar factoric=s. The raw sugar contains a film of molasses. various impurities :.-uch as ba~ 
particles, organic and inorganic salts, and micro-organ.i~. Refining invoh;es the removal of most of 
this film and the as.50Ciated impurities. The steps gaierally followaf include affination and melting. 
clarification, decolorii.ation. evaporation. crystallization and finishing. A typical process flow diagram 
is presented in Figure 2. Processes will vuy in detail from refinery to refin.!ry. Such differences are 
particularly evident in decoloration methods. where the medium may consist of bone char. granular 
activated carbon, powdered activakd carbon, vegdable carbon, ion...:xchangoe resins or other 
materials. 

The final product can either be liquid sugar or granulated sugar. Liquid sugar, is obtained by 
the same process as granulated sugar, except that crystallization and centrifugation are not carried out. 
Granulated sugar can be produced in various grad'l!S of crystal siz.es and in cuh'l!S. 

The following diagram summariu:s rhe processing of raw sugar lo commercial refined sugar. 
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Evaporation----> 
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Pa.:taging 

affincd supr + affinc:d syrup 
coocclllnlion 
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brown liquor + rdtcr muJ 
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.:onr.:cnlratioo in a mutt,..lc-dTe.;1 >ystcm 
Three or four slritcs •1th molas.i.:s m:ycling 
rc(mcd SUflr + final molasses 

The sc:paration of the film of molasses from the surface of the raw sugar crystal involves 
mixing thoe raw sugar with warm syrup and then centrifuging in a process called affination. Water is 
used to wash the crystals and some sugar is removed with the impurities. This sugar is recovered by 
concenlration and centrifugation. 

The affined and the recovered sugar are melted togelher. The resul1ing liquor contains 
impurilies which are removed through clarification. Clarificalion by carbonarion consists basically of 
precipitating calcium carbonate in the melted liquor. This is achieved by adding lime and carbon 
dioxide gas under controlled conditions of temperature and alkalini1y. Mud is separated from the 
clarified liquor through filtration under pressure in stationary or rotary leaf filters. Decoloriz.ation is 
the key process in refining. Decolorization is obtained by use of charcoal or resin or both. Liquid 
sugar is then obtained afkr concenlration of the decolorill:d liquor in a multiple-effects evaporation 
system. 

The sugar liquor is then crystalliud lhrough boiling and cailrifuga1ion in proces.~o; similar to 
those u.~ in raw sugar factorie.o;. The conunlration consist.'> of boiling in individual vacuum pans and 
the separation of sugar and molasst".S is achieved by centrifugalion "ilh recycling of intermediate 
mola.'>~. 

The refined sugar crystals are dried in a current of warm clean air before heing graded, 
molded into cuhes or tahlets if neus.'lary, and packed. 
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4 WASTE CHARACTERIZATION AND IMPACTS 

The wastes 3SSOCiatll!d with ;are ~1Jgar processing and refining include water and air pollution 
and the disposal of solid wastes. Th= huge amount of biodegradable organic wastes from the 
pr~essing i$ a major concern. ~ rollution load is therefore g.merally expr~ in terms of 
biochemical oxygen demand (BOD . .i or chemical oxygen demand (COD) and suspended solids. The 
hydrogen ion concentration (pH) and lhe temperature are also important parameters in determining lhe 
polluting effocts of w~-tes in sugar fi.:tories and refineries. 

4.1 WASTE QUA.,'TITIES AND QUALITIES 

4.1.1 Atmospheric Emi~om 

The atmospheric pollution c the sugar pnx.~ing and refining industry results mainly from 
the combustion of bagasse. fuel oil .:-r coal. Examples of other processes giving small air emissions 
are: gases from juice fermentation: uocond~ble gases from the evaporation stage; and sulphurous 
vapours released from the sulphitaMo process. 

Bagasse combustion resull.!- m emissions of flue gas and fly ash. The composition of the flue 
,;2o; iepends on the composition of hagasse. its moisture and on the quantity of air used in 
con,:,ustion. A typical flue gas composition resulting from burning of bagasse is shown in Table I. 

Table I. 

Gas 

N. 

o. 
Hp 

co. 

Total 

Bagas.w Combus.tion -
Composition of Flue Gas 

Weight 

3.455 

0.346 

0.7~ 

0.89.i 

5.479 

Source: Bihliography 8 

Percent(~) 

63.1 

6.3 

14.3 

16.3 

100 

Assuming an average steam .:onsumption of 550 kg/tc and I kg bagasse producing 2.25 kg cf 
steam, the production of CO: would be 218 kg/tc=. 

The forced draught in mo<km boilers implies " large proportion of fly a.o;h in the smoke. 
Boiler manufacturers estimate amounls to 5.S kg of fly a.'lh/lc or 4.5 g/m'of fly ash in the smoke 
during haga.'ISe combustion. 

Refineries a." well as soflk ;ugar proce.'lsing plants (where the haga.'lse is used for other 
purpoo;es) I-um fuel oil or coal. Tbs· results in sulphur dioxide c:mission.o; (hesidc:s fly ash emissions) 
which can he high when using low-grade: coal or oil with high sulphur content. 

!Tht'rt'fort', lht' v.·h"I" '""" JUJ.:t1r i11tfu.wy i.f respm1.rihle m111ually for lht' emi.uion 
of 145 million 10n.r of CO::- Hov.'t'''er, Ji11ce thi.r C01 t'mi.r.rion ca11rwt ht' "1rxt'r them the 
amoum of CO! that the C"f"1t <ugar plam ah.wrhed durinx cultivmion, the nt'I luldition of 
CO! 1" the amwJphtre rt'Juf::11i: from hCl!(Cl.Ut' C<11nh1Lrtion WOU/d ht' zero. 
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4.1.2 Waste W~ 

The suga: i.ndush) is generL:y comidered a large water con.sumer and polluter. However. 
the situation varie; from aiuntry to c:41Dtry and inside countries as shown in Table 2. 

Table2. Em-.. c~ o1 vanom Cane Supr ProasQnc and 
Ref"minJ Waste Scrams in Diff'ermt CCMmtries 

Puundcr ~Rico Ha-i fbilippincs Lousiaaa India 

pH L':...1.1 .5.J-7.9 6.1-1.4 

BOD, (qll) 1::-225 IJS-699 JJG.12..">0 11-S62 667-1660 

COD (qll} 3l:-971 -J4?-23«J ~HUO 720-1430 890-2?36 

SS (mill) J·.(-700 ~IS-3590 ?40-S4-t0 1~120 S04-936 

TSS (mcll} Y.•:-1400 :-040-4500 409 792-2043 

TcmpcralUre (C") :::49 34-.u 

Sou'": BiblicJsrapi:~ ll 

4.1.2.1 Raw Cm= Sum ?rocessin£ 

Water is ~tial m sugar p:ocessing, not only as a sugar solvent but also for many other 
uses in the p~. It is Wc:d. for eu.mple, in: cane washing; extraction; liming; filter washing; 
crystalli:zatioa; barometric ;oodease:r:: cooling of engines and processing equipment; and for general 
purposes. 

In moder.a sugar factories. v.3ler from vacuum coodeosers is recycled and a large part of 
condensed water from heai ~xchange;-; is recuperated for boiler feeding and other process uses. Older 
factories do not r~-ycle ~ vacuum ...-xidenser waters and this creates a very large water throughput. 

If Q is ~ quantity of cane ;-rocessed. then the immediate need of waler in a sugar 
processing plant 11oould be ipproxi1m:.dy 20Q. This could be reduced to 0.9Q if all possibilities for 
recycling are empioyed. allJ to l .JQ with partial recycling. Table 3 illustrates BOD5 and COD values 
of the main wastt •nter SC'41rus in a illgar factory, using partial recycling of process water. 

Table 3: Example of Supr Processing Plant Waste Waters Using 
Appromately 1.3 Di Water/tc. 

Source BOD5 (mg/l) COD (mg/I) 

Cane washing 300- 1500 4SO • 8000 

Condensate Waler JS - 4S 80 - ISO 

Barometric coodcasers so. 200 100 - 400 

Filter mud slurry 2900 - 10000 6000. 20000 

Factory cleaoinr de. 3000. sooo 6000- 10000 

Source: Bibliorraphy l I 
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Cant> "''(ulring 

In some cane-growing regions the cane, though still cut by hand. is loaded mechanically for 
tnnsportatioo lo the sugar factory. In this case field mud, Ira.sh and sometimes stones are brought 
along with the caM to the factory. All of this creates problems in milfing, clarification, juice filtration 
and baga.ue combustion. To resolve these difficulties, washing of the cane bas be.!n introduced in 
some countrio:s. There are many variations and some installations are quite elaborate. Water coming 
from c~rs is generally used for this purpose. The amount of mud removed by cane washing 
varies betw«n 5 kg lo JS kg/tc. A disadvantage of cane washing is additional loss of sugar. When 
washed, lhe amount of sugar loss can reach 0.16~ of the total weight of the sugar c~. 

Watn- from baromnric: condensns 

The vapours from the final evaporation stage and vacuum pans are conckn.sed in barometric 
condensers. This condensation requires large amounts of water ( 18 I~ of waterltc, with central 
barometric station), which gets mildly polluted, see Table 2. This waste water is cbaracteriud by 
high temperature (45'C), low oxygen coolenl and the presence of sugar and gases (CO:. NH,) in 
solution. In the past, the waste waler from the condensers was normally directly discharged. Today it 
is generally recycled to the condensers after passing through an atmospheric cooler. 

The water from barometric condensers of vacuum mud filters bas a considerable sugar 
content, but, as it cannot be recycled, must be discharged. 

Condensau wain-

The first stages of evaporation also generate condensate water. Some of this (all from the 
first a.1d some from the second effect) is used as f~ing water for the boilers. Condt:DSate from 
healers cannot be used for this purpose f,ecause it may contain juice in case of a tube failure in the 
healer. 

The remainder of the condensates bas various uses in the process (milling. liming, cake filter 
washing, crystallization: melting, clearing, vacuum pan washing, beating of the massecuite etc.). The 
excess is generally discharged. II is cbaracleriud by high temperature (80'C), low oxygen content 
and the pr~ce of sugar and gases (CO:. NH,) in solution. 

Cooling watu for engines 

Cooling of turbo-machines requires very clean and demineraliud water which can also be 
used for cooling pumps, compressors and crystalli:zers. The cooling water for the mill roller bearings 
becomes charged with oil and is generally discharged. 

Watl!'r for general purposes 

The water used for cleaning of the factory becomes highly polluted. There are three mair. 
source.'> of contamination: 

I) Fe~ntation of juice: this occurs mainly in the preparation, extraction and clarification 
stag~ of the process. 

2) Mechanical sugar losses: overflows, leaking pumps etc. 
3) Cleaning of calorific exchangers: chemiczl cleaning with corrosive products such as irulphuric 

acid and soda implic:.'> a di5Charge of polluid and corrosive water after "a.-;hing. 

4. !.2.2 Cane Sugar Refining 

Waste: water discharge..11 may originate from condensers, tilter hackwa.'lh. truck and equipment 
wa.11hing, floor drains, Miler fi=ed hlowdown, engine cooling. noor Wa.'lhing and other mi!!Cellaneous 
procc:.o;i;e.o;, The pollutants are l'rimarily: 
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1) Insoluble suspended solids: mostly water slurries of calcium carbonate or phosphate salts, 
diatomaceous earth. spent charcoal of carbon etc .. 

2) Dissolved waste consisting primarily of biodegndable carbohydrates. 

The average BOD, content in refinery WllSle water is about 1000 to 2000 mg/liter. Volumes 
of effluent range typically between 18 to 25 or water per ton of sugar. 

Table 4: faample of Rumery Waste Waters 

Source 

Condenser waters 

Filter mud slurry 

Char waste 

Truck wash water 

Source: Bibliography 11 

BOD~ (mg 0/1) 

4 -21 

-30 

750 - 1200 

15000 - I 8000 

4.2 FlJGITIVE DUSSIOSS 

COD (mg <>iJI) 

6-42 

1200- 1400 

1200- 2400 

22000 - 36000 

Small, fugitive emis.sions rc:sult from juice fermentation; uncondensable gases from the 
evaporation stage; and sulphurous vapours released from the sulphitation process. 

4.3 UPSET AND EMERGENCY CONDITIONS 

The storage of raw baga.sse is a problem due to the large volumes involved and its low time 
of pn:servation. A .:onsiderable storage area is required and the rapid degradation cause a risk for 
internal combustion after a few months of storage only. 

4.4 IMPACT O~ RECEPTORS 

Most waste! waters from sugar processing and refining is not toxic yet harmful to the 
environment at higher levels of biological oxygen demand. This is due to the carbohydrate content 
and the products of their degradation. Organic substances discharged into water (rivers, lakes) are 
decomposed by microorganis~ wh.i.:b use large quantities of oxygen. The resulting lack of dissolved 
oxygen affects the breeding of fish and the ecological equilibrium of the receiving medium. Waste 
water from sugar processing also contain oil solids, caustic and acid. All of these products cause 
severe oon-biological contamination of receiving waters. 

On land, ~ use of ~idual water or by-products for irrigation must be strictly controlled 
and used according to the requirements of the crop and the soil, and not as a means of waste disposal. 
The high Chemical Oxygen ~mand·Nitrogen content (CODIN) ratio does not allow an intensive 
application during the first stages of ~ development. 

S POLLUTIOS PREVENTION AND CONTROL 

5.1 MANAGEME:\'T IMPLICATIONS 

A considerable devdopment of sucrochemistry and ethanol applications is expected in the 
near future. This d~n~lopment will hring forth problems on a scale, especially associated with 
pollution by aggresm·e mola..;._o;c:s and vinas~s. that make currenl problems appear insignificant. To 
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counteract. suitable naiional st~i~ for environmental protection in the sugar sector must be 
develop!d. 

Such strategi~ must ccosider the: current situation of the sugar sc:ctor, its achievements and 
difficulties and its future development. If a national Master Plan for the restructuring, strengthening 
and development of the: sugar ~tor exists. :t is a good base on which to formulate a comprehensive 
envil'ODJDl!Dtal protection stra~y. lssu=:s to consider include: 

Hov; to establish a st~wise approach that is suitable for the current situation as well as 
future developments? Environmental protection is as much a problem of attitudes as of 
investment capital. Acquisition of knowledge and training takes time. It took developed 
countries more than 20 years to modify attitudes concerning pollution problems so as to 
obtain a wide conse!L~ that a.:tion was needed. 
What legal disposition5 and control means must be ~ up? What encouraging measures and 
aids are needed"? What pemtlt1es should be i~ in case of regulations being violated? 
How to ensure full and close cooperation between government authorities, sugar institutions 
and sugar producers. and bow to provide them \A.ith adequate training and necessary 
laboratory equipment and facilities? 

Immediate improvelDl!lllS of th;! environmental performance are possible at the plant level. 
Sugar producers mu.~ be made aware dial a well-controlled and balanced factory with good sanitation 
is the most effective way to pr:..-ent pollution. Furtbennore, the possibilities for reusing wastes in the 
process or as by-products are rarely fully exploited. Oo~ this awareness is established two actions 
which assist them in achieving .i higher level of environmental performance are: 

a corporate environmental poh.:y that gives clear goals, responsibilities, actions and targets 
establishment of a proper environmental management structure to ensure implementation of 
the policy, to allocate resources. and to monitor (and report) the results. 

5.2 SOURCE REDUCTIOS 

~ sugar processing and refining offer many waste minimii.ation opportunities through 
reduction of wastc:s ar the sour.::, or, r:use in the process or as by-products. 

Atmospheric emissioru due to uncondensable ga.~ can be decreased by using good sanitation 
and careful control of the whol;! operauon. Flue gas emissions can be reduced by controlling 
combustion. air pres.c;ure and tb.e rate of excess air. 

The sulphitation clarifi..:ation process is used in many Sligar factories for the production of 
·white plantation sugar". Thiio process. associated with a high pcllution load, has been replaced 
increasingly by other methodio. such ai;: Talo-tlocJ process; uses of bentonite; double centrifugation; 
and aftination etc .. 

It is important that tht cane is processed as sooo it arrives at the plant to avoid deterioration 
with resultin~ sugar I~ and odour problems. Immediate processing will also reduce the storage 
area needed. Dry cleaning sy!'kms whi.:h reduce or replace cane washing will result in reduced 
amounts of sludge. 

If the produ.:tion of ~lurries i~ unavoidable:, in se••eral cases contamination can he greatly 
reduced by means of such prc:.:•ution~ a.•: 

Elimination of refu~. pic:cc:s c•f cane: stalk and suspended dirt from the used wash water by 
scre.c:ning ~fore lago.·ning. This pre.caution allows decreasing the BOD load. 
Maintaining ahsolute .:1.:anlin~s at all sulions. 

·'Rexi.ftered tradem.:rk 
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Avoiding fermentation of sugar-cane juices by: appropriate straining; proper sanitation of the 
mills; controlled application of disinft.etants or bioci~ in mill juices; and systematic 
cleaning when the milling bas stopp:d. 
Investigation of abnormal sugar l~ in order to find and rectify the cause. 
Calculation of the general water balance of the factory for each crop. 
Maintaining a systematic control not only of boiler feeding water but also of the waste water. 
Periodic inspection and BOD control of lagoons. 

A significant source of waste water loading is due to poor housekeeping practices. involving 
spills of sugar and molasses, and poor main~ of machinery and equipment. which also 
contribute to oil and grease contamination of effl1re11t. The cost of effective in-plant control is 
negligible when compared to the costs of effluent treatment and production losses. 

5.3 RECYCLING AND/OR BY-PRODUCT RECOVERY 

Little more than 10~ of the sugarcane can be processed into commercial sugar. Furthermore. 
for every ton of cane processed about twenty tons of warer is needed. Thus. recycling and reuse of 
process warer and residuals are very important both for the proeection of the environment and for the 
overall profitability of ~rations. 

5.3.1 Waste Segregation 

Establishing good warer management with as much recycling of process water as possible is 
essential. The segregation of waste streams with a low BOD load from stmuns with a high BOD load 
is vital in this context. Few sugar factories and refineries segregate waste streams in a systematic 
way. Examples of the potential of this approach are: 

Excess coodensate water does not need any treatment because of its low pollution load and 
can be separated from other streams, see Tables 2 and 3. 
In sugar factories where cane washing is practiced, the spent warer is generally treated by 
impounding and recycled to the initial wash. This circuit has to be separated from other 
treatment circuits because the retention time is differmt. Fresh warer is only used for the 
final wash. 
Cooling water for mill bearings contains mineral oils and should not be mixed with other 
waste streams destined for biological treatment without a previous passage through an oil 
separator (which is a very simple factory-made device). With an efficient oil separation, this 
water can be ucycled. 
In both sugar factories and refineries, acid and caustic wasle arise from the cleaning of heat 
exchangers, evaporators, pans and other "'JUipmeot. These wastes must be kept separated 
from odler wastes, stored and released gradually into furrows, and blended with general 
effluent. 
In refineries, the main water pollution load comes from washing trucks and floors. Two 
waste water circuits are sufficient, one for excess condensate water which needs no treatment 
and another for treating the wash water. 
Vacuum condenser streams are too large for economical treatment. Entrainment channels 
should be installed to prevent any contamination of this waste stream. 
ConceDtrate low volume streams can be biologically treated in lagoons or aerobically in an 
activated sludge plant. 
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S.3.2 By-Produm 

In almost all sugar factories and refineries, by-products are recovered for industrial ~. for 
animal feeding and for fertilizing'. 

S.3.2.1 Boiler ash and fly ash 

Boiler ash and fly ash can be used in g• manufacturing, as a basic fertiliza in agriculrure 
and incorporated in slag cement and road lmes. The average quantity produced is about 0.3 ~ of the 
weight of cane5. 

Another possibility is to use recovered fly ISb in place of bagacillo in vacuum filters. The 
density and composition of fly ash and the dimension of particles would produce an excellent filter 
cake. The need of bapcillo for filters is about 6 tg/tc at 49% moisture, equivalent to 4 kg/tc of fly 
ash which is more dry. Available quantities of Ry ash (S. l kg/t.c) adequately fulfill these 
requirements. The arrangement is very simple and inellpensive and consists of a mixing tanker and a 
slush pump. This is particularly interesting for those cane sugar plants which are short of bagacillo. 

S.3.2.2 Bapsse 

1000 kg of cane produces some 250/300 kg of baga§C, consisting on average of 49 % water, 
48.5% fiber and 2.S~ of dry matters (sucrose and non sucrose). Most of it is used to generate the 
steam and energy required by the factory. Surplus bagasse, due to its low density ( 160 kg/m1) and 
relative inflammability. is a cumbersome material to handle and transport. It is generally used to 
produce paper, boan! and electricity. 

S.3.2.3 Filter mud 

About 30-35 kg of filter mud are produced per ton of cane. Filter mud consists of 80% water 
and 0.9 to l.S% sugar. It can be spread directly on agricultural fields or stored in an intermediary 
silo for later use as a soil conditioner. When used for this purpose care must be taken to avoid runoff 
to watercourses; filter mud has a large BOD load. 

S.3.2.4 Molasses 

Between 27 kg to 40 kg (average 30 kg) of molasses are produced per ton of cane. Its 
average composition is 20 ~ water, 3S~ sucrose, 20!1 reducing sugar, IS!i sulphated ash and JOii 
others. Molasses is mainly used as animal feed or transformed into rum, alcohol or ethanol by 
fermentation and distillation. 

In the distillery. 1000 kg of molasses give 400 I of pure alcohol (240 kg) and 380 I of stillage 
(also called slop or vinasses). Direct distillation of 1000 kg of cane juice yields approximately 70 I of 
pure alcohol and 910 I of vinasses. Vinasses are often sent to the cane field as fertilizer, either 
pumped to neighbouring fields or carried to more remole fields in motor tankers. This practice 
constitutes a major risk for the environment and especially contamination of ground waters if not 
adequalely controlled by agronomists. 

The use of dilute molasses and vinasses as fertiliz.ers is much more complicated than, for 
eumple, the use of ashes and filler mud for such purposes. Successful fertilization with molasses and 

'Only tht main usts art indicated here. Over ISO uses of sugarcane by-products are 
lcnow11 (J.M. Patureau • Tht State of tht An in the Utilization of By-Products of the 
Cane Sugar Industry. ISCTT Jakana 1987). 

1i.e. 1000 1 of bngas.u a.Jhes for a factory handling 300.000 1 of cane. I 1 of ashes 
give.' .Jome 21 kR of Cao, 8 kR of MgO, J kR of Pp, and ~S kg of K,O. 
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vinasses must COD..'l<kr the demand of the cane plant which differs with variety. age. soil. climatic 
condition and sc:a."n. Fu~rmore, the rdention time na:dc:d for the release of the fertilizing 
elements from the ?y-product has to be considered in relation to the permeability of the soil. 

5.3.2.S Irrigation with Residuals 

The resid-.:21 wattt from cane sugar operations bas a high content of orgaru~ matter and 
nutrients and is th:;s consi<kred a valuable biofertilizer. lo countries where water is scarce cane sugar 
effluent can be u.;,,;J for irrigation. With strict control and nonm of application it can be considered 
the most practicaN: technology. lo Cuba. irrigation with residual water has been systematically used 
with the following modes of application (bibliography 9): 

Outflows ·•ith bgb dissolved salt content. particularly sodium. and acidic effluent must be 
separated from the water used for irrigation. Examples of such effluents are exhausted soda, 
overflov. :Tom the coolers when soda bas been used to raise the pH and acidic cl.2Ding 
water. 
After preluoinar} treatment to remove oil and su.spended matters and cornctioo of pH, the 
residues are cool«i and homogenized before being applied to the soil. A storage system with 
two reser-. oirs cksigned for the total volume of residual water from the sugar factory is used. 
In the fi~ resen·oir the ~1ater remains for one or two days, giving time for homogeniz.ation 
and cooling but "ithout allO\\<ing dcgndatioo of the organic matter. The second reservoir is 
only for preventing the water from spilling into a watercourse, when steady irrigation is not 
possible. 
One year 0f effluc:nt irrigation must be followed by one year of nonnal irrigation for light 
soils (two year periods for heavy soils). and in both cases using standards that do not exceed 
300 to 4(•) mJ·nc.:rare at intervals of IO to 15 days. 
The salt l:vel in the soil subject to irrigation with cane sugar effluent must be checked 
periodically. 
Where oe.:~ry grease and oil traps are installed and cleaned periodically. 
Due to th-; high Carbon/Nitrogen (C/N) ratio in this type of water. irrigation must not be 
applied in~nsivdy during the first stages of crop development, when plants require more 
nitrogen. h might be nec.:ssary to add a nitrogen fertili:zer. 

Actual in' ;:stment, operating and maintenance costs, and savings for a cane sugar effluent 
irrigation system. :ompil~ in Table 5, is based upon experiences from Cuba. 

Table S. 

Technolog~ 

Irrigation system 

Cost and Benefits or an Emuent Irrigation System or a 6,800 
tc/day Sugar Factory in Cuba. (1991 US$) 

Investment 
(USS) 

297,000 

Mail'tenance and 
operating cost 

(USSllOOOm' cflluc•) 

59.24 

Savings 
(USS/IOOOm' 

eflluc•) 

40.76 

The plalll in quc:Slil't: f'roducc1 abouc O.~~ m' effilWnt for every con or milled cane or S60,000 ni per :mp 
season. The pay-ba:' ~riod r('f' lhc invcsimc• ii lhus approximacc:ly I) cmp sca10m. 188 hc~1arc:1 arc 

irri111cd. 

Soul\':e: Bibliography 9 



- 14 -

S.4 AD~ TREATMENT TECHNOLOG~ 

S.4.1 Abno.\pheric Emis.Von Control 

11ae major air emission is suspended particles from boilers. These can he removed from the 
exhaust stream by use of centrifugal collectors. fabric filters (bagbouses), electrostatic precipitators 
and Wd SCOl~rs. 

Wet s.:rubbing is the most commonly used air pollution control tie:c:hnology in sugar cane 
factories. The fumes enter a chamber in which water is sprayed. 1lle wet cinders drop and are driven 
out by a water flow. Another ~ (the Modave system) involves cast iron colunms of triangular 
section along '11."hich water nms. The efficiency of wet scrubbefs is IS high as 9S-96~. Water 
consumption is 0.4 to O.S ml for 1000 m1 of fumes. Well-managed wet ~-rubbers can be very 
efficient, but they do not reroove the smallest particles which can be scatt red as far as 20 km from 
the factory. 

Cen1rifugal collectors are used for removing particulate anJ for drawing air through the 
boiler. llaey can be of simple-cyclones or multi-cyclones type (efficiency 7S" and up to 96~ 
respectively): in the last case the rate of dust can be decreased until SOO mg/at. 

There are various designs of electrostatic precipitators. They act by ionizing the dust particles 
in the gas stream and pulling them in an electrostatic field towards an electrode which is periodically 
cleared. The efficiency QJI be very high. but the equipment is voluminous and expensive. 

S.4.2 Waste Water Treabnent 

In raw cane sugar factories. treatment. when existent. is ofk.n of a rudimentary nature, 
consisting in the impoundment of all contaminated water with eveohlal recycling of cane wash water. 
As ponds gen~lly have not been designed with accuracy and are not controlled, the resulrs obtained 
are unpredictable. 

Cane sugar refineries have more often a controlled effluent treatment. Current practices 
include impoundment systems, sometimes with double lagooning and disposal of process waters into 
municipal ~ c:-rs. 

S.4.2.1 Laeooning Svstem 

When land is readily available, the double or triple lagooning sysrems are considered the best 
and most economic t«hnological solutions (BPTEA). They are both well adapted to the average 
pollution load of prouss waters from cane sugar factories and refineries. 

The double lagooning system consists of an initial anaerobic lagoon (depth: 2.S to 3 m), 
followed by a S«Ond, aerobic lagoon (depth: 0.8 to I m). The retention time and the surface covend 
must be calculated separately considering the difference between the two modes of bacterial 
beh:lviour. BOD reduction is abOUt 70~ in a double lagooning system. 

In China, most sugar mills which bum coal remove the furnace cinder by high pr~qire 
water jet. Thi~ effluent, together with rhe water u.~ when removing fly ash from the= flue gas, is 
treated in two stages. The effluent is first mixed with a coagulant and solids serrle in rhe first pond 
where coarse: ;ludge is removed. The clarified waler then enters the second pond lo remove the fine 
particles. The treated wa. .. te waler ~Is rhe <kmand of che nalional effluen1 slandard. The coarse 
sludge contain~ a ceruin amount of unhuml coal. which can he ri:usa.I. Usually the recovered coal 
will cover the: ..:ost of the coagulant. 

In Louisiana. USA, lhe spenl cane wash waler is seuled, after fil1ra1ion. in a clarifier and 
sent to a l!imple or douhle lagoon. 

• 
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The advantages of lagoonicg systems are low capital in"-estmeot and insignificant operating 
and maintenance costs. The major inconveniences are the large area.s n;:quired, the ~hlal danger of 
subsoil contamination and the production of undesirable odows during the anaerobic putref~'11on 
phases. With properly designed ponds the I~ two disadvantages di~r. 

S.4.2.2 Aerobic Fermentation for Concentrate Waste Streams 

Various p~ are used deriving from the clarification of sludge waters in bciet su~ 
factories. In the Eimco-Process a clarifier is used with the introduction of oxyf'=D hy surface ~ors. 
The clarification and treatment require 2 bours ~ithin which BOD 1s ruluced hy 40-60~. 

In the R.T. Lefrancois Process the clari'.-:.:ation is preced<!d by a fermentation stage. Oxygen 
is introduced at the bottom of the fermmtor as c ~air. The air achieves also a systematic 
circulation and agitation of the mixed liquor in the fennelator. The proc~ is suitable for a bavy 
pollution load (BODs up SJ>OO mg0:/1) and can accompbsb 90~ BODs r<!ductioo. It is cbara.:taized 
by: high concentration of ~'tivated sludge (SS 11 to 16 gll); retention time: 4 h; energy consumption: 
0.6 ~b/kg BOD,. 

S.4.2.l Anaerobic Treatment 

The advmtage of anaerobic treatment is the production of ~ by mdbanobactaia 
through the mges of hydrolysis, acidificatioa, acetogenesis and metbanogenesis. Basic indusirial 
applications are: fermentor with mechanical agitator, fermc:itor with sludge cxpanckd bed; fcrmentor 
with fixed bacteria film; and the upflow anaerobic sludge blanket. 

5.4.2.-4 Finishing Systems 

To IDl:!d effiuait SWldards that are stricter than normal. due to, for example, vicinity of 
urban c.:nter. sugar factories or refineries may have to use more than one treatment process. The 
most often used fmishing systems are: 

aerobic lagooning: retention time is about 8 to 12 days. Oxy~tioo can be~ by aerators 

or air dispersing turbines. 
oxidation ditch with surface acntors 
bacteriological filters. 

S.4.2.5 Capital. Ooeratinc and Maintenance Costs 

Estimared capital, operating and maintenance costs for effluait treatment l«bnologies are 
compiled in Table 6. 
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Table 6. Capilal, Opentini and Maintenance Costs for Cane Supr 
Efllumt Treabnmt (1991, USS). 

T reat~t T a::hnology !nv~menl 

(USS) 

!llatural lagooning for 
3000 tc/day factory 120.000" 

Double lagooning for 
3000 tc/day factory 200,00<t' 

Aerobic clarifier for 3000 
tc/day factory 700.000 

Anaerobic treatment for 
30 ton COD/day (28 kg 2,000,000"' 
COD!m3

) 

"la.:hading pumps and .:iv;I wods. 

~lai.:ludine acniors 
0 0igcstcr and annexes 

C"MI worts and utilil~s 

Gas cin:uil c1c. 

= 1.100.ooouss 
= 700.000 USS 
= 200.000 USS 

For Olhcr .:apa..:il~ than !hose mealionod lhc equalion 

Maintenant..-e and ooerating cost 
( f. of lOlal plam operatine cosl) 

lnsig.:iificant 

0.3~ 

0.8-1.4~ 

2~ 

P=P,(CICJ"•' can be UKd. in whii:b: P=iavcslm.:111.:<>SI lo be ddcnniacd; P,=indi.:a1.ed cosl; 
C = .:;ipacily of !he ins1allation; and C, = indi.:aled .:ara.;ity. 

Soun:c: lnformalion .:ommunii:akd IO lhc author 

6 OCCUPATIONAL HEALTH Al\'D SAFETY ISSUFS 

Some years ago. sugar was thought to he a cau."ic: of degenerative disea.'ieS such as atheroma, 
coronary heart di~ and diah:tes ~llitus. Except in the ca.~ of &ntal caries, the evidence for such 
connections is disputed. 

There are few health problems assoc1at«I with cane sugar p11lCc!SSing and refining. The major 
haz.ards include: baga..~is from handling dry haga...;s.: and inhalation of sulphur dioxide at the 
sulphitation station (if in use). Boch aff«t r~ p.:ople and can he limitc:d by using a textile m&."ik 
placed over the n~ and mouth. Persons working in bagas.o;c ~lions and on sulphur furnaces should 
r«eive regular mc:dical examinations. 

Some precautions should also he taken in sugar drying areas and at storage and packaging 
stations. The use of protective masks is r«<>nunc:ndc:d. and smoking must be prohibited as sugar du."it 
is highly explosive. Fly ash from baga.'i."lc: firc:d hailers can also he a severe airborne irritant. 

7 GWBAL OVERVIEW OF DISCHARGE Gl!IDELL'IFS 

7.1 NORTH AMERICA 

Under tM Federal Water Pollution Control Ac:t Amc:nd~l"i of 1972. the US Environ~tal 
Proc~tion Agency is.o;1J«I eftluenl guidelin~ .ind standards for tne sugar procc:..;.~ng point llOUrce 
category. The."ic: cover raw cane sugar prcx~o;mg in scv.:ral different arc:a."i (Louisiana, Florida, 
T exa.~. Hawaii and Puerto Rico), a'i well a..; .:rystalhne cane sugar refining and liquid cane sugar 
rdining. 
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lbe effluent limitations for the State of Louisiana are giv~ a.s an example of those for raw cane 
sugar. They rep~t the degree of effluent reduction attainable by the application of the •best 
practicable control tochnology currently available• (BPT}, and are given separately for the continuous 
discharge of waste waters and for factories using waste stabilii.ation. 

For crystalline cane sugar refining, effluent limitations for existing refineries are gi"en both for BPT 
and for the •best available tochnology oconomically achievable· (BAT). 

Table 7 Eflluent Limitatiom for Raw Cane Sugar Proce.Wog (louisian:a, USA) 

Parameter 

BOD,"' 

Continuous discharge 

Maximum for any onoe 
day 
(kgi100 of ,;anc) 

1.14 

1.14 

Maximum avera~ of 
daily valu.:s for 30 
comc.;utivc days 
(kg/Ion of ca11e) 

0.63 

0.47 

Waste stabilization 

Maximu1.1 of daily values for 
e111irc dis.:har:;: period 
(k&f1oa Of Calle) 

0.63 

0.47 

"Foe batotndric condenscr cooline 'tllalcr togedw:r with !ruled process wask waiu. 

" For !ruled process waste waler only. 

Soun:e: Bibliograph" 16. 

Table I Effluent limitatiom for existing crystalline cane supr refineries (USA) 

Maximum for any on.: day Maximum aveniic of daily values 
(kghoo of meh) for JO conxcutive days 

(kg/Ion of melt) 

Parameter BPT BAT BPT BAT 

BOD, 1.19 ( l.02f' 0.18 0.43 (0.32)"1 0.09 

TSS 0.21~· 0.11 0.19b' 0.035 

•For barometric condenur c1JOling water 1ogclhcr with 1rca1.ed process wasic water. 
" For lrcalcd procc~• waslc water only. 

Soun:e: Bibliography 16. 

Table 9 Effluent limitatiom for existing liquid cane sugar refineries in the USA. 

Maximum (or any one day Muimum average of daily values 

Parameter (kg/ton of mcll) for JO consecutive days 
(kg/ton of melt) 

BPT BAT BPT BAT 

BOD, 0. 78 (0.45)"1 0.3 0.32 (0.15)"1 0.15 

TSS o.sob• 0.09 0.1~· 0.03 

•Applies lo rcfincrin dis.:harging b1romclric condenser :ooling water only. 
"No limitalion impoud on rcfincrin di,..;h•rJing b1rnmc1ric condcNCr COl>lins w11cr t>nly. 
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7 .2 OECD COU?\'TRIES 

Except in south of Spain. there are no cane sugar factories in OECD countries. For sugar refineries. 
the effi~t limitations are different for each OECD country. 

The OECD legislation introduces the notion of industrial waste waters similar to urban waste effluent 
for all agro-food industries. It contains the following effluent standards: 

BOD,: 
COD: 
SS: 

25 mg/I or 70 to 90% reduction 
100 mg/I or 15" reduction 
30 mg/I 

7 .3 DEVELOPING COUNTRIES 

Legislation varies from one country to another. The main problem is not the standards but the 
enforcement of them. This problem is accentuated when :;ugar factories are isolated and far from 
urban centres. 

In China the maximum allowed concentration of effl~t discharges is dependent on the raw material 
(cane or beet). the age of the plant (new or old) and the location of the province. The effluent 
limitations are expr~ in concentration for a given volume of waste water per ton of raw material. 

Table 10 Sati011al Integrated Control Standard in China. MaximlDD Allowed 
Concentration or Sewage Discharges 

Type of Old or Maximum volume Muimum lllowed c~ent(.-jp'ltor scwa1e discharg.:s 
production Newt of wasie water 

re~ons- allowed BOD, COD Soluble Solids 

tru~r•d 

plant Class Class Class 

n n n 

Cane sugar Sew IOm'lt cane 100 160 ISO 
factory 

14m' It cane Olli 100 120 160 200 ISO 200 

Beet su1ar Sew 4m'lt beet 140 250 200 
rac:tory 

Old 6m'lt beet ISO 250 ?SO 400 200 300 

Alc:ohol fMm :-.;.w 70m'ft alcohol 200 350 200 
molaucs 

Old BOm'lt alcohol 200 300 JSO 4SO 200 JOO 

Soun:e: BiblW,raphy 2. (GBl9 71-11UDC621.391621.54). 

• 
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Table II: lnt~rated Control Standard of G~cloni Prorintt. l\laximum 
Allowed Concentrations of Sewage Disdwges 

Type of Old or Mnimum volume of Muimum allowed concealralion of se..-agc discharics 
production _, wa""' •o.at.er allow,.d (mg/I) 

rtCOllS-

tructcd BOD, COD Solubt .. Solids 

plant 
Class Class Class 

11&111 IV D&UI IV 0&111 IV 

Cancsupr unclass-
factory ificd 17u?lt .:ane 100 120 

Alcohol and ocher 70m'lt al~ohol 
products from unclass- 600m'tt gourmet 
mulasscs ilied powder ISO 200 300 350 

Alcohol and ocher New 70m'"t akohol 200 350 200 
products from 
molasses Old 80m'. t alcohol 200 300 J.SO 450 200 300 

~c: Bibliography 2, (DB44 26-8) 

In India and Taiwan, discharge standards for sugar industries are as described in Table 12. 

Table 12: Discharge Standards for Sugar Industries in India and Taiwan 

Parameter 

BOD mg/I 

TSS mg/I 

COD mg/I 

"'cm,osat on land 
"'Dia:hargc in surface waters 

India 

I00"1 (30"') 

IOO"' (30"') 

Taiwan 

80 

200 

300 

Soun:cs: Environmental Protection Ruic. Ministry of Environment and Forclb. 1986; and Effluent standards under 
Water Pollution Conlrol Law, section 9.2 · Environmental Prokction Laws in Tai,..an. 1991. 

8 TARGET/PREFERRED GUIDELINES 

For developing and develo~ countries alike the USA NSPS standards can be recommended 
as target/preferred guidelines, see Tables 7, 8 and 9 r~tively. It is however of utmost importance, 
especially in developing countries, to adopt a degree of regulatory fle:11ibility and consider factors such 
as: 

scale, age and location of plant 
the assimilative capacity of the recipient medium during the crop season. The USA NSPS 
standards do not consider the recipient medium. 
the time needed for plant upgrading. As preventive mea.'lures for pollution control are 
preferred it ha'I to be recognized that these, in general, take more time to implement than 
end-of-pipe measures. 
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9 MONITORING REQUIREMENTS 

Monitoring of COD and SS content of the eftluatt can and should be checked in every 
factory. It requires a minimum of training of labonatory pe~I. 

• 



-----------------------------------

• 

• 

• 
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