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ABSTRACT

This document presents the findings of an extensive study of the cane
sugar refining industry for the purpose of recammending Effluent Limita-
tions Guidelines, Federal Standards of Performance, and Pretreatment
Standards for the Industry for the purpose of implementing Sections 304,
306, and 307 of the "Act."

Effluent Limitations Guidelines contained herein set forth the degree of
effluent reduction attainable through the application of the Best
Practicable Control Technology Currently Available (BPCTCA) and the
degree of effluent reduction attainable through the application of the
Best Available Technology Econamically Achievable (BATEA) which must be
achieved by existing point sources by July 1, 1977, and July 1, 1983,
respectively. The Standards of Performance for new sources (NSPS) con-
tained herein set forth the degree of effluent reduction which is
achievable through the application of the Best Available Demonstrated
Control Technology, Processes, Operating Methods, or other alternatives.

The cane sugar refining segment of the sugar processing industry has
been divided into two subcategories: liquid cane sugar refineries and
crystalline cane sugar refineries. The proposed limitations for all
three levels of technology as set forth above establish the requirements
for discharge to navigable waters (see Table 1).

Supportive data and rationale for development of the proposed Effluent
Limitations Guidelines and Standards of Performance are contained in
this document. The remaining segments of the sugar processing industry
not contained within this report are raw cane sugar processing and beet
sugar processing. Raw cane sugar processing is being studied at this
time and is to be presented at a later date. Beet sugar processing has
been previously studied and is the subject of a separate report entitled
- Beet Sugar Processing Segment of the Sugar Processing Industry.
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SECTION I
CONCLUSIONS

For the purpose of developing Effluent Limitations Guidelines and New
Source Performance Standards, the cane sugar refining segment of the
sugar processing industry has been divided into two sukcategories: (1)
liquid cane sugar refineries, and (2) crystalline cane sugar refineries.
The main criterea for subcategorization of the cane sugar refining
segment include differences in the manufacturing process employed which
result in different waste water loadings.

Factors such as age and size of facilities, nature of water supply, raw
material quality, and waste treatability were considered and found to
further sutkstantiate the subcategorization as stated.

It was determined that three refineries are currently achieving no dis-
charge of rollutants to navigable waters by means of 1land retention.
Two refineries discharge all process wastes to municipal treatment
systems, and ten other refineries discharge all wastes except condenser
cooling water to municipal systems. The majority of the remaining four-
teen refineries partially treat their wastes.

It is estimated that +the +total industry cost of achieving the Best
Practicable Control Technology Currently Available (BPCTCA) and the Rest
Available Technology Economically Achievable (BATEA) are $5,000,000 and
$15,000,000 respectively.

The remainder of the cane sugar processing industry, namely the raw cane
sugar processing segment, will be studied in a separate effort and a
report is to ke presented at a later date.



SECTION II
RECOMMENDATIONS

It is recommended that the following effluent limitations be applied as
the Best Practicable Control Technology Currently Available (BPCTCA)
which must ke achieved by existing point sources by July 1, 1977; the
Best Available Technology Economically Achievable (BATEA) which must be
achieved by existing point sources by July 1, 1983; and the Standards of
Performance fcr new sources (NSPS):

TABLE 1

RECOMMENDEL EFFLUENT LIMITATIONS AND STANDARDS
OF PERFORMANCE

MONTHLY AVERAGES

Limitations~-kqg/kkg(lb/ton) of melt

BPCTCA BATER NSPS
BODS TSS BOD5S TSS BODS TSS
Liquid Cane Sugar 0.2u 0.10 0.06 0.03 0.06 0.03
Refineries (0.48) (0.20) (0.12) (0.06) (0.12) (0.06)
Crystalline Cane Sugar 0.38 0.06 0.0u 0.03 0.04 0.03
Refineries (0.76) (0.12) (0.08) (0.06) (0.08) (0.06)

DAILY AVERAGES

Limitations~kg/kkg (lb/ton) of melt

BPCTCA BATEA NSPS
BOD5  TSS BOD5S TSS  BOD5 TSS
Liguid Cane Sugar 0.85 Q.45 0.21 0.14 0,21 0.14
Refineries (1.70) _(0.90) _(€.42) (0.28) (0.42) (0.28)
Crystalline Cane Sugar 1.14 0.24 0.12 0.12 0.12 0.12
Refineries (2.28) (0.48) (0.24) (0.24) (0.24) (0.24)

In addition to the above limitations, the
pH shall be maintained within the range
of 6.0 to 9.0.



SECTION IIIX
INTRODUCTION

PURPOSE_ANL_AUTHORITY

Section 301 (b) of the Act requires the achievement by not later than
July 1, 1977, of effluent limitations for point sources, other than pub-
licly owned treatment works, which are based on the application of the
best practicalkle control technology currently available as defined by
the Administrator pursuant to Section 304 (b) of the Act. Section 301 (b)
also requires the achievement by not later than July 1, 1983, of
effluent limitations for point sources, other +than publicly owned
treatment works, which are based on the application of the best
available technology economically achievable which will result in
reasonable further progress tcwards the national goal of eliminating the
discharge of all pollutants, and which reflect the greatest degree of
effluent reduction which the Administrator determines to be achievable
through the application of the best available demonstrated control
technology, rrocesses, operating methods, or other alternatives,
including where practicable a standard permitting no discharge of
pollutants.

Section 304 (b) of the Act requires the Administrator to publish within
one year of the enactment of the Act regulations providing guidelines
for effluent limitations setting forth the degree of effluent reduction
attainable through the application of the best practicable control
technology currently available and the degree of effluent reduction
attainable +through +the application of +the best control measures and
practices achievable including treatment techniques, process and
procedure innovations, operation methods, and other alternatives. The
regulations proposed herein set forth effluent 1limitations guidelines
pursuant to Section 304(b) of the Act for the cane sugar refining
segment of the sugar processing source category.

Section 306 of the Act requires the Administrator, within one year after
a category of sources is included in a 1list published pursuant to
Section 306 (b) (L) (A) of the Act, to propose regulations establishing
Federal standards of performances for new sources within such
categories. The Administrator published in the Federal Register of
January 16, 1973, (38 F.R. 1624), a 1list of 27 source categories.
Publication of the list constituted announcement of the Administrator's
intention of establishing, under Section 306, standards of performance
applicable to new sources within the cane sugar refining segment of the
sugar processing source which was included within the 1list published
January 16, 1973.



SUMMARY QF METHODS USED FOR DEVELOPMENT OF THE EFFLUENT LIMITATIONS
GUIDELINES_ AND STANDARDS OF PERFORMANCE

The effluent limitations and standards of performance recommended in this
report were developed in the following manner.

General information was obtained on all plants and detailed information was
collected for 28 (97%) of the 29 domestic cane sugar refineries identified
as currently in operation (see Table 2). The sources and types of infor-
mation consisted of:

a) Applications to the Corps of Engineers for Permits to Dis-
charge under the Refuse Act Permit Program (RAPP) which were
obtained for 24 refineries provided data on the charac-
teristics of intake and effluent waters, water usages, waste-
water treatment and control practices employed, daily pro-
duction, and raw materials used.

b) A questionnaire previously submitted to segments of the in-
dustry (17 refineries) by the United States Cane Sugar Re-
finers' Association.

C) On-site inspections of 19 refineries which provided infor-
mation on process diagrams and related water usage, water
management practices, and control and treatment practices.

d) A sampling of four refineries to verify the accumulated
data.

e) Other sources of information including personal and telephone
interviews and meetings with regional EPA personnel, industry
personnel, and consultants; State Permit Applications; inter-
nal data supplied by industry; and a review and evaluation
of the available literature.

The reviews, analyses, and evaluations were coordinated and applied to the
following:

a) An identification of distinguishing features that could po-
tentially provide a basis for subcategorization of the in-
dustry. These features included raw material gquality, age
and size of the refinery, nature of water supply, process
employed, and others, discussed in detail in Section IV
of this report.

b) A determination of the water usage and waste water character-
istics for each subcategory, discussed in Section V, including
the volume of water used, the sources of pollution in the plant,
and the type and quantity of constituents in the waste waters.

c) BAn identification of those waste water constituents, discussed
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TABLE 2

SOURCE OF DATA

Size-kkg/day

Location

Baltimore, Md.
Boston, Mass.
Brooklyn, N.Y.
Chalmette, La.
Philadelphia, Pa.
Supreme, La.
Ajea, Hawaii
Crockett, Ca.
Gramercy, La.
Clewiston, Fla.
Moore Haven, Fla.
Reserve, la.
Ensenada, P.R.
Mayaguez, P.R.
Sugarland, Texas
Ponce, P.R.
Philadelphia
Charlestown, Mass.
Yabucoa, P.R.
Port Wentworth, Ga.
Mathews, I1a.
Houma, ILa.
Yonkers, N.Y.
Brooklyn, N.Y.
Belle Glade, Fla.
St. Louis, Mo.
Long Island, N.Y.
Ponce, P.R.
Chicago, I1l.

2350
900
1900
2800
1900
680
170
3175
1350
360
420
1540
200
630
1350
545
1900
1090
360
1700
635
635
1650
750
350
275
725
55
775

No
Yes
Yes
No
No
No
No
Yes
No
Yes
No
No
Yes
No
Yes
Yes
No
Yes
Yes
Yes

Yes
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Yes
Yes
Yes
Yes
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No
No
No
No
No
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in Section VI, which are characteristic of the industry and
were determined to be pollutants subject to effluent limi-
tations guidelines and standards of performance.

d) An identification of the control and treatment technologies
presently employed or capable of keing employed by the re-
fining industry, discussed in Section VII, including the ef-
fluent level attainable and associated treatment efficiency
related to each technology.

€) An evaluation of the cost associated with the application of
each control and treatment technology, discussed in Section
VIIT.

The results of this analysis indicated that three refineries are
currently achieving no discharge of pollutants to navigable waters by
means of land retention, two refineries discharge all process wastes to
municipal treatment systems, and ten other refineries discharge all
wastes except condenser water to municipal systems. The majority of the
remaining fcurteen refineries partially treat or partially retain waste
waters.

BEACKGROUND OF THE CANE_ SUGAR_INDUSTRY

The earliest recorded production of sugarcane was 1in Southeast Asia
three thousand years ago. Sugarcane was introduced into Europe in the
eleventh century, and by the thirteenth century the crystallization of
sugar from cane juice was being practiced throughout the Eastern
Hemisphere.

The origin of sugarcane in the Western World was with the second voyage
of Columbus in 1493. Commercial cane sugar production began in the
United States in the late eighteenth and early nineteenth centuries.
The growth <c¢f the industry experienced considerable instability until
the Federal Sugar Act of 1936 (amended in 1971) provided protective
tariffs, a quota system, and price control.

DEFINITION OF THE INDUSTRY

Cane sugar refineries produce either a white crystalline or a clear
liquid sugar from unrefined raw sugar which is purchased from domestic
or foreign factories. Molasses is produced as a ky-product and is sold
as animal feed, for the making of alcohecl, as a source of certain
organic chemicals (ethyl and butyl alcoholols, and acetic and citric
acids), and for other uses.

Due to the fact that raw sugar is more economically transported than 1is
refined sugar (raw sugar is not considered to be a foodstuff and thus
can be shipped in bulk without extensive sanitary safeqguards),
refineries are generally 1located in urbanized retail market areas as



Refinery

TABLE 3

AMERICAN CANE SUGAR _REFINERIES

Normal Melt

Location kkg/day)

[Crystalline Refineries (14) ]

Amstar

Amstar

Amstar

Amstar

Amstar

California & Hawaiian

California & Hawaiian

Colonial (Borden)

Evercane (Savannah Foods)

Godchaux
Imperial
National
Revere

savannah Foods

Baltimore, Md.
Boston, Mass.
Brooklyn, N.Y.
Chalmette, La.
Philadelphia, Penn.
Crockett, calif.
Aiea, Hawaii
Gramercy, La.
Clewiston, Fla.
Reserve, La.
Sugarland, Texas
Philadelphia, Penn.
Charlestown, Mass.

Port Wentworth, Ga.

[Liquid Sugar Refineries (5) ]

Florida Sugar (Borden)

Industrial (Bcrden)
Pepsico
Ponce Candy

SuCrest

Belle Glade, Fla.
St. Louis, Mo.
Long Island, N.Y.
Ponce, P.R.

Chicago, I1ll.

2350

900
1900
2800
1900
3175

170
1350

360
1540
1350
1900
1090

1700

350
275
725

55

775

24

15

25
19
12
26

11

27

18

17

10

29



TABLE 3 (Continued)

AMERICAN CANE_SUGAR_REFINERIES

Refinery Location Normal Melt (kkg/day) _Mar No.
[Liquid-Crystalline Refineries (2) ]

CPC Yonkers, N.Y. 1650 3
SuCrest Brocklyn, N.Y. 750 7

[Refineries Operating with Sugar Factories (8) ]

Glades County Moore Haven, Fla. 420 16
Guanica Ensenada, P.R. 200 21
Igualdad Mayaguez, P.R. 630 20
J. Aron & Comgpany Supreme, La. 680 13
Mercedita Ponce, P.R. 545 22
Roig Yabucoa, P.R. 360 23
South Coast Mathews, La. 635 14
Ssouthdown Houma, La. 635 28




shown in Figure 1 and Table 3. The refinery located in BAiea, Hawaii,
produces sugar primarily for island consumption. The refinery at
Crockett, California, services the West Coast market and receives its
raw material primarily from the Hawaiian sugar factories.

In some cases, refineries can be located near both factories and retail
markets as can be observed in south Florida, New Orleans, and Hawaili.
The refineries in Puerto Rico, all of which operate in conjunction with
raw sugar factories, serve the Puerto Rican domestic market.

The 24 refineries in the continental United States and Hawaii are owned

by fifteen private corporations or cooperatives. Four of the refineries

in Puerto Rico are operated by the Puerto Rican government. Those

organizations operating more than one refinery are listed in Table 4.
TABLE 4

MULTIPLE OWNERSHIP_ OF SUGAR_REFINERIES

Number of

Qwner Headguarters Refineries
Amstar New York, N.Y. 5
California & Bawaiian San Francisco, California 2
Borden Columbus, Ohio 3
Savannah Foods Savannah, Georgia 2
SuCrest New York, New York 2

PROCESS _DESCRIPTION - CANE SUGAR_REFINERIES

The raw material for cane sugar refining is the raw, crystalline sugar
produced by the cane sugar factories. Raw sugar consists primarily of
crystals of sucrose (C12H22011) with small percentages of dextrose
(glucose) and 1levulose (fructose), both with formulas of (C6H1206), as
shown in Figure 2, and various impurities which may include bagasse’
particles, organics, inorganic salts, and microorganisms. Raw sugar
crystals contain a film of molasses, the thickness of which varies with
the purity of sugar, and in which the non-sucrose components are con-
centrated.

The raw sugar processed by the American refineries may be of domestic or

foreign origin, and the production as well as the importation of raw
sugar 1is closely governed by U.S.D.A. quota. From a refining process

10
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viewpoint, there is little difference in raw sugar related to its source
other than the amount of impurities present.

A cane sugar refinery receives raw sugar in bulk form by truck, rail,
karge, and/or ship, and stores it for periods up to several months in
large warehouses. As required by the refining process, the raw sugar is
conveyed from storage through continuous weighing to the magma mingler,
the first step in sugar refining. Figure 3 presents a simplified
process diagram of cane sugar refining.

Sugar refining may be kroadly defined as the removal of most of the
molasses film and associated impurities from the surface of the raw
sugar crystals. The crystalline raw sugar is washed to remove part of
the molasses film, then placed into solution, taken through various
purificaticn steps, and finally recrystallized. While +the process is
simple 1in scope, a detailed discussion could fill many volumes. This
discussion will be necessarily of a 1limited nature. Furthermore,
processes may vary in detail considerably from refinery to refinery,
particularly in decolorizaticn methods where the media may be bone char,
granular activated carbon, powdered activated carbon, vegetable carbon,
ion-exchange or other materials. The predominate media in the United
States, however, is bone char. Figure 4 presents a process flow diagram
of bone char refining and Figure 5 is a schematic of carbon refining.

Affination and Melting

The first ster in the refining process is affination which begins with
mingling, or placing the raw crystals into a syrup solution. The main
source of the mingling syrup is the affination centrifugals. Either the
recycled syrup is heated in order to aid in loosening the molasses film,
or the resulting magma is heated in a revolving mixer. The magma is fed
into centrifugals, which separate the syrup and molasses from the sugar.
Hot water is then added to provide a washing action. The washed sugar
is discharged into a melter which also contains about one-half of the
sugar's weight in water. High- test sweet waters and remelt syrups may
also be added. Steam heat and mechanical mixing are supplied to the
melter. Melt liquor leaves the melter at a constant density of about
652 Brix and a temperature of about 66° Centigrade (150° Fahrenheit).

The 1liquor is subjected to coarse screening and, in many cases, fine
screening to remove coarse materials such as sand and scale. These
relatively small amounts of impurities are normally discarded as solid
waste.

Clarification_(Defecation)

The screened melt liquor still contains fine suspended and colloidal
matter which are removed in clarification. CcClarification may involve
coagulation and either flotation clarifiers or pressure filtration. The
most common chemical defecants are phosphoric acid, carbon dioxide, and

12
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lime. The result of this treatment is neutralization of organic acids
and formation of a tri-calcium phosphate precipitate which entrains much
of the colloidal and other suspended matter in the liquor. Carbonation
produces a calcium carbonate precipitate. Inert filter aids, most
ccmmonly diatcmaceous earth, may be used alone or in conjunction with
rhosphoric acid.

Clarification systems that remove the colloidal and suspended
precipitate by air flotation are called frothing clarifiers and are
based simply on the principle of rising air bubbles trapping the
precipitate and forming a scum on the 1liquid surface. Pressure
filtration commonly takes place in a cloth or leaf-type filter with cake
removal ky means of high rressure sprays.

The muds, scums, and filter muds produced in clarification contain sig-
nificant sugar concentrations which must be recovered. Frothing
clarifier scums, particularly tri-calcium phosphate scums, are often
sent to a second clarifier and the resulting scum is filtered on rotary
vacuum drums with the addition of filter aid. The press cake is usually
handled in a dry form and taken to landfill but may be slurried. High-
test sluicings may be dewatered in rotary vacuum filters and the
resulting sweetwater added to affination syrups and the dewatered cake
used as filter aid for filtration.

Decolorization

After affination and clarification, the sugar liquor still contains im-
purities and color that require physical adsorption for removal. As
previously stated, most large crystalline refineries use fixed bed bone
char cisterns (also called filters), although in more than 50 years
there have keen no new refineries equipped with them. An individual
cistern is ccmmonly three meters (ten feet) in diameter and six meters
(20 feet) deep and holds approximately 36 metric tons (40 tons) of bone
char and 20,800 1liters (5,500 gallons) of sugar liquor. There are
generally 30 cisterns per million kilograms of daily melt.

Sugar liqucr passes in parallel through each cistern in a downward
direction and undergoes adscrption of the color bodies and ions. From
90 to 99 percent of color is removed, with the higher removal occurring
at the ELeginning of the cycle. Divalent cations and anions and
polyvalent organic ions are effectively removed, as are phosphate and
bicarbonate. Monovalent ions are not removed.

After some rperiod of operation, the decoloration ability of the char
decreases to an unacceptable level and the char must be washed and
regenerated Ly heat in kilns or char house furnaces. The sugar liquor
in the cistern is displaced with a piston effect by hot water. The
water effluent is a low purity sweet water and is taken to evaporation
for sugar recovery. The total amount of sweet water produced is usually
about one-half of the cistern's volume.
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After the rpurity of the water effluent has degraded to a point where
further sugar recovery is considered uneconomical, it is released as a
waste water stream. The amount of wash water used may be governed
either by time or by ash content.

After the last of the wash water has drained from the char cistern, the
char is discharged from the cisterns, dried by hot air, and regenerated
in kilns. The kilns provide a temperature of about 550° Centigrade and
a controlled amount of air. Under these conditions any organic residue
is destroyed and the bkuffering and decolorizing caracity of the char is
renewed.

The operation of a granular carbon refinery is in many ways similar to
that of a char refinery, but there are at the same time significant
differences. Granular carbon adsorbs minimal ash and produces
considerably more sweet water. The only waste water normally associated
with the decolorization step in the process 1is water used for
transporting the carbon. Transport water can be reused as +transgort
water, but must be discharged periodically due to bacterial growth.
Most granular carbon refineries discharge transport water once or twice
a week.

Powdered activated carbon is used for decolorization in small refineries
and in 1liquid sugar production. Regeneration of powdered carbon is
difficult and it is normally discarded after one or +two cycles.
However, in 1972, one comrany announced the successful and economical
regeneraticn cf powdered activated carbon.

The clarified liquor is contacted and agitated for about 15 +to 20
minutes with a slurry of carbon prepared with water or sugar solution.
After that period of time, carbon will not adsorb more coloring matter,
but coloring matter already adsorbed can be washed back into the sugar
solution. The temperature of treatment is about 82° cCentigrade (180°
Fahrenheit). After the treatment is completed, about five kilograms (10
pounds) of filter aid per 3,800 liters (1,000 gallons) of sugar 1liquor
is admixed and thorcughly dispersed in the liquor before filtration.
The filtration is accomplished in filter aid precoat-type leaf filters.
The cycle of each filter unit varies from five to twenty four hours,
depending on the filterability and color of the sugar 1liquor that is
being filtered. The decoleorized filtrate is checked in a precoat-type
leaf filter and then sent to the double~effect evaporators for
concentration prior to crystallization. The total filter aid
consumption is about 0.4 to 0.5 percent based on refined sugar output.
The filter cake containing the filter aid, carbon, and impurities is
sent in slurry form to the clarification scum tank, and all this mixture
is filtered in a dry discharge type pressure filter (either plate and
frame or leaf type); all solids are discarded, after sweetening off, in
dry cake or slurry form in a suitable disposal area.
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Ion-exchange resins are used to a limited extent in sugar refining for
demineralization (deashing) or further color removal. They are used
most extensively in carbon and 1liquid sugar refineries. Refinery
liquors are percolated through a cation-exchanger which adsorbs alkaline
salts frcm the liquor and leaves it highly acidic. Then the liquor is
percolated through an anion-exchanger which removes the free acid and
converts the sugar liqucr tc a neutral state. This double percolation
can be avoided by using cationic and anionic resins mixed together in a
single-bed cistern. The operation of ion-exchange beds in refineries is
not wunlike that of many industrial applications in that they are
regenerated in place with sodium chloride, sulfuric acid, or cther
chemicals depending c¢n the type of resin. The cost and disposal of
chemicals needed for regeneration of ion-exchangers has precluded its
application for the entire refining process.

Evaporation

No matter what method of decclorization is used, the final steps of re-
crystallizing and granulating are essentially the same in all
refineries. The first step in recrystallization is the concentration of
the decolorized sugar 1liqucr and sweet waters in continuous-type
evaporators.

An evaporator is a closed vessel heated by steam and placed under a
vacuum. The basic principle is that the juice enters the evaporator at
a temperature higher than its boiling temperature under the reduced
pressure, or 1is heated to that temperature. The result is flash
evaporation and the principle allows evaporators to be operated 1in a
series of several  units. This practice 1is called multiple-effect
evaporation, with each evaporator being an "effect", and is illustrated
in Figure 6. In general, the vacuum in each effect is created by the
condensation of the vapors from that effect in the subsequent effect.
The heat of vaporization of the juice in each effect is supplied by the
vapors from the previous effect, with the exception of the first and
last effects. The first effect normally has live steam or exhaust steam
resulting frcm power production provided to it, and the last effect has
a vacuum caused by the condensation of its vapors in the condenser. The
temperature and pressure of each effect is, therefore, 1lower than the
preceding effect.

The cane sugar refining industry commonly uses double or triple-effect
evaporation with the short tube or calandria type of evaporator (as
illustrated), although +the Lillie £film evaporator 1is used in some
installations.

Condensation of the last effect vapors may be provided by one of several
condenser designs, but all operate on the principle of relatively cold
water passing through a cylindrical vessel, contacting the hot varcrs,
and condensing them. The resulting hot water 1leaves through a 1long
vertical pipe called a barcmetric leg. Air is removed from the system
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by a vacuum pump or steam ejector. The condenser cooling water, or
barometric 1leg water, at a flow rate of perhaps 76,000 cubic meters per
day (20 million gallons) in a large refinery, is the largest volume of
water used in a cane sugar refinery. It is often untreated river or sea
water and 1is unsuitable for reuse in other processes in sugar refining
although some refineries use better quality water which 1is recycled
after cooling in a cooling tower or spray pond, and then reused in cther
processes.

A problem common to the sugar refiner in his attempt to prevent sugar
loss and to the environmentalist in his attempt to prevent polluticn is
the entrainment of sugar in the vapors from the evaporators and vacuum
pans. The condensed steam from the first effect has not come into
direct contact with the sugar solution and is essentially pure water.
It is usually used as feed water for the steam bkoilers as 1is the
condensate from the second effect. The condensates from the cther
effects experience relatively little sugar entrainment and are used as
process water; however, in some cases "excess!'" condensate may ke
discharged as a waste stream. The major problem, then, 1is with the
vapor from the last effect which tends to have greater entrainment than
the other effects. Due to its mixing with the condenser water, the
resultant volume is too large for reuse in the process. However, con-
denser water may be recirculated. If recirculated, the warm water from
the condensers of evaporators and vacuum pans is cooled in cooling
towers or spray ponds and recycled. Only a fraction of the volume goes
to the stabilization ponds as blowdown from the cooling tower or sgray
pond. This volume is a function of the dissolved solids content of the
water being used as barometric condenser cooling water. One would not
recycle brackish water because of the high concentration of dissclved
solids. With good quality water, this blowdown can amount to as little
as one percent.

Various methods of reducing entrainment are used in the industry, btut
most are based on either the principle of centrifugal action or that of
direct impact; i.e., changing the direction of vapor flcw so that liquid
droplets may veer away from the vapor, be impinged on a surface, and
ultimately ke returned to the liquid body, or allowing the vapor to come
into direct contact with a wet surface. Schematics of various methcds
commonly used are shown in Figure 7.

The distance between the liquid level in the evaporator and the top of
the cylindrical portion of the body is called the vapor belt. This dis-
tance has a great effect on the degree of entrainment because the
further the vapor has to rise the greater the opportunity for 1liquid
droplets to fall out. Most evaporator vapor belts in refineries range
from 3.7 to 4.9 meters (12 to 16 feet) or about 2.0 to 2.5 +times the
length of the tubes.

Refineries mcnitor sucrose concentrations in condensate and condenser
water in order to avoid sugar contamination in boiler feed waters and
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sugar loss in condenser water. The frequency of monitoring may vary
from continuous (auto analyzers) to hourly, daily, or weekly. The
methods of analysis for sucrose most commonly used are the alphanaphthol
and resorcinol tests. Both methods are based on color change resulting
from the reaction of the test reagent with sucrose.

Crystallization

After concentration 1in evarorators, in the case of crystalline
refineries, the sugar 1liquor and sweet waters are crystallized in
single-effect, batch type evaporators called vacuum rans. Several rgans
are used exclusively fcr ccmmercial granulated sugar and the resulting
syrups are koiled in cther pans, as shown in Figure 4. Calandria rans
are commonly used and are similar to the calandria evaporator described
akove except that the rans have larger diameters and shorter +tubes in
order to handle the more concentrated liquid.

In order for sugar crystals to grow in a vacuum pan, the sugar solution
must be supersaturated. There are three phases of supersaturation in
sugar boiling; the metastable phase in which existing crystals grow but
new crystals do not form, the intermediate phase in which existing
crystals grow and new crystals do form, and the labile phase in which
new crystals form spontaneously without the presence of others. The
formation of new or "false" crystals is undesirable and the pan must be
maintained in that narrow range of sucrose concentration and temperature
which provides the metastable phase and allows the growth of seed
crystals. Automatic controls such as level, pressure, and viscosity
instrumentation for fran operation are used extensively in sugar
refining.

Since vacuum pans are essentially single-effect evaporators, each pan
must have a vacuum source and a condenser, as described above for
evaporators. Sugar entrainment is a potential problem, particularly
during start-ups or upsets, and various catchalls, centrifugal
separators, or baffle arrangements are used along with sucrose
monitoring (see Figure 7). In some cases a small surface condenser is
inserted Lketween the pan and the barometric condenser to act as a heat
exchanger in order to heat process water. This also serves to reduce
sucrose entrainment.

After the formation of crystals in the pans, the massecuite content of
the pan--called a strike--is discharged into a mixer where it is gently
agitated, and then into high speed centrifugals where the crystals are
separated from the syrup. The crystals remaining in the centrifugals
are washed with hot water to remove remaining syrup, and the crystalline
sugar is discharged and sent to a combined dryer-cooler or to a dryer
followed by a cooler.

There are normally four straight refinery massecuites boiled in the
vacuum pans: filtered and evaporated first liquor and three remelt
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strikes derived from affination syrup, refinery run-off, soft sugar run-
offs, and excess sweet water. The first refinery strike is boiled from
first 1liquor, the second is boiled from first strike run-off, the third
refinery strike is boiled from second run-off and the fourth strike from
third run-cff. The procedure of boiling second, third, and fourth
refinery massecuites 1is the same as for the first one. 1In a refinery
where only white sugar is produced, the 1last refinery strike run-off
(fourth) can ke used in affination as a mingling syrup. Some refineries
use it to produce "soft sugars". It can be diluted and filtered through
bone char or granulated adsorbents, or treated with powdered activated
carbon and used again in boiling. The sugar recovered from the remelt
strikes is used for the production of additional refined sugar and well
exhausted refinery blackstrap molasses. From 10 to 15 percent of the
original solids in the melt are recycled through the remelt (or
recovery) stations.

Finishing
The dryer or granulator is usually a horizontal, rotating drum 1.5 tc

2.4 meters (five to eight feet) in diameter and 7.6 to 11 meters (25 to
35 feet) long which receives steam heated air along with the sugar

crystals. It may consist of one or more drums in parallel. The granu-
lators remcve most of the one percent moisture content to 0.02 percent
or less. In addition, the dryers serve to separate the crystals from

one another. After drying, the sugar goes to coolers, which are similar
drums without the heating elements.

Any lumps remaining in the sugar are then removed by fine screening.
Screening also accomplishes crystal size grading.

BRoth the granulating and screening processes produce considerable
amounts of dust. Wet dust collectors are commonly used to collect this
dust and the resulting sugar solution is collected as sweet water.

The finished crystalline sugar is transported to conditioning silos and
then ultimately to packaging or bulk shipment. 1In the larger granulated
sugar refineries it is not uncommon to produce liquid sugar by melting
granulated sugars and then decolorizing the solution with powdered
activated carbon; the resulting solution is then filtered and cocoled
refore being sent tc storage as liquid sucrose. It may also be inverted
to either 100 percent, 50 percent or any other degree of inversion and
stored separately from liquid sucrose in stainless steel clad tanks
provided with wultra-vioclet lamps and air circulation filters for
sterilization purposes.

Liquid Sugar_Production

As noted in Table 3, there are four refineries in the United States that
produce liquid sugar exclusively as a final product and two that produce
large portions of liquid as well as crystalline sugar. Most of the re-
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maining twenty-two produce some 1liquid sugar by melting granulated
sugar.

As shown in Figure 8, the initial refining steps of affination, decolor-
ization, and even evaporation in a liquid sugar refinery are essentially
the same as in a crystalline sugar refinery. The primary difference
occurs in the fact that liquid sugar refineries do not recrystallize
their primary product. While this preempts the necessity of using
vacuum pans to effect crystal formation and growth in the case of the
primary product, nevertheless, all but two liquid refineries use vacuum
pans for the crystallization of remelt sugars, producing molasses as a
ky-product. The two liquid refineries that do not remelt use a highly
pure raw material. The production of liquid sugar is essentially a
concentration and decolorization of the melted raw sugar solution.
Because crystal formation is not a part of primary 1liquid sugar
production, considerably less condenser water and process steam is
required. This results in substantially less water usage to process the
same quantity of raw cane sugar into liquid sugar than that required to
process it into crystalline sugar. This is further discussed in Section
V. After evaroration, the sugar solution is filtered and cooled and
then sent +to storage as 1liquid sugar. It may also be inverted to a
specific degree and stored separately in stainless steel clad tanks
equipped with ultra-violet lamps and air circulation filters to insure
sterilization. The processes of filtration and inversion are the same
as those used in the formulation of liquid sugar by the melting of
crystalline sugar.
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SECTION IV

INDUSTRY CATEGORIZATION

In the development of effluent limitation guidelines and standards of
performance for the cane sugar refining industry, it was necessary to
determine whether significant differences exist which form a basis for
subcategorization of the industry. The objective of industry
subcategorization is to subdivide the industry in order that separate
effluent limitations and standards be estaklished for such
subcategories. Several factors were considered significant with regard
to identifying potential subcategories 1in the cane sugar refining
industry. These factors included:

1) Raw material quality
2) Refinery size

3) Refinery age

4) Nature of water supply
5) Land availability

6) Process variation

After consideration of the above factors, the cane sugar refining
industry has been divided into two subcategories: 1liquid cane sugar
refining and crystalline cane sugar refining. The Jjustification for
this subcategorization is presented below.

All cane sugar refineries process raw sugar as produced by raw sugar
factories. An obvious point of inquiry in this regard is the source of
raw sugar--namely, imported versus domestic raw sugar. A significant
portion of raw sugar refined in the United States 1is imported from
Africa, Latin America, the Phillipine 1Islands, and Southeast Asia.
Depending upon the operation cf the factory, and to some extent upon the
conditions under which raw sugar is shipped and stored, raw sugar could
vary in impurity and moisture content. Investigaticns revealed that no
significant variation in raw sugar quality exists because of
specifications imposed by individual refineries.

The exceptions are two liquid refineries which impose higher than normal
standards for raw sugar rurchases., One refinery purchases raw sugar
from selected Louisiana and Central America factories, while the octher
purchases from selected Florida factories. The high quality of raw
sugar allows these twc refineries to avoid remelting and preempts the
use of vacuum pans (as previously discussed in Section III,
Introduction) . Neither of these refineries discharges waste water
directly to surface waters. one is 1located in an urban area and
discharges all waste to a municipal sewer; the other has a rural siting
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and has geographical conditions which allow for total impoundage of all
waste waters.

For the purpose of establishing national effluent 1limitations and
standards, these two refineries are considered +to be exceptions to
general practices. They are therefore not applicable as examples of
best practicable or best available technologies because of the
nonavailability of this high-purity raw sugar to the refining industry
in general. For this reason, separate subcategorization based on raw
material quality is not required.

Refinery Size

As indicated in Section III, cane sugar refineries vary considerably in
size. The smallest operation is the Ponce Candy refinery, with a
refining capacity of 55 metric tons (60 tons) per day. The California &
Hawaiian refinery at Crockett, California, with a refining capacity of
3175 metric tons (3500 tons) per day, claims the distinction of being
the world's largest sugar refinery. Other large refineries are 1located
in the urbanized Northeast, in Savannah, Georgia, and in the New Orleans
area. The smaller refineries are generally those associated with sugar
factories.

It might be expected that larger refineries would have better operation
than smaller ones; however, in actual practice this is not always the
case. While data are more variable for small refineries, no evidence is
available which shows significant differences in process water usage
(See Section V). For the above reasons size is not regarded as a
technical element for subcategorization. Size is considered to be a
factor to be further studied for possible economic impact; for this
reason, cost estimates for control and treatment pertaining to typical
large and small refineries are included in Section VIII, Cost, Enerqy,
and Non-Water Quality Aspects.

Refinery Age

Cane sugar refineries vary considerably in age of structure; several of
the larger refineries currently operating were originally constructed in
the decades following the American Civil War, while others were con-
structed after the Second World War. On a basis of unit operations em-
ployed, all refineries have undergone a process of continuous moderniza-
tion. The age of the walls of a refinery is no indication of the age of
the processing equipment within the walls. No definitive subcategoriza-
tion on the basis of age can be established. This conclusion is further
substantiated in that one of the oldest refineries has been determined
to be exemplary in terms of inplant controls and practices and raw waste
characteristics.
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Nature of Water Supply

The quantity and quality of fresh water supplies utilized by refineries
were originally considered to be possible elements for industry
sukcategorization because of potential prohibitive factors that could be
encountered in control and treatment. Water used for process or boiler
water must be of highest quality; if a high quality source of water is
unavailable, a refinery must provide treatment. However, the guality of
water used as condenser cooling water is unimportant; it was observed to
vary from municipal water to sea water. Typically, refineries use a low
quality surface water as barometric condenser cooling water.

The major importance of the gross characteristics of condenser water is
that with a high quality intake, the discharge (which essentially has no
net pollution except for temperature and entrained sucrose) can be
reused in the refining process. Thus a major waste water stream,
condenser cooling water, can be significantly reduced or, depending on
the relative volumes, virtually eliminated. One refinery accomplishes
this by wutilizing municipal water as the source for condenser cooling
water. It is a liquid refinery which does not wuse vacuum pans, for
reasons discussed above and in Section III, and thus has a relatively
low volume of condenser water. More typically, due to the volumes
required and based on present practices, refineries utilize available
surface waters as condenser cooling water, regardless of quality.

Land Availability

Land availability was originally considered as a possible element for
subcategorization because of the potential economic advantages and
technical feasibility of waste water treatment and retention by
lagooning, 1land disposal, and impoundage (see Section VII, Control and
Treatment Technology) . Land availability has been defined as the
ownership or potential ownership of land, or the use or potential use of
land owned by others with the owner's permission, with such land being
of sufficient quantity to provide treatment of waste water by lagooning,
land disposal, or impoundage, and with the stipulation that the economic
value of the land does not prohibit its wuse in such manner. For a
number of large refineries in urban areas, the nonavailability of land
must further be defined as the lack of sufficient space for industrial
waste water treatment facilities. However, these refineries presently
have access to municipal treatment systems, +to which they discharge
their process waste water.

It was determined that relatively little of the sugar refining industry
has available land. Forty-five percent of +the refinery installations
may be considered to be rurally located, but these represent only about
25 percent of the industry on a production basis. Land and excavation
costs for total impoundage of waste waters make this treatment
alternative prohibitive for the industry as a whole. The option exists,
however, with a proper choice of site 1location based on a careful
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consideration of geographical and climatic conditions, for new sources
to wutilize the availability of 1land in eliminating discharge to
navigable waters. For the purpose of establishing uniform national
effluent limitations guidelines and standards land availability is not
regarded as a technical element necessitating subcategorization.

Process Variation

While the production of refined sugar from raw sugar involves similar
operational principles in any refinery, in practice considerable process
variation can occur. These variations may be caused by the end product
desired or by the attitude of refinery management.

The only process variation which produces significant differences with
regard to waste water generation is that which produces 1liquid versus
crystalline sugar (discussed previously in Section III). Due to the
reduced amount of recrystallization necessary in 1liquid refining,
crystalline refineries discharge almost twice as much water (on a unit
basis) as 1liquid refineries. In terms of BODS loading, liguid
refineries produce approximately two times as much BODS (on a unit
basis) as crystalline refineries. This will be further discussed in
Section V, Water Use and Waste Characterization.

Ancther process difference which has to be considered as a potential
element for subcategorization is the type of decolorization medium wused
in the production of crystalline sugar--activated carbon versus bone
char. As is shown in Section V, no significant differences occur in
process water use as a result of wutilization of bone char versus
activated carbon as the decolorization medium.

Because of significant differences in water usage and waste loadings the
cane sugar refining industry has been divided into two subcategories:
liquid cane sugar refining and crystalline cane sugar refining. Within
the liguid sugar subcategory there are four refineries which produce
exclusively liquid sugar and +two refineries which produce liquid in
addition to crystalline sugar. These refineries account for over twenty
percent of total sugar production. The remainder of the twenty-eight
refineries produce crystalline sugar as their primary product.
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SECTION V

WATER USE AND WASTE CHARACTERIZATICN

SPECIFIC WATER USES_-_ CANE SUGAR_REFINERIES

Figure 9 shows a schematic diagram of water usage and waste water flows
in a typical liquid sugar refinery and Figure 10 presents one for a
typical crystalline refinery. The major inplant water uses include:

Barometric condenser cooling water
Filter cake slurry

Char wash

Floor wash water

Carkon slurries

Boiler makeup

Truck and car wash

pffination water

Ion-exchange regeneration

Water use varies widely among cane sugar refineries due to variations in
process, water reuse, and conservation techniques. As shown in Table 5,
the amount of fresh water used in refineries varies from 10.5 to 64.2
cubic meters per metric ton (2,520 to 15,400 gallons per ton) of raw
melted. The average water usage in 1liquid sugar refineries is
approximately 18.1 cubic meters per metric ton (4,350 gallons per ton),
while the average for crystalline refineries is appxoximately 38.2 cubic
meters per metric ton (9,160 gallons per ton). Combination
crystalline-liquid cane sugar refineries use approximately 35.2 cukic
meters per metric ton (8,450 gallons per ton).

water balances for a 1liquid and a crystalline refinery are shown in
Figures 11 and 12, resgectively. Negligible water enters a sugar
refinery from raw material. High quality fresh water enters the liquid
refinery illustrated at a rate of 1.67 cubic meters per metric ton of
raw sugar (400 gallons per ton) and is used for all process purgoses
other than cooling water. Cooling water is wused for the barometric
condensers at a rate of 20.9 cubic meters per metric ton (5,000 gallcns
per ton) of raw sugar melted, and the source of this water is typically
the nearest body of surface water. Raw water 1in the crystalline
refinery shown is used at a rate of 45.1 cubic meters per metric ton
(10,800 gallons per ton) of raw sugar melted; 3.38 cubic meters (810
gallons) of this is high quality water used for various purposes while
41.7 cubic meters (10,000 gallons) is low quality surface water used as
barometric condenser cooling water.

In general, cane sugar refineries are more sophisticated in waste water

control techniques than are sugar factories (and more conscious of sugar
losses); however, current rractices for water reuse are generally
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TABLE 5

UNIT WATER* INTAKE AND WASTE WATER DISCHARGES
CANE SUGAR REFINERIES

Condenser Process Decolorization

Refinery Intake Discharge Water Water Wash

c-1 48.5 48.5 44.9 3.6

c-2 16.8 16.8 16.1 0.7 0.66

C-3 42.9

C-4 44.6 43.2 1.4

C-5 45.2 43.8 42.5 1.3

C-6 42.4 40.6 1.8

c-7 25.8 25.8 24.4 1.4 0.54

c-8 64.2 62.8 1.4 0.84

c-9 38.1 34.1 4.0

c-11 25.0 24.4 0.6

C-12 63.1 61.71 1.4

C-14 3.322 23.5 2.7 0.22

L-1 10.5 10.5 8.0

L-2 16.0 16.0 16.0

L-3 16.0 14,1 1.9

L-4 30.0 26.9 3.1

* A1l values expressed as cubic meters per kkg of melt.

1 Based on pump capacity, not on actual measured flows.
Has a recycle system for barometric condenser cooling
water resulting in a reduction in water discharged.
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TABLE 5
( CONTINUED )

UNIT WATER* INTAKE AND WASTE WATER DISCHARGES
CANE SUGAR REFINERIES

Condenser Process Decolorization
Refinery Intake Discharge Water Water Wash
CL-1 22.5 21.3 1.2
CL-2 47.9 47.9 47.1 0.8
CF-1 91.33 1.0
CF-2 45.0 8.6%
CF-3 68.6° 2.2
CF-4 72.06 1.4

* A11 values expressed as cubic meters per kkg of melt.

3 Based on vacuum pan capacity, not on actual measured flows.

4 Includes substantial water usage as a result of factory operations

(i.e. continuous water spray of bagasse pile).

Maximum discharge

as a result of refinery operation alone approximated at 3.0 m3/kkg

of melt.

5 Based on pump capacity, not on actual measured flows.
6 Based on maximum barometric condenser capacity; g greater than 50%
/

overf]
43.5 m

3

W occurs over. pumping capacity of 86.9 m
/kkg of melt the upper limit of actual barometric condenser

cooling water flow.
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limited to recovery of high purity sweetwaters for their sucrose content
and reuse of condensates for tciler feed water and other purposes.

Obviously, the factor most affecting total water wusage 1is process
variation. As indicated above, crystalline refineries with their
requirements for large volumes of barcmetric condenser cooling water use
60 percent more raw water than liquid refineries. The extremes of this
situation may be illustrated by Refinery L-1 which emgloys no
recrystallization in its manufacture of 1liquid sugar as compared to
Refinery C-8 which produces strictly crystalline sugar. The crystalline
refinery in this case uses over 600 percent more raw water.

Of all factors affecting water use, one of the most influential is the
availability of land for disposal, or conversely, the cost of sewer sur-
charges. For example, Refineries Cc-1, C-2, C~4, C-5, C-9, and C-14 dis-
charge process wastes to municipal sewers and average 36.6 cubic meters
of water wusage per metric ton (8,600 gallons per ton) of melt, while
Refinery C-3 which does not discharge to municiral sewers, averages 42.9
cubic meters per metric ton (10,300 gallons per ton)of melt. Refineries
L-1 and L-4 employ very similar processes but the former discharges all
waste waters to municipal sewers, while +the latter uses total
impoundage. The difference in water usage is a factor of one to three.

Char_Wwash

Forty-eight percent of all refineries use bone char for decolorization,
and these refineries include all of the largest refineries. Tables 6
and 7 give a breakdown of the type of decolorization medium used by each
of the 29 refineries currently in operation. The waste water produced
by the washing of char is a major waste stream in bone char refineries.

The amount of water used for char washing appears to be more dependent
on the opinicn of the orerator than on any other factor. This is
dictated by the fact that in almost all aspects, the use of bone char is
more art than science.

The unit flcw of char wash water varies from about 0.22 to approximately
0.84 cubic meters per metric ton (53 to 200 gallons per ton) of raw
sugar melted. The typical flow would appear to be about 0.6 cubic
meters per metric ton (144 gallons perxr ton).

Other Process Wastes

A non-char refinery, whether crystalline or liquid, uses granular or
powdered activated carbon and possibly a combination of carbon and ion-
exchange +to effect color removal. The major process wastes in a carbon
refinery consist of carbon wash water (and in some cases carbon slurry),
and possibly ion-exchange regeneration. For 1liquid refineries, the
total process water discharge (total waste water discharge 1less
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TABLE 6

DECOLORIZATION MEDIA USED BY EACH CANE SUGAR
REFINERY CURRENTLY OPERATING

Decolorization Media

Bone Activated Activated Carbon Bone Char, Carbon,
Refinery Char Carbon plus Ion-Exchange and Ion-Exchange
c-1 X
C-2 X
C-3 X
c-4 X
C-5 X
C-6 X
C-7 X
c-8 X
C-9 X
c-10 X
c-11 X
Cc-12 X
C-13 X
C-14 X
L-1 X
L-2 X
L-3 X
L-4 X
L-5 X
CL-1 X
CL-2 X
CF-1 X
CF-2 X
CF-3 X
CF-4 X
CF-5 X
CF-6 X
CF-7 X
CF-8 X
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TABLE 7

SUMMARY OF TYPES OF DECOLORIZATION MEDIA
USED BY CANE SUGAR REFINERS

Decolorization Media

Refinery Bone Activated Activated Carbon Bone Char, Carbon,
Type Char Carbon plus Ion-Exchange and Ion-Exchange
Crystalline 13 8 1 0
Liquid 0 0 5 0
Crystalline-
Liquid 0 0 1 1
Total 13 8 7 1
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barometric condenser cooling water) averages approximately 2.5 cubic
meters per metric ton (600 gallons per ton) of raw sugar melted.

A major factor considered in the subcategorization of the cane sugar
refining segment is the potential difference in process water discharge
due to the use of activated carbon versus bone char as the
decolorization medium in the production of crystalline cane sugar. A
substantial difference in discharge flow would mean a substantial cost
difference associated with the treatment of this waste water stream.
The average process water discharge for all crystalline refineries is
1.86 cubic meters per metric ton (450 gallons per ton) of melt. The
average process water discharge fcr all crystalline refineries utilizing
bone char as the decolorization medium is 1.90 cubic meters per metric
ton (455 gallcns per ton) of melt, while for those using activated
carbon is 1.78 <cubic meters per metric ton (430 gallons per ton) of
melt, This amounts to a difference of 6.5% more process water
discharged by crystalline bcne char refineries. The average prccess
water discharge by the better crystalline refineries is 1.18 cubic
meters per metric +ton (283 gallons per ton) of melt. The average
process water discharge Ly the better crystalline kone char refineries
is 1.15 cubic meters per metric ton (276 gallons per ton) of melt, while
for the Lketter refineries using activated carbon is 1.23 cubic meters
per metric ton (295 gallons per ton) of melt. This amounts to a
dif ference of 6.8% more rrocess water discharged by the better
crystalline activated carbon refineries. (See Tables 8 and 9). It has
been determined from this analysis that no significant difference exists
in the process water discharge of crystalline bone char versus activated
carbon refineries.

Another factor considered was the difference in process water discharge
versus size for crystalline cane sugar refineries. As shown 1in Figure
13, no correlation exists between process water discharge and size of
the refinery.

Miscellanecus Water Uses_and_Waste Streams

Water is used for a number of purposes in a cane sugar refinery in addi-

tion to those previously discussed. Fortunately, most of the waste
streams rproduced can ke recovered as low purity sweet water. In a well
operated refinery essentially all flocr drainage is recovered. conden-

sates produced by the condensation of vapors in all but the last effect
of multiple-effect evaporators are used for boiler feed water and other
purposes in the refinery.

Sludges, scums, and filter cakes have in some past instances been slur-
ried and discharged to streams. Current practice is to either impound
these slurries after desweetening or to handle them dry and provide land
disposal.
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TABLE 8

PROCESS WATER DISCHARGE FOR CRYSTALLINE
CANE SUGAR REFINING ( ALL REFINERIES )

Average Process

Type of Number 1in Water Discharge Range
Refinery Study ( m3/kkg of melt ) ( m3/kkg of melt )
Crystalline ( A1l ) 15 1.86 0.6 - 4.0
Bone Char 10 1.90 0.6 - 4.0
Activated Carbon 5 1.78 1.0 - 3.0

Difference = 1.90 - 1.78 6.5%

1.86
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PROCESS WATER DISCHARGE FOR CRYSTALLINE
CANE SUGAR REFINING ( AVERAGE OF THE BEST )

TABLE 9

Average Process

Type of Number 1in witer Discharge Range
Refinery Study ( m°/kkg of melt ) (7m3/kkg of melt )
Crystalline

( Best ) 9 1.18 0.6 - 1.4
Bone Char 6 1.15 0.6 - 1.4
Activated Carbon 3 1.23 1.0 -1.4

Difference = 1.23 - 1.156 = 6.8%
1.18
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Minor waste streams may include boiler blowdown, cooling tower blowdcwn,
water treatment sludges, and various wash waters. These are highly
variable and minor in individual volume, but may be significant in terms
of total pollution load, particularly in a poorly coperated refinery.

Barcmetric Condenser Cooling Water

The major waste water stream in any refinery, in terms of volume, 1is
barometric condenser cooling water produced by contact condensation of
vapors from the last effect of multiple-effect evaporators and from
vacuum pans. The amount of condenser water used on a unit basis in a
refinery varies with the availability of water, the extent of automation
in the control of operations, and the thermodynamic relationship between
the intake water and the vapors to be condensed; i.e., the higher the
temperature o¢f condenser water influent, the 1larger +the volume of
cooling water required for vapor condensation.

From the most reliable of data available, the average once~through flow
of condenser water for refineries of all categories is nearly 31.5 cubic
meters per metric ton (7,550 gallons per ton) of raw sugar melted. For
liquid sugar refineries the average is nearer 16.3 cubic meters per
metric ton (3,900 gallons per ton) of raw sugar melted, while for
crystalline refineries the average is nearly 36.5 cubic meters rer
metric ton (8,750 gallons per ton) of melt.

Recirculation of barometric condenser cooling water is practiced by
several refineries; this technique of reduction of the discharge waste
water stream is further discussed in Section VII, Control and Treatment
Technology.

WASTE WATER CHARACTERISTICS—~CANE SUGAR REFINERIES

The characteristics of the total waste water effluent from a cane sugar
refinery vary widely, depending upon the characteristics of the
individual waste stream as described below. However, the following
major total raw waste streams can be identified:

1. The waste water rroduced by a crystalline sugar refinery
using bone char for decolorization. The majority of
waste stream components are char wash water which
is a part of the process water stream, condenser
cooling water.

2. The waste water produced by a crystalline sugar refinery
using carbon for decolorization. The major waste streams
from this type of refinery are barometric condenser
cooling water and process water, including ion-exchange
regeneraticn solutions and carbon slurries.

3. The waste water produced by a liquid sugar refinery em-
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ploying affination and remelt and, therefore, using
vacuum pans. The discharge from this refinery is simi-
lar to that from the carbon crystalline refinery excert
that the flow of condenser water is less.

4. The waste waters produced by a liquid refinery which does
not use affination, does not remelt, and therefore, dces
not use vacuum pans. The discharge from this refinery
is similar to the discharge from number three except that
the barcmetric condenser flow is less.

5. The waste waters produced by a refinery which produces
both liquid and crystalline sugar by separate processes.
The discharge is a combination of numbers two and three.

Barometric Condenser Cooling Water

Theoretically, barometric condenser cooling water should carry net
values of only two constituents--sucrose and heat. The sucrose 1is
obtained from entrainment in last-effect evaporators and vacuum pans and
heat is a result of heat-exchange between the barometric condenser
cooling water and vapors. In terms of waste water characteristics,
sucrose appears in condenser water as BOD5, COD, and dissolved solids.
In practice, as 1indicated in Tables 10 and 11, relatively small
concentrations of other ccnstituents appear. In some cases these
rrobably arrear as a result of analytical error and 1in other cases
because of contamination of the condenser water by unknown waste
streams.

The chemical compositicn of barometric condenser cooling water from a
particular refinery 1is highly variable because of variable operational
parameters as well as factors in the design of evaporators and vacuum
pans. The characteristics are similar to those from a raw sugar factory
and do not significantly vary according to process differences. The
BOD5 concentrations vary from 4 mg/1 to 39 mgsl and the BOD5 1loadings
from 0.07 +to 1.8 kilograms per metric ton (0.13 to 3.6 pounds per ton)
of melt.

Tables 10 and 11 indicate that the volume of barometric condenser
cooling water from liquid refineries is less than that from crystalline;
however, the BOD5 concentrations are higher. It is estimated that the
average crystalline refinery discharges barometric condenser cooling
water with a BODS5 concentration of about 12 mg/1 and a flow of 36.5
cubic meters rer metric ton (8,750 gallons per ton) of melt, while that
from a liquid refinery has a BODS concentration of approximately 19 mg/1
and a flow of 16.3 cubic meters per metric ton (3,900 gallons per ton).
The PROD5 loadings for all refineries are generally ketween 0.15 and 1.0
kilograms per metric ton (0.3 and 2.0 pounds per ton) of melt.
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Adsorbents

Commercial adsorbents play an important role in the sugar refining
process. While a large portion of the original impurities in the raw
sugar is removed during defecation and clarification, there are con-
siderable amounts of colloidal and dissolved impurities that yield only
to adsorbent action.

Impurities that are removed by adsorbents may be classified (2) into
three types: (1) colloidal material, (2) color-forming compounds, and
(3) 1inorganic constituents.

Although a large number of adsorbents could theoretically be wused in
sugar refining, only a few are in current use. These include:

1) Bone char

2) Ion-exchange resins, mixed media

3) Ion-exchange resins, srecific media
4) Granular activated carbon

5) Powdered activated carbon

Bone char is used in most of the larger sugar refineries in the United
States and accounts for approximately 69 percent of all American sugar
refining. Bone char is effective 1in the removal of both inorganic
materials (ash) and organic impurities (colorants), and the resulting
char wash waters have high concentrations of both ash and colorants.
Since the subsequent char kiln does not affect the ash content in the
char, and since ash buildup in the char leads to decreased char effi-
ciency, considerable attention is given by refiners to the char washing
operation. The basic philosophy is that it is better to use too much
water than not enough.

As mentioned in Section III, the first portion of the char wash water is
recycled for sucrose recovery. The limiting factors on the amount of
char wash recycled are: (1) Sucrose concentrations in the wash water
decrease with washing time and eventually reach the point where recovery
is impractical; and (2) Ash concentrations in the wash water increase as
the sucrose concentrations decrease.

The spent char wash waters have BODS5 concentrations ranging from 500 to-
2,000 mgrs1 and dissolved solids concentrations ranging from 1,000 to
3,000 mgs/1 (see Tables 12 and 13). The BOD5 1loading from bone char
washing is between 0.15 and 1.7 kilograms per metric ton (0.3 and 3.4
pcunds per ton) of raw sugar melted.

Ion-exchange is an effective remover of color as well as ash and is
utilized as the decolorization medium in liquid and combination liquid-
crystalline refineries. The waste characteristics resulting from the
regeneraticn of an ion-exchange bed are greatly dependent on the
particular use of that bed. Ion-exchange is often used in combination
with carbon columns, and in these cases the usual practice is to remove
organics with the carbon column and then use ion-exchange as a final
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polishing to remove inorganics. The inorganics of concern include
anions as well as cations; for such removal, a "monobed" consisting of
both cationic and anionic exchangers is often wused. The caticn-
exchanger can also be used as a polishing step. Most of +the organic
material found in the sugar liquor is anionic, so that a strongly acidic
anion-exchanger (cationic resin) can be used to remove color.

Regeneraticn of ion-exchange beds usually results in a higher volume of
non-recoverable water than those from carbon columns and bone char. If
the ion-exchange bed is wused primarily as an organic color remocver
rather than as a final polishing and inorganic remover, the wash waters
have higher concentrations of organic carbon and correspondingly higher
BOD5 concentrations. The BOD5 loading from a 1liquid refinery wusing
carbon columns for organic color removal as well as for inorganic
removal is approximately 2.9 kilograms per metric ton (5.8 pounds per
ton) of melt. No analyses from ion-exchange beds used only for
inorganic removal have been made, but it appears that the BOD5 1loading
is higher than from bone char and granular carbon and considerably lower
than from ion-exchange used for organic carbon removal.

Granular carbon is strictly an organic carbon remover and is, therefore,
a color remover. The regeneration of granular carbon requires sweeten-
ing off with water and heating of the carbon +to volatilize organic
material, +thereby reactivating the surface. Most of the wash water
which results from sweetening off a carbon column can be recovered for
rrocess Lkecause of its sucrose content. A certain amount of water is
usually wasted because of low purity. While very little information on
the characteristics of this water is available, samples were collected
from one 1iquid sugar refinery. 1In this refinery a flow of 0.08 cubic
meters per metric ton (19.2 gallons per ton) of melt was wasted and the
resulting BOD5 loading was approximately 0.1 kilograms per metric ton
(0.2 pounds per ton) of melt.

Miscellaneous Waste Streams

In addition to the waste water resulting from condensers and adsorkent
regeneration, there are a number of minor waste streams generated in a
cane sugar refinery. These include: floor washings, filter washings,
truck and car washings, and boiler blowdown.

The flows associated with these waste streams are highly variable and in
some cases can be eliminated by reducing the volume of water used. This
results in a waste stream of higher sucrose concentration which can be
recycled back into the process. Table 14 indicates characteristics of
some of the filter wash waters.

Tables 15 and 16 list waste water characteristics in terms of concen-

trations and loadings from crystalline, 1liquid, and combination
crystalline~liquid refineries. It is apparent that in terms of unit
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TABLE 14

WASTE WATER CHARACTERISTICS OF LIQUID SUGAR REFINERTES

Characteristic Filter Truck & Boiler
Cake Slurry Car Wash Blowdown
BOD5, mg/1 735(3 17,250(1,3 0(1
oob, mg/1 2,120(3 40,300(1,3 0(1
TS, mg/l 3,880(3 6,530(1,3 2,110(1
DS, mg/l 1,430(3 6,480(1,3 2,020(1
TSS, mg/1 2,360(3 50(1,3 90 (1
pH 6.3(3 7.2(1,3 5.7(1
NH3 -N, mg/1 0.32(3 3.04(1,3 01
KN, mg/1 12.2 (3 0.49(1,3 o1
NO3 -N, mg/l 75.8 (3 1.80(1 01
TP, mg/1 0.60(3 2(3
Total Coliform
per 100 ml 240(1 0@
Fecal Coliform 2401 01
per 100 ml
(1 RAPP data

(2 USCSRA questionnaire
(3 Internal data

Figures 14 and 15 are illustrations of the estimated flow and loadings
for the process water and barametric condenser cooling water, and total
discharge streams for the average crystalline and liquid cane sugar
refineries, respectively.
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organic 1loadings, 1liquid sugar refineries have higher locadings than do
crystalline refineries. This is apparently due to the high organic
levels produced in the waste waters resulting from ion-exchange re-
generation (all of the 1liquid sugar installations 1listed wuse ion-
exchange as an integral part of their process) and to the extent of
recrystallization and subsequent remelt practiced by these refineries.
An extreme example of this is Refinery L-1, which has the highest waste
loading of all refineries listed. It is important to note that this
refinery does not remelt sugar (i.e., produces no molasses) and some
impurities that would otherwise be contained in molasses must leave the
refinery in its waste water. This principle is true to a lesser extent
for other 1liquid and 1liquid-crystalline refineries that remelt to
varying degrees. Refinery L-3, for example, does not remelt sugar in
its primary product line but must recrystallize in a side product 1line
(refer to Figure 9) to effect recovery of additional sugar and molasses
by-product. This refinery still produces a BOD5 loading of 3.70
kilograms per metric ton (7.40 pounds per ton) of raw sugar melted. The
impact of ion-exchange on the BOD5 1loading from a refinery is
illustrated by the fact that 77 percent of the total BODS loading at the
latter refinery is due to ion-exchange regeneration waste water.

Figures 14 and 15 are illustrations of the estimated flow and 1loadings
for the process water and barometric condenser cooling water, and total
discharge streams for the average crystalline and 1liquid cane sugar
refineries, respectively.
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Barometric Condenser
Cooling Water

BODy; 0.44 kg/kkg
(0.88 Ib/ton)

Flow:

36.5 m3/kkg
(8750 gal/ton)

Process Water

BODg 1.10 kg/kkg {2.20 Ib/ton)

TSS 2.17 kg/kkg (4.34 Ib/ton)

Flow:

R

Flow: 38.4 m3/kkg
{9200 gal/ton)

Discharge
BODS 1.54 kg/kkg (3.08 Ih/ton)
TSS 2.17 kg/kkg (4.34 Ib/ton)

Figure 14

RAW WASTE LOADINGS AND WATER USAGE FOR THE

AVERAGE CRYSTALLINE CANE SUGAR REFINERY -
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1.86 m3/kkg
(450 gal/ton)




Barometric Condenser
Cooling Water

BODg 0.31 kg/kkg
(0.62 Ib/ton)

Flow:

16.3 m3/kkg
(3900 gal/ton)

Process Water

BODg 3.36 kg/kkg (6.72 Ib/ton)

TSS 5.58 kg/kkg (11.16 Ib/ton)

Flow:

Flow: | 18.8 m3/kkg
{4500 gal/ton)

Discharge
BODg 3.67 kg/kkg (7.34 Ib/ton)
TSS 5.58 kg/kkg (11.16 Ib/ton)

RAW WASTE LOADINGS AND WATER USAGE FOR THE

Figure 15

AVERAGE LIQUID CANE SUGAR REFINERY
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2.5 m3/kkg
(600 gal/ton)




SECTION VI

SELECTION OF POLLUTANT PARAMETERS

Major waste water parameters of pollutional significance for the cane
sugar refining segment include BOD (5-day, 20° Centigrade), suspended
solids, and pH. Additional rgarameters of significance include CQB,
temperature, sucrose, alkalinity, total coliforms, fecal colifocrms,

total dissolved solids, and nutrients (forms of nitrogen and
phosphorus) . On the basis of all evidence reviewed, there do not exist
any purely hazardous or toxic pollutants (e.g., heavy metals,

pesticides) in wastes discharged from cane sugar refineries.

When land disposal of waste water is practiced, contribution to ground
pollution must be prevented. If deep well injection is used, all rrrac-
tices must ke in accordance with the Environmental Protection Agency's
"Policy on Subsurface Emplacement of Fluids by Well 1Injection" with
accompanying "Recommended Data Requirements for Environmental Evaluation
of Subsurface Emplacement of Fluids by Well Injection" (6).

MAJOR WASTE WATER CONTROL PARAMETERS

The follcwing selected parameters are determined to be the most
important characteristics of cane sugar refining wastes. Data collected
during the rreparation of this document was limited in most cases to
these parameters. Nevertheless, the use of these parameters adequately
describes the waste water characteristics of the refining industry. BOD
(5-day), suspended solids, and pH are the parameters selected for
effluent 1limitations guidelines and standards of performance for new
sources.

Biochemical Oxygen Demand (5-day BOD)

Biochemical oxygen demand (BOD) is a semi-quantitative measure of the
biologically degradable organic matter 1in a waste water. For this
reason, in waste water treatment, it is commonly used as a measure of
treatment efficiency. It is a particularly applicable parameter for the
sugar industry since sucrose is highly biodegradable. It is significant
to ground water polluticn control in that it is possible for
biodegradable organics to seep into ground water from earthen settling
or impounding basins.

The primary disadvantage of the BOD test is the time period required for
analysis (five days is normal) and the considerable amount of care that
must be taken to obtain valid results.

Typical BOD5 levels in both crystalline and 1iquid cane sugar refining
are quite high, ranging from several hundred to several thousand mg/1
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for certain waste streams. Discharge of such wastes to surface waters
can result in oxygen depletion and damage to aquatic life.

Suspended Solids

Suspended solids serve as a parameter for measuring the efficiency of
waste water treatment facilities and for the design of such facilities.
In sugar waste waters, most suspended solids are inorganic in nature,
originating from process flows such as char wash and carbon slurries in

refineries. Condenser water 1is essentially free of net suspended
solids.

pH
pH 1is an important criterion for 1in-process quality control, odor
control, and bacterjal growth retardation. Highly acidic or caustic
solutions can be harmful to agquatic environments.

ADDITONAL PARAMETERS

Chemical Oxygen Demand

Under the proper conditions, the chemical oxygen demand (COD) test can
be used as an alternative to the BOD test. The COD test is widely used
as a means of measuring +the total amount of oxygen required for
oxidation of organics to carbon dioxide and water by the action of a
strong oxidizing agent under acid conditions. It differs from the BOD
test in that it is independent of biological assimilability. The major
disadvantage of the COD test is that it does not distinguish between
biologically active and inert organics. The major advantage is that it
can be conducted in a short period of time, or continuously in automatic
analyzers. In many instances, COD data can be correlated to BOD data
and the COD test can then be used as a substitute for the BOD test.

Considerable difficulties occur with the COD test in the presence of
chlorides, and it must be noted that condenser cooling water in a number
of refineries consists of brackish water.

No definitive relationship between BOD (5-day) and COD can be
established at the present time. Therefore, it was concluded that
effluent 1limitations guidelines and standards of performance could not
be established for COD.

Bacteriological Characteristics

No bacteriological problems are present in the refined sugar product
from a cane sugar refinery due to the fact that any bacteria present in
the product prior to evaporation are destroyed in the evaporation
process. There is no introduction of microorganisms in the refining
process.
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Temperature

The temperatures of waste waters discharged from cane sugar refineries
can present a problem in the case of barometric condenser cooling water
and other miscellaneous cooling waters. These streams are normally
discharged at temperatures in the range of 16° to 43°C (60° to 1109F),
but may in some instances be as high as 63°C (145°9F). The discharge of
these heated waters, with inadequate dilution, may result in serious
ccnsequences to aquatic environments.

Alkalinity

Alkalinity in water is a measure of hydroxide, carbonate and bicarbonate
ions. Its primary significance in water chemistry is its indication of
a water's capacity to neutralize acidic soluticns. In high
concentrations, alkalinity can cause rproblems 1in water treatment
facilities.

Nutrients

Forms of nitrogen and phosphorus act as nutrients for .. growth of
aquatic organisms and can lead to advanced eutrophication in surface
water bodies. In water supplies, nitrate nitrogen in excessive
concentrations can cause methemoglobinemia in human infants and for this
reason has been 1limited by the United States Public Health Service to
ten milligrams per liter, as nitrogen, in public water supplies (7).

Ammonia nitrogen may be entrained in barometric condenser cooling water
along with vapors. Under aerobic conditions it is oxidized to nitrite,
and ultimately to nitrate nitrogen. Phosphorus compounds are commonly
used to rprevent scaling 1in boilers and orthophosphate may occur in
boiler blowdowns. The use of phosphate detergents for general cleaning
can contribute phosphates to total waste water discharges. When applied
tc soil, rhosphorus normally is fixed by minerals in the soil, and
movement to ground water is precluded.

Total Dissolved Solids

Total dissolved solids may reach levels of 1,000 milligrams per liter in
refinery waste waters. In refinery condenser water, where entrained
sucrose causes dissolved solids, the concentration is typically 20
milligrams per liter. When land impoundage is used, the dissolved solids
concentrations in seepage may considerably exceed raw waste water
values.

The quantity of total dissolved solids in water is of little meaning
unless the nature of the solids is defined. 1In domestic water supplies,
dissolved solids are usually inorganic salts with small amounts of
dissolved organics. In sugar refinery effluents, dissolved solids are
more often organic in nature, originating from sucrose.

61



Sugar Analysis

Analysis for sucrose content is important in process control as an indi-
cator of sugar loss. The two common tests used are the alphanapthol and
resorcinol methods. Neither of these methods provides high accuracy at
low sucrose concentrations, but they do serve a useful purpose by
indicating slug loads of sugar and thus provide a danger signal for
improper operation of evaporators or vacuum pans, or for spills of sugar
or molasses. Due to its inaccuracy at low levels and to the fact that
sugar content is measured by BOD, the sugar analysis is not an adequate
parameter for guidelines establishment.
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SECTION VII
CONTROL AND TREATMENT TECHNOLOGY

Current technology for the control and treatment of cane sugar refinery
waste waters consists primarily of process control (recycling and reuse
of water, prevention of sucrose entrainment in barometric condenser
cooling water, recovery of sweet waters), impoundage (land retenticn),
and dispcsal cf process wastes to municipal sewer systems.

The general scope of current technology, and the attitude of refiners,
is that the volume of process water is sufficiently low that it «can be
handled Lty end-of-line treatment and disposal systems whereas the much
higher volume of barometric condenser cooling water makes it impractical
to treat. This position is illustrated by the fact that few refineries
release sukstantial amounts of process waters to receiving streams while
all but five refineries discharge barometric condenser cooling water to
surface water bodies.

In-Plant Control Measures and Techniques in the Cane Sugar Refining

pollution control in cane sugar refineries. In-plant control refers to
the operational and design characteristics of the refinery and their im-
pact on total waste management. Specific elements are water utilization
and conservation, housekeeping techniques, and any operational or design
factors that affect waste water quantity and/or quality. A primary
portion of in-plant control is for the prevention of sugar loss and thus
is an extension of historical efforts. To the refiner the loss of sugar
in waste water represents lost money; to the environmentalist it is an
organic pollutant. Other measures of in-plant control include the
facilitaticn of dry-handling techniques for sludges and filter cakes,
maximum reccvery and reuse of various process streams, and improved
housekeering practices.

Raw Sugar Handling. Raw sugar is normally delivered to refineries Ly
truck, rail car, barge, or ship. The unloading of the raw sugar at the
receiving area offers an cgportunity for sugar spillage, and the
periodic washdown of the receiving area produces a variable waste stream
with a high sugar content. In one refinery visited, raw sugar conveyor
belts were routinely washed dcwn and the resulting sugar solutions were
allowed to flow into a surface water body, carrying with them an
indeterminable amount of BODS5.

Most refineries recover floor washings in the receiving area to some

extent--some refineries almost in total. The practice in some re-
fineries 1is to recover as much spilled sugar as possible by sweeping,
then discharge subsequent rinse water to waste. A minimal effort at

sugar loss rprevention through equipment modification and improved
housekeeping can essentially prevent the loss of sugar and its resulting
pollutant load from the raw sugar receiving area.
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Truck_and_Car Wash. The tank trucks and rail tank cars that transport
liquid sugar and edible syrups must be maintained under sanitary con-
ditions. This normally involves cleaning of the tanks with steam and
water after each use. The first few minutes of washing produces a sweet
water that is of sufficient sucrose concentration to allow economical
recovery fcr processing. The sucrose concentration in the wash water
effluent after the first few minutes is considered by most refiners to
be too low for recovery and is wasted. This stream can be minimized by
maximizing recovery, but in any event the stream is small in volume and
a minor contribution tc total process waste water flow.

Floor Wash. Since any kacterioclogical contamination to the raw sugar
syrup prior to evaporation is eliminated by evaporation, the recovery of
essentially all floor wash drains as sweet water is possible and is
practiced in some refineries.

Barometric Condenser Cooling Water. The development of calandria~type
vacuum pans and evaporators in the sugar industry has afforded increased
boiling rates, but at +the same time the possibility of sucrcse
entrainment in the barometric condenser water has increased. Sucrose
entrainment represents an economic loss to the refiners as well as an
organic pollutant 1load to +the environment in the condenser water
effluent. BAll sugar refineries employ some means to reduce entrainment,
with the motive in the past being primarily an economic one.

Entrainment is a result of liquid droplets being carried out with water
vapors in evaporators and vacuum pans. There are three important fac-
tors which affect the efficiency of entrainment control:

(1) Height of the vapor belt (vapor height)
(2) Operation and maintenance
(3) Liquid-~vapor seraration devices

One of the most important factors in determining liquid carryover is the
height the liquid bubbles must rise before entering the relatively high
velocity area of the discharge tube. If the height of the vapor belt is
of sufficient magnitude, most liquid droplets will fall back into the
boiling 1liqucr due to gravity and be removed from the vapor before
exiting the evaporator or vacuum pan. It has been found from experience
that the vapor height should be at least 250 percent of the height of
the calandria tubes tc minimize entrainment. Vapor heights in the cane
sugar refining industry have been generally found to be more adequate
than those in raw sugar factories. However, when existing vapor heights
are insufficient, they can be increased by installing a spacer in
existing equipment. This has been done in several cases for the purgose
of increasing evaporation capacity, but entrainment reduction has been a
secondary result.

In addition to proper design, proper operation of the evaporators and
vacuum pans is essential in minimizing sucrose entrainment. It is
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important to maintain the liquid level in evaporators and vacuum pans
near the design level; in essence, if the liquid level is increased, the
vapor height 1is decreased. An important variable which must be
carefully ccntrolled is the rpressure inside the vessel. 1If the pressure
is suddenly decreased, flash evaporation is likely tc occur resulting in
an increase in boiling rate and liquid carxryover. Automatic controls
are available for the operation of evaporators and pans and these have
been installed in a number of refineries. The +typical refinery has
liquid 1level controllers on all evaporator bodies and absolute pressure
control on last bodies of multiple effects and on vacuum pans.

In addition tc proper design and operation, a number of devices can be
installed to separate 1liquid droplets from the vapors. Baffle
arrangements which operate on either centrifugal or impingement rrin-
ciples are commonly used. The Serner separator (7), a type of baffle
arrangement, is used in several refineries. Figure 16 shows the ef-
fectiveness of Serner separators, used in conjunction with other baffles
and directicn reversals, based on experience 1in a particular
installation. The total BOD5 reduction in this case 1is 84 percent.
Higher reductions are considered possible with careful design coupled
with proper operation.

Demisters have been found to be applicable to entrainment reduction in
certain cases. These devices, which consist basically of a wire mesh
screen serving the dual purpose of impingement and direction change,
were used to a large extent in the Cuban sugar industry before 1960 and
have been used to a limited extent in the United States. One refinery,
upon the installation of demisters in most of its evaporators and vacuum
pans experienced a 50 percent reduction in barometric condenser cooling
water COD. However, during the same maintenance program, changes were
made in the baffles and other control equipment, and the amount of
reduction due solely tc the demisters remained unclear.

At least two major refineries use partial surface condensers as heat
exchangers in the exhaust ducts prior to barometric condensation. These
units not only affect liquid-varor separation but also capture heat from
the vapors, and have been installed for the latter purpose.

Total surface condensers have also been considered but in general they
have been rejected, primarily due to the costs associated with
installation, but also for a number of other reasons including
operational prcoblems and the questionable benefits associated with their
use. A total surface condenser condenses vapors by indirect (non-
contact) cooling resulting in no sucrose loss in condenser water and a
stream of hot condensate that must be discharged because of its 1low
sucrose content.

One potential problem with surface condensers is fouling. Most re-

fineries use low quality surface (river or estuarine) water for conden-
ser cooling. While total surface condensers have not been used in re-
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fineries, a comparison can be made with surface heat exchangers used for
air and oil cocolers of turbine generators. The general experience of
the sugar industry has been that raw river water is unacceptable for
such applications because of fouling (13).

A second rrcblem area in the use of surface condensers is vacuum control
on the vacuum pans. Fcr proper operation of a vacuum pan, an absolute
pressure with a tolerance of plus or minus 0.003 atmospheres (0.1 inch
mercury) must be maintained. Adjustments to the aksolute pressure, made
necessarily by variaticns in calandria steam pressure, feed density, and
ncn-condensible leakage, can be made with a barometric condenser by
changing the flow in the condenser; however, the lag time associated
with a surface condenser makes absclute pressure control considerakly
more difficult and can actually increase sugar entrainment.

The physical installaticn of surface condensers would be a problem in
many refineries, and in some cases an almost insurmountable one. Ver-
tical height when unavailable can often be oktained by raising the roof
of a refinery, but hcrizontal space can be achieved only with
considerable difficulty. The weight of surface condensers could cause
severe structural problems in older refineries. The units would have to
be installed on the fourth or fifth floor of a building that might ke a
century old. The structural analysis required to insure the feasibility
of doing sc wculd be extremely difficult.

USCSRA has estimated (13) that in a typical 1900 metric ton (2100 ton)
refinery, surface condensers would approximately doukle required pumging
energy, increase electrical requirements by about 1000 kilowatts, and
require 11,350 to 13,620 kilograms per hour (25,000 to 30,000 pounds per
hour) additional steam capacity.

Recirculation of barometric condenser cooling water through a cooling
tower is feasible and is practiced at three refineries. Spray cnds
have proved to be feasible for the cooling and recirculation of
condenser water for two small rural refineries, for several cane sugar
factories, and for a number of beet sugar plants. However, the land
required for these facilities generally prohibits their wuse for urban
refineries.

One 1large wurban refinery recycles barometric condenser cooling water
through a cooling tower and discharges on the average about two to three
percent of the flow as blowdcwn. Cooling towers, while expensive, might
be applicable to other refineries and offer a means of reducing waste
water volume; however, in northern climates winter temperatures wculd
interfere with operation, and in dense urban areas wind blown sprays and
odors can present problems. These problems can be reduced by rrorer
design and operation, and probably eliminated for most wind conditions.

Filter Cake. Most refineries use pressure filters such as the valley or
Industrial type for removing impurities from sugar liquors. Filter aigd,
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usually diatomaceous earth, is used with the filters. When the pressure
drop across the filter increases tc an unacceptable value or when the
filter efficiency drops, the filter cake is removed. The desweetened
cake is semi-dry (about 50 rercent moisture) and may be handled in that
form or it may be slurried for pumping. In the dry form it is normally
conveyed to trucks which in turn transport the material to landfill or

other land disposal. In the slurried form it may be pumped to
impoundage or municipal sewage. A major portion of the cake can be
recovered in a kiln by revivification of the filter aid. An existing

system for filter cake recycle and 1land disposal is illustrated in
Figure 17. 1In this system approximately 80 percent of the cake is
conveyed to a multiple hearth kiln where the cake is heated to akcut
816°C (1,500°F). Revivified filter aid is discharged from the kiln,
pulverized, and returned to the filtration step of the refining process.
Makeup filter aid is added to the system as required. The installaticn
of a continuous carbonation prccess for lime mud slurry, to make it
suitable for vacuum filtration and removal of sugar by washing, is
reported by one refinery to have reduced total settleable sclids by 96
percent and BCDS5 by 20 percent.

Adsorbant__Regeneration. In~-plant modifications for the reduction of
waste waters resulting from the regeneration of bone char, carbon
columns, and ion-exchange resins are practically non-existent, although
there are some minor, mainly operational, modifications to reduce waste
water loads which include:

(1) Recovery of waste waters with lower sucrose
concentrations, i.e., recovery of a greater
portion of spent char wash water,

(2) Reduction in the volume of wash water used
to sweeten off bone char and carbon columns,
and greater dependence on volatilization of
organics,

(3) Elimination or reduction in the use of ion-
exchange as an organic coloxr remover.

These modifications are merely proposals and the implications of their
adaptaticn are not fully known; research on this subject is needed. At
present, control and treatment of these wastes is restricted to end-of-
line treatment.

Treatment and Disposal Technology Currently Available to_the Cane _Sugar
Refining Industry

Waste water treatment and disposal in the cane sugar refining industry
ranges from essentially no treatment to complete land retention with no
discharge to surface waters. Since the early 1950's most large urban
refineries have discharged major process waste streams, such as char
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wash, to municipal sewers. The current standard practice for urban
refineries, which represent approximately two~thirds of American refined
cane sugar rroduction, is to discharge all waste streams other than
condenser water to municipal sewage treatment plants. Rural refineries,
representing the remaining one-third of total sugar production,
generally have availakle land for impcundment, and the standard practice
in these refineries is either total or partial waste water retention. A
summary of disposal methods currently employed in the industry is
rresented in Table 17.

There are two notable exceptions to the practice of urban refineries
discharging process wastes to municipal sewers and barometric condenser
cooling water to surface water bodies. One large crystalline refinery,
which uses a cooling tower for recirculation of condenser water,
discharges all waste water except uncontaminated cooling water to
municipal treatment. This is made possible by the wuse of a cooling
tower recycle system which reduces condenser water discharge ky 98
percent.

The second exception is a small liquid refinery which uses municiral
water for barometric condenser cooling water intake. Unlike other
refineries that use low quality surface water for condenser water, this
refinery is able to extensively use the condenser water effluent in-
plant and discharges all waste water to municipal treatment. It must be
noted, however, that the refinery does not use affination, does not have
vacuum pans, and, therefore, uses an atypically small flcw of barometric
condenser cocling water.

The following table, Table 17, is a summary of the existing waste
treatment fpractices of the refineries currently operating. All cane
sugar refineries are represented and the most reliable and current
informaticn presented.

Biological treatment of sugar wastes has been demonstrated to a limited
extent in the raw cane sugar industry and more extensively outside of
the industry. Sucrose 1is well known to be highly biodegradable, and
substantial BOD5 reductions have been observed in impoundage lagoons for
both factories and refineries. 1In the beet sugar industry, anaerobic
and aerobic fermentaticn rprocesses have been successfully used (17).
The applicability of biological treatment to refinery waste waters has
also been well demonstrated by the 12 refineries that discharge prccess
wastes to municipal biological treatment systems. While no refineries
currently employ biological treatment in the form of activated sludge or
aerated 1lagoons, these systems are considered to be currently available
technology for the industry. With proper design and with nutrient
addition tc the nutrient deficient wastes, these systems can achieve 90
to 95 percent and higher treatment efficiencies for highly organic
wastes such as process waste water from cane sugar refining.
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TABLE 17

SUMMARY OF WASTE WATER TREATMENT
AND DISPOSAL TECHNIQUES OF UNITED STATES
CANE SUGAR REFINERIES

C-5

Disposal of Waste Waters

All process water to municipal sewers;
barometric condenser cooling water to
river. Filter slurry to sewer.

All process water to municipal sewers;
barometric condenser cooling water to
river. Dry haul filter cake after
regeneration and recycle of filter aid.

All 1liquid wastes to river. Filter
slurry to river.

All process water to municipal sewers;
barometric condenser cooling water to
river. Dry haul filter cake after
regeneration and recycle of filter aid.

All process water to municipal sewers;
barometric condenser cooling water to
river. Dry haul filter cake.

All 1iquid wastes to river. Dry haul

cake after regeneration and recycle of
filter aid.

Primary settling of process water;

overflow discharges to river.

All l1iquid wastes to river., Future
use of municipal system is probable
(sewer hook-up 1s in-place). Dry haul
filter cake,.

Most process water to municipal sewers;
barometric condenser cooling water to
river. Dry haul filter cake.

Most process water to municipal sewers;

barometric condenser cooling water to
river. Dry haul filter cake.
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CL-1

CL-2

Discharge into a swamp after traveling
through a two and a half mile canal.
Have recently constructed a spray pond.
Recycle of barometric condenser cooling
water is a possibility,

Total impoundment of waste water
resulting in no discharge to navigable
waters, Have two cooling towers for
recycle of barometric condenser cooling
waters; blowdowns are .3 and .7 percent.

Discharges into a swamp.

All process wastes to municipal sewers;
recycle of barometric condenser cooling
water through a cooling tower and
discharge of blowdown to municipal sewers.
Dry haul filter cake,.

All liquid wastes to municipal sewers.
Filter slurry to municipal sewer.

All process water to municipal sewer;
barometric condenser cooling water to
river. Filter slurry to settling,
dewatering, and dry haul.

All process water to municipal sewer:
barometric condenser cooling water to
river. Filter slurry to sewer.

Total impoundment of waste waters
resulting in no discharge to navigable
waters. Barometric condenser cooling
water recycled through a spray canal.
Filter slurry to total impoundage.

Barometric condenser cooling water
recycled through a cooling tower.
Process water and filter slurry
discharged with no treatment.

Most process water to municipal sewers;
barometric condenser cooling water to
river, Filter slurry dewatered and

dry hauled.

Most of process wastes to municipal

sewers; barometric condenser cooling
water to river. Dry haul filter cake,
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CF-2

CF-3

CF-4

CF-5

CF-6

CF-7

CF-8

Closed system of canals and holding
ponds resulting in no discharge to
navigable waters. TFilter slurry to
total impoundage. Barometric condenser
cooling water recycled through a spray
pond.

Total impoundment of acid/caustic wastes
and filter cake slurry; impoundment
with overflow of all other waste waters,
700 acres of lagoons.

Barometric condenser cooling water passed
through spray pond (partial recycle,
75-90%, possible) before discharge; all
process waters discharge to total im-
poundage. Filter slurry to total im-
poundage.

Barometric condenser cooling impounded,
then discharged; all other waters im-
pounded completely in ponds; cooling
tower recently built (50% of condenser
water); recycle possible. Filter
slurry to total impoundage.

Partial impoundment.

Partial reuse of waste waters in raw
sugar factory for cane washing during
grinding season.

Partial impoundment.

Partial impoundment.
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Waste holding lagoons have widespread use in the raw cane sugar industry
and are emgployed by several cane sugar refineries in rural areas. One
small liquid refinery was at one time operated in conjunction with a raw
sugar factory, and a lagoon system was designed to contain all wastes
from kLkoth orerations. The subsequent closing of the factory left the
refinery with more than adequate pond area for total waste water
impoundage. Several factory-refinery combinations in Louisiana and
Puerto Rico use impoundage to various extents; two refineries discharge
to 1large, swampy private 1land holdings with a resulting undefined
eventual discharge.

Those refineries which utilize waste holding ponds to achieve impoundage
with an overflcw are those operating in conjunction with raw cane sugar
factories. Wastes from both the refinery and the factory are discharged
to the same hclding ponds, making it impossible to determine the treat-
ment efficiency associated with this technology.

In the construction and operation of holding rponds, sealing of ond
Eottoms tc <control percolation may be necessary (although expensive),
but self sealing may occur as a result of organic mat formation. No
contamination of groundwater should be allowed.

Land irrigation is practiced at only one refinery - a small refinery in
Puerto Rico which is l1lccated on the dry south coast of the island.
Other refineries are prohibited from using this technology by either (1)
keing 1located in urban areas, or (2) being located in areas of high
rainfall.

Deep-well injection is not practiced in cane sugar refining nor in beet
sugar processing; one raw sugar factory in Florida practices this method
of disposal. Deep-well injection may exist as a disposal alternative;
however, the effects cf subsurface injecticn are wusually difficult ¢to
determine. This method of disposal can only ke reccmmended with the
stipulation that extensive studies be conducted to insure environmental
rrotection beyond any reasonable doubt.

Effluent Limitations Guidelines Development

For the purpcses of establishing effluent limitations guidelines, model
refineries were hypothesized to represent the crystalline and 1liquid
cane sugar refining industry subcategories. These model refineries were
derived from a basis of good water usage and conservation, but poor in-
plant controls to limit BOD5 and suspended solids loadings. These mcdel
refineries are illustrated in Figures 18 and 19. The follcwing
treatment alternatives have been applied to these model refineries to
determine the best practicable control technology currently available
(BRPCTCA), the best available technology economically achievable (BATEA),
and the standards of performance for new sources (NSPS):

Alternative A: This Alternative represents the baseline
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Barometric Condenser
Cooling Water

BODg 0.54 kg/kkg
(1.08 Ib/ton)

Flow:

33.4 m3/kkg
{8000 gal/ton)

Process Water

BODg 0.82 kg/kkg {1.64 Ib/ton)

TSS 1.30 kg/kkg (2.60 Ib/ton)

Flow:

Filter Cake Slurry
BODg 0.18 kg/kkg {0.36 Ib/ton)

TSS 0.56 kg/

kkg (1.12 Ib/ton)

Flow:

0.25 m3/kkg
(60 gal/ton)

Flow:

35.1 m3/kkg

(8410 gal/ton)

4

Discharge
BODg 1.54 kg/kkg {3.08 Ib/ton)
TSS 1.86 kg/kkg (3.72 ib/ton)

Fig

ure 18

RAW WASTE LOADINGS AND WATER USAGE FOR THE
MODEL CRYSTALLINE CANE SUGAR REFINERY

75

1.46 m3/kkg
(350 gal/ton)




Barometric Condenser
Cooling Water

BODg 0.50 kg/kkg
{1.00 Ib/ton)

15.0 m3/kkg
(3600 gal/ton)

Flow:

Process Water

BODg, 2.75 kg/kkg (5.50 Ib/ton)

TSS 1.00 kg/kkg (2.00 Ib/ton)

Flow:

Filter Cake Slurry

BODg 0.18 kg/kkg {0.36 Ib/ton)
TSS 0.56 kg/kkg (1.12 Ib/ton)

Flow:

0.25 m3/kkg
{60 gal/ton)

Flow:

v

16.9 m3/kkg
(4050 gal/ton)

Discharge

BODg 3.43 kg/kkg (6.86 lb/ton)

TSS 1.56 kg/kkg (3.12 Ib/ton)

RAW WASTE LOADINGS AND WATER USAGE FOR THE

Figure 19

MODEL LIQUID CANE SUGAR REFINERY
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1.64 m3/kkg
(393 gal/ton)




and includes good water usage but poor in-plant controls.
This Alternative also assumes no treatment, and represents
the model raw waste loadings.

Alternative B: This Alternative involves the elimination
of a discharge of filter cake, which results from the
clarification of melt liquor. Filter cake can be disposed
of without discharge to navigable waters by controlled
impoundage of the filter slurry (Alternative B-1l) or by

dry handling of the filter cake (Alternative B-2). A
decrease in water usage of 0.25 cubic meters per metric

ton (60 gallons per tons) of melt is evidenced over
Alternative A if dry handling of filter cake is in-
corporated.

Alternative C: This Alternative involves, in addition

to Alternative B, the addition of demisters and external
separators to reduce entrainment of sucrose into baro-
metric condenser cooling water. This technology is
illustrated for both liquid and crystalline refineries

in Figures 20 and 21. For the barometric condenser
cooling water flows developed for both the crystalline

and liquid cane sugar refining sukcategories, BODS5 entrain-
ment can ke reduced to below 10 mg/1l.

Alternative D: This Alternative 1involves, in addition
to Alternative C, the addition of an activated sludge
system to treat process waters.

Alternative_E: This Alternative involves, in addition
to Alternative D, the recycle of barometric condenser
cooling water through a cooling device with biological
treatment of the assumed two percent blowdown and in-
corporates sand filteration of the effluent from the
activated sludge system to further effect solids removal.
This results in reductions in water usages of 88 percent
for liquid refineries and 94 percent for crystalline
refineries, over Alternative D.

Alternative F: This Alternative includes, in addition

to Alternative C, the elimination of a discharge of
process waters by total impoundage of this waste stream.
This technology requires that large quantities of land

be available and is not judged to be available technology
for urkan refineries. It is a current practice of many
rural refineries, however.

Alternative _G: This Alternative involves in addition
to Alternative F, a recycling of barometric condenser
cooling water through a cooling device and total re-
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CRYSTALLINE REFINERIES

Good Water Conservation

Good Water Conservation

Average But Poor Entrainment Control And Good Entrainment Control
Condenser Water Condenser Water
Condenser Water
BODg 0.54 kg/kkg BODg 0.34 kg/kkg
BODg 0.44 kg/kkg (1.08 Ib/ton) ’ (0.68 Ib/ton)
(0.88 Ib/ton)
(Model) (Alternative C)
Flow: | 36.5 m3/kkg Flow: | 33.4 m3/kkg Flow: | 33.4 m3/kkg

(8750 gal/ton)

(8000 gal/ton) (8000 gal/ton)

v
Figure 20
CONDENSER WATER LOADINGS AND WATER USAGE FOR
CRYSTALLINE CANE SUGAR REFINERIES
LIQUID REFINERIES
Good Water Conservation Good Water Conservation
Average But Poor Entrainment Control And Good Entrainment Control

Condenser Water Condenser Water

Condenser Water | i
BODg 0.50 kg/kkg BODg 0.15 kg/kkg

BODg 0.31 kg/kkg (1.00 Ib/ton) - ) (0.30 tb/ton)
(0.62 ib/ton)

(Model) (Alternative C)
Flow: ] 16.3 m3/kkg Flow: | 15.0 m3/kkg Flow: | 15.0 m3/kkg
(3900 gal/ton) {3600 gal/ton) (3600 gal/ton)

Figure 21
CONDENSER WATER LOADINGS AND WATER USAGE FOR
LIQUID CANE SUGAR REFINERIES
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tention of the assumed two percent blowdown. This
technology requires that large quantities of land be
availakle and is not judged to be available technology
for urban refineries. It is a current practice of
three refineries, all rurally located. Reduction in
water usages of 88 percent for liquid refineries and
94 percent for crystalline refineries results, over
Alternative F.

Specific features of the reccmmended best practicakle control technology
currently available (BPCTCA) for the two sukcategories are:

--Containment of filter mud slurry or dry handling cof filter cake with
land dispcsal.

--Prevention of spillage during raw sugar handling, unloading and
storage.

--Entrainment prevention in evaporators and pans through baffling,
centrifugal separators, dimisters, and utilization of the proper height
of the varor kelt.

--Maximum reuse of all general waste streams. i.e. - floor and equipment
washes, filter screen washes. (At present some refineries recycle
essentially all floor and equipment washes back to the process.)

--Biological treatment of process waters by activated sludge or
equivalent biclogical treatment system.

These features are the equivalent of Alternative D as discussed
previously.

The effluent limitations guidelines were established on the follcwing
kases. It has been determined that sucrose entrainment in the
barometric condenser cooling water, at the flows chosen for the model
refineries, can be reduced to the equivalent of 10 mgs/1 BOD5 for toth
crystalline and liquid refineries., It has also been determined that
process water can be treated to the extent that the resulting effluent
monthly average waste loadings from the activated sludge system are 30
mg/l BODS5 and 40 mg/1l TSS fcr the crystalline cane sugar refinery, and
50 mgs1 BODS and 60 mg/1 TSS for the liquid cane sugar refinery. The
addition of the BOD5 attributed to the barometric condenser cocling
water to that cf the process water results in the limitation guideline.
The TSS limitation guidelines is that amount attrikutable toc the prccess
water,

Specific features of the recommended best available +technolcgy
economically achievable (BATEA) for the two sukcategories are:
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--Those features considered to be best practicable control technology
currently available.

--Recycle of barometric condenser cooling water for condenser or other
in-plant wuses with recycle of the blowdown stream +to biological
treatment. Cooling devices (canals, ponds, or towers) are in integral
part of a karcmetric condenser cooling water recycle system.

-~-The additon of sand filtration of +the effluent from the activated
sludge or equivalent biological treatment system.

These features are the equivalent of Alternative E as discussed
previously.

The effluent limitations guidelines were established on the following
bases. The activated sludge system which treats the process water of
the model refineries has been expanded to handle the Lklowdown stream
from the <cocling device utilized in recycling barometric condenser
cooling water. The effluent levels from the activated sludge system are
the same as those designed for in the treatment of process water
(BPCTCA) . The Effluent 1limitations guidelines reflect the level of
treatment attributed to the further solids removal as a result of sand
filtration. It has been determined that at the effluent waste loading
entering the sand filtration units from the activated sludge syster, a
resulting monthly average waste loading from the sand filtration units
of 15 mgs/1 TSS can Lke easily achieved. The effluent 1limitations
guidelines are established to reflect a value of 15 mg/1 TSS and that
amount of BODS5 removed with the solids. These effluent 1levels are
determined +to be 28 mg/1 BOD5 for the liquid refinery and 18 mg/1 BOD5
for the crystalline refinery.

Specific features of the reccmmended best available demonstrated control

technology, processes, operating methods or other alternatives (NSPS)
are:

--Those features considered to be best available technology economically
achievable.

These features are the equivalent of Alternative E as discussed
previously.

The effluent limitations quidelines are further developed and the ccsts
of application of the varicus treatment alternatives are presented in

s e e s e e S e i

Establishment of Daily Average Effluent Limitations Guidelines

Based on engineering judgement and an evaluation of what can be achieved
by the application of activated sludge for the treatment of cane sugar
refining waste waters, daily average limitations have been established.
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It is felt that the daily average limitations cannot be as strict as
those variances above the monthly average typical of a well-designed and
well-operated municipal treatment system. This is due to the greater
variation in waste loadings typical of industrial waste waters and for
other unkncwn factors. NO cane sugar refinery currently utilizes an
activated sludge system to treat its waste waters. However, the
activated sludge system 1is currently availakle well-demonstrated
technology for wastes similar in nature to those associated with cane
sugar refining.

For the «crystalline cane sugar refining subcategory, daily average
effluent limitations guidelines have been established based on three
times the rwenthly average 1limitations for BOD5 and four times the
monthly average limitations for TSS. Because of a higher BODS5 raw waste
loading and the potential for a correspondingly higher wvariability,
daily average effluent limitations guidelines have been established for
the liquid cane sugar refining subcategory based on three and one-half
times the monthly average 1limitations for BOD5 and four and one-half
times the monthly average limitations for TSS.
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SECTION VIII
COST, ENERGY, AND NON-WATER QUALITY ASPECTS

COST_AND REDUCTION BENEFITS OF ALTERNATIVE TREATMENT AND CONTRQOL TECH-
NOLOGIES_ FOR CANE_ SUGAR_REFINERIES

The_Model Refineries

The cost estimates contained in this document are based on two
crystalline refineries with melts of 545 metric tons (600 tons) per day
and 1900 metric tons (2100 tons) per day, respectively, and a 1liquid
refinery with a melt of 508 metric tons (560 tons) per day. These
refineries are considered to be generally representative of both large
and small crystalline operations and of liquid operations. Obviously,
any given existing installation may vary considerably from +the models
presented; each sugar refinery has unique characteristics and unique
problems that must be taken into consideration. The following are
assumed features of the representative refineries:

1. The present level of barometric condenser cooling water
BODS entrainment is 16 ppm in crystalline refineries
and 33 ppm in liquid refineries.

2. Both liquid and crystalline refineries employ liquid level
controls on evaporators and absolute pressure contrcls on
the last evaporator body.

3. Both crystalline refineries employ triple~effect evarora-
tors; the liquid refinery uses double-effect evaporators.

4. Total mud slurry equals 114 cubic meters (30,000 gallons)
per day for the liquid refinery, 135 cubic meters (35,700
gallons) per day for the 545 metric ton (600 ton) per day

crystalline refinery, and 455 cubic meters (120,000 gallons)
per day for the 1900 metric ton (2100 ton) per day crystal-

line refinery.

5. The operating year consists of 250 days.

6. Ninety-eight rercent of condenser water BOD5 is due to
sucrose.

7. Both liquid and crystalline refineries discharge dia-
tomaceous earth filter slurries,

8. The liquid and crystalline refineries do not recycle
condenser water.

9. There is presently a discharge of process water with no
treatment in the case of both liquid and crystalline
refineries.

Rasis of Cost Analysis

The follcwing are the basic assumptions made in presentation of cost
informaticn:
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1. Investment costs are based on actual engineering cost
estimates.

2. 0.454 kg (one lb.) of sugar is equivalent to .511 kg
(1.125 1b.) of BODS.

3. 3.79 liters (one gallon) of 80° Brix final molasses
sells for $.042 per liter ($.16 per gallon).

4. All costs are August 1971 dollars.

S. Equipment depreciation is based on an 18 year straight-
line method, except for rolling stock which is depre-
ciated over 6 years by the straight-line method.

6. Excavation of filter mud pits costs $0.53 per cubic meter
($.40 per cubic yard) ; annual excavation and disposal
costs $0.79 per cubic meter ($0.60 per cubic yard).

7. Annual interest rate for capital cost equals 8 percent.

8. Salvage value for all facilities depreciated over 18
years is zero.

9. Only sugar losses in the barometric condenser cooling
water can be recovered.

10. Liquid sugar sells for $254.00 per metric ton ($230.50
per ton); crystalline sugar sells for $260.00 per metric
ton ($236.40 per ton).

11. cContingency is taken at 10 percent of installed cost.

12. Engineering and expediting costs are taken at 10 percent
of installed cost plus contingency.

13. Total yearly cost equals:

(Investment cost) . (Yearly depreciation percentage) +
Yearly operating cost + (Investment cost /2) (.08)

14. Hook-up charges associated with disposal to municipal

systems are assumed to be zero.

Qualifving statements. The following cost analyses include in some
cases considerable costs for excavation and dyke construction. In some
instances these costs may be minimized or nullified by topographic
conditions. In other instances they may be reduced by utilizing in-
house equirrent and 1labor.

Land costs vary widely. The figures used herein are considered to be
representative of non-urban areas where the wuse of 1land would be
expected. In urban areas land is often not available; when it is used,
the cost can be expected to be substantially higher than reported in
this document.

The investment cost associated with hook-up to a municipal waste system
is assumed herein to be nil. 1In actuality this cost can vary from =zero
to considerable sums of money; for purposes of economic impact, it is
necessary to assess the cost on an individual basis. However, for the
purroses of presenting cost information for the entire industry, it must
be noted that thirteen refineries already have municipal hock-ug.
Therefore, for these thirteen refineries, +the assumption of zero
additional cost is valid because they already have municipal hook-up.
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Crystalline_ Refinery

Two representative crystalline refineries were chosen as a basis for
cost estimates: a small refinery with a melt of 545 metric tons (600
tons) per day and a large refinery with a melt of 1900 metric tons (2100
tcns) per day. The following treatment alternatives may be arplied to
both refineries.

Alternative A: No Waste Treatment_or Control. The effluent from a 545
metric ton (600 ton) per day crystalline refinery is 19,100 cubic meters
(5.05 million gallons) per day and from a 1900 metric ton (2100 tcns)
per day crystalline refinery is 66,700 cubic meters (17.7 million
gallons) rer day. The resulting BOD5 and suspended solids loads are
1.54 kilograms per metric ton (3.08 pounds per ton) and 1.86 kilograms
per metric ton (3.72 pounds per ton) respectively, for both refineries.
Since no waste treatment is involved, no cost associated with waste
treatment or control can be attributed to this Alternative.

COSTs: O
REDUCTION BENEFITS: None

Alternative B: Elimination_of Discharge from Filters. This Alternative
can be achieved either by impounding the mud resulting from slurrying
filter cake with water or by dry hauling the desweetened filter cake to
landfill. The resulting effluent waste loads for BOD5 and suspended
solids are 1.36 kilograms per metric ton (2.72 pounds per ton) of melt
and 1.30 kilograms per metric ton (2.60 pounds per ton) of melt
respectively, at this control level.

B-1: Impound Filter Slurry
COSTS: 545 metric tons (600 tons) per day crystalline refinery
Incremental Investment Cost: $33,000
Total Investment Cost: $33,000
Total Yearly Cost: $ 8,600
1900 metric tons (2100 tons) per day crystalline refiner
Incremental Investment Cost: $66,000
Total Investment Cost: $66,000
Tctal Yearly Cost: $20,000
B-2: Dry Disposal of Filter cCake
- COSTS: 545 metric tons (600 tons) per day crystalline refinery
Incremental Investment Cost: $61,000

Total Investment Cost: $61,000
Total Yearly Cost: $45,000
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1900 metric tons (2100 tons) per day crystalline refiner

Incremental Investment Cost: $61,000
Total Investment Cost: $61,000
Tctal Yearly Cost: $71,000

REDUCTION BENEFITS: An incremental reduction in BOD5 of approximately 0.18
kilograms per metric ton (0.36 pounds per ton) of melt
and in suspended solids of approximately 0.56 kilograms

per metric ton (1l.12 pounds per ton) of melt is evi-
denced over Alternative A. Total plant reductions of
11.7 percent for BOD5 and 30.5 percent for susgended
solids would be achieved.

For the purpose of accruing total costs in this
section of the report, the use of dry disposal of
filter cake (B-2) will be considered representative
of Alternative B.

Alternative C: In plant Modifications to Reduce Entrainment of Sucrose
into Condenser Water. This Alternative includes, in addition to
Alternative B, the installaticn of demisters and external separators in
crder to reduce entrainment of sucrose in barometric condenser cocling
water. It is assumed that, in addition, both refineries have good
baffling and orerational controls in the evaporators and vacuum pans, as
well as good vapor height. This technology 1is currently widely
practiced in the industry. The resulting effluent waste loads for BODS
and suspended solids are 1.16 kilograms per metric ton (2.32 pounds per
ton) of melt and 1.30 kilcgrams per metric ton (2.60 pounds per ton) of
melt respectively, for the selected refineries at this control level.

COSTS: 545 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $ 52,000
Total Investment Cost: $113,000
Total Yearly Cost: $ 62,000

1900 metric tons (2100 tons) per day crystalline refinery

Incremental Investment Cost: $ 73,000
Total Investment Cost: $134,000
Total Yearly Cost: $ 75,000

REDUCTION BENEFITS: An incremental reduction in BODS of 0.20 kilograms
per metric ton (0.42 pounds per ton) of melt is
evidenced over Alternative B. The total reducticn
in BOD5 is 24.7 percent. No further reduction in
suspended solids is achieved.
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Alternative D: Biological Treatment of Process Water. This Alternative
assumes the addition of an activated sludge plant to Alternative C to
treat process water. Presently there are no refineries which have their
own biological treatment systems, but refinery wastes are commonly
treated in municipal biological treatment plants. As discussed in
Section VII, Control and Treatment Technology, refinery waste water is
highly biocdegradable and thus well suited for biological treatment.

A schematic of the activated sludge system is shown in Figure 22. Waste
water is pumped through a primary clarifier to an aerated lagoon, with
biological sludge being returned to the aerated lagoon from a secondary
clarifier. Excess sludge is pumped to a sludge digester; the sludge
from +the digester is pumped to a holding lagoon. The total effluent
waste loadings as a result of the addition of this BAlternative are
estimated to be 0.38 kilograms per metric ton (0.76 pounds per ton) of
melt for BOD5 and 0.06 kilograms per metric ton (0.12 pounds per ton) of
melt for suspended solids.

COSTS: 585 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $255,000
Total Investment Cost: $368,000
Total Yearly Cost: $205,000

1900 metric tons (2100 tons) per day crystalline refinery

Incremental Investment Cost: $662,000
Total Investment Cost: $796,000
Total Yearly Cost: $296,000

REDUCTION BENEFITS: An incremental reduction in BOD5 of approximately
0.78 kilograms per metric ton (1.56 pounds per
ton) of melt and in suspended solids of approx-
imately 1.24 kilograms per metric ton (2.48 pounds
per ton) of melt is evidenced over Alternative C.
Total reductions of 75.3 percent for BODS and 96.8
percent for suspended solids would be achieved.

Alternative E: Recycle of Condenser Water and Biological Treatment of
Blowdown. This Alternative includes, in addition to Alternative D, the
recycle of barometric condenser cooling water followed by biological
treatment of a blowdown in an activated sludge unit and the addition of
sand filtration to further treat the effluent from the activated sludge
unit. The blowdown is assumed to be approximately two percent of the
condenser flow. Presently, there are three refineries wusing cooling
towers and two which utilize a spray pond for the purpose of recycling
barometric condenser cooling water. Recycle of condenser water
accomplishes two important things; (1) it cools the water, thereby
removing the heat normally discharged and (2) it concentrates the waste
loadings into the smaller blowdown stream, making biological treatment
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of this waste stream feasikle. The total effluent waste loadings as a
result of the addition of this Alternative are estimated to be 0.04
kilograms per metric ton (0.08 pounds per ton) of melt for BOD5 and 0.03
kilograms fper metric ton (0.06 pounds per ton) of melt for suspended
solids. In addition, 665,000 kilogram calories per metric ton (2.4

million B1IU per
water.

ton) of melt are effectively removed from condenser

There are a number of methods c¢f recycling condenser water; for the
purposes of this document, the following are considered: cooling towers

and spray fponds.
E-1:

COSTS:

E-2:

COSTS:

REDUCTION BENEFITS:

Alternative E with a Cooling Tower
*

545 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $346,000
Total Investment Cost: $714,000
Total Yearly Cost: $283,000

1900 metric tons (2100 tons) per day crystalline refiner

Incremental Investment Cost: $ 714,000
Total Investment Cost: $1,510,000
Total Yearly Cost: $ 470,000

Alternative E with a Spray Pond
S45 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $ 282,000
Total Investment Cost: $ 650,000
Total Yearly Cost: $ 271,000

1900 metric tons (2100 tons) per day crystalline refine:

Incremental Investment Cost: $ 596,000
Total Investment Cost: $1,392,000
Total Yearly Cost: $ 438,000

An incremental reduction in BODS5 of approximately
0.34 kilcgrams per metric ton (0.68 pounds per ton)
of melt and in suspended solids of 0.03 kilograms
per metric ton (0.06 pounds per ton) of melt

is evidenced by addition of this Alternative

to Alternative D. Total reductions of 97.5 percent
for BOD5 and 98.4 percent for suspended solids wculd
be achieved.

88



Alternative F: Elimination of Discharge of Process Water. This
Alternative assumes that, in addition to Alternative C, all process
waters are eliminated by controlled retention and total impoundage. The
resulting effluent waste loading for BODS associated with this control
level 1is estimated at 0.34 kilograms per metric ton (0.68 pounds per
ton) of melt, that amount attributable to barometric condenser cooling
water. The suspended solids 1loading is =zero as the only suspended

solids-bearing waste stream has been eliminated.

F: Elimination of Discharge of Process Water
by Containment

Total impoundment of process water 1is sucessfully practiced by five
refineries; however, a considerable amount of land is required (see
Tables 17 and 18, Path 13). Containment of process waters is,
therefore, not considered toc be practicable technology for urban
crystalline refineries.

COSTS: 545 metric tons (600 tons) per day crystalline refinery.

Incremental Investment Cost: $1,410,000
Total Investment Cost: $1,530,000
Total Yearly Cost: $ 211,000

1900 metric tons (2100 tons) per day crystalline refinery

Incremental Investment Cost: $4,870,000
Total Investment Cost $5,000,000
Total Yearly Cost: $ 591,000

REDUCTION BENEFITS: An incremental reduction in plant BODS of 0.82 kilograms
per metric ton (l.64 pounds per ton) of melt and in
suspended solids of 1.30 kilograms per metric ton (2.60
pounds per ton) of melt is evidenced in comparison to
Alternative C. Total reductions in BODS of 78.0 percent
and in suspended solids of 100 percent are achieved.

-Alternative G: Elimination of Discharge of Barometric Condenser
Cooling Water. This Alternative assumes that in addition to Alternative
F, there is an elimination of discharge of barometric condenser cooling
water. To achieve this level of treatment, it has been assumed that
condenser water is recycled and the blowdown impounded. The blowdown of
barometric condenser cooling water is assumed to be two percent of the
total condenser flow. Effluent waste loads associated with this control
level are zero kilograms per metric ton (zero pounds per ton) of melt.

G-1l: Recycle of Condenser Water Through a Cooling Tower
with an Assumed Two Percent Blowdown to Controlled
Land Retention, in Addition to Alternative F.
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TABLE 19

SUMMARY OF ALTERNATIVE COSTS FOR A 545 METRIC TONS

(600 TONS) PER DAY CRYSTALLINE SUGAR REFINERY

Total

Yearly Total
BODS % BODS TSS % TSS Investment Operating Yearly

Alternative Load* Removal Load* Removal Cost Cost Cost

A 1.54 0.0 1.86 0.0 0 0 0
B-1 1.36 11.7 1.30 30.5 33,000 5,400 8,600
B-2 1.36 11,7 1.30 30.5 61,000 36,700 45,000
C 1.16 24,7 1.30 30.5 113,000 55,600 62,000%%*

D 0.38 75.3 0.06 96.8 368,000 174,000 205,000
E~-1 0.04 97.5 0.03 98.4 714,000 219,000 283,000
E~-2 0.04 97.5 0.03 98.4 650,000 214,000 271,000
F 0.34 78.0 0.0 100 1,530,000 70,000 211,000
G-1 0.0 100 0.0 100 2,530,000 114,000 352,000
G-2 0.0 100 0.0 100 2,470,000 109,000 340,000

*Waste Loadings in Kilograms per Metric Ton of Melt

**Includes Sugar Savings of $7,400/yr.
of Entrainment Prevention.
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TABLE 20

SUMMARY OF ALTERNATIVE COSTS FOR A 1,900 METRIC TONS
(2,100 TONS) PER DAY CRYSTALLINE SUGAR REFINERY

Total
Yearly Total
BODS % BODS TSS % TSS Investment Operating Yearly
Alternative Load* Removal Load* Removal Cost Cost Cost
A 1.54 0.0 1.86 0.0 0 0 0
B-1 1.36 11.7 1.30 30.5 66,000 14,000 20,000
B-2 1.36 11.7 1.30 30.5 61,000 64,000 71,000
C 1.16 24.7 1.30 30.5 134,000 87,000 75,000%%*
D 0.38 75.3 0.06 96.8 796,000 244,000 296,000
E-1 0.04 97.5 0.03 98.4 1,510,000 350,000 470,000
E-2 0.04 97.5 0.03 98.4 1,390,000 330,000 438,000
F 0.34 78.0 0.0 100 5,000,000 137,000 591,000
G-1 0.0 100 0.0 100 7,620,000 245,000 950,000
G-2 0.0 100 0.0 100 7,510,000 226,000 918,000
*Waste Loadings in Kilograms per Melt
**Includes Sugar Savings of $27,000/yr. as a

Result of Entrainment Prevention.

92



000°Zs¢€

000°20T

000°€TT

000 ‘%0¢

000°9T¢

000°0€5°¢2 oN 09 0 0

000°€€? sax L°0 0 0

000262 EED L0 0 0

000094 °¢2 oN T9 0 0

0004006°2 ON 19 0 0

1amo03 BurToo0D

mWOoIJ UMOPMOTQ pue
sxs3em ssadoxd [Te JO
JUDWUTEIUOD PUB INED
1937TT3 Jo TesodsIp 4Lig

juswleali]
Tediotunu o3 puod
Ae1ds wmoay umopmolq
pue 193em ssadoad

Jo @31eyosIp pue spnu
1937TIJ JO JUSWUTBIUO)D

jusm3lea1]
TedTdoTUnUE 03 19M03
SuTTO002 WOIJ UMOPMOTQ
pue 1a3em ssadoad
931eyosTp pue spnu
1231773 JO IUSWUTEBIUO)

puod Keads moxy
UMOPMOTQ pPuB ‘I33EBM
ssgdoad TTe ‘spnu
I93TFJ 3O Judwureluo)

19M03 3uTT00D WOXJY
UMOPMOTq pPuE ‘I933BM
ssadoad TTe ‘spnm
1931TTI JO 3IudmWuUTEBRIUOY)

T

xamod
3urpnyoug
31800
ATaeax TE3IOL

3180) paaInbay poafnbay 3 /1D 3 /3y
JudWISIAUT I9M3G pue pe3aeyosT(q poa8aeysdsIqg
TedIoTUn BSTQEBITRAV 8utpeol Suppeo]

Jo s9ae3o9y Jeay aog

y3ed 3o uied

uoradraosaqg

ALANTATY YvOoNS ANITIVISAED TTIVAS V ¥04 SHTAATHOS NOIIVINIWITINI

I¢ A79VL

93



000°6€C

000°L%Z

000°8€T

000°6%T

000°0%¢

000229

000°989

000°19¢

000°62¢

000°0L%°C

ON

oN

saj

sax

oN

6°0

8°0

¢'0

¢'0

09

%00

%0

*13TTJ pues £q pamof
-103 ‘puod Aeiads wmoxy
UMOPMOTq puUB I231BM
ssao01d Jo jusmlEaI]
1BOT80T0TIq pue spnu
I93TTJ JO JUSWUTBIUO)

*I3TTI pues Aq pomoT

-103 ‘siamo3 SuUIT00D WO
umopMoTq PuEB I93BA
ssao0ad Jo juduwleall
1e2T80701q pue Spnu
I93TTJ JO IUSWUTRIUOH

jusuiesil (edroTunm o3
puod Aeads wOoXI uUMOPMOTq
pue 133em ssavoad e IO

JUSWUIEBIUOD puUB 2}BD
1927T3 30 TeEsSodstp LiQg

Juswleaal

TedroTunu o3 189m0l
SuUTTO00OD WOIJ UMOPMOTQ
pue siojem ssadoiad

Jo 281eUDSTP YITM 9ED
193TT3 Jo Tesodstp Lig

puod

Aeads woxy umopmoTq
pue 193em ssadoxd TI®E
JO JUDUWUTEBIUOD PUEB DYBD
193T1J jo Tesodstp LiQ

0T

9

PELCE

3urpnyoug
$350)

ATaeax Te1071

150)
juswisaauy

poatnbay
Iames
TedroTuny

paitnbay  3Wq/TeD-3

pue]

9TqeITERAY 3urpeo]
JO saae]O03H Je9H

(psnutiuo))

31/

pa8aeyosiqg pa8avyssIq

gurpeol
aod

yied 3o y3aed

uoridraosag

AJANTATY 9vONS ANITIVISAYD TIVWS V ¥0d4 SHTAAIHOS NOIILVINIWATINI

1¢ 3719VL

94



000°TTIZ

000°¢s

000°%LT

000°T.¢

000°€8¢

000°0€S°‘T

000°S8

000°006 ‘T

000°059

000°%TL

ON 8¢

sax S0

ON 8¢

ON VARY

ON £°0

£9°0

£9°0

£9°0

9e°0

7e°0

%0

%0°0

%00

39704091 10

BurT000 3INOYITM I33BM

13asuapuod jo adaeyo

-STp pue 139jem sssdo0ad

JO JUSWUTEIUOD ‘OEeD
193713 Jo TesodsTp L1q ¢TI

9794991 10 ZurTo0D
INOYITA I91BM ISSUSP
-uod Jo 38aeyosIp pue
‘si93em sse9d0ad Jo jusm
~3e213 TedroTunu ‘spnm
193TTF JO JusWuTBIUO) HI

37242021 10 Burfo0d
INOYITA 133BM IDSUIP
-uo0d JO 331eYOSIpP puE
sis3em ssaooad pue spnu
I93TIF JO JuSWUIB3IUO) €T

*I13T7I3 pues Aq pamoT
~-To3 ‘puod Leiads wmoig
UMOPMOTq puUB 193BM
ssadsoxd jo juswmaeal1]
1EoT180TOTq puEB °%Ed
123713 jo TesodsIp L1q 2T

*13T1J pues Aq pamoT
-703 ‘asmo3 BurTood woajg
umopmoTq pUB I23BM
ss3%01d 3O jusdm3EDI]
1e°T18070Tq pue ajed
123773 Jo tesodstp Lag 71T

1amog

Butrpnyoul
$150)

£11esx 1®I0]

1809
JuswisaAuy

TedroTuny

paatnbay pa2atnbay
I2M3G puel
9TqeTTEBAY
Jo soae3109

By/Te0-1

po8ieyosTd pa8aeyosi(g

Surpeo]
Jesy

{penuriuc))

3y /3

8urpeo]
aog

yied 3o yled
uoridriosag

AJANTITY YvONS ANITIVISAED TIVHS V d04 STTINCIHOS NOILVINIWATIWI

17 dT9V1L

95



000502 000°89¢ ON

000°69T 000°0%¢ ON

000°68

000°ETT EEDY

0

L'0

9724091 10 3ufTo0d
INOYITM I9]1BM I3SUIP
—uod Jo 23aeyosSIp pue
¢133em ssado0ad Jo jusm
-3e913 TEOT30TO0Tq foyed
I93TT3F Jo 1esodsTp Laq

£9°0 8€°0

97242921 10 BupTood
INOYITM 1DIBM IISUSP
-uod> jJo 98aeYydSIp pue
‘193em ssadoid Jo jusm
~3®9213 TEOIZ0TOTq ‘spnu
193TTIJ JO JUSWUTEBIUO)

£9°0 8€°0

9724021 10 3uryood

INOY3ITM I93BM I2SUIP
~u0d Jo 231eYISTp pue
f193eM ssad0ad jJo jusm
-38311 TedroTunm ‘ayed
193TTT Jo Tesodstp Liq

£9°0 ve°0

8T

LT

91

EELCE;

3urpnioul
$3150)

A1aesx Te3I0]

350D
JU3WIS3IAUT

paaInbay
19M3G
TedroTuny

pa2aInbay
pue]

9TqBTTEAY

JO saie3loay

pe3aeyostq pes8ieyossiq

3N/ Ted- 39 /3y yled 3o
uotadraosag
Surpeo] 8urpeo

189H aod

(panutiuo))

AFANTAHY IvONS ANITIVISAYD TIVHS V 404 HTINCTHOS NOIIVINIWATIWI

12 I19VL

ysed

96



000°056 000°079°¢ ON 96T 0 0 19M03 3UTTOO0D
wWolJ uMOpMOTq PpuE

siajem ssadoxd TTe JO
JUSWUIBIUOD PUB IYED
193713 3o Tesodstp LIg ¢

000°TZ2C 000°€ZY sax 6°1 0 0 Jjusm3ieax]
TedToTunu o3 puod

Aeads wmoaz umopmoTq

pue I93BM Ss3doiad

Jo 2231vYdSIp pue Spnum
193TTJ JO JUSWUTBIUC) &

000252 000°6€S CEDY 8°1 0 0 Juswleal]
TedioTunm o3 aamo3

SUTT00D WOIJ UMOPMOTQ

pue 123BM ssaooxd

a8aeyosIp pue spnu
1923713 3O JudWUTIBIUO) ¢

000898 000°0TS L ON 86T 0 0 puod £eids woij
umopmoTq pue ‘iajea
ssavoxd TTe ‘spnu

1923TTJ JO juUSWUTEBIUO) 7

000668 000°079°¢ OoN 86T 0 0 13M03 3urT00d WOIg
umopMmoTq pue ‘siojem
ssavoad T1e ‘spnum

I93TTJ 3O Jusmuieluo) T

Iamog 350D pa2aInbay poarnbay I/ TRD- /3y yied jo yaed
3urpnioug JjuswgisaAul 19M3§ pue’ pe8ieyosstq padaeryosiQg uotridyaosag

$180) TedroTuny aTqeIIRAY 3utpeo] 8urpeor]
£1Ieax TeBIOL Jo saiejlo9H 1Ee9H aog

AJANTLHY gvOAS ANITIVISAYO IOYVI V ¥od SHTNCIHDS NOILVINAWATIWI

¢¢ 419Vl

97



000°/8¢€

000°6TY

000°2L2

000°€0€

000°8T6

000°00%°¢T ON

000°0TS ‘T ON

000°8TY sax

000°%€S sox

000°0TS ‘L ON

6°T

LT

¢'0

¢0

96T

%0°0 *13TT3 pues £q pamot
-103 puod Aeids woag

UMODMOT(q PUEB I93BM
ss9v01d Jo juswleal]
1e8°7180TO0Tq pue spnu
123TT3 JO JUSWUTEIUOY

%0°0 *I13TF3 pues £q pamor
~103 €19mo03 SupTood woil
UMOPMOT( pu®B I33BM

sgad01d Jo juswjleaal

1e°T30TOTq pue sSpnu

I93TTJ 3O JusdWUTeIUO)

0 Juamlea1]
Tedyofunu o3 puod

Avads woaj umopmolq

pue ‘iajem ssadoad Tte

JO JUSWUTBIUO0D ‘oED

193TT3 3Jo TesodsTp Lag

0 juswm3eail
TedyoTunm o3 13m0l

3uTT00> WOIF UMOPMOTQ

pue siajem ssadoad

Jo 981eYOSTPpP YITA pnum

193713 3o Tesodsyp L1g

0 puod
Aeads woa3y umopmoTq

pue a@3em ssavoad Tye

JO JUSWUTEBIUOD pu®B SpnuU
193713 Jo Tesodstp Lag

ot

9

1amogd
Sutpnyour

53509
L1aeax Te30L

1509 paitnbay
Juswm3saAuT a9amas
1edIoTUnR

paaTnbay 34 /TeD-%
puel padaeyostqg

sTqeiTRAY Surpeor

JO S°2aB3O9H

(ponuijuo))

1eay

3 /3y yaed 3o y3ed

pagaeyostqg uotadraosaq
Sutpeot
aog

ALANTAAY 9vONS ANITIVISAYD FOYVTI V 404 STTNAIHOS NOILVINIWATINI

¢¢ TTIVL

98



000°T6S 000°000°S ON SET L9°0 v€°0 aTo4d21 10
8urT00d INOYITM I193EBM
a9suapuod jo adaeyo
~-SIp pue 1ajem ss2d0ad
JOo juamuieluod ‘9Yed
123TT3 3o Tesodsyp L1q ¢T

000°02T 000°‘6€T sax 9°1T L9°0 %g°0 3794591 10 BuylT00d
INOYITM I2IBM I13SURBP
-u0d jo 3BIBYISTpP pue
‘sx93em ssed0ad Jo jusu
-38913 Tedyrojunu ‘spnm
I937F3 3O JusWuTeIuo)  HI

000°0%S 000°0TO“S OoN 9¢T L9°0 $€°0 aT9£091 10 SuyTo0d
INOYITM I91BM I3SUap
-uo0d 3JOo 3ZIBUDSIpP puUE
si9jem ssavoad pue spnum
I93TTF JO jusmurejuo)y ¢J

000°8€Y 000°06€°T ON %°0 0 %0°0 *I13TT3 pues £q pamoT
~-103 ‘puod Aeads woiy

UMOPMOTqQ PUE 193BM

sg9201d Jo juswmjieal1]

A1epuooas pue ajed

1231TF3 jo TesodsTp Lig 7T

000°0L% 000°0TS°T OoN €°0 0 %0°0 *137T3 pues £q pamot
-703 ‘I9Mm03 BulTo0d wWOIJ
umMopMOoTq PUE I33BA
ssao0ad jo jusmimvail
TeoT80T0Tq pue a3Ed
I193TF3 3o Tesodsyp L1g T

19MO0g 3150) poarnbay peaInbay 33 /TeD- R:EEV:ER yieq jo yied
Surpnioul 3JuswisaAul IaMm3§ puet padaeyosiq pasaeyosiq uoridraosa(q
s$31509 TedyoTuny  9TqBIFEBAV Surpeo Surpeo]
ATaeax Te3IO] Jo saxe3o9y Jeoy aog
(panut3iuo))

XLIANTITE dvONS ANITIVISXYD ADYVI V V04 SHATNQIHIS NOILVINAWATAWI

¢ A9Vl

99



000962 000°961 ON

000°S%2 000°T108 ON

89X

000°T.LT 000°‘YET

¢°0 £9°0

L°1

L9°0

0 £9°0

8€°0

8€°0

ve'0

9724921 10 SurTo0d
INOYITA IDIBM II5UIP
-uod jo 98ieyosSIp pue
‘193eM ssadoad jo jusuw
-38213 TEOT80TOTq ‘aYed
193TT3 3o Tesodsyp Laqg

3704931 10 FulT00D
INOYITM I9IBM I95UIP
~uod jo 28aeyosTp pue
*133eM SSs9v0ad jo juauw
-3e213 TROT30T0Fq ‘spnu
I33TTJ JO JUSWUFBIUOY)

3704091 10 BufT00O
INOYITM I133BM 195UDP
-uoo jo 93aeyosTp pue
‘193em ssedo0ad Jo jusm
~3ea13 Tedyorunm ‘9yed
I93TTJ jo Tesodsip Lag

8T

(1

9T

aamogd
Buypnyour
$350)
L1aeax TEIOL

3509
JUsWISIAUT

paxrnbay
12M3§
TedroTuny

pa2atnbay
pue’]
oTqeITRAY
Jo s3ael1O3Y

3/ TeD-
padaxeyosiq
8urpeor
1e9y

(penuTiuo))

/3
peoS8aeyosy
8urprom]
qod

Yieq 3o
a uojldyaosaqg

AYINTAHY ¥vONS ANITIVISAYD HAOYVT V ¥04 SHTNAIHDS NOILVINIWATIWI

¢ 979Vl

43ed

100



COSTS: 545 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $1,000,000
Total Investment Cost: $2,530,000
Total Yearly Cost: $ 352,000

1900 metric tons (2100 tons) per day crystalline refinery

Incremental Investment Cost: $2,620,000
Total Investment Cost: $7,620,000
Total Yearly Cost: $ 950,000

G-2: Recycle of Condenser Water Through a Spray Pond
with an Assumed Two Percent Blowdown to Controlled
Land Retention, in Addition to Alternative F.

COSTS: 545 metric tons (600 tons) per day crystalline refinery

Incremental Investment Cost: $ 940,000
Total Investment Cost: $2,470,000
Total Yearly Cost: $ 340,000

1900 metric tons (2100 tons) per day crystalline refinery

Incremental Investment Cost: $2,510,000
Total Investment Cost: $7,510,000
Total Yearly Cost: $ 918,000

REDUCTION BENEFITS: An incremental reduction in plant BOD5 of 0.34 kilo-
grams per metric ton (0.68 pounds per ton) of melt
is evidenced by addition of this Alternative to Al-
termative F. Total reduction of BOD5 and suspended
solids is 100 percent.

Discharge of Process Waste Streams to Municipal Treatment Systems.

For the purpose of presenting cost information which 1is representative
of the industry, it 1is necessary to determine costs associated with
various schemes of discharge to municipal treatment systems. Twelve
refineries currently discharge all or a portion of their wastes to
municipal treatment systems. Seven of these are crystalline refineries
with one other crystalline refinery having sewer hook-up and soon to
practice this treatment technique. The following schemes are possible
and the resulting costs presented.

M.T.#1: Discharge of Process Water to
Municipal Treatment

This method of treatment of process water 1is practiced by twelve
refineries, all urbanly located. This technology is not available to
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most rural refineries or to those refineries whose waste is not accepted
by a municipal treatment system. It is however, a well demonstrated
treatment method and practiced by 42 per cent of the nation's
refineries. The costs presented here include the costs associated with
Alternative C.

COSTS: 545 metric tons (600 tons)
per day crystalline refinery

Incremental Investment Cost: $0

Total Investment Cost: $113,000
Total Operating Cost: $ 83,000
Total Yearly Cost: $ 90,000%

1900 metric tons (2100 tons)
per day crystalline refinery

Incremental Investment Cost: $0

Total Investment Cost: $134,000
Total Operating Cost: $183,000
Total Yearly Cost: $171,000%

* Includes savings as a result of recovery of sugar which would
normally be entrained in the barometric condenser cooling
water.

M.T.#2: Recycle of Condenser Cooling Water Through
a Cooling Tower with an Assumed Two Per-
cent Blowdown to Municipal Treatment, in
Addition to M.T.#1

COSTS: 585 metric tons (600 tons)
per day crystalline refinery

Incremental Investment Cost: $212,000
Total Investment Cost: $325,000
Total Operating Cost: $123,000
Total Yearly Cost: $149,000

1900 metric (2100 tons)
per day crystalline refinery

Incremental Investment Cost: $400,000
Total Investment Cost: $534,000
Total Operating Cost: $276,000
Total Yearly Cost: $303,000

M.T.#3: Recycle of Condenser Cooling Water Through
a Spray Pond with an Assumed Two Percent
Blowdown to Municipal Treatment, in Addition
to M. T. # 1
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COSTS: 545 metric (600 tons)
per day crystalling refinery

Incremental Investment Cost: $148,000
Total Investment Cost: $261,000
Tctal Operating Cost: $118,000
Total Yearly Cost: $138,000

1900 metric tons (2100 tons)
per day crystalline refinery

Incremental Investment Cost: $284,000
Total Investment Cost: $418,000
Tctal Operating Cost: $256,000
Total Yearly Cost: $272,000

Liquid Refinery

A liquid refinery with an average melt of 508 metric tons (560 tons) of
sugar per day was chosen as a basis for cost estimates. The following
treatment alternatives may be applied to this refinery.

Alternative A: No Waste Treatment or_ control. The effluent from a 508
metric ton (560 ton) per day liquid refinery is 8,590 cubic meters (2.23
million gallons) per day. The resulting BOD5 and suspended solids
loadings are 3.43 kilograms per metric ton (6.86 pounds per ton) and
1.56 kilograms per metric ton (3.12 pounds per ton) respectively. Re-
cause no waste treatment is involved, no cost can be attributed to this
Alternative.

COSTS: 0
REDUCTION BENEFITS: None

Alternative_B: Elimination of Discharge from Filters. This Alternative
can ke achieved either by impounding the mud resulting from slurrying
filter cake with water or by dry hauling the desweetened filter cake to
landfill. The resulting effluent waste loads for BOD5 and suspended
solids are estimated to be 3.25 kilograms per metric ton (6.50 pounds
per ton) and 1.00 kilograms per metric ton (2.00 pounds per ton) of melt
respectively, at this ccntrol level.

B-1: Impound Filter Slurry
COSTS: Incremental Investment Cost: $31,000

Total Investment Cost: $31,000
Tctal Yearly Cost: $12,000
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B-2: Dry Disposal of Filter Cake

COSTS: 1Incremental Investment Cost: $61,000
Total Investment Cost: $61,000
Total Yearly Cost: $45,000

REDUCTION BENEFITS: An incremental reduction in BODS5 of approximately
0.18 kilograms per metric ton (0.36 pounds per
ton) of melt and in suspended solids of approxi-
mately 0.56 kilograms per metric ton (1.12 pounds
per ton) of melt is evidenced over Alternative A.
Total plant reductions of 5.3 percent for BODS5 and
35.9 percent for suspended solids would be achieved.

For the purpose of accruing total costs in this
section of the report, the use of dry disposal
of filter cake (B-2) will be considered repre-
sentative of Alternative B.

Alternative C: Inplant Modifications to Reduce Entrainment of Sucrose
into Condenser Water. This Alternative includes, in addition to
Alternative B, the installation of demisters and external separators in
order to reduce entrainment of sucrose in barometric condenser cooling
water. It is assumed, in addition, that the refinery has good baffling
and operational controls in the evaporators and vacuum pans, as well as
good vapor height. The resulting effluent waste 1loads for BODS and
suspended solids are 2.90 kilograms per metric ton (5.80 pounds per ton)
of melt and 1.00 kilograms per metric ton (2.00 pounds per ton) of melt
respectively, at this control level.

COSTS: Incremental Investment Cost: $ 54,000
Total Investment Cost: $115,000
Total Yearly Cost: $§ 62,000

REDUCTION BENEFITS: An incremental reduction in BOD5 of 0.35 kilograms
per metric ton (0.70 pounds per ton) of melt is
evidenced over Alternative B. The total reduction
in BODS is 15.4 percent and in suspended solids is
35.9 percent.

Alternative D: Biological Treatment_ of Process Water. This Alternative
assumes the addition of an activated sludge plant to treat process
water, Presently there are no refineries which have their own
biological treatment systems, but refinery wastes are commonly treated
in municipal biological treatment plants. As discussed in Section VII,
refinery waste is highly biodegradable and thus well suited for
biological treatment.

A schematic of the activated sludge system is shown in Figure 22. Waste
water is pumped through a primary clarifier to an aerated lagoon with
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biological sludge being returned to the aerated lagoon from a secondary
clarifier. Excess sludge is pumped to a sludge digester; the sludge
from the digester is pumped to a holding lagoon. The total effluent
waste loadings as a result of the addition of this Alternative are
estimated to be 0.24 kilograms per metric ton (0.48 pounds per ton) of
melt for BODS and 0.10 kilograms per metric ton (0.20 pounds per ton) of
melt for suspended solids.

COSTS: Incremental Investment Cost: $337,000
Total Investment Cost: $452,000
Total Yearly Cost: $230,000

REDUCTION BENEFITS: An incremental reduction in BODS of approximately
2.66 kilograms per metric ton (5.32 pounds per ton)
of melt and in suspended solids of 0.90 kilograms
per metric ton (1.80 pounds per ton) of melt is
evidenced over Alternative C. Total reductions of
93.0 percent for BOD5 and 93.6 percent for suspended
solids would be achieved.

Alternative E: Recycle of Barometric Condenser Cooling Water and

Biological Treatment of Blowdown. This Alternative includes, in
addition +to Alternative D, the recycle of barometric condenser cooling
water followed by biological treatment of blowdown in an activated
sludge unit and the addition of sand filtration to further treat the
effluent from the activated sludge unit. The blowdown is assumed tc be
approximately two percent of the total flow. Presently there are three
refineries using cooling towers and two which utilize a spray pond for
the purpose of recycling condenser cooling water. Recycle of barometric
condenser cooling water accomplishes two important things: (1) it cools
the water, thereby removing the heat normally discharged and (2) it
concentrates the waste loadings into the smaller blowdown stream, making
biological treatment of this waste stream feasible. The total effluent
waste loadings as a result of the addition of +this Alternative are
estimated to be 0.06 kilograms per metric ton (0.12 pounds per ton) of
melt for BOD5 and 0.03 kilograms per metric ton (0.06 pounds per ton) of
melt for suspended solids. 1In addition, 250,000 kilogram calories per
metric ton (0.9 million BTU per ton) of melt are effectively removed
from condenser water.

There are a number of methods of recycling condenser water; for the

purposes of this document, the following are considered: cooling towers
and spray ronds.

E-1: Alternative E with a Cooling
Tower

COSTS: 1Incremental Investment Cost: $174,000

Total Investment Cost: $626,000
Total Yearly Cost: $265,000
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E-2: Alternative E with a Spray

Pond

COSTS: 1Incremental Investment Cost: $152,000
Total Investment Cost: $604,000
Total Yearly Cost: $261,000

REDUCTION BENEFITS: An incremental reduction in BODS of 0.18 kilograms
per metric ton (0.36 pounds per ton) of melt and
in suspended solids of 0.07 kilograms per metric
ton (0.14 pounds per ton) of melt is
evidenced by addition of this Alternative to
Alternative D. Total reductions of 98.3 percent
for BOD5 and 98.1 percent for suspended solids
are achieved.

Alternative F: Elimination of Discharge of Process Water. This
Alternative assumes that, in addition to Alternative C, all process
waters are eliminated by controlled retention and total impoundage. The
resulting effluent waste loading for BOD5S associated with this control
level is estimated at 0.15 kilograms per metric ton (0.30 pounds per
ton) of melt, that amount attributable to barometric condenser cooling
water. The suspended solids loading is =zero as the only suspended
solids-bearing waste stream has been eliminated.

F: Elimination of Discharge of
Process Water by Containment

Total impoundment of process water is successfully practiced by five
refineries; however, a considerable amount of 1land is required (see
Table 21, Path 13). Containment of process water is, therefore, not
considered to be practicable technology for urban liquid refineries.

COSTS: Incremental Investment Cost: $1,455,000
Total Investment Cost: $1,570,000
Total Yearly Cost: $ 217,000

REDUCTION BENEFITS: An incremental reduction in plant BODS of 2.75
kilograms per metric ton (5.50 pounds per ton)
of melt and in suspended solids of 1.00 kilograms
per metric ton (2.00 pounds per ton) of melt is
evidenced in comparison to Alternative C. Total
reductions in BODS of 95.6 percent and in sus-
pended solids of 100 percent are achieved.

Alternative G: Elimination of Barometric Discharge of Condenser Cooling
Water. This Alternative assumes that in addition to Alternative F there
is an elimination of discharge of barometric condenser cooling water.
To achieve this level of treatment, it has been assumed that condenser
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TABLE 24

SUMMARY OF ALTERNATIVE COSTS FOR A 508 METRIC TON

(560 TONS) PER DAY LIQUID SUGAR REFINERY

Total
Yearly Total
BODS % BODS TSS % TSS Investment Operating Yearly
Alternative Load* Removal Load* Removal Cost Cost Cost
A 3.43 0.0 1.56 0.0 0 0 0
B-1 3.25 5.3 1.00 35.9 31,000 5,800 12,000
B-2 3.25 5.3 1.00 35.9 61,000 37,000 45,000
C 2.90 15.4 1.00 35.9 115,000 59,000 62,000%**
D 0.24 93.0 0.10 93.6 452,000 194,000 230,000
E-1 0.06 98.3 0.03 98.1 626,000 213,000 265,000
E-2 0.06 98.3 0.03 98.1 604,000 210,000 261,000
F 0.15 95.6 0.0 100 1,570,000 74,000 217,000
G-1 0.0 100 0.0 100 2,040,000 93,000 280,000
G-2 0.0 100 0.0 100 2,013,000 90,000 275,000

*Waste Loadings in Kilograms per Metric Ton of Melt

**Includes Sugar Savings of $10,000/yr. as a Result
of Entrainment Prevention,
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water is recycled and the blowdown impounded or discharged to a
municipal treatment system. The blowdown of barometric condenser
cooling water is assumed to be two percent of the total condenser flow.
Effluent waste 1loads associated with this control 1level are zero
kilograms per metric ton (zero pounds per ton) of melt.

G-1: Recycle of Condenser Water Through
a Cooling Tower with an Assumed Two
Percent Blowdown to Controlled Land
Retention, in Addition to Alterna-
tive F.

COSTS: Incremental Investment Cost: $§ 470,000
Total Investment Cost: $2,040,000
Total Yearly Cost: $ 280,000

G-2: Recycle of Condenser Cooling Water
Through a Spray Pond with an Assumed
Two Percent Blowdown to Controlled Land
Retention in Addition to Alternative F.

COSTS: Incremental Investment Cost: $ 443,000
Total Investment Cost: $2,013,000
Total Yearly Cost: $ 275,000

REDUCTION BENEFITS: An incremental reduction in plant BOD5 of 0.15
kilograms per metric ton (0.30 pounds per ton)
of melt is evidenced by addition of this
Alternative to Alternative F. Total reductions
of BODS and suspended solids are 100 percent.

Discharge of Process Waste Streams to Municipal Treatment System. For
the purpose of presenting cost information which is representative of
the industry, it is necessary to determine costs associated with various
schemes of discharge to municipal treatment systems. Twelve refineries
currently discharge all or a portion of their wastes in municipal
treatment systems. Three of these are liquid refineries and +two are
combination crystalline - liquid refineries. The following schemes are
possible and the resulting costs presented.

M.T.#1: Discharge of Process Water to
Municipal Treatment

This method of treatment of process water is practiced by three of the
five 1liquid refineries and by both combination crystalline - liquid
refineries, all urbanly located. This technology is not available to
most rural refineries or to those refineries whose waste is not accepted
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by a municipal treatment system. It is however, a well demonstrated
treatment method and practiced by 42 percent of the nation's refineries.
The costs presented include those costs attributable to Alternative C.

COSTS: 1Incremental Investment Cost: $0
Total Investment Cost: $115,000
Total Operating Cost: $ 81,000
Total Yearly Cost: $ 84,000%

* Includes savings as a result of recovery of sugar which would
normally be entrained in the barometric condenser cooling
water.

M.T.#2: Recycle of Condenser Cooling Water Through
a Cooling Tower with an Assumed Two Percent
Blowdown to Municipal Treatment, in Addition

to M.T. #1

COSTS: Incremental Investment Cost: $101,000
Total Investment Cost: $216,000
Total Operating Cost: $ 97,000
Total Yearly Cost: $110,000

M.T.#3: Recycle of Condenser Cooling Water Through
a Spray Pond with an Assumed Two Percent
Blowdown to Municipal Treatment, in
Addition to M.T.#1

COSTS: Incremental Investment Cost: $ 79,000
Total Investment Cost: $194,000
Total Operating Cost: $ 94,000
Total Yearly Cost: $105,000

RELATED ENERGY REQUIREMENTS OF ALTERNATIVE TREATMENT AND CONTROL
TECHNOLOGIES - CANE SUGAR REFINING

To process 0.9 metric tons (one ton) of raw sugar into refined sugar, it
is estimated that 60 and 64 kilowatt-hours of electricity are required
for crystalline and liquid sugar refineries, respectively. This elec-
trical energy is affected by process variations, in-place pollution
control devices, and amcunt of lighting.

At a cost of 2.3 cents per kilowatt-hour, a crystalline sugar refinery
processing 136,250 metric tons (150,000 tons) of raw sugar per year,
would have a yearly energy cost of $209,000. Associated with the
control alternatives are additional annual energy costs. These are
estimated to be:
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Alternatives Cost

A $ -0-
B-1 300
B-2 1,200

c 1,200

D 8,140
E-1 27,000
E-2 27,000
F 1,460
G-1 19,700
G-2 14,000
M.T. #1 1,200
M.T. #2 19,300
M.T. #3 13,600

At a cost of 2.3 cents per kilowatt-hour, a crystalline cane sugar
refinery rrocessing 475,000 metric tons (525,000 tons) of raw sugar per
year would have a yearly energy cost of $725,000. Associated with <the
ccntrol alternatives are additional annual energy costs. These are
estimated to ke:

Alternatives Cost
A $ -0-
B-1 500
B-2 1,200
C 1,200
D 28,000
E-1 83,000
E-2 71,000
F 1,600
G-1 51,800
G-2 40,400
M.T. #1 1,200
M.T. #2 51,200
M.T. #3 39,800

At a cost of 2.3 cents per kilowatt-hour, a liquid cane sugar refinery
processing 127,000 metric tons (140,000 tons) of raw sugar per year
would have a yearly energy cost of $206,000. Associated with the
ccntrol alternatives are additional annual energy costs. These are
estimated to ke:

Alternatives Cost
A $ -0-
B-1 300
B-2 1,200
C 1,200
D 21,300
E-1 27,000
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F 1,400
G-1 6,500
G-3 5,300
M.T. #1 1,200
M.T. #2 6,200
M.T. #3 5,100

NON-WATER QUALITY ASPECTS OF ALTERNATIVE TREATMENT_ AND_CONTROL
TECHNOLOGY

Air Pollution

Waste water lagooning, particularly under anaerobic conditions, can
promote the growth of sulfur reducing organisms and associated noxious
gases. The maintenance of aerobic conditions can be maintained by the
design of shallow ponds (two feet or less), by the use of aerators
(although these can increase an existing problem), by pH adjustment, or
ky other means.

As previously mentioned, spray drift from cooling towers and spray ponds
can present a problem in urban areas. This can ke reduced by proper
design, and can probakly be eliminated for most wind conditions.

Solid Wastes

The removal of solids from waste water produces a solid waste disposal
problem in the form of sludges. In these cases, where the sludges are
to be impounded, previously discussed measures for protection of ground
water must be taken. Sanitary landfills, when available, usually cffer
an economical solution if hauling distances are reasonable. The addi-
tional solids waste produced by waste water treatment is not expected to
be a significant problem. Technology and knowledge are available to
prevent harmful effects to the environment as a result of land disgosal
of sludge.
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SECTION IX

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
THE BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE
EFFLUENT IIMITATIONS GUIDELINES

The effluent limitations which must be achieved by July 1, 1977, are to
specify the degree of effluent reduction attainable through the applica-
tion of the Best Practicable Control Technology Currently Availaktle.
Best Practicable cControl Technology Currently Available is generally
based upon the average of best existing performance by plants of various
sizes, ages and unit processes within the industrial category and/or
subcategory. This average is not based upon the broad range of plants
within the cane sugar refining segment of the sugar processing categcry,
but based upon performance levels achievable by exemplary plants.

consideraticn must also be given to:

a. The total cost of application of technology
in relation to the effluent reduction benefits
to be achieved from such application;

b. The size and age of equipment and facilities involved;
c. The process employed;

d. The engineering aspects of the application
of various types of control techniques;

e. Process changes;

f. Non-water quality environmental impact
(including energy requirements) ;

Best Practicable Control Technology Currently Available emphasizes
treatment facilities at the end of a manufacturing process but includes
the control technologies within the process itself when these are
considered to be normal practice within the industry.

A further consideration is the degree of economic and engineering
reliability which must be established for the technology to be
"currently available", As a result of demonstration projects, pilot
plants, and general use, there must exist a high degree of confidence in
the engineering and economic practicability of the technology at the
time of construction or installation of the control facilities.
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EFFLUENT_ REDUCTION ATTAINABLE THROUGH_ THE_ APPLICATION OF_ BEST PRACTICABLE
CONTROL_TECHNOLOGY CURRENTLY AVAILABLE FOR_THE_CANE SUGAR_REFINING_SEGMENT

Based upon the information contained in Sections III through VIII of
this document, it has bkeen determined that the degree of effluent
reduction attainable through +the application of the Best Practicakle
Control Technology Currently Available is that resulting from maximum
sucrose entrainment prevention in barometric condenser ccoling water,
elimination of a discharge of filter cake, and biolcogical +treatment of
all process water other than uncontaminated (non-contact) cooling water
and barometric condenser cooling water. The effluent levels attainable
for this degree of reduction are shown in Table 1.

BOD>

The final effluent BOD5 1limits were derived by assuming the use of a
biological treatment system tc attain reductions in process water BODS
loading to 30 and 50 mgs/1 for crystalline and 1liquid cane sugar
refineries respectively, and attaining a BODS entrainment reduction in
karometric condenser cocling water to 10 mg/l. This does not imply that
plants must necessarily duplicate the assumed raw waste loadings, water
usages, and treatment efficiencies. It 1is possible for plants to
achieve the indicated final effluent waste loads operating at lcwer
average treatment efficiencies but receiving 1lower raw waste 1loads
and/or using 1less process or barometric condenser cooling water. 1In
addition, an entirely different approach such as disposal by contrclled
irrigation or controlled land imroundage may be employed.

Suspended_Solids

The final effluent TSS limits were derived by assuming process water TSS
loading reductions to 40 and 60 mg/l for crystalline and liquid cane
sugar refineries, resrectively. No TSS limit has been established for
barcmetric condenser cooling water because of the low TSS raw waste
loading associated with this waste water stream.

Identification of Best Practicable Control Technology Currently
BAvailable

—_——— e = -

Best Practicable Control Technology Currently Available for the cane
sugar refining segment of the sugar processing category is recycle and
reuse of certain process waters of the sugar processing category within
the refining process, minimization of sucrose entrainment in barometric
condenser cooling water, elimination of a discharge of filter cake and
biological treatment of excess process waters. Implementation of this
requires the following:

a. Collection and recovery of all floor drainage.
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b. Minimization of sucrose entrainment 1in karcmetric condenser
cooling water by the use of improved baffling systems, demisters, and/or
other control devices.

c. Dry handling of filter cakes after desweetening with disposal to
sanitary landfills, or complete containment of filter cake slurries.

d. Biological treatment of all waste water discharges other than
uncontaminated (non-contact) c¢ooling water and Larcmetric condenser
cooling water.

Engineering Aspects of Ccntrol Technique Applications

The technclcgy defined for this 1level 1is practicable. There are
refineries which currently collect all floor drains. Most refineries
currently achieve either dry handling or complete containment of filter
cake. All of the control devices described for entrainment control have
been demcnstrated by wvarious refineries. Biological treatability of
refinery waste waters has been demonstrated by the twelve refineries
that discharge intc municipal bkiological treatment systems.

———— e 2 e ‘. — -

The costs of attaining the effluent reductions set forth herein are
summarized in Section VIII, Ccst, Enerqgy, and Non-Water Quality Aspects.

The investment costs associated with this level of technology represent
approximately 2% of the total investment needed to kuild the typical re-
finery. The total cost to the cane sugar refining segment is approxi-
mately $5,000,000.

Non-water Quality Environmental Impact

The primary non-water quality environmental impacts are summarized in
Section VIII, Cost, Energy and Non-water Quality Aspects. The major
concern is the strong reliance upon the land for wultimate disposal of
wastes. However, the technology is available to assure that land dis-
rosal systems are maintained commensurate with soil tolerances.

A secondary concern is the generation of solid wastes 1in the form of
sludges and muds and the possibility of odors resulting from impoundage
lagoons. In both cases, responsible operation and maintenance
procedures coupled with sound environmental planning have been shown to
obviate the problems.

Factors to be Considered in Applying Effluent Limitations

The above assessment of what constitutes the best practicable control
technology currently available 1is predicated on the assumption of a
degree of uniformity among refineries that, strictly speaking, does not
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exist. Tables 21, 22, and 25 1list wvarious treatment cocntrol
alternatives and summarize requirements and benefits associated with
each. It 1is believed that the data in these tables can be a valuakle
aid in assessing proklems and associated soluticns for individual
installaticns.
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SECTION X

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
THE BEST AVATILABLE TECHNCLOGY ECONOMICALLY ACHIEVABLE
EFFLUENT LIMITATIONS GUIDELINES

INTRODUCTION

The effluent limitations which must be achieved by July 1, 1983, are to
specify the degree of effluent reduction attainable through the
application of the best available technology econcmically achievable.
The best available technology economically achievable is not based upon
an average of the best rerformance within an industrial category, fkut is
to be determined by identifying the very best ccntrol and treatment
technology employed by a specific point source within the industrial
category or subcategory, or where it is readily transferable from cne
industrial process to ancther. A specific finding must be made as to
the availability of control measures and practices to eliminate the
discharge of pollutants, +taking into account the cost of such
elimination.

Consideration must also be given to:

(a) the age of equipment and facilities involved;

(b) the process emgloyed;

(c) the engineering aspects of the application of
various types of contrcl techniques;

(d) process changes;

(e) cost of achieving the effluent reduction
resulting from application of the best
economically achievable technology;

(f) non-water quality environmental impact
(including energy requirements).

In contrast to the best practicakle control technology currently avail-
able, the best economically achievable technology assesses the availa-
bility in all cases of in-process controls as well as control or addi-
tional treatment techniques employed at the end of a production process.

Those plant processes and control technologies which at the pilot fplant
semi-works, cr other levels, have demonstrated both technological rer-
formances and economic viability at a 1level sufficient to reasonably
justify 1investing in such facilities may be considered in assessing the
best available economically achievable technology. The best available
economically achievable technology is the highest degree of control
technology that has been achieved or has been demonstrated to be capatle
cf being designed for plant scale operation up to and including "no
discharge" of pollutants. Although economic factors are considered in
this development, the costs for this level of control are intended to be
the top-of-the-line of current technology subject to limitations imposed
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by economic ard engineering feasibility. However, the best available
technology economically achievable may be characterized by some
technical risk with resrect tc performance and with respect to certainty
of costs. Therefore, the best available technology economically
achievable may necessitate some industrially sponsored development work
prior to its application.

EFFLUENT_REDUCTION_ ATTAINABLE_THROUGH THE_APPLICATION_OF_THE BEST
AVAILABLE_TECHNOLOGY ECONOMICALLY ACHIEVABLE--EFFLUENT_LIMITATIONS
GUIDEL INES

Based upon the information contained in this. document, it has Lkeen
determined that the degree of effluent reduction attainable through the
application of the Best Availakle Technology Economically Achievable is
that resulting from the technology of cooling and recycling barometric
condenser cooling water with biological treatment of the blowdown and
the addition of sand filtration to further treat the effluent from the
Fiological treatment system. The effluent levels attainable for this
degree of reduction are shown in Table 1.

Identification of Best Available Technology Economically Achievable

Best Available Technology Economically Achievable for the cane sugar
refining segment is the technology described in Section 1IX of this
document with the addition of a «cooling and recycling system for
barcmetric condenser cooling water, with the blowdown from the recycling
system being discharged to the Dbiological treatment system, and the
addition of sand filtration to further treat the effluent from the
biological treatment system. Alternatives to this system would be the
futher reduction of sucrose entrainment in condenser waters to an
acceptable level for discharge, controlled irrigation, and contrclled
land impoundage.

Engineering Aspects of Ccntrol Techniques Applications

The technclogy defined for +this 1level is currently practiced by one
major cane sugar refinery in the southern United States, The specific
recycling method in this instance is a cooling tower.

Costs_of Application

The costs of obtaining the effluent reductions set forth herein are
summarized in Section VIII, Cost, Enerqy, and Non-Water Quality Aspects.

The investment costs associated with this level of technology represent
approximately 3.5 percent of the total investment needed to build the
typical refinery. The total investment cost to the cane sugar refining
segment is approximately $15,000,000, or $10,000,000 above that required
to achieve the best practicable control technology currently availakle.
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Non-Water Quality Envircnmental Impact

The non-water quality environmental impact would be an intensification
of those imracts described in Section IX.

Factors to be Considered in Applying Effluent Limitations

The same factors as discussed in Section IX should be considered for
this level. For refineries in rural areas, spray ponds or irrigation
canals may be more feasible for recycling barometric condenser cooling
water than cooling towers. Tables 21, 22, and 25 1list various treatment
ccntrol alternatives and summarize requirements and benefits associated
with each.
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SECTION XI
NEW SOURCE PERFORMANCE STANDARDS
INTRODUCTION

In addition to guidelines reflecting +the best practicable control
technology currently available and the best available +technclcgy
economically achievable, applicable to existing point source discharges
July 1, 1977, and July 1, 1983, respectively, the Act requires that
performance standards ke estaklished for new sources. The term "new
source" 1is defined in the Act to mean "any source, the construction of
which 1is commenced after the publication of proposed regulaticns
prescribing a standard of performance." New source technology shall be
evaluated by adding to the consideration underlying the identification
of best available technology economically achievable a determinaticn of
what higher levels of polluticn contrcl are available through the use of
improved production processes and/or treatment techniques. Thus, in
addition to considering the best in-plant and end-of-process control
technology, identified in best available technology economically
achievable, new source technology is to be based upon an analysis of how
the 1level of effluent may be reduced by changing the production process
itself. Alternative processes, operating methods or other alternatives
must be considered. However, the end result of the analysis will ke to
identify effluent standards which reflect levels of control achievable
through +the wuse of improved production processes (as well as control
technology), rather than prescribing a particular type of process or
technology which must be employed. A further determination which must
ke made for new source technology is whether a standard permitting no
discharge of pollutants is practicable.

Specific_Factors_to_be Taken_into_ Consideration

At least the following factors should be considered with respect to
production processes which are to be analyzed in assessing new source
technology:
(2) the type of process emrloyed and process changes;
(b) operating methods;
(c) Dbatch as opposed to continuous operations;
(d) use of alternative raw materials and mixes of
raw materials;
(e) use of dry rather than wet processes (including
substitution of recoverable solvents for water);
and
(f) recovery of pollutants as by-products.
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NEW SOURCE PERFORMANCE STANDARDS FOR THE CANE SUGAR REFINING SEGMENT OF
THE SUGAR PROCESSING INDUSTRY

Because of the large number of specific improvements in management
practices, design of eqgiupment, and processes and systems that have some
potential of development, it is not possible to determine, within
reasonable accuracy, the potential waste reductions achievable through
their apglication in new sources. However, the implementation of those
in-plant and end-of-pipe controls described in Section VII, control _and
Treatment Technology, would enable new sources to achieve the effluent
discharge levels defined in Section X.

The short lead time for application of new source performance standards
(less than a year versus approximately four and ten years for cther
guidelines) affords 1little cpportunity to engage in extensive
development and testing of new procedures. The single justification for
more restrictive 1limitations for new sources than for existing sources
would be one of relative econcmics of installation in new plants versus
modification of existing plants. There is no data to indicate that the
economics of the aprlication of in-plant and end-of-pipe technolcgies
described in Section VII, Control and_Treatment Technology, would be
significantly weighted in favcr of new sources.

The attainment of zero discharge cf pollutants does not appear to bke
feasible for cane sugar refineries, other than those with sufficient and
suitable land for irrigation or total impoundage.

In view of the aforegoing, it 1is recommended that the effluent
limitations for new sources be the same as those determined to be best
available control technology economically achievable, presented in
Section X.

125



SECTION XTI

ACKNOWLEDGEMENTS

The Environmental Protection Agency wishes to acknowledge the
contributicns of Envircnmental Science and Engineering, Inc., (ESE) of
Gainesville, Florida, with the assistance of F. C. Schaffer and
Associates, 1Inc. (FCs) of Baton Rouge, Louisiana, and Reynolds, Smith
and Hills (RS&H) of Jacksonville, Florida. The work of ESE was
performed under the direction c¢f Dr. Richard H. Jones, Project Director,
Mr. John D. Crane, Project Manager, and Mr. Robert A. Morrell,
Assistant Froject Manager.

Appreciaticn is expressed to those in the Environmental Protection
Agency who assisted in the performance of the project: Kenneth Dostal,
NERC, Corvallis; Erik Krabbe, Region II; Ed Struzeski, NFIC, Denver;
Karl Johnson, ORAP, Headquarters; George Keeler, OR&ED Headquarters;
Allen Cywin, Ernst P. Hall, C. Ronald McSwiney, George R. Webster, John
Riley, Richard V. Watkins, and Linda K. Rose, Effluent Guidelines
PCivision; and many others in the EPA regional offices and research
centers who assisted in providing information and assistance tc the
project. Special acknowledgement is made of the assistance given Ly
Robert W. Dellinger, Project Officer, whose leadership and direction on
this program are most appreciated.

Appreciation is extended to Mr. Irving Hoff of the United States Cane
Sugar Refiners' Association (USCSRA) and to the members of the USCSRA
Environmental Task Force for their willing cooperaticn. Appreciaticn is
particularly extended to individuals within the refining industry who
provided assistance and cooperaticn in supplying information and
arranging cn-site visits. Individuals who particularly deserve mention
are Mr. Thomas Baker of Amstar Corporation, Mr. Rufus Herring cf the
Savannah Refinery, Mr. Fred Bruder of SuCrest, Mr. George Spink of North
American Sugar, Dr. P. F. Meads of C&H, Mr. A. M. Bartolo of Imperial,
and Dr. J. C. F. Chen of Southdown.

126



10.

11.

12.

SECTION XIIIX
REFERENCES

Spencer, G. L., and Meade, G. P., Cane_Sugar_ Handbook, Ninth Edition,
John Wiley and Sons, New York, (1964).

Keller, A. G., and Huckabay, H. K., %“Pollution Abatement in the Sugar
Industry of Louisiana," Journal Water Pollution Control Federation,
37, 7, (July 1960).

Biaggi, N., "The Sugar Industry in Puerto Rico and Its Relaticn to
the Industrial Waste Problem," Journal Water Pollution Control
Federation, 40, 8, (August 1968).

An Industrial Waste Guide to the Cane_ Sugar Industry, U. S. Derart-
ment of Health, Education, and Welfare, Public Health Service
Publication 691, Washington, D.C., (1963).

"Policy on Subsurface Emplacement of Fluids by Well Injection," A
Policy Statement issued by the U.S. Environmental Protection Agency
with Accompanying "Reccmmended Data Requirements for Environmental
Evaluation of Subsurface Emplacement of Fluids by Well Injection,"
Washington, D.C., (February 1973).

Public Health Service Drinking Water Standards, Revised 1962, U.S.
Department of Health, Education, and Welfare, U.S. Public Health
Service Publication 956, Washington, D.C., (1962).

Serner, H.E., "Entrainment in Vacuum Pans," Sugar_y Azucar, (January
1969) .

Personal Communication from F. C. Schaffer, (June 1973).

Bhaskaran, T. R., and Chakrabarty, R. N., "Pilot Plant for Treat-
ment of Cane Sugar Waste," Journal Water Pollution Control Federa-
tion, (July 1966).

State~of-Art, Sugarkeet Processing Waste Treatment, Environmental
Protection Agency, Water Pollution Control Research Series 12060
DSI, (July 1971).

Complete Mix Activated Sludge Treatment of Citrus Process Wastes,
Environmental Protection Agency, Water Pollution Control Research
Series 12060 EZY, (August 1971).

Treatment of Citrus Processing Wastes, Environmental Protection
Agency, Water Pollution Ccntrol Research Series 12060, (October

127



13.

4.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

1970) .

Compariscn_of Barometric_and_ Surface_ condensers, Unpublished
paper bty the U.S. Cane Sugar Refiners' Association, (March 9,
1973) .

Tsugita, R. A., et.al., "Treatment of Beet Sugar Plant Flume Water,"
British Cclumbia Research Council, University of British Columtia,
(196u4).

Application for FSUOD Discharge_ to Delaware Estuary, Report
Submitted to Delaware River Basin Commission, by Amstar Phila-
delphia Refinery, (July 1972).

Baumert, G.S., Refinery Wastes and Pollution_Control, SSI, (1969).

Dennis, Warren H., A _Statistical Analysis of the BOD5 and FSOD
Content of Intake and Discharge Water at Amstar Philadelphia
Refinery, Warf Institute, Madison, Wisconsin, (1973).

——— e

Guzman, Ramon M., "Contrcl of Cane Sugar Wastes in Puerto Rico,"
Journal Water Pollution Control Federation, 34, 12, (December 1962).

Kemp, P. H., and Cox, S. M. H., Pcllution and Pollution_ Abatement
in _the Natal Sugar Industry, Proceedings of the 13th Congress of
the International Society of Sugar Cane Technologists, (1969).

Oswald, William J., et.al., Anaerobic-Aerobic Ponds_for Treatment
of Beet Sugar Wastes, Proceedings, Second National Symposium on
Food Processing Wastes, Denver, Colorado, (March 23-6, 1971).

Pace, G. L., "Making Cane Sugar for Refining," Chemical and Metal-
lurgical Engineering, 48, (July 1941).

Salley, George H., A_Report _on_the Florida_Sugar_ Industry, Private
Publication, (1967).

Shreve, R. N., Chemical Process Industries, Third Edition, McGraw-
Hill, New York, (1967).

Smith, Dudley, Where Puerto_Rico Stands_in Sugar, Paper Presented
to the Sugar Club of New York, (February 15, 1972).

South Florida Sugar Industry, Florida State Board of Health, Bureau
of Sanitary Engineering, Jacksonville, Florida, (1964).

Structure of the U.S. Cane Sugar Industry, U. S. Department of
Agriculture, Economic Research Service, (1972).

128



27.

28.

29.

Sugar Manual, Hawaiian Sugar Planters' Association, (1972).

Sugar Reports, U.S. Department of Agriculture, Agricultural Stabi-
lization and Conservation Service, Washington, D.C., (1971).

Sugar Statistics and Related Data, Volumes I and II, Revised, U.S.

Department of Agriculture, Washington, D.C., (February 1970).

129



SECTION XIV
GLOSSARY
surface of the raw sugar crystal, the first step in the refining operation.
Affination_Centrifugal - A high speed centrifugal which separates syrup

and molasses from sugar. Syrup from this centrifugal is recycled tc the
mingling ghase of refinement.

Alkalinity - Alkalinity is a measure of the capacity of water to neutral-
ize an acid.

Alphanaphthol Test - A test for sucrose concentration in condensate and
condenser water. The method is based on a color change which occurs in
the reaction of the inocrganic constituents.

Ash Content - In analysis of sugar products, sulfuric acid is added to the

sample, and this residue, as "sulfated ash" heated to 800°C is taken to
be a measure of the inorganic constituents.

Barometric Condenser - See Condenser, Barometric.

Barcmetric Leqg - A long vertical pipe through which spent condenser water
leaves the condenser. Serves as a source of vacuum.

Barometric_leg Water - Condenser cooling water.

Biological Wastewater Treatment - Forms of waste water treatment in which
kacterial or biochemical action is intensified to stabilize, oxidize, and
nitrify the unstable organic matter present. Trickling filters, and
activated sludge processes are examples.

Blackstrap Molasses - Molasses produced by the final vacuum pans, and from
which sugar is unrecoverable by ordinary means. Blackstrap is usually
sold for variocus uses.

BOD5 - Biochemical Oxygen Demand is a semiquantitative measure of bic-
logical decomposition of organic matter in a water sample. It is deter-
mined ky measuring the oxygen required by micro-organisms to oxidize the
contaminants of a water sample under standard laboratory conditions. The
standard conditions include incubation for five days at 200°cC.

—_——m e -

kciler furnace.
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Boiler Feedwater - Water used to generate steam in a koiler. This water
is usually condensate, except during koiler startup, when treated fresh
water is ncrrally used.

Boiler Blowdown - Discharge frcm a boiler system designed to prevent a
buildup of dissolved solids.

Bone_Char - An adsorption material used in cane sugar refineries which is
utilized in the removal of organic and inorganic impurities from sugar
liquor.

—— . e o e . s

ran, consisting of vertical tube sheets constituting the heating surface.

Calandria_Evaporator - An evaporator using a calandria; the standard
evaporator in current use in the sugar industry.

Calandria_ Vacuum Pan - A vacuum pan using a calandria; the standard
vacuum pan in current use in the sugar industry.

Centrifugation - A procedure used to separate materials of differing
densities ky subjecting them to high speed revolutions. In sugar pro-
cessing, centrifugation is used to remove sugar crystals from massecuite.

Char_cistern - Cylindrical vats, measuring approximately 10 feet in
diameter by 20 feet deep, which contain approximately 40 tons of bone
char.

Clarification - The process of removing undissolved materials (largely
insoluble lime salts) from cane juice by settling, filtration, or
flotation.

Coaqulation - In water and waste water treatment, the destabilization

o ——— .

and initial aggregation of colloidal and finely divided suspended matter
by the addition of a floc-forming chemical or by biological process.

COD - Chemical Oxygen Demand. Its determination provides a measure cf

the oxygen demand equivalent to that portion of matter in a sample which
is susceptikle to oxidation by a strong chemical oxidant.

Condenser - A heat exchange device used for condensation.
Barometric: Condenser in which the cooling water and the vapors
are in physical contact; the condensate is mixed

in the cooling water.

Surface: Condenser in which heat is transferred through a
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barrier that separates the cooling water and the
vapor. The condensate can be recovered separately.

Condenser Water - Water used for cooling in a condenser.

Crystallization - The process through which sugar crystals separate from
massecuite.

e e e

layer after the heavier material has settled.

Cecolorization - The refining process of removing color from sugar. The
predominantly used methods involve the use of bone char, granular acti-
vated carbon, vegetable carbon, or powdered activated carbon.

—— e e e s et

remaining impurities. They include phosphoric acid (or carbon dioxide)
and lime. The result of the treatment is the neutralization of organic
acids and formation of a tri-calcium phosphate precipitate which entrains
much of the colloidal and other suspended matter in the liquor.

Defecation Process - A method for purifying the cane juice involving lime,
heat, and a small amount of phosphate. The result is the formation cof an
insoluble precipitate which is then removed in the clarification process.

Demineralization - Removal of mineral impurities from sugar.

Dextrose - Glucose. An invert sugar with the formula C6#H1206. Dextrose
is a minor component of raw sugar.

Diatomaceous Earth - A viable earthy deposit composed of nearly pure
silica and consisting essentially of the shells of the microscopic plants
called diatoms. Diatomaceous earth is utilized by the cane sugar industry
as a filter aid.

Disaccharides - A sugar such as sucrose composed of two monosaccharides.
D.O. - Dissolved Oxygen is a measure of the amount of free oxygen in a
water sample. It is dependent on the physical, chemical, and biochemical
activities of the water sample.

Dry _Cleaning - Cleaning of raw cane without the use of water.

nEffect”" - In systems where evaporators are operated in series of several
units, each evaporator is known as an effect.

Entrainment - The entrapment of liquid droglets containing sugar in the
water vapor produced by evaporation of syrup.

Evaporator - A closed vessel heated by steam and placed under a vacuum.
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The basic principle is that syrup enters the evaporator at a temperature
higher than its boiling point under the reduced pressure, or is heated

to that temperature. The result is flash evaporation of a portion of the
water in the syrup.

False Crystals - New sugar crystals which form spontaneously without the
presence of others. This event is undesirable, and therefore vacuum pan
conditions are maintained in a narrow range of sucrose concentration and
temperature which precludes their formation.

Filter Mud - A mud produced by slurrying filter cake. The resultant waste

stream is a significant source of solids and organics within a
cane sugar refinery.

Filter Press - In the past the most common type of filter used to separate
solids from sludge. It consists of a simple and efficient plate and frame
filter which allows filtered juice to mix with clarified juice and Le sent
to the evarporators.

Fixed Beds - A filter or adsorption bed where the entire media is exhausted
before any of the media is cleaned.

Flocculant - A substance that induces or promotes fine particles in a
colloidal suspension to aggregate into small lumps, which are more easily
removed.

Floorwash - Water used to wash factory or refinery floors and equipment.

Flotation - The raising of suspended matter to the surface of the liquid
in a tank as scum - by aeration, the evolution of gas, chemicals, elec-
trolysis, heat, or bacterial decomposition -~ and the subsequent removal
of the scum by skimming.

Frothing Clarifiers - Flotation devices that separate tri-calcium phosphate
rrecipitate from the liquor.

Furfural - An aldehyde C4H30CHO used in making Furaw and as a resin.
GPD - Gallons per day.

GPM - Gallcons per minute.

Granular_ Activated_Carbon - Substance used for decolorization of sugar.
It differs from bone char in that it produces more sweet water, adsorbs

no ash, and is normally not washed. There is little waste 