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REPORT _SUMMARY

INTRODUCTION

This chapter summarises the industrisal survey results and briefly
identifies recommended research projects,

RESULTS

General

The fol lowing physical/chemical processes were identified as
being worthy of detailed investigation in the treatment of highly
organic industrial effluents:=

a.- 5creening, coagulation and flocculation
b. Sedimentation

Ca Ppissolved-air flotation

d. Hembrane processes

a, Solvent extraction

f. Ion=exchange

The following industries were identified as being suitable for
the application of physical/chemical processes in removing the
organic companent of the effluent and making water of a reusable
standard available;-

dey Abattoirs — red meat and poultry

b. Bakeries '

C. Breweries - harley and sorghua

d. Dairies = cheese, milk and milk powder
Ba Yegetable cil and margarine

f. Soft drinks and carbonatad water

g Yeast

Brietf mention is also made of the following industries:-

a, Grain miliing

b. Fish processing

c. Fruit and vegetable
d. Pulp and paper

a, Tanneries



Grain mitling is a dry industry and thers2fore of Limited interest
and the remsining industries are part of existing detailead
studies. For these reasons, only brief attention is given to
them in this report.

The survey data, collected in 1983, suaggest that & total
potential saving of 18 400 WL/a exists in the iJndustries
surveyed. This represents about 40X af the total water intake for
these industries. This saving can be achieved by in—hpuse
management and the application of physical/chemical techniques.
However, to be certain that the potential savings can be
realised, we recommend that detailed surveys, including visits to
several production plants fol lowed by pilot plant trials should
be undertaken to confierm the practicability of achieving these
5avings.

Tabte 1 gives a summary of water intake and potential savings for
the industries considered. Tabie 2 gives a summary of the
spacific water intake and specific pallution Loads for the
industries investigated.



TABLE 0.1

Summary of water intake and potential savings

Industry Estimated annual] Estimated annual
water intake potential
savings
Abattoirs ML{a ML/a
(1) red meat g 400 4 300
(ii) poultry 3 200 1 500
Breweries
(i) barley 10 400 4 800
€ii) sorghum 3 104 1 000
Bairies
(i) cheese 620 460
(ii) milk & milk i 400 4 200
powder
£iii) mixed 68D 180
Margarine & Oil 3 150 1 100
Soft DPrinks 2 00 5&0
Yeast 1 140 330
Grand Total 43 270 18 430




TABLE 0.2

Susmary of spetific water intake and specific pallution load

Specific pollution

Industry Units Range of| HASHI Load
SWI 53 CoODp
kLfunit Jklfunit| kafunit kgfunit
Abattoirs
(i} red meat cattle unit 1,2=18 3 0,5 6,0
£ii1) poultry L/bird & g/bird 15=30 22 10 20
Pakeries t 0,8-39 5,8 - -
Breweries
(i} barley kl 7,9-10,9 8,6 5,1 23
{ii) sorghum kl 1,3-5,8 3,0 3.1 28
bairies
(i) cheese i 5,6-140 18 2.5 4b
(i1} milk & powder t 1,6=88 | 4,6 9,0 23
(3i1) mixed t 0,838 | 4,1 ND ND
Margarine & 0il t 2,0-11,5| 6,0 0,405 3,8
Soft Drinks kl 1,7-11,6| 3,3 0,2 2,0
Yeast t 20=35 28 10 100

Nk = No data received
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Industries

ABATTOIRS = RED MERTY

Various systems Tor treating effluent from red meat abattoirs
have been considered. From literature it is clear that screening
followed by dissolved-air flotation (DAF) using a range of
flocculants dineluding those specitically desiagned ¥for protein
extraction is presently the best aption. This process can reduce
the organic load discharged by at least 70X and can yield 1 kg of
reusable proteinacecus sludge per kg of {00 removed., If water is
to be reused after DAF treatment Turther purification iz
NBCBSSAry.

Although Likely to be more expensive than DAF  treatment,
membranes operating on the screened faecal-free component of the
industrial effluent could produce potable-quality water for reuse
and a concentprate which could e rendered For animal feed.
Protein selective ion—exchange resins could alse find
application.

The majority of the pollution Load at red meat abattoirs
originates +in the blood handling and blood trough washing, and
from the paunch contents. Segregation of these effluents and
their cencentration by membranes could substantially reducz the
organic loads dfscharged.

ABATYOIRS - POULTRY

The strongest effiluents from poultry abattoirs originate from the
blood handling and cleaning of blood tunnels, the hot scalders,
the feather recycle/transportation water and the spin chillers.
Segregation of these effluents which represent a small proportion
of the total water intake, and their treatment by DAF can
substantially reduce pollution Lloads discharged by these
undertakings.

Investigations undertaken owverseas have shown the possibility of
implementing counter current reuse of spin chiller waters.

Menbrane treatment, similar to that proposed for red meat
abatteirs, tould potentially provide water for reuse.

BAKERIES

Bzkeries who manufacture bread anly are unlikely to produce
strong organic effleents, However where cakes and other
confectionery are produced, the potentfal pollution load from
jams and pie fillings removed during baking=pan cleaning can be
substantfal.



The DAF process applied to the final effluent with the pan wash
water daosed into the stream in a ratia of 9 parts final effluent
to 1 part pan wash water, can substantially reduce pollution,

BEER — BARLEY

There exists a major potential for water savings in the barley
besr industry. Seqregation of the effluents from the brewhouse,
fermentation cellars and packaging hall is the First step in
water management.

The effiuents fFrom the brewhouse should be treated to achieve
carbohydrate and alcahol remaval. The fermentation cellars
discharge beer and yeast and treatment by membranes seems
potentially ta be woerth consideration.

The handling of spent graing and trub and their removal fram the
effiuent by wedgewire screens followed by their efficient drying
would reduce pollution loads substantially.

Recyele aof the pasteuriser and bottle washing waters would reduce
the water intake.

BREWERIES = 3SCRGHUM

The malting of sorghum reguires considerable watering of the
grains during their processing. This process consumes 71X of
the total water used in malting. The treatment of the effluent
by memhranes to remove the 5§, COD and TDS would make it suitahle
for reuse.

The comments onder Rarley beer effluents also apply to sarghum
breweries, although JAF treatment of the final 2ffluent could
assist pollution reduction.

DAIRIES = CHEESE

The handling of the cheese whey determines the degree of
polLlution caused during cheese making. Consgiderable advances
have been made with membrane concentration of cheese whey by
reverse asmosis or ultrafiltration. Totzl solids concentration
of up to 24X can be achieved with these technigues. The
concentrate would be a valuzhle animal ar human feed.

A& process for the precipitation of whey has been developed by
Binnie & Partners. It jnvolves the selective precipitation of
the protein by palyphosphates, fallawed by removal using DAF.



DAIRIES = MILK & MILK FOWDER

Milk losses during bottling account far the pollutian laad from
these dairies; this Lloss can hbe as high as 3% af the milk
processed. Membrane processes and perhaps DAF in its protein/fat
recovery mode, would be werth pursuing.

Recyeling of bottle wash water should also be investigsated.

Where milk 95 evaporated, reuse of the evaporative condensates
after treatment {or organics removal, possibly by activated
carbon, would save ¢onsiderable amounts of water.

VEGETABLE QIL & MARGARINE

The application of PAF to finai cil-containing effloenpts from
this industry appears to be the most promising methoed of reducing
pallution. However, owing to acid splitting of these effluents,
a considerable concentration of sulphates appears in the final
effluent. The application of the "Alwafloc”™ process employing
farric chloride & Lime should be investigated.

GRAIN MILLING

This dndustry is 'dry* and provided all flour 45 removed by dry
processes, no effluent other than domsstic is to be expected.

PULP & PAPER

The only effluent considered is that of SAICCOR in Natal as their
spent sulphite L(dguor contaips substantjal guantities of Ligno
sulphonates which 4if recovered could be used as coagulation
agents for removing proteinaceous matter in the abattoir and
dairy industries.

Reverse osmosis and ultrafiltration would be required to separate
the {lignosulghonastes and sugars, Two effluents should be
considered, The washpit Liguor could be concentrated from 534
Tb5S to 16X TDS using reverse osmosis which would provide copiocus
guantities of reusable hot water. The digester Ligquors and the
concentrate from the wash pit water recovery would then be
separated from their acecompanying sugars.
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SOFT DRINKS AND CARBONATED WATER

Potential exists for substantial pollutien discharges during the
washing ogut of fruit cancentrates and sugar storage tanks.
Membrane +treatment would be the only route for recovery of these
substapcas.

Recycle of the bottle wash waters could substantially reduce the
Water consumption.

YEAST MANUFACTURE

Although the wvolumes of effluent are low, the pollution Loads
created by cleaning the heat exchangers for sterilising the
m;lazses and the discharges from the yeast separating centrifuges
tan gnly be described as enormous. Ultrafiltration of these
streams is probably the only wviable route for their disposal.

OTHER PROCESSES

We believe that the Sirctherm desalination precess might {ind
application for desalting cooling tower blowdown Flows. it
could also bLe used on the can cooling circuits in the canning
industry.

Splvent extraction processes have potential as & route for
recovering fat From the DAF siudges extracted from abattoir
wastewater treatment. They might alsc find application in the
treatment of margarine plant effluents,

Many industrial operations involve the concentration of products
such as fruit juices, milk and sugar. At present thermal
evaporation processes are used, although the energy requirements
of these processes are high compared to membrane systems.
Accordingly the combination of membrapes as a preconcentration
stage prior tc evaporation could provide considerable savings din
BNErgya

In other applications where nmo market exists for the organic
matter removed from an effluent, Jts concentration by membrzne
techniques could permit that concentrate to be anpaerobically
digested in ultra high rate sludge blanket type upflow digesters
having hydraulic residence times of only a few hours,

Recommended research projects

Qur preliminary survey has indicated considerable potential for
water savings. It is also of importance to identify why the SWI
of industries is so variable from one plant to the next.



Consideration should be given to the manufacture and deployment
of pilot dissolved-air flotation plants in several industries to
test their potential for water recovery.

A pilot plant capable of operating both ultrafiltration and
reverse osmosis processes, sShould be constructed and deployed in
various industries.

We recommend that consideration should be given to undertaking
the following research projects:-

NATICNAL WATER & WASTEWATER SURVEY

The obhjectives of this survey would be to visit every industry to
investigate how the water is used in-house and to guantify the
reasons for the wide range of SWI,

ABATTOIRS RED MEAT & POULTRY

The dnvestigation of water and effluent management within the
jndustry should be undertaken to determine targets for the
overall SWI as well as the SWI for individual processing steps.

The project should dnclude the provision of DAF and membrane
pilot plants to investigate the various alterpatives to chemical
precipitation ang recovery of proteins. The membrane units should
also determine the feasibility of water recovery by this
technique.

BREWERIES — BARLEY & SORGHUH

An investigation of the water and effluent management iJn the
brewing Adndustry is5 recommended. The performance of DAF and
menbranes on selegted effluents should be guantified.

Targets should be set for the SWI at each process step.

The project should also investigate the resuse of socrghum malting
water.

PAIRIES

&n investigation to determine the feasibility and economics of
DAF  and membrsne plants in the dairy dndustry should be
undertaken. Attention should be given to the measures needed for
treatment of evaporative condensates for reuse.

10



SOFT DRINKS AND CARBONATEDR WATER

The techniques for renovating water for bottle washing, which is
the main Wwater use, would possibly have heen covered by the
brewsries project. Accordingly the recovery of sugars and drink
cancentrates by membrane technigques are the only measdres
requiring research in this industry.

VEGETABLE OIL AND MARGARINKE

The water and effluent management in this industry would involve
the in=plant operation of DAF using the “Alwafloc' process as
wel Ll as other coagulants. The recovery af the high grade fats
hy solvent extraction also warrants investigation.

YEAST

ALthough the industry is relatively small, problems exist with
the disposal of the highly pol luted effluent. The feasibility
of membrane separation should be investigated,

To achieve the maximum sawvings in the shortest time we recommend
that the order in which the industries he investigated be as
followss=

a. breweries

b. abattoirs

c. dairies

de wegetable oil and margarine

e, soft drinks and carbonated waters
f. yeast

11
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INTRODULTIGN
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1.1

1.2

INTRODUCTION

BACKGROUND

Intensive research into water and effluent management in several
industries has been instituted by the Water Research Cammission.
These projects include the fruit and vegetable, fish, meat, hide
and textile industries. This approach produced detailed guides
to water and sffluent management, offten including methods for
conventional pretreatment of effluent followed by biological
degradation.

It has become apparent, hawever, that certain physical/chemical
treatment techniques can successfully be applied 1in many
jndustries having effluents with high organic concentrations.
This e¢an result in the recovery of valuable camponents in the
effluent stream. The revenue generated in this way would offset
the costs of installing and operating such 2 treatment glant.
This is not the case foar biolagical treatment which cleans up the
effluent but does not result 1in the recavery of wvaluabie
material. & further advantage in physical/chemical treatment is
that it can produce water of & reuszhle guality resulting in a
further cost saving as well as a reduction in demand for water.

OBJECTIVES
The objectives of this study are therefore:=

a. To establish which physical/chemical processes can be used
to reduce the arganic pollutien load of industrial effluents
and what costs are involved in implementing these processas.

bBe To show how and where these processes can be applied in
industry and further to astimate the potential wsater
savings, pollution Lload reduction and possible reuse of
water resulting from these applications.

c. To identify research projects which are required to
facilitate the implementation of these processes in  the
fndustries considerad.

d. To compile a List of references to allow easy access to
infermation presented in this report.

13



1.3.1

1.3.2

1.3.3

1.3.4

METHODS

The approach required to meet the objectives of the study is
logically divided into five areas. These are a survey, a
Literature review, process application, data work-up and
potential research projects. In practice, it was found that
these five areas of work could not be tackled onz a2t a time,. A
certain amount of overlap was required due to the exploratory
nature of the study. Infurmation obtained in one area could
grompt further work in another area.

Survey

A& questionnaire survey was performed on as large a sample as
possible of the dndustries which were shown to warrant
investigation. Information pertaining to water 1intake, water
usage, production, effluent volume, effluent quality and effluent
dizposal routes was requested. Costs of water and effluent were
also sought. Site visits to certain factories were arranged in
order to verify information collected in the survey. This also
served as & first hand introduction to the types of problems
experienced by each industry.

Literature review

The Waterlit and Agualine databases were searched initially and
an update ssarch was performed on a wmonthly basis for the

duration of the study. Papers reporting on the use of
physicalfchemical effluent treatment technigues as well as those
relating to applications of these technigues in specifis

industries were obtained.

Process applications

The performance of the various processes was examiped in relation
to the various industries. Potential recovery of useful material
as well as potential re~use of water was investigated.

Data work—up

From the survey data recgived for each industry the following
calculations were performed:

8. The specific water dntake (SWI) which iz the volume of
intake water per unit of production was calculated for each
factory.

b. A national average specific water intake (MASWE} was then
computed for the sample. This is the total water intake for
the sample of factories divided by the total reported
production. .

14



1.3.5

1.4

1.5

Ca Using the total annual production as given by the Central
Statistical Services publication, "Manufacturing
Statistics™, and the HASWI, the total apnual water intake
was astimated.

d. Total annual efiluent volumes and pellution loads were then
estimated in an analogous fashion.

2. Estimates were made of an SWI which could be achieved by
gack industry through good water management and potential
re=yse of water. These estimates were bhased on dinformation
cbtained from factory vwisits, the survey data and the
literature. Using this SWI, the amount of water which could
ke saved in eath industry considered was calculated.

Potential research projects

Finally, s&reas requiring further research, before the various
processes can be successTully and gconomicaily implemented, have
been identified.

REPORT STRUCTURE

Chapter 2 discusses the physical/chemical processes found to
warrant  investigation and provides information available on the
costs of the process. Chapter 3 details the industries found to
be suitable for the application of these processes, The survey
data are presented here as well as the estimated potential
savings in water and reduction in pollution Lload. thapter 4
presents the recommended research projects and Chapter 5 gives
summaries of the most important papers received and details the
Literature reviewed.

REPORT DATA

ALl data presented in this report is related to the year 1983.
Cost data would vary with time in response to economic factors.
Less obvious is the Tact that production related data, such as
water consumptien, might alsc vary with time 1in response to
economic factors a3 well a5 environmental fzctors such as
drought. Far these reasons, care should be exercised when using
and interpreting the data presented in this report.

15



CHAPTER 2

PROCESSES & COSTS
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2.0

2.2

2.2.1

2.2.2

PROCESSES & COSTS

GENERAL

The physical/chemical processes considered in this report have
been those selected from Literature as being worthy of detzilad
investigation to treat effluents having high organic
concentration.

The processes are:;-

a. screening, coagulation & flotculation
b, sedimentatian

c. dissolved=air flotation

d. membrane processes

€. solvent extraction

fa ion exchange

g. hybrid processes

These processes are briefly described and where data is
available estimated costs have been provided, ALL costs have be#en
related to the year 1983 unless gtherwise specified. In some
cases, costs could not be derived as further research is needed,

SCREENENG, COAGULATION & FLOCCULATION
Screening

Virtually without exception the first step in treating waste
waters should be screening. Static wedgewire screens with
aperture opening 0,5 to 3 em are ideal, having no aaving parts
and the minimun of maintenance, This type of screen is rated in
terms of ki of ilow per metre of weir Length, Trials are needed
to deternine the correct Length of weir for esach effluent.

The costs of this type of screen based on stainless steel
3146 516, are given in Fig. 2.1.

Coagulation B flocculation

After scregning, coagulation fol lowed by ftocculation i3 needed
prior to removal of the precipitated matter. Coagulation and
flocgulation are often used in copjunction with sedimentation to
enhance the process of settlement. The chemicals used are
coagulants and coagulant aids, which are simple water scluble
electrolytes, low molecular weight inorganic acids, bases or
salts. Iron, sluminium and calcium salts are the most widely
used coagulants; including Lime Ca(OH)z, alum AL2(504)3, ferric
chloride (Fellw), ferrous sulphate Fes{50,)z and sodium aluminate
NaA LD, The coagulant ajids comprise natural or synthetie Long
chain organic molecules with characteristics of polymears and
electrolytes. Polyelectrolytes, bentonite and activated silica
are gommon aids,

17



Fig. 2.1 Specific capital costs for static screens
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The flocculationfcoagulation process, if used, must occur in
specially configured basins or tanks designed to promote the floc
growth, and the chemicals must be rapidly and effactively mixed
into the stream prior to commencing the flocculation stage. The
pH range at which the optimum coagutation occurs varies depending
on the coagulant being used. For the fruit and vegetable
industry coagulants, iT used, are likely to be alum, ferric
chloride or polyelectrolytes., These are described below:—

ALUMINIUR SULPHATE

When added to water the main reaction of aluminium sulphate
(Alp(S0y) 2180200 or alum is with either the natural alkalinity,
such as calcium carbonate, or with added alkalinity such a5 Lime
or soda ash, or caustic soda, resulting in the formation of
colloidal aluminiua hydroxide which then flocculates into Large
particles Like snow flakes. This reaction with the water towers
the pH.

Alum works in the range pH 5,0 - 7,0 as follows:-

(i) Al2(50503 + 3 CalOHY> = 3CasS0y + 2AL(OH}3
{cne part of Lime is needed for 3 parts slum)

(31)  ALa(S04)3 + &NaOK = 2ALCOH)3 + 3NapS0y
(Ha0H dos® must be 35% of the alum dose)

(§i4) ALp(504)3 + INaglOz + 3Hp0 = 2AL(OH)Z + 3NapS0. + 3C0;
ALp(S04)3 + 6Naz{Cz + 4H20 = 2ZAL(DH)Z + 3NHap$0, + 6NeHCOz
(dose 1 part soda ash to % or 2 parts alum)

18



2.3

Alum is made into a 10% solution and dosed with either plunger ar
diaphragm type metering pumps.

IRON SALTS

Ferric chlaride (FeCl3} is very corrosive but performs well with
fruit and vegetable effluents. The iron salts work over 2 wider
pH range than the alum and often produce & denser flog particle,
The dosing and handiting equipment for this Liquid must be
designed for {ts use. In South Africa the chemical is sold in
Liquid form.

FeClz + 3CalHCO3z)z = 3CaCly + 2Fe(0H)3 + 6C0

POLYELECTROLYTES

The poilyelectrolytes can accur naturally and include sadium
alginate which occurs in kelp. Starch snd gum=-based products
also exist,

By far the greatest number of these substances, however, are the
synthetic ones cemprising derivatives based on polyacrylamide and
its co-polymers with polyacrylic acid. These long chatn
macromoblecules have specific electrical charges which 2nable them
to attract charged particles in water, They fakl into 3 main
groupsi—

(a) non=ionic - polyacrylamides; adsorb on particles to
modify theire state;

(b) anionic - adsorb on particles to modify surface
state;

{c) catiomic - positively charged chains due to amine
presence. These cancel out the negative
chargesonparticles,

SEDIMENTATION

Sedimentation occurs when the effluent 95 held in a quiescant
state or at a velocity Low enough for the sSolid particles to
settle. The design parameters include surface arca, retention
time, tank depth and overflow rate. Filters are inefficient
removers of suspended solids and thus are normally preceeded by
settlement tanks, They should be dnstailied when turbidities of
feed to the filters exceed 10 mg/l., Sedimentation tanks may be
gcircular aor rectangular and can have vertical, radial or
horizontal flow.

19



P | Vertical flow

Fig. 2.2 shous the general arrangemsnt of 2 verticasl flow
sedimentation tank. These tanks work well with fruit and
vegetable effluents, especialtly for s0il and the heavier solids.
The influent is conveyed to the bottom of & 402 hopper-bottomed
tank whereupon it commences its vertical flow from the bottom to
the tap of the tank. As the crossectional area of the tank
increases, the velocity of vertical #low reduces al Lowing the
settling velocity of the particles to exceed the vertical
velocity of the water. The clarified water passes over the top
of the tank through submerged orifices. dwing to the geometry
of the tank the particles agglomerate to form a blanket through
which atl incoming particles must pass. The blanket assists
with removal of solids from the water. When the particles
become too Large to be suspended they fall into the base of the
tenk to be hydrostatically removed as sludge. Where the
particles are very small, there exists the chance that the
blanket will rise into the vertical sided portion of the tank.
To control the top Level of the blanket, & sludge bleed pocket is
provided at the top of the blanket. These tanks can be
manufactured in ¢ircular or rectangular configuration. The
design of these tanks is governed by the verticai rise rate in
the tank, 1,2 to 4 &/h being the normal range. It is important
to al low the inlet pipe to be adjustable 8o that the correct
height above the tank bottom can be established, The cost of
sett lement tanks of this type is shown in Fig., 2.3

Ffig., 2.2 Vertical flow sedimentation tank
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Fig 2.3 Specific capital costs of clarifiers
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2.3.2

2.3.3

2.4

Radial flLow

Fig. 2.4 shows the general arrangement of a radizl flow
sedimentation tank, The floceulated water enters the centre
gquiescent chamber which allows the heavier pariicles to sink inte
the siudge zone from which sludge 15 scraped into a central
packet for disposal. The water c¢ommepces a radialiy vertical
rise to exit from the tank over weirs or orifices arranged around
the tank.

Hor{zontal flow

Fige 2.5 shows the general arrangement of a horizontal flow
sedimentation tank. These tanks are often rated by the number of
hours reteption, but more correctly they should be rated on the
flow per unit of surface area an which the sludge can settle.
The normal range §s from 9 to 18 kL/mé/hr. Once the area of the
tanks has been fixed, the depth must be determined. The depth
must b& considered ip relation to the lLength of the tank, because
this ratio will decide the horizontal velogity. Ef the Llength of
the tank does not exceed 20 times the depth available for the
horizontal flow of water, then it will usuatly be found that the
actual depth is not critical.

BISSOLVED-AIR FLOTATION

As an alternative to settlement tanks for the removal of gross
solids, dissolved-air flotation (DAF) plants ¢an be used. These
have been tested in a number of industries but pilot trials will
be reguired.

Referring to the schematic diagram, Fig. 2.8, the effluents from
the various parts of the plant are passed to a holding tank (i)
which balances the flow and organic strength to near-constant
values which permits the plant to be sized to the average fiow
over 24 hours rather than the peak flow. The effluent is
abstracted hy supply pump (2) which forwards it to the reaction
tank (7}. A portion of the flow which can be recycled effluent
ar tlean water s passed from weir box {B) to high~pressure pump
(4) which raises it to a saturation pressuce of 600 kPa and
passes it into the saturator tank (3). The level in tank (3) is
maintained by a Llevel control float which operates a hy—pass (5}
around high pressure pump {4), increasing the flow by=-passed i¥
the Leyel in the saturator tank & tos high and vice wersa if it
is too Law.

The air-~compressor (&) delivers air to the saturator vessel (3)
where it dissolves into the water which leaves the vessel tao join
the main stream from the supply pump befare entering the reaction
tank (7). On entering the tank where the pressure redoeces to
atmospheric, the air bubbles come out of solution to foarm a
rising stream which flosts the debris to the surface for removal
by the rotating scraper.
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Once separated the effluent falls to the bottom of the tank
passing under a skirt into the outlet pipe which discharges over
an adjustable weir ta maintain the water Level in the tank and
then leaves via weir box (8). Facilities are provided for
dosing coagulating chemicals - tanks (9} and (10} and pump (11
and for pH correction shouid this be needed.

Fig. 2.6 Dissolved-air flotation plant

AL ANCIHD
TANK

o

AECYCLED EFFLUENT

PILOT PLANT LAYOUT

5410
AYAILIARY SXI0

LEGE MO

P.RAW EFFLUENT BALANCE Tind
ZAAW WaTER SUPPLT PUMP

3 SATURATOR VESSEL

A rigH PREITUN PUMP

5 JATURATOR LEVEE COMTROL BivE
ACOMFRE3 SOR 7 ALCEIVER

TREACTION TakM

b 1
FLOTATION TANK

TREATED
b et
I eFFLUENT

& TREATED wATER OUTLET
® CrfMICAL TANK |}

1 cHEWRCAL TANE T

IL CHEMIGAL QOSE PUM®

12 ACH CARKQY

1} 4510 PUMP

23



The commercial flotation plants are available in rectangular or
circular format, a typlical rectangular tank is shown at Fig. 2.7.

fig. 2.7 Retangular flotation tank
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It must be noted that the design parameters of the flotation
systems vary degending on the character of the effluent. The
circular units give superior air bubble distribution compared
with the re¢tangular ones, but rectangular units provide a
greater time and space far the aqglomeration of the solids. The
key to successful flotation tank design is the selection of the
optimum method of dissolving the air and the pressurg at which
this operation is performed,

Various methods of inducing the air to dissolve into the recycle
flow are in use. Figs. 2.8 (a) to {d) show the recycle pump,
the saturator vessel and the methods of dissolution. System {a)
enploys & top spray film into a vertical saturator which may be
packed with Raschig rings to improve the air to water contact.
Saturator packing should not be used where high 55 concentrations
are Likely to be sxperienced in the recycle feed. In the work
conducted for this guide mo packing was used in the saturator.
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Ffg. 2.8 (a) to (d) Methods of air dissolution in DAF plants

recycle
water

recycle
warler

—0

air
—_—— — —
}level
i - = control
8ir
water —I—O
air
@) (<)
air

] sipht
glasg

reaeration pump

{9},

Type (b} was the type used in compiling this guide where a
positive displacement monc-pump fitted with Level controlled by-
pass delivered the recycle flow intoc the saturator via a venturi
eductor, Type (c) {involves the injection of air into the eye of
the high pressure pump or if it is a multi stage pusp at the 2nd
or 3rd stage of the puap. The delivery sprays into the
saturator. Type {4) involves the amalgamation of (a)} B (b}
where the air i5 supplied to the air gushion and a reaeration
pump removes water from the saturator and pumps it through a
venturd which draws air from the air gushion.

Type (b) saturators should be sized to retain the recycle flow
for 10 minutes and to operate at BOX water Level (on the
straight). Reaction tanks can be sized for an hydraulic loating
of 3 to 5 kL/e® tank surface area per hour, It should be noted
that f the recycle flow is taken from effluent rather than feed,
the designed hydraulic Lloading must inciude the saturator recycle
Tlow.
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Fig. 2.9 Degree of air saturation of water with increéasing pressure
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Fig. 2.9 shows the degree of air saturation of water faor
different pressuration pressures, Facilities nmust be providedg
to remove sludge from boath the top and the bottom of the tank,
The costs (1984 of dissolved=air flotation plLants are shown at
Fig. 2.10, Where chemital flocculation is desirable, a suitably
designed flocculator should be provided upstream of the flotation
tank.

26



Fig. 2.0 Specific capital costs {1984 for dissolved-air flotation
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2.5

2.5.1

2u3.2

2.3.3

MEMBRANE PROCESSES

Introductian

Membrane technology is advanting so rapidly that it is nearing a
Level of economic effectiveness, The processes are divided +into
two categeries, ultrafiltration and reverse osmOSis.

Ultrafiltration

As its name implies, ultrafiltration (UF), is a method of
mechanical separation of suspended solids from & Liquid and is
simitar in principle to filtration through screens or beds of
parous media. A major difference is that, whereas conventional
filtration processes are not capable ¢f removing suspendad
partictes finer than azbout 0,001 nm, e,9. col Loids, UF operates
in the macro-molecular size range and can therefore be used to
separate Large arganic molecules from liquid suspansions or even
from selutions. Since many food industry wastes and products
contain Large organic molecules, UF offers a convenient and
efficient way of carrying out separations such as the recovery of
cheese whey, separating and concentrating bloegd plasma in
abattoir wastes, and many other diverse applications. It may be
regarded as an ultra=fine sieving technique.

Separations are achieved by using ultra=thin synthetic or natural
product-derived membranes in which are present a very Large
nupber of very fine "holes'". The size of the holes can be
tailored to match the molecular dimensions of the range of
organic compounds which it is desired to remove from the
geffluent.

The way 1in which these UF membranes are assembled intoc a
commercial system is basically similar to the description
following which deals with tubular and flat plate type reverse
DESAOSTS SYSTEMS.

Reverse osmDsis

Reverse osmosis (RO) is5 superficialliy similar to UF in that it
alse makes use of ultra-thin synthetic or natural membranes to
zeparate valuable and non=valuzble materials which may co-exist
in a L{iquid product or effluent. However, the mechanism of
separation is quite different and the types of material which can
be recovered differ markedly.
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2.5.4

Whereas UBF is basically a mechanical separation, RO relies upon
the diffusion of water molecules through a semi-permeable
membrane by a sequence of phenomena such as adsorption,
permeation and desorption. RC membranes have therefore a much
“tighter” structure than those of UF,  True "holes" as such are
not present in the meabrane. Even so, RO membranes can, Like UF
nembranes, be tajlored to suit the class and molecular sizes
which it is desired to separate from water, In this case,
however, the molecuies are dissolved in the water, rather than in
suspension as in UF, so that the products of an RO unit operating
on & feed selution are a more concentrated selution, on the one
hand, and a relatively solute-free water (the permeate) on the
other. Typical applications include the production of potabie
water from saline solutions (desalination} and the concentration
of weak solutions to stronger solutions as in the concentration
of sugar and fruit juices.

A simple diagram pf the RO process is shown in Fig. d.11. The
upper figure shows the process of mormal osmosis in which at
ieft, a semi-permeable membrane is shown separating vessels
initially containing equal vofumes of a concentrated solution and
pure water. Under normal osmosis, water flows from the Ledt
hand reservocir to the e#ight hand reservoir, diluting the
concentrated solution. '

This process continues until the flow of water ceases, at which
point the head of the solution exceeds that of the water by a
difference called the osmotic pressure of the particular
soluticn.

If, now, a hydraulic pressure, greater than the osmotic pressure,
is apptied to the solution, as shown in the lower part of Fig.
3.11 the osmotic flow is reversed, Mearly pure water will pass
through the membrane from right te left, toncentrating the
solution and separating pure uwater from the sclution. This i=s
the process of reverse osmosis.

Commercial application of RO

The elements of a commercial system for utilising RO to separate
a solution into water ard a concentrate are shown in Fig. 2.12.
ALL that is needed is a pump to pass the saling solution into a
flow module tontaining an RO membrane with a pressure Let-down
valve for the concentrate, and an exit, on the opposite side of
the membrane compartment, for the fresh water. Frovided the
hydrauldic pressure, P, gensrated at the pump discharge exceeds
the osmotic pressure of the saline solution some degree of
separation and concentration will octur.

29



Fig. 2.19

In practice it may be necessary to pretreat the feed solution to
make it physically and chemically compatible with the material of
the membrane. Some degree of post—treatment of the permeate may
also be needed. Pretreatment normally entails the removal of
gross suspended solids which may be present in the feed, possibly
adjusteent of the pH to prevent alkaline scale deposition on the
nembrane and to ensure chemical compatability and, occasionally,
dechlarination andfor the removal of disselved oxidants. Each
application must be treated on its own merits but, in general,
pre-treatment should be designed to be a minimum by experienced
thoice of membrane type and Separation process. Post—treatment
may not be needed and is usually confined to simple recarbonation
ot the product {freshwater) and, possibly, chlorination.

Principles of oswosis and reverse osmosis
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Fig 2.12

Elements of 3 coampercial reverse osmosis system
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2.5.3

CONCENTRATE

Types of RO mesbranc systeas

There are several basic types of RO systems, tharacterized by the
geometry of the mewbrane and the hardware in which it is
assembled, Each type has advantages and disadvantages for
specific applications, but generally, the commercial objective is
to achieve the greatest oputput of permeate for the smallest cost
of hardware. This may be achisved in paert by maximizing the
amount of membrane surface ares in the module volume, but
ultimately, the ohjective must be to separate and concentrate the
feed at minisum total capital and operating costs.

TUBULAR FEMBRANES

The simplest type of RO system 1s the permeable tubular membrane,
shown in Fig. 2.13. Feed selution is pumped under pressurs
through a sufficient number of tubes in parallel to achieve the
desired output of freshuater, which permeates through the tube
walls, and the concentrate is discharged from the ends of the
tubes. From the engineering viewpoint the praoblem of design is
to produce a permeablie tubs which can withstand the hydraulic
pressure needed to pass the freshwater agesinst the osmotic
pressure, ususlly in the range of 2 D00 to 6 OO0 kPa. A typical
means of ach{eving this objective is shown in the lower Left
diagram of the figure in which the RO membrane is shown placed
within a perforated rigid support tube spearated by an
intermediate parous packing. The rigid tube withstands the
hydraulic pressure and the freshwater produced passes through the
porous support and exits through the holes {n the rigid tube, to
be col lected external Ly.
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2.5.6

FLAT PLATE MEMBRANES

A second type of R} membrane of particular interest for food
industry applications, 3s the flat plate configuration, shown in
the top diagrem of Fig. 2.14. In principle this type is similar
to the plate and frame type filter press, with alternate
perforated spacers and flat RO membranes aszembled into a unijt
having internal passages for supplying the fesdwater and removing
the concentrate, and being ¢lamped together by a hydraulic press.
Product water Leaves the press at the edges of the membrames and
can be collected in troughs gr plastic pipes attached to the
Spacars.

SPERAL WRAP

Spiral wrap reverse osmosis units, a5 their nama impties, are
fakricated from a Layer of membrane sheet, with fine permeate
collection grooves on its rear, 2 mesh netting and a backing
shest., These are Layered on top of each other, joined at the
top and rol led with the permeate collection grooves attached to a
central pipe, to form the elements, The fluid #s then admitted
at the end of the roll passing along the passages formed by the
mesh, the permeate passes through the membrane sheet and runs
down the grooves into the central collection pipe. A number of
elements are mounted inte a pressure vessel ta form the module.
Spiral wrap elements are manufactured in 63 am, 102 om, 152 mm
and 203 mm dia units.

1t is apparant that a Llarge membrane area can be packed into the
minimum of space with this configuration, thus the tost per unit
membrane area is the Lowest of all the configurations.

However owing to the small concentrate passages, it s unlikely
that this type would be suitable for raw effluents carrying a
high comcentration of suspended zolids. It is feasible however
that this type of unit would find spplication in recovering water
from efflusnts which have been pretreated by DAF, thereby
obtaining reusable water &t the lowest cost.

Energy requirements of UF and RO separation processes

For UF applications all that is needed is for the feed to be
pumped therough the UF device at sufficient pressure, uswally in
the range of 200 to 1 000 kPa, to overcome the frictional losses.
For this purpose pumping energy aof about 2 to & kWh per kL of
feed is required.
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Fig. 2.13 TUBULAR SYSTEM
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Fig. 2.14
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2.5.7

In the case of RD systems, as well as overcoming frictional
resistance, sufficient hydraulic head is needed to provide an
adequate driving force to cause permeate to fiow against the
osmotic pressure. Feed pressures for RO systems are therefore
normally im the range aof 2 = & MPa, depending on the
concentration of solute which i desired, and energy demands are
correspondingly greater than for UF. Typical figures,

" corresponding t0 the above pressure range, are of the aorder of ¥

to 10 kWh/kl of feed,

Compared with other methods of concentrating soluticns such as
evaperation, RO 15 much more epergy=-efficient. The relative
specific energy demands depend upon a nunber of factors such as
the degree of concentration required, the numher of evaporator
effects with which the RO system i3 being tompared and the type
of solute being separated. Typlcalliy, for concentrating a
solutjon to twice its initial strength (i.e. recovery of half of
the feed as re=yszable water) the primary energy demands of RD
are from one third to one tenth those of evaparation processes.
However, because of increasing osmotic pressure Wwith salute
concentration, R3 cannot completely replace evaporatian for very
high concentration processes (say aver 25X dissolved solids).

Application of mesbrane processes

Membrane separation processes affer considerable advantages in
the fruit and vegetable processing industry for the fol Lowing
reasons:—

a. They permit valuable waste food substances to be recovered
from effluents, thereby reducing the cost of treating the
effluent by conventional biclogical means, whether in the
factory itself or in central treatment works.

b. By using RO, large volumes of clean water can be recovered
for reuse im the factory instead of being discharged to
drain, The RO process removes not only the dissolved
solids but effectively removes bacteria, pathegens and
virusegs from the permeate, The re-usable water is
therefore virtually stesrile, Where it is possible to
operate the RO equipmant at elevated temperature (40 to
8G°C} the entire separation process - both concentrate and
permeate~ can be operated under sterile conditions.

¢c. The use of RQ for the initial stages of concentration of
sugar solutiens and fruit juices 4n a new factory will
reduce the energy demands for concentration several=fold
compared with the alterpative method of evaporation,
especially if the precess can be rup during off peak
electricity demand periods,
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d. In existing factories, the substitution of RO for
evaporation in the esrlier stages of concentration of these
products, f{eq up to 20X of dissolved solids) can extend the
cutput of their existing worka at minimum cost without need
for additional beiler capacity.

Applications for UF/RD can be considered for the treatment and
recovery of byproducts from all of the effluents ariginating in
the industries under review,

Perhaps the most important aspects of investigatory pilot work
required before these processes can be implemented commercially,
are the determination of the ease and efficiency of cleaning to
restore the rate of permeability (flux) when it declines, and the
degree of pretreatsent (if any) of the effluent before admitting
it to the membrane,

petailed costs of RD and UF treatment are shown in Appendices
1.1 to 1.5. The costs of treated water in cents/md of feed for
different membrane permeabilities and interest rates (s},
together with the breakdown of ¢osts (b) have been gQiven. The
costs are shown for plate & frame and tubular units fitted with
pon~cel Lulasic membranes which we consider cshould be usad for
sffluent treatment owing to their wide pH toterance (pHZ2-13) and
temperature variation {up tg ?09{). The tubular and plate &
frame coenfiogurations are considered well suited to effluent
treatment as they can accept high concentrations of total sotids
{up to L0%).

SOLVENT EXTRACTION

This process is likely to provide promise in treating fatty
effluents from abattoirs and edible oil refining vperations,

In essence the process invalves the use of a Low hoiling point
Liquid whieh is a solvent for the compound to be removed from the
waste water, but must also be immiscible with water.

The solvent iz mixed into the effluent where it dissolves the
target compouynd thereby removing 1t from the water, is separated
from the compaund by heating the recovered soclvent-compound
somplex in a Low temperature boiler. The =zalvent is condenszad
and reused.

Costs of the process cannot be developed without pilot plant
Studies.
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2.7

2.7.1

2.7.2

I0N EXCHANGE

The principles of ion-e2xchange are well known and will not he
repeated here. However two processes are of interest in the
context of this report:-

Ha Protein extracticn
b« Sirotherm process

Pratefn extractian

In Hew Z#aland, regenerated cellulose resins of a porous
structure have heen developed for remaval of protein from dilute
salutions. Regeneration is by alkaline solution,

Sirothera pracess

This process was developed in Australia in about 1978 and is
still under development.- The process is interesting as
regeneration is achieved using hot water only.

APPLICATIONS OF THE SIROTHERM PROCESS

The major advantage of Sirotherm ion exchange resins are that
unlike conventicnal ion exchange resins they can be regenerated
very simply with hot water. This saves the cost of chemicals
and solwves enviranmental pollution problems. Sirotherm resins
can demineralize water cantaining up to 2 000 - 3 000 mo/t total
dissolved solids, and can produce water containing Less than
500 ma/l fdrinking water) or Lless than 200 mg/{ if high quality
water i3 required. In the Latter tase, thay can be used
advantagecusly in conjunction with conventicnal resins, which
serve as the final stage in the pracess,

As the heat consumption is Low and Low-grade enerqy (lLow pressure

steam) is sufficient, the Sirotherm process is very competitive

in comparison with membrane processes such a5 reverse osmosis and

electradialysis in the 500 = 3 000 mo/l raw water salinity range.

The main applications of the 3irctherm process are:-

- Partial demineralization of brackish waters;

- Production af feed water for high=pressure beilers, in
canjunction Wwith a finishing stage using conventional
exchange resins;

- Reduction of water salinity in cooling tower circuits, thus
reducing the extent af blowdowns;

- Produttion of irrigation water for arid areas.
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BASIS OF THE PROCESS

Sirotherm resins tontain weak acid and weak base functions in the
sam& bead, The process is based on the efiect of temperature on
the eguilibrium reaction.

Cold
R1CooH + R2NRZ + Nat + CL” RENRHYCL™ + Rlcoy™Na®t

Hot

Salts are thus fixed at ambient temperature when the transfer of
the H* jon from acid to base creates charged ion-exchange sites,
When the temperature is raised from 25 to 85°C, there i3 an
appreciable dncrease in ionization of the water; the
concentration of HY and OH~ ions is increased thirty fold. The
acid and basic regenerants are thus provided by the water.

PRLINCIPLES OF A SIROTHERM PLANT

If the Sirotherm process 4s te be ugsed to demineralize water
containing, for example, 1 00D mg/l total dissolved solids, the
water is passed through a bed of Sirotherm resin at a temperature
of about 20°C with a flow rate of 15 bv (bv= bed volumes)/h.
This will produce 10 to 25 bv of water containing 200 to 500 mg/lL
salts. The resin bed can then be regenerated by 3 to 5 bv raw
water heated to 80-%09C; the effluent from the regenmeration
proceass will contain 3 000 to 5 000 mg/l salts. The simplest
type of installation is shown in Fig. £.15.

Fig. 2.15 5imple "Sirothern’ flowsheet
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The main somponents arei-
- A fixed tolump containing Siratherm resing

- A heat axchanger to recover heat from the hot effluent
produted by the regensration stags;

- A heating system o offset heat Losses. There is a wide
range of possille heating sources : hot water, steam, solar
heating or Low grade waste heat from cooling tower circuits.

PRETREATMENT CF RAW WATER
Clarification and filtration

Az with conventional fon exchange resins and membrane systems,
suspended solids must e removed by the usual claritication and
filtration techniques. Carbonate removat by means of Lime can
be used to remove some or all of the divalent salts, which
simplifies the arrangement of the fellowing Sirotherm units. If
the raw water still gontains some suspsnded soiids, the Sirotherm
resins must ba backwashad by the metheds used on conventional jan
exchange resins.

Organic matter

Like other ion exchangers, Sirotheem resins are subject to
fouling by organic matter. Low molecular weight material is
normal ly fixed and then sluted during the regeneration ¢ycle, but
there is a risk of fouling by organic matter of high molecular
weight, with the consequent gradual reduction in operating
capacity. If the organic matter content is too high, it can be
reduced by conventional processes {carbonate removal by Lime, use
of a strong base resin 3s scavenger), If the fouling process
has already begun, the ariginal properties of a Sirotherm resin
van be restared by a treatment with caustic sedafbrine of the
kind used on amion resins.

Oxygen

Like other anion exchengers, Siratherm resins are Liable to
oxidation at high temperatures, This brings about chemical
deterioration of the re&sin and an irreversible reduction in
operating capacity. Togive a Long operating Life the oxygen
content must be reduced, and this can be achieved quite simply by
treating with sodium Bisulphite when the raw water contains
DXygen.
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2.8

HYBRID PROLCESSES

In many applications of physical/chemical treatment, a use of the
separated organic matter as a byproduct will be found. However
in some cases the separated material will require disposal and it
is in this spplication that hybrid processes might be developed

Conventional anaerobic digestion plants tend toc have Llong
hydraulic residence times which Leads to Large and expensive
containing structures being required. Accordingly if the
organics ¢an he cancentrated, the digestion process c¢an be
accelerated,

We consider therefore that consideration should be given to
membrane techniques te concentrate the arganic matter, thereby
recovaring the water for reuse, with the cancentrates being
passed to high—rate perhaps sludge blanket type digesters, where
the hydraulic residence time is greatly reduced.

PROCESS ECONOMILS

We have prepared a bhrief estimate of the running ¢osts involved
in operating a DAF plant, a tubular membrane plant and a DAF
plant followed by a spiral wrap RO plant recovering water for
reuse.

It should be notad that for the tubular RO plant which recejves
rew screened abattoir effluent, we have used a flux of 40 L /meh.
For the case of spiral wrap RG, we have taken the same §lux,
although it 45 highly Likely that the flux could be far higher
when the RO wlant receives pretreated water.

At 30X annual capital charges, we find the cost of water treated
is a5 follows:-

Process R/m3
DAF 1,056 Appendix 1.6
Tubular RQ 2,60 Appendix 1.7

DAF followed by spiral RO 1,68 Appendix 1.8
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CHAPTER 3

RESULTS OF INDUSTRIAL SURVEY
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3.0

3.1

3.2
3.2.1

RESULTS OF INDUSTRIAL SURVEY

GEMERAL

This chapter briefly introduces the production process performed
by each industry. The major areas ot water use and effluent
generation are outlined and an estimate of the effluent strength
is given where available,

The summarised survey results are then presented. These include
the HASWI, water intaks, sfflusnt output and values far 535 and
COD on a ygarly besis. Potential savings thraugh water
management are quantified,

The application of physical/chemical treatment processes is then
discussed. Potential savings arising from the application of
these processes have been caléulsted. Posible areas for reuse of
treated water are mentioned where applicable.

AHATTOIRS — RED MEAT
¥ndustry and process deseription

Over 500 abattoirs are registered in South Africa, although only
about 24 process more than 100 animals per day. The units of
production at an abattoir are expressed in terms of cattle units,
defined as 1 tow, bull, o% or horse, 3 calves, 5 pigs and 15
sheep or goats. Abattoirs are classified as fol Lows:=-

Class Size in cattle units Nusber of
per day establishments
A greater than 100 24
B 51 =100 25
C 15 = 50 7e
D 4= 15 168
E Less than & 226

Ten of the abattoirs are operated by the South African Abattoir
Corporation (SAACY, 263 are privetely owned and 242 are operated
by Municipalities. Appendix 1.9 shows the Layout of a typical
red meat abattoir.
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The animals are kept in a Lair prior to entering the stunning
area where they are stunned and Lifted by hind Leg onto an
overhead conveyor on which they remain throughout the processing,
They are "sticked™ to allow the blood to run into the blood
trough, from which the blood is passed t¢ the rendering plant for
gonversion into blood meal,

Even though the blood is collected, a considerable quantity of
spitlage occurs ta the drain system and during plant washdoun.
The semi congealed blood is also washed into the drains The
blaoding resutts in the Largest single pollution Load.

The carcasses continue to pass along the conveyor into an
elegctrical stimulation area, the heads are removed, fol Lawed by
hide pul Ling, evisceration, carcass gsplitting, final washing,
grading and sub processing.

The wiscera pass to the offal handling areas whera the rumen is
pierced and opened. It is in this area that the second Largest
pollution Load occurs.

The warious offals and offcuts are washed which adds to the
pol Lution load.

The effluents discharged by abattoirs are strongly arganic
comprising of proteins, fats and paunch contents from the main
processing areas and manure mixed with straw from the Llairs,

Typical ranges of concentration of effluents arising from mixed
red meat abattoirs are shown below:-

Parameter Units Range
pH value - 4,0 - 7.5
Suspended solids (55) mg/l 400 - 2 000
Chemical Oxygen Demand (LOD) mgfl 2000 - & ODO
5 day - Biochemical Oxygen
Demand (B0Ps) mg/ L 300 - 3 00O
0ils and Fats mg/l 200 - 1 000
Total Kjeldahl Hitragen (TKN) mo/L 200 ~ 500

* spillage of blood can cause this wvalus to reach 20 000 mg/lL
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3.2.2

3.2.3

Survey results
The suryey response and key data are given below:-

dbattoirs = red meat

Industry
29 Factories (43X asnwal production)

Survey Response

Total Produttion 3153000 culfa

SWI range H 1,2 =18 Eklfeu
NASWI : 3,0 klfcu
Total water intake : © 9 ADD MLfa
Total effluent gen#cated : 7 700 HLfa
55 : 1 200 tfa
cop : 18 700 tia
IT NASWL reduced to H 2.0 kl/cu
Potential savings are H 3 100 ML/a

Effluent treatment

As the organics in the effluent are protein or fat based, the
recovery of these proteins and fats for reuse as animal {feed
represents tha correct pretreatment practice as a revenue can
accrue from the zale of ar reuse of the sludge, On the other
hand it 2 blological pracess is used this degrades the useful
materials ang effluent treatment has a net negative cash flow,

If all abattoirs undertook treatment of their effluents by
dissalved=-gir flotation operating an the protein extraction
pringiplae, the following amounts of reusable pratein would be
recavered, thereby reducing the poliution Loads;-

Parameter Amount  Remowal Savings in Yield of re-
itfa) (X pollution (tfa) usable solids (t/fa)
55 1 900 50 950
cop 18 700 K] 13 100 13100

It is anticipated that a 70% reduction in organic Lload can be
achieved using DAF and that about T kg of sludge will be
recovered per kg of COD removed. The remaoval of TKN wil l be
similar.

The dizselved=alr flotation process would yield further volumes
of water for potential reuse in L3irage washing amounting to a
further saving of 12% or another 1 300 ML/fa; the total potential
saving approaches 4 300 ML/a.
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3.3
3.3.1

The Literature reports that sodium hexametaphosphate (HNP),
ferric chloride, sodiua Llignosulphanate (LSA) and aluminium
sulphate with polyelectrolytes can be effective for treatment of
abattoir effluents. However, it is necessary to determine the
safety of reusing the sludges if chemicals other than LSA or HMP
are used.

Secondary treatment with Lime flocculation is also proposed in
Literature and this is also worthy of further pilot work,

Although not reported in the Lliterature, wWe consider that
ultrafiltration and reverse asmosis using tubular, non=cel lulosic
memoranes coukd be superior to DAF as no chemicai dosing plent is
required and the guality of the treated water would Likeiy be
suitable for reuse, The sludges produced would be suitable for
reuse, Application of ultrafiltraticn to paunth tontents fluids
should also be investigated as this fluid represents a
significant proportion of the organic Lload.

ABATTOIRS — POULTRY
Industry and process description

Appendix 1.10 shous the layout of a typical poultry abattoir.
Modern poultry (broiler) abati{oirs process up to 6D 000 birds per
day. The birds are placed onto overhead conveyors with their
feet in shackles. They pass into a stunning trough, fol lowed by
neck sLitting and bteeding over a blood troughs The blocd is
pumped or blown pneumatically intc storage tanks for rendering
into animal feeds.

The birds pass into a spray or dip type scaider and then through
automatic pluckers consisting of & number of rotating rubher
fingers which remove the feathers without damaging the skin.

The feathers are washed away into flumes from which they are
pumped to dewatering screens prior to rendering,

The birds, still on the original shackles arz conveyed to neck
pullers for removal of the head apd then pass over a hock cutter
which removed the feet, allowing the birds to fzll ontg a chute
which passes them intc a separate room for the "cilean” processes
including evisceration.

The birds are placed onto overhead conveyers, the vents are cut
and the birds pass into automatic evisceration machines with the
gizzards, giblets and other useful parts being harvested for
sale. The remaining oifal is used for pet food manufacture.

The hirds are washed and i¥ destined for freezing they pass into

a spin chiller in which they are immersed in chil led recycled
water prior to blast freezing.
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3.3.2

3.3.3

The major eaffluents from paultry processing arise from the
scaldars, the feather transport recycle water, the cleaning of
blood tunnels, and Spin chiller overflous. If hydraulie
transport of the giblets and inedible offal s practised this
stream 1s also highly polluted. In many abattoirs pneumatic or
vacuum systams are used.

The typicak concentration of mixed poultry abattoir effluents
isi-

Paraseter Units Range
£op sgfi 2 000 - 5 00D0
55 mgfl SO0 - 1 oG
TEN mg/l 200 - 340

Suryey results

The survey response snd key data are given below:=

Industry H Abattoirs = poultry
Survey Response ¢ 11 Factories (100X annual production)
Total Production : 146 % 108 bpirds/a
SWI range : 15 =30 Lib
NASWI H 2e L/b
Total water intake : 3 200 ML/a
Total effiuent generated : & 700 Mifa

53 : 1 500 tfa

Cob H 2 200 tfa

oA H 250 tfa

If NASWI reduced to : 15 L/b
Potential savings are : 1100 ML/a

Effluent treatoent

The dissolved-air flotation process is again one of the favoured
processes for treating poultry abatteir waste waters, using HHP,
LSA or ferrit chloride. Secondary treatment with Lise prior to
discharge 15 also reported to be successful,

Work is reported on counter current reuse of chilter water, Ons
reference to using ultra filtration on final effluent gave
interesting organic rejection results but the fluxes were not
reported.  Accordingly we believe that the application of DAF
membranes could have a major impact on the treatment of poultey
abattoir effluent.

The introduction of effluent treatment techniques could result in

a further 12% regduction in water intake. Thus the total
potential saving approaches 1 500 ML/a.
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Settal

3.4.2

3.4.3

3.5.1

PAKERIES
Industry and process description

Bakeries producing bread creste very Little effluent and if
correctly managed, the potential contsminants such as flour and
grease can be swept &way, prior to washing of eaquipment, thereby
eliminating much of the organic leoad.

Howewver where bakeries also make confectionery items such as
cakes, tarts and pies, the potential pollution Loads can be high
owing ta the washing of baking pans, which contaia spilt jams
and pie fillimgs. It has baen practice in the past to use
phosphate-based cleaners which produce effluent of high phosphate
concentration, New non-phosphate cl#aners can reduce phasphate
concentration by 53X,

Survey results

The survey response and key-data are given below:-

Industry : Bakeries
Survey Response : 24 Factordes (11X annual production)

3,8 x 108 t/a
2,3 - 39 kLit
5,8 ki/t

Total Production
SW1 range
NASWI

L1 LI L]

Effluent treatment

DAF process 1is again the Lleading process warranting
investigation.

BREWERIES — BARLEY

Industry and process description

fAppendix 1.11 gives the Layout of a typical barley brewery.

BREWHOUSE

The brewhouse is the first major process area where starch is
¢oaverted to fermentable sugars suitable for the production of
beer. Any unwented fractions are axtracted, separated and
disposed of, The process {2 a batch one comprising the
operations described below:~
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Steep tanks

Hydration of the dry malt is achieved by steeping it in vats for
approximately 20 minutes after which the steep water is pumpad to
the drain. The steeped malt is then gravitated to grinding
mills.

Mills

Milling grinds doun the endosperm of the malt to enable the
maximum yield of extract to be obtained, while maintaining the
majority of the husk intact so 2% to form a suitable filter
medium in the Lauter tun, After milling the malt is passed
either to the maize cooker or the mash tun. The steeping vats and
mills are rinsed with water which is discharged to drain.

Madize cooker

Although bariey pravides the predominant source of the raw starch
material for beer production, other forms of starch material,
known as adjuncts, are used in Lesser quantities. In South
Africa the main adjunct is maize, which is used in the majority
of the beers produced, with sugar being used to a lesser extent.

Unlike malt, maize requires boiling ta gelatinise the starches so
that they can be attacked readily by the fermentation enzymes.
This operation which takes place in the maize cooker involves
raising the temperature of the malt-maize mixture in stages to
boiling point where it is held, generally for about 30 minutes.
At the end of this period the malt-maize mixture is pumped to the
wash tun and the maize cooker is rinsed with water shich s then
discharged to drain

Mash tun

Aashing is the basis of the beer making protess. It is at this
stage that the barley malt and adjunct starch are converted into
a fermentable extract suitable for the production of beer,
Enzymes present in the malt requlate and control the starch to
sugar conversion reaction by dissolvino the protein fila
surrounding the starch sac and converting the starch teo
maltose.

The malt-maize mixture is fed to the mash tun and additional mali
iz added to aobtain the cerrect malt contant. After conversion
of all starch to sugar, the mash is raised te 78 ©C and held for
a period of time, After & total period lasting approximately &
tiours the mash is pumped to the Lauter tun. The mash tun is
then rinsed and the rinse water led to draim
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Lauter tun

Fol Llowing mashing, the fermentable sugars which are in zolution
in the mash must be extracted from the dissolved portion. This
aperation is carried out in the Llauter tun where the sugar
solution, or wart, is filtered through the spent grains under
gravity, following which the remaining wort is flushed through
the bed by sparging. The wart and sparge water are pumped to
the wort kettle while the spaat grains are conveyed ta storagse
bins. The lauter tutx is then rinsed and the remnants of spent
grain and rinse water are lLed to drain.

Wort kettle

In the wort kettle, hops are added to the wort and the mixture is
boiled for approximately 90 minutes before cooling. The bailing
of wort with hops precipitates the sclubie proteinaceous
material, known as trub, which settles out during the cooling
process, together with any fine grain particles which were
carried over from the Lauter tun. At the end of a cycle the
wart is pumped via a hest exchanger to the fermentation cellar;
the trub is pumped to starage and the wort kettle s rinsed with
water which is then Led to drain.

Yeast production

After propagation of the yeast to the required voiume it is
pitched inte a fermentation vessel with the incoming wort. At
the end of the fermentation cycle the yeast is drawn off; that
required for the next brew is repitched while the excess is
wasted, After severzal genperations (approximately 7 the entire
yeast crop is wasted. As different breus require different
yeast cultures, storing of the yeast can become difficult,
resulting in the sudden discharge of yeast batches to drain.

Tank sterili=zation in the brewhause

In addition to the rinsing of the tanks which takes place after
every brew all of the vessels are sterilised weekly. Thisz 1s
done by preparing a caustic "brew"” which is then pumped through
the system; this caustic brew may be used more than once before
being discharged to draina
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FERMENTATION CELLAR

After brewing and yeast addition, the cold wort {s passed to the
fermentation ceilar wherg the wort sugars are fermented tfo
alcohol, This operation, which takes place in large
fermentation vats generally sized to hold either cne or tuo
prews, veries in duration depending upon factors such as the type
of beer being made, and speed of fermentation, but on average
takes approxiimately ten days. Towards the end of that period,
the temperature in the fermentation vats iz lowered to reduce
yeast activity allowing the yeast to settie to the bottem of the
vat from where it is withdrawn and discharged to storsage bins.
The beer i3 then pumped to starage tanks and the fermentation
vats are cl#aned hefore the addition of the next brew. This
cleaning process js extremely tharough, comprising several rinses
and washing with caustic and detergent. Wash and rinse waters
are lLed to drain.

STORAGE AND FILTRATION CELLAR

The beer is kept in the storage tanks for up to seven days for
maturation to take place, At the end of this period more yeast
has settled out and these "tank bottoms"” must be removed before
the beer ¢an be punped to the filtration plant; the tank bottoms
are in most cases wasted directly to drain,

At this stage the pipeline froem the storage tanks through the
filters to the bright beer tanks is flushed and a pre=cosat of
kieselguhr applied to the filters. The beer 13 then pumped
through the pipeline, being "chased" through with water which is
led to drain. The storage tank is then ripsed and the rinse
water discharged to drain while the filter s stripped of the
pre-gccat and cleaned. The kieseiguhr is removed from the
brewery, generally in containers, while the rinse water is Led to
drain.

BRIGHT BEER STORAGE TANKS

Once the beer has been filtered it is pumped to the bright beer
teliars for storage before it passes to the bottling hall.
These bright beer storage tanks are rinsed and sterilised after
each filling cycle.

BOTTLING HALL

The bottling hall is a major water user, due mainly ta the high
water requirement for cleaning. Water used depends upon whether
the beer containers are bottles, of which there are two types -
returnsble and non-returnable, or cans.
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Returnable bottles

The returpable botties have the highest cleaning water
requirement. Upan their return to the brewery the bottles
gontain in additjon to small quantities of beer, 2 number of
pellutants ranging from petrol to pesticides, depanding upan the
use to which the botties have been subjected. Removal of thase
polLlutants requires a thorough multistage cleaning operation to
ensure complete sterilisation, which results in a high water
usage, In addition all traces of the labels and Label glue must
te removed.

Non—returnzhle bottles and cans

The non=returnable bottles and cans simply regquire to be ¢leaned
of any dirt which has bheen accumulated betwesn the manufacture of
the bottles and cans and their arpival at the brewery, This is
a simpler cleaning procedure than for returnable bottles and
hence the cleaning water requiremant is not as qreat, The
washing/rinsing machines are fed constantly with a supply of
fresh water and are periodically drained and refil lad.

Filling and pasteurisation

After cleaning, the procedure for filling the bottles and cans
with beer is virtuvally the same. The containers are passed to
the filling machines, where they are Filled with beer and where
carbon dioxide is injected. To avoid the ¢reation of an air
space which could affect beer quality the bottles are slightly
over—-fil led, with the excess beer generally running anto the
floor, The bottles and cans are then tapped, sealed and pass to
the pasteuriser machines where the beer is heated in hot water to
a temperature af &0 - 45°C Yor a period of 10 = 15 minutes,
following which they are cooled and conveyed to the packaging
area for patking and despatch. The pasteurisers are supplied
continuously with fresh water and are drained periodically and
refilled.

GENERAL CLEANING

In ail process areas the floors are cleaned down thoroughly at
the end of each brew or shift. Additional floor washing i3
carried out as and when required during normal operstions.
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3.5.2

3.5.3

The typical range of effluent quality discharged by a brewery is
given in the table below.

Paraseter Units Range
Suspended solids (85) mg/l 600 - 700
Oxygen Absorbed (0A) mg/l ing - 450
Chemical Oxygen bemand (COD) mgf/l 2 500 - 3 00O
Biochemical Oxygen Demand (BODg) mgfl 1 500 - 1 300
Total Dissolved Sokids (TD5} mgf/l 1 000 - 1 300

Survey results
The survey response and key data are Listed below:-

Industry
Survey Response

Breweries = barley
12 Factories (T{IX annual production)

Total Production : 1 200 MLfa
S5WI range : 7,9 - 10,9 klLikL
NASWI : 3,6 kL/kL
Total water intake : 10 400 MLia
Total effluent generated : 7 600 MLia
53 : & 100 tla
cop : 28 400 t/a
If MASWEI reduced to ' 4,0 kLfkL
Potentjal savings are t 4 800 MLfa

Appendix 1.12 shows how the water 95 distributed through a
typical brewery whose water : beer ratio is 9,0. It alsoc shous
that 30% of the water is used ip the brewhousze which expells 49%
of the total COD & 55 in the final effluent, that 15X goes to the
fermentation cel lars which expel l 36X of the COD & 55 and that
384 of the water enters the packing hall which expeils 14% of the
CoDb & 58,

Appendix 1.13 shows a revised distribution of water for a brewery
which has implemented water savings toc a water tc beer ratio of
4,85 1 1. Further measures such as close monitering of filling,
high pressure spray cleaninp and Limiting floor washing can
reduce this {igure to 4,0 ki water/kl beer,

Effluent treatment

it is apparent that physicalfchemical treatment of the brew house
and fermentation cellar efiluents can substantialiy reduce the
organic Load from the brewery and that water management by
recyciing bottlewash and pasteurising water and by reusing
surplus water from wort coolding in the CIP systems, can
substantial ly reduce water intake.
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3.6
Sebal

A study of the contaminents in the various brewery effluent
streams indicates that the brewheouse discharges organics
including cetlulose, carbehydrates, proteins, polypeptides, spent
grain, sort and trub. The fermentation cellar discharges beer,
yeast and trub and the storage & filtration cellars discharge
beer, yeast, haze particles, detergent and spent kieselguhr.
The bottling hall discharges beer, beer residues, caustic soda
and glues from the Labels, The crganic load in these sireams
can be reduced by physical/chemical treatment such as DAF or
microscreens.

The effluent stream Leaving the fermentation cellars has 0,1%
alcohol present which could be recgvered using spiral wrap
reverse osmesis,. SimiLariy alcohol 5 present in the packaging
hat L effluents owing to spillage at the filling Lines.

kecovery and drying of spent yeasts from the yeast Laden streanm
also produces a major reduction in organic load,

BREWERIES — SORGHIM
Industry and process description

For the purposes of this process description, the sorghum beer
industry will be divided into malting and beer production.

MALTING

The malting of sorghum for beer production is genarally performed
by malting companies who specialise in the preparation of this
ingredient.

Referring to Appendixz 1.14 the grain seed is steeped in water and
formaldehyde for 3 to & hours in 15 ton steeping silos fol lowed
by a2 rinse. It is than discharged into the bins = stage 1 below
the silos. These bins have false perforated floors, to permit
hot air to be blown through the grain bed. After 14 hours
resting period, water is sprayed over the grain from hosepipes
and there after discharged to the drain every 9 hours for a total
pericd of 24 hours.

The grain iz then treansferred manually into the stage 2 bins
where it resides for a further 24 hours having a spray of water
every ¥ hours. Similarly after transfer to stage 3, water is
sprayed at the same fraquency for another 24 hours.

At the fourth stage no water is added for the 24 hour resting
period. After transfer to the drying bins, hot air is added at
5%9C for 24 hours. The protess is completed by extracting the
grains and blowing then into sflos for Later begging and sale.
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About 71% of the total water used in the sorghum malting process
js for spraying, 24% is used as boiler feed make-up and the
balance for domestic and washing down.

The effluents which are discharged have the following analysis:-

Parameter Units Amount
705 Ra/L 1 200
LoD mglL 1 100
BODs mg/ 700

The processing of 900 t sarghwe consumes 3 D0 kb of water giving
a specific water intake of 4 kl/t.

BEER PRODUCTION

Preparation of the "sour”

Refering to Appendix 1.15, water is mixed with ground sorghunm
malt and wheat bran and ieft at 50°C for & to 16 hours, in a

vessel known as a "lLactic acid generator'. The batch
compasition is approximstely as shown belowu:

HI":E!‘........-- -------- T Y EE R L] 16 Dﬂﬂ L'itFEE
Sorghum malt.cacecanaans wassaana 2 200 kg
Wheat bran,.esscmcanmnannanns awma 440 kg

During this phase of the manufacture, the sugars are transformed
inte Lastic acid. The acidity of the sour is measurad in
brewer's degrees (89) by means of a titrated solution of sodium
hydroxide, Usually, the final sour has an acidity of 7 to 9 B9,

Cooking of the mixture of malt and maize grits

In the mixer, & 000 Litres of water and 1 650 kg of maize grits
are added to the sour. The mixture iz then transferred to a
closed covking vessel, provided with an internal coil through
which steam is passed. buring the ceooking of the mixture, which
Lasts about one hour at a pressure of 0,5 bar, the Lactic acid of
the sour salubilizes the starch in the maize grits.

Cooling of the mixture and addition of more malt

Cold water 15 then passed through the internal cojil of the cooker
to Lower the temperature to 309 when a second dos2 of malt
{150 kg} is addad. This malt will break the starch chains
theraby reducing the viscosity of the mixture. After 1,5 hrs
more cold water is passed throush the cotl until the temperature
drops to 60FC.
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Conversion of the starch

The mixture is transferred to the "converter™ vessel, and a third
dose of malt (450 kg) is added. This malt acts to convert the
starch into Sugars,

Addition of yeast and straining

The temperature of the converted mixture is further reduced ta
30°c, 10 Litres are taken out, mixed with 3 kq of yeast and
returned to the converter. The mixture i5 then strained by
passage through a centrifuge and pasced to the fermenters, The
separated solids, which have a fairly high protein content, are
sold as animal feed.

Fermentztiion

The fermenters are kept at 309C for about 78 hours where a3
vigorous top fermenting yeast is used, which gives appreciable
guantities of garbon dioxide, which is lost to the atmosphere,
A temperature rise that has to be controlled by means of a
cacling coil alsc occurs at this stage. A layer of foam which
soon covers the beer tends to overflow and to run down along the
external watl of the fermenter, mainiy when it is too full and
the temperature and other conditions are not careful ly
controlied. It has bzen calculated that important quantities of
vitamins are then Lost with the foam = 90¥ of the thiamin, 10% of
the nicotinic acid and 10X of the riblefavin. Zeveral szystems
to avoid excessive feaming have been proposed (for instance, the
use of stirrers, above the surface of the beer, for breaking the
foam). Howewer the newer, closed fermenters, working under a
pressure of 0,5 bar, avoid this problem

Dispatch of the beer

The begr i3 now ready %o be dispatched to the consumers. Part
of it Leaves the brewery in tank cars, part is packaged in
different types of containers, either wade pf paper Lined with
polyethylene or totally wmade of polyethylene. As the beer keeps
fermenting after leaving the brewery, prowvizion must be made for
venting the carbon dioxide produced. For thiz reason, zll the
plastic containers have small holes in their caps. In the paper
containers, the heat sealed seam is Left interrupted in its
middle zone. It js difficuit to keep the sorghum beer for Long
without detericration in its quality. Even under good
conditions, the shelf Llife of the packaged beer does not excesd
one wWaelk,

The effluents generated are about 47% of the water intake and
comprise malt, grits, sour mash, beer, detergents and
disinfectants, Most breweries pass their effluent to the
municipal seuer,

55



The effluents azre characterised by the following range of

analyses.
Parameter Units Range
sS mgfl 500 - 2 00Q
cop mg /i 4 000 - 11 DOD
0A mg /L 200 ~ 250
TDS mg/ L 700 - 3 000
pH - 3,5 - 4,0
3.6.2 Survey results

The survey response ang key data are Listed below:-

Industry : Brewerias = sorghum
Survey Response : 29 Factories {{00X annual production)
Total Produstion : 1 04D HMl/a
SWEI range : 1,3 - 5,8 xL/kL
NASWI : 3,0 kL/kL
Total water intake : 3100 ML/a
Total effluent generated : 1 400 MLia
4. o 3 200 t/a
cOoD : 29 000 t/fa
If NASWI reduced to : 2,0 kL/7kL
Potential savings are : 1 000 ML/a

The following table summarises the distribution of water in a
sorghua brewery:—
XToral water intake

hrewhouse 33
fermentation 13
packaging 12
boilers and cooling 10
domestic 12

About 34% of the intake water enters the beer and sbout 47% is
due to washdown and cleaning.

The following table sunmarises efflusnt concantration ranges
found in the survey:—

Parameter Units Range
pH 4 = 5
(L] i] mgfi 1 400 = 4 500
55 mgft 2 000
qA mgfl 175 = 225

36



3.6.3

3.7

3.7.1

3.7.2

EffLuent treatment

i1f, for a sorghum malting effluent, the COD and TDS could be
removed and S5 were removed to % micron, the water that is
sprayed onto the grain coutd be reused., We consider this an
ideal application for ultrafiltration or reverse osmosis using
plate and frame or tubular configuration.

As far as sorghum brewing effluent is concerned, segregation of
the effluent and screening by wedge=wire streens fol Lowed by DAF
would be a first stage treatmeant. Work to determine the
effectiveness af DAF should be undertaken.

DAIRIES = CHEESE

Industry and process deacription

The dairy industry in South Africa i3 primarily concernad with
the production of milk, cheese, butter, tondensed milk
and mitlk powder. Smaller quantities of milk are processed to
produce skim—milk, cream, cottage cheese and yoghurt.

Cheese is manufactured by adding a bacterial starter to raw milk
and, as acidity develops, rennet is added to assist the formation
of curds. The curd is recovered Leaving the whey which has a
very high potential polluting Load. The whey contains a
proportion of all the major components of milk.

The effluents arising from cheese factories vary in thair organic
strength depending on the route of disposal adopted for the whey.

About TDZ of the whey produced is used directly as pig feed or
discarded; only 30X is processed to whey powder,

Survey results

The survey response and key data are given below:=

Industry
Survey Response

Dairies = cheese
14 Factories (43% annual production)

Total Production H ZE YOO tfa
SHI range : B0 = 140 L/t
MASWI : 18 KL/t
Total water intake : 6580 HML/a
Total effluent generated : 430 ML/a
55 [ 370 t/a
cop 3 % 800 t/a
DA : 0,23 t/a
If NASWI reduced to : 5.6 kL/t
Potential savings are : 460 ML/a
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3.7.3

3.8

4.8.1

Although a wide variation exists, about 50X of the water enters
the process, 38X to steam raising and the balance of 12% to
domestic consumption.

One plant manufactures dry whey pouwder and this geperates
evaporative condensate which is reused in their boiter plant
while another irrigates its cheesa whey directly anto land.

Effluent treatment

Appendix 1.756 shows possible effluent treatment rautes. DBetuween
22 and 244 TS concantration can be achieved using reverse aosmosis
IF99 tubular membranes on various types of whey.

Appendix 2 providas a paper on the methods of whey recovery by
Binnje & Partners, The ecaonomics of HMP and DAF treatment
fol lowed by rasidual phoasphate removal in a clarification stage
compare favaurably with ultrafiltration/R0 and although the
econonic calculations are out dated, we believe that this
chemical process warrants further investigation.

DAIRIES — MILK & MILK POWDER

Survey results
The survey response and key data are given below:-

Industry
Survey Responss

Dafiries ~ milk & milk powder
128 Factories (Fresh mailk)

Total Production &15 500 tfa

S¥I range z 1,6 - 88 klL/t
NASWI H b,6 kLit
Total water intake : 4 100 MlL/a
Total effluent gemerated : 3 100 MLfa
55 : 5 500 tfa
cop H 17 200 tia
IT NASWI reduced to H 3,0 kL/t
Potential savings are H g 200 MLfa

Examination of the plants oparating selely an milk suggests that
the value for SWI could be reduced to at Least 3,0 klLit, thereby
realising a saving of 2 200 ML/a. A similar amount of savings
could be expected from the dndustrisl milk production.
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3.9

3.7.1

The total milk production statistics provided by the National
pairy Board are summarised below:-
tla

Fresh milk {controlled areas’ &15 600
Industrial milk G685 654 1 301 254

Applying the SWI of 6,6 ki/t the annual water usage amounts to
& 100 ML7a for fresh milk, and & 500 ML/a for {ndustrial miLk.
The total amounts to & &00 MLl/a.

An averags 63X of the water intake s consumed in the processing
and 26% is boiler water, The effluents generated carry 9 kg
ss/t, 27,8 kg COD/t and 2,89 kg 0A/t. The concentration of 8§35 &
€00 in the effiuents range from 400 - 80D mg/L and 1 200 to
4 000 mg/ L respectively.

Where powdered miktk is manufactured, the evaporative sondensates
whith are generated, can be reused after further treatment to
remove any entrained arganics.

Menbrane processes could also be considered for recovery of milk
solids and preconcentration by reverse osmosis fol lowed by
evaporation might be economically justified.

At dairies handling fresh milk, reuse of the pasteuriser and
bottle washing water requires investigation.

DAIRLIES — MIXED

Survey results

The data presented here are for those factories which process a
Wwide rang of products. The survey response and keay data are
presanted below:-

Dairies = mixed
11 Factorfes

Industry
Survey Response

Total Production 166 T80 t/a

SWI range : 0,8-33 klL/t
NASWE : 4,1 KL/t
Total water intake s 580 ML/a
If NASWI reduced to : 3,0 kL/t
Potential sawings are : 180 KL a
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3.9.2

3.10

3.1

Effluent treatment

Comments previgusly made refer equally to mixed dairies and
it is interesting to note that most of these dairies would
consider water reuse.

We conclude that this industry should be surveyed in detail as a
Large potential for water savings appears to existi.

VEGETABLE DIL & MARGARINE

In South Africa sunflower seed and maize germ are the main oils
used in the manufacture of margarine, After basic preparation
and refining of the oiils various alternative processes are
performed depending on the type af end product desired. &
general commentary is given on the precesses of extraction,
refining, modification and additives.

EXTRACTION

The fat used in the manufacture of margaring is originally found
stored in the celis of animal and vegetable tissue, Therefere,
the first stage in the preparation of the raw material is the
extraction of the ¥fat from this tissue, Twa methods are used to
separate the c¢il from the other components of the cells. Either
mechanical pressing in an expeller press to yield oil or
extraction of the oil in a suitable solvent which is subsegquently
boiled oiff. A& combination of boih methods is often used.

REFINING

The raw il obtained by extraction s not suitable for human
consumption. It contains many impurities, such as remains of
cseeds and kernels, phosphalipids, free fatty acids, colouring
agents as well as metabolic products which would give rise to
unpleasant odours and tastes in the margarine. The refining
process cleans the oils and removes these impurities. Appendix
1.17 & 1,18 show schematically the degumming, neutralization and
bteaching processes

Begunming

There are certain gummy substances (primarily phospholipids such
as Lecithin in soyabean and rapeseed oils) in raw o3l which must
he removed completety ¢r they will be broken down at high
temperatures during deodorization and give rise to had-tasting
substances. BDuring degumming, the ail is heated to 60 = 800°C
and 2 = 3% water or a weak solution of phosphoric ar citric acid
is added., The emulsion is then agitated for 20 = 30 minutes.
The gummy substances absarb the water, swell and precipitate out.
The water phase containing the gummy substances is then separated
from the oil in o separator and the gummy substances are dried,
rinsed and processed further to preoduce varigus Llecithin
preparations.
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Neutralization

The free fatty acids in the oil are metabolic products from the
seeds and fruits and must be removed. This is usually
accomplished by neutralizing using a caustic soda solution with a
concentration of 4 — 15% depending on the oil to be treated.
The oil is heated to 80 - 902 and blended carefully in specially
designed mixers so that the lye and the free fatty acids quickly
comeg inte intimate contact and react with each other. This
brings about the formation of a solution of socap in water which
is caolled the "soapsteck'. This socapstock is separated from the
fat in a separator and treated with sulphuric acid to recover
some of the fatty acids through clzavage of the soap. If
separation takes place in a hermetic separater, the oit is
treated gently and there is ng air in the system which might Lead
to the fermation of foam or cause oxidation, After separation,
the ¢il is rinsed with hot water and sgparated again to remove
all remaining ailkali.

Bleaching

The Lye treatment has already remcved free fatty acids and some
of the colouring agents. The colouring agents in raw oil are
either natural pigments or breakdown products from previcus
treatment. They are unfit for use in food products and must be
removed, This iz accomplished by bringing the colouring agents
into intimate contact with certain substances which have a gqreat
capacity to absorb the pigments in oil. The substances normally
used for this purpose are fuliler's earth, activated fuller's
earth or, in certain cases, activated charcoal.

The absorptive medium i5 added to the oil, which has been dried
from water by heating in a vacuum, at a temperature of 60 - 30%C
under reduced pressure to minimize oxidation risks.

After bleaching, the ail is filtered and the pigment containing
absorptive medium is caught by the fiilter and the colourtess oil
procesds to the next stage in progessing. It is esseptial to
keep’ air contact to a minimum to aveoid the risk of oxidation,
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Becdorizing

The oit stitl containg very small amounts of the fat-soluble
substances which give the ¢il Jts characteristic odour and
flavour, The final product should be tasteless and cdourless
and it 5s therefere necessary to remove these substances, This
is5 accomplished by means of steam distil lation = deodorizing.
In the deodorizing process superheated steam (between 190 and
2109t} is forced through the oil. Thies treatment is carried ocut
under high vacuum (2 = 8 mm Kg), During deoderizing, certain
substances are broken down and the veolatile products are remowved,
The cheice of temperaturs 1s determined by the equipment and the
time availabie to produce a neutral~tasting oii. As a rule, the
deoderizing progess takes 2 = 5 hours, depending on the oil in
question and the degqree of tastelessness desired. The
decdorizing process also removes any remaining free fatty acids.

MGDIFICATION

The margarine mapufagturer also has other processes at his
disposal to alter the physical properties of the fat materials -
hardening, interesterification and fractianation.

Hardening changes the umsaturated fatty acid content of the oil,
thereby altering its melting point. Interesterification changes
the positions of the fatty acids within one glyceride meltecule or
among different glyceride molecules, which has an effect on the
plastic properties of the fat, Fractionation divides a fat into
a high-meklting and a Low-melting fraztion. Appendix 1.19 gives
the flow sheet for this process. By using these three processes
and combinations of these three processes, it is possible to
create fat produgts swhich are tailor-made for special purposes.

Hardening - hydrogenation

The physical properties of ofls (melting point, plasticity etcd
are determinad by their chemical composition, especially the
ratio between glycerides composed of solid, saturated fatty acids
and glycerides composed of {iguid, uns#turated fatty acids. The
chemical difference in composition between saturated and
unsaturated fatty acids is very smatl. The only difference
between oleic agid, which is Liguid at 209{, and stearic acid,
which melts at 729, is that oleic acid has two hydrogen atoms
less.

In the process of hardening of oleic acid, the double bond is
broken and two hydrogen atoms are bound to the carbon atoms on
either side of the previous double bond; oleic acid has been
converted to stearic scid.  The hardepdng of an oii thus entails
canverting a fatty acid of Low melting point to one with a
suitable melting point and consistency for the manufacture of
margarine.
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The fats used in margarine productien consist of mixtures of
various triglycerides, i.&. triglycerides which centain one or
more unsaturated fatty acids in addition to saturated fatty
acids., Hardening of polyunsaturated fatty acids can proceed in
two different ways. If the hydrogenation of the bonds in the
fatty acids takes place sequentially, the process is called
"selectivae'. If all bends are hydrogenated simultanecusly, the
process is called "non-selective'. Hydrogenation makes Liguid
pils more or {ess solid depending on how Long the process is
continued, i.&. how many unsaturated fatty acid radicals are
satirated, This makes it possible & obtain "tailor-made" raw
material for margarine manufacture. Ancther significant result
of hardening is that marine olis (whale aad fish oil) which
contain Large amounts of unsaturated fatty acids and are
therefore unstable {easily oxidized) can be hydrogenated and used
for margarine production.

The degree of hardness is expressed either as the melting peint
of an oil, the amount of the solid phase at various temperatures
or as the amount of hydragen consumed in hydrogenation.

Hardening is accomplishad by bringing the ail into intimate
contagt with hydrogen gas at suitable temperature and pressure in
the presence of & catalyst - 0,2 to 1,0% finely divided nickel.
The oil is heated up to 140 - 200°C in an enclosed vessel which
contains hydrogen gas under pressure, The contact between the
gas and the ¢il {is brought sbout by means of wvigorous agitation
or by passing small bubkles of hydrogen gas through the oil.

Interesterification

Interesterification is a relatively new method for changing the
physical properties of a fat, especially its melting point. The
properties of a fat are determined by the positions of the fatty
acids in the molecule as well as the ratio of szaturated to
unsaturated fatty acids discussed above. If, for example, it is
determined that a fat consists of tristearin and trijolein which
is in many ways an unsuitable composition, it would be very
advantagegous {14 the fatty acids im the molecules could be
regrouped.

This process has recently beesn made availabie for industrial
production, and although the glycerides in natural ¥ats are .much
more complicated than those in the example, their consistency can
be improved considerably.

Interesterification is accomplished with the help of catalysts at
moderate temperature in about an hour. The fat must first be
careful ly neuvtralized. Interesteri{{cation should proceed under
vacuum to keep the fat dry while a stream of nitragen gas bubbtes
through the mixture. After interesterification, the mixture is
coaled to approximately $0°C and the catalyst and soap traces are
removed by washing with warm watep or are broken down with an
dcid such as phosphordic acid. 7The fat is then deodorized and
bleached.
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Fractionation

The fat to be fractionated is coaled under controlled conditions
toe crystallize the high melting parts of the fat, The
crystallized fat is mixed with an agueous solution containing a
wetting agent. During mixing, the crystals are wetted by the
wetting agent and go into the aqueous solution as a suspension,
while the liquid oil remains as a separate phase. This mixture
is then separated in a tentrifugal separatoer. Fractionation and
a combination of fractionation and interesterification offer
interesting possibilities to produce new tailor-made products.

ARDITIVES

In addition to fats and oils, the fatty phase consists of &
number of fat=soluble substances, including colouring agents,
flavouring agents and emulsifiers, as well as vitamins A& and D.

Emulsifiers

Margaring is an ¢muision of water in oil, in which the water with
milk solids dissclved in it is distributed throughsut the fat
phase in the form of microscopically small droplets. 0jl and
water cannot be mixed, but they can be made to form an emuision
+f they are subjected to vigorous mechanical treatment. If the
emulsion is allowed tp stand @ while, it separates into oil and
water again. To stabilize the emulsion during margarine
manufacture, some type of emulsion stabilizer must be added which
will:z-

ay facilitate the formation of a fluid emulsion of the two
phases

&) stabilize the emulsion formed

¢} produce a uniform distribution of the various
constituents

d) inprove the frying properties of the solidified
emulsicn

Hany attempts have been made to improve the emulsion stability of
saltless, milk-containing margarine. The additives recommendsd
for this purpose often have the disadvantage that they consist of
poorly defined mixtures, the physiological effect of which is far
from established. Their use is therefore forbidden in most
countries and the choice of emulsifier is limited to Lecithin,
mong = and di-glycerides and milk proteins. Egg=volk is used in
some cases. It s however, axpensive, difficult to sterilize
and has a strong characteristic taste.
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3.10,2

3.10.3

Colauring agents

The colour of margarine is gbtained either by using naturally
coloured oils, such as palm oil, or by adding ¢olouring agents.
The colaouring agents are uspally mixtures of different
caraotenpids or pure B-carotene,

Survey results

The survey response and key data are given balow:~

Industry
Survey Response

Vegetable oil and margarine
10 Factories (724 annual producticn)

Total Praduction 522 000 tia

SWI ranga z 2,0 - 11,5 kL/t
NASWI : 6,0 kl/t
Total water intake : 3150 ML/ a
Total effluent aenerated 1 950 ML/a
55 : 24 t/a
oD : 2 00D tfa
FATS 3 630 tfa
IT MASWI reduced to : &0 kL/t
Potential savings are : 1100 ML/a

It was found that 50 - &5% of the water is used in the processing
and 30 - 50% in the boiler plant,

Appendix 1.20 shous the quality of wvarious effluentzs taken by us
at an Australian margarine plant.

Effluent treatment

The Literature review revealed that DAF is the preferred
treatment for these effluents and that the caagulants such as
ferric chloride and time are preferred.

The "AlLwafloc” process invented by Alwstech Oslo was designed for
this type of affluent. In the process the fead is dosad with
ferric chloride at a rate which injects 100 mg/l as Fe3* into the
flow. After a 20 second delay, Lime i3 added te restore the pH
t6¢ 6. The iron and calcium ions form a complex with the fat,
which is then removed by BAF. The DAF 2 pitot plant provided
under the meat contract is equipped with the delay/dosing cylones
to ensble this process to he opepratad.
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3.1

3.12

3.13

3.14

3.15

3.15.19

GRAIN MILLING

This industry is a dry industry and only uses water far dampening
the grain prior tomilling. It was found that the majority of
water used i3 domestic. Further invesigation is thus not
justified.

FISH PROCESSING

This industry is part of an existing study.

FRUIT & VEGETABLE

This industry is also part of apn existing study.

PULF & PAPER
This industry is part of an existing study.

The effluent at the SAICCOR cellulose pulping mill is mentioned
because it is rich in lignosulphonates which reside in the black
tiquor presently being discharged into the ocean,

He consider that a project employing the UF and RO technigues
would be worthwhile because if UF was operated on the digestor
Ligquor {21,568 TPSY the suepgars and Lignins could, we believe, be
segregated. Furthermore, the washpit liquors could be
concentrated by RO up to at Least 15204 T0S retovering clean hot
water for reuse in the plant and providing a2 toncentrate yhich
could be added to the digestor Liquor for Llignosulphanate
TECOVETY.

The Llignosulphonates would be partic¢ularly useful tor
precipitating proteins and fats in many other industries.

SOFT DRINKS E CARBDNATED WATER
Industry and process description

Appendix 1,21 shows a schematic representation of a soft drink
processing plant.

Sugar stored in sileos is admitted to stirred stainless steel
mixing tanks and made up to 549BRIX before being filtered ang
stored in the syrup room tanks, whers the flavouring concentrate
it added.
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3.15.2

The concentrate syrup with flawouring is now passed to a storage
tank connected to a triple-headed pump which extracts
simultaneously, deaired, dealkalised water, pumps it throush a
(0 addition tank and delivers the carbonated water through one
head aixing with the concentrate from the aother head at the
Ffilling Line.

Dirty bottles at the rate of 200/min for 1 Litre bottles and
280/min for 500 or 340 ml ones, are passed through a bottlewasher
where they are cleaned in 3% NaQH solution at 40CC., The bottlhes
are then rinsed before entering the filling Lline.

ALL water used for the soft drinks is passed through
dealkalisation to reduce the alkalinity from 85 - 110 mg/l to 40
- 50 mg/l as LaCls, Ferrous sulphate is used to achieve
dealkalisation. The water is also softened in a base exchange
softener and fiitered through sand filters before use.

The syrup concentrate tanks are c¢leaned after every batch and the
pntent1aL for highly urgan1c efflLuent to be discharged during
cleaning is high.

Survey results

The survey response and key data are prsented below:-

Softdrinks and carbonated waters
19 Factories (10X annual production)

Industry
Survey Response

Total Production

T 167 700 tfa

SWI range : 1.1 = 11,6 ki/t
NASWE : 3,3 klLft
Total water intake : 2 200 ML/a
Total effluent generated : 2 (00 HlLia
If NASWI reduced to : £,0 kLit
Potential savings are i 560 MLfa

Onty one factory declared a high COD d.e. 4 300 mg CODSL; all
others returned data showing about 40-100 mgfl COD, We believe
this is because samples were not collected during the washing of
concentrate vessels.
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3.15.3

3.16

317

3.17.1

Effluent trsatment

We find that the efflusnts gensrally carry Little arganic matter
when the discharge is balanced over the working day. However,
potential exists to discharge concentrated sugars during the
washing down of wvessels. Possible COD Lloads in spilt
juices/squashes can exceed 40 OO0 mg COD/L.

We believe that ultra filtration and RCG could recover substantial
amounts of sugars & concentrates ¥rom the first rinse waters froam
Syrug storage tanks.

Consideration should be given to recevery and recycling of bottle
washing water which tould result in all factories achieving an
SWI of 2,0 kL /t,

TANNERLES
This industry is part of an existing survey,

pata was obtained from LIRI on 30 tanpneries which revealed that
they processed 552 B5G hides per month consuming 6% 300 kLl of
water. Accordingly the NASWI is 125 L/fhide. The variation in
SWI was 72-250 L/hide.

YEAST

Industry and process desription

Yeast 5 mapufactured from molasses as shown in Appendix 1.22.
The malasses is drained in channels under the railway tankers and
puaped into a storage tank in readiness far use, It is then
pumped through plate & frame heat exchangers to raise its
temperature to 1259¢ for steritisation. As the molasses in
South Africa has 14% ash & other impurities, a considerable
amount of scale is deposited in the heat exchangers which have to
be ¢leaned frequently.

Water is added after it has received breakpoint chlorination, in
a ratio 1 part water to 1 part molasses. The mixture is pumped
into the fermenter wessel in which air, NHz, diammeniun phosphate
and trace elemnents such as Zinc are added. This 300 n” vessel
is tooled during the exothermic reaction which takes 17 hours,
After fermentation, the mixture is pumped through 3 centrifuges.

The cream of yeast from the centrifuges is then passed through a
cooler to reduce its temperature to 109C, from which it continues
to cream storage tanks followed by a filter press and extrusion
machine.,
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3.97.2

3.,17.3

Survey results
Key data and survey response is as fol lows:-

Yeast
& Factories (100X annual production)

Industry
Survey Response

Total Produstion &1 340 tfa

SWI range 1 20 - 35 ki/t
NASWI H 28 kL/t
Total water intake : 1 140 ML/ &
Total effluent generated ! 1 040 MLfs
33 : 410 tfa
cop : 4 100 tfa
oA : 290 tia
If HASMI reducad to H 20 kL/t
Patential savings are H 330 ML/a

CQur survey covered the production of 41 3460 t/fa of yeast, however
the central statistics give far Less as the annual production.
We assume that this arises because some of the yeast companies
are owned by their associated bakery and perhaps therefore pass
their production internal ly.

The organic pollution Load is high d.e. COD 100 kgft yeast. We
estimate that all yeast operations could perform with an SWI af
20 klLft., Me visited & fagtory to confirm this,

Effluent treatment

Tine sources of pallution are the cleaning of the molasses
troughs, heat exchangers and the centrifuge blowdown. At one
yeast factary wisited, the blowdoun from the centrifuge was
costing R50 OO0 per month owing to its high organi¢ strength.

A sample of the eftluent from the centrifuge blowdown was taken
for analysis and feund to have the folLowing characteristics:-

Parameter Units Amount

Cob Total mngft 53 400

COD Filt. mafi 22 000

Conductivity m5/m 25 000
IJH - 5;5

The application of ultrafiltration to this Low volume flouw
reguires investigation owing to the immense potential saving in
disposal charges,
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3.18

CHEMICALS

We mention here work performed by us on the recovery of acetic
and other mixed aliphatic acids fram the Sascl effluent.

We found that using a spiral wrap PBIL reverse osmRosis membrane
we could recover mixed fatty acids in the Sasol final effluent,
and concentrate them from 0,5X to 114 concentration. It was
discovered that the acetic acid dimerises and hence permits its
recovery to such & high percentage concentration,
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RECOMMENDED RESEARCH PROJELTS
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4.0}

4.1

&.2

4.3

RECOMMENDED RESEARCH PROJECTS

INTRODUCTION

This investigation has revealed a number of useful areas in which
pilot plant work might be undertaken to investigate water and
cffluent management wsing physical fechemical techniques as the
first step in water rennovation for reuse.

This chapter presents recommendations arising from this report.
NATIONAL WATER & WASTEWATER SURVEY

The wide var{ation in SWI between factories processing the same
commodity suggests that {ittle if any knowledge about the in
plant use of water exists. Accordingly it is proposed thst a
detailed survey be undertaken and that each industrial water
consuming industry be visited and an assessment made of the
fel Lowing itemaz=

2, the volume or mass of raw materials used;
b. the water intake;

c. the production guantities;

d. the guality & guantity of effluents;

e, the distribution of flow in the plants.

If such a survey yas undertaken, it wauld generate data to emable
target values pof water intake and pol Lution Loads to be placed on
all manufecturing operations which use water.

This information would be most useful to enable realistie
assessment of water needed during times of shartage.

ABATTOIRS = RED MEAT & POULTRY

Qur study has revealed that only about half of the water intake
to an abattoir tomes into contact with the actual product.
Accardingly potential for reusing at least hal¥ of the abattoir
water jntake exists, depending en the quality of the reclaimed
water.,

The processzes, most likely to produce water of a quality suited
for reclamation are dissplved-air flotation and membrang plants,

We propase the gonstruction of a DAF pilot plant similar to that
built far the fishing industry, but incorgorating the necessary
measures to test various flocculation processes. Among the
flocculants to be tested, we propose ferric chloride, Lime,
Lignasulphonates and aluminfum sulphate.
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4.5

The membrane plant should, we propose, be of tubular
contiguration, capable of being retubed with either RG or UF
mermbhrangs.

Potential areas for reusing reclaimed water are the Lairages at
red meat abatteoirs and cooling towers, refrigeration circuits and
washing down in both industries.

The project showld also include a survey of some of the major
abattoirs to establish the target water intake Ffor each
processing step.

BREWERIES — BARLEY

The water @ beer ratics vary from 7,9 to 10,3 wherzas the
theoretical ly achievable value is nearest 3,0, Accordingly a
detailed investigation is proposed to identify for each unit
process step, the target minimum water intake. This weould
involve the detailed in plant survey of at Least one modern and
cne glder brawery.

Each one of the affluent streams need characterising to determine
the contaminants, followed by pilot plant trials to establish if
the useful eLements such as alcohol and proteins could be
recoyverad a5 a methog of rennavating the water.

Particular attention should he given to the removal of spent
grains and yeast from the effluent and tg methods of their
drying.

The praject woutid require pilot wedge wire screens, hydrocylones
dissolved=air flotation and membrane test rigs.

Potential areas for using rennovated water are the cooling towsr
circuits, the pasteuriser water, and the bottle washing plant.

BREMWERIES ~ SORGHUM

The water to beer ratio varies from 1,3 - 5.8 and a detailed
survey and test program similar to that proposed for barley beepr
is required.

In addition the sorghum malting process, carried out mainly by
independent organisations uses large valumes of water to wet the
grains during sprouting. Reuse of this water is feasible
proyvided the suspendad solids and COD are reduced. A membrane
plant possibly operating as ultrafiltration should be tested,
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£.8

DAIRIES

As with other projscts a survey 13 needed initialliy to determine
the water use at each part of the various processes performed by
dairies.

The major areas for consideration 4m dairdies are cheese whey
concentration, recovery of milk solids and milk evaporator plant
condensate reysse,

The bottle washing water recycle would also be a major potential
process for water reuse,

SOFT DRINKS AND CARBONATED WATER

This industry has the gotential for high arganic effluent
discharge from ¢leaning out of sugar syrup and juice cancentrate
tanks. Accordingly experiments with membrane rigs are proposed,

The gnly other area for major reuse would be the recycting of
bottle washing water.

VEGETABLE OIL AND MARGARINE

This industry ¢ould be rapidly surveyed owing to the Limited
number of protessing plants.

The major areas of research needed are the refinery part of the
process and involve the formulation of a disposal method for the
spgapstocks. Current prattice is to acid split them but this
produces a secand grade fat and adds greatly to the sulphate
concentration discharged.

Pissolved-air flotation trials are needed uysing variocus
flocculants & chemicals to determine the best treatment route.
Membranes in the wultra=-filtration mode also warrant
investigation.

YEAST

Although Llittle scope #xists for reusing water at the yeast
manufacturing operations, the effluents discharged have a very
high organic Load. Membrare pilot trials are warranted to
recover the spent yeast in the centrifuge blow down circuit.
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5.0

5.1

5.2

5.2.1

LITERATURE REVIEW

INTRODUCTION

The Waterlit and Aqualine datzbases were searched initially and
sn update sesrch was performed on & monthly basis for the
duration of the study. Papers reportinog on the issue of
physicai/chemical effluent treatmesnt techniques as well as those
relating to applications of these technigues to effluents having
high organic contants weres obtained.

From the many hundreds ot abstracts received, the papers shown in
Section 9.3 ware grdered. The papers are arranged acgording to
subject matter and in alphabetic order of auther's names. A
detailed description is given of selected papers and these have
been arranged agcording to the appropriate industries and Listed
in Section 5.2.

DETAILED REVIEW OF SELECTED PAPERS
Abattoirs
1. Berry L 5, Lafayette P F & Wooadard F E

Sand Filtration & Activated Carbon Treatment of Poultry
Praocess Water,

Several plant operations in poultry processing can reuse
wastewater, provided sufficient 55 & dissolved organics
removal .

The US Mational Ppltutant Bischarge ELimination System
allowed 0,4 kg 8005/ 000 kg broilers and 0,62 kg 55/1 000
kg broilers (0,71 g 80Pg/hird & 1,059 55/bird).

The majority of the 55 & COD Loads originate in the bleeding
area, scaiding tank overflow, flume for eviscerated products
and the chil Lers.

DAF plent effluent was sand filtered through a bed of
65% 20/30 mesh and 35% 30/40 mesh sand having effective size
2,2 and non uniformity coefficient 1,9. The sand filter
was followed by passage of the filtrate over a bed of
agtivated carbon {a/fg). The columns were arranged in
upflow mode with fowr 6,35 cm dia, plexiglass columns in
series. The combined bed depth was 3,6 m. The upflow rate
was 163 L/min/m€ giving a 4 - 10% bed expansion. The
carbon was of 8 x 30 mesh.

Both the filters and a/c were tried an final DAF effiuent
and a spin ¢hiller offluent,
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2.

3

The sand filter Loading giving the best S5 removal was 4,9
kL/m2h, The bed Life between backwashing varied
substantial Ly depending on the concentration of 55 in the
feed,

The a/c fed with an influent of TOC 70 mgf/l produced an
effluent of TOC 10 mg/l. Ho brand of afc reduced the TOL
further suggesting that a proportion could not be adsorbed,

The perfarmance of the process is shown below:

Stream 55 Remowal TOC Rempval
=g/l F 4 mg/L X

raw thiller effluent 1 240 - 122 -
after coagulation & DAF 35 o7 78 36
after sand filtration 18 49 73 -
after activaited carbon 9 50 30 &1
Total % removal I+ 79
Butler D &

Product Recovery from Meat Works Wastes

Two processes of coagulation by acidification, fol lowed by
gigsolved/air flotation described. Acidificatiaon of
affluent to pH 4 fol Lowed by DAF removed 52 — BG¥ of the CQD
and 80X 55. A similar process followed by Lime addition to
pH 7 followed by settlement, called the Grant-Rabins
process, produced improved results. Recycle rates for DAF
much above 20% deo not improve process.

Grant R A
Protein Re¢overy as an Effluent Treatment Process

lon exchange resins based on crosslinked regenerated
cel lulose having a highly porous structure into which the
proteins can diffuse have protein uptake capacities of 0,53 g
pratein per g resin. Flow rates up to 2,0 kL/me/hr are
passible with protein concentrations up to 1 000 mg/L. The
resin treatment follows DAF at pH 3 to 5. Regeneration is
by alkaline brina solution and the protein is recovered from
the spent regeneration salution by neutralising with lime,
heat coagulated at 20°C and decanted. Dried samples of
recovered protein from abattoir waters showed a true praotein
content of &8%.
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Hamza A, Gatal S &Lillard H §

Case Study of Water Rennovation and Reuse in an Egyptian
Poultry Processing Plant

Previous work by Lillard showed that chil Ler water which had
been rennovated by diatomaceous earth filtration and
chlorination could be reused to flume necks, without
detrimental effects. Carawan et al found that flushing
gizzards with water recaovered from the chiller did not
effect the wholesomeness of the gizzards and Roberts showed
that chiller water could he recycled via diatemacecus earth
filters and that the filtrate had Lower bacterial levels
than the chil ler water.

At the Alexandria Poultry Processing Plant, a multiple reuse
scheme was implementaed where the compressor copling water
was chlorinated and used as make up to the chillers. It was
then passed to the prechiller and the washer which uas
fitted with a closed loop recycle filter and chlorinator
{20 ma/i). Finally the water entered the scalding tank.

The wark showed that the bacterizl counts an the final
carcasses were Lower with the reuse system than with the
normal open cirguit one, The system sawves 54% of the
normal make-up volume to these processes.

Hopwood & P
Recovery of Protein and Fat from Food Industry Wastewaters

Lignesulphonates which occur in spent sulphite Lye from the
sudlphite celluloss industry production process were first
established as protein precipitators in 1980,

wWhen Llignosulphonate is in solution, there is5, owing to the
jonization of the sulphonate groups, & net negative charge
on the molecule; with increased acidity this charge is not
Last until the pH Fablls below pH 1.  Owing to the amine
groups, protein molecules carry a net positive charge when
the pH 2 below the dsoelectric range. Accordingly pH 3 s
used in practisa. 4 solution of sodium Lignasulphonate is
dosed into the feed water at 300-1 CGDO mo/l depending on the
strength of the wastewater and fed to a DAF plant operating
at 153 = 25X recgycle. Where the recycle flow rejoing the
main stream, sulphuric acid is dosed.
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Recoverad sludges are heat coagulated at pH 9 and ?5°(
before being dewatersd in a decanter which gives better than
S0% 75. During the neutralisation/ceagulation process
about 30 = 50% of the Lignosulphonates are released into the
aqueous phase for recycle back to the wastewater feed
thereby reducing the chemical dose.

The sludges are reused as animal feed as Lignosulphonates
are EEC approved feed additives. The average performance
of the plant is 7&K CQ0, V3% 53 and 75X Total N removal,

Jeffus H M & Mitchell O T

Grease & Qil Product Recovery from Dissolved Air Flotation
Skimmings of Poultry Processing Wastewater

The recovery of grease from effluents has been tried using
acid splitting, chlorination, salvent extraction and
electroflotation. The dewater jnvestigation of recavered
sludges from dissolved air flotation found salvent
axtraction to be the most exciting. The solvent used had
to be already proven safe for use with food products.
Hexane and trichlorotrifluorcethane {freon) were selected as
they have relatively low boiling points and are immiscible
with water. The required volume of solvent was found to
be:-

Val of solvent Grease & oil recovered as X total
per voluse of

SCUm Hexane Freon
ﬂ,zs T -
0,50 22 -
Q,75 21 25
1 - &2
2 &9 K]
3 73 78
A T4 76

A pilot plant capable of proc#ssing 4,5 1 scum per hour was
established. Approximately V&% of the grease was recavered
as edible fat. The characteristics of the fat were:—

Characteristic % of recovered fat
moisture 1,2
inscluble impurities 0,25
unsaponified matter 0,73
free fatty acids 15,6
total fatty acids e?7,0
Lingleic acid 21,9

The temperature for boiling off the solwvents is 47 - S0°C.
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Litehfield J H
Meat Fish and Poultry Processing Wastes (1981)

Electroflotation for removing fat & oil from beef abattoir
Wwastewater consisted of cells operating at 8 ¥, 3 000 A and
12 ¥, 25 000 A respectively and at pH 4,0 - 4,5. Adding
300 mg/ Ll sulphuric acid 2 mg/l anionic polyelectrolyte and
160 mg/ L NaOH gave an effluent of pH 6.5, 209 mg/L BODs,
58 mo/L 55 and 75 mgfl hexane extractables. The skim
vplume was 0,4% of the effluent volume and contained 70 -~
25% soiids.

Utitiszsation of paunch contents was investigated by
separating the Liquid fraction from the fibrous residue by
ceptrifugation and subjecting the Liawid to ultrafiltration,
The membrane area was 0,55 m?, COD reductions between 77
to B6X were achieved and the resulting concentrate had tatal
splids (w/w} and crude protein contents of 6.2 and 35,5%,
The aminc acid spectrum indicated that the recovered protein
concentrate could he fed to pigs.

Shih & Icozinle investigated ultrafiltration of poultry
processing wastewater ina 0,113 > Laboratory rig having
0,2 m¢ of membranes. The TS, COD, ash, TKN & protein
contents of the permeate were 240, 313, 48, 14 & 37 mg/i
respectively, The respective reductions in TS, LCOG, ash,
TKN & Protein were B5X, 5%, &65%, 6% & 74X respectively.
The dried protein concentrate was 30 - 35% trugz protein, 24

- 25% fat and had amino acid profiles similar to soya bean
meal.

Litchfield J H
Meat, Fish and Poultry Processing Wastes (1982)

Studies ip Hungary demonstrated that ferrous sulphate,
magnesium chicride and aluminium szulphate in combinaticn as
coagulants gave improved removal of organic materials over
that obtained with magnesium and calcium chlaride. In
addition cel lulose activated with inorganic salts and
Lignitez treated with sulphuric acid was effective in
reducing the organic contents of meat processing
Wwastewaters. At Brest in USSR, =ulphite lLiguor at an
optimal dose of 400 mg/l was more effective than alum in
recavering dissolved protein from abattoir wastewaters,
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9. McHaughton G 5 & MWakelin W 3
The Treatment of Meat Works Wastes by lon-Exchange

An ion exchange resin manufactured from regenerated
cel Llulgse is syitable for extracting sobluble proteins from
meat works wastewaters. The process should be used after
DAF to make the watar suitable for tertiary treatment and
reuse, Laboratory test results using DAF effluent shawed
the following results:—

Parameter Units Calumn input Column output
TS mg/ L 700 470
Totat organics mg sl 250 70
Protein ma/fL 200 20
cob mg/L 300 a0

Resin is regenerated by alkaline brine for 40 resin uptake
cycles before revitalisation is needed with stronger
industrial chemicals. A Life of 3 = 4 years is predicted.
As the resin is protein selective, the recovered protein is
reusable as animal feed,

10. Hurray D S

Preliminary Gperating Results of a SlLaughterhouse
Pretreatment System

An abattoir kiliing & 300 pigs per day used a DAF plant to
treat its wastewater, The statistics for the abattoir

werg:-

Parameter Units Average Range
Flow m3/d 1135 189-1 993
pH - - 6,1=6,9
con mgflL 7 310 2 877-10 635
BODs mgfi 3 575 1 360- 5 300
Total Solids mg/l 3 482 1 318~ 5 100
55 ngfi 2 540 90~ 3 850
Total VWolatile Solids mall Z 938 G- & 254
Suspended Volatile Solids mgfl 2 398 B20- 3 530
Qils & Grease mall 1 427 412- 3 256

The DAF was designed for a solids Laading ratio of 6,34 kg
S$/m2/h with 2 hydraulic Loading of 2,3kL/mch, Using

ferric chloride at pH 4,9 the £OD removal was 40 - 70%,
grease remnaval was 95K and the 55 45 - 90%. A 10 mg/Ll dose
of polyelectralyte was necessary. The sludges passed a de—
canter to separate uwater, grease and extransous salids.
The grease goes to inedible tal low, centrate is returned to
flotation and solids to rendering plant.
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12,

Ramirez £ R, Johnson D L & Clemens D A

bDirect Comparison in FPhysiochemical Treatment of
Packinghouse Wastewater between Dizzolved Ajr and
Electroflotation

For normal effluents no difference in performance ketween
DAF and electroflotation was found but where slauvghterhouses
dehair thejr hides the electroccagulation followed by
gelectroflotation was superior.

Zimmerman & Jacquez

Poultry Waste Pretreatment Through Dissolved Air Flotation
Coupled with Lime Palymer {onditioning

The object of this work was to determine if chemical
conditioning coupled with DAF could be applied a=
pretreatment to poultry abattoir wastewater where further
pracessing of the meat occurs. Lime wag selected as the
primary chemical used in conjunction with a cationic
palymer,

The DAF design had the following characteristics:=

ajir to solids ratio 0,004
pressure {(kPa? 290
regycie ratio 35 - 50%
chemicals : alum {mg/i) 15 = 30
3 Lime {mg/ L) 100 - 500
: polymer {mg/ L a,1 - 20

Conclusions were that the solubility of the Lime and the
safteanding precipitates had a major effect an the fat removal
Wwhen compared te runs gerformed Wwith alum and
polyelectrolytes.

Flocculation time was very jmportant and 20 minutes was
found optimal. Finally selected dose rates were 250 mg/l
Lime and 1 mg/l polyslectrolyte. Lime doses sbove 500 mo/l
reduced the performance.

Selad Bakeries

1.

Lee A W & Ettelt G A
bval Polymer Treatment of Variety Bakery Products Wastewater
The washing of baking pans produces a high strength, high

pH, hot (80°C) detergent water containing lLarge guantities
of solids and emulsified fats.
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As coagulation of pap wash water required considerable
chemical dosing and generated voluminous, difficult to
separate sludges, the effiuent was c¢ollected separately and
metered into the remaining effluent in a ratio 1 : 9 to sven
put its effects. The blended wastewater was pumped to a
floc tank where 3 QU0 mg/l of cyanamid 507C highly charged
cationic polyelectrolyte is added, followed by 10 mg/l of
anianic cyanamid 835A flocculant,

The flocculated water is passed to dissolved=air flotation
plant having an hydraulic Loading of 6,0 kl/mZ h. The flow
rate to the plant was 16 kL/h with a precycle flow via an
ejector fed with air at 250 kPa of 22 ki/h,

Average performance data given is:-
Untreated waste Treated vaste

pH  BODg ss  Hgfal pH BODs 55 HS
7,0 4700 11070 4620 6,40 1926 219 76

{a) hexane solubles
(b} pH depressed by chemical dosing

Pavilicius A M

“Having your Cake and Treating it too" : A Lase History of
the Treatment of Bakery Wastes

The characterisation of bakery afiluent gquality is
determined hy the products, A plant making bread and
similar dry baking operations would have flour and grease as
its major contaminants, whereas a plant making cakes and
pastries would have an effluent containing high
concentrations of 0D, BOD, oil, grease and solids, The
major contaminants ariginate from greases, oils, flour,
sugar fruit fillings, product emulsifiers and cleaners.

The primary source of effluent is the pan washer wshera
baking trays are cleaned with strong detergents which tend
to emulsify the fats.

A dissclved=air flotation plant is used. The chemical
dosing regime to the flocculator used Nalco ofl in water
emulsion breakers (cationic polyelectrolytes) fol lowed by an
anionic polymer as a flocculant. The dosas vary dspending
gn the product being manufactured. This treatment was
successful in removing 93X TOC, 0% COD and 78X SS.
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Sl Breweries and Soft Drinks
1. Ghosh & Henry

Stabilization and Gasification of Soft Crink Manufacturing
Waste by {onventional and Two Phase Anaercbic Digestion.

About 58% of effluents from soft drink plants originate from
process duties, 12X from coolers and condensers, 17% from
boilers and other ralated operations and 134 from sanitary
facilities.

At a modern soft drink canning plant which produces 15 types
of drinks, raverse osmosis is used to concentrate the dilute
waste., Conceptrate 13 passed to biclogical oxidation remote
from the site,

The dilute waste and the RO concentrates had the follawing
characteristics:-

Raw waste RO concentrate
Parameter
Batch 1 Batch 2 Batch 1 Batch 2 Batch 3

Total solids (¥} 3,89 2,09 15,25 23,65 10,41
¥olatile solids (X} 99,2 28,6 99,9 99,2 99,2
Energy {Btufgal) e 770 1 490 10 850 18 260 7 410

The total analysis of batch 3 (RO concentrate).

Parameter Units Yalue
Total solids (T5) wti 10,4
Volatile solids wtXTS 99,2
Total 55 mg/ L 2es
Volatile 5% mg/ L 142
Elemental analysis
Carbon WLATS 51,46
Hydrogen WEXTS 5,36
WHitrogen wt kTS < 0,5
Sulphur wikT3 o,07
Potassium wtATS 0,03
Calgium wtA7S 0,10
Magnesium WwikT5 0,004
Heating value {(dry) Btu/flb g 533
Lok total mg/i 133 400
COD filtered ma/L 127 227
Ammoniacal N mg/L 1
Glucose mgfL 20 900
Volatile acids as gcefic mgfL 1 400
Ethanol mg/t 5 900
pH - 2,5

B4



Siduick 4 M

Brewery and Soft Drinks Plant Effluents

The basiec ingredients of saft drinks are wster, sugar,
flavours, acid, colourants and if the produst is carbonated,

carbon dioxide.

varicus products:—

tomato juice
pineapple juice
orange sgquash
Lamon squash

brink pH

-

193

L Y

#-bluru:ahiulk
w0 A A n = -2

Limaade +75
Lemonads 95
brown ale 3
apber ale A5

The follaowing analysis is given feor

BODs5 Total Solids

mgfil mg/ L
25 000 4& 840
65 000 183 900

205 000 -
175 000 -
42 (00 56 800
43 (00 b2 440
&9 300 39 520
51 282 23 %00

The main sources of effluent in soft drink manufacture are:—

&,

b.

=

=

[

Process step

weter treatment

bottle washer

gyrup mixing

filler

floor & equipment wash

Sources & character
softener sludges, filter wash
water and regensration
chemicals (spent brine)

washwaters with detergent,
caustic, phosphates etg

spillages with sugar acid &
colour

spil Lages with syrup

remnants of concentrates &
sugars

A survey of 3 soft drink manufacturing plants gave the
analyses of mined effluent and the bottle washing plant as
shown in the table below:-
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5.2.4

Dairies

t.

3.

begremont Handbook

Effluent quality from dairies differ depending on origin &
processes pertformed,

A, Pasteurisation angd bottling operations produce wash
waters containing dilute milk and alkaline solutions.

b. Cheese dairies and casein factories produce serum rich
in Lactose but poor in proteins, while butter dairies
produce butter milk which is rich in Llactose and
proteins but Low in fats,

The potlution discharged can be estimated as follows:-

a, preparsztion & processing of milk :
1509 BODs per 10D L of milk treated per day;

b. butter or cheese
add a further 5 kg BODs per 100 kg of butter or cheese
produced;

c. condensed milk :
add 500 g BOGg per 100 kq of condensed milk,

Groenewold J C

bairy Wastes = Literature Review {19581}

The substitution of nonphosphate cleaners & sanitisers Tor
current one#s ¢an result in a 53X reduction in the phosphate
concentration in the sfiluent.

Dairy plant wastewater was characterised by Vandaame & Waes
who related it to the milk received, milk leoss & water
intake. The average milk Loss was 1,65% of the wmilk
received, The average water intake was 1,63 kL/kLl milk,.
One kg BOD {at BOD : COD ratio 0,69) corresponds to 10 |
-i Lk LQSS- -

Pepper b

Improvements ia Whey Concentration by Reverse Osmosis

S84nce the first whey concentration plant was dinstalled in
19¢5, over 100 PCI tubular plants are in operation. Whey
cen now be concantrated up to 24 = 28X T.5.

The main developments have been jn =

d. enginesring, to enable multi=-stage recycle plants to be
built;
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pH 800g|COD | 55 s TDS Am | Tot] Tot]Detergents
CH109C) |450009C) | W | P

mg/L|mafl|mgfl| mg/L mg/l |ma/LimafLimg/L mg/l
Factary A
mi xed 10,5-11,%| 5200 980 &3f 1200 520 | 63| 7,5] 0.1 0,5
bottling 190,3-11,71 240 448| 40] 1050 650 | 0,5 1,.7] 0,5 0.5
Factory 8|
mi xed 1,.6712,6| 440] 979 13| 1500 740 | < 6] 7,48| 0,3 I
Eactory C
mixed 10,6 320| &85| 17 350 280 | 1,0/ 2,1| 2,5 2.8
bottling | 9,7-10,3| 134| 474 13 &4l 180 | O.3| 3,2| 1,3 0,4

3. Reverse {Osmosis Concentration of Tomato Juice

Two major tomato processing companies have each installesd RG

plants t& concentrate tomato juice from 4,59 Brix to &,5°
Brix. One plant operates at 42 kL/h and the other at 27
kl/h, The plants use tubular ZF 99 membrsnas.

The production af tomato juice, ketchug or concentrate, in a
range of cancentration levals of 7-8,5° Brix, 11-149 Brix,
and 28-309 Brix is carried out typically in the following
process stages:-—

washing—-=*> sorting—> chopping=—> heat break--> pulper-->
finigher==> juice tank—> forced ¢irculation evaporation=-»
paste tank==> sterilising & canning.

Modarn svaporators have the following steam efficiencies:~

2 effects - 0,55 kgfkg Wwater removed
3 effects - 0,36 ko/kg water removed
4 effects - 0,28 kg/kg water removed

Abaut 50% of precessing costs (including Labour) far the
production of 8-8,50 Brix tomate juice are associated with
evaporation. In the case of ketchup or concentrate paste,
the evaporation step accounts for &0% of the  tetal
processing cost.

In the case of 25 kl/h of 4,5° Brix juice being concentrated

to 8,5° the water removed is calculated. Using RO st this
stage of the congcentration is shown to be eccnomic.
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b, membranes, made of synthetic polymer that can be
cleaned at up to 609C with nitric acid or caustic soda;

¢. pretreatment of the whey to avoid precipitation of
calcium phosphate.

The new plants use IF 99 RO pembranes having a pH range 3-11
and temperatures up to 80°C,

The same plants can concentrate whole nilk to 24X T.5. and
skimmed milk to 18% T.5.

Pico R F & Groenewold J C
pafry Wastes = Literature Review (1979}

Puhan experimented with membranes for recovering milk solids
from dairy rinsewater and concluded that wunder. certain
conditions, the combination of ultrafiltration and reverse
gsmosis alkmost completely removed milk solids and reduced
B00s from & 200 = 13 500 mg/L to 50 - 30 mg/L with RO and to
8 000 mg/l with U.F.

Holmstrdm P

Converting Evaporatar Condensate to Fresh Water by Means of
Sterilisation, Ion Exchange and Activated Carbon Filtration

Condensate from avaporatoers can largely replace fresh water
in dairies, whether the condensate originates from skim milk
evaporation or whey evaporation. Modern evaporators are
designed for affieient separation but entrainment and carry
over still occurs.

To ceompare the gqualities of condensate from different
evaporation techniques KBn; values are used:=

Source of condensate KMnQy, (mg/L)
skimmed milk 5 -1
swest pasteurised & cooled whey 10 = 20
non=pasteurised whey 20 - 40
butter rinse water 150 - 200

the acid components din milk & whey are distilled during
gvaporation, but can be removed by ton—exchange. Anicnic
followed by cationic resins are used. After don—exchange
the condensate is passed through activated carbon for odour
removal .,
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7.

Spatz D D

peclamation and Reuse of Waste Producis from Feod Processing
by Hembrane Processes

Original applications of membranes for concentrating cheese
whey operated on the whole whey, concentrating it for drying
as cattle fesd. With development of UF, the protein in the
whay is removed whersas the Lactos® and ash pass through the
membrane. A& two stage plant comprising UF followed by RO
Wwas conceived.

Private Communication
Sweet cheese whey can ‘b concentrated to various
concentratiens depending on the type of cheese and whether

or not the pH is corrected as follows:-

Max concentration % T.53. at

Without CO2 dosing 289¢C 2000 1oec
Gouda/Edam sH 6,4 = &,6 11,5 16 22
Emnenthal pH below 4,0 4% 24 24

pH 6,2 22 24 b
Comembert pH 6,2 = 6,4 12 18 24

With €0z dosing Max concentration X T.5. at
to pH less than 5,8 280¢ 200¢ 100¢
fapuda/Edan 22 24 Cha
Cheddar 24 24 not used
Emmenthal 25 24 at
Camembert 22 24 this temp

Acid whey

Lactic acid or HCL casein wheys can be conceptrated to 2434
TS at 359C,

bemineralised whey
These are generally easier to treat because the osmotic

pressure i85 lower amd calcium phosphate fouling should not
OCCUr.
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5.2.6

Potate and starch

Te

Bambridge M, Chudacek M, Fane A G & FelL C J D
Starch Waste Concentration with Ultrafiltration

Starch is recovered from wheat flour by 2 process involving
addition of water to flour with subsegusnt washing to
separate insoluble gluten from the stearcih and other soluble
materials, 15 kg water was used for =ach kg flour with 90%
water rejected as effluent of typical snalysis; total solids
0,85%, S5 0,24, protein 0,17%, 8005 4 GO0 mg/L and pH 3,4~
3,8. The protein Lost in the effluent represents 15-20% of
that in the flour. The UF permeats was bacterially sterile,
free of B85 and had negligible amounts of protein; the
constituents being principally sugars end inorganic salts.

van Bellegem T M

fiethane Production From the Effluent of the Patato Starch
Industry

In starch production the juice of the potate is separated
from insotuable compounds such as starch granules & cell
waktl materials.

The Ligquors were fed to a sludge blanket up~flow anaerobic
reactor which gave the following results:-

Parameter Feed Effluent

COD (mgfi) 18 000 800 - 1 200

Cod removal (X 90 - 95

N removal (X) 5 =10

Bicgas yield 5,5 = 7,9 kL/kl water
Temp 350¢

Loading 745 kg COb/xL/day

¥Yegetable oil & margarine

1.

Grant P E
Treatment of Fatty Effluents

Fatty contaminants 1in effluents can be charscterised by
polarity, biodegradability and physical charactaristics.
Polar ceontaminants are usually deriveg from animal &
vegetable sgurces, the non polar fatty contaminents arise
from petroleum or mineral oil sgurces snd are generally non
biodegradable. The nature of fatty matter will be highily
dispersed and readily removable by gravity sepsration,
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Comparisons of sedimentation and O0AF for fatty matter
separation are given as follows:=

Quttet TFM (Total Fatty Matter)

Inlet TFM  Sedimentation DBAF
mg/ L g/l X ren ng/l X rem
2 274 872 62 252 a9
2 1é 242 55 441 79
1 29 225 g2 118 20
T 721 Z70 84 G2 24

For wash water or processing efflusnts, a major proportiaon
of the fatty matter is bound in a stable emulsion.

Treatment of highly dispersed emulsified oils depend on the
stability of the emulsion. Fatty material in food industry
wastes is norm2lly negatively charged and treatment
therefore involves addition of an fan af the opposite charge
to destabilise the emulsion. The effectiveness of the
added ion increases with valency. Commonly used components
for emuision breaking are ferric chloride, zodium aluminate,
alum, ferrous sulphate and lime.

The table below provides data on the efficiency of various
flocculants for removing fatty material from abattoir
effluents.,

FlLocculant Remaval efficiency
) 4
N cab
pH adjustaent only 32 60
aluninium sulphate i3 60
Lignosulphonate 45 a0
di-calcium phosphate 45 70
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DAF costs YTor treating 650 klL/d abattoir effluent

LOST
Capital Costs

Screens

BAF ptant

Civil engineering
Sludge handling
Balancing tank

Total capital costs

Running Costs

apital charges
Maintenance
Operators
Electricity

Chemical costs

e
Acid
Lime
FeCly
LSA

(Running time : 24 hfd, 5 d/wk, 4 wk/mth, 12 mthia)
RATE/SCOMMENT AMDUNT
2 RIG/kL/d 2 750
& RY5/kL{d &2 000
20 000
&0 000
2 300 kL 30 000
Rfz 181 750
# 30% Interest E redemption 54 325
3 10% Capital cast 18 175
o RZ2 000/mth 24 0D0
@ Actsfkwh & 7O kW 16 130
112 830
Treatment type: HMP¥Acid  FeClytlime LSA
a3 170 mg/L & 160 R/t & 243 - -
o 400 mg/fL & 156 R/t 9 Ty - o T34
3 400 maflL B T3 RA 4 555 . & 585 4 555
a 300 mg/L & 103 R/t 4 820
o 500 mgfL E 115 R/L a8 970
18 532 9 375 23 259
Rfa 131 352 122 205 134 089

Total rumning costs

Less sludge walue

fiet ruhning costs

Treated water costs

@ 700 ko/d & 35cts/kg 58 BOD

Rfa e 362

RIKL (156 000 kl/2) D.46

Add water costs R/kL 0.30
Add effluent disposal costs RikL .30
Dverall Costs Kkt ] 1.04

——t—

- S8 80

122 205 77 289

Q.78 Q.49
0.20 G.30
.30 0.30
1.38 1.0%
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Tubular RO costs for treating 450 msfd abattoir effluent
(Rupning time : 24 h/d, 5 d/wk, & wkimth, 12 mth/a}

COsST

Capital Costs
Screens

Tubular RO plant
Civil engineering
Sludge handiting
Balancing tank

Total capital costs

Running Costs
Capital chargesz
Maintenance
Operators
Electricity
Chemicals

Total running costs

Less sludge wvalus

Wet running costs

Treated water cosis
Add membrane costs

Overall Costs

RATE/ COMMENT

a R15/klL/d
190 modules d R4 4#00/module
g 300 kl

R/a

a 30% Interest & redemption

2 10% fapital cost

8 R2 DOO/mth

d 4ets/kwh & 10kWhim>

& 2kL/d D,1% NaOH for cleaning

Ria
& 1 200 kgfd & 35cts/kg
R/a

RfkL 0156 000 kl/a)
Replacement @ 20 cts/kl

Ri%l

AMOUNT

s L -

373 200

2.40

0.20

Pl =

2.60)

Appendiz 1.7



BAF and Spiral R0 costs for treating 650 msfd abattoir effluent
: 24 hid, 5 dfuk, 4 ukimth, 12 nthfa.}

(Running time

osT
Capital Costs

Screens + DAF
Spiral RO pliant

Tetal capital costs

Running Losts

Capitel charges
Maintenance : DAF

: RO
Operators
Electricity : DAF

: RO
Chemicals 3 DAF

: RO

Total running costs

Less sludge value

Net runming costs
Treated water costs

Overall Costs

RATE/COMMENT

See Appendix 1.46

R/a

8 20% Interest & redempiion

8 10% Capital cost

2 10X Capital cost

@ R4 DODSmth

d 4cts/kWh & 70 kW

8 4cts/kWh & 70 kWh/m®

HHP + hcid : see Appendix 7.6
@ 2ktfd D,1% NaOH for cleaning

Rfa

&1 200 kgfd & 35cts/kg

Rfa
RAKL €154 D00 kLfa)

RZKL

AMOUNT

B L]
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BARLEY BREWERY WATER DISTRIBUTION

BEFORE WATER ECONOMY

WATER IN Malt EFFLUENT OUT
{Water to beer ratios) Maize (Effluent to beer ratin)
Hops
bextrose
[ ]
2,70 BREWHDIISE 1,66
Milling, Mashing
Maize Looking Cop ma/l 7 000
Lautering 55 mg/l 1 500
¥ort boiling
LIP
| Byproduct [ |
Spentgrain
Wart
!
1,40 CELLARS 1,43
Yeast systems -
Fermenatian £op mg/L & D00
Storage 85 mg/l 1 300
Filtration
CIe
roduct
Yeast
MATHS ! ¥ -
WATER 3,40 PACYAGING 3,30
-~ Bright beer store __
Bottle washing ¢ob ma/L 1 DOU
Supply Pasteurisation 55 mgfl 200
Tatal Filling
9,0 ! CIp
Product
Cans
Bottles
1,00 SERVICES 0,10
Refrigeration '
Boilers o mg/L 250
Cooling towers 35 mgfl 200
£ab 58
mg/l 3 &20 YEd
kafkl 23,5 5,8
0,50 AMENITIES 0,50
Toilet
Canteen
ther domestic Domestic Industrial
Ef fLuent Effiyent
Y 6,49
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BARLEY BREWERY WATER DISTHIBUTION
AFTER WATER ECOROMY

HATER IN Malt EFFLLENT OUT
Maize
(Water to heer Hops (Effluent to beer
ratjos) Dextrose ratiod
1,81 BREWHOUSE 0,58
- Note previous figures
2,700 {1,.46) in brackets
|__Byproduct,
spentgrain
Wort
0,43 CELLARS 0,44
0,500 (1,43
|__Byproduct
feast
MAINS
WATER 1,11 PACKAGING 1,08
——— L p—
il BEYOT (3,300
Supply
Total
4,85 1
(9, f 1,
Product
fans
Bottles i
1,00 SERVICES 0,10
a,; w00
0,50 AMERITIES 0,50
0,500 {0,509
Pomastic Industrial
Effluent Effluent
2,2
1 5,49
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Typical sorghum brewary layour
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RAW CHEESE WHEY

ULTRAFILTRATION
CONCENTRATE PEBMEATE
{ SPRAY DEYING * REVEESE OEMOEIS ‘
l PEEMEATE
(recyclabla)
PROTELN CONCENTRATE CONCENTRATE
CHLORINATION

SPRAY DRYING
or
FERMENTATIOHN

V

TC PROCESS LACTOSE CONCENTRATE

FRACTIONATION OF CHEESE
WHEY BY MEMBRANE PROLCESSES
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MARGARINE PLANT- TYPILAL EFFLUENT ANALYSIS

Effluent Fatty Matter
DPescription 55 BOD cab ToL | Kieldahl-N £0; ) Total | Emul
mgfl | mg/L | mo/L | ma/l mg/ L mg/L mog/Ll | mafl

Soapy water - 670 } 1570 - - - 730 90
Soapy water 130 | 1600 | 2400 - - 500 310 310
Soapy water = 2300 | 3470 - 3,2 750 1800 | 1800
Deodoriser Effluent - Sa | 3200 | 1150 - - 1230 130
beodoriser Effluent 100 450 | 1060 - 1 - 230 50
Boiler house sump - &0 470 - - 33 170 14
Acid water - 1100 | 4080 _ - - 77 97
Acid water - 2300 | 3500 _ _ 37500 360 210
Acid water - 2000 | 7100 - 37 41250 358 38
Acid water - 1800 | 2200 70 L 47500 158 130
Final Effluent * - 300 [ 1410 - 7,6 - 210 80
Final Effluent * . - 4800 | 9550 | 3500 2,6 150 ZB00 | 1600
Final Effluent * . 420 | 1400 | 2080 | 720 1 00 | 2570 | 320
Final Effluent * 2400 | 5400 | 7800 | 2900 1 100 2800 | 1100
Final Effluent ** 1040 | 2000 | 2830 | 1000| 12 4500 690 | 170

*

o Excluding neutralicsed agid water

Including neutralised acid water
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TYPICAL YEAST PROCESSING LAYOUE
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APPENDIX 2

A REVIEM OF METHODS FOR PROTEIN AND LACTOSE RECOVERY FROM CHEESE WHEY

Binnie & Partrers
LOMCON
April 1930
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INTRODUCTION

About 13 per cent of the milk produced in the UK is made inte
hard or semi-hard cheese, A bacterial starter 15 added to the
raw milk and as acidity develops, rennet js added to assist the
farmation of the curd, The curd is recovered, Leaving the whey
which has a very high pol lution potential. The whey containz »
propartion of all the major componentz of the raw milk a5 shown
in Table 1.

Table 1. Composition of milk, cheese and whey
Protein| Fat| Carbohydrate, |Calcium|Phosphate|Non=gprotein
mono—saccharide as PDA nitrogen
compounds
g/kg |gfkg g/kg g/ kg g/kg a/kg

Milk, uhole 30 33 &y 1.1 B
Cheese, cheddar| 253 345 ] 8.1
Whey 9 3 45 Q4 8 2,5

bepending on the method of recovery, 3 mixture of the whey
protein {or Lactoalbumenl) and the Lattose {which comprises the
majority af the carbohydrate) may be used as animal feed or baby
feed, Pure lactose has only limited industrial applications.
Lactoalbumen, on the other hand displays properties very similar
to egq albumen, and if obtained in substantially pure form could
be equal ly valuable (7),




2.0

2.1

2.2

METHODS OF BY-PRODUCT RECOVERY

RECOVERY BY EVAPORATION

Ashuworth and Forbes (1) describe a variety of conventional
recovery methods, For example whey may be concentrated 8 to 10
times and Lactose recovered by crystallisation, The quantity of
whey processed in this manner is Limited by the modest industrial
demand for lactose.

Alternatively whey may be evaporated and then roller or spray-
dried to give whole whey solids. The high mineral content of
this product Llimits the guantities which can be fed to livestock,

However the whey may be demiperalised by electrodialysis and then
dried at Low Lemperaturas to give a high purity Llactosefprotein
product. The main and Limited use for this product is in
babyfoods.

RECOVERY 8Y PHYSICAL NON-EVAPORATIVE METHODS

In order to recover the potentially valuable Llactoalbumen in an
undenatures and purified form, Ashworth and Fprbes advocate the
use af ultrafiltration. Test work indicated that an
ultrafiltratian concentrate contained as much as 21.6% pratein
but only 5,93% lactose, 1.0% minerals and 0,42% non-proteinaceous
nitrogen compounds.

Borne (2) citaes the use of ultrafiltration to concentrate the
protein content followed hy reverse~osmosis of the
ultrafiltration permeate to concentrate the Lactose content.
Lactose could then be removed from the concentrate by
crystal Lisation. Baorne also cites a methed for the recovery of
a denatured prote#in by submitting the whey to heat treatment at
near boiling point and pH reduction, which results in the
precipitation of the protein

Grant {4) and Palmer (7) describe two ion exchange processes
using cellulose based ion exchange resins to absorb Large protein
molecules from solution. It is claimed that high quality
Lactoalbumen ¢an be recovered by this means, with a value simnilar
te that of egqg albumen. The main disadvantage of this
approach i% the relatively high capital cost of the ion exchange
vlant and the sglids/fat removal facilities, Grant's test work
which was cerried out in WNew Zealand wWas concerned with the
recovery of animal albumen. It 95 noteworthy that the Meat
Industry Ressarch Institute of Mew Zeazland is now developing the
use of sodium hexametaphosphate (HWP) for the recovery of
ahatteir effluent proteins.

I
L



2.3

PROTEIN RECOVERY BY CHEMICAL PRECIPITATION

From a review of the Literature it is «bserved that
polyphosphates have been used on a number of octcasions for the
pracipitation of dissalved proteins st ambient temperatures.
Work at Binnie & Partners London Laboratoey shows that =gog
albumen can be precipitated from solution by HiP at 3 Law pH,
yielding a complex having a protein:HMP ratio of approximately
7:1. Finley et al (3] used a variety of polyphosphates
successful Ly, especial by HMP, to precipitate protein from gluten—
washing effluents, Ferripolyphosphates, produced by the
reaction of ferric chloride with Calgon (HMP), were used by
Mather and Srinivasan (&) to precipitate protein from wheys at
loew pH. The rasulting precipitate, after purification by
dialysis, contained 53% protein, 13% iron and 22X phosphorous (or
&% metaphosphate). This composition was claimed to be useful
as an animal feed of high assimilability.

Work ¢arried out in cur laboratories showed that 3 g HHP was
required to precipitate 7,6 g protein, By stoichiometric
caleulation this precipitate will Likely contain 73% protein, 18%
phosphate and 4% caicium, (The calcium having been initially
present in the wheyd) The phosphate reguirements and Levels
compare favourably with the ferripolyphosphate,

The terripalyphosphate and HHP precipitated prateins could be
used for animal feed. However the fuil wvalue of itactoslbumen
can be realised only §if the albwmen is fsolated in a fairly pure
form. In their work on sarcoplasmic=fish-protein precipitation,
Spinelli and Kowry (8), found that sodium tri-and
tetranataphosphate precipitated protein cont2ined only one third
af the phasphates contained in HHP precipitated protein. The
authors pointed to previous work where blood plasma precipitated
in the presence of tetrametaphosphate contained no bound
phosphates.

If the above i5 also the case for Lactoalbumen, then an economic
method for the production of high guality Lactcalbumen would be
avilable. Calcium also would be precipitated hy
tetrametaphosphate and therefore would have to be removed in a
pretreatment ion exchange stage, using conventional styrene based
rezins or by electrodialysis. The deproteinised Liguor would
comprise mainly Lactcse together with emal ler concentrations of
sodium and acid phosphates and some non proteinaceous nitrogen
compounds, The Lactose could be crystallised out snd the mother
Liquor recycled so reducing polyphosphate costs. It would be
necessary to ingclude a periodic blow down although this would
have to be kept to a minimum having regard to the cost of
tetrametaphosphate which is approximately three times that of
HIAP. The viability of this process would have to be checked by
laboratory experiments,

I~
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3.0

3.1

3.2

3.3

PRECIPITATION OF WHEY PROTEINS 8Y SODIUNM HEXAMETAPHOSPHATE

INTRODUCTION

1t has not been possible to establish from the Literature whether
pol yphosghates alone have been used as whey protein precipitating
agents, However, it was established that both HFP and
tetrametaphosphate (tetraMP) were considered suitable,
Furthermore it was considered that tetraMP, though Lesg afficient
and costlier than the HMP, could possibly yleld a pure
Lactoaibumen, Experimental work however would be necessary to
test the reaction of those reagents on the whey.

At this stage we have restricted our experimental work to the use
of HHMP.

WHEY PREPARATION

Curds are normal ly precipitated from raw milk by Llactic¢ acid,
which 35 a product of bacterial action on Lactose, It is
principal ly the reduction in pH which is responsible for the
precipitation and it was by this mneans that whey was produced in
the lLaboratory using 500 ml samples of pasteurised milk and
adding sufficient hydrochloric acid to atain pH 3. The turds
were separated by centrifuging and the whey poured off.

DISCUSSION OF RESULTS

50 ml aliquots of whey were dosed with H¥MP, The resulting white
precipitate was separated from the Liguor by gravity filtration
through 0,45 micron millipore filters, Vacuum Filtration could
not be used as this resulted in a cloudy filtrate,

Protein removal was assessed by wltra violet absorption at
190 nm.  Protein concentration was assessed as Kjeldaht N x 4,25
allowing for 2,6 g/l of non-proteinacecus nitrogen organic
compounds. Polyphosphates and orthophosphates were assessed
using stannic cthloride method as described in "Standard Methods".
The results of this experiment are shown in Tables 3.1 and 3.2
overizaf,



Table 3.1.

Reduction in protein by HMP dosing

HiP dose sbhsorbance Abszorbance Reduction
gfl {Total) protein %
0 unfiltered S90 572
0 filtered 247 .6 a1 0
Fa 117.6 90.%9 59
3 (-1 37.3 83
4 29,6 2.7 98.7
5 26.7 0.0 100
Table 3.2. Phosphates and protein in solution
HitP dose | PO, in |Kjeldaht NN x 6.25 Protein Redugtion
solution total | (Mx6.25-~2.8)|in Protein
afl aft afl afl gfl X
D filtered 7.93 1.68 10.5 T.9(9 2 0
2 g¢.15
3 .15 0.466 2.7 030143 Pa(84)

The protein gontent of the filtered whey indicated in Table 3.2
fits wel l with the protein content of whey given in Table 1.1,
The proteinm content of the 3g/l HMP dosed Liguor is far Lless than
inferred by the solutions absorbance. If the non-proteinaceous
nitrogen compounds content ratio is reduced from 2,6 to 1.5 g/L,
then the protein fontant in the raw filtered whey is increased to
9 g/t apd to 1.4 g/L in the HMP treated Ligquar. Thus a 3 gfi
HMP dose reduced the protein content by 84X which is in agreement
with the removal precentane indicated by the absorbance results.

In the calculations it has been assumed that the concentration of
non-proteinaceous nitrogen compounds is N x 6.25 gfl. This is
not necessarily the case since if the ratio of nitrogen : total
molecular mass 45 less than 1:6,25 then the concentration
measured a5 N x 6,25 would be numerically Less than the 2.6 gfl
quoted in the Literature. Lipids and aminn=~sugars for example,
have nitrogenstotal molecular mass ratios Lless than 1:4.25.



3.4

3.4.1

3.4.2

The necessary HMF dose of D4 g HNP/fg protein is far greater than
the required KMP dose far egg albumern.  This difference could be
a property of the Lactoalbumen, or gould be dug to interfarence
by other compounds in the whey. One possible cause of this
difference could be the calcium content of the whey which would
have a metaphosphate uptake of 2.02 g, measurad as sodium HMP,
98% pratein precipitation requires an HMP dose of 4 g/l. Should
2 afl of this HHP be taken up by the calsium, then 2 g/l 15 sll
that is necessary for the precipitation of protein i.e. & doss of
.22 HMP/g protein precipitated. If this is the case, then the
HMP dose rates required for egg albumen and Lactaalbumen
precipitation are similar, Further sxperimental work is
necessary to prove the abgve projections.

HYPOTHETICAL WHEY PROTEIN PRECIPITATION PROCESSES
Straight HMP addition

For an animal feed grade protein, HMP could be added to acidified
rav whey. A dose of 400 g HMP/kg protein would be reguired and
the final produce would contain Llactoalbumen, caltium and
metaphosphates.

Protein precipitation from calcium free whey

Calcium could be removed from the whey by adding metaphosphate to
the whey at a neutral pH, or by ion exchanpe or by
electrodialysis. The pH could then be reduced and the protein
precipitated by HMP, the final product consisting of Lactoalbumen
and approximately 15X bound HMP, A further stape of treatment
could possibly be used to reduce the HMP contamination Levels,

dlternatively, the calcium Free uwhey could be treated with

tetraMP to yield a high quality lactoalbumen with significantly
Lower Levels of bound phosphate.

2.7



4.0

4.1

COST COMPARISON OF AWEMAL FEED GRADE PROTEIN PRODUCTION BY
ULTRAFILTRATION BY HEXAMETAPHOSPHATE ADDITION

ULTRAFILTRATION

4 protein enriched animal whey feed could be manufactured by
concentrating the protein in whey on ultradiltration membranes
fol Lowed ty drying. The vltrafiltration ¢oncentrate would
contain approximately 15X protein, 5% lactose and 1% minerals.

Ashwarth and Forbes {1) demonstrated that whey protein could be
concentrated to 214 by ultrafiltration. The rate of fall of
flux rate from Low protein cantent to 21X protein content was
more or Less Limear with respect to protein concentration.
Therefore for an etoanomic analysis it was assumed that 154
protein is the Limit to economic ultrafilteation performance.

For a plant to treat 00 mo/d of whey_containing 0.8% protein and
assuming two stage trsatment, 240 m2 of membrane area (gquoted
water flux rate &0 L/m“h) will be required. I¥ membranes of the
type TG/B PCI tubular design are used, cperating at 4 Bar, 60 ki
are required for pressurisation and concentrate recycle purposes.
An automated plant ¢f this type would cost in the region of
£240 000. Annual power and membrane renewal costs would be
£15 ()0 and £40 000 respectively. In sddition, a drying plant
capable of dewatering the precipitated sludge from a moisture
content of 85X to 508 would cost in the order of £20 000 and
would require approximately 150 kW of lLow grade power, at a cost
of approximately £20 000 p.a. Allowing feor a 5 year pay back
period, Table 4.1 demonstrates that protein productien costs
would be approximztely £538/topne.

Table 4,1 Cost of enriched whey protein recovery by
ultrafiltration — 5 year pay back period

Costs annusl Concentration | Drying | Combined
S5tage stage

(Capital £) (240 0D0) (20 000) | (2460 OG0)
Capital payback £ 52 000
Mean annual interest, £ 25 558
Power, £ 15 000 20 DOo 35 000
Maintenance, £ 40 000 1 (00 41 000
Labour, £ 16 000
Total annual outgoings, £ 169 558
(Wt protein recovered, tonne) { 3152
Cost protedin £/tonne 538




4.2

PRECIPITATION WITH RMP

Whey protein contaminated by HWP should be suitable as an  animezl
fead, The solids would contain approximately 78% protein &nd
18X metaphosphates.

After precipitation, sclids separation would best be achieved
using dissolved air flotation, Lime addition followed by
sedimentation being wused to precipitats axcass metaphosphate,
The capital costs for the DAF and a phosphate raduction clarifier
would be appreoximately £30 000G, Power ¢osts should be in  the
region of £1000 p.a. The cost of food grade HMP and lime would
be in the order of £82 200 p.a.

Table &.2 Cost of whey protein recovery by precipitation
with HNP ~ 3 year pay back period

Costs annual Concentration | orying | Combined
Stage stags

{Capital £, (30 00Q) (20 D00) j¢ SU D00Y
Capital payback £ 10 00O
Mean annual interest, 3 4 915
Pouer, L 1 000 20 000 21 009
Chemicals, £ g2 200 a2 200
Maintenance, £ 1 000 1 00D 2 000
Labour, £ 16 000
Total annual outgoings, £ 136 115
(Wt protein recovered, tonnal { 315}
Cost protein £/tonne 432

The economics of protein recovery by addition of HWP compare very
favourably with the economics by ultrafiltration, Furthermore,
having regard to the possible extension of the polyphasphate
method previously described, Section 2.3 refers, & product of
significantly higher wvalue might be obtained. The process
merits further inwvestigation,



4.3

LACTOSE RECOVERY Y REVERSE 0QSMOSIS

Table 4.3 summarises speculative costs for the reverse osmesis
concentratiocn of whey Lactose, using PLI type tubular membranes
and a drying pracess, The drying costs were taken pro rata from
the proetein recovery costs.

Table 4.3 Cost of Lactose recovery by reverse osmosis
Costs annual Concentration Drying | Combined
Stage stage
{(Capital £,) (70 000> (125 000} | (195 000
Capital payback £ 39 000
Mean annual irmterest, £ 19 148
Power, L 4 000 125 Q00 | 12% OO0
Maintenance, L 10 00Q 5 000 15 000
Labour, £ 16 Q00
Total annual outgoings, £ 218 168
{Wt Lactose recovered, tonne) (1 96%)
Cost Lactose f£itonne 111
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