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SUMMARY

Dairy industry waste with special reference to cheese whey has been evalu-
ated with respect to the quantity available in Quebec and Canada and their
pollution strength. The current methods followed for the disposal (1land
disposal, whey powder, animal feeding, wastage) are discussed. A few
industrial cases for the management of their whey in Quebec have also been
included. A number of options available for recovery of protein by ultra-
filtration and fermentation products (ethanol, protein, products of hydro-
lyzed lactose, vitamins, organic acids and solvents, oils and fats, animal
feed, 2,3 - butanediol, resins, polysaccharides, etc.) from permeate thus
obtained have been identified. Research carried out on the utilization of
whey for these products is reviewed. Based on research data the present
viability of the products is presented. An economic evaluation of these

products for which sufficient data are available is made and presented.

Keywords/Descriptors:
Cheesewhey, Cheese whey, Cheese whey powder, Bioconversion,
Protein recovery, Dairy wastes, Dairy residues,

Economic evaluation, Quebec, Canada.
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1) Dairy industry wastes

Many food and dairy industry operations produce large quantities of high
strenght effluents that constitue a major disposal problem. Many of these
streams are dilute (4 - 5 % total solids) yet have a biological oxygen
demand (BOD) in the range of 20,000 ~50,000 ppm (parts per million). The

BOD Tevels are chiefly due to sugars and starchy materials in wastewater.

Whey is a byproduct of cheese production, when fat and casein are removed,

generated at a rate of about 9 kg for every 1 kg cheese or 6 kg for every

1 kg of cottage cheese. One hundred kgs of whey is equivalent to the sewage

produced by 45 people (59). At this rate a mediun size cheese plant
discharging 50 - 150 x 103 kg of whey/day, constitues a polluting strength
of equal to the sewage from 22,500 to 67,500 people on a daily basis (60).
In many countries including Canada most of the whey is discarded as waste
creating severe pollution problems because of its high BOD (35,000

~40,000 ppm) (20, 21). This high BOD is due mainly to the lactose which is

present at concentrations between 4.5 and 5 % (20-22).

Whey 1is very rich source of minerals, calcium, phosphorus, potassium,
sodium, copper and iron. These minerals have very good digestive qualities.
It is also a very good source of vitamins of B-complex group, riboflavin
pentothenic acid, etc. But their availability varies considerably. The

composition of cheese whey is shown in Table 1.



Table 1

Composition of Cheese Whey (58)

% dry weight basis

fat 0.3
protein 0.9
lactose 5.0
ash 0.5
nitrogenous compounds 1.0

minerals and vitamins 0.8




As environmental control becomes more stringent, fewer municipalities
tolerate the combining of the high BOD whey with other effluents processed
by local sewage disposal facilities. Similar concern are also preventing
traditional land spreading practices continuing in many parts of U.S. and

Canada.

The food and dairy wastes in fact should be viewed as a rich, inexpensive

potential source of raw material from which valuable products can be

produced. Additional advantage of these wastes is that they are available

all year round at fairly constant rate.

2) Pollution control

e ————

In the past, the application of pollution control technology to the process

effluents from the cheese making industry has pursued three alternatives:

- direct discharge to the municipal system
- pretreatment at the cheese plant followed by discharge to municipal
system

- full treatment at the cheese plant.

The high organic content in whey coupled with a relatively balanced nutrient
composition indicates that some method of biological treatment is appropri-

ate, but experience has shown that this is not entirely without problems.



Even though whey 1is nutrient balanced, the lactose fraction causes the
bacterial population to swing towards filamentous organisms which are unable
to use the amino acids present as a nitrogen source. Protein molecules,
because of their large size, are unable to pass through the bacterial cell
wall. The extracellular enzymes break down the Targe protein molecules but
the overall reaction rates are Tow (98). Moreover, high strength of wastes
makes conventional aerobic treatment very difficult and expensive. Anaero-
bic treatment of waste to generate methane is possible, but in many cases

has a poor return on investment.

A further consideration is the effect which whey discharge may have on an
existing biological treatment plant. In many cases a cheese plant is
located in a rural area and thus, the organic load from the cheese plant
will be many times greater than the organic load from the community. As
well because of operational nature of cheese plant, the loading rate to the
pretreatment plant will not be constant unless load equalization is prac-
ticed. Experience has shown that for successful treatment of cheese plant
waste the influent BODs concentration to the biological system should not
exceed 1,000 mg/1. At concentration higher than this, severe bulking

problems have been experienced.

One method of reducing the impact on a community's waste treatment facility
is to practice some degree of pretreatment at the cheese plant. Pretreat-
ment process alternatives are many. For example, screening followed by flow
equalization prior to continuous discharge to the municipal system is one

possible solution.



It should also be noted that the most municipalities have a sewer discharge
by-law and impose a sewer surcharge to industry if certain maximum values
are exceeded. While the economics of waste treatment are site specific, it
is readily apparent that opportunities for significant cost saving through

pretreatment can be realized.

In any pollution control strategy study, the option of providing complete
on-site treatment to achieve effluent discharge standards must be included.
Experience in the cheese producing industry in this regard are many and
varied. They range from activated sludge with its many process variations

(extended aeration, contact stabilization, the oxidation ditch and more

recently the pure oxygen injection systems and deep shaft).

The problem of whey tratment demands simple economical solutions particular-
ly in the case of small cheese plants in which oxidative disposal methods
may be too costly to install (23, 24). The large amount of whey among fewer
factories can have advantages and disadvantages. If the satisfactory
methods of whey disposal are not available, additional supplies of whey can
mean greater economic returns. The larger volumes can make it economically
feasible to adopt processing techniques not practical for smaller quantities
of whey. In other words, if disposal is a problem, additional volume can

increase returns.

It is in the best interest of cheese maker and specifically the small one to
get rid of the whey at Towest possible cost. The quantity of whey, 91 % of

the incoming milk volume, its high solids concentration (6 %) and high



biochemical oxygen demand (=30,000 mg/1), coupled in many cases with an
unfavourable environmental 1location of the cheese plant, make a cost-

effective solution rather elusive.

3) Production of whey in Quebec and Canada
nat

Annual production of whey in USA and Canada is 16 billion kg and 1.5 bil-
lion kg respectively (1). The production of cheese in the world has been
increasing steadily and in 1981 reached 11.6 x 10° tons (19). The total
amount of whey generated in this activity was nearly 10.4 x 107 tons. In
1985 cheddar and speciality cheese production in Canada was 178,711 metric
tons and that in Quebec province 60,676 metric tons. This generated
5,746,422 metric tons and 1,697,755 metric tons of sweet whey in Canada and
Quebec respectively. Muller (2) reported that of the 1.2 billion kgs of
1iquid whey produced in 1979 in Canada; 49 % was used for whey powder; 8 %
was fed to hog; 17 % was dumped into sewers and 26 % was disposed of on

land.

The production of cheese in Canada has increased to more than two times from
1965 to 1934. In Quebec the production of cheese has increased from 32,535
tons in 1965 to 76,181 tons in 1984 (Table 2). At the same time increased
in cheese manufacture has mainly increased in the big plants who are
equipped with drying equipment for whey. The small industries, since hike
in energy price are in search of more economical solutions. With the recent
decrease in the petroleum price has not really made the drying process

economical. In 1978 about 35.6 % of whey was disposed in environment



Table 2
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Production de fromage au Québec en tonnes métriques

Année Fromage Fromage Fromage de Total Québec/Canada
cheddar cottage specialite
1965 27,883 1,014 3,638 32,535 34.1
1966 31,649 1,279 4,510 37,438 36.3
1967 29,204 1,389 5,078 35,671 35.0
1968 32,426 1,450 5,259 39,135 37.0
1969 31,810 1,620 6,639 40,069 35.9
1970 33,585 1,838 8,690 44,113 37.5
1971 45,524 2,029 9,726 57,279 42.3
1972 41,896 2,128 9,272 53,296 38.8
1973 45,313 2,067 9,149 56,529 40.7
1974 54,875 1,968 9,688 66,531 44.9
1975 33,445 2,171 19,940 55,556 38.0
1976 32,469 2,360 23,718 58,547 38.4
1977 35,452 2,139 23,364 60,955 37.6
1978 37,592 2,539 25,552 65,683 37.5
1979 48,060 2,385 27,645 78,090 39.9
1980 54,235 2,261 26,814 83,310 39.7
1981 46,946 2,784 28,721 78,451 37.1
1982 36,228 1,699 31,061 68,988 33.8
1983 42,400 1,907 28,762 73,069 33.6
1984 42,739 2,075 31,367 76,181 34.0
1985 53,316 2,290  «-=-= eeeee eeeee



whereas in 1976 the volume of whey which was diposed in environment was 28 %
of the total production. This figure amounted to 507,000 metric tons of
whey in Canada and 161,000 metric tons of whey in Quebec. In 1976 only 1 %
of the total volume was used in liquid form for animal feeding. In 1984
about 736 x 10° 1 of cheese whey was produced in Quebec, about 8 % was
discharged in the environment about 16 % was consumed by the animals and
about 76 % was dried. The production of whey powder in Quebec in 1985 and

1986 is shown in Table 3.

4) Current disposal methods of whey in Quebec and Canadd

The most common methods of disposal and recovery other than from drying to

produce whey powder are:

returning whey to farmers for animal feeding

dumping it as a waste or sewage

selling it to processers

paying processers to collect it.

The more widely used method is evaporation and drying of the whey to produce
whey powder which is used in bakery and other food preparations. In 1979 it
was indicated that only a little over one half of the whey produced is
utilized, most of which is in the form of dried whey powder, an industry
which barely recovers its production cost because of poor markets and high

energy expenditure.



Table 3

Production of Whey Powder in Quebec

1985 1986

metric tons

Jan. 2302 2491
Feb. 1839 2049
Mar. 2384 2182
Apr. 2510 1997
May 2655 2226
June 2196 1986
Jul. 1084 ----
Aug. 3059 -—
Sept. 2874 -——
Oct. 3148 ———
Nov. 2791 -——
Dec. 2822 ----

29,663 12,931

Corresponding figure of 1985 = 18,886 m.t.
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Although installations for drying and processing might be economical for
large plants, their costs were reported to be prohibitive for medium and
small plants (2). Because both small and medium size cheese plants are
unable to afford whey drying and processing equipments. Thus only large
facilities with an output > 150 x 103 kg of whey per day are able to realize
a return on investment from processed whey products (60). Also whey utili-

zation requires adequate cooling and storage facilities.

One considers whey as a resource or a pollutant, the sheer quantity repre-
sents a significant management challenge to the cheese producer. While the
large cheese producer has addressed this problem with cost effective solu-
tions made possible through economy of scale, the smaller cheese producer
has been less fortunate. Almost 50 % of Canada's cheese producing plants
fall into the small scale category (Table 4). The main source of waste whey

in North America is also due to smaller plants (59).

Cheese whey has been considered as a feed to the porcs. Provided there are
enough hogs, the whey can be substituted in the hogs diet up to 25 ~30 % of
the total. It has been estimated that the hog can consume up to 1,000 1 of
whey per animal annually. But due to high trucking costs, liquid whey can
only be used for hog feeding within an economic radius of 30-40 kilometers.
In many cases, however, the hog population is small in relation to the
number of cheese plants and therefore feeding liquid whey to hogs becomes

uneconomical solution (2).
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Table 4

Distribution of Cheese Production Plants

Capacity (kg/day) Number of Plants
< 11,000 90

11,001 - 24,000 28

24,001 - 45,000 38

45,000 - 91,000 14

91,001 - 227,000 7

> 227,000 5
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The more recent approach for the whey utilisation is the ultrafiltration to
separate the protein and so called permeate containing mostly lactose. The
protein is used for food and replaces the egg white. But the permeate
obtained after ultrafiltration is normally disposed without treatment or
recovery. Also there are few small group of industries which are selling
their whey to other industry in a radius of 80 km, to recover the protein
by ultrafiltration (ultrafiltration is dicussed in this report later). A
few cases of cheese industry in Quebec for the management of their whey are

discussed in the following pages.

5) Management of cheese whey in few Quebec industrigi

Case 1

This Co. has two cheese plants at Boucherville and Nicolet. The Boucher-
ville plant produces cottage cheese and sour whey as a by product at a rate
of 35,000 1b/day (17,289 kg/day) having a pH of 4 ~ 5. The protein
contained in this whey is of inferior quality for human consumption and
therefore this plant does not recover the protein. The whey is mixed with

other plant wastewater for neutralisation before its final discharge into
the municipal sewer without treatment. This way the plant is wasting about

1,750 1b/day (865 kg/day) of lactose to the sewer.

The type of cheese produced in the plant at Nicolet are mazorella, brick and
cheddar type. The amount of sweet whey produced in the operation is of the

order of 150,000 1b/day having a pH of about 6.2. Ultratfiltration is used
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to recover the protein. The permeate, generated is partly used for pig

feeding (about 50 %) and partly either for land spreading or is discharged

to the municipal sewer. Apart from precessing their own whey the Co. buys

whey from 6 to 7 other cheese plants, situated in 80 km radius, to recover
the protein by ultrafiltration. The amount of liquid whey procured from
other plants is of the order of 400,000 to 500,000 1bs/day. The whey is
received either hot or cold after pasteurization. The total amount of whey

processed by the plant is 550,000 to 650,000 1bs/day.

The protein concentrate obtained during the ultrafiltration has 20 ~ 50 %
protein on dry weight basis. However the main product of the company is one
with 35 % protein. The market price of this product is $ 175/kg and is used
to replace the milk powder, used in ice cream, bakery, sausage etc. 80 % of

the dry weight of the permeate is lactose and 16 % are minerals.

The permeate from this plant some times is concentrated by reverse osmosis
followed by evaporation. The concentrate thus obtained is used to replace
the molasses and has a current price of 25¢ /1b. Hydrolysis of this
concentrate to produce a mixture of glucose and galactose to use as table
sugar has been tried. However, demineralization being costly affair limits
the application. Without demineralization the powder gives a inferior
taste. Moreover, the installed plant's evaporators are not of high quality
leading to high cost during evaporation. For example drying cost is in the
range of 13 ~ 20¢ /1b. According to this company's report demineralization
is very important step without which the concentrate is difficult to use for

food consumption.
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Case 2

This plant produces cheese and milk powder and process 450,000 1 of milk per
day and produces about 255,000 1/week of whey. All this whey is evaporated
and dried to produce the whey powder. The whey powder is of two types
called B and N based upon denaturation criteria. The temperature used for B
and N are 196°F and 168°F and market price is 58¢ /1b and 46¢ /1b respec-
tively. The total steam consumption during this process is about 1 kg of
steam per kg of dry powder produced. This whey powder is sold to Co.

Prescobell and is used for bakery products.

The production and utilization of cheese whey in few industries in Quebec is
shown in Table 5. As is clear from the Table 5, most of the cheese
industries in Quebec utilize their whey for whey powder, protein recovery
followed by disposal of permeate to sewer or agricultural land and 1iquid
animal feed. The production of whey powder is feasible economically for
large producers and the profits are marginal. Most of the industries
dispose their whey as animal feed at the cost of transportation which varies
from 5¢ to 10¢ per 100 1bs depending upon the location of the farm. The
main problem to produce protein concentrate by ultrafiltration or to produce
the whey powder by evaporation, is the high cost of equipments ($§ 250,000
for UF units). For example, the company Nutrinove used to produce whey
powder before 5 years. But now they have stopped and turned towards farm
disposal due to increased cost of evaporation. The transportation cost
which they get from the farm is 5¢ /100 1b. This company produces 40,000 1

of whey per day.



Table 5
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Production and utilization of cheese whey in few plants in Quebec

Quantity of whey
produced
kg/day (1b/day)

Processing

1) Agrogur:_ 2 x 106 Whey powder, biomethanation
Cooperative Agro- (4.4 x 10°) (operational difficulties in
alimentaire methane bioreactor)

2) Société coopérative 9.07 x 10% Sold for porc feeding at
agricole de 20 x 10* 10¢/100 1b (or 10¢/46 kg)
beurrerie

3) Fromagerie 2.72 x 10% Sold for porc feeding at a
Princesses Inc. (6 x 10%) price of 13¢/100 1b

4) La Fromagerie d'Oka 73,000 Till before three years used
Oka, Québec (160,000) to hyperfilter. They sell

to other industries and pay
50 $ per truck transporta-
tion

5) Fromage _ 16.33 x 103 Partly in cream production
La Chaudiére (36,000) and partly animal feeding

6) Agrinove 51,000 Whey powder

(112,435)
7) Deslile 306,000 Protein recovery, sewer
(650,000) discharge, land disposal
8) Nutrinor 40,000 Animal feeding cost
(88 x 10°) 40¢/100 1
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6).g;gba1 utilization of whey

On a global basis, a divergence of whey disposition practices exist (96).
In Denmark no whey is wasted and in Sweeden it is illegal to discharge whey
into the sewerage system. In Israel 84 % of whey produced is wasted and
whey is not used for animal feed. On the other hand in Denmark 90 % of the

whey is fed to animals.

Byproducts recovery for proteins and lactose specifically is accomplished
using concentration technologies ranging from spray drying to ultrafiltra-
tion couples with gel filtration. Most countries practice some degree of
whey conversion into useful products. The Netherlands lead the way with
93 % of their whey being processed. In Canada only 48 % is processed. In
New Zealand, casein whey was used mainly for spray irrigation and pig
feeding, whereas cheese whey was used for lactose manufacture and pig
feeding (99). Forty-five of the plants disposed of effluent by spray
irrigation, 38 by discharge into natural water ways and municipal sewers and

one by means of biological treatment unit operated by the dairy.

Food uses of whey are increasing and have encompassed pharmaceutical
products, dairy products, bakery products, confections and coatings, frozen
and canned foods as well as powdered foods. For example production of whey
powder in Canada has increased from 41 x 10% kg in 1977 to 57 x 10° kg in
1981 (97). The choice of recovery technology is a function of end product

use criteria.
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7) Management strategies

The successful handing of whey dictates that a management strategy embodying
by-product recovery and pollution control prevention be devised. It is

usually the smaller and medium cheese plant operator (< 11,000 kg

cheese/day) who has difficulty in finding a cost effective solution to the

whey management problems.

A correct strategy for industrial pollution control consists of minimizing
feed-stock 1leakage, optimizing product conversion efficiency, maximizing
recovery and recycle of process 1osses and optimizing by product generation.
The objective is to reduce the amount of waste material which results from
the particular industry and thus will exert the minimum economic burden to
that company by way of waste treatment requirements. There are many exam-
ples in industry where by-product generation and recovery have led to eco-
nomic spin-offs which more than paid for the cost of pollution control

(95).

The cheese producer does have a number of options when addressing the whey

problem:

processed into edible products

used for animal feed

application to agricultural land

wastage (treated to effluent discharge quality)
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Recovery of sugars, proteins and minerals in the waste effluents by crystal-
lization, evaporation and spray drying are practiced in many food and dairy
plants. The energy cost especially that of natural gas (though trend in
cost of petroleun product for the last few months is downward, however
future situation is unpredictable), even in spite of comparatively lower

cost, have made many of these operations economically unattractive.

One management approach applies the principles of pollution control and
resource recovery and involves application of ultrafiltration or hyper
filtration and reverse osmosis for concentrating the whey solids as shown in

Figure 1.

Ultrafiltration has provided the cheese maker with a means of channeling the
component of whey with the greatest value into market place. The whey
protein concentrate (WPC) is an item of world wide commerce, with signifi-
cant dollar value. That is the bright side. The dark side is that for each
kg of WPC, 2.3 kg of permeate solids are also produced, with a lactose

content of approximately 85 %.

A number of options have been proposed to convert permeate to a value added
product - and other more profitable alternatives are constantly being
evaluated. These alternatives includes alcohols, organic acids, solvents

and protein which are discussed in the subsequent pages of this report.
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Figure 1

FLOW DIAGRAM FOR POLLUTION CONTROL AND RESOURCE RECOVERY
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7.1) Ultrafiltration

An ultrafiltration membrane has pores which separate the constituents of a
solution on the basis of molecular shape and size. The macromolecules such
as proteins, are held back by the membrane while smaller molecules, such as
sugars, pass through. Ultrafiltration is a separation process rather than a
concentration process, but it concentrates the retained macromolecules at

the same time.

The solutions of macromolecules have very small osmotic pressures and the
porous ultrafiltration membranes have very much higher water permeabilities
than the non-porous RO (reverse osmosis) membranes. This means that
pressure required for reasonable flow rates through the membranes are 1ower,
and normal operating pressures are between 0.2 and 0.6 MPa but up to 1.0 MPa

in some applications (10).

Ultrafiltration offers an alternative way of treating cheese whey. Instead
of turning the whey into whey powder by concentrating and spray drying, it
can be split into a much more valuable protein concentrate and a lactose
strean. The process can be designed and operated in different ways to give
concentrates, which are then spray dried, having 35-75 % protein in the
powder. The 35 % powder is a substitute for skim milk powder and the 75 %

powder can be used in place of egg white in baking. The cost of producing

the powder is between (3 285 $ can - 4 380 § can) per ton (10) which is

considerably less than the cost of egg white ($ 11.46/kg). The process is
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carried out at 50 to 55°C so the whey protein is not denatured and retains

its functional properties.

In the ultrafiltration of whey or milk for the recovery of proteins consid-
erable quantities of permeate (with 4-4.5 % lactose and 0.7 % ash) are
produced. The permeate poses a serious disposal problem due to its high BOD
and Tow market value. BOD levels are typically in the range of 30,000 to

40,000 ppm, and are due, in the most part, to the lactose in the permeate.

Studies on the whey solids hyperfiltration has been conducted in a small

specialty cheese producing plant in the province of Quebec (La fromagerie

d'Oka) (100). Hyperfiltration belongs to the membrane process family. It
differs from ultrafiltration in that the membrane pore size characteristics
ar