G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

me
4

=D =
. 0Sel2 T

LIMITED

ID/WG.172/ 15
10 June 1974

United Nations Industrial Development Organization ORIGINAL: ENGLISH

AFHIFDODS\—‘.Hegional Consultation on
Promotional and Tecnnical Aspects of
Processing and Packaging Foods for Export

Casablanca, Morocco, 23 -~ 28 June 1974

FISH MEAL PRODUC'I'ION-I/

S. Chri stensen'

*.Beparation ﬁvition, Alfa~Laval AB, Sweden

y’rhe views and opinions expressed in this paper are those of the author and do not
necessarily reflect the views of the Secretariat of UNIDO. This document hae been
reproduoed without formal editing,

id.74-4129




We regret that some of the pages in the microfiche
j copy of this report may not be up to the proper

] legibility standards, even though the best possible
| copy was used for pPreparing the master fiche.







It is often considered to be & waste of valuable raw material
if fish is converted into meal to be fad to chickens and pigs
instead of using the fish for human consumption.

This is not true, however, as there ars many species of fish
which are not suitable for human consumption, but which are
excellent raw material for fish meal production. Furthermors,
when fieh are caught for direct human consumption, as a rule
both trash fish and fish waste are obtained. These types of
raw material can aleo be used for fish meal production.

In this connection I wieh to quote the following from an interim
report on the FAO Technical Conference on Fishery Products held
in Tokyo Decembsr 1973,

"Participante ehowed e great desl of intereet in the Session
deeling with fish protein, fish meal end fish oil. The
Conference concluded thet where fish cannot be gainfully
used for direct human consumption, it should be converted
into meal and oil thereby making constructive use of resources
which would otherwise be neglected or underexploited or
perheps not fished et all. In the discuseion of this topic
it wes pointed out thet fieh meal end o0il made valuablae
contributione to human well-being through uee for animal
feed and for medical end industriel purposee. Anothsr
fevourable factor was that the fish mesal industry frequently
plays en important part in bringing about development of
fiehery induetry, especially in devsloping countriss.”

Why ie ‘f#ish meal eo veluable? I will not go into detail concerning
the oompooitihn of the fish {teelf but cen mention thet fish in
general contain about 15 - 20 % fetfree dry substance and e
certain amount of oil, 2 - 25 %, dependent on type of fish.

The balance is weter.
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The meal pruduced from the dry substance contains 60 - 70 %

of protein, of which about 90 % are digestible. This protein
contains all the essential aminocacids that are required to
build up the body and is thus an i{deal additive to animal feed.
The meal also contains an unidentified growth factor, UGF.

This means that chicken and pigs fed with fodder containing
fish meal grow faster than if they are fed with another type
of fodder, evan if this fodder has the same compoeition as

far as proteins are concerned.

The mea) also contains & small amount of oil (4 - 10 %). The
oil content should be as low a8 possible, a8 a high oil content
may reduce the storage ability and also possibly affect the
taste of the chicken and pigs fed with the meal.

The oil in the f§ish is also & valuable product. After refining
and hardening it can be used for the production of margarine or
used for industrial purposes, such as paints, leather treating
agents, fatty acids to name but a few.

The quantity of fish meal produced gach year in the world is
about five million tons and the quantity of fish oil avout

one million tons. The quantity of raw material used for this
production 1s 20 - 25 million tons. This is somewhat more than
35 § of the total fish catch in the world which amounts to

65 - 70 million tons.

Prices of the meal and oil fluctuate, of course, in relation to
supply end demand. At thoe moment, the price of meal containing
65 % protein 1is about 400 US dollars per metric ton and the
price of oil sbout 600 US dollars per metric ton.

when considering whether or not a fish neal plant should be
installed in a ocertein area it is nacessary first to make @
market study. Factors that should be investigated are for
example:

- the supply of fish and fish waste

- which species are available

- maximum and minimum quantities caught deily
- number of working days per year.




If the conclusion is reached that a fish meal plant is a

profitable investment, the next step is to decide on the
type of plant that would be the most suitable one.

If the raw material is lean, i.e. if it can be established
already beforehand that the meal will have a sufficiently
low o0il content without removal of the oil (and that oily
fish will never be used as raw material in the future) a
plant for drying the raw material only can be installed.
If, however, which is normally the case, the fish contains
so much oil that a de-oiling has to take place, a complete
fish msal and fish oil plant has to be used.

For this application, several types of plants are available,
most of which work according to the same principle and can
be classified as conventional plants.

- By this expreesion I refer to a plant consisting of a steam-
heated cooker, a screw press, a drier, decanters and separators
for press liquid, separators for thes fish oil and possibly
also an evaporation plant. See figure 1.

The cooking process is an extrsmely important stage in a

fish meal factory, as the raw material must be cooked properly
to maks the protein coagulate and to burst the oil -containing
cells. The steam cookers are intended for direct stsam
injection, indirect steam heating or - which is most common -
for both direct and indirsct steam heating.

The next important step is the removel of solids from the
liquid after cooking. A screw press is ussd for this purposs
in conventional plants.

The effectivenses of the sorew preees is, however, dependent on
the quantity and the consistence of the cooked fish mash. If

the quantity varies, ths press portion or the number of revolu-
tions of the prees has to be edjusted. Corresponding adjustments

must elso be made 1if ths consistency of the cooksd fish mash
veries.



The drying of the solids coming from the press is nowadays
normally carried out in a steam drier.

The liquid phase from the press is treated in a decanter
centrifuge for the removal of euspended solids and then treated
in & separator to recover the oil. The oil is purified in a
special separator.

The water phase leaving the press liquid separator contains
diesolved solids which can be recovered by first concentrating

the stick water in a multiple-effect evaporator and then drying
the concentrate together with the solids from the press and the
solids from the decanter.

Another typs of fish meal and fish oil plant which differs
from the conventional plants in several fundamental aspects
is shown on figure 2.

The raw material, including the blood water, is fed to a mincer,
where the raw material is evenly cut up. This is then pumped
or transported from a hopper after the mincer by a screw con-
veyor to the cooker. By varying the spesed of the pump or

screw conveyor at the inlet of the cooker it is possible to
adjust the capacity of the plant.

The cooked fish mash is pumped to the decanter where it is
separated into a liquid phase and a solid phase. The solid
phase is transported to the drier.

The liquid phase ies pumped to a solids-ejecting separator, where
the liquid is separated into three phases, an oil phase, a watar
phase and a solid phass.

The solid phase is intermittently shot out from the ssparator and
fed back to the cooker. The intervals between the shootings are
regulated by a presst programms.

The oil phase io either pumped direct to the storage tank or
"polished” in & epecial separator.




The water phase, which contains dissolved solids, is concen-
trated in an evaporator plant to about 35 - 40 § dry substance.
In some plants the concsntrate is separated in a special separa-
tor in order to remove the oil, which may have been freed during
the heat tresatment in the avaporator plant.

The concentrate from the evaporator plant is mixed with the

solids from the decanter before being fed into the drier,
where it is dried into meal.

After the drier, the meal can be milled, cooled, pelleted or
pressed to bricks according to the requirements of the customer.

The most important difference between the above type of plant
and the conventional type is that a decanter is used instead
of a press.

A decanter, sse figure 3, consists of a drumlike rotor containing
a8 screw conveyor, both rotating at a high but slightly different
speed. The cooked fish mash is fed through a hollow shaft into
the rotor. By means of the centrifugal force the solids are
thrown out to the rotor wall, where, due to the speed diffe-
rential, the flights of the conveyor move the solids continuously
to the outlst ports at ons end. The liquid, which is lighter
than the solids forms an inner layer and leaves the decantsr
continuously through outlet ports at the opposite end.

By introducing decanters, centrifugel forcs replaces the mechani-
cel force used in screw presses.

The introduction of centrifugal force for removing the solide
from the liquid in cooked fish mash has provsd to give many
adventages, for example:

The decenter is fer lees seneitive to the kind of rew
materiel treested then & sorew prees. It is thus not
nacessery to drein off any blood wetsr from the fish bsfors
feeding the rew matesrial into the plent.

The machine needs no adjustment when ths quantity or the
consistency of the cookad fieh mash is chenged.



When treating soft raw material, which is difficult or
impossible to treat in conventional plants, the dry
subetance is separated out and continuously discharged
from the dscanter.

The decanter has a better de-oiling effect than a screw
press which results in a fish meal with lower fat content.

The decanter gives a higher meal yield than a press.

The decanter gives a very fluffy and uniform solid phase
which is easy to dry.

The spongy state of the solid phase facilitates the
absorption of stick water concentrate if whole meal is
produced. '

The cooker and drier system also differs from that of conventional
plants. In the plant just described no steam is required for
cooking.

The oooker and drier are in principle of the same design, see
figure 4.

They consiet of a slowly rotating cylinder inside a stationary,

ineulated jacket. The cylinder is fitted with longitudinal
tubee attached to the end plates.

The heating medium is flue gas generated by burning oil in
@ heater belonging to the plant.

The flus gasee, which have a temperature of about 400°C at the
inlet of the cooker and drisr, heat the longitudinal tubes as
well as the eide and end plates. Theee surfaces tranefer the
heat to the material to be cooked or dried. There is, consequently,
no risk for any direct contact between flue gases and the material,

The flue gae, which is sucked through cooker and drier, is recircu-
lated to the flue gas generator and mixed thers with the out-going
geses s0 that a steady temperature at the outlet ie mainteined.




A temperature of about 400°C may seem to be very high., Howsver,
the material to be cooked and dried is not exposed to this tem-
perature as there is no direct contact between the flue gases

and the material. The temperature of importance for the treatment
of the substance is that of the heating surfaces which due to

the low heat transmissicn coefficient of the flue gases will

be low.

As can be seen from the graph in figure 5 the temperature of the
heating surfacee in the cooker is slightly higher than 100°,

The temperature in the fish mash rises to just below 100°C before
the material leaves the cooker.

From the graph in figure 6, it can be seen that the temperature of
the heating surfaces is about 140%C in the drier and that the tem-
perature of the material to be dried is constant at about 70°C,

The above type of cooker and drier have proved to be very efficient
and give better results than conventional ones. This refers espe-
cially to the hsat economy which is extremely good as no steam is
used.

Another advantage of the above cooking and drying system is that
an effective deodorizing plant can easily be added to the plant,

Moet of the unpleasant odour in a fish meal plant comes from the
drier, whers the water driven off is absorbed in the form of
vapour by ventilation air.

If the ventilation air with its vapours and gases can be prevented
from being let out into the air, the ma’n pollution problem is solved.

The deodorizing system used in combination with the above type
of plant is shown on figure 7.

The ventilation air from the drier ie fed through a cyclone to a
scrubbing towsr, where it is cooled and washed with water. The
towsr ie fitted with inserts which guarantes good contact bstwesn
the ventilation air and the cooling water, resulting in an effective
cooling and condsnsation.
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The cooled ventilation air with the incondensable parts are
passed from the scrubbing tower to a moisture trap to remove
droplets. The air is then preheated and split up in two streams,
one going back to the drier as ventilation air and one going as
secondary air to the furnace of the fish meal plant, which has a
constant consumption of air. No gas therefore lesaves the plant
without passing through the burner, where the unpleasant smelling
matter is burned. '

Some of the advantages of the above type of plant can be gained
in a conventional plant if the decanter is used in a more
effective wey.

Ths decanter can be used in parallel with the press as shown on
figure 8. 1In this system, the prestrainer between cooker and
press is equipped with large holes through which liquid and fine
solids are drained off and fed directly to the decanter. 1In this
way matsrial which may bs difficult to press is preventsd from
being fed into the press and is treated in the decanter only.

The decanter can alsoc bs used as replacement for the press, see
figure 8, i.8. in the sams way as described previously for the
"unconventional plant”.

Comparisone have been made between plants using presses and plants
using dscantsrs instead of prssses. Some results are shown in
figurs 10. In this figure, sach vertical line with one dot and

one x represent a factory where analyses have been made simul-
taneously. The dots represent the fat content in the msal obtained
when operating on decantsr only, whereas the x-marks represent

the fat content in meal produced in the preas-lins.

To sum up, I have described a complete fish meal and fish oil
plant which differs from conventional plants and which has the
following main berefits:

Ths plant is less sensitive to the type of fish and its
oondition than othsr plants.

It cen bs operated at high capacity sven when treating fish
of infsrior quality.




The meal produced in the plant will have a lower oil
content than meal produced in other plants.

No steam is used for cooking and drying, thus no steam
boiler is required.

The heat economy is very good, i.e. the fuel oil consumption
per ton or raw material is low.

The fresh water consumption is insignificant. An evaporator
plant can be added to the plant if the waste water (the
stick water) is also to be treated.

A deodorization plant can be added if the plant is to be
installed in a populated area.

I have also described how some of the above advantages can be
gained in a conventionel plant by using a decanter in a more
effective way then is normally the cass.

Finally, the last figure shows you the importance of meintaining
a plant at high cepacity and how the profit decreases rapidly
if the capacity is reduced.

In figure 11, the lower horizontal line represents the fixed
costs, i.e. deprsciation, interest, labour costs, maintenancs
costs, costs for slectric power etc. which are more or less
independent of the actual throughput in the plant. The difference
between the horizontal 1ine and the sloping, lower line reprssents
the costs for rew material, fuel oil, bags etc. which are dirsctly
related to the eotusl throughput in the plent. This line, there-
fore, shows the totel coets for opsrating ths plant at different
throughputs, i.e. et different degrees of utilization,

The upper d.ciining line represents ths gross inoome, f.e. ths
value of the meal end oil produced, whioh is directly propor-
tional to the rate of produotion.‘
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The profit is thus represented by the difference between the

two upper lines. As can be seen, the profit decreases much faster
than the reduction in the degree of utilization. This shows the
importance of choosing a plant which can bs run at high capacity
more or less independently of the kind of raw material treated.
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