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(bY the project backstopping officer) 

Reviewing all the data provided in the study on fishmeal processing by 

the UNIDO experts Messrs. Pierre Lamendour and Karl Heinz Behm upon the 

request of the Go\'ernment of the Federated States of Micronesia we are of 

the opinion that FSM is \'ery rich in marine resources t."hich are to be 

processed into food. animal fishmeal and other industrial products. 

~e share the experts' viet." that FSM should be assisted in the 

establishment of pilot fish processing and quality control facilities. The 

introduction of modern technology would enable this countrY to utilize the 

abundantly available seafish resources for food and animal fishmeal. 

It is advisable to establish in the country a tuna pilct processing 

plant t."i th a quality control laborator~· and f ishme:al processing l inE:c and to 

utilize the tuna t."astes and by-catch of fish for the production of fishmeal 

of high quality for domestic consumption and for export. 

These technical assistance activities will bad to an 
investment-oriented large-scale project dealing with the processing cf tuna 

and production of fishmeal. l'NIDO is prepared to assist the Federated 

States of Micronesia in the proposed technical assistance . 
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INTRODUCTIJN 

Between August 13 and October 27, 1~90 a mission by 
order of UNIDO was conducted by the UNIDO consultants, Mr. 
Pierre Lamendour/Fish Meal Processing Expert and Mr. Karl 
Heinz Behm/Fish Industry Economist/Marketing Expert in close 
cooperation with the FSM National Fisheries corporation at . 
their request in Kolonia on Pohnpei. 

In view of the fact that the consultants were not able 
to start their mission at the same time they only had 
opportunity of a common cooperation of one week. During 
this time the consultants agreed each other in all technical 
as well as the economical points. 

The purpose of this mission was to assess the present 
and future conditions for establishing a fish meal industry 
in the Federated states of Micronesia (FSMJ and advising the 
National Fisheries corporation (NFC) - a public corporation 
created by the FSM Government to promote the development of 
pelagic fisheries and related industries about the 
diff~rent possibilities for realizing such proJect. since 
tne request was made to UNIDO by the FSM Authorities about 
two years ago ~he fisheries situation has chanqed and part 
of the expert Job descr1pt1on is obsolet~. 

Tuna cannery is not envisaged any more but tuna loin1ng 
in each of the four states is planned. 

Initially a small fish meal plant is planned in the 
FSM. 

In the next step one larger fish meal plant will be 
set up adJv1ning to the tuna loining plants in each of the 
four States. 

Different aspects are to be considered 
social and environmental. 

Economical, 

If not processed into fishmeal, fish waste should have 
to be dumped into the sea and this could create a maJor 
pollution for the Islands. 

Fish meal industry - if economically viable will 
help the FSM international trade balance by producing export 
goods at world market price and by avoiding import of an 
expensive constituent of livestock feed used in the Islands. 

Remarks: The calculations base on information, made by the 
representatives of the National Fisheries 
corporation, respectively on information of 
present offers of hi~h-technology fish meal 
plants. In this report, only metric system (S.I.) 
is used. The FSM currency is the us Dollar 
(US$). 

• 
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SUMMARY OF RECOMMENDATIONS 

1. Fish meal industry in the Federated States ot Micronesia 
looks not only viable but quite profitable provided the 
following cond1t1ons are fuitilled. 

- Free raw material in adequate quantity is. available 

- The market of the produc~d fish meal is quaranteed. 

Therefore the tuna loining plant and a live-stock feed plant 
should be erected together in order to imply each other. 

2. For reasons of economy a tish meal plant with a capacity 
of 40 - 60 raw material per 24 hours should be taken into 
cons1derat1on because the difference of investment to a 15 
to~s plant is only small. 
All offers and quotations for the fish meal plant have to be 
checked very carefully wit:. the help from an expert. A 
visit to existing plants could be arranged with equipment 
manufacturers. if needed. 

3. When erecting the fish meal plant an expatriate expert 
in fish processing and fish meal will have to be recruited 
for one year to stay on site for assistance to train Local 
staff and operate the factory the first time. 

4. Market investigation in the region is necessary to 
determine pric~s and quant1t1es of fish meal to be sold in 
the Asia - Pacit1c area. 

5. A qu~lirv control laboratory will have to be set up tor 
food export control and cert1t1cat1on. 
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V.l.GENERAL INFORMATION 

The Federated states of Micronesia is comprised oi the 
states of Pohnpei, Truk, Yap and Kosrae. Tne country 
consists of some 607 islands scattered over an area covering 
over 1.6 million square kilometers in the Western Pacific 
ocean between the Equator and 16 degrees north latitude ~nd 
between 135 and 166 degrees east longitude. It is 5,172 km 
from Honolulu, 1,651 km from Guam. 3,600 km from Manila and 
4,197 km from Tokyo. The National Capitol, Palikir, is in 
the state cf Pohnpei. 

The state of 
consists of a large 
islands and widely 
area of Pohnpei ~s 

is Kolonia. 

Pohnpei. (previously named PonapeJ, 
volc~nic island along witn small 

scattered coral atolls. The total land 
square 214.5 kilometers and the capital 

The state of Chuuk, (previously named Truk), consists 
of ~even maJor island groups, the largest being Truk Lagoon 
which is a complex of volcanic islands. The state includes 
many islands, of mountainous and volcanic origin, 
surrounded by coral rinqs forming laqoons ot over l.2~7 
square kilometers and the capital weno !Hoen). 

Yap state which is the most western State consists ot 
Yap proper and outer islands, the largest being Ulithi and 
woleai. The tctal land area of the State is ~2.2 square 
kilometers and the capital is colonia. 

Kosrae state is the most eastern state of the 
Federation and consists of one island with a total land area 
of 68.8 square kilometers. The capital is Tofol. 

The climate is tropical and temperatures generally 
range from about 23 degrees c to about 30 degrees c and are 
relatively uniform. Trade winds provide cool breeze except 
during some parts of summer and fall. The amount of annual 
rainfall varies greatly among the islands, ranging from as 
high as 838 cm in some parts of Pohnpei to as low as 279 cm 
in Yap. Hean humidity averages about au percent. Almost 
all the islands experience definite wet and dry seasons. 

The people of the Federated States of Micronesia are 
Micronesians but they differ in physical characteristics, 
customs and languages and, to an extent, the division into 
four states recognizes these differences. While all the 
people of FSM are Micronesians. locally tney ar~ called 
Pohnpeian. Trukese and so torth. The contact with American. 
European, and Japanese cultures has had a signit1cant impact 
on the life style of the people. 



B. H~RIN~-~-E~Q.!)_R<;!;S __ QF THE FSH AND JHEJR USE 

Marine Resources constitute the largest natural 
resources of the Federated states of Micronesia tYSMl. Tuna 
and associated species have b~en harvested in quantities of 
over 100,000 tons and values exceeding US$100 million per 
year from the FSH 200-miles Exclusive Economic zone, whicn 
covers over 1.2 million square miles. While some 
development will occur based on harvests of bottom reef and 
inshore marine resources, the FSH's greatest Long-term 
potential lies in the full explanation of its large pelagic 
tuna stocks. While the commercial fishery in the FSH 
conducted by foreign fishing vessels is highly developed the 
local commercial fishery is still in an early stage of 
development. The locally operated commercial fishery withiu 
the FSM includes more than 50 smaller vessels utilizing 
long-line, pole-and-line and bottom fishing methods. The 
vessels range in size from 1.5 - 30 tons and are all fitted 
with modern equipment. The FSH Government issues licences 
to foreign vessels for fishing within the rich 200 mile EEZ. 
Presently over 100 purse seiners and 300 long-line vessels 
are opPrat1ng within the area. 

Tne number of manufacturing industries in the FSM are few 
and the Government is actively promoting the development of 
an industrial base economy, which includes small scale and 
medium scale industries. There is a lot of ~oom for 
improvements in this areas of fishing, processing and 
marketing. Therefore the erection of a fish meal plant 
snould be one of the first steps in setting up a modern fish 
processing industry in order to use the rich resources of 
fish for the population and improvement of the economy of 
the FSM. 

In the fishing industry the utilization of offal and 
trash fish, which may account for up to 50% of the catch, 
has become an economic factJr of some significance. As a 
result the proportion of the world catch that is converted 
into fish meal is constantly growing Fish meal is used 
primarily as a fodder for poultry and pigs. The meal 
contains 60 - 75% of protein, of which at least 90% is 
~igestible. The fat content normally varies between 4 and 
10%. 

The protein composition of the fish meal is one of the b~st 
of all protein sources known today. It contains all 
important amino acids necessary for buildinq up the body. 
In addition. Fish meal contains an unidentified growth 
tactor. Animals feed on t1sh meal theretore qrow more 
quickly than when f~d on protein from oth~r sources. 
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D_. ___ '!°~~ __ F!~~ __ !1f!ODUCTJ QN JfETIIODS 

The methods of producing fish meal are very different. 
They reach from simple methods to highly developed ones. 
The most simple method of producing fish meal is that by 
drying fish throuqh air. The possibility ot this 
application however is only limited to lean fish. 

The raw material is placed for drying in the sun tsea-shore! 
where 1t will be exposed to the sunbeams for a long time. 
After drying the fish 1s grinded and a meal of fibrous• 
quality 1s the result of tnis metnod. Apart from the 
c1rcumstant1al1ty of this method the quality of the air­
dr1ed fish meal is low. The content of white of egg seldom 
amounts 55%, ~he fish meal is large polluted w1th sand and 
the content of moisture is very high. conditional on the 
high content of moisture the fi3h meal, produced by this 
method, is very limited 1n its shelf life and falls a victim 
of the decay of bacterium rapidly. As a sterilization not 
took place during this process the product often is infected 
with salmonellas. Although this method of production of 
fish meal hardly requires investments and skilled labour it 
can not be considered as it not fulfills the requirements of 
a commercial fish meal. 

Therefore a high-technology plant only comes into question 
which safes the production of fish meal of high quality and 
which comes up to the conditions of pollution control. 

For this reason a 
a low-technology 
effected as this 
economical view. 

comparison of the econom1cs of operating 
versus a high-technology plant was not 

would only lead to confusion in the 

2. FISH MEAL PLANT 

Two different scenarios have been considered in this 
study. 

1. one fish meal plant in Pohnpe1 processing by-catch 
from tuna vessels transshipping in Pohnpei Harbour. 

2. one fish meal plant in each state of the FSM i.e. 
four plants, each processing by-catch from transshipment and 
waste (offals) from fish processing plants. 

As said 
harvested in 
taking place 
condition to 

previously, large quantities of tuna are 
FSM waters and transshipment is more and more 
in the FSM ports. This being progressively a 

obtain fishing licences in the FSM zone. 
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Transshipment consists of taking the frozen fish from 
fishing vessels holds, sorting and landing them for storage 
in cold storage to await a reefer vessel which would 
ultimately deliver them to a final destination for 
processing. Transshipment could be a more simple operation 
when fishing and reefer vtssels are transferring the catch 
from ship-to-ship whereby the sorting work was done onboard. 

At the present moment, all non-tuna (by-catch) would be 
discarded or sold on the local market. If the by-catch is 
discarded, it has to be dumped at sea, thereby polluting the 
area and attracting sharks and the fishing vessels would 
also have to pay for the operation in dumping. If sold on 
the local market, the local fisher~en would be disturbed as 
prices_ of fish most likely would go down significantly. 

The FSH authorities have therefore been considering 
processing by-catch into fisn meal. 

In the study we assume that fish transshipped in 
Polmpe1 would range from 20.uoo to b0,000 tons annually. 

we also assume that 
total fish transfer and 
fish meal operation. 

Equipment 

by-catch is an estimated 5~ ot 
on this basis we calculate the 

we must keep in mind that these days environmental 
protection is considered very important in the world 
community. This is one ot the main reasons why fish meal 
plants are considered to process by-catch that otherwise 
could create environmental hazard. on the other hand, a 
fish meal plant could also bring pollution like malodor or 
waste disposals (stick water, fish oil, etc.). This implies 
that a deodorizing unit and a concentrator are included in 
the plant equipment, whereby pollution will be reduced to an 
acceptable minimum. 

The National Fisheries corporation (NFCI has recently 
received dif fere~t quotations from well known companies 
manufacturing fish meal equipment which we are using as a 
reference in tnis study. 
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A standard tish meal plant includes the following 
items: 

Bin· or hopper 

The bin receives the raw material to be processed. 
Normally this item is not part of a quotation as it has to 
be custom-made depending on the building situatio~. 

screv conveyor 

The screw conveyor brings the raw material from the 
hopper to a crusher or mincer. The hopper could be located 
on top of the mincer and therefore the conveyor is not 
needed. 

Mincer or hasher 

Fish or offals have to be chopped in small parts before 
entering the cooker so that heat can penetrate more evenly 
and quickly inside the raw material. 

Pump or screw conveyor 

Depending on the raw material and the mincer, a pump or 
a screw conveyor is used to fee1 the cooke~. 

cooker 

Raw material has to be hcooked'' to brake the fat cells 
and coagulate the proteins a:1d this liberates the oil and 
water from the fish. To maintain the quality of proteins. 
temperature cf the fish mass is usually between ~u-95 degree 
c. 

The cooker should be of a continuous indirect cooker 
type. This type is designed as a cylinder having a stea~ or 
gas flue heated Jacket throughout and a heated rotor 
designed as a screw conveyor with hollow fl1gh:s. Each 
manufacturer has its own design but the general idea is 
always there. 

Host cookers are provided with automatic temperature 
control equipment. 

A pre-heater could be added using waste heat from ~~ 
evaporator or a dryer. 
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strainer conveyor 

From the cooker. the fish pulp is conveyed to a press 
tnrough a strainer conveyc:r which ensures free drainage of 
liquid. At the bottom of the conveyor. free 11qu1d can go 
tnrough a screen while the solids are conv~ye~ to the press. 
The 11qu1d is pumped to a strainer or a centrituq&r. 

Press 

The purpose of the press is to squeeze out as much 
liquid as possible from the solins. 

A press is usually provide~ with two tapered screws 
rctating inside a cage. This means an increasing and 
cont1nous pressure forcing the liquid through the screen. 
The solid part released by tne press is called the "press 
cake" which has to be milled before being conveyed to the 
dryer. The liquid part (or press liqu0rJ is pumped to a 
centrituger. 

centrifuger 

The press liquor and the 
conveyor are heated up to 9u 
centrifuged. The centrifuger 
three pa:rts: 

liquid from the strainer 
- Y~ degrees c before being 
separates the liquid into 

Part 1. The stick water can be thrown out into the 
se~er but is mostly pu~ped into a concentrat~r. as it 
contains a high percentaqe of protein. It released 
into the sewer system it would pollute the environment. 

Part 2. The i:ish oil will be refint-d ("pol1sht-d"l or 
- if not in marketable cuant1ty - used as tuel in the 
boiler. 

Part 3. Tne solid parts will qo into the dryer 
togetner with the pulps. 

Dryer 

The dryer could be of direct or ot indirect type. 

In a direct type dryer the heat comes from flue gas or 
trom the flame burner. which is in direct contact with the 
pulp. The main problem with the direc~ type dryer is the 
malodor that cannot be easily suppressea. 
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Most dryers ere of in~irect steam or f1ue qas types. 
These dryers consist of either a st~am or flue qas heated 
cylindrical Jacket and a screw type rot<·r prov1ding good 
agitation and heat transfer to the pulp inside. 

Tne pulp corning out from the dryer usually passes a 
v1brat1ng sieve, includinq a magnet, to remove extraneous 
obJects like pieces of wood, fish hooks, nails etc. 

Kill 

Fish meal is then milled, anti-oxidant added and ready 
for sale in bulk. 

In this operation the mill is called "dry mill" while 
the n:ill after press operation is called "wet mill". 

The mill is most often of the hammer mill type but 
different grinding models are used. 

Bagging 

At final stage fish meal is mostly sold in bags, 
particularly in retailing. Bagging devices usually include 
weighing equipment, which could be either automatic or semi 
automatic. 

concentrator 

stick water coming from the centrifuqer contains a high 
percent&ge ot protei&s and can be concentrated to fish 
soluble. concentration is made in dcuble, triple, or 
quadruple eff~ct cor.centrations, heated by steam produced by 
the boiler. 

When concentrated, the st1ckwater is introduced in the 
fish pulp entering the dryer. 

T~:1s is schemat:cally the standard fish meal process 
and most manufacturers have their own idea aoout equipment. 

3 . FIRST SCENARIO 

~n this scenario only by-catch will be used as raw 
material tor fish meal and the fish meal plant will have a 
capacity to process 12 - 15 tons of raw material per day. 
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Investment 

standard equipment as described above is presently 
quoted FOB at USS789,000.00. 

Freight Including insurance is estimated at 12% of FOB 
v~ . .:.ue. 

Installation costs is about uss100,ooo.oo. 

The cost for a compi~L~ ~uild1ng of 200 sq.m. is 
estimated at USS300/sq.m. or US$60,000. 

Total Investment: 

Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . uss 
Freight and Insurance ........................ . 
Installation .................................. . 
Building ..................................... . 

789,00U.00 
95,000.00 

100,000.00 
60,000.00 

Total . $1,044,000.00 

A .... First. op~i_9_n: _ LO ye~n;_ d~prec1a_tion 

1. pper:ap,on cost 

1.1 Fixed cost 

Depreciation. 

we assume that FSM can obtain an interest free loan 
from the Investment Development Fund !IDFJ on 20 years 
provided the equipment is of U.S. origin. In the first 
option we calculate the annual depreciation on a 20 year 
oasis and without intere~t. 

Depreciation 5%/year on US$1,044,0UO ......... . 
Insurance ( 2%/total investment l ................. . 
Maintenance and repair ( 5%) ..................... . 
l skilled plant mechan1c 
3 USS/hour x 220 days/year x 8 hours/day ......... . 
Lease on Land ................................... . 

52,200.00 
20,880.00 
52,200.00 

5,280.00 
1,000.00 

Total ................................ US$13 l, 560. 00 
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1.2 variable cost 

Assumptions: 

By-catch is 5% of total fish transshipped. 
Fish meal yield is 25% of raw material (Bycatch in this 

case) . 
Fish oil yield is 5%. 

Heavy fuel oil is not available in FSM and therefore 
diesel oil has to be used in boilers. 

consumption: 

Diesel oil, 55kg/t raw material us 5250/t 
Electricity, 40kw/t .............. us s0.15/kw 
Fresh water, 10 m.3/t* .......... us S0.40/m 3 

* The low water requirement is based on the assumption that 
cooling is by sea water. 

1.2.1. unskilled labour 

3 shifts of 2 unskill~d workerE working 8 hours/day and 
hour rate being uss2. 

Daily cost 3 x 2 x 8 x 2=96USS/day worked. we will 
consider different options depending on the volume of catch 
transferred per year in Pohnpei harbor. 

Fish Transferred 

20,000/t 
30,00U 
40,000 
50,000 
60,000 

By-catch (5'tl 

1,000/t 
1,500 
2,UOO 
2,50U 
J,uoo 

All the tonnage of by-catch is to be used as raw 
vary 

plant 
material in the fish meal plant. working days 
according to the supply schedule of raw material. The 
capacity is 12 tons with a maximum ot 15 tons per day. 

Raw Material Days worked cost of Labor 

l,000 tons 85 x 96 = us s 8,lbU.OU 
1,500 125 = 1:-!,ouo.ou 
2,000 16U = l;,JbU.UU 
2,500 20u = 1Y,2UU.0U 
3,000 220 = 21, 120. uu 
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1.2.2 Fuel 

Diesel oil price: us S250 per ton 

consumption: 55kg per ton of raw material 

Raw Material/year 

l.OOOtons 
1.500 
2.000 
2.500 
.3,000 

1.2.3 Electricity 

FUel/year 

:..5 tons 
82.5 
110 
137.5 
165 

cost of fuel/year 

13,750 USS 
20.625 
27.5UU 
34.375 
41,250 

Electricity price: 0.15 uss per kw. 

consumption 40kw per ton of raw material 

Raw mat. t/year 

1.uuo tons 
l,5UU 
2,UUU 
2,500 
3,000 

Kilowatt/year 

40,000 kw 
60,UUO 
80,000 

lUU,OUU 
120,0UU 

1.2.4 Fresh water 

cost of Electricity/yr 

USS6, (JUO. UU 
Y,UUO.OU 

12.0UO.UiJ 
1~.uuo.uu 

18,0UU.UU 

Fresh water price: ussu.40 per cu.m. 

comsumpt1on: lo cu.m. per ton of raw material, 
provided sea water is used for cooling. 

Raw Material t/yr cu .rn. /Yr cost of water/yr 

1,000 tons 10.000 USS4.000 
1,500 15,uuo 6. ouu 
2.000 20,000 8,000 
2,500 25,000 10,000 
3,000 30,000 12,000 
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VARIABLE COSTS US$/YEAR 

Material 
(By-catch I Labour Fuel Electric Fresh Total 

wat£:r variable cost 
1.0~0 t 8,160 13,750 6,00U 4,000 31.910 
1. 5UO t 12.000 2•). 625 9.0uu 6.000 47,625 
2,000 t 15,360 27,500 12.000 8,0UU 62,860 
2.sou t 19.200 34,375 15.ouu lU,OUO 7ti,575 
3,000 t 21.120 41.,50 18,0uu 12.000 92,370 

Annual Production cost USS 

Material Total Fixed Total 
(By-catch I variable cost cost Annual Production 

cost 
1.000 t 31,910 131,560 163,470 USS 
l,50U t 47,625 131.560 179. 185 
2.000 t 62,860 131,560 1Y4,420 
2.500 t 78,575 131. 5b0 ;;;:10, l::S5 
3,000 t 92,370 13l,5b0 223,930 

2. output 
Fishmeal 

Fish meal coming out of the plant should meet the 
following characteristics: 

Protein content min 65% 
Moisture max 12"o 
Fat max 12% 
Ash max 20% 

From raw fish like by-catch from tuna f ishinq the yield 
(depending of species processed) would be: 

Fish meal 
Fish Oll 

25% 
5% 



Raw Material 

1000 tons 
150'.) 
2000 
2500 
3000 

3. sale~~ 

Pro)ected Fl.Sh Heal 

Animal 

Needs 

Feed. 
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Fish Heal 

250 tons 
375 
500 
625 
75U 

in FSH *. 

tons/year 

Piqs Pcultry Total 

PQl}_npe1 
1987 418 218 636 
199~ 660 1734 2394 

Chuuk 
1987 80 120 200 
J.992 79u 1814 2604 

Yap 
1987 50 150 200 
lSn 175 371 546 

Kosrae 
1987 50 150 200 
19n 175 371 546 

Total Fish Meal in 1987 
& in 1992 

Fish Oil 

50 tons 
7$ 

lOU 
125 
150 

Fish Heal (1U%) 

1987 1992 

64 
240 

LO 
260 

20 
55 

20 
-~~ 

124 tons 
610 tons 

To manufacture 610t of fish meal, 2,500 tons of raw material 
(by-catch) are needed and this requires transshipment of 
50,000 tons of fish. Therefore we can say that all the fish 
meal produced will be consumed locally. 

Prices of f 1sh meal C&F Pohnpe1 range from USS660 to 
USS950 per ton depending on quality and or1q1n. 

In our calculation - to be on the safe side - we use 
the lowest price. 

* source: Hr. Haresh Patel, FSH Animal Production Officer 



sales and profits: 

Fishmeal/Tonnaqe 

Sales USS 
Production Cost 
Benefits 

B. 2nd Option: 

250 

165,000 
163,470 

1,530 
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375 

247,500 
179,185 
68,315 

5UU 

330,000 
194,420 
135,580 

412,500 
210,135 
202,365 

Depreciation of equipment over 10 years. 
Building depreciation remains over 20 years. 

fixed cost. 

Depreciation: Equipment 10% 
Building 5\ 

(Freight & Ins.)+installation (10%of total ins.) 
Insurance (2% of total investment) 
Maintenance and repair (5% of total inv.) 
Skilled mechanic 
Lease on Land 

Total ....................... us 

variable costs do not chanqe trom previous option. 

Raw variable Fixed Total sales 
Material costs costs 

lOOOt 31,910 180,760 212, 670 165,000 
1500 47,625 180,760 228,3ti5 247,500 
200U 62,86U 180,760 243,620 330,0UU 
2500 78,575 180,760 259,335 412.500 
3000 92,370 180,760 273,lJO 495,000 

750 

495,0UU 
2~3.930 
271,070 

78, 900. 
3,000 

19,500 
20,880 
52,200 

5,280 
___ l, Q__OQ 

sum. 760 

Benefits 
or loss 

(47,670) 
19,115 
86,380 

153,165 
221,870 

This second opt1on is more normal than the first one as 
within industry standards depreciation is 10 years on fixed 
equipment and 20 years on buildings. 

Beside this, usinq fish oil as fuel in boilers mixed 
with heavy fuel 011 on a fifty tifty mix is very common. As 
in the FSM diesel oil is at ,:>resent the only heavier fuel 
available we have to investic~te if it can be mixed with 
fish oil or not and thereby re-.uc1nq the operation costs. 
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SECOND SCENARIO . -

The request for this mission was presented to UHIDO 
sometimes ago and quite recently FSH autnorities have 
considered a new scenario as some frozen tuna. insteaj ot 
being transshipped, will be landed and processed into loins 
( "loined"). 

Fish landing 
cold storing 
Thawing 
Butchering (heads rut and viscera removed! 
Cooking in s:eam ~~xes 
cooling 
Cleaning and sepa.ating tne tour loins from bones, 
dark meat, skin, & etc. 
Freezing the loins. 
storing in cold ro0tns and shipping for canning 

The offals from butchering i.e. raw heads and viscera 
and frcm cleaning i.e. cooked bones, dark meat and skin will 
be used for fish meal. we assume that there will be one 
loin1ng plant in each of the four states: Pohnpei. Chuuk, 
Yap, and Kosrae. 

Each plant will be designed to process 10,UOO tons of 
frozen tuna. 

It is expected that the output will be 5,000 tons of 
loins. From the operation offals, raw and cooked, will 
amount to 4,000 tons a year which will be processed in a 
fish meal plant contiguous to the loining plants. 

(10~ of the round tuna weight drips oft the fish as 
mix~ure ot water and oil during the cooking operation). 

It is estimated tha~ the total catch landed or 
transshipped is in excess of 120,uOO tons, evenly divided up 
among the four states. The by-catch in each state will 
therefore be 1500 tons which can be absorbed by the fish 
meal industry. 

Total raw material for each fish meal plant will be: 

BY catch 1,500 tons 
Offal from loining 4,000 tons 

Total ............. 5, 5uu tons 
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INVESTMENT 

The small plant planned in the first scenario will not 
suffice and we need another size of fish meal plant on a 
basis of 220 working days a year. The theoretical plant 
capacity is based on the following calculation: 

5,500 tons 
---------- = 25 tons per day 

220 days 

However, we must be ready to absorb peak periods and 
the capacity of the plant should therefore be at least 5u~ 
higher as we can use a fiqure of 35 tons per 24 hours. The 
difference in price between a 35 ton versus a 40-60 ton 
plant is insiqnificant. 

From ditr~rent quotations we can see that equipment 
price is US!-.ULu,uou tor one 4u-~u ton per aay capacity 
plant. 

Equipment 
Freight and Insurance 12% 
Installation 
Building 200 sq m. x i30u sq.m 

Total Investment 

uss1.uuo.uou 
120,000 
lU0,000 

60,U00 

USS1,28U,00U 

In this scenario we consider a 10 years depreciation 
for the equipment. 

Depreciation of equipment 10 years 
of building 20 Y€~rs 

Insurance 2% x 1280000 
Maintenance and repair 5\ x 1,280,000 
Manager 1000 USS/month 
Lease on Land 

Total Fixed cost 

122,000 
3,000 

25,600 
64,000 
12,000 

1,000 

USS 227,600 
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we consider the normal processing of 5.50u tons per 
year of raw material. 

Fuel (diesel 0111 55kg/t x 5.500t x 25US/t 
Water lOm 3/t x 5,500t x S0.40/m 3 
Electricity 40kw/t x 5,500t x uss0.15/kw 
workers: 8 men x 8h/day x USS2/hr x 220dys 

Total variable cost 

Fixed cost 
variable cost 

Total 

B. YI:Qd_uct1on 

75,625 
22,000 
:; , 000 
28,160 

USS158,785 

227,600 
158,785 

US S38ti,385 

The fish meal plant will be processing two different 
types of raw material: 

- Bycatch 
l,5u0 tons of bycatch will be proce~sed with a yield 
of: 

Fisl1 meal 
F1sh 011 

or a proauct1on of fish meal 
Fish oil 

-offals from loining plant 

.37~ tons 
75 tons 

4,000 tons of offals will be processed with a yield of: 

Fish meal 
Fish Oil 

Fish meal 
Fish Oil 

30.00% 
2.15% 

1,200 tons 
86 tons 

Production of one fish meal plant will then be: 

Fish meal 
Fish oil 

1,575 tons a year 
161 tons a year 
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c. sales . a_rrt;!__ pr_of ~-~s 

out of 1,575 tons o! fish meal 150 tons will be 
consumed by the local market at us S6b0/t. 

Local sales will be USS660 x 150 tons = us S99,000 

The remaining 1,425 tons will have to be sold on· the world 
market. 

we must consider different FOB price p0ssibilities 

CQSt 

USS400/t X 1425t + 99000 = 669,000 - 386,385 
350 x 1425 + 99000 = 597,750 - 386,38S 
300 x 1425 + 99000 = 526,500 - 386,385 

_s_:__ soc;_~~!-__ BENEFIT~ 

~_rot it 

USS282,615 
211.365 
140,115 

For a fish meal plant, being highly automatic, direct 
employment is not very significant within the plant itself. 
Total workers in three eight hours shifts would not exceed 
eight to ten men. Animal feed which would be locally 
prepared, using the fish meal and different inputs like 
coconut, corn, soya, minerals. etc., would employ some 
additional workers. 

Using national resources -
of importing foreign products 
locally at comparative prices, 
will be improved. 

fish in this case - inste3d 
that can be manufactured 
the foreign trade balance 

The export of manufactured products with value added 
will also improve the balance in trade. 

When the four loining plants are in operation - one in 
each of the four states - the import substitution in USS 
will be: 

be: 

4 states x 150 tons x us S660 = S396,000 

The total value of export depending on FOB prices will 

USS400/t X l,425t x 4 = 
350/t x l,425t x 4 = 
300/t x 1,425t x 4 = 

US S2.280,000 
1,995,000 
1,710,000 
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In co~pletion to the calculations previously made and in 
consideration of the possibilities of export of fish meal 
the further calculations shall show how the economy could be 
more efficiently. 

For this reason a comparison of a 1~ tons-fish meal plant 
versus a SO tons fish meal plant is required. To this the 
costs per 1 ton of fish meal will be compared. 

All calculations base on 220 working 
tons of raw material for 1 ton of fish 
that the fish meal plant works in J 
material required is available. 

days per year and 5 
meal. It is assumed 
shifts and the raw 

The annual production capacity of this plant amounts J tons 
of fish meal per 24 hours x 220 working days = bbU tons/yr 

The raw material is free of charge as it is by-catch and 
offal of a loining plant. 

lOOOkg fish meal 
---------------- = 20 

50kg/paper-bag 

20kg/paper-bag x 1US$/bag = 20USS/ton 

As stipulated 
depreciation of 
depreciation over 
USS/year. 

180.760 US$ 

660 tons 

in option 
equipment 
20 years 

2nd the 
over 10 
amounts 

= 273,~00USS/ton 

fixed costs 
years and 

a total of 

Wlth a 
build~_nq 

ll:W.760 
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Electricity: 4ukw/t x 5tons of raw material x U.15USS/kw = 
3UUSS/ton. 

Diesel oil: 55kg/t x 5tons of raw material x 250USS/ton = 
68.75USS/ton. 

Fresh water: lOm.3/t x 5tons of raw material x 0.40USS/m 3 = 
20USS/ton. 

Tota!_ _____ _ 

1 . 5 Labor co~_t§ 

Raw material 
Packing material 
Fixed costs 
variable costs 

= 

_Labgr_£~St_~--------·-· -------·-· ___ _ 
Total 

30USS/ton 

-o-
20USS 

274USS 
12ouss 

;i_OU_SS 
444USS 

L. CQ_~'l'..§ _ _pf;R l _'!'ON _ _I _ _flS~L_M_!:A~ Of A _ _2Q_::_T9t-!S fISH ME_~L_PLANT 

The annual production capacity of this plan~ amounts lU tons 
of fish meal per 24 hours x 220 workinq days = 2.2out/year. 

It is assumed that the raw material is also free of charge 
in this calculation. 

The costs of packing material are the same like a 15 tons 
fish meal plant. that is to say 20USS/ton. 

The fixed c~sts of a 50 tons fish meal plant only differ 
slight because the investment of such a plant is rather the 
same like a 15 toni fish meal plant. 

227,600USS 
-------------- = 103USS/ton 

2.200tons 
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2.4 variable costs 

Electricity: 60kw/t x 5tons of raw material x u.15USS/kw = 
45US$/ton. 

Diesel: 70kg/t x 5tons of raw material x 25UUSS/t = 
87,5USS/ton. 

Fresh Water: :t~fil._l_/ t _X~~_Ol!_S __ 9f _ r_aw _!l\aterial X _ 0_. 4Ul!S$ _ = 
30US$/ton. 
Tota.o._l.o.___ ________________ __ : _!~~=-50U~!JJ:on 

2.5 Labour costs = 30US$/ton 

Raw material -o-
Packing material 2ouss 
Fixed costs 103USS 
variable costs 162USS 
Labor costs 30uss 
J2_!_a !- ------c:=-..;;::=-=-=:=c=..c.==--=-=~=o ___ 3 l5 E~~ 

Rqqnded off 329US$/ton 

The comparison shows, that the profitability of the product 
is increasing with the quantity of production because the 
fixed costs are reducing with the quantity. 

Therefore the product, produced in a 4u-60-tons fish meal 
plant is more profitable than the product of a 15 tons fish 
meal plant, provided the required raw material i5 available. 
The annual demand of fish meal in the FSM i5 proJected with 
about 600 tons in the next few years, that i5 to say, that a 
fish meal plant of 15-tons would fulfills this requirement. 
However due to the small difference of investment between a 
15 tons plant and a 40-60-tons one the 40-60-tons plant 
should be taken into consideration. 

Thl5 plant has the advantage that an increase of production 
of fish meal 1s possible at any time. 
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Fish meal is dealt at present in the Pacific Area at prices 
between 660USS and 730US$ FOB per on tone depending on 
quality, origin and distance to the supplier. The costs of 
transport have to be calculated on average with about 
200USS/ton, that is to say, that the import-price c & F 
Pohnpei would be 860 until 950USS/ton. In consideration of 
an annual demand of about 600 tons of fish meal for 
livestock feed and a production price of 320USS/ton of fish 
meal the Government could economize the follwing costs: 

600 tons of fish meal x 900US$ (average price of import) = 
540,000US$ 

600 tons of fish meal x 320USS (production costs) = 
192,000USS 

Price difference between import and self-made product: 

540, OOOUSS - 192, 000 USS = l_48_~!,>0_0YS$ ---- -- - -------

~he remain of 1,200 tons of fish meal should be exported at 
an average price of 650USS FOB Fvhnpei. 

l,200 tons of fish meal x 330USS (difference between 
FOB price ar.d 
produ~tion costs) = 

_T_ot~_~o f_:1;_!_: ___ 348_,_Q_Q_O _ _! _ ~.9. .. t>J_Q_9_0 = 7 H, ooouss 

with more favourable prices FOB Pohnpei an increase of 
profit 1s possible. 
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In our proJect, to make calculations, we have 
considered the average price of imported fishmeal, into the 
FSM, at USS660 per ton. The presen~ local selling price for 
fish meal could be reduced through local production which 
would help improve the economics of raising livestock and 
result in lower prices of meat. Host likely meat 
consum~tion would increase and provide a better diet to the 
people of the FSH. 

6. ENVIRONMENTAL IMPACT STATEMENT 

There could be many environmental problems from a 
fishing industry but these can be minimized by the latest in 
technology in equipment and processing. 

In the near future many fisheries proJects are to be 
implemented in FSM and all of them could cause environmental 
problems by not utilizing discarded fish and offals. 

To avoid potential pollution the fish meal plant is the 
sole solution, as all other ways of getting rid of waste 
create problen;s. 

In any case, waste cannot be dumped on land or within 
the reef barrier as the tide would bring the waste ashore 
and result in severe problems. 

If fish waste rs to be dumped outside the reef barrier 
it would require the use of a costly garbage boat operation. 
The thousands of tons of waste dumped would attract sharks 
and other predators to such an extent any effort to develop 
tourism including reef diving would fail to succeed. Effort 
during the past years to develop tourism such as hotels, 
restaurants, airlines, boat trips, etc. would have been 
wasted 
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B. waste water 

When processing raw fish into loins. a mixture of 
blood, water and oil comes from the fish and goes down into 
the sewer. It would have to be passed through filters 
and/or sewage processing plant before being re1ected in the 
sea as clean water. The sizable sewage treatment plants 
required for such an operatioP are costly, cause smell and 
need large land areas for construction. To process water 
used in cleaning, which is mixed with stick water, a larger 
water treatment plant is needed. we must consider that a 
loining plant processing 40-45 tons raw material a day 
produces as much sewage as a town with 2,000 inhabitants and 
in addition fish oil requires a special process before waste 
water treatment starts. unless treated fish oil would clog 
sewer pipes over longer periods. 

A fish meal plant associated to a processinq plant can 
solve waste water problems as all liquids coming from fish 
cooking can be strained. some fish meal plant equipment can 
recycle water to the point that the resulting clean water 
can be reinJected into the circuit even to be used in the 
boiler to produce steam. That way the need for fresh water 
in the fish meal plant is reduced to practically nothing. 
This could be very important in places where fresh water is 
limited. 

c. Malodor 

Years ago, fish meal plants were well known for their 
bad smell but nowadays different systems are used to 
eliminate such nuisance. All quotations now offer equipment 
for the removal of malodor, which are either included in the 
price or optional. 

Deodorization is no more a problem in fish meal plants 
and odcurs are brought down to a very acceptable level 
inside the building and not perceptible outside. 

Besides, by-catch or offals from the loining plant can 
be processed immediatly and transformed in odorless fish 
meal 

J?-~----~X£h.i t_ec;:ture 

The fishmeal plant will be about 200 sq.m and a part of 
the larger processing building. Its architecture will match 
that of the 101ning plant which will be much more 
significant in size and therefore predominant. 

As there will not be fumes or oily stain outside the 
bu1ld1ng, it will be easy to keep it clean. 
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E. General Cleanliness 

Raw material for the fish meal plant will be: 

By-catch from tuna transshipment. 
waste from the loining plant. 

As the by-catch will still be frozen when dumped into 
the hopper, preceeding the mincer, there will not be any 
blood dripping or any other waste. 

As for the waste from the loining plant, it will be 
transferred to the hopper, by a screw conveyor, through the 
wall separating the two plants. 

All the f is~ meal produced by the ?rocessing plant will 
be stored in bags neatly stacked on pallets. The pallets 
will be brought to the storage area by fork lift and there 
should not be any spillage around the plant and the 
surroundings will be clean. The areas surrounding the 
processing plant could include lawns, trees and flower 
arrangements to make the environment more attrkctive. 
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To promote the manufacturing of food products th~ FSM 
authorities must set up an internationally recogn~zed 
quality control system. This system should include the 
control of fish and other sea food products when landed 
including handling and processing and also cover inspection 
of equipment and buildings used in the industry. samples of 
products have to be taken before and after processing and 
analysis have to be aade to check the sanitary state of the 
products. 

Approving certificates should be issued for all food 
products before export and included in export procedures. 

As far as fish meal is concerned quality certificate 
will indicate: 

Protein content 
Fat or oil content 
Moisture 

Other information can be provided on request. 

All fish meal not meeting international standards 
should be destroyed or under certain conditions used locally 
to feed livestock. 

First grade products are a must from the start if FSH 
wants to build up a reputation for export of food products 
and receive the highest prices. 

Beside this off 1cial quality control procedures there 
should be a very simple quality control laboratory included 
in the piant off ice building to obtain daily informations 
about the fishmeal characteristics so that at any time the 
manager can control the plant production. 
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SCE~AR!O 

1 500 
20000 

2000 
40000 

Sales 

Cost 

JOOG 
60000 



US$ 

One fishmeal plant 

700,000 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

0 150 200 
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SCE:.-;ARIO 11 

point 

2SO 300 350 

Total cost 

400 
Export selling price 
l'SS/tonnc 

) 
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