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Engineering Economic Model For 

Fish Protein Concentration Processes 

By 

K. K. Almenas,’ L. C. Durilla,? R. C. Ernst,’ 

J. W. Gentry,’ M. B. Hale,’ and J. M. Marchello* 

I. ABSTRACT 

A process engineering economic model for fish protein concentration processes has been de- 

veloped. The model predicts the construction and operating costs for fish meal plants and for 
plants producing fish protein concentrate (FPC) by: isopropyl alcohol extraction, biological, 

and press cake-isopropyl alcohol extraction. 

Typical process flow sheets and a computer program were developed to be used in the design 

and cost computations. The model provides for each process to be studied both internally and 

externally in comparison with alternate processes. The program and model were prepared in 

such a way that changes and updating may be accomplished quite readily as new information 

becomes available. This report contains directions for users and descriptions of the processes. 

A listing of the computer program and example calculations for each process are presented in 

the Appendix to guide the user and to illustrate the nature of the model output. 
While the model does develop construction, operating, and production aspects of the processes, 

it does not deal with the economics of selling the products and the resulting profit and return 

on investment. Problems of allocation of costs and marketing arrangements are not covered 

in this report, but must be considered in the final decisions relating to a complete evaluation 
of alternatives. 

II. INTRODUCTION 

Fish protein concentrate (FPC) production 

holds substantial promise of helping to meet 

the growing food and dietary requirements for 

the world’s human population. It appears that 

several of the processes now being developed 

will be successful in making FPC available on 

a competitive basis with other sources of pro- 

tein (1, 2). To provide for the orderly and 

rapid development of these processes it is ne- 

cessary to continually review the internal steps 

of each process and to compare processes on a 

common basis. 

* University of Maryland, Department of Chemical 
Engineering, College Park, MD 20740. 

* National Marine Fisheries Service, College Park 
Fishery Products Technology Laboratory, College 
Park, MD 20740. 

The objective of this study was to develop 

a process cost and design model which can pre- 

dict construction and operating costs for a wide 

range of FPC process conditions. The model 

was to handle a number of the FPC processes, 

operated singly or in conjunction with associ- 

ated operations such as fish meal manufacture. 

This approach of making predesign computer 

estimates (3, 4) is becoming a common tool of 

management in process industry research and 

development. 

A. Engineering Economic Model 

The model consists primarily of a digital 

computer program which determines the size 

and cost of major items of equipment for each 

process and then estimates the costs. The 

model is constructed so that new information 



at the bench scale, pilot plant, and demonstra- 

tion plant levels can be easily incorporated to 

keep the program current with the available 

knowledge about each process. 

Typical process flow sheets were developed 

with suitable options for each of the processes. 

These were used along with the available in- 

formation on the process to prepare the ma- 

terial and energy balance portions of the pro- 

gram. Changes in flow sheets, types of equip- 

ment, processing sequences, and operating 

conditions, may be made following the internal 

program changes procedures. 

From the material and energy calculations, 

the major items of equipment are sized and 

their cost estimated through built-in design and 

cost information. The program then deter- 

mines the operating and manufacturing costs 

subject to the input data and internal assump- 

tions of the model. 
Two important features of the program are 

the built-in consistency of estimates for differ- 

ent processes and the continuity of estimates 

during the several stages of development of a 

given process. The uniformity of estimates re- 

sults primarily from the use of a common set 

of equipment cost subroutines and a common 

set of assumptions regarding such cost items 

as indirect costs, land, engineering, etc. Since 

input data include the cost of labor, plant size, 

and cost indices, the program is useful in many 

broad-based studies of FPC production in dif- 

ferent parts of the world at the present and in 

the future. 

The model provides for each FPC process 

to be studied both internally and externally in 

comparison with alternate processes. Internal 

costs identify areas needing further research 

and development. The ability to estimate costs 

for a number of processes for a wide range of 

input conditions provides the broad comparison 

type information needed to guide a variety of 

research and development projects. The en- 

gineering economic model contains five process 

plant programs: fish meal; biological; iso- 

propyl alcohol extraction; press cake-biological; 

and press cake-isopropyl alcohol extraction. 

Process descriptions and flow sheets are pre- 

sented in the next chapter. 

Fish meal processing is a common operation 

and there are many such plants throughout the 

world. Fish meal is used for animal feed while 

the other processes make products for human 

consumption. It was included to provide a basis 

for comparison and because frequently interme- 

diate meal products are a starting point for the 

FPC processes. The other processes are viable 

candidates for commercial manufacture of 

FPC. 

B. Cost Estimation 

In the development and use of the model it 

is important to have accurate cost information. 

Equipment and capital cost data were obtained 

from a number of recent publications. These 

figures were compared and reviewed for con- 

sistency and accuracy. In several instances 

costs were adjusted to meet the actual exper- 

ience of individuals knowledgeable in the field 

of marine protein manufacturing. Finally all 

costs were adjusted to the base of early 1970. 

The adjustment of cost data from the past 

several years to an early 1970 value was made 

using the Marshall and Stevens Equipment 

Cost Index which is published in the periodical 

Chemical Engineering. The M & S Equipment 

Cost Index is based on a value of 100 in the 

year of 1926. The early 1970 base value of 

297.5 is used for equipment costs in this report. 

Adjustment in costs from one year to an- 

other is accomplished by multiplying the known 

cost by the ratio of the index values at the two 

years involved to obtain the desired cost. The 

choice of the M & S Index over several other 

indices that are available was based on the fact 

that the components used in the M & S Index 

are more nearly those present in FPC plants, 

and the general observation that all the indices 

have been moving at about the same rate in 

recent years. 

Use of these indices over more than a few 
years leads to considerable uncertainty and is 

not recommended. It is hoped that users of 

the model will continually update the data from 

the best sources available and not resort to 

changing the cost index alone. Equipment is 

continually being developed and many specific 

items do not follow the average trends. 

There is a wide variation in costs at any given 

time. This is due in part to the inventory and 

backlog situation of the individual manufac- 

turers and suppliers. The best cost informa- 

tion is a written quotation for a specific item 



to be purchased during a given period. Ina 

number of instances, particularly for the IPA- 

Extraction process (17), quotes on equipment 

were available and were used in adjusting the 

literature data. Essentially the same thing was 

done, through discussions with experienced per- 

sons, for the typical fish meal process. 

The capital cost estimating procedure of 

Guthrie (6) was used in developing the process 

engineering economic model. A module tech- 

nique is employed in which cost elements having 

similar characteristics and relationships are 

grouped together. This grouping is discussed 

in the program output section. Published 

equipment cost information was obtained from 

a number of sources (6, 7, 8, 9, 10, 12, 18, 14, 

and 15). The cost data were fit to appropriate 

equations and are contained in the cost sub- 

routine. This portion of the computer program 

and procedures for changing the data are dis- 

cussed later in the report. 

Costs of chemicals and raw materials were 

taken from recent issues of the Oil, Drug and 

Paint Reporter and from actual purchasing 

experience. Some of these are program input 

items and can be changed whenever the pro- 

gram is used. The cost of fish is quite varied 

and depends greatly on local conditions. Fish 

meal manufacturers often make contractual 

arrangements with the boat owners whereby 

the final price paid is dependent upon the in- 

come ultimately received from selling the fish 

meal. This input item will require close atten- 

tion of the program user. The tradition of the 

industry of speaking in terms of fish rather 

than weight can also be a point of confusion. 

For menhaden, one million fish is taken to be 

755,000 pounds of fish. 

C. Process Economics 

The model develops the construction, oper- 

ating, and production aspects of each process 

subject to specific input and internal informa- 

tion. It does not deal with the economics of 

selling the products and the resulting profits 

and return on investment. 

Each of the processes makes several products 

and consequently requires the managerial de- 

cisions of cost allocation to establish selling 

prices of products. Marketing, inventory man- 

agement, product distribution, and sales con- 

tracting are important factors in the final de- 

cision on commercial operation. The model is 

intended to provide processing information up- 

on which preliminary deliberations and deci- 

sions of the venture risk type can be made. 

It is most important in using the model to 

recognize its limitations. Of the processes in 

the model only fish meal processing is a com- 

mercial operation at present. Even in this case 

the model attempts only to give representative 

information for a somewhat typical kind of 

plant under average conditions in the United 

States. Several IPA extraction plants for FPC 

production are under construction. The model 

IPA process is based on a modified analysis 

of the National Marine Fisheries Service Ex- 

periment and Demonstration Plant at Aber- 

deen, Washington. In all other instances the 

processes are in the early pilot plant level of 

development. 

The model is also generally limited to use for 

plants handling 50 or more tons per day of fish. 

Modern domestic fish meal plants handle 1,000 

or more tons per day and it is expected that FPC 

plants will be in the range of 100 or more tons 

per day. There is significant interest in pro- 

cessing FPC on board ships and developing 

small village industry operations. Use of the 

model in the 10 to 50 tons per day range will 

require some modification or at least close at- 

tention and judgment about the details of the 

output. 

The model is presently applicable to coastal 

plants. To place one of these processes on 

board a ship will require significant changes. 

Generally space is a limiting factor on board 

ship and the processes would need to be rede- 

signed for compactness. Special modifications 

to the ship could be costly, while certain land 

operation requirements, such as pollution con- 

trol, might be eliminated, resulting in savings. 

Village industry operation, and operation in 

foreign countries in general, will require a 

number of changes. The model provides for 

modern, instrumented, continuously operating 

plants. Equipment costs are for the United 

States and, in general, the plants are custom- 

made large facilities. Smaller plants, in the 10 

ton per day sizes, might be mass-produced and 

thereby benefit from unit cost reduction much 

like appliances. If the appliance approach is 

not used on-site fabrication of village level 



plant would probably be of the batch type. 

Such plants would have additional difficulties 

with quality control. A training program for 

village plant operators might be necessary to 

overcome potential health and operating prob- 

lems. 

III. DESCRIPTION OF 
PROCESS MODELS 

A. Fish Meal Process 

The diagram of the fish meal plant is given 

in Figure 1. On the drawing, the streams are 

labeled. The fish are processed for three prod- 

ucts, fish meal, fish oil, and fish solubles (50% 

water). An option is provided as to whether 

fish solubles are produced as a product or added 

to the fish meal. 

Fish are unloaded from the boat by fish 

pumps. A weighing conveyor carries the fish 

to a storage unit which has a three-day capa- 

city. A bucket conveyor takes fish from stor- 

age and drops them into a cooker. Oil is re- 

moved from the cooked fish in a continuous 

screw press. 

The press cake leaving the press contains 

50% solids. This stream in tons/day is labeled 

AA(91,2). The press liquor contains the oil 

and water from the fish and 15% of the total 

fish protein. It is labeled AA(91,3). The 

cookers are available in 100 ton/day and 250 

ton/day sizes. Similarly two different sizes 

of screw presses are available. The selection 

of cookers, presses, and screens is internally 

handled in the program. 

The program then branches to two proces- 

sing streams. The stream containing most of 

the oil and water is discussed below. The first 

input option considered is whether to add the 

fish solubles streams to the fish meal stream 

[IPTION (1) = 2], or to market them as sep- 

arate products, [IPTION(1) = 1]. 

From the presses, stream AA(91,2) passes 

through a mixer where the recycled fish 

solubles may be combined with the main 

stream. The stream then goes to steam tube 

drying in which approximately one-half of the 

weight is evaporated. Antioxidant, correspond- 

ing to 0.01 #/# of oil retained in the fish meal, 

is then added. The meal passes through a 

mixer to a storage unit where it is cured for 

15 days. The meal is milled prior to bagging. 

Stream AA (91,3) is centrifuged. The cen- 

trifuge is sized from the flow in gallons/hour. 

The oil is then polished with hot water (10% 

of the oil weight of water is used) in a second 

centrifuge. The dummy variable TONSA is 

used for this stream at this point in the pro- 

gram. The fish oil product is designated 

AA(90,5). All hold tanks in the stream have 

a one-hour holding time. The fish oil storage 

capacity is 15 days. 

~ The water and soluble protein are conveyed 

into an acid mix tank where it is mixed with 

sulfuric acid. This stream TONSWW then 

passes into a triple effect evaporator. The 

streams TONA and TONC are in tons/hr 

rather than tons/day. TONA is the inlet 

stream to the triple effect evaporator. TONC 

is the stream from the third effect going to 

the concentrator. The resulting fish solubles 

stream is 50% protein. It may be marketed 

as a product AA (90,4) or returned to the mixer 

and processed as fish meal. The storage ca- 

pacity for fish solubles is 15 days. 

In summary, three products may be pro- 

duced—fish oil, fish solubles, and fish meal. 

Also, by an appropriate choice of option the fish 

solubles may be recycled and processed with 

the fish meal. 

B. Biological Process 

In the biological processes the proteins of 

the fish are partially hydrolyzed with enzymes 

to permit separation of the oil, bone, and pro- 

teinaceous material. The distinguishing fea- 

ture of the process is large heated and stirred 

vessels into which the ground fish is fed and 

in which the digestion takes place. The sub- 

routine handling this process is labeled ‘Sub- 

routine Biolog’; the flow streams and equip- 

ment blocks of this subroutine are identified in 

Figure 2. In addition to the standard four- 

card input discussed in Section IVD, “Biolog” 

requires 5 input items which are entered on a 

fifth card in E12 format. 

1. ULOADING, STORAGE AND GRINDING 

The handling of the fish up to the digester 

stage includes fish pumps, conveyors with wash 



J9VYNOLS 

sa1enio0s 

HSI4 

Q3SN30NO09 

(
b
'
O
6
)
 
V
V
 

ANVWL 

soyuo 1V3WN 

dvy¥osS 

HSId 

SS
3A
90
0Y
d 

I
S
I
N
 

HS
IJ

Z 
| 

‘6
4 

S
3
9
V
Y
O
L
S
 

S
O
N
S
I
Y
L
N
3
A
D
 

W
O
 

H
S
I
4
 

7
 

W
0
 

‘ 

YSaSN3GNO9 

(s 

06) 

VV 

VSNOL 

dL 

aWONVE 
8 

SYOLOara 
JOVYOLS 

YNVL 
qan4 

Q10H 
uatiog 

YOLVYLNSINOD 

HOIH 

S
N
I
Y
N
D
 

L
S
A
N
V
H
X
S
 

WV
3L
S 

WN
OL
 

LN
AW

LV
3Y

L 
11
0 

Ya
LV
M 

YOLVHUOdVAa ie 

Loasd3a 

ANdIUL 

(2122) 

vv 

YNVL 

a710H 

: 

39NSIYLN|D 

ise 

aes 

gig 

110 

M
S
S
N
O
L
 

(€
 

1
6
)
V
V
 

S
d
W
N
d
 

Y
A
L
V
M
 

V
3
S
 

A
N
W
L
 

i)
 

S
9
V
Y
O
L
S
 

G
I
O
V
 

a
Q
1
0
H
 

s
 

ANVIL ANWL 

ONILV 

INDVOS 

¥AalvVM 

G0018 

(e116) 
VV 

ry yy 

ae 

HSI4 

ONIHOISM 

1
6
)
V
V
 

H
S
I
4
 

Ga LNVGIXOILNY 

(€I'06) 

Vv 

y
3
a
g
E
a
n
y
o
s
 

M
A
S
 

L
S
N
V
H
X
3
 

y
u
a
e
E
n
y
o
s
 



3
9
v
u
Y
u
0
L
S
 

3
L
V
Y
L
N
A
O
N
O
D
 

A
u
g
 

J39VYyOLS 

a
1
S
V
d
 

HSI4 

3
9
V
Y
O
L
S
 110 
H
S
I
4
 

s9vyol1s 

1WAIW 

3NOG] 

(¢‘06) 

sova 
LASNVWHX3 

ANVIL 

10 

HSI4 
9va 

8 

HOISM 

N
V
 

M
S
 

J
O
N
J
I
Y
L
N
|
D
 

‘
O
I
T
-
"
0
1
9
 

(S ‘06) 

S
S
3
0
0
Y
d
 

Wd
9I
S0
TO
0I
E 

2
6
4
 

ie haa yzaanuos 

(2'06) fe) 

YSaANG 
AVUedS 

L
S
N
V
W
H
X
3
 

Y
O
L
V
Y
O
d
V
A
S
 

W
i
1
l
4
d
-
G
a
d
I
M
 

4YASN3S0NO9 

DIYLINOYVE 

ANVIL 

GQI0H| 
(
#
1
6
)
 

/
¥
3
9
a
N
I
S
3
a
 

y3al1VM 
LOH 

y
3
a
A
N
a
 

3
E
N
l
 

W
V
A
L
S
 
A
Y
W
L
O
Y
 

yagEanYos 

N
3
3
Y
O
S
 

YOATANOD (216) [SNILVURIA 

(
2
1
0
6
)
 

HO 
ON 

(116) 

(v1 

06) 

vos 

¢H 

WNWL 

uaisaoia 

(s1'06) 

2 
(HO) 

09 

Q70H 

(€1'06) LNVOIXOILNYV 

‘A M 

(
2
1
0
6
)
 

S
W
A
Z
N
A
 

o 

39vyuOls 

13nd 

ANSWLVSNL 

y31LVM 
SdWNd 

YALVM V3S 

a9vVYyOLS 

LVS 

Y
3
T
T
I
H
S
 

a9vYyOLs 

HSI4 

YOASANOD SNIHSISM 

S
N
I
G
V
O
I
N
N
 

H
S
I
4
 

(6‘'06) 
A 



and weighing provisions, and refrigerated 

brine storage. Storage is an expensive equip- 

ment item and a capacity sufficient for 3 days 

of plant operation is assumed. From the re- 

frigerated redwood bin the fish are taken by 

means of a bucket elevator to grinders. The 

ground fish is conveyed to the digesting vats. 

2. DIGESTERS 

The digesters are stainless steel, jacketed, 

and stirred vessels. They are sized for 5-hr 

residence time, with the assumption that each 

plant needs at least three vessels in order to 

provide a continuous feed to the equipment 

processing the digested stream. If a plant ca- 

pacity exceeds three 10,000 gal. vessels, the 

number of vessels is increased. The streams 

feeding into the digesters besides the ground 

fish are 1) water, 2) enzyme, 3) CaOH, 4) 5N- 

NaOH, 5) antioxidant, and 6) cone. H2SOx. 

All of these streams have a separate identi- 

fication in the AA(90,J) matrix (see Fig. 2); 

thus if processing conditions at the digester 

stage should change in the future, these changes 

can be made in sub-program “Biolog” without 

unduly affecting the other parts of the program. 

The program contains the following relation- 

ships between the streams: 

a water — equal in weight to ground fish 

feed. 

b enzyme — added in sufficient quantity to 

correspond with effectiveness (pro- 

gram input). 

ec CaOH — 0.84% of the weight of the 

ground fish feed. 

d 5N-NaOH — 4.3% of the weight of the 

ground fish feed. 

e Antioxidant — 0.01% of the (oil & ash & 

protein) of the fish feed. 

f conc. H2SO1 — 1.9% of the ground fish 

feed (added after hydrolysis). 

Digestion itself is a 5-hr batch process, but 

since at least 3 digesting vats are used per 

plant, the streams after the digesters are con- 

tinuous. The digested fish slurry is fed by 

gravity into vibrating screens (one screen per 

digesting vat) for removal of bones and scales. 

The screened liquid is pumped to a self-cleaning 

disk centrifuge for separation of undigested 

solids and oil from the aqueous stream. 

3. BONE FEED STREAM 

The bone feed stream consists of the bones 
and scales removed from the vibrating screens 
(moisture content 50%) and the sludge dis- 
charged from the desludger centrifuge (mois- 
ture content 769%). The bone feed stream is 
conveyed into a stream tube dryer where the 
moisture content is reduced to 10%. The dry 
bone feed is sent to a hammer mill and then 
bagged. The final product stream [AA (90,3) ] 
identified as “bone feed” is 40% protein, 22% 
oil, and 28% ash. 

4, OIL STREAM 

Approximately 75% of the lipid content of 

fatty fish is removed in the oil discharge from 

the disk centrifuges. Most of the balance of 
lipids is adsorbed on the undigested solids and 
removed in the sludge discharge. The oil 
stream from the centrifuges is pumped into 
intermediary storage tanks (with a maximum 
storage of one hour). About 10% additional 
hot water is added to the oil and the mixture 
is fed to “Sharples” type polishing centrifuges 
in which the water including solvated solids and 
blood are removed. The product fish oil ean be 
stored up to 15 days and is sold in bulk. 

5. DISSOLVED SOLIDS 

Less than 1% of the total fish lipids are con- 

tained in the aqueous main stream discharge 

from the disk centrifuge. This stream is 

pumped to a wiped film evaporator in which 

the stream moisture content is reduced to 50%. 

This evaporator output stream is called “fish 

paste.” Depending on the input option, all or 
part of it is either packaged in cans or fed into 
a spray dryer where the moisture content is 
further reduced to 5%. The exit stream from 
the spray dryer is bagged as the “dry concen- 
trate” product. The fish paste product is 41% 
protein, 0.3% oil, and 8.3% ash. The dry con- 
centrate is 79% protein, 0.5% oil, and 16% 
ash. 

C. Press Cake-Biological Process 

This process (Figure 3) is similar to the Bi- 

ological process. The differences are that be- 
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fore being fed to the digestion vats the fish 

are cooked and pressed as in the Fish Meal 

Process. The separation of oil and stick water 

takes place before rather than after the di- 

gestion stage. Process description: a) Input 

(besides the standard input) is the same as for 

the Biological process, except that in this case 

the enzyme which is added to the digester is 

based on 100 lb. of cooked and pressed fish (re- 

ferred to as press cake) rather than on raw 

ground fish; b) Unloading and storage pro- 

cesses include fish pumps, conveyors with wash 

and weighing provisions, and refrigerated 

brine storage for up to 3 days of plant oper- 

ation. The stored fish is lifted by bucket ele- 

vators into steam cookers. The fish are cooked 

and pass into screw presses where the moisture 

content of the “press cake” is reduced to 

60%. 

The press liquor is screened and pumped 

from a hold tank to a centrifuge for oil sep- 

- aration and “foots” removed by screening are 

recycled to the press. The separated oil is 

polished with hot water in a second liquid-liquid 

centrifuge, as in the Biological process, and 

pumped to bulk storage. 

The aqueous “‘stickwater” stream from the 

first centrifuge contains both soluble and insol- 

uble solids. It is added to the press cake in 

the digesting vats along with additional water 

to form a press cake slurry for enzymatic hy- 

drolysis. For hydrolysis with the alkaline en- 

zyme the pH is adjusted with 5N NaOH at 2.2% 

of the weight of raw fish feed. 

After a 4-hr hydrolysis the slurry is passed 

through a vibrating screen. Bones and scales 

with a 50% moisture content are conveyed from 

the screen to a stream tube dryer where the 

moisture content is reduced to 10%. The dry 

bone meal is sent to a hammer mill and then 

bagged. 

The screened hydrolysate is concentrated to 

a fish paste containing 50% solids in a wiped 

film evaporator. Depending on the input op- 

tion, all or part of it is either packaged in cans 

or fed into a spray dryer where the moisture 

content is further reduced to 5%. 

The final products are bone meal (36% pro- 

tein, 9.7% oil, 47.4% ash), fish paste (39% pro- 

tein, 6% oil, 5% ash), dry concentrate (75% 

protein, 11% oil, 9% ash) and fish oil. In- 

soluble solids are not removed by centrifuga- 

tion as in Biological process. 

D. IPA Extraction Process 

The IPA process is shown in Figure 4. This 

is a solvent extraction process in which water 

and lipids are removed using isopropyl] alcohol 

(17). Solvent recovery and recycle is an im- 

portant part of the process. The first decision 

variable is whether wet deboning or no debon- 

ing is used. In wet deboning the bones are 

dried, ground in a hammer mill, packaged and 

sold as bone meal. This option is activated 

when IPTION (1) is equal to one. If no de- 

boning is desired, no option is specified. In 

this case, the dried concentrate product will 

contain both protein concentrate and bone 

meal. 

Unloading and storage processes include fish 

pumps, conveyors with wash and weighing pro- 

visions, and refrigerated brine storage for 3 

days of plant operation. The ground fish is 

pumped to a slurry mix tank where solvent 

miscella M-2 is added. The solids go through 

four stages of extraction. They are separated 

from the miscella between stages by screens 

and presses. 

For the material balance on the extraction 

vessels the miscella stream are designated 

STRMM (1) where I is the stage number. The 

constituent streams of oil, protein, ash, water, 

and isopropyl alcohol are designated STRM 

(I,J). Here, however, the index I designates 

the stream entering the Ith stage or leaving 

the I + 1 stage. The unit operation of this 

part of the process is a 4-stage liquid-slurry 

extraction process in which an azeotrope of 

isopropyl alcohol and water is used as the ex- 

tractive solvent. The solvent to fish ratio is 

Aa 

1. FISH PROTEIN CONCENTRATE STREAM 

The slurry stream leaving the fourth stage 

of extraction contains the ash, most of the pro- 

tein, and a small residual amount of oil. This 

stream enters a series of dryers (dryer, strip- 

per dryer, and conditioner) in order to reduce 

the moisture of the stream to approximately 

8% and to reduce the IPA residual to below 

250 ppm. The amount of material leaving the 

conditioner is designated TASB. The fraction 
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of protein retained in the fish protein concen- 

trate is designated as ZA7 and the amount of 

bone meal'in the FPC is ZA8. The original 

fractions chosen are 0.96 and 0.04 respectively. 

They can be changed readily without affecting 

the main body of the program. The finished 

concentrate and bone meal are then milled and 

packaged. 

2. OIL STREAM 

The stream containing the bulk of the oil 

is the miscella stream leaving the first stage. 

This stream is acidified (conc. H2SO. at 1.9%. 

of fish feed) and enters an oil-water centri- 
fuge. Approximately one-half of the oil is re- 

moved. This oil plus the oil from the still bot- 

toms product, which was centrifuged, are com- 

bined into one stream. About 10% hot water 

is added to this stream before it enters a pol- 

- ishing centrifuge. This oil can be stored up 

to 15 days and is sold in bulk. 

3. SOLVENT RECOVERY 

The rest of the oil and solvent from the first 

oil-water centrifuge is heated prior to the dis- 

tillation process. The solvent, which is mostly 

isopropyl] alcohol, is distilled in a 25-tray col- 

umn. SBOT(I) designates the constituent 

bottoms consisting of isopropyl! alcohol, water, 

oil, and soluble protein. The product at the 

top of the column is designated STOP (I) and 

consists of isopropyl alcohol and water. The 

recovered solvent is then pumped to the stor- 

age tank where make-up isopropyl! alcohol is 

added as needed. 

4. FISH SOLUBLES 

The non-oil portion of the centrifuged col- 

umn’s bottoms is fed to a triple effect evap- 

orator. The product is further concentrated 

to 50% protein in a concentrator evaporator. 

The products stream consists of fish protein 

concentrate AA(90,7), bone meal AA (90,3) 

(if wet deboning is specified), fish oil AA 

(90,5), and fish solubles AA (90,4). 

11 

E. Press Cake--IPA Process 

The Press Cake-IPA process combines the 

proved technology of IPA extraction with a 

pre-processing of the raw fish in order to pro- 

vide a more concentrated and more easily stored 

feed. A diagramatic representation of the pro- 

cess is shown in Figure 5. 

1. UNLOADING, STORAGE, AND PRESS CAKE 

PRODUCTION 

The fish is unloaded by means of fish pumps, 

weighed and washed and stored in refriger- 

ated brine. A storage capacity sufficient to 

provide 3 days of feed to the press cake pro- 

duction unit is provided. From the brine stor- 

age vat the fish is lifted by bucket elevators in- 

to steam cookers. The fish is cooked, crushed, 

and passes into a screw press which reduces 

its moisture content to 60%. The excess liquid 

passes through a vibrating screen filter into a 

hold tank. This liquid is processed separately 

in order to recover the oil and dissolved solids. 

The compressed bulk fish, called “press cake,” is 

ground, transported by screw conveyors either 

into a closed redwocd bin for intermediate stor- 

age in IPA or directly into the IPA extraction 

stages. The capacity of the intermediate stor- 

age is sufficient to provide a 50-day backlog 

for the IPA extraction portion of the plant. 

2. IPA EXTRACTION 

The press cake is turned into the final FPC 

product through multistage countercurrent 

IPA extraction. The program is set up in such 

a way that the number of extraction stages 

and their individual efficiencies can be changed 

readily. The standard number of stages is as- 

sumed to be four; however, any number up to 

eight can be specified in the input. If the de- 

sired number of stages is other than four, that 

number should be entered in column 40 of the 
first input card. 

After each separation stage a detailed ma- 

terial balance on each component of the input- 

output streams is performed. The separation 

efficiencies for each component and each stage 

can be specified separately. They are stored 

in the library subprogram LIBRE and can be 
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changed readily without modifying the main 

program, , 
Consider two sequential stages I andI + 1: 

STM(J,1+M) Stage I+] Stage I 

The J index describes the five main com- 

ponents of the stream. The relationship is as 

J = 1— Oil 

J = 2 — Protein 

J = 3 == Ash 

J = 4 —: Water 

J = 5 — IPA 

The quantity for each component exiting 

from stage I + 1 is computed by the following 

relationship: 

STM (J,I+1) = STM(J,I) * DATB(I,J) 

Where: 1-DATB(I,J) is the extraction effi- 

ciency for component J in the I + 1 stage. 

These quantities are thus stored in the readily 

accessible LIBRE subprogram. 

The above definition has to be modified for 

the case of the IPA content leaving the first 

extraction stage. The modification is: 

STM (5,1) = STM(4,1) * DATB(1,5) 

8. FISH PROTEIN CONCENTRATE STREAM 

The slurry stream leaving the final extrac- 

tion stage contains the ash, most of the protein, 

and a small residual amount of oil. The stream 

enters—in sequence—a dryer, a stripper dryer, 

and a conditioner in which its moisture content 

is reduced to about 8% and the IPA residual 

falls below 250 ppm. The solid stream leaving 

the conditioner is labeled TASB. It is milled, 

weighed, and packaged. 

4. OIL STREAM 

The stored liquid from the press cake pro- 

duction process and the still bottoms from the 

solvent recovery still are fed into a liquid-liq- 

13 

uid centrifuge. Oil separation efficiency is as- 

sumed to be 94%. Bottoms containing the dis- 

solved solids are fed into a storage tank in 

order to be processed through evaporators, the 

top oil containing fraction is pumped into a 

polishing ’“Sharples” type centrifuge. Here 

10% volume fraction of hot water is added. 

The purpose of this centrifugation is to remove 

entrained blood and remaining solids. The 

polished oil is fed into final oil storage tanks. 

A storage capacity sufficient for 15 days pro- 

duction is designed. 

5. FISH SOLUBLES 

The stream containing dissolved solids from 

the liquid-liquid oil separation centrifuge is fed 

into a triple effect evaporator followed by a 

concentrator. The moisture content is reduced 

to about 50%, the product is acidified and stored 

as fish solubles. 

6. SOLVENT RECOVERY 

The solvent-containing stream is preheated 

and passed into a 25-tray distillation column. 

The bottoms of the column pass, as noted, into 

the liquid-liquid centrifuge of the oil separation 

stream, the solvent-containing tops go through 

a charcoal filter and, after addition of requisite 

amounts of makeup solvent, are recycled to the 

IPA separation stages. 

IV. COMPUTER USER INFORMATION 

A. Program Outline 

The programs making up the FPC cost anal- 

ysis code can be divided into three classes. 

1 Programs handling input and output data 

and performing calculations which are com- 

mon to all FPC production processes. This 

class includes the MAIN program and the sub- 

programs MATER, CAPTOL, and OPERAT. 

2 The programs describing each of the five 

separate processes. The main portion of the 

computations is performed by these programs. 

The material and energy balances are comput- 

ed. On the basis of this information and on 



built-in decisions regarding equipment sizes 

(see Section B) the required capacity for the 

major equipment items are calculated. The 

six programs in this class and the process 

which they analyze are: 

Program Name Process 

PPCX AI Fish meal plant 

BIOLOG Biological process 

PRESCK Press cake biological 

process 

XXIPA Isopropyl! alcohol extrac- 

tion 

PRSIPA Press cake-IPA extraction 

process 

3 The service and information subprograms. 

These consist of a large number of largely si- 

milar subprograms which calculate the cost for 

individual equipment items and of the library 

subprogram LIBRE which contains all of the 

costing data. The costing subroutines are dis- 

cussed in more detail in Section C. Usually 

they are named directly by the equipment name 

and given an equipment capacity return, its 

cost and the cost breakdown. In some cases 

similar types of equipment are handled by sing- 

le subroutines. The list of the equipment sub- 

routines is: 

Sub- 

Identification routine 

Number Equipment Name 

6 = Conical Hopper Hopper 

‘_— Fish Storage Silo 

c= Scrubbers Conden 

i: Pulveriser Pulver 

Ly = Screw Conveyor Screwr 

1S. = Hammer Mill Hammer 

a Drum Dryer Dryer 

yA ie Pan Dryer Deyerp 

2A) Rotary Vacuum Dryer Dryerr 

v4 Boiler Boiler 

a = Spray Evaporator Evpspr 

a= Wiped Film Evap- Evpflm 

orator 

on = Forced Circulation Evpfre 

Evaporator 

33 = Vertical Evaporator Evphor 

40 = Shop Fabricated Storag 

Tank 

Ae = Pressure Vessel Vessel 
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1a Distillation Column Column 
49 = Jacketed Reacting Reactr 

Vessel 

50s Fish Grinder Grinder 

LS Vibrating Screen Screen 

52 = Sharples Centrifuge Sharp 

SS ie Solid Bowl Centrifuge Bowl 

of = Vertical Basket Cntfge 

Centrifuge 

i — Free Flowing Solvent Blendr 

Blender 

65 = Reciprocal Pumps Pmprec 

66 = Centrifugal Pumps Pmpent 

67 = Shell-Tube Heat Heatex 
Exchangers 

10 = Belt Conveyor Belt 

i= Bucket Conveyor Bucket 

(2) = Seale Scale 

eo = Agitator-Propeller Agitor 

a = Ball Mill Balmil 

DD = Bagging Machine Bagema 

1s = Rotary Drum Filter Filter 

30 = Overhead Crane Cranes 

sL = Drag Conveyor Dragma 

3>. = Mechanical Refrigera- Refrig 

tion 

oo = Facilities Fascil 

The library program LIBRE performs no 

other function besides storing the cost data for 

all equipment items and those process raw ma- 

terials which are not given in the input data. 

These data are made available to all the sub- 

routines by reading the contents of LIBRE in- 

to a large common block which is made up of 

two rectangular matrices and a linear matrix, 

namely AA (100,20), IA (100,5), and BB(100). 

The first index of the AA and JA matrix usually 

refers to the identification number of specific 

equipment items. The BB matrix contains raw 

material cost data. Thus LIBRE has to be 

called just once for each individual cost cal- 

culation. This is done from the MAIN pro- 

gram. 

Most of the program changes which will be 

necessary as cost data change or become more 

accurately known can be done in LIBRE. This 

is discussed in more detail in Appendix A. 

The interrelationship of programs during a 

typical calculation is shown diagrammatically 

in Figure 6. 



Figure 6 

Simplified Flow Diagram for the 

FPC Cost Analysis Program 
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ials and 

AK 

costs 
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parameters 
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total capital 
costs 

OPERAT NS 
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operating 
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square feet equal to the pounds of water 

evaporated divided by 25. 
B. Equipment Sizing 

This section follows the listing of equipment 

in subroutine LIBRE. Only those items of 

equipment about which design decisions had to 

be made are discussed. 

Storage Tanks are based on the holding time 

for the stream involved. 

Pulp Presses are 6 feet long and the diameter 

in inches is calculated by the relation 8 (ton- 

days/50)* up to 24. 

Screw Presses (for fish meal) are in two 

sizes with preference for the large one. For 

250 ton-days the size is 21 feet long and 16 

inches in diameter and for 100 ton-days, or 

less, the size is 15 feet long and 12 inches 

in diameter. 

Rotary Steam Tube Dryers are sized accord- 

ing to amount of feed based on 2.5 square 

feet to process one ton-day of material fed 

per day. 

Cookers are based on 0.25 square feet per 

ton-day of fish. 

Boilers are based on 150 psig steam and 

sized in terms of 1.05 times required steam 

for the entire process. 

Spray Dryers are sized on pounds of water 

to be evaporated as given in reference 7. 

Wiped Film Evaporators are based on AT = 

50° F and U = 500 BTU/hr ft? ° F giving 

the relation area in square feet equal pounds 

of water evaporated per hour divided by 

25. 

Forced Circulation Evaporators are based on 

AT = 50° F and U = 400 BTU/hr ft? ° F 

giving the relation area in square feet equal 

pounds of water per hour evaporated divided 

by 20. 

Vertical Tube Evaporators are taken as (a) 

three in series with AT = 50° F and U = 

400 BTU/hr ft? ° F giving the relationship 

area in square feet equal pounds of water 

evaporated divided by 20, or (b) the concen- 

trator evaporator which has AT = 50° F and 

U = 500 BTU/hr ft? ° F giving the area in 

16 

Distillation Columns are prorated from the 

Experiment-Demonstration Plant (EDP) 

still design and directly scaled. Stage num- 

ber is 25, height is 54 feet and reflux ratio 

is two as they arein the EDP. The diameter 

of a still cannot be less than 4 feet and in- 

creases in 2-foot intervals of diameter (4, 6, 

8, etc.). 

Reactor Vessels (biological) are sized based 

on a residence time of 5 hours. The min- 

imum number of vessels for a plant is three. 

The maximum vessel size is 10,000 gallons. 

Fish Grinders are in two sizes for 150 and 

75 ton-days with preference for the larger 

size. Horsepower requirements are based 

on 40 Hp/3 tons/hr throughout. 

Centrifuges are of two types. Solid-liquid 

(disk-type slimers) having 2000 gallons per 

hour of throughput, and liquid-liquid (Sharp- 

les) having 1000 gallons per hour capacity. 

In both cases only one size is used and it re- 

quires 20 horsepower. 

Pumps, both centrifugaal and reciprocating, 

are sized in terms of the product of gallons 

per minute times the required pressure in 

psi, generally taken as 30 psi. 

Heat Exchangers are of two kinds. Heaters 
using steam are sized according to area in 

square feet equals 0.1 times pounds of steam 

required, (AT = 20° F and U = 500 BTU/ 

hr ft? ° F and the cooling water rise is 20° F). 

Belt Conveyors are taken as 100 feet long. 

For less than 150 ton-days the width is 36 

inches and for greater than 150 ton-days the 

width is 48 inches. 

Bucket Conveyors are based on a lifting 

height of 20 feet. 



Agitators are for two purposes. For slurries 

the required horsepower is 0.01 times the 

tank volume in gallons. For waterlike liq- 

uids the horsepower is 0.005 times the tank 

volume in gallons. 

Bagging and Packaging Machines are based 

on bags or cans per minute. 100-pound bags 

are used for fish meal, 25-pound bags for 

FPC and other dry products, and 5-gallon 

cans for paste products. 

Refrigeration includes brine recycle pump 

and heat exchanger and is based on 0.5 tons 

of refrigeration per ton of fish stored and 

three days of fish storage. 

Brine make-up — This is a unit called a 

Brinopac, which delivers 50 gal/hr of 100° 

brine. It is 24 inches in diameter. The price 

FOB with hopper is $1,190. This unit is 

good for any plant up to 300 ton-days. For 

any larger plant, the unit would cost $1,880. 

Boiler Feed Water Treatment — This in- 

cludes all the material to purify the boiler 

feed water, i.e., the water in the make-up 

tank is deaerated to get rid of dissolved 02 

and COs. Ion exchange is used to eliminate 

Mg and Ca ions. A pH adjustment is also 

made. The initial unit for boiler feed water 

treatment for any size is about $1,000. After 

that, it costs $100/month for upkeep. 

Buildings are sized at 14 square feet of 

ground floor per ton-day of fish. Generally 

buildings are 40 feet high and have several 

levels depending on operations. 

Real Estate is based on 0.0050 acres per ton- 

day of plant capacity. 

Warehouse space is taken as 15 square feet 

per ton-day for fish meal plants and 3 square 

feet per ton-day for other plants. 

Fish Pumps are reciprocating type. The 

plants use one fish pump for each 500 ton- 

days of fish. Smaller plants have one pump. 

Dock Facilities are 2,400 square feet for each 

fish pump. 
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C. Equipment Subroutine 

The material base cost of almost all pieces 

of equipment are estimated by the equation 

Base Cost = a (SIZE)? (1) 

The installation cost, labor cost, and incidental 

costs are determined by 

Subsidiary Costs = (Base Cost) - d‘ (2) 

where d = cost factors in LIBRE, 7 = 1, 2, 3, 4. 

The subprogram associated with the fisheries 

costing programs uses the following variables: 

COST (1) Base Cost 

COST (2) Field Materials Cost 

COST (8) Labor Cost 

COST (4) Indirect Cost 

COST (5) Total Cost 

COST (6) Uncertainty in Cost 

The base cost is updated by multiplying the 

value determined in equation (2) by the Marsh- 

all and Stevens index BB (1). 

The factors accounting for materials cost, 

labor cost, indirect cost, and uncertainty cost 

as well as the constants a and 6b are stored in 

program LIBRE. 

The factors are: 

AA (IX,7) = Unit Cost (a) 

AA (1X,8) = Exponential in Cost 

Equation (b) 

AA (IX,11) = Materials Cost Factor 

AA (IX,12) = Direct Cost Factor 

AA (IX,13) = Indirect Cost Factor 

AA (IX,14) = Uncertainty Cost Factor 

In a limited number of the subprograms, the 

factor a depends on a second size variable. 

In this case the cost is entered directly into the 
subprogram: 

i.e. SCREWR 

Furthermore, in some cases, it is desired to 

have a materials option. Several approaches 

have been used in the program: 

PMPCNT 
STORAG 

i.e. 



In subsequent changes it is recommended that 

the following procedure be used. The material 

is selected in the program and designated by 

IA (1X,5)=INTEGER. For example if the 

equipment is to be constructed of monel then 

IA (1X,5) = 8: it is not necessary that the 

integer be associated with the same material 

for each item of equipment. In the subpro- 

gram one has the statements 

IF (IA (1X,5). EQ. 8) BB (2) = 6.1 
COST (1) = COST (1) * BB (2) 

The second card comes after the computation 

of the indirect, labor, and materials cost based 

on the initial base cost. 

The factor BB(2) can be entered from the 

main program (XXIPA, BIOLOG, etc.) as well. 

In addition a print statement is added to be 

consistent with the new option. 

Usually the sizing equation is adequately 

represented by one sizing variable. This term 

is designated AA (IX,17). Occasionally it is 

necessary to have two variables, in which case 

the variable is usually AA (IX, 18), although 

on occasion AA (IX,20) has been used. 
To illustrate the costing program we con- 

sider a typical subprogram BUCKET, the pro- 

gram for the bucket conveyor. 

SUBROUTINE BUCKET* 

1 IX + 71 

2. Q = AA (1X7) 

3. IF (AA (IX,18). GR. 30. and. AA (IX, 
18). LE. 75), 
AA (IX,7) = AA (IX,7) + 180 

4. IF (AA (IX,18). GR. 75.) AA (IX,7) = 

AA (IX,7) + 280. 

5. COST (1) = AA (IX,7 * AA (IX,17) 
** AA (IX,8) * BB (1) 

6, COST (1) = COST (4) * 2001 

* FORMAT, DIMENSION, PRINT, common state- 
ments have been omitted. 

18 

7. COST (2) = COST (1) * AA (IX,11) 

8. COST (3) = COST (1) * AA (IX,12) 

9. COST (4) = COST (1) * AA (IX,13) 

10. COST (5) = COST (1) + COST (2) + 
COST (3) + COST (4) 

11. COST (6) = COST (5) * AA (IX,15) 

t2. «DO. 17f = 46 

18. 1 COST A (I) = COST A (I) + 
COST (1) 

14, AA. (X67) =] @ 

Statements 2 and 14 are necessary in order 
that the values in LIBRE remain constant when 

the subroutine is used repeatedly. 

Statements 3 and 4 adjust the value of the 

constant a [AA (IX,7)] for different values of 

AA (IX,18) which is the capacity of the con- 

veyor in tons. The size unit AA (IX,17) is 

the height in feet. 

Statements 5 and 6 determine the base cost 

in thousand dollar groupings. In 7-11 the costs 

of materials, labor, incidentals, and cost var- 

iation as well as total cost are determined. 

In statements 12 and 13 the running cost of 

the plant option (IPA, Biological, etc.) is com- 

puted. 

If different materials of construction were 

used then one would add the statement 

COST (1) = COST (1) * BB (2) 

between statements 9 and 10. 

D. Program Input 

The input to the FPC program can be divided 

into two parts: a) the “standard” input which 

is common to all of the different processes; b) 

the “optional” input presented in Section III, 

which discusses the individual processer; here 

we shall explain the standard input. 

The standard input consists of four cards. 

The first of these enters integer input data, the 

remaining three enter input data in the floating 

point format. 



IT. 

III. 

IV. 

Program Variable Columns 

Card 1: Format: (8110) 

Ae. 22 1-10 

B. Options 11-20 

1. fish meal 

IPTION (1) 

IPTION (2) 

2. IPA 

IPTION (1) 

Card 2: Format (8E 12.5) 

tons 1-12 

BB(1) 13-24 

BB (50) 25-36 

Card 3: Format (5E 12.5) 

BB(5) 1-12 

BB (6) 13-24 

BB(7) 25-36 

BB(8) 37-48 

BB (10) 49-60 

Card 4: Format (8E 12.5) 

BB (30) 1-12 

BB(381) 13-24 

BB (32) 25-36 

Description 

Fixes process to be analyzed. 

1 = fish meal 

2 = IPA 

3 — biological 

4 = press cake — biological 

7 = press cake — IPA extrac- 

tion 

1 = solubles are product 

2 = solubles recycled 

1 = wet deboning 

blank = no deboning 

The tons of fish to be processed 

per day. 

The Marshall-Stevens index tak- 

ing the 1970 index of 297.5 as 

one. 

The operating days per year. 

Cost of the fish in ¢/Ib. 

Cost of electricity in ¢/KWHr. 

Labor and supervisory costs in 

dollars/hr. 

Depreciation and interest in per- 

cent per year. 

Fuel cost in dollars per therm. 

Oil composition of the fish in 

weight percent. 

Protein composition percent. 

Ash composition in percent. 

(For Biological and Presscake programs only) 

Card 5: Format (5E 12.5) 

BB (40) 1-12 

BB(41) 13-24 
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The effectiveness of the enzyme 

being used in lbs. of enzyme re- 

quired per 100 lb. of fish being 

processed. (For press cake 

Biological, it is per 100 lb. of 

press cake being processed. ) 

Price of enzyme is $/lb. 



BB (42) 25-36 

BB (48) 37-48 

BB (44) 49-60 

VI. 

Card 1: 

40 

E. Program Output 

The output of the cost analysis program is 

presented in seven separate sections: 

Printout of input data. 

Detailed equipment costs. 

Material and energy balance. 

Cost of facilities. 

Capital costs. 

Operating costs. 

Production Cost of FPC. 

Each of these sections is printed out in the form 

of a table. The contents of these tables will 

now be taken up in turn. 

1) Input Data.—Identifies the process be- 

ing analyzed, prints out all of the external in- 

put data and operating options. 

2) Detailed Equipment Costs.—This is the 

most extensive table of the output. It presents 

the total cost and the cost breakdown of each 

major item of equipment required in a given 

process. Each equipment item is identified, its 

capacity, capacity units, and major construc- 

tion material is printed. Following this infor- 

mation the total cost and the cost breakdown 

for this equipment are given. The cost break- 

down uses the scheme of Reference (6) which 

is identified in the table headings. That is, 
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The percentage of the total dis- 

solved solids stream coming out 

of the wiped film evaporator 

(see Figure 2) which is pack- 

aged in paste form. 

The effectiveness of the antioxi- 

dant being used, in lbs. of anti- 

oxidant required per 100 lb. of 

fish or 100 lb. of press cake. 

Price of antioxidant in $/lb. 

(For Press cake — IPA extraction only) 

Format (8110) 

The number of IPA extraction 

stages (if different than four) 

should appear. 

the first column labelled ‘““Base Cost” gives the 

FOB. to manufacturer cost for this type and 

capacity equipment. This cost is multiplied by 

the Marshall and Stevens index given in the 

input data. The methods used computing this 

cost, the sources of the required internal data 

and the means for modifying these data are 

presented in Appendix A. 

The subsequent three columns present addi- 

tional costs which are incurred before the 

purchased equipment becomes operable. 

Column 2, the ‘‘Material Costs” includes such 

diverse items as piping, electrical wiring, equip- 

ment base, and heat insulation. Column 3, the 

“Labor Costs” are the labor costs incurred dur- 

ing installation, and Column 4, the “Indirect 

Costs”, summarizes remaining expenses such 

as shipping, insurance, construction overhead, 

and construction engineering costs. 

All of these cost items are calculated as fac- 

tors of the first column. These factors vary 

with equipment type but not with capacity. 

For each equipment item they are tabulated in 

the subprogram LIBRE and are easily acces- 

sible for modification. 

The fifth column, titled “Module Cost”, is a 

summation of the four previous columns and 

represents the capital investment required to 

design, order, ship, and install a given equip- 

ment item. Finally, the last column, titled 

“Range’’, is an estimate of the reliability of 



these cost figures. This estimate is based up- 

on the cost data available at the end of 1969 

and summarized in the LIBRE subprogram. 

As time passes and cost figures are modi- 

fied, the range estimate should be changed as 

well. 

The information described above is printed 

out individually for each major piece of equip- 

ment even if multiple items of identical type 

and capacity of equipment are required. The 

sequence of printing out this information starts 

with equipment required to unload and store 

the fish (that is, the first item is always the 

fish pumps), and after that follows the main 

process streams. For example, in the fish meal 

plant analysis the equipment required to pro- 

cess the solids stream is presented first, then 

come the centrifuges required for oil separa- 

tion, the evaporators required to concentrate 

the dissolved solids, and finally equipment items 

which do not really fit into the process stream, 

as the boiler, fork lift, or the cost of the in- 

strumentation loops. 

3) Material and Energy Balance.—This 

table presents first the overall, then the detailed 

material and energy balance. In the overall 

section of the table the total steam, electricity, 

and cooling water used in the process is given. 

The fish feed is broken down into the oil, pro- 

tein, and ash components. 

The detailed portion of the table prints out 

the process stream balances in terms of hourly 

throughput. The sequence of printout gener- 

ally follows the process stream flow lines as 

shown in Figures 1 to 6. Where branches in 

the process stream occur (for example at the 

separation of oil and stickwater for the fish 

meal plant) the balance calculation follows one 

of the streams to completeness and returns to 

the branch point to pick up the remaining 

stream. 

4) Cost of Facilities and Site Development. 

—This table summarizes the cost of land, docks, 

warehouses, and process buildings. The cost 

breakdown is similar to that described for 

Table 2. The data used in the calculations are 

stored in subroutine LIBRE and are printed 

out for easy reference in the table. 

5) Summary of Fixed Costs.—This is a 

summation of total capital costs. It includes 
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the already detailed costs for equipment and 

facilities plus provisions for spare parts, engi- 

neering of the plant, and contingencies. The 

latter three are calculated as fractions of the 

summarized equipment cost. 

6) Operating Costs.—This table presents 

the total and detailed plant operating costs on 

a daily and yearly basis. The quantities of all 

the materials used in the process and their daily 

costs are printed out first. This portion of the 

table contains also such items as electricity, 

packaging, and labor and supervision man- 

hours. Under the title “City Water” only the 

water used in the process which must be of 

drinking quality is included. The cost of pro- 

cess water (i.e. for scrubbers and condensers) 

is calculated in terms of the electricity needed 

to pump it. 

The second portion of the table includes items 

which are calculated as fractions of the total 

capital or equipment costs. These are depre- 

ciation (at a percentage figure given in the in- 

put), maintenance, and insurance. The fac- 

tors used to calculate these costs appear in 

subroutine OPERAT. Where not supplied in 

the input, the prices of the process material 

are stored under the designation BB (1) in sub- 

routine LIBRE. 

The third portion of the table summarizes 

the production rate of various products on a 

daily and yearly basis. 

7) Production Cost of FPC.—The last table 

is entitled “Production Cost of FPC.” In this 

table the following are listed: 

a) by-products of the process 

b) the assumed selling price in cents/ 

pound 

c) the by-products total worth. 

Two prices of FPC appear at the end of the 

printout. The first price is calculated by di- 

viding total operating cost by the FPC pro- 

duced per year. The second price takes into 

account the process by-products by subtracting 

their total worth from the total operating cost 

before dividing by the FPC produced per year. 

The calculations and printout take place in the 

subprogram OPERAT. The assumed selling 

prices of the by-products are found in LIBRE 

[BB(66) to BB(68)] and can easily be 

changed. 



APPENDIX 

A. Internal Program Changes 

A-1. INTERNAL DATA CHANGES 

There are several occasions when it may be 

necessary to update the program. These in- 

clude the following: 

1) The estimated cost of an item of equip- 

ment is in error 

2) anew piece of equipment is to be added 

3) the equipment sizing routine is to be 

altered 

4) anew option is to be added to the plant 

options 

5) a change in the cost of chemicals. 

Most changes, especially of the types 1 and 5, 

may be made directly in the program LIBRE. 

Changes in bare cost, incidentals, labor, and 

materials for the process equipment may be 

made by substitution of the appropriate cards 

in LIBRE. 

Example 1 

The cards in LIBRE for a Rotary Dryer are: 

AA, (21,7) = 1000. 

AA (21,8) = 5 

AA (21,11) = .30 

AA (21,12) = .30 

AA (21,14) = .30 

For these values the base cost of a dryer with 

400 square feet is estimated to be $20,000. 

The manufacturer’s estimates for this equip- 

ment were $30,000, with the installed cost, 

labor cost, and incidentals estimated correctly. 

Solution: 

The base cost of the equipment too low. The 

simplest adjustment is to alter the base cost 

AA (21,7) to give the correct value. However, 

an increase of the base cost results in a inci- 

dental increase as well. The recommended so- 

lution is to substitute for the above cards in 

LIBRE the new cards. 

AA (21,7) = 1500. 
AA (21,8) = .50 
AA (2111) = .20 
AA. (21,12) =..20 
AA (21,14) = .20 
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Example 2 

The price of sulfuric acid is 30% more ex- 

pensive at Plant A than it is at the other plants. 

Solution: 

The card [AA (100,14) = 1.00] in LIBRE 

is replaced with AA (100,14) = 1.80. 

Occasionally in some items of equipment, 

such as a screw conveyor, one cannot alter the 

program by a single change of cards in LIBRE. 

The reason for this is that the base cost is a 

function of the diameter of the conveyor, which 

is an additional input variable to the costing 

subroutine. In this case it is necessary to alter 

the costing subroutine itself. 

Example 3 

The cost of the screw conveyor with a di- 

ameter greater than 2” has been found to over- 

estimate the cost by a factor of 12. The labor 

cost, the incidentals, and the installation costs 

are correctly estimated. All other estimates 

are correct. 

Here one cannot simply change LIBRE 

since the modification would appear for other 

sizes as well. There are many ways of modi- 

fying the program; one way would be to add 

the card to the subroutine SCREWR. 

If (AA (1X,18).GT.12.) AA (IX,7) = .5* 
AA (IX,7) which states that if the diameter 

is greater than 12 then the base cost is reduced 

by 50%. 

The addition of a new equipment item re- 

quires three changes to the program. 

1) First the new subroutine is named and 

given a previously unassigned index number. 

The Fortran statement of the program would 

be closely modeled after existing subroutines. 

It is strongly recommended that AA (IX,17) 

be used to designate the principal variable in 

the costing equation. 

2) The variables for the costing equations 

are added to LIBRE. These should include 

AA (IX,7) Base Cost 

AA (1IX,8) EXPONENT 

AA (IX,11) Materials 

AA (IX,12) Labor 

AA (1X,138) Incidentals 

AA (IX,15) Range of COSTS 



3) The calling subroutine must be added 

to the primary subroutines. This calling se- 

quence will include at least a sizing equation 

and the call, statement. 

AA (1X17) = SIZE * .01/24 

CALL EQUIPM 

A-2. EQUIPMENT SIZING AND PROCESS 

CHANGES 

The equipment sizing routine is altered by 

changing statements in the primary subrou- 

tines. 

Example 4 

The area of heat exchangers in square feet 

was found to be 12% of the water evaporated 

rather than 10%, for the preheater to the dis- 

tillation column. 

Solution: 
The subprogram XXIPA has the statement 

FF = STEAMS * .1 
AA (67,17) FF 

These two cards are removed and replaced with 

AA (67,17) = STEAMS * .12 

Which not only makes the desired change but 

increases the efficiency of the program as well. 

Major changes in program options must be 

made in the subprograms. In addition changes 

must be made in the main program as well. 

In general, there is no simple way of making 

these modifications. 

Example 5 

It is wished to add a costing subprogram for 

the VIOBIN program. 

The procedure is to write a subprogram in 

Fortran for the VIOBIN program analogous 

to the program for the IPA process. 

In addition changes are required in the pro- 

gram MAIN and the program OPERAT. 

The user by referring to the above programs 

and using the example of the IPA process, can 

by analogy make the appropriate changes ne- 

cessary for VIOBIN. 

The printout can be modified by substitution 

of Format cards in the appropriate program. 
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C. FORTRAN’ Listing of Program 

The FORTRAN listing of the program ap- 

pears as Table I. 

D. Sample Problems 

To illustrate the capabilities of the program 

a cost study spanning the feasible range of 

plant sizes was conducted. The plant capaci- 

ties chosen were 50, 200, and 1,000 tons of fish 

per day. Fish availability time in each case was 

200 days per year. For all processes except 

the Press cake-IPA this corresponds also to the 

plant operation time. For the Press cake-IPA 

process the IPA extraction portion of the plant 



ean operate for an additional 50 days to pro- 

cess the stored press cake. Fish food compo- 

sition corresponded to a “lean” species (oil 

fraction = 0.04) and a “fat” species (oil frac- 

tion = 0.12). The price of fish was taken as 

1¢/lb. for these examples. 

1. SAMPLE OUTPUT 

The entire output printout for an IPA pro- 

cess plant having a capacity of 200 tons/day 

and sized for a “lean” fish feed is presented in 

the subsequent pages. The number headings 

identifying the tables are explained in Section 

IV-E. The detailed equipment printout table, 

IPA Plant Cost Analysis, (Table II,) can be in- 

terpreted by following the process description 

given in Section III-C. 

E. Study Summarization 

The output of the study is summarized in 

Tables III to VI. The first three present data 

for each of the three plant capacities producing 

FPC. Table VI summarizes the results of the 

bench mark fish meal process. 

349. Use of abstracts and summaries as communica- 

tion devices in technical articles. By F. Bruce 

Sanford. February 1971, iii + 11 pp., 1 fig. 
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350. 

351, 

354, 

356. 

361. 

Research in fiscal year 1969 at the Bureau of 

Commercial Fisheries Biological Laboratory, 

Beaufort, N.C. By the Laboratory staff. No- 

vember 1970, ii + 49 pp., 21 figs., 17 tables. 

Bureau of Commercial Fisheries Exploratory 

Fishing and Gear Research Base, Pascagoula, 

Mississippi, July 1, 1967 to June 30, 1969. By 

Harvey R. Bullis, Jr., and John R. Thompson. 

November 1970. iv + 29 pp., 29 figs. 1 

table. 

Upstream passage of anadroomus fish through 

navigation locks and use of the stream for spawn- 

ing and nursery habitat, Cape Fear River, N.C., 

1962-66. By Paul R. Nichols and Darrell E. 

Louder. October 1970, iv + 12 pp., 9 figs., 4 

tables. 

Sanitation guidelines for the control of Salmonel- 

la in the production of fish meal. By E. Spencer 

Garrett and Richard Hamilton. October 1971, 

iv + 7 pp., 9 figs. For sale by the Superinten- 

dent of Documents, U.S. Government Printing 

Office, Washington, D.C., 20402. Price 25 cents. 
Stock number 0320-0028. 

Floating laboratory for study of aquatic organ- 

isms and their environment. By George R. 

Snyder, Theodore H. Blahm, and Robert J. Mc- 

Connell. May 1971, iii + 16 pp., 11 figs. 

Regional and other related aspects of shellfish 

consumption — some preliminary findings from 

the 1969 Consumer Panel Survey. By Morton 

M. Miller and Darrel A. Nash, June 1971, iv + 
18 pp., 19 figs., 3 tables, 10 apps. 
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