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Taking into account the main factors of expenditure in the transportation of fish from one centre
to another, mathematical models are developed for iced, frozen and icefre-iced (enroute) fish for cal-
culation of expenditure (in the transportation). These models help us to arrive at the average expendi-
ture involved under different sets of conditions so that the most economical methods of transportation
under given conditions can be chosen.

Transportation of fresh fish over long distances by Cost of one kg of ice at the trans- -
different modes of transport has been extensively porting centre — ‘p,” Rs:
studied under an AllIndia Coordinated Research Project Cost of one ke of i he i
(1971-79) undertaken by the Indian Council of Agri- d_os of one kg of ice at the interme-

late centre (where re-icing is in-

cultural Research with its coordinating centre at Cen- Ived 9.1 R
tral Institute of Fisheries Technology, Cochin. ' Trans- volved) — P -
portation of fish in ice, with or without reicing enroute Cost of freezing one kg of fish — ‘ps Rs.

gze trans!};ipm%nt points, or of frozen fish etc.. h_a\ie

n subjected to detailed study. A new thermocole . . . .
lined container very efficient forythis purpose has been Cost qflcontamer with ﬂ!e insulation
developed and extensively used in field studies. The mlz:.tena ?_tc. bl(Proporuonate cost ‘c R
results of these studies have been summarised in the where applicable) - .
final report of the project and a detailed account:of Freight and handling charges from

the container published as a hand out (Anon, 1981). the transporting centre to the consu-

One of the important considerations in transporta- ming centre, per kg — f Rs.
tion ot fish is the economic aspect. Procedure for Freight and handling charges from
calculating the average expenditure for transporta- the transporting centre to the inter-
tion of unit quantity of fish under different conditions mediate station, per kg — Y Rs.

is provided in this paper with mathematical models. . X
Freight and handling charges from

Notations used the intermediate station to the con-
suming centre — ‘£ Rs.
The following notations are used in working out

the mathematical models. (f, and f, are applicable where re-

icing at an intermediate station is involved)

Capacity of the container — ‘K’ kg Total expenditure or transportation — ‘T,” Rs.
Quantity of iced fish sent in a con- Average expenditure, per kg of fish

tainer — ‘X kg on transportation — ‘T;" Rs.
Quantity of frozen fish packed in Mathematical models

container — Y kg

Quantity of ice used for one kg of (@) fced fish

fish — ‘@ kg . The total expenditure includes the cost of the
Quantity of unmelt ice in the container ggnst; 1(;1\:;, 1;::)ng6efre1ght and handling charges. This can
kg-! of fish at the reicing point in the

intermediate station — ‘avV kg T, (iced)=C+axp, +f ‘x (1+a)+W } 4}
Additional weight for one kg of From the above, the average expenditure per kg
frozen fish due to glaze etc. — ‘D kg of fish will be

Weight of container with insulation ; _C { w }

material but without fish — W kg Ty (ced) =3 +apy +f{ (1 +a)+5 ()]
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As in the case of iced fish, this can be modified when
the fulll capacity of the container is utilised by substi-
tuting X = K . In that case we obtain:

1+a
T, (iced/re-iced) = C(14+a)+a (py+p,Y) + (fy +fa)
K

| OOV EE—a o Er @ v 1

(HVI%)} =aPi+p?) @

The above equations are on the presumption that
the unmelted portion of ice in the container at the
intermediate station is discraded and full quantity of
required fresh ice is put into the container. If however
the unmelted portion of ice is not removed and only
the balance quantity of required ice is added, then the
equations will be as follows:

Ti (iced/re-iced) = C + X (ap; + ap;! + a' py!

+ (€ + ) { X1 + a) + w} @ and

Ty (iced/re-iced) = & +(apy + apy — a?py!) + (f +£5)

w

{(1 +a)+ i} o

or T, (iced/re-iced) = (1+4a) {%J’ s + ) (1 + VEV}
+ (apy + ap,' —at p,}) (11)

Equation (6), (7), and (8) can be seen to be special
cases of (9), (10) and (11) respectively when a! = 0

Application

We take the following values of variables p,!, f; and
f, ?-nd the rest of the variables with values as stated
earlier. :

ps! = 030, f;, = 0.35, f, = 0.30

Here we consider the case when the unmelted ice at
the intermediate station is discarded. Thus

T, (iced/re-iced)=25+1.0 (0.20+0.30)+-(0.35 +0.30)
50
Q2 + 5) = 0.50 + 0.50 + 1.36 = 2.36
50 ’
Thus Rs. 2.36 will be the average expenditure in
transporting one kg of fish under the above condi-

tions. If we choose to make full use of the container
for the same value of ‘a’ we obtain

T, (iced/re-iced)=2 ‘ 1?(5) + (0.30+ 0.35) (1 + S
— 1.0 (0.20 4- 0.30) = 0.46 + 1.36 + 0.50 = 2.32

110
Thus there is a reduction of Re. 0.04 in the average
expenditure when the capacity of the container is fully
utilised.
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It must be remembered that the values of f, f, and f,
are to be determined in accordance with the prevailing
freight charges. The present rates per quintal are Rs.
24.50 for 500 km, Rs. 52.25 for 1500 km and Rs. 85.25
for 3000 km.

The values given for f, fy and f; in the calculations
are per kilogram and the difference accounts for the
handling charges.

Long distance transportation: An example of comparison
of costs

The above mathematical models can be used to
work out cost of transportation of fish under certain
special circumstances. Consider a case where fish is to
be transported over a distance of 3000 km involving a
journey of more than two days. If the consignment has
to be sent directly (without re-icing at intermediate
stations), it requires higher proportion of ice, 2kg of ice
for 1 kg of fish. This will allow only far less quantity
of fish to be packed but has the advantage of single hand-
ling and less freight charges. If the fish is re-iced mid-
way, say at 1500 km from the starting point, ice require-
ment is less (1 kg of ice for 1 kg of fish) which provides
for packing more fish. However, the consignment
has to be booked in two stages, adding to the freight
and handling expenses. A third alternative is to send
as frozen fish, but freezing is much more expensive than
icing. The least expensive of the three methods has
to be determined. The equations given earlier help
to work out the comparative costs of transportation.
In arriving at the average expenditure, take f = 0.90 and
fy="F3=0.60. Itis assumed that the full capacity of
the container is'made use of in all the three cases. The
value of ‘a’ is taken as 2.0 for direct booking and 1.0
when re-iced at intermediate station. The optimum
quantity of fish in frozen condition that can be trans-
ported in a container of 110 kg capacity is taken as 80 kg.
The values of all other variables are taken as mentioned
under the different examples. By substituting the appro-
priate values and simplifying, we obtain the following
values. :

T, (iced) = Rs. 391
T, (iced/reiced) = Rs. 3.47
T, (frozen) = Rs. 2.54

Instead of choosing a particular quantity of fish,
‘X’ kg, if we wish to make use of the full capacity
of the container, we have

X(1+a) = K,ie. X= K

14a
Substituting the above value of ‘X’ in (2), we
obtain

T, (iced)=C (1 +a ).+ap1+f{(1 +a)+ W ( l_ta)}
K K

=a gt R S {%+f(l+v—£)]

€)
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(3) is a linear equation in ‘a’ and is independent of
x. From this equation, we can obtain the average
expenditure directly for different proportions of fish
to ice, when we make use of the full capacity of the
container.

Application

b We take the following values for the different varia-
les.

X=50 p!'=0.20
a=1.0 C=25.00
W=35 f=0.27

Substituting in (2), we have

T, (iced) = 25 + 0.20 + 027 (2 + 5)
50 0

= 0.50 + 020 + 0.57 = 1.27

" Thus the average expenditure for the above vah;és
of the variables is 1.27 Rs. kg~! of fish. :

Instead of x = 50, if we make use of the full capa-
city of the container with a capacity of 110 kg; we have

= 110 and substituting all the above values, except
‘@, in (3) and simplifying, we get the equation.

Ty = 0.70952 + 0.5095

The above is a linear equation in ‘a’ and shows
that for every additional kg of ice used for one kg of
fish, the average additional expenditure will increase
by 0.71 Re. for the values cf the variable chosen here.
In this connection, it has to be remembered that if
the quantity of ice in the container is increased the
quantity of fish that can be packed in the container
has to be correspondingly reduced. The above equa-
tion takes care of that aspect.

(ii) Frozen fish

In the case of frozen fish, the total expenditure can
be shown to be

Ty (frozen)= C+Yp, +f |Y (1+b)+w} @
and the average expenditure will be
S
T; (frozen)= —g 4+ P2 +f{ (1406 + V%’} )

with the notations explained already.

As in the case of iced fish, we can work out T, and
T, when the full capacity of the container is utliized.
In the case of iced fish the proportion ‘a’ is a variable,
but in the case of frozen fish ‘b? has more or less a fixed
value representing the additional weight of the frozen
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fish for one kg of fish. The maximum quantity of
frozen fish that can be put in a container of given capa-
city will be fixed and that value has to be used for Y
in (4) and (5).

Application

_Let us assume the following values for variables
Y,bandp,.

Y =50
b =0.3
P = 1.00

The value of the rest of the variables figuring in (5)
will be the same as for iced fish. With these, we obtain

T, (frozen)=.§-g + 1.00 + 0.27 (L3 + 0.10)
—0.50 + 1.00 + 0.38 = 1.88 Rs.

Thus the average expenditure in transporting one
kg of fish is Rs. 1.88.

If on the other hand, the full capacity of a container
of capacity 110 kg is to be utilised, we can assume the
quantity of fish needed in fresh condition, to be 80
kg. Thus susbstituting Y = 80 in (5) and simplifying,
we obtain T, (frozen) = 1.68 Rs. which is reduction
of Rs. 0.20 .

(vi) Iced fish, re-iced enroute

With the earlier notations, the total expenditure can
be shownto be

T, (iced/re-iced) = C + aX (@, + p!) () + f2)
! X (14+a) + Wf (6) and the average expenditure
t

per kg of fish :
T, (icedfresiced) =C+a (py + py)+(f + f3)
X

[(1+a)+—¥-)}

This shows that under this specific circumstance
the cost of transportation is the cheapest when frozen
fish is used. Iced and reiced fish is more economical
than iced fish in this case. Transportation of iced fish is
the most expensive, more than, one and half times than
that of transporting frozen fish.

)
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