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Abstract

This paper presents a simple and practical method of obtaining the estimate of
total investment costs for Turkish anchovy purse-seiners, designed by “traditional
methods”, It is intended as a guide to fishing vessel designers, builders, owners
and others concerned at the beginning of a new project who may wish to know
the investment, and how it changes with alterations to principal design variables,
such as main dimensions, and power. The methed does not supplant more refined
techniques used for professional cost estimators at later stages in the design, but it
may be useful in circumstances where cost estimating expertise or actual shipyard
costs are not immediately available. Fishing vessels discussed in this study are of
20 to 40m long with an engine power of 300 to 1100 HP. It has been found that
_for the year 1997 total investment costs varied in the range from US$ 265000 to
532000, with an average value of US$ 391000. The average values for the
proportions of investment cost components were found to be 25% for vessel
production, 27% for machinery, and 48% for fishing gear and equipment cost.
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Introduction

The Turkish fishing fleet has expanded fairly steadily over the last two
decades. This expansion has taken place not only in the number of fishing
vessels but also in the sizes along with the increase of main engine power
units. This was mainly due to Turkish governmental policy to increase the
fishing effort, implemented in 1983. In this pelicy, credits with rather low
interest rates were granted to fishermen and custom duties were freed on
the imported fishing equipment of all kinds (Anon., 1989). The number of
fishing vessels was 6764 in 1980, with an increase of 2.8% it reached
8646 in 1993. The distribution of Turkish fishing vessels by operating
types is as follows: 5.5% of the total number is trawler, 4.9% is purse-
seiner, 2.6% is carrier boats, and 87% is of other various types. A vast
majority (81.9%) of Turkish fishing vessels are in the range of 5 to 10 m.
lengths. Meanwhile, 3.1% of the total is under 5 m. long, 10.9% of the
~ total is between 10 to 20 m long. Fishing vessels with sizes 20 m. or over
account for 4.1% of the total number {Anon., 1980-1993).

Purse-seiners engaged in anchovy fishing are commonly 20 to 40 m. long,
and powered by main diesel engines of 300 to 1100 HP (Celikkale, 1991).
The main shipyards where the majority of Turkish purse seiners are built
are located on the eastern Black Sea coast, namely in Siirmene town,
which is 45 km from the central city of Trabzon. In these shipyards fishing
vessels are constructed according to traditional design methods learned
from historical experience and skill gained over many years. The design
concept is applied by expert people trained by practice, no naval -
architectural and engineering skill being involved. A representative
picture, possibly taken from a magazine, or an oral description given by
the owner is generally enough for the shipyard to build the vessel. The
owner, in most cases, supplies the builder only with the overall length (L)
of the vessel what he wishes to have. Other main dimensions such as beam
(B), depth (D) and draught are estimated on the basis of length (Dinger,
1992). Powering and equipping of the vessel are entirely as a matter of
preference by the owner.

Some literature is available about Turkish fishing vessels. Kafal: (1980)
studied on the hull forms of the Black Sea fishing vessels and outlined the
weaknesses of traditional design from the hydrodynamic point of view.
Baykal (1980) suggested a regressional method that computes the
hydrodynamic resistance for Turkish fishing vessels, with an accuracy of
about 2%. There are also some other publications (Kafali, 1988; Durgun,
1989; Kara, 1992; Dinger, 1996) concerning the preliminary design of
fishing vessels, g
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Purse seiners are only the tools to exploit anchovy stocks in the Black Sea
coasts, and are found to be the most expensive type of fishing vessels in
terms of investment. Considering the attitude of Turkish fishermen
towards the increase of vessel sizes and the fishing effort, it can be said
that investment of this kind becomes an even more important task and
should be regarded with special care. Investment on fishing vessels, like
any other investments, represents utilisation of economic resources which
need to be carefully evaluated before actual commitment. The investment
cost of a fishing vessel is an important variable determining the economics
of a fishing unit. It is usually the major cost item appearing in the cash
flow analysis. Since most of the operating cost items, as well as the
operating revenues, tend to be very much related to the investment cost a
careful estimate of this cost forms the basis for good vessel investment
analysis. The cost of a fishing vessel is a function of different kinds of
variables, such as technical, physical, managerial, financial and its
complete estimation requires professional guidance from a range of
disciplines, some of which are naval architecture, economics, cost
accountancy, shipyard management, and many others (Carreyette, 1977).
When dealing with the vessel investment cost of any kind, it is the usual
practice to make a breakdown of the various cost elements which are
included in the total cost of the vessel (Benford, 1957; Benford, 1958, and
Watson, 1977).

In this study, it is not proposed to elaborate on these factors, since the
objective of this paper is nothing more than a first approximation for
investment cost which can be obtained fairly quickly and used practically
for preliminary purposes for the fishing vessels under consideration. In
accordance with this, it is aimed to relate a few important design variables
to the total vessel investment cost and try to understand their interaction.

Materials and Methods

This paper deals with the investment cost estimation of Turkish purse
seiners, which are traditionally built and engaged in anchovy fishing in the
Black Sea. The term of investment cost (IC) was considered to be how

much money the vessel-owner will pay for the vessel, fishing gear and
equipment contained in the completed vessel and the miscellaneous
(10%),i.e., it is the amount of money to be paid by the owner for the
vessel which is fully equipped and ready for anchovy fishing, with only
the exception of consumables. ‘

The data used in this study were obtained from various interviews with the
local fishing vessel owners and shipyards. Data referring to the prices used
throughout the study belong to the year 1997. Information concerning
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prices of material, engine, and fishing gear and equipment was based on
the average values taken from the market and the manufacturers’
catalogues. The values of proportions for cost breakdown units such as
machinery, hull construction material, and deck equipment were evaluated
on the basis of information obtained from the Trabzon Fishermen Co-
operative by personal communication. Since prices in Turkey are subject
to continuous changes due to the high rate of inflation all the costs are
expressed in US$ to maintain the validity.

There are no fixed standards for the breakdown of investment cost. For
fishing vessels, it was thought to be convenient that the breakdown should
include vessel production cost (VPC), machinery cost (MC), and fishing
gear and equipment cost (FGEC), each of which then was, sub-divided into
various components as shown in Figure 1.

Vessel Production Cost

Vessel production cost (VPC) was sub-divided into hull construction cost
(HCC), outfitting cost (OC), piping system cost (PSC), electric cost (EC),
and painting cost (PC). Hull construction cost was assumed to be the
fundamental base on which other cost components were proportionally
computed from. On the information obtained from local fishing vessel
owners and shipyards, it was found that OC, PSC, EC, and PC, as an
average, can be taken to be proportional to HCC by the ratios of 12%, 4%,
9%, and 12%, respectively,

Calculation of HCC was made according to vessel size. For cost purposes,
vessel size is best calculated on a volume measure and the method most
used is cubic number (Fyson, 1985; Hamlin, 1990). Cubic number (N) is
defined by length multiplied by beam multiplied by depth of the Vesse!_
(N=LxBxD), where, L is the overall length of the hull, B is the maximum
overall beam, and D is the vertical distance from the top of the deck at
side to the keel.

Hull construction cost was assumed to consist of material cost (MA’I‘C) ‘
and Tabour cost (LABC). The builder's profit margin is included in the
labour cost. Turkish fishing vessel builders estimate the labour cost on the
basis of material cost. They, most commonly, take the labour cost to be
equal to the material cost.

Material cost (MATC) was estimated on the basis of steel weight (W,). It
is the multiplication of steel weight by the unit price of steel (C,), which
was taken to be US$357/ton as average. In literature (Watson, 1962; Sato,
1967, Fisher, 1974), several namerals which are obtained from the main
dimensions of the vessel such as, length (L), beam (B), depth (D), draught
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(T) have been suggested as a basis for calculations of steel weight. For
preliminary cost estimation, a simplified assumption is made that the steel
weight is proportional to the cubic number. Various empirical formulae
based on cubic number are available for fishing vessels to estimate the
steel weight (Kafaly, 1988; Grubisic and Zanic, 1988). The steel weight

was similarly c-o'mputed’from the regression equation (W¢=0.0367L.2.289

, R2=0. 988), derived for Turkish purse seine vessels (Dinger,. 1996). It was
based on length rather than cubic number. The reason for using length
instead of cubic number was the fact that fishermen, builders and non-
scientific people are more familiar with length than cubic number.
However, length can be converted into cubic number, if desirable, by
means of the proportional ratios of main dimensions. Steel weight was
used in this study for the entire hull structure, superstructure, and
foundations for machinery and other equipment. It does not include steel
in masts, booms and other steel items included in the outfit weight.

Machinery Cost

Machinery cost (MC) was arbitrarily broken down into four components:
main engine cost (MEC), auxiliaries cost (AUXC), stern gear cost (SGC),
and deck machinery cost (DMC). The other components of machinery
cost were estimated on the basis of main engine cost. The cost
components of auxiliaries, stern gear, deck machinery were assumed to be
directly proportional to the MEC by the ratios of 13%, 20%, and 31%, .
respectively (Fyson, 1985). Main engine cost was calculated as total
installed horse power (HP) multiplied by unit cost of main engine (Chp)-

Fishing vessels under investigation were all powered by diesel engines,
ranging from 300 to 1100 HP. For this power range of marine’engines the
average unit cost, based on the information obtained from engine
manufacturers, was evaluated to be US$ 85/HP. On the basis of statistical
information obtained from Turkish vessel owners and fishermen, AUXC,
SGC, and DMC were,estimated to be 13%, 20%, and 31% of machlnery
cost, respectively.

Fishing Gear and Equipment Cost

Fishing gear and equipment cost (FGEC) was considered to be composed
of fishing gear cost (FGC), navigational equipment cost (NEC), fish
finding equipment cost (FFEC), and skiff cost (SC).

Although fishing gear and equipment cost is a variable, which mostly
depends upon the choice of the owner and the requirements of the fishing
method applied, it has been observed that anchovy seiners use almost
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standard size of net and skiff, and the vanations in instrumentation cost
was not significant. Therefore, fishing gear and equipment cost was
assumed to be constant and evaluated on the basis of a typical anchovy
seiner such that FGC=US$ 115000, NEC= US$ 7140, FFC=US$ 13100,
SC=US$ 30000. -

Resuits

The investment cost equation has been derwed for Turkish anchovy purse
seiners, which are built by traditional methods, at local shipyards along
the Black Sea cost. Although there are many various factors affecting the
investment cost of a fishing vessel, length and engine power have been
found to be the most significant design variables. The form of the equation
is as follows: :

1C=39.271.2-289.1153 34HP+181764

Where IC is the total investment cost in US$, L is the overall length of the
vessel in meters, and HP is the total engine power in horse power. It
should be emphasised that the validity of this equation is restricted within
m. and 250<HP<1100. The methodology used to assess the minimum,
maximum, and average values for investment cost and its components was
demonstrated in Tablel. Some conclusions derived from the analysis of
the investment cost equation may be as follows: The first term of the cost
equation represents the vessel production cost (VPC). Tt was expressed as
being a function of vessel length. It was found that vessel production cost
varies from a minimum of 9.6% to a maximum of 44.5% of the
investment cost. The average value of VPC was 25.2 % of IC. The second
term of the equation corresponds to machinery cost (MC). It was directly
related to main engine power. It was determined that the value of MC may
be in the range of 11.2% to 43.5% of IC, with an average of 26.9% of IC.
A large proportion (approximately 61%) of machinery cost was the main
engine. The third term of the equation is fishing gear and equipment cost
(FGEC). It was assumed to be independent of vessel size, and came out to
be the largest component of investment cost. Its minimum, maximum and
average values were found to be 34.1%, 68.6%, and 47.9% of IC
respectively.

The variation of investment cost in relation to length cmd power of the
vessel is presented in Figure 2 and Figuré 3, respectively. Since the IC
equation is a function of two independent variables, in each figure one of
these variables was kept constant within the defining ranges. For
HP-—constant {Figure 2) the nature of the IC function is curvy linear. The

curvature of the functlon is more apparent in the range for 20<L<30m,
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above this range (20<1.<30m) it tends to decrease, and thus IC becomes
almost linear. For L=constant (Figure 3) the relationship between the IC

and power is linear, and the slope of the cost line (AIC/AHP) is about
16%. - :

Discussion

For some years, research and preliminary design groups in profession
other than naval architecture have needed a simple, reasonably accurate
parametric method of developing the investment cost of fishing vessels.
Turkish fishery investors are required by the governmental authorities to
have feasibility reports prepared in order to apply for investment credit
from the Agricultural Bank of the Turkish State. Investment cost is the
essential element included in the cash flow analysis and the feasibility
report. It is therefore necessary to have an idea about investment cost
before undertaking the investment. There is no exact information on the
IC of Turkish fishing vessels operated in the Black Sea, since they are
designed traditionally, not on the basis of naval architectural project, from
which a better and more accurate cost estimate can be made. The method
presented in this study aims to satisfy such a need.

Investment cost may also be expressed in terms of cubic number (N},
which is by far the best parameter for a fishing vessel's size, and allows
¢ost comparison to be made between the vessels of different size, but
similar shape. However, length fails on two accounts. If two vessels have
the same length but proportions of the main dimensions differ, then they
will be of different size and not comparable functionally. Secondly, a
vessel's displacement, and its cost and capacity varies approximately as
the length is cubed (Hamlin, 1990). Using the proportions of main
dimensions for Turkish fishing vessels under investigation (L./B=3.33,
L/D=9) and from the definition of cubic number (N), vessel length (L) can

be expressed in terms of cubic number_(Lx?).l 176N1/3 ). Substitating L inr ‘
the c_oSt equation results, '

1C=530.17N0-763 1153 34HP+ 181764

Where N is the cubic number of the vessel in m’, Expressing IC in terms
of N, rather than L., has an advantage that it allows cost comparisons to be
made between fishing vessels of even dissimilar types and may be used
more commonly.

Vessel production costs of Turkish fishing vessels have been found to be
relatively low in comparison to that of European vessels (Eyres, 1984).
This may be attributed to cheaper labour in Turkey. Labour cost is

81



generally low in Turkish fishing shipyards. Because, the shipyards do net
employ such high qualified and skilled people as naval engineers and
experts. Machinery cost has been found rather high in comparison to
similar vessels of other country (Ozdamar, 1995). The main reason for this
is the attitude of Turkish fishing vessel owners, the use of unnecessarily
high power, and getting into unusually high competition. Since the fishing
vessels are not powered according to naval architectural rules the power
chosen becomes, in most cases, higher than required. Main engine cost is
the highest cost component of machinery cost, which amounts to 61%, on
average. Therefore, powering the vessel is one of the most important tasks
of the design and should be made by naval architects. Reducing the power
to the required level may result in considerable saving in MC, and thus
total investment cost. FGEC is the highest component of IC, which is
made up by FGC of 69.1%, NEC of 4.3%, FFEC of 7.9% and SC of
18.2% for a typical anchovy seiner. The cost saving in FGEC may be
achieved by reducing the ratios of these components, particularly the
FGC, which is the major one, but the possibility of reducing FGC is low,
because it is directly proportional to size of the net, which is almost of
standard size for Turkish anchovy seiners. The size of net is generally
restricted by the requirements of purse seining method and the fish species
aimed to be caught (Fridman, 1988). Skiffs are of standard size as well.
NEC and FFEC are only a small fraction of FGEC, in relation to the other
components. It may, therefore, be concluded that it is not possible to
obtain an important saving in IC by the alteration of FGEC.

There is recently a tendency among the Turkish fishing vessel owners to
regard the auxiliary system, such as the hydraulic system, the pumping
system and possibly refrigeration, as being of more importance than it was
before. This may be due to the increased demand for auxiliaries because
of increased fishing effort and need for higher technology. There are
differences of opinion between fishing vessel owners about lifting and
hauling gear for the nets. The wide variety of arrangements to be seen on
fishing vessels is evidence to this, and the conclusion to be drawn is that
the arrangements are rarely satisfactory (Pike, 1988). There are various
types and ranges of fish finding devices. The general trend of Turkish
fishermen is the acceptance of more sophisticated and expensive
instruments. This attitude may be explained by the requirement of fishing
method, which depends upon instrumentation almost completely. The
purse seining, where enormous investment in nets and mechanical
handling methods are made, requires accurate fish finding. '

it should be emphasised that for preliminary costing pur?oses we have to
be content with approximations and the average values for the parameters

82



used for deriving the cost equation. Their accurate enumeration could only
result from analysis of updated information.

Ozet

Bu ¢aligmada, geleneksel yontemlerle dizayn edilen Tirk hamsi girgir
teknelerinin toplam yatunm maliyetini hesaplamaya yonelik pratik ve sade bir
yontem Onerilmistir. Calismamn esas amacy, balker tekneleri tasarimcilarinia,
yapimeilara ve balikgihk sektdriine ilk defa giris yapacak olan diger ilgililere
yatirim maliyeti ve bunun tekne ana boyutlan ve making giiciiyle olan degisimi
hakkinda gerekli 6n bilgiyi saglamakiir. Onerilen ySntem, profesyonel maliyet
hesaplayicilaninm tasarimin son evrelerinde kullandiklari daha duyarh ve
karmagik tekniklerin yerine gegmiemesine ragmen 8n hesaplamalar igin oldukca
yararhdir. Caligmada konu edilen balikgi teknelerinin boylars 20-40 m arasimda ve
motor giigleri ise 300-1100 HP aralifinda degismektedir. Stz konusu balikes
gemilerinin’ toplam yatim maliyetlerinin 1997 yil igin 265000-532000 US$
‘arasinda degistigi ve ortalama degerinin 391000 US$ oldugu belirlenmistir.
Toplam maliyeti olusturan bilesenlerin ortalama degerlerinin; tekne maliyeti icin
%25, makine maliyeti igin %27 ve av ara¢ ekipmanlan icin %48 oldugu
belirlenmistir. ‘

p———1 INVESTMENT COST |
; P ' Fishing Gear &
Vessel Production Cost[ ] . Machinery Cost Equipmet Cost

s Hul! construction cost -+ Main Engine Cost -~ Purse Seine Cost

-~ Qutfitting Cost -~ - Lol Auxiliaries Cost || Navigational Equipment
Cost

—*  Piping System Cost L Stern Gear Cost |4 Fish Finding Equipment
Cost

—¥ Electrics Cost -—* Deck Machinery Cost ot Stern Gear Cost

" Painting Cost

————————-——{ Miscellaneous Cost

Fig. 1. The components of investment cost.

. 83



550

investment cost (1000 USS)

250 fawm o m e o :--_L-_' ______
200 : !
20 24 X I v S 40
. L {m)
Fig. 2. Variation of IC in relation to vessel length (HP = constant).
560 — =

500

t cost (1000 US$)

300

Hrvestmen

250

200 ; .
306 400 - 500 600 700 800 900 1900 1160

BHP
Fig. 3. Vanation of IC in relation to vessel power (L = constant).
84



References

Anonymous, (1980-1993) Fishery Statistics. Devlet istaiistikleri Enstitiisii,
‘Ankara, ‘

Anonymous, {(1989) Su iiriinleri ve su iiriinleri sanayil. DPT yaym No;2184,
Ankara, pp.210

Baykal, R(1980) Gemilerin hldrostatigl ve stabilitesi. iIstanbul Teknik
Universitesi Kiitiiphanesi, Istanbul, say1:1162, p.65 ‘

Benford, H.B.(1957). Eng;neermg economy in tanker chlgn Transactions of the
So_czery of Naval Architect and Marine Engineers 65:775-838,

Benford, H.B.(1958). Ocean ore-carrier economics and preliminary design,
Transactions of the Sociezy of Naval Architect and Marine Engineers 66:384-442,

Caryette, J.(1977). P:ehmmaw ship cost estimation. Royal Institution of Naval
Architects 119:235-258.

Celikkale, M.S.(1991). Basic factors affect:ng the producnwty of the Biack '
Sea.In Proceeding of the Black Sea Symposium (K.C. Given, ed.), 16-18 Sept.
Istanbul, Turkey, Acar Matbaasi, Printed, 1994, pp.223-234,

Dinger, A.C.(1992). A design study of Turkish Black Sea fishing vessels. M.Sc.
Thesis. University of Glasgow, Department of Naval Architecture and Ocean
Engineering, Glasgow, UK. p.160.

Dinger, A.C.(1996). Hamsi avcihfinda kullamlan Karadeniz dpi  balike
gemilerinin simiilasyon dizaym: ve ekonomik analizi. Ph.D. Thesis. Karadeniz
Teknik Universitesi, Fen Bilimleri Enstitiisii, Trabzon, Turkey, p.106.

Durgun, 0.(1989). Balikgt gemilerinin &n dizaym. Istanbul Teknik {Iniversitesi,
Gemi Ingaati'89 kongresi, Istanbul, Turkey, pp.18-33.

Eyres, [}, J.{(1984). Small stecl fishing boats. Fisheries Technical Paper, No. 239,
FAO, Romg, p.52.

Fisher, K.W.(1974). The relative cost of ship design parameters. Trans. of Royal
Institution of Naval Architects, Vol.116.

Fridman, A.L.(1988). Calculations for fishing gear designs. Fishing News Books
Ltd. Farnham, Surrey, England, 240 pp.

Fyson, J.(1985). Design of small fishing vessels. Fishing News Books Ltd.
Farnham, Surrey, England, p.320

Grusibic, 1. and zanic, V. (1988). Concept design system for interactive
optimisation of specialised vessels. Marine and Offshore Computer Applications,
CADMO'88 Springer Verlag, pp.371-382.

Hamlin, C., 1990, Defining a vessels size and estimating its cost. Operations
Research and Management in Fishing, NATO ASI series, Vo0l.189:327-332,

_Kafal, K. (1980). Balikgi gemisi formlarmin incelenmesi. Istanbul Teknik
Universitesi Kiitiiphanesi, Istanbul, No:25, p.104

85



Kafali, K. (1988). Gemilerin Dizayni. istanbul Teknik Universitesi Kﬁtﬁphanesi,
Istanbul, say1:13635, p, 200 -

Kara, O.F. (1992). Balikg1 gemileri dizayn ve donanmlari. Ege Universitesi, Su
Uriinferi Fakdiltesi yaymlary, Izmir, Noi43, p.122

Ozdamar, E., 1995. A comperative study on constructional characteristics and .
engine power of Turkish fishing vesse!s in the B]ack Sea Turkish J. Mar. Scz
1.(2/3): 109-120. : : _

Pike, D. (1988). Fishing boats and their’ equlpment Fishing News Books Ltd
Farnham, Surrey, England, 200 pp.

Sato, S. (1967). Effect of principal dimensions on wexght and cost of large snips,
SNAME, New York.

Watson, D.G.M., 1962, Esnmatmg preliminary dimensions in ship design, Trans.
[ESS, Vol.105. :

Watson, D.G.M. (1977). Some ship (fesign methods, Trans. R_INA, 119: 279-303.

‘Accepted 1.3.1998
Received 30.3.1998

86



