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Abstract

The master plan for each port sets the long term development strategy for the
port which will influence the future levels of traffic that use it. These
developments may be either improving existing facilities or building new ones.
Any other kind of activities that are performed to increase the intensity of port
use can also be considered as port development. These can be in the field of law
or reorganization too. In any way, an economic evaluation of port development
investment should be considered before any action is taken. This is a decision
making process where profitability of the new investment is questioned. The
evaluation for such a port development project require a succession of costs and
benefits over the whole useful life of the project. The main costs in a port
development project are construction costs and maintenance costs, the benefits
are mainly transport cost savings and reduced turn-round time. A fundamental
characteristics of these costs and benefits are that they are transmitted to other
participants in the trade rather than to the port authority. The matter of getting
costs and revenues on a basis where they may be equitably and conveniently
compared can be done by several investment appraisal methods. In this paper,
evaluation of a port deepening project will be discussed by using benefit-cost
methods. The costs and benefits of such a project will be identified by showing
how the port depth affects the unit price of transportation cost.
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14 Maritime Engineering and Ports II

1 Introduction

The objective of investment in the private sector is generally understood to be
profit maximization within a specific time frame. On the other hand, the
objective in the public sector is the maximization of net social benefit. Given this
objective, benefit/cost method is used to evaluate the investment in many types
of public projects from airports to highways, and is accepted measure of
desirability for project at most levels of government Although there is currently
a tendency towards "privatization" of ports in all over the world, in most
countries the port owner is still the governmental authority. Whether national or
regional or local, the governmental authority is responsible for finding the lowest
possible overall cost for transiting of goods through the ports of the national port
system and at the same time the government should protect the port users. The
port users can be divided into two for the public ports: a) Direct users b) Indirect
users. Ship owners are direct users of the port but they are not final users. The
final users are those who really pay for the port services. The country' s
producers and consumers are therefore final users of ports. The port that is
expensive for the users is not necessarily the port with the highest tariffs, it is
rather the port where the services are poor because of delays and inefficiency. In
this sense, the user benefits are considered to be a benefit in Benefit/ Cost
method for evaluating public projects.
So, in general Benefit/Cost method can be described simply as:

Net savings to users
B/C =

Owner's net capital cost + net operating and maintenance cost

In order to evaluate the costs and benefits associated with the project, the costs
and benefits are analyzed on an annual basis.

This paper discusses the overall role which methods of cost benefit analysis
might play in making economic appraisal of port investments. But when a
decision is required whether to invest money in a port, whether it is worthwhile
or not is a complex problem to be solved. The existing facilities either cannot
meet modern technological needs, or do not have the capacity to accommodate
expected increases in commerce, or perhaps an entirely new port is needed to
permit the economic exploitation of the resources of the hinterland Measuring
the benefits of an investment made in a port presents certain and practical
problems. This arises because the benefits are not circumscribed within the port
but are passed on to various other sector and interest groups. A port investment
may, depending on the situation, ease congestion, increase productivity, reduce
ship's waiting time cost, cargo-handling cost and finally reduce overall transport
costs. A port project may stimulate economic development or increase economic
activities both in the immediate surroundings of the port and elsewhere in the
economy. Like in many projects; investment in port projects are also a decision
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Maritime Engineering and Ports II 15

making process. The choice between alternative ways of doing the same thing
involves an engineering cost study. For this matter getting costs and revenues on
a basis, where they can be compared for judgment has been the subject for many
projects.

2 Port Development

By port development, those activities that bring increased marine commerce to a
selected transshipping point, is understood . These activities may be in the field
of technical and civil engineering, in the field of law and in the field of business.
One of the principal kind of civil engineering work executed in ports is dredging
used mostly to increase the depth of a harbor. From engineering point of view
port development projects can be roughly divided into two categories: building
of an entirely new port/ terminal in a new location or a major extension of an
existing port. The checklist of the steps involved in preparing a port development
plan is summarized as follows [1]:
1) A performance analysis is carried out to determine the effect of different

levels of port capacity on the level of service provided to the port' s
customers.

2) Engineering studies are carried out to determine the feasibility and
approximate cost of each design.

3) Operational planning are done to determine how the proposed facilities will
be used and what the productivity and the operating costs will be.

4) Benefit-Cost analysis and financial analysis are done to compare the
desirability of each alternative which shows whether a facility will pay for
itself

3 Benefits and costs related with port development projects for
investment appraisal

3.1 Benefit/ Cost method

For the evaluation of an investment, the comparison of the construction and
operating costs to the benefits associated with the project are commonly used. As
the name implies the Benefit/Cost ratio is obtained by dividing one by the other:
Benefit/ Cost = Annual value of benefits/ Annual value of costs.
Initial construction and other capital costs are converted to equivalent annual
costs. Costs are divided into two categories :1) Capital costs which are usually
considered as the construction, acquisition or other capital costs of a facility 2)
Operation and maintenance costs which are the owner's costs for operating and
maintaining the facility.
One of the major problems facing the analysis in determining B/C ratios is
deciding which items to include in costs and which items to include in benefits.
Several variations of methods exist for determining B/C ratios.
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16 Maritime Engineering and Ports II

3.2 Benefits related to port development projects

In case of port development projects, the most important point is to define the
costs and benefits. The benefits of a port development project can be grouped
into three categories [2]:
1) Direct benefits to the port
2) Benefits to users of the port facility
3) Intangible benefits

3.2.1 Direct benefits to the port

Firstly because of the increased port activity, there is a direct financial return
from ships and cargoes. This is achieved by a variety of charges for the use of
facilities. These are mainly the fees charged against each ton of cargo that are
handled at the port, the fees charged for cargo that remains in storage in terminal
area more than a specified free time period, and various rental and other charges.
Secondly, due to the increase in economic activity, there will be additional rental
of land made possible by the project.

3.2.2 Benefits to port users

These are mainly cost saving benefits arising from reduced operating expenses,
and reduced overall inland transport costs. Much of this saving is realized
outside of the immediate port area and doesn't produce direct revenue to the area.
However the reduced costs could result in improvement of the port' s competitive
position and in the attraction of additional cargo to the port, thereby producing
revenues and benefits noted in section 3.2.1. The transportation savings can also
improve competitiveness of the port area, which can result in the expansion of
the markets of the industries in the area. This is particularly relevant where a
group of ports exist perhaps in different countries, all competing for the same
traffic. But, for the ports at a national level and when they are operated at the
national level, it is no longer necessary to consider the benefits stated above, and
investment decisions can be based on the national good rather than on the
welfare of the local port district. In developing nations this is especially
important, because capital is scarce and duplication of facilities can not be
tolerated. Another factor which should be considered as the cost saving is the
savings in ships' operating cost arising from economy of scale of operating larger
ships. For example, consider the case of a port in a country which is deepened to
allow the use of larger ore-bulk carriers. Without the new project, vessels of
50,000 dw.t. could be used where as with the investment, 125,000 dw. t. ships
can be accommodated. The reduced transportation costs could allow the ore to be
sold on markets which were previously out of reach. Since the price is probably
determined on the overseas markets, the benefit from this investment would be
the increased net revenue made possible by the reduced transportation use.
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Maritime Engineering and Ports II 17

3.2.3 Intangible benefits

These are the benefits that can't be measured in monetary terms. Most of these
benefits can't be evaluated in the benefit/cost method. A port may be constructed
or developed because a country wants to be self sufficient and not dependent on
neighboring foreign ports, or a port may be constructed/ developed because of
national defense and security considerations or just because to increase prestige.

3.3 Costs related with port development projects

In a port development project, the engineering studies aim at identifying possible
solutions and providing sensible estimates for their capital and maintenance
costs. The costs related with the port projects are mainly the construction costs
which is estimated more accurately as the project develops. It is also important to
consider the effect on cost estimates of different construction phasing. Costs and
benefits are made comparable by appropriate discounting techniques

4 Port development through port deepening

4.1 Dredging

Dredging is a method of excavation in which soils are transported by means of
water [ 3]. Dredging is generally confined to bays, harbors, rivers, and other
large bodies of water. As the size of ships has increased, the dredging of existing
ports has become increasingly important For the dredging activity, the nature of
the ground to be dredged and the selection of the correct equipment is very
important. The selection of the most suitable dredger depends upon the type of
soil to be dredged, the depth of dredging, the quantity and disposition of
material and etc. In assessing dredging costs, it is important that if large
equipment must be brought from far to do the work, it is a very heavy
mobilization cost. The quantity of dredging required for any project is a great
effect on the overall unit rate.

4.1.1 Port deepening projects

The deeper the water in channels and harbors, the larger the ships which can be
employed. A port deepening project merely removes a physical bottleneck for
the optimization decision of shipping. Thus, a project to widen locks or
strengthen berths is identical in intention to a port deepening project. For ideal
operating conditions, the water in the approach channel, in the entrance and in
the harbor should be of sufficient depth to permit navigation at lowest low water
when the ship is fully loaded Until 2 decades ago, a harbor depth of 10- 12 m.
would care of most ships. While ships increased in tonnage, this depth has
become not enough for some of them [4]. In Figure 1 and Figure 2 , the
relationship between ship size and relative costs per ton mile are given [5].

                                                                 Maritime Engineering and Ports II, C.A. Brebbia & J. Olivella (Editors) 
                                                                 © 2000 WIT Press, www.witpress.com, ISBN 1-85312-829-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 



18 Maritime Engineering and Ports II
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Fig. 1 Relationship Between Ship Size and Draft
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Fig. 2 Relationship Between Ship Size and Relative Costs

So, in this respect, limitation of the size capacity of a port in depth will interfere
with shipping costs since the optimum size of cargoes and vessel sizes are
prevented from being used. But on the other hand, after a point, the size capacity
of the port may be limited not by the depth but by the design of berths. Also ship
owners and shippers may not find it profitable to employ large ships unless the
service facilities in the port like cargo handling, storage, inland transportation
links, etc, are adequate for larger ships.
The basic and logical assumption underlying the role of the shippers is that they
will always try to minimize the unit transport cost for any given commodity to be
transported. In other words, the shipper will choose the cheapest mode of
transportation, or he will choose a 30,000 dw.t ship rather than a 10,000 dw.t.
ship if the unit transport cost is less with the former than with the latter. The
effect of depth constraint on unit transport cost curve is given in Figure 3 [6].
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Maritime Engineering and Ports II 19

Volume of Trade

Fig. 3 Effect of Depth Constraint on Unit Cost Curve
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4.2 Benefit/Cost analysis applied to a port deepening problem

As discussed in the above sections, there are benefits and costs involved in port
development projects. The final test in the evaluation of an investment is the
comparison of the construction and maintenance costs to the benefits associated
with the project. In order to convert the present value of payments to equivalent
annual cash flows the following formula is used [7]:

A = P

Also, in order to find the annual payments with a constant increase in a cash
flow the following formula is used:

I n

i (1 + /T-1
(2)

where;
P = Present worth,
A = Annual worth,
G = Constant increment to periodic series,
i = Interest rate,
n= Economical life of the project.

For solving the problem, standart tables are used for A/P and A/G obtained from
the above equations. These ratios are simply designated as (A/P, i, n) factor and
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20 Maritime Engineering and Ports II

(A/ G, i, n) factor for the usage of tables.
The following example illustrates how the benefit/cost analysis is applied for the
port deepening project:
A port deepening project is proposed for Port A which can accommodate ships
up to about 50,000 dw.t. The harbor exports iron ore to certain countries. If the
haibor is dredged and enlarged, the ship sizes of 125,000 dw.t. can be
accommodated at the port. The total output of export is 1,000.000 tons/year and
expected to increase 50,000 tons each year. The sea transport cost can be
lowered US$ 1.80 per ton in case of 125,000 dw.t ships can dock at the port.
The cost of dredging is estimated to be $ 10,000,000. Maintenance of the current
harbor now runs about $600,000 per year, increasing about $50,000 tons per
year each year. The estimated life of the project is 20 years. If the harbor is
dredged , the maintenance will cost $800,000 per year and increase by $40,000
per year each year. The costs of the project are the dredging cost, which is the
initial construction cost of project, and the annual maintenance costs. The
benefits of the project will be the savings obtained through the decrease in unit
transport cost. The usual method for computing the benefit /cost ratio is to
calculate all benefits and costs on an annual basis. Thus initial construction and
capital costs are converted to equivalent annual costs by application of the
appropriate (A/P,i,n) factor. Similarly user benefits, which is the savings in the
transport cost in the above example are determined by estimating the total annual
cost savings to the users for the deepening of the harbor. To convert the yearly
increases in output of export and costs the appropriate (A/G,i,n) factor is used.
To handle the sign notation the following terms are defined:
s= savings in unit transport cost =1.80 $/ton
o= yearly output of export = 1,000,000 ton/year
e= expected yearly increase in export = 50,000 ton/year
Ci= owner's capital cost for the proposed facility = 10,000,000 $
C2= owner's maintenance cost of the existing facility = 600,000 $/year
Cs= owner's maintenance cost of the proposed project =800,000 $/year
C4= expected increase in maintenance cost of the existing facility =50,000 $/year
Cs=expected increase in maintenance cost of the proposed project =40,000 $/year
n= economic life of the project =20 years
i= interest rate per interest period = 15 %

So, the annual benefits of the project are calculated as :
B= s (o+e (A/G,i,n)) (3)
where (A/G, 15,20) is used to find the uniform annual worth of the benefits since
there is a constant increase of output. For the interest rate i =15 and n = 20
(A/G, 15,20) = 5.3651 (from the table)
Substituting the values for the equation 3,
Benefits = 1.80 ( 1,000,000+50,000(5.3651)] =2,282,859 $/year
The annual costs of the project are calculated as
Difference in maintenance cost= (Cg - C:) = 800,00 - 600,000= 200,000 $/year.
Difference in expected increases in maintenance cost= (Cs -c*) 40,00-50,000=
-10.000 $/year

                                                                 Maritime Engineering and Ports II, C.A. Brebbia & J. Olivella (Editors) 
                                                                 © 2000 WIT Press, www.witpress.com, ISBN 1-85312-829-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 



Maritime Engineering and Ports II 21

Costs = ci (A/P,i,n) + (eg - Cz) + fe -04) (A/G,i,n) (4 )
where (A/P, 15,20) = 0.15976 (from table) which gives the uniform worth of a
present value for i= 15 and n= 20
Substituting the above values for the equation 4
Costs= 10,000,000 (0.15976)+200,000+(-10,000 )(5.3651)
Costs =1,597,600+146,349=1,743,949 $/year
B/C=2,282,859/1,743,949= 1.3 1

In the above solution when i= 15% taken, and when the benefits and costs are
compared to the present situation, on an annual basis, the port deepening project
for Port A shows a B/C of 1.31 , or an implied showing of 1.31 for every $1
invested.
When the above proposed project is resolved while taking i=20% this time.
Benefits 180(1,000,000+50,000 (A/G,20,20) = 2,201,787 $/year
Capital cost 10,000,000(A/P,20,20)= 2,053,600 $/year.
Maintenance costs 200,000-10,000 (A/G,20,20)= 155,357$/year

B/C=2,201,787/(2,053,600+155,357)=0.99

The proposed project is not acceptable for i= %20 since the B/C gives a value
below 1 which means that costs are bigger than the benefits on an annual basis.
So the above project can be acceptable up to i= %19 where the benefits and
costs are almost equal to each other. In the above application, there are certain
points which are important:
A) The primary capital cost of the project is the dredging cost. The dredging

cost will depend not only on the cubic area to be dredged, but also on the
characteristics of the bottom soil, the wave regime in the area, and the
mobilization cost of the dredging equipment.

B) In the example, only investments in the port necessary to affect the required
results are taken. If other non-port investments had been needed, such as
railroad connections between the port and the iron ore mines, it should be
studied separately since other benefits and costs will also arise due to this,

C) It is also assumed that without this port deepening project, the favorable
consequences, that is the lowering of the unit transport cost could not have
taken place.

D) If the market enlargement can be managed, under the conditions of the
proposed project, this would be significant. The market enlargement could
occur due to the lower transport cost, thus lowering the export price. On this
case the project can be evaluated under this forecasting.

E) The ports which Port A is in trade with should be investigated so that
whether they are available to accommodate 125,000 dw.t. ships

Based purely on the economic analysis, the project is acceptable for i=%15. If
funds are available to carry out the investment project, it should be carried out.
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22 Maritime Engineering and Ports II

5 Conclusion

In the appraisal of port deepening projects, the direct benefits are the reduction in
transportation costs while the costs are dredging and maintenance costs. In both
the private and public sector, the central economic fact is that the investment
should produce savings in transportation costs to the users. But on the other
hand, in port development projects, the production of savings in transportation
cost becomes a theoretical consideration and the main fact is that new or
developed port should make possible the economic development of the region. In
private sector the question of benefits is usually simple since the benefits are
measured in monetary terms. When considering public port projects, however,
direct income is not the only goal, but other types of benefits, both tangible and
intangible must be considered very carefully. Ultimately the decision on what
benefits to include is a political decision.
On the other hand in developing countries there are problems caused by a high
rate of inflation. Prices and interest rates are determined from day-to-day in the
market place. Some prices may be subject to government control, so the political
factors might be very dominant in project choice. So the evaluation in port
projects can be carried out from both the port's point of view, and from the
country* s point of view. Costs and benefits by the port and the country need not
necessarily be the same. A project which may not present financial gains to the
port may be of significant economic benefit to the country.
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