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INTRODUCTION TO THE SERIES

In the ports of industrialized countrics, operating systems and personnel development are
bascd on skills acquired through experience, on emulation of other industrics and on the inno-
vation which 1s casily undertaken in advanced industnal environments.  These means are gener-
ally lacking in developing countries, and port improvements occur only after much deliberation
and often through a process of trial and error. Some mcans are required by which ports i de-
veloping countries can acquire skills that are taken for granted in countrics with a long industrial
history, or can learn from the experience of others of new developments and how to meet them,

IFormal training is onc aspect of this, and UNCTAD has devoted considerable cffort to
developing and conducting port training courses and seminars for senior management and to
preparing training materials to enable middle-management courscs to be conducted by local in-
structors. It was felt that an additional contribution would be the availability of clearly written
technical papers devoted to common problems in the management and operation ol ports. The
sort of text that will capture an audience in the ports of developing countries has to be directed
at that very audicnce, and very few such texts exist today.

I'ollowing the endorsement of this proposal by the UNCTAD Committce on Shipping in
its resolution 35 (1X), the UNCTAD sceretariat decided to seck the collaboration of the Inter-
national Association of Ports and Ilarbors, a non-governmental organization having
consultative status with UNCTATD, with a view to producing such technical papers. The present
scrics of UNCTAID Monographs on PPort Management represents the results of this collab-
oration. It is hoped that the dissemination of the materials contained in these monographs will
contribute to the development of the management skills on which the cefficiency of ports in de-
veloping countries largely depends.

A. Bouavad
Dircctor
Shipping Division
UNCTAD
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FOREWOQORD

When UNCTAD first decided to scek the co-operation of the International Association
of Ports and Ilarbors in producing monographs on port management, the idea was enthusi-
astically welcomed as a further step forward in the provision of information to managements of
ports in devcloping countrics. The preparation of monographs through the TAPIT Committee
on International Port Development has drawn on the resources of JTAPII member ports of in-
dustrialized countrics and on the willingness of ports in developed countries to record for the
benelit of others the experience and lessons learnt in reaching current levels of port technology
and management. In addition, valuable assistance has been given by scnior management in
ports of developing countries in assessing the value of the monographs at the drafting stage.

I am confident that the UNCTAD monograph scrics will be of value to managements ol
ports in developing countries in providing indicators towards decision-making for improvements,
technological advance and optimum usc of existing resources.

The International Association of Ports and Ilarbors looks forward to continued co-
operation with UNCTAD in the preparation of many more papers in the monograph series and
cxpresses the hope that the serics will fill a gap in the information currently available to port
managements.

C. Bert Kruk
Charman
Committee on International
Port Development
TAPL
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OVERVIEW

(i) Tingincering cconomic analysis is usually involved with various projects, which are
mutually exclusive, and compares them on the basis of some economic measure of cllectiveness.
In an cffort to quantify the intangible factors as well, the projects under study are mainly com-
pared i monctary terms. The objective of this paper 1s to present an analytical methodology
for the comparison in monetary terms of the investment for alternative types of cargo-handhing
equipment.

(i) The approach proposed is the only onc widely recognized and - via the discounting
cash flow mecthod - provides a mathematical result which will be accurate, if properly and cor-
rectly interpreted. Its use is by no means restricted to port equipment and the technique has a
wider application. In chapter 11, a case study is presented to illustrate the procedure and sensi-
tivity analysis is discussed.

(i) Chapter 111 discusses how to calculate the economic life of cquipment and worked
examples are given. A graph has been prepared for certain assumptions which relates cconomic
life to maintenance cost.

(iv) Chapter 1V deals with the problems ol determining whether to repair or replace
damaged equipment and an cxample is given.

(v) Chapter V describes the basic clements of an Equipment Management Information
Systemm which arc nccessary to allow the evaluation of alternative types of cargo-handling
cquipment.
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Chapter 1
COMPARISON OFF ALTERNATIVES: GENERAT. CONSIDERATIONS

A. Introduction

1. Ingincering cconomic analysis is mainly concerned with the comparison of alternative
projects, on the basis of an cconomic measure of effectiveness. A non-recurring initial invest-
ment, recurring operating expenses, benefits and/or revenues, and a future scrap or resale value
arc usually associated with cach project. The various alternatives are normally compared, in-
troducing a large number of different criteria, including system performance and cconomic per-
formance. Among the system performance characteristics that are of interest, quality, salety,
and customer scrvice are of primary importance. Among the cconomic performance character-
istics normally considered, the initial investment requirements, return on investment, and the
profile of the cash flow which includes benefits and costs, are important.  Since the cash flow
profiles are normally different for various alternatives, in order to compare their respective cco-
nomic performance, one must compensate for the differences in the timing of cash flow. The
concept of the time value of money is introduced and a number of mathematical operations,
with an emphasis on modelling cash flow profiles, arc examined.

2. Both a financial and an cconomic evaluation arc generally required before a port investment
project 1s approved. The former is essentially a computation of commercial profitability and is
not in itsclf sufMicient; it is the cconomic cvaluation - the comparison of the social costs and
benefits to the country - which determines whether or not a project is acceepted.

3. The two evaluations arc identical in several respects:

(a) They require an cvaluation of a succession of costs and bencelits over the whole uselul
life of the project:

(b) They take into account the time-value of moncy and future benefits and costs must be
discounted back to their present-day valuc:

(¢) They use common criterta to evaluate investments, namely onc or more of the follow-
ingh:

(1Y Avcrage rate of return;
(1) Pay-back period;

(ii1) Net present value,

(1v) Internal rate of return;
(v) Beneflit/cost ratio.

B. Monetary considerations

4. The main emphasis is on the use of a logical methodology for sclecting one investment plan
from a number of alternatives available to the decision-maker. The criterion for sclection will
be the economic cllfectiveness. However, the decistion-maker has 2 number of cconomic meas-
ures to consider. 'or example, faced with an increase in demand for a particular service, the
management of a company may have to choose between cither increasing the amount of over-
time paid to employees or mstalling a new picce of equipment to meet the increased demand.
Clearly, a comparison of costs [or cach of these alternatives over some time period or planning
horizon is required, and onc objective of management should be to select the alternative with the
lowest cost,

5. Tactors which aflect a decision but cannot be expressed in monetary terins are often called
mtangibles. Ahlmost all rcal-world business decisions involve both monctary and intangible fac-
tors.  Although considerable investigation and study are required, many of the non-economic
factors involved in a decision can be finally expressed in monctary terms.  For instance, in the
above example, additional cost of maintenance can be expressed as the cost of training mainte-
nance personnel for the installation and repair of the new machinery. Other factors involved,

I For a more detailed discussion on evaluation methods, see the UNCTAD publications, Appraisal of port investments

(YD/BJC.A174) and Port development; A handhook of planners in developing countrice (U1 /B/C.4175/Rev. )
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however, arc not so casily reduced to monctary valucs. T'or example, there 1s a social cost as-
sociated with stafl having to work cither extra overtime or on shifts.

C. Comparison of alternatives

6. To cvaluate investments, multiple factors arc involved. Thercfore to compare mutually
exclusive alternatives, the conversion of all costs and henefits into monctary terms becomes cs-
sential. A systematic approach that can be followed in comparing investment alternatives is
summarized below:

(a) The sct of feasible, mutually exclusive investments to be compared must be defined;

(b) The time-period or the planning horizon to be used in the cconemic study must be
decided upon;

(¢) The cash flow profiles for cach alternative must be developed,

(d) The time value of money must be specilied,

(¢) The alternatives using the measure of merit or clTectiveness must be compared,
(N A sensitivity analysis must be performed as a supplementary cxercise;

(g) The preferred alternative will be sclected.

7. The procedures outhined for comparing alternatives are intended to help evaluate the
quantitative aspects of various alternatives. 1t is a fact, however, that non-quantitative aspects
of cach investment such as safcty, personnel considerations. and environmental cffects must be
also taken into consideration by experienced managers when evaluating the alternatives.

D. Defining the planning horizon

8. In comparing investment alternatives, it is important to compare them over a common
period of time. We define that period of time to be the planning horizon. In a sense, the plan-
ning period or horizon defines the width of a “window™ that 1s used to view the cash flows gen-
crated by an alternative. In order to make an objective evaluation, the same window must be
used in viewing cach alternative.

9. In some cases the planning horizon is casily determined; in other cases the duration of onc
or more projects is uncertain and causes concern over which time pertod to use. Some com-
monly used methods for determining the planning horizon in cconomic studies include:

(a) Lcast common multiple of lives for the sct of feasible and mutually exclusive cases;
(b) Shortest project life among the projects;
(¢) Longest project life among the alternatives.

10.  In the literature on cconomic analysis, the method most commonly used in selecting the
planning horizon is the least common multiple of lives approach. If] for cxample, the lives of
two alternatives had been 8 and 6 years, then the period of time to be used would be 24 years.
The first picce of equipment is replaced three times (3 x 8) and the seccond four times (4 x 6) to
give a total of 24 years,

11, If the shortest project life is used to define the planning horizon, cstimates arc required for
the other alternatives with longer lives, of the asset values for the unused portions of their lives.
If the longest life 1= uscd, then some diflicult decisions must be made concerning the period of
time between the projects” shortest and longest times. Consequently, when the shortest life al-
ternative rcaches the end of its life, it must be replaced with some other asset capable ol per-
forming the service required.

E. Interest calculations

1. Time value of moncy




12, If somecone is offered cither $100 today or $100 a year from today, he will undoubtably
choose the former. Someonc clse could even choose to receive $98 today rather than $100 a year
from now. ‘The use of money is a valuable assct, so valuable that people are willing to pay, in
order to have money available for their use. Moncey avatlable now rather than a year later means
that there is more time {or its possible usc.

13, Let us supposc that two sets ol cash flows exist cach having the same arithmetical sum.
Let us further supposc that cither these cash flows occur over different periods or the flow ol the
cash is different over the same period, and that a decision 1s required as to which alternative 1s
best. To take a decision that makes sense, the cash flows must be altered so that they can be
compared properly. This can be done by a mathematical manipulation of the cash flows, known
as discounting, by which the future cash flows are discounted to give their value now for cach
of the alternatives. This technique is known as discounted cash flow (DCT?).

14, The relation between the current or present value of a single sum of money and its future
valuc can be expressed in a mathematical way. Assuming that time 18 measured in years, il a
single sum ol money has a present value of P, its value in n ycars would be equal to
I'y = P+ In, where Iy 1s the accumulated value of P over n years. or the future value of
P, and In is the increase in the value of P over n years. In s referred to as the accumulated in-
terest in borrowing and lending transactions and is a function of P, n, and the annual interest
rate, 1. The present value of a future sum of money is Iy, - In.

2. Tuture worth factor

15, To iHustrate the mathematical operations involved in modelling cash-flow profiles using
compound nterest, we (irst consider the investment of a sum of money, P, in a savings account
for n interest periods. let the interest rate per interest period be denoted by i, and let the ac-
cumulated total in the fund for n periods in the future be denoted by 1. Then, the amount in
tne fund after n periods equals P(1 + 1) . T'or casy reference, for caleulating the yalues of I (the
future worth) when given values of P (the present worth), the quantity (1 + 1) is referred to
as the future worth factor. The above discussion can be summarized as foliows:

Let P = the cquivalent value of an amount of moncy at time zero, or present worth,
I’y = the cquivalent value of an amount of money at time n, or future worth,
1 = the interest rate per interest period,

n = the number of interest periods.

Thus, the future worth 15 related to the present worth as {ollows:
- o N

Fp=P (1 + i)
or, n

P F, /(140

3, Discount rate

16, Anmportant step in evaluating investment alternatives involves the specification of the
interest or discount rate to he used,  liven though a project may be financed entircly from
internal sources of funds, the use of an interest rate is recommended. The reason for doing so
1s to reflect the cost of investing moncey in a particular project instead of investing it clsewhere
and carning a return on the investment. The cost of (orgoing other investment opportunities is
referred to as the opportunity cost,

17.  Lixcept where other intangible benefits are involved, the discount rate should be greater
than the cost of sccuring additional capital. 1t should be greater than the cost of capital by an
amount that will cover unprofitable investments that a firm must make for non-monctary rea-
sons. [ixamples of thesc would include investments in safcty devices, antipollution equipment
and recrcational facilitics for employees.

18.  The discount rate that is specified establishes the firm's minimum attractive rate of return
for a project to be justified. I the present worth was negitive for a project, that is the total
discounted cash flow for costs and benelits was negative, the project woeuld not be recom-
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mended.  Some ports follow a standard discount rate in thewr cconomic studies while others
maintain a flexible policy.

F. Elements of economic analysis of projects in the public sector

19.  Knowing how to evaluate and select projects operated by the public sector is at least as
important to today’s cngincer as a similar knowledge relating to the private scetor.  The ana-
Iytical methods for public and private projects arc very similar, even though there arc some dif-
ferences between the two. The methods most [requently used in evaluating national or local
government projects arc cost-henefit and cost-e(fectiveness analysis. The cost-benefit methods
require that costs and benefits be evaluated on a monctary basis,

20. Fach benelit and cost must be quantified in monetary terms.  Benelits, or the positive
cffects of an investment, refer to desirable consequences. Costs arc the negative cflects. The
annual bencfits and costs are determined for the life ol the project and the present worth of the
sums of the discounted benefits and costs arc then calculated. 'The measure of merit is chosen.
Cost-benefit analysis frequently uses the beneflit-cost ratio (B / C) or, te a lesser extent, a
measure of benefits less costs (B - ().
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Chapter 11
CASE STUDY

A. Introduction

21.  An important prerequisite for the success or failure of a container terminal is, among
others, the choice of proper equipment. The equipment 1s not only the biggest single capital
expenditure, but in practice it determines the operational procedures and performance of the

terminal.

22, This equipment consists of the ship-to-shore gantry cranes, transfer equipment and the
stacking arca handling equipment. There are various alternatives for the transfer/stacking area
equipment. The objective of this exercise is to illustrate a systematic mathematical approach for
choosing between two alternative types of equipment. For this case study, a comparison is made
between rubber-tyred gantry cranes (RTG) and straddle carriers with transfer to and from the
quay made by tractor trailer equipment.

B. Assumptions
23, The following are the assumptions made for this case study:
(a) Benefits of the two stacking systems are the same; 2

(b) Labour costs are cxcluded on the assumption that the greater number of straddle car-
rier operators arc paid less than the RTG opcrators;

(c) Costs of land are excluded,;
(d) Payments for annual maintenance are madce at the beginning of each year;

(e¢) Revenuc from salvage is received at the end of the year and reported at the beginning
of the next year unless noted otherwisc.

The currency used in the analysis is the C£ (Cyprus pound). For reference CL 1 is approximately
equal to 2 United States dollars.

24.  To illustrate the mathematical calculations performed, an example is worked out:

Consider a container terminal that is expected to handle approximately 140,000 boxes
per year and the two mutually exclusive alternatives for yard stacking are:

Equipment type A - rubber-tyred gantry crancs (ecconomic life 15 years)
Fquipment type B - straddle carriers (economic life 1) years)

The planning horizon based on the least common multiple of economic lile will be 30
years. The discount ratc used for evaluating investments for the terrmal is 10 per cent.
Also assume that for this example there is no difference in the cost of pavement or sur-
facing for the two systems, and that no additional cquipment is nceded for cither alter-
native. IFor most equipment the cost of maintcnance tends to increase with the age of
the cquipment and this rate of increase is refcrred to as the j factor.

25.  Costs associated with the purchase and operation of rubber-tyred gantry cranes are as
follows:

Units required 6
Capital expenditure (CE) s 6 x 320,000 = (£ 1,920,000,
Salvage value (20 per cent of CI3) : CL£ 384,000,

Annual maintenance/repair/
fuel (10 per cent of CI3), which
includes the cost of spare parts : CL192,000/annum with § per cent

2 Straddle carriers offer more speed and flexibility, while RTG make better use of the land and can usc gravel heds for
container stacking.
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annual crease () factor)

26.  Similarly lor straddle carriers the costs arc as follows:

Units required : 8

Capital expenditure (CI7) ¢ 8 x 200,000 = CL 1,600,000
Salvage value (20 per cent of CI) ¢ CL 320,000

Annual maintenance/repairs/

fuel (18 per cent ol CLE) » €L 288,000 with j = 8 per cent

C. Calculations

27.  The actual and the discounted cash flows are given in table 1 for the two types of equip-
ment. This table has been prepared using a spread-sheet package on a microcomputer. The
maintenance costs arc at their lowest Ievel in the year following the purchase of the equipment
and increase to their maximum in the year the equipment is replaced. The discounted value for
each year is determined by multiplying the cost by the discount {actor which is calculated given:

1 /(1 + discount ratc) 0. of years - 1

A table of discount factors is reproduced in annex I. The cash flow for cach year is shown as
the actual and the discounted value. Ior example, for equipment A the maintenance cost has
risen from CL 192,000 in year 1 to C£ 261,200 (192,000 x 1.08 4) in year 5. ‘The discounted
value is C£ 178,400 (261,200 x 0.6830 (discount factor for 10 per cent and § years)). The total
discounted cash flow or present worth is the accumulated sum of the discounted values.

28.  The present worth is the amount of money required now to pay all future costs of ac-
quiring and operating the cquipment over the planning period. Thus the actual cash flow rather
than the book flow must be used. If the company’s own funds are usced for the equipment’s
purchase, then all cash flow occurs in the year of purchase. If external funding is used for pur-
chasing, the cost flows arc the down payment in the purchase year and subscquent loan and
interest repayments in the following years. Depreciation would only be a factor in cost benefit
analysis where it would be used to reduce taxes and would thus reduce the negative tax {low.

29.  For the two types ol equipment the recommended alternative is the one with the lower
total discounted cost i.c, -

]

A.  TFor rubber-tyred gantry crancs = £ 5,414,800

B. Tor straddlc carriers = C£ 6,339,400

Since the total cost for A is less than the total cost for B, alternative A should be sclected.

30. In any comparison it is important to bring all costs into the comparison. I'or example,
when sclecting diflerent container-handling systems, all the costs of each svstem must be con-
sidered, including differences in transfer equipment and paving requirements. Common elements
for diflerent systems can be excluded for comparison purposcs. Finally, local conditions and
operational cxperiences play an important role, and managers should also consider them care-

fully.




Table 1

Comparison of equipment by discounted cash flow method
(assuming 10 per cent discount rate)

EQUIPMENT A 5414.8 - Total discounted cost (CL '000)

Year 1 2 3 4 M) 6 -7 8 9 10
Capital cosl 1920.0

Maintenance 192.0 2074 2239 2419  261.2 2821 3047 3291 3554 3838
Salvage

Total 2112.0 2074 2239 2419 261.2 2821 3047 3291 3554  3R18
Discounted 21120 I88.5 185 181.7 1784 1752 1720 16R9 1658 1628
Year (cont.) 11 12 13 14 15 16 17 18 19 20
Capital cost 1920.0

Maintenance 4145 4477 4R35 5222 5639 1920 2074 2239 2419 201.2
Salvage 384.0

Total 4145  447.7 4835 5222 5639 17280 2074 2239 2419 261.2
Discounted 1598 1569 1541 151.3 1485 413.7 45.1 443 43,5 427
Year (cont.) 21 22 23 24 25 26 27 28 29 30
Capilal cost

Maintenance 282.1 a7 32910 3554 3R3.8 4143 44777 4835 5222 5639
Salvage 3R4.0 *
Total 282.1 047 329.1 3554 3838 4145 44777 4835 5222 1799
Discounted 41.9 41.2 40.4 39.7 39.0 383 7.6 36.9 16.2 13.5

EQUIPMENT B 6339.4 - Total discounted cost (CL "000)

Year ! 2 3 4 5 ¢ 7 8 9 10
Capital cost 1600.0

Maintenance 288.0 3.0 3359 362.8 391.8 423.2 457.0 493.6 S33.1 5757
Salvage

Total 1888.0 31N 3359 362.8 391.8 4232 457.0 493.6 S33.1 5757
Discounted 1888.0 2828 277.6 2726 2676 262.8 25R.0 2533 2487 24422
Year (cont.) 11 12 13 14 15 16 17 18 19 20
Capital cost 1600.0

Maintenance 288.0 3110 3359 362.8 391.8 42312 457.0 4936 513.1 5757
Salvage 320.0

Total 15680 3110 3359 362.8 39]1.8 4232 457.0 4936 5331 575.7
Discounted 6045 109.0 107.0 1051 1032 1013 99.5 97.7 95.9 94.1
Year (cont.) 21 22 23 24 25 26 27 28 29 30
Capital cost 1600.0

Maintenance 288.0 3110 3359 362.8 3918 4232 457.0 493.6 5331 575.7
Salvage 320.0 3200 *
Total 1568.0  311.0 335.9 362.8 3918 4212 457.0) 493.6 5331 255.7
Discounted 2331 42.0 41.3 40.5 398 391 38.3 37.6 37.0 18.0

* salvage funds reccived at end of year.




D. Sensitivity analysis

31.  In the above cxercise it was assumed that all the values of the paramecters of the economic
models were known with certainty. In particular, correct estimates of the values for the length
of the planning horizon, the discount rate, the costs - i.e. cach of the individual cash {lows - were
assumed to be known. Often these values are not known with certainty and this cffect of un-
certainty should be investigated. I'or port investments, cargo tonnage, cargo mix and produc-
tivity forecasts are not accurately known. This uncertainty in demand for and supply of port
services gives risc to a risk factor in port investments. The effect of uncertainty can be studied
by means of sensitivity analysis.

32.  This sensitivity analysis can take two main forms. The simpler method is to repeat the
analysis a number of times, cach time one of the paramecters is set at a value corresponding to
a ‘tisk position’. For evaluating equipment, this would give a number ol discounted cash flows

for different cases.

33.  Another approach, for cost-benefit analysis, is to calculate how far cach of the input fac-
tors will have to change before the project’s net present value falls to zero. If the Internal Rate
of Return (IRR) mecthod is being used, 1.e. determining the discount rate that will make the net
present value zero, the calculation will show how far the input factors have to change before the
project IRR falls to the minimum acceptable level.?

34.  For equipment evaluation, a computer spread-shect model can be prepared and casily used
to cvaluate various scenarios. The opportunity is provided to change any paramcter or combi-
nation of parameters influencing the situation ad infinitum and subscquently study the results
obtained. [‘or evaluating uncertainty for equipment choice, it is suggested that the cost of
equipment, annual maintenance/repair/fuel and annual increase in maintenance/repair costs can
be altered to determinc the conditions for which one type of equipment becomes more
advantageous than another.

35, For the case study, a 17 per cent increasc in the price of equipment A or a 15 per cent
reduction in the price of equipment B would make cquipment B a better selection. Similarly a
30 per cent increase in the cost of maintenance/repair/fuel for equipment A (cost increases [rom
10 per cent to 13 per cent of the initial cost) or a 25 per cent reduction in these costs for
equipment B would make equipment B a better selection (cost decrcases [rom 18 per cent to 13.5
per cent). If the number of straddlie carricrs (equipment B) has been over-estimated and only
six straddles are required, the total discounted cost for this alternative would be CL 4,754,500
and thus the straddlc system would be the recommendéd alternative. These limits will assist
decision-makers in sclecting the equipment to be purchased.

3

For a more delailed discussion on sensitivity analysis, see the UNCTAD publications, Appraisal of port investments
(TD/B/C.4/174) paragraphs 90 - 95 and Port development; A handbook of planners in developing countries
(TD/B/C.4/175 Rev.1) paragraphs 193 - 196.
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Chapter 111
LCONOMIC LIFE CALCULATIONS

36. To dctermine the cconomic life of a piece of equipment requires the calculation of the
discounted valuc of all future costs associated with each replacement policy. In general the costs
to be included are all costs that depend on the age of the machine. Costs that do not change
with the age of the machine, such as labour costs and power, need not be considered. The costs
are incurred over a period of time, and must be discounted to the present in the normal way.

37.  For cconomic life calculations the assumption is made that costs increase each year for
items of equipment that dcteriorate, because of increascd maintenance. The following rules ap-
ply for minimizing costs:

Rule 1: If the cost of replacing every n+ 1 years is less that the cost of replacing every n
years, the item should not be replaced.

Rule 2: If the cost of replacing cvery n+ ] years is greater that the cost of replacing every n
years, the item should be replaced.

38.  We may take a onec-ycar period and call it 7 and the costs incurred during that period C; .
We may assumc that each cost is paid at the beginning of the period in which it is incurred, that
the initial cost of necw equipment is A, and that the cost of money or discount rate 1s r.

39.  The discounted value K, of rclevant future costs associated with the policy of replacing
equipment after every » years is given by summing the discounted costs for the first piece of
equipment with the discounted costs for the second picce of equipment, and so on. Operational
research text books ¢ show that the discounted value K, is given by:

A+YC a+n !

i=1

1-1/(+n"

Thus, il K, is less than K, 4 ; , then replacing the cquipment cach »# years is preferable to
replacing each n + | vyears. K, is thc amount of money required now to pay all future costs
of acquiring and operating the equipment when it is renewed cvery # years.

40.  The annual payment or weighted average cost for different replacement periods is given
by:

A+ Z('_‘.i (1+r) -1

i=1

Weighted average cost =

Y a4nt!

i=1

The minimum weighted average cost will then give the optimum replacement period, that is, the
period that will minimize the discounted cash low {or operating the machine. The economic life
can be defined as the period to the time where the weighted average cost is at its minimum.

41.  The calculation of cconomic life can be illustrated by an example. The rninimum weighted
average cost is the factor to determine the useful life of the equipment. The following cash flows
shown in table 2 are assumed to occur for the next 15 years. The annual increasc in equipment
maintenance cost is 8 per cent. The last column gives the average annual cost {or the various
replacement periods - thus replacing the equipment every five years would result in an average

4 For example, see Churchman, C.W., AckofT, R.L. and Arnofl, L.W., Introduction to Operations Research, John Wiley
& Sons, Inc., New York, 1964, pages 484 to 488.
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annual cost of CL 42,113, In this case - provided other factors remain unaltered - the cconomic
life of the equipment is 11 years (since this year has the lowest weighted average cost of €L
36,150). The equipment should thercfore be replaced at the end of its 11th year.

Table 2

Calculation of economic life for new equipment

{assuming no residvual value and n 9 per cent discount rate)

Rate Disc. Accum,  Sumof Wtav.
Life Capital Maint.  Total 0.09 cost DCE factors cost

1 100000 16000 116000 1.000 116000 116000 1.000 116000
2 0 17280 17280 0.917 15853 131853 1.917 68766
3 0 18662 18662 0.842 15708 147561 2759 53481
4 0 20155 20155 0.772 15564 163125 3.531 46194
5 0 21768 21768 0.708 15421 178546 4.240 42113
6 0 23509 23509 0.650 15279 193825 4.890 39640
7 0 25390 25390 0.596 15139 208964 5486 38091
8 0 27421 27421 0.547 15000 223964 6.033 37124

9 0 29615 29615 0.502 14863 238827 0.535 36547
10 0 31984 31984 0.460 14726 253554 6.995 36247
11 0 34543 34543 0.422 14591 268145 7.418 36150
12 0 373006 37306 0.388 14457 282602 7.805 36207
13 0 40291 40291 0.356 14325 290927 8,101 36385
14 0 43514 43514 0.320 14193 30120 8.487 36659
15 0 46995 46995  0.299 14063 325183 8.78¢ 37011

42.  TFigure 1 illustrates the weighted average cost for equipment with an mitial cost of 1000
monetary units and with maintenance costs of 15 per cent of the initial cost in the first year.
Four curves {or various rates of incrcase of maintenance costs arc shown. The discount rate used
1s 10 per cent. The calculations are based on the assumption that the equipment is replaced with
similar cquipment. In practice technical improvements arc often made and the resulting pro-
ductivity improvements will justify the carlier replacement of the equipment.
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Figure 1
Replacement Cost as a Function of Age
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43. By taking different maintenance values as a pereentage of the purchase price 5 and different
] factors, a family of curves can be calculated to determine the economic life of cquipment. The
discount ratc uscd for calculating these curves is 10 per cent. These curves are shown in figure
2. The assumption is that the cquipment has no residual value. Tor a given ratio of mainte-
nance cost to purchase cost and a j factor, the cconomic life can be determined (rom this graph.
For example, assume we have a picce of equipment costing FUS3S50.000 with an estimated
maintenance cost for the first year of $US35,000. The ratio of maintenance cost to purchase
cost is 0.1. Also assume that the maintenance cost will risc by 12 per cent per year. I'rom the
curve in figure 2, the economic life for this picce of equipment is 10 years.

5 Annex 2 gives lypical ratios for different types of equipment hased on the UNCTATD publication, Operating and
Maintenance Features of Comtainer Handling Systems; UNCTATIY/SIHTP;622; United Nations: Geneva; March 1988,

\‘—




-12 -

Figure 2
Optimum Replacement Period
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44,
costs associated with replacing cquipment after cvery a years is given by:

A+Y Cola+n L s, /(1+D) n

i=1

1-1 /) (+n)"

where S, is the salvage valuc of the cquipment at the end of the nth year.

45,

IFor equipment that has a salvage value the formula {or the discounted value of all future

A hypothetical example is illustrated in table 3. The column with the heading ‘Sum’ is the

value of the initial cost plus the accummulated discounted maintenance minus the discounted
salvage value, For this example, the minimum discounted value occurs at 10 years and therefore

the best policy is to replace the equipment cvery 10 years,
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Table 3
Schedule of discounted costs for new equipment

(assuming restdual value and a 9 per cent discount rate)

Rate Dise. Accum.  Disc.
Lile  Capital Maint.  Salvage  0.09 maint. DMC  salvage Sum n
1 1000060 16000 80000 1.000 16000 16000 73394 426006 516000
2 0 18000 60000  0.917 16514 32514 50501 82013 518020
3 0 20000 52000  0.842 16843 49347 40154 109194 479300
4 0 22000 44000  0.772 16988 66335 3171 135165 4063568
5 0 24000 36000 0.708 17002 83338 23398 159940 456882
6 0 26000 28000  0.650 16898 100236 16695 183540 454609
7 0 28000 20000 0.596 16695 116931 10941 205991 454760
8 0 30000 (2000 0.547 16411 133342 6022 227320 456343
9 0 32000 10000 0.502 16060 149402 4604 244798 453689
10 0 34000 8000 0.460 15655 165057 3379 261677 453051
I 0 36000 6000 0.422 15207 180263 2325 277938 453801
12 0 38000 4000  0.388 14726 194990 1422 2935607 455521
13 0 40000 2000 0.356 14221 200211 652 308559 457924
14 0 42000 1000 0.320 13700 222911 299 322011 460378
15 0 44000 0 0.299 13167 236077 0 336077 463260

46.  In recal lile, however. ports are required to analyse a situation where facilitics and cquip-
ment exist and operate already and the question is whether these existing (acilities and cquip-
ment should be retained or replaced. To calculate the remaining life of existing cquipment, the
original purchase price 2nd maintenance costs [or previous years should be used along with the
expected future maintenance costs. The economic life can then be calculated and the remaining
life will be the economic life minus the age of the cquipment,  When this calculation is made
there will probably be some cquipment that is older than its cconomic Ife. This equipment is
morce costly to operate than new equipment and should be replaced.
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Chapter IV
REPAIR OR REPLACT DECISTON

47.  This chapter presents a simplified version of the repatr versus replace 1ssue, a probiem that
every manager and engineer faces quite frequently. Damaged equpment is a fairly usual phe-
nomenon during port operations. Bearing in mind the requirement [or a continuous scrvice ac
well as the concern of the port authority or the operating company to minimize cost, and de-
pending on the extent of the damage, decision-makers are often called upon to decide quickly
on whether a damaged picce of equipment should be repared or replaced.

48.  To illustrate the clements to consider, a hypothetical example is used. A five year-old
picce of equipment has been damaged during port operations. After the aceident the equipment
is worth only €L 15,000, mainly in the form of spare parts. Tenders were received for the repair
work and the lowest acceptable bid is CL£ 80,000, After repair the remaining cconomic lile will
be 6 years.

49, At the same time, the manager is considering replacing the damaged picee of equipment
by purchasing a new one at a cost of CL£ 130,000. The cconomic life of the new equipment s
estimated to be 12 years. Although the productivity of the two options are identical, 1t is csti-
mated that the maintenance cost of the repaired one will he greater compared with the new
equipment due to its mcreased age and will be approximately CL 1,000 more per year.

50, Delivery time for the new cquipment is 10 montht and the estimated time for repairing the
damaged one 1s 3 months. In the meantime, the manager must replace the damaged picee of
equipment by leasing another one for CL£2,000 per month. With a discount rate of 9 per cent,
what is the best policy for the manager?

51, Evidently the planning horizons for the two options are not identical - f.e. 6 vears for re-
paired cquipment and 12 years for the new one. One method by which thes: two options can
be compared is to cstimate the salvage value for the new equipment alter ¢ vears which would
be, let us say, CL50,000 and then to calculate the discounted cash flov. This salvage value is
received at the end of the sixth vear (beginning of seventh vear).

52, Again a spread-shect 1s used to set up the costs for each of the siv yeuars to compare the
two alternatives, namelv repairing the damaged equipment or replacing the equipment. This
spread-shect is shown in table 4. For both alternatives, maintenance costs ere assumed to n-
creasc by & per cent per vear.  The rental charges of CL£6,000 for the repair option and
CL£20,000 for the replace option have been discounted,

53 The total discounted cash flow for the “Repair option” is (CLI58,900) and for the "Re-
place” onc (CL173,800). In this particular case, it 18 more cconomic to repair the damaged
cquipment than to reploce it. Tt is strongly advised, however, to perform & sensitivity analvsis
by changing the values of the various parameters to see how this aflects the results. FFor exam-
ple, if the new picce of cquipment were available within two months, the replacement option
would become more cconomice.
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Table 4
Comparison of yepair vs replace by discounted cash flow method

(9 per cent discount rate)

REPAIR 162.7 - Total discounted cash flow (CE£001)
Year / 2 3 4 s 6
Capital cost 80.0
Rental @ 5.9
Maintenance 0.5 15.1 16.3 17.6 19.0 20.6
Salvage
Total 96.4 14.0 16.3 17.6 19.0 20.6
Discounted 96.4 13.7 13.5 13.3 13.0 12.8
REPLACE 169.7 - Total discounted cash flow (€ “0H)
Ycar / 2 3 4 5 6
Capital cost 130.0
Rental ¢ 19.3
Maintenance 2.2 14.0 152 16.4 17.7 19.1
Salvage 15.0 50.0
Total 136.4 14.0 15.2 16.4 17.7 -30.9
Discounted 136.4 12.8 12.5 12.3 12.1 -16.4

a (Costs have been discounted.
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Chapter V'
ENGINELERING MANAGEMENT INFORMATION SYSTEM

54.  The availability of relevant, accuraic and comprehensive information is cssential to deter-
mine the cconomic life of equipment and thus to establish an cquipment replacement policy.
Lquipment planning is virtually impossible without this information.  The components of an
Enginecring Management Information System (IEMIS) are deseribed in the following para-
graphs.é

55, The basic clement of the information system is the Job Card, also called the Work Card,
Work Order Card or Job Sheet. This form is the acceptance and authorization by the manage-
ment of the Lingincering Department for & maintenance or repair job.  I'he card describes the
task to be performed and ultimately records the resources used for the job.

56.  The Job Card 1g a printed card on which a planner from the Engineening Department has
entered the following inlormation:

- assct number and description of the machine or plant to be serviced:

- date of receipt of the request for service;

- date ol 1ssuc of the Job Card;

- Names of the issuing officer and the nominated person responcible (or the repair;

- statement of the nature of the job to be done (e.g. ‘monthly service’; ‘repair to damaged
headlamp');

- space for the responsible technician to acknowledge receipt of the job and to note 1ts
completion;

- space for the supervisor to sign approval of the completed job,

To make the card more comprehensive the following information necde to be added by the
nominated technician on the completion of the task:

- time of starting the job;
- time ol completion:

- details of the number of stafl employed on the joh, their grades and their individual
signing-on and signing-ofl” times;

- spare parts and consumables used.
These data will provide the basis for caleulating labour and material costs.

57. Detailed mstructions {or preventative maintenance jobs should be dearly set out on a
separate worksheets as addenda to the Job Card or in a manual, The metructions should set
out all the steps of the job and cach step should be checked off ag the step iz completed.

58.  The Job Card should have space to accommodate entries for costing purposcs at a later
stage. This will allow the cost of all materials, both consumables and spares, and the cost data
relating to the Jabour clement for the job to be recorded.

59. The Job Card is clearly the basic data entry component of the system. The card is used
by stafl from the workshop, stores, {inance and personnel (for calculating solaries and overtime
payments). The card will then be returned to the Engineering Departmaent for analvsing the re-
liability, maintainability and future for that picce of equipment.

60.  Another essential component of the EMIS is the scheduling system which sets out the
maintenance plan foy the next week or month. In its simpest form, the maintenance schedule

6 For a fuller treatment of this subject, see the report Management of Port Maintenanee - A review of current problens
and praetices which is available from HTMSO Publication Centre, PO Box 276, Tondon SWI ST, United Kingdom.,
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is chalked up on a blackboard or written on to a pre-formated wall timetable.  The planned
service intervals for equipment as recommended by the manufacturer form the basis {or the
programme, but the intervals can be modificd with time and expericncee to reflect the needs and
circumstances of the port. The routing section plans the work of an individual workshop or
group of workshops in broad outline for the following week, generating Job Cards and requisi-
tioning the nceessary supplics. The day before, the planners will finalize the schedule, adjusting
the preliminary plan as necessary, and issue the Job Cards and workshects and manuals to in-
dividual technicians. The maintenance schedule is the planner’s basic tool to allocate engincer-
ing resources and to ensure that work, both preventive and emergency repair, is tackled in order
of priority to suit the operator’s needs.

61.  'The EMIS also requires a sct of comprehensive and permanent records which compile in-
formation relating to individual machines and groups ol machines and their constituent systems
and components. Collectively, these records constitute the database for the EMIS, upon which
plans and decisions are based.

62, The first of these record systems 1s the Asset Register, the inventory of the port’s plant,
equipment, buildings and other assets. [t lists cvery owned item and identilics it by code num-
ber and full description (e.g. equipment type, capacity, manufacturer, date of acquisition, lo-
cation or storage position within the port). Linked to the Register should be the set of Assct
Ihistory records. These provide a cumulative account of the working life of cach asset, c.g. the
hours of work of a cargo-handling machine, its preventive maintenance sessions, its breakdown
and damage repairs, cte. Every maintenance job performed on that assct should be entered on
the Asset History card or file, detailing all the sparc parts used, consumable items cxchanged,
fuel used and so on.

63.  The final essential clement of the EMIS is an activity or function rather than a physical
entity - namely the analysis ol the collected data and the assembling of them in a form suitable
for the various decision-making activitics that follow, The central activity 1s the collation of
related data and their aggregation into suitable groups, followed by interpretation of the as-
scmbled facts and [igures, and circulation of that interpretation to appropriate managers. ‘The
analysed data arc used to control maintenance work, to modily schedules and practices, to
identily problems, to control costs and to determine cconomic life.

64.  In summary a basic IMIS can be assembled [rom the components described: Job Cards
(data entry), Maintenance Schedules (organizational framework for activities), Records (contin-
vously updated database of facts and figures) and Analysis (interpretation and organization of
data and fecdback of information).
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ANNEX 1

Discount fuctors 9

Discount rate (per cent)

Year 6 7 8 9 10 1 12
| 1.0000 1.0000 1.0000 1.0000 10000 1.0000 1.0000
2 09434 0.93406 0.9259 0.9174 (0.9091 0,9009 0.8929
3 0.8900 0.8734 0.8573 0.8417 0.8204 0.8110 0.7972
4  0.8390 0.8163 0.7938 0.7722 0.7513 0.7312 0.7118
5 0.7921 0.7629 0.7350 0.7084 0.6830 0.6587 N.6355

6 0.7473 0.7130 0.6800 0.6499 0.6209 0.5935 0.5674
7 0.7050 0.6663 0.6302 0.5963 0.5645 0.5346 0.5066
g 0.6651 0.6227 0.5835 0.5470 0.5132 0.4817 0.4523
9 0.6274 0.5820 0.5403 0.5019 0.4605 0.4339 0.4039
10 0.5919 0.5439 0.5002 0.4604 0.4241 (.3909 0.3606

11 0.5584 0.5083 0.4632 0.4224 (0.3855 0.3522 1.3220
12 0.5268 00.4751 (.4289 0.3875 0.3505 0.3173 0.2875
13 04970 0.4440 0.397] 0.3555 0.3180 0.2858 0.2567
14 0.4688 0.4150 0.3677 0.3262 (0.2897 0.2575 0.2292
15 0.4423 0.3878 0.3405 ().2992 0.2633 0.2320 0.2046

16 04173 (,3624 0.3152 0.2745 0.2394 £1.2090 0.1827
17 0.3936 (.3387 0.2919 0.2519 0.2176 0.1883 0.1631
18 03714 0.3166 0.2703 0.2311 0.1978 0.1096 0.1456
19 0.3503 0.2959 0.2502 0.2120 (0.1799 0.1528 0.1300
20 03305 0.2765 0.2317 0.1945 0.1635 0.1377 0.1161

21 03118 0.2584 0.2145 0.1784 (0.1486 0.1240 0.1037
22 0.2942 0.2415 0.1987 0.1637 0.1351 01117 0.0926
23 0.2775 0.2257 0.1839 0.1502 0.1228 0.1007 0.0820
24 0.2618 0.2109 0.1703 0.1378 0.1117 0.0007 1.0738
25 0.2470 0.1971 0.1577 0.1264 0.1015 0.0817 0.0659

26 0.2330 0.1842 0.1460 0.11060 0.0923 0.0736 0.0588
27 0.2198 0.1722 0.1352 0.1064 0.0839 0.0663 ).0525
28 0.2074 0.1609 0.1252 0.0970 0.0763 0.0397 0.0469
29 0.1950 0.1504 0.1159 0,0895 0.0693 0.0338 £0.0419
30 0.1846 0.1406 0.1073 0.0822 0.0630 0.0:485 0.0374

a  Tiactors to be applied based on the assumption cash flow it at the beginning of the period
and discounting 1s to the begimning of year |,
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ANNEX 2

Typical ratios of maintenance cost/purchase cost ('000 SUS)

Maintenance Purchase Ratio
cost cost

Quay side gantry crancs 100.0 4500.,0 0.02
Straddle carriers (0.0 500.0 0.12
Rubber-tyred gantry crancs 65.0 825.0 0.08
Small rail-mounted gantry crancs 80.0 1000.0 0.08
Terminal tractors 20.0 62.5 0.32
IFork-lift trucks (42 tons) 40.0 300.0 0.13
Recach stackers 35.0 425.0 0.08
40 foot trailers 2.5 12.5 0.20

Source: Operating and maintenance features of container handling spstems (UNCYATLSITEF/G22) March 1988,
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