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SUVMARY

A location factor is a means of converting the capital cost
of a chemical plant from one country to another. It Is used to
estimate the capital cost of constructing a new chemical plant in
a new location based on the capital cost of an existing chemical
plant. A literature survey revealed that there are several methods
of calculating location factors, but most of the articles
presented no results. Most coampanies have their own method of
deriving location factors but it tends to be costly. Therefore, It
was suggested that a method of updating existing location factors
would be of more use.

Methods published In the |iterature are critically appraised
and analysed to identify the main Influences on location factors.
A caplital cost model of a chemical plant was developed based on a
literature survey of chemical plant cost analyses. A method of
updating existing location factors |is presented and results
obtained using the method are discussed. The method uses a
published plant cost index for each country, as this was found to
be the only published data which represented the rate at which
plant costs have changed In a variety of countries. A |ist of
updated location factors Is given. The effect of the exchange

rate, and labour productivity on the location factor are also
investigated.
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A location factor Is used to obtain an estimate of the
Investment cost of a new chemical plant at a proposed location (B)
based on the Investment cost of an existing similar plant of a

known investment cost at a base location (A):

B = CA * LF(B:A)

where CA - known Investment cost at location A
CB - estimate of Investment cost of a new plant at
location B
LF(B:A) - location factor (ratio of cost at B to the

cost at A)

The Ilterature available concerning the methods of
calculating location factors and actual values Is very |limited and
often Inadequate. Most of the published methods of calculating
location factors require an Indepth knowledge of any location in
terms of Inflation rate, costs, labour rates, productivity and an
appreciation of special envirommental and social factors, as all

these may have an influence on the final value.

Location factors tend to be presented very badly In the
Il iterature. Ohlrichs [3] makes two very good points In this area:
= Publishing values without Iindicating In which context they

are to be placed reduces the value of these factors.
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- It Is desirable to standardise the nomenc lature, to draw up

definitions and to establish procedures.

The objectives of this work are:
@) Establish a robust definition of a location factor.

(i1) Identify, quallfy and quantify the range of Influences on a

location factor.
(111) Formulate a method of calculating location factors.

(I1v) Determine the value of cost Indexes In converting costs fram

one country to another.

(v) Devise a method of updating location factors.
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2 LITERATURE SURVEY

The effect of time and location on chemical plant costs is an
area of increasing interest yet sources of Information are scarce.
Construction of chemical plants Is carried out worldwide in an
increasingly competitive enviromment, and with campanies looking
even more closely at capital expenditure due to the current world
economic recession, as accurate an estimate of capital cost as
possible Is essential for any construction project. The use of
historical data Is, therefore, suggested with the effect of both

time and place on costs taken Into account.

It was decided to divide the |iterature survey Into two
sections: location factors, and cost Indexes. These topics take

Into account the main areas of interest.

2. Location Factors

Location factors are concerned with the relationship between
the capital cost of chemical plants constructed in two different
locations. This suggested that journals concerned with chemical
plants and/or cost estimation could be reasonable sources of
information. A general search revealed that the fol lowing Journals
were most |ikely to be of value:

(a) Chemical Engineering
(b) Cost Engineer

(c) Process Econamics International

= 14 =



There seems to have been an increase In awareness of the
Importance of Ilocation factors since 1979, when Bridgwater [1]
published a |list of factors for 35 countries, and Miller [2]
published a method of converting construction costs fram one
country to another. This Is indicated by the Increased number of
articles published In the |iterature: Wagialla [4] 1984, Kharbanda

[18] 1981 and 1984, Sheridan [33] 1981, and Roberson [14] 1979.

1. Definition of a Location Factor

Only three definitions of a location factor were found in the

| Iterature:

(i) Ohlrichs [3]
"A plant location factor Is the ratio of capital Investment cost
for identical plants, at the same point In time at a different

location, relative to a given location and where applicable with a

currency relationship valid for that point in time ."

(11) Bridgwater [1]

"Geographical variations In capital costs are usual ly quantified
by means of a factor that Is the ratio of capital costs between
two locations. Such a factor may be expressed as a factor related

to a base of 1.0 or as an Index with a base of 100, at a specified

location."

(I11) wagialla [4]
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"The total fixed Investment location factor, L(A:B), between a new
location (B) and a reference location (A) where the local f Ixed

investment Is known, Is defined as fol lows:

Fixed investment of proposed project at new location,B
L(B:A)= "
Fixed investment of reference projects at base location, A

Definition (1) states that Iidentical plants should be
campared. It Is Improbable that identical plants will be
constructed at two different locations as there are various
factors which Inf luence individual plant design. Another
difficulty Is that it states that they must have been bullt at the
same point in time. Once again, it is very unl ikely that a company
will build two Identical or similar plants at the same time In
different locations. Definition (iii) Is said to be dependent on
two assumptions:

- The two chemical plants will produce the same product

by the same process using similar raw materials.

- The two plants shall have the same actual output.

The second assumption could be important when comparing an
Industrialised country with a developing country, where the actual
on-line time may be Iower. Therefore a larger plant will be

required to take this factor Into account.

The title given to the location factor Is also important. In
definition (1il) it Is called "the total fixed Investment location
factor", but Iin definition (1) It Is simply called the "plant

location factor". No Indication is given to what this refers to.
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The title should Indicate clearly which costs have been included,
€.g. does It refer to a battery |imit or a greenfield site. It Is
of little value to call it simply a location factor, as this Is
meaningless to anyone except the person who generated the figure.
Alonso [5] quotes a ‘National Price Factor' for twelve countries
based on the United States. This Is different to a location
factor as It is meant to reflect the difference In productivity,
transportation and labour skills between two locations. No

Indication is given on how this Price Factor was derived.

The Ideal definition Is considered to be that of Ohlrichs,
definition (1ii), but this is unworkable as explained above. The
suggested definition of a location factor is as fol lows:

"A location factor Is the ratio of capital investment cost
for plants of similar function relative to a given location. It
should be quoted with the appropr iate exchange rate and basic

Information concerning the type of plant, costs, and the year of

construction."

‘Similar function’ refers to plants that have the same actual
output, use the same process and raw materials to produce the same
product. |If necessary, cost Indexes should be used to convert the
cost of a plant from one year to another. It may also be necessary
to adjust the cost to take into account any difference In on-

stream times which could affect plant capaclity [4].
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2.1.2 Plant Cost Analysis

In order to Investigate what location factors are and what
influences them, It Is necessary to understand what the ma jor
costs are when bullding a chemical plant. A |iterature survey
revealed that there Is no set way Iin which a cost analysis of a
chemical plant should be presented. The simplest cost breakdown

(figures taken from Table 2.1) is:

Direct costs 70%

Indirect costs 30%

This Is, however, of very little use as It gives no indication of
the major cost components. The first indication of agreement Is
given by Peters and Timmerhaus [6] who canpare costs fran three
independent sources. This has been reproduced In Table 2.1. On

camparing the figures presented, it can be seen that they agree

reasonably well.
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Table 2.1 Comparison of cost analyses for three chemical plants

presented In the |iterature [61
COMPONENT REFERENCE 10 REFERENCE 9 REFERENCE 8
Purchased equipment 23 23 23
Instal lation 9 10 =

Instrumentation

and control 3 < 3
Piping 7 9 9
Electrical B 2 2
Bui lding 8 6 7
Yard improvements 2 3 5
Service facillties 13 13 11
Land 1 1 1
TOTAL DIRECT COST 70 70 70

Engineer ing and
supervision 9 8 10

Construction

expense 10 9 8
Contractor's fee 2 4 3
Cont i ngency 9 9 9
Fixed Capital

Investment 100 100 100
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Table 2.1 shows that the labour cost Is often overlooked as
an Individual cost component. The analysis presented by Aries and
Newton [7] quotes one figure to cover all installation costs, but
there |Is some disageement concerning what should be included in
this cost. Peters and Timmerhaus [6], for example, state that
structural supports, insulation and paint should be included, but
Jelen [11] states that these should be excluded. Al locating which
costs should be Included appears to be a matter of personal
choice. Only Bauman [10] gives a separate labour camponent as a

major cost In the bullding of a chemical plant.

From cost analyses presented In the | Iterature, It can be
seen that the following components should be included in any

attempt to formulate a cost model of a chemical plant:

Malor Equipment |tems [61,[15]
- all equipment |isted on a complete flow sheet
- freight charges to site

- taxes, Insurance, import duties

Process Materials [6],[10]
- piping and duct work
- electrical equipment
- insulation
- instrunentation
- painting

- concrete foundations
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Total Labour [2],[15]

This cost component Is not as straight-forward as the others

as most cost analyses fail to separate the labour cost component.

The camponent can be broken down Into four Individual cost

factors:

(a)

(b)

Basic wage

A basic wage Is avallable from statistical sources
published by Govermments but usual ly not for construction
sites. This Information can be used, but care must be taken
because It |Is sametimes quoted as a national basic wage but
no account Is taken of any local agreements which may have a
profound effect on the cost, such as Individual union

agreements on productivity.

Additional benefits

This Is open to considerable variation In time and
place. The following costs are usually Included: pald leave,
bonuses, taxes, Insurance and subsidies. Consider, for
example, the use of labour on a |ump-sum contract. This is
usually brought In fran a country where labour Is readi ly
avallable, skilled and cheap. The labour force will expect
scmewhere to live and food to eat which can be expensive in
sane remote locations. The use of expatriates will also be
very expensive as good accormodation Is required and return

Journeys to hame will have to be pald for. The additional
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benefits are therefore dependent on the country in which the

plant Is being bullt and the labour force being used.

(c) Cost of Supervision
The cost of supervision must be included in the labour
cost. Massa (15) suggests that the ratio of workers to
supervisors in the U.S. is 16:1 but may be as low as 6:1 In
sane forelgn countries. This could become very costly if

expatriates are used as supervisors for reasons given above,

(d) Labour Productivity
This s the most uncertain factor and is thought to be
one of the most Important influences on a location factor
(2]. There is very little Information detailing how
productivity can be or is measured in the chemical plant

construction industry. This subject is discussed In chapter

5.

Home Office Costs [6],[10],[15]

This should only be the cost of materials and services;
where possible, labour costs Incurred should be Included In
the labour cost component. Costs to be included are:

- Engineer ing drawing

- Drafting

- Purchasing

- Reproduction and communications

- Travel and living
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Field Expenses [6],[10],[15]
These include:
- Contractors fee
- Construction equipment, tools and rental
- Taxes and Insurance
- Temporary construction and operations
- Any indirect costs of the contractors Incurred

during the building of the plant.

Other costs such as access roads, telecamunications, and
general site facllities (e.g. toilets) also need to be
categorised. If a battery Iimits chemical plant Is considered it
Is reasonable to suggest that yard Improvements and land can be
neglected. Service faclilities are, or can be, considered as
factors which influence costs rather than a cost camponent. The
cost of bulldings is very difficult to categorise. Roberson [14]
does not include the cost of bulldings in his conceptual ised model
of a chemical plant but it is clear fram capital cost analyses
presented Iin the |iterature ( see Appendix A ) that It should be
included. Peters and Timmerhaus [6] state that the bul Idings cost
should comprise of:

Process bulldings (platforms, stairs etc.)
Anclillary buildings (adninistration)

Maintenance shops
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2.1

.3

Factors That Influence Individual Plant Costs

(a) Climatic conditions

(b)

The major effect of the climate Is to influence the
design of a chemical plant. An example of this Is a chemical
plant to produce styrene. If it is built In a 'hot’ country
It Is necessary to spend extra capital insulating the product
storage area and taking precautions elsewhere to prevent the
styrene from polymerising. Cooling requirements are also
llkely to increase. Cold climates may force the inclusion of
heating facilities, and heat recovery equipment may also
became important. Utilities may also be affected as
requirements may Increase or decrease depending on the
variation In climatic conditions from the mean. ( When
comparing costs this will be that of the base case ).
Conditions such as permafrost Iincrease the cost of laying
foundations and also general working costs. Labour
efficiency, for example, may also be detrimental |y affected.
Therefore climatic conditions must be considered when costing
a chemical plant for a new location based on a reference

location and an existing capital cost.

Topographical features

This area covers the natural geographical features of
the location. These may affect such costs as the laying of
foundations and site layout. Transportation costs may also be

Influenced as the geographical features of the land may be
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(c)

(d)

difficult to traverse. Remote locations may require Iimproved

or new transport roads.

Econamic and political climate

A major effect of the economic climate within a country
may be (or Is likely to be) the protection by the Govermment
of national interests. If the country Is In a recession then
the Govermment may require that a percentage of equipment
and/or labour must be obtained local ly. Unlons may also put
pressure on the contractors to use a certain numnber of local
people. This could lead to overstaffing In certain areas
thus resulting in an increase In costs. In a heathly econamic

Cclimate, the cost of labour may increase above the rate of

" Inflation, and skilled labour may became in short supply.

Legislation

There are three main areas where Goverrment may
Influence the cost of a chemical plant:
- Enviramental regulations: these tend to vary fram country
to country. Industrialised countries tend to set higher
standards than those of developing countries. To conform
to envirommental regulations It may be necessary to spend
additional capital ensuring that they are met; the more
stringent the regulations the higher the capital
expenditure required.
- Health and Safety regulations: Goverrments Iimpose laws to

protect the workforce from Injury while at their place of
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work. These laws will vary fram country to country and
therefore capital expenditure required to conform to them
will also vary.

- Socio-Econamic  factors: as discussed above, the
Government can demand that certaln purchases are made
local ly, but they can also cause problems with such
matters as planning permission. They can also ald costs
by offering Iincentives to a canmpany to build a plant In
their area. An example of this are tax Incentives and
grants to induce companies to build in speciflied areas.
These incentives could be very Important In declding where to
build a chemical plant.

- Transportation: A rural area has a distinct disadvantage
campared to an established Industrial area In terms of
transportation facilities. Industrial areas usually
develop due to the existence of good transport facllities
such as motorways, rail network, sea or canals. When
constructing a chemical plant In a glven country,
transportation of the required materials must be
considered. Building a plant away from existing systems
will result In transport systems having to be constructed
at considerable expenditure.

- Actual location: The capital cost of building a chemical
plant may not be the first consideration when choosing a
location. Factors such as avallability of raw materials
and sales market may outweigh the Importance of capital

cost. The proposed location must be suitable for the type
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of plant being constructed, therefore choice may be

I imited.

2.1.4 Methods of Calculating Location Factors

2.1.4.1 Introduction

The methods presented In the |iterature can be classified
into two categories:

(1) Theoretical - These are methods that have not been tried out
but are possible ways Iin which to calculate
location factors.

(I'1) Practical - These are methods that have been shown to be

workable.

In saome cases, the term 'method’ has been loosely appl led, for
example, the article presents worksheets which il lustrate how an

actual cost was converted from one country to another.

2.1.4.2 Theoretical Methods

Three theoretical methods have been found In the | lterature:

(1) Qhlrichs [3]
The definition of a location factor glven by Ohlrichs, (see
definition (i) Section 2.1.1), states that Identical plants should

be caompared. Ohlrichs states that this is unl ikely to occur as
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very few contractors build Identical plants In two different
countries. Therefore his proposed method Is based on the cost
canpar ison of ldentical components of chemical plants at different
locations, thus Iimproving the probability of finding such data. A

modular approach is therefore suggested.

The first step is to group the main influencing factors into

four categories:

(i) A1l Factors of quantitative nature

51) A2 - Factors of price level nature
Gk M A3 - Factors of qualitative nature
(iv) A4 - Factors of 'other’ natures, which cannot be brought

under A1,2,3, such as currency, finance etc.

The factors are related to the following areas, |.e. the major

factors involved when bullding a chemical plant which will have an

affect on it:

(a) B1 - The project

(b) B2 - The company

(c) B3 - The country

(d) B4 - The region

(e) B5 - The defined location site

Ohlirichs Is aware that there are difficulties In campar ing

data fraom different companies. Each campany has Its own style

= 28 .



which influences the way In which a project is handled from start
to finish which In turn may also affect costs. Project size and
type of plant may also affect costs but no mention Is given
concerning the possibility of conpiling Indicators for a var lety
of plant types and sizes. It Is my view that when data Is
collected It should be accampanied by Information about the
source. Information such as type of project, process used, dates
of construction, breakdown of expenditure during construction, and
detalls concerning any abnormal conditlons during the construction
of the plant could be very useful when analysing the final cost

breakdown. Any Information is better than none.

For each of the four categories (A1 to A4), Ohirichs gives a
camprehensive list of ‘facts and aspects’ which may Iinfluence the
main factor. Using this approach Ohirichs suggests that individual
Indicators can be compiled fram factual cost data obtalned from
Interviews and local observations. This would enable any speclal
conditions such as labour or material constraints to be taken into
account when determining the location factor for any area. A
simple analysis of costs from a previous project may not highlight
these conditions. Ohlrichs points out that any Iindicators will be
based on historical data and It is necessary to be aware of any
possible cost changes which may occur or already have since the
data was obtained. The best method of obtaining Information Is to
carry out a cost survey by visiting the proposed site and talking

to conpanies first hand.
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The method presented by Ohlrichs is real ly a detalled
analysis of what factors/influences should be taken into account
when calculating a location factor. It would be impossible to
quantify all the factors |isted as some counteract each other and
others cannot be distinguished from one another. No real
structure of a method Is given by Ohirichs, there Is no mention of
how a single location factor can be obtained from the four
Indicators. It would have been better If Ohlrichs had suggested
ways Iin which the data could be presented in such a form that
would Illustrate how data could be manipulated to obtain a
location factor. The idea is conceptual ly feasible but difficult
In reality. The good points of the article are the definition of a
location factor, and the criticism of the way in which location

factors are quoted in the |iterature.

(2) C.Roberson [14]
The method proposed by Roberson Is based on the
conceptual ised model of a chemical plant. The cost Is broken down

Into seven categories:

() Main Equipment 33%
(1) Instruments 7%
CELE) Plplng 15%
(1v) Electrical 4%
(v) Civil 10%
(vi) Painting/Insulation 2%
(vil) Design 29%
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This Is only a proposed model of a chemical plant and it can be
altered to represent any chemical plant. No labour cost camponent
has been included Iin the cost model. This is surprising because
Roberson states that the difference In investment cost fram
location to location Is due to productivity and labour relations,
as well as nationality and financial exchange rate. In his model ,
labour and productivity are either assumed to be unchanged when
considering different locations, or no figure could be put to
them. To his credit, Roberson states that the measurement of the

factors |isted above Is difficult and scmetimes impossible.

Each of the components is then divided Into as many
subsections as are required and a wel ghted percentage of the total
capltal cost is assigned to each. A full list is presented In
Table 2.2. For each subsection, a definition Is given of the costs

which make up the subsection. An example is gliven below.
Vessels - cost of fabricated vessel in carbon steel delivered

FOB site. Total weight 5 tons.

Pumps - Cost of designated electric driven pump, quantity.
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Table 2.2 Weighted percentage of parameters of a chemical

Rlant presented by Roberson [141
| TEM PERCENTAGE  PARAMETER WE IGHT ING
Main equipment 33 Vessels 20
Pumps 13
Instruments [ Flow 1.25
Temperature 1.26
Pressure 1.25
Level 1.25
Analytical 2.00
Piping 15 Welded C/steel 10
Screwed C/steel 5
Electrical <4 1.5HP Motor 4
Civil 10 Concrete 7
Steelwork 3
Painting/
insulation 2 Painting 1
Insulation 1
Design 30 Design 10
Drawings 15
Supervision 5
TOTAL 101%
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Each subsection, although fully covered, can include more
parameters, e.g. main equipment items could be altered to Include
the cost of heat exchangers or any other type of equipment
camonly used In a chemical plant. Parameter weightings can also
be adjusted to suit a particular type of plant. This may Iimprove
the results obtained and will reduce the effect that the one
parameter has on the overall value, but It will make the method
slightly more time consuning when trying to collect data. By
using this model for a number of countries and choosing one as a
base, a |list of location factors can be compiled. Unfortunately
the total of the weighted percentages of the items listed In Table
2.2 adds up to 101% due to a discepency In the al lowance for

design.

As previously stated, Roberson falls to include the effect of
labour and productivity which may have same Influence on the
location factor. This Is the main disadvantage of the approach.
The method proposed Is very simple as Roberson states that much
time and effort can be wasted on inconsequential factors or
elements, and In analytical resources. As no results are given It
Is Impossible to say how accurate this method may be, but it would
probably be useful as a first estimate when converting costs fraom
one country to another. |If it were altered to include labour, it
may provide same interesting results to be campared against those
obtained using more complex methods. The article does have same
value because It defines costs that are incurred when bul Iding a

chemical plant and then suggests a way Iin which these costs can be
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represented by weighted parameters, the costs of which may be more
readlly available. No detalls or references are given which may
have shown how Roberson arrived at the conceptual ised cost model

of a chemical plant.

(3) B.V.Massa [15]
The method presented by Massa is much more detailed than any
of the methods discussed so far and therefore requires more data

to which the user may not have access.

The proposed method calculates a ‘Composite Cost Location
Factor’ based on the U.S. Gulf Coast. The first step In the
method Is to establish the cost breakdown of a U.S. Gulf Coast
erected plant cost. It Is assuned that the plant at the new
location will have the same percentage cost breakdown. Massa
presents a three camponent cost analysis of a Gulf Coast chemical
plant with the weighted percentages of the total caplital cost as

fol lows:

(1) Labour Index Factor (33.05%)
The following are the components which make up the Labour
Index Factor:
- Basic Wage: actual wages, al lowances
— Additional benefits: paid leave, bonuses, pay roll taxes,
Insurance, subsidies. This Is quoted
as a percentage of basic wage.

- Supervision ratio (leads to costs)
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- Productivity of labour (multiplier for wages and benefits)
- Construction equipment costs. (Usually considered as an
indirect expense but In this case It Is included In the

labour cost component.)

Each Individual cost Is added directly together to give a
final value for both countries. Reducing the value of the base
location to 1.0 by dividing both values by the base cost
camponent, enables a simple comparison to be made. It should be
made clear that no figures are presented in the article and that

the method Is Illustrated by means of a theoretical worksheet.

(i) Material and Equipment Index Factor (53.45%)
This has two subdivisions:
(a) Equipment purchases (39.23% of total capital cost)
- Mechanical purchases
- Cranes
- Pipes, valves and fittings
- Instrunentation
- Electrical
Each of the above costs are broken down further, and each cost
given a weighted percentage. The above costs also Include

transportation, handling at docks, import duties and taxes.
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(b) Civil Material Purchases (14.22% of total capital cost)
This Is subdivided into the fol lowing components:

- Structural steel

- Superstructural covering

- Tank steel

- Cement

- Sand

- Gravel

- Lumber
As with equipment purchases, each of the subcamponents Is given a
welghted percentage. Civil material purchases are separate
because they will probably be avallable locally and therefore many
additional costs will be avoided. Using the costs for each of the
Items listed, a total can be obtained and from that a ratio of

costs of the new location to the base location (i.e. base cost =

1.0).

(111) Indirect and Home Office Cost Index Factor (13.50%)
The two ma jor subdivisions are:

(a) Indirect costs.

International expenses

- Temporary facilities

I

Field staff and expenses

Equipment rental
(b) Home Office costs
- Engineer ing design

- Procurement costs
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The same procedure Is carried out as for the previous canponents.

The method Is very detalled, perhaps a |ittle too much so.
The major Influences such as labour productivity have been
Included but the article has one major downfall; most of the
tabulated data presented in the article Is out of date. An example
of this Is transport costs. Since 1974 fuel prices have Increased
substantially thus resulting In an Increase Iin transportation
costs considerably above that expected due to general Inflation.
Therefore presenting 1960's transport costs In a 1983 context
without making any attempt to update them |Is Inadequate. No
mention Is made of the effect that the prevail ing exchange rate
may have on the results. The method appears feasible but as stated

before, no results are presented.

2.1.4.3 Practical Methods

(1) The most recent method presented In the |iterature Is that by
Wagialla [4]. It Is primarily concerned with the conversion of
costs fran a developed to a developing country. Waglalla

presented a worked example using U.S. Gulf Coast and Saudi Arabla.

The first step is to define the project by speclfying the
following based on a reliable reference locatlion:
Product qual ity specifications
The process

Site description
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Actual attainable production capacity

Time-base of cost estimate

By defining the project In each case, differences can be
easlly spotted and account taken in the cost compar ison. Waglalla
makes It clear that a reference location should be used for which
data Is avallable. For this reason the U.S. Gulf Coast Is Ideal as

It is an Industrial location with historical data aval lable.

Determination of the Importance of the on-stream factor on
the reference plant capacity Is the next step. This has not been
Included Iin any other method. It Is Important to ensure that the
reference plant and the new proposed plant have the same actual
product output. If a plant has a lower on-stream factor (the ratio
of actual operating days to calendar days per year) it is clear
that the plant will have to produce more on those days it Is In
operation and thus will need to be larger than the existing or
reference plant. From the reference capacity and the on-stream
factors for both locations a new capacity for the proposed plant
can be calculated. Since the data Is for the old size It Is
necessary to use scaling to calculate the capital cost of the
proposed capacity from the original capital cost. A scale factor
of 0.78 was used and not the universal factor of 0.6 because
Waglalla claims it Is generally agreed that the old universal
factor Is no longer acceptable and that different scale factors

need to be used for different types of plant.
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The next major step Is to break down the cost of the
reference plant, a 450000 Tonnes/annum ethylene plant built on the
Gulf Coast in 1984, into the following camponents:

Equipment and machinery 51.39%

(delivered to site)

Instal lation 20.3%%
Civil works 17.33%
Miscel laneous 4.89%
Engineering 6.00%

Individual location factors are then estimated for each of the
flve caomponents which are based on field Investigations,
consultations with Industries involved in plant construction, and
from experience (Intuition). Therefore, any factor is dependent on
the person carrying out the Investigation. Intuition may be useful
to the Individual concerned but when considering a logical
approach to calculating a location factor, It Is not very
scientific. A sumary of the Iitemised location factors Is

presented below.

QOST ITEM ITEMISED LOCAT|ON
EACTOR
Plant, equipment and machinery 1.584

delivered to site

Instal lation 1.2
Civil works 1.0
Miscel laneous 1.2
Englineering 4.0
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Using the factors given, it Is now possible to obtain the
cost of the plant at the new Ilocation by multiplying the
canponent cost by the Individual factor and then adding each
camponent together the values. By dividing the total cost of the
new plant by the reference plant cost, an overall location factor
can be obtained. A location factor of 1.53 for the Arabian Gulf
(Saudi Arabia) relative to the Gulf Coast (U.S.) Is derived In the
article based on construction items only. Wagial la then describes
and quantifies other costs which should be Included In the

location factor.

Escalation al lowance
If the cost escalation Is different between the two location,
and/or one plant will take longer to build, this will result
In additional costs being incurred, €.g. repayment of loans,

labour still required, hiring of equipment.

Construction financing
The U.S. Interest rate Is 12% but when constructing the plant
in Saudi Arabia, part of the construction cost Is usual ly
Invested Iin short term Investments In order to earn same

interest. Therefore interest is earned to help reduce costs.

Other cost camparisons included by Waglalla are:
Prefeasibil ity study
Feasibi | ity study

Site development



Land
Start up
Other caplitalised costs (staff training, management

contracts etc).

When these costs are included, an overal| total fixed Investment
location factor can be calculated. |In the example quoted, the

final location factor (Saudi Arabia/u.S.) Is 1.378.

The method presented is very detalled and covers most, If not
all, costs that may differ between two locations. The method is
well described and easy to follow. The only criticism Is that it
relles heavily on experience. This would involve expenditure
travelling to a proposed location and carrying out a detailed
analysis, although the data obtained from doing this would be
useful In Indicating any disadvantages and advantages of local
conditions. The term 'installation’ Is used to cover the cost of
labour but it also Includes equipment rental which disagrees with
other definitions [6],[10]. Labour productivity Is also not
mentioned. The good feature of the article Is that It presents a
detal led worked example to ||lustrate how the method works and the

type of results obtained.

(2) Miller [2] presents a "stream-|Iined" method of converting
construction costs fran one country to another. The starting
point of the method is to break down the caplital cost of an

existing chemical plant or of an estimate, into four main cost
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categories. In this case, a U.S. Gulf Coast chemical plant is

used.
Engineering and project management 15%
Direct material 57%
Indirect costs 15%
Direct labour 13%

The second stage Iis to adjust the cost to a normal or base
cost. This means that the effect of any abnormal conditions which
may have existed during the construction of the reference plant
must be removed. Influences have been previously covered and
Miller gives same quantitative information In tabular form on the
following:

Travel and living expenses
Climate

Site conditions

Economic cl imate

Labour productivity

The third step uses correction factors to convert the
normalised cost at the known location to the normalised cost at a
new location. Correction factors are basical ly differences In
cost which may occur between the two locations. These are well
described, qualitatively and quantitively, In the article. Each
factor will have sane effect on the cost of the chemical plant at
the new location. The final step Is to readjust the cost at the

new location for any abnormal conditions which may be present.
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The article presents well documented examples to |1 lustrate
how the method works. Most of the Influences are taken into
account which other methods fail to do and Miller refers
specifically to labour productivity as a key to the accuracy of
the method, which Is said to be In the range of (+/-) 5-20%, but
gives no guide to how it should be measured. A good feature of the
article Is that it presents same results which compare favourably
with another source [2] published at about the same tlrl'ne. The
values are within (+/-) 5%. The values are shown below, the

exchange rate (Ex.rate) Is expressed In units of currency per U.S.

dol lar.
Basis U.,S. = 1.0
UK Ex.rate Canada Ex.rate Year
Miller [2] 0.87 0.4961 ¥.13 1.186 1979
Bridgwater [1] 0.90 0.4807 1.15 1.1581 1979

(3) Nelson [16] presents a method which shows how location
factors can be bullt up. Nelson breaks down the capital costsinto
the following main cost camponents:

Del ivered equipment and materials

Labour cost

Contractors cost

Job duration (time taken to do job)

and engineering drafting, design)

Each of the components Is broken down into smaller components and

are described qualitively and quantitively where possible.
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Each cost for the base Gulf Coast plant is given a unit basis
factor of 1.0. Then, for two other locations, New Jersey (U.S.)
and Finland, unit basis factors are assigned based on the
equivalent value in the Gulf Coast, I.e. If equipment cost is the
same In both locations, it will be assigned a value of 1.0 or |f
It costs more Iin the locations being campared with the Gulf Coast,
a value of 1.05 may be appropriate (or 0.9 if vice versa).
Muitiplying the unit basis factor by the component percentage cost
of the Installed plant and adding the resultant values together
glives a value for each location relative to a Gulf Coast value of
100. By dividing throughout by 100 glves a location factor for

each location relative to the U.S.

The method may be useful In obtaining a quick estimate of a
location factor but It still relies heavi ly on exper ience and/or
Intuition. No explanation is given as to how the unit basis
factors are compiled or why there is such a difference within a
country. An example of the differences within a gliven country is
demonstrated by labour productivity:

Gulf Coast (U.S.) 1.00

New Jersey (U.S.) 1.75
A regional difference of 75% is difficult to bel ieve although it
may be possible due to the type of experienced |abour available In
the Gulf Coast region. Nelson calculates two location factors
relative to the U.S. Gulf Coast (1.0):

New Jersey (U.S.) 1.269

Finland 1.02
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The figure for New Jersey (U.S.) suggests that there is a

significant variation In location factors within the U.S.

Other Information given In the article Includes tabulated
data for equipment costs and material prices In six countr ies,
transportation costs as a percentage of equipment or material
costs, wages salaries and benefits for 8 states in the U.S.,
campar ison of the cost of keeping supervisors on foreign Jobs, and
comparison of the cost of engineering relative to the U.S. Gulf

Coast for 5 areas.

(4) Bridgwater [1] presents an empirical method for calculating a
parity corrected location factor based on the 'Process Econamics
International’ plant cost Index for two countries, U.S. and U.K.,
a datun location factor of 1.10 In 1979, and an averaged exchange
rate. This empirical method is dependent on maintaining the
accuracy of the cost index with respect to the rate at which the
capital cost of a chemical plant Is changing with time, and the
accuracy of the datum value of the location factor. The article
also contains a Iist of 35 location factors for a var iety

countries relative to the U.S. and the U.K.

(5) Other approaches: All methods covered so far have been
presented as the main body of the article. Two other articles
[17]1,[18], contain worked examples to il lustrate how costs can be

converted fram one country to another.
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The conversion worksheet, contained in the article presented
by Wallace [17], Illustrates how costs are converted from U.S.
Gulf Coast to Saudi Arabla. The method utilises a detalled cost
analysis of a chemical plant which has been broken down into flve
camponents. For each of the five main components, conversion
factors relative to the U.S. are given which can be used to obtain

the cost in Saudi Arabia:

Engineering 1.14
Direct materials 1.23
Construction indirects 1.43
Construction directs 0.37
Construction subcontracts 1.36

(buildings etc.)

The article presents tabulated information for craft
efficlenlies (productivity), wage rate campensations, and equipment
rentals for the U.S. and Saudl Arabia. Wallace explains which
costs are different and why, which Is very useful for background

information.

The second of these methods is presented by Gal lagher [18].
As In the previous method, the cost of a chemical plant (in this
case an ethylene plant) In the U.S. Gulf Coast is broken down Into

its major cost components:

Equipment 43.75%
Materials 19.27%
Labour 11.72%
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Indirect 21.64%

Bulldings 3.98%

For each cost component a factor Is quoted which represents
the ratio of the cost In France 1969 to that In U.S. 1963. Using
these factors, the cost of building an ethylene plant in France
1969 can be calculated. This approach Is unusual as costs are
normally converted at the same point in time. I.e. 1969 U.S. costs
converted to 1969 French costs. The article Is very Interesting as
It contalns some useful Information. The way in which the factors
have been calculated Is well presented although not all are shown.
Those that have been described are:

Labour
Construction field expense

Home office costs
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2.1.8 Published values

Only two articles have been found in the | Iterature that
present a reasonable |ist of location factors. In 1979 Br idgwater
[1] published the most comprehensive |ist of location factors to
date; factors are given for 34 countries worldwide with the LS,
and the U.K. as bases. The factors represent what Bridgwater
thought they were, based on Information supplied by others and
extrapolation to analogous locations. The response from interested

parties apparently confirmed that the published values were

reasonable [20].

The second list, first publ ished by Kharbanda [19¢c] In 1977,
presents factors for 18 countries. The same list was also
presented In 1981 [19b] and again in 1984 [19a]. The list Is a
col lection of location factors publ ished by various authors In the
period 1969-1970, yet Iin the most recent article publ ished In 1979
[19a], Kharbanda claims that it Is the ‘latest view' but the
values published by Bridgwater in 1979 were not included in the
article. This suggests that Kharbanda put in very little effort
when compiling the article, nor did he apparently understand the
canplexity of this topic. Cran [21] presents location index values
for 14 countries based on the U.S. His method of obtaining these
values must be questioned as Cran simply took the U.S. plant cost
Index as the base and divided throughout the plant cost Indexes to

reduce the U.S. to a base value of 100. This should not be called
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a location index as it Is merely the plant cost index relative to

the U.S..

Most sources quote location factors for individual countries
with the U.S. as the reference location but there are some
published values which indicate that a location factor changes
within a country. Table 2.3 contains data fram var lous sources
which illustrates this point. Ohlrichs [3] also states that there
will be regional cost differences within a country, especially If

large such as the U.S. or Australia.

Location factors presented In the |iterature have been
Ccollected and are |isted later in Table 2.4 . Some values are not
strictly location factors, an example of this Is the values
presented by Alonso [5] which have been previously described. On
camparing the values In Table 2.4 it can be seen that agreement
between the data seems to be dependent on the type of country,
that Is to say, major European countries show good agreement while
developing countries show a much wider variance in values. This
should be expected as it Is only recently that developing
countries have become of interest when deciding where to build a
new chemical plant. Some basic background information has been
provided [23] which qualitatively describes the relationship
between a developed and a developing country In terms of

equipment, labour, and construction costs.
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Table 2.3 Location factors variation within In a country

LOCAT ION EFACTOR

1946 Chicago = 1.00 [22]

Boston 1.015
New York 1.055
Philidelphia 0.882
Detroit 0.984
St. Louis 1.020
Kansas City 1.007
Dal las 0.971
Los Angeles 1.109

1958 Midwest = 1.00 [13]

East Coast 1.00-1.10
Gulf Coast 0.90-1.10

1973 Gulf Coast (U.S.) = 1.00 [23]

Louisiana 1.06 (0.96-1.51)
East Coast 1.22 (1.10-1.27)
California 1.08 (0.98-1.18)
Great Lakes 1.09 (1.02-1.10)
Ok lahoma, Texas n/a (0.93-0.95)
Wyaming,Montana n/a (0.91-1.03)



It must also be appreciated that the location factors may not
agree well with each other because of the way in which they were
derived. Speclial or unusual conditions may have affected costs.
Therefore, one contractor may say the location factor, for a given
country relative to the U.S., is 1.8 and another may say It Is

0.9, and they may both be right for their specific project.

Location factors are usually presented in the |iterature as
Just a number which Is supposed to represent the ratio of capital
costs for a similar chemical plant in two locations. A number
carries very little information if quoted by itself, e.g.

Location factor U.K./U.S. = 1.10

The exchange rate between two countries can change quite
dramatically in a short period of time. This would result In a
change of costs In one country relative to the other.
Therefore,the location factor would change. The effect of a
changing exchange rate on a location factor Is discussed In
chapter 6. The more Information that Iis presented with the

location factor, the more useful and meaningful it becomes.
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Table 2.4 Collection of location factors
published In the |iterature

YEAR 1961
REFERENCE [24]
COUNTRY

Algeria

Argentina
Australia

Austria

Belgium 0.87
Brazi |

Canada

C. Africa

C. America

China (imp, ind)
Dermmark

E. Africa

Eire

Finland

France 0.82
Greece

Hol land 0.82
India (imp, ind)
Italy 0.82
lran

Japan

Libya

Malaysia

Mex Ico
Newfound |l and

New Zealand

N. Africa

Norway

Peru

Portugal

Saudi Arabia

S. America N

S. Anerica S

Spain 0.77
Singapore

Sweden 0.98
Switzer land

Turkey

U.K. 1.00
Venezuela

W. Africa

W. Germany 0.88
Yugoslavia

1962 1962
[25] [26]
0.96
1.00
0.95
0.90
1.02
1.03
0.85
0.86

1962
[27]

o2
88&

1.00

0.90

0.92

1.00

0.85

0.84
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1963
[28]

0.95

0.95
1.05

1.00
0.85

0.83

0.95

0.95

0.95

0.90

1969
[29]

0.94

0.91

0.92

0.86

0.91

0.88

1969
[18]

0.86



Table 2.4 continued.

YEAR 1970 1971 1972 1973 1973 1973
REFERENCE [30] [5] [12] [31] [23] [16]
COUNTRY

Algeria 1.06

Argentina 1.01

Austral la 1.05 1.20 0.90 0.95
Austria

Belgium 0.94 0.95
Brazil 110 0.
Canada 0.98 1
C. Africa

C. America

China (imp, ind)

Demmark

E. Africa

Eire

Finland 1.02
France 0.98 0.91 0.94 0.95 0.90

Greece

Hol land 0.92

India (imp, ind) 1.356 i

Italy 0.88 0.89 0.80 0.84

lran 1.10

Japan 0.95 0.83 0.82 0.75

Libya

Malaysia

Mex ico 1.00

Newfound |and

New Zealand

Middle East

N. Africa

Norway

Peru 1.04

Portugal

Saudi Arabia

South Africa

S. America N

S. Arnerica S

Spain 1.00

Singapore 0.79

Sweden 1.09 1.03

Switzer land

Turkey 1.10

VS 1.03 0.91 0.90 0.90

Venezuela 1.02

W. Africa

W. Germany 0.95 0.88 0.88 0.95 0.88
Yugoslavia

- B

1975
[32]

0.95



Table 2.4 continued

YEAR 1976 1979 1979 1981 1983 1984
REFERENCE [17] [2] [1] [33] [34] [4]
QOUNTRY
Algeria
Argentina
Australia 130
Austria 1.00
Belgium 1.00
Brazi |
Canada 1513
C. Africa
C. Armerica
China imp.
China Ind.
Dermmark
E. Africa
Elre
Finland
France
Greece
Hol land
India imp.

Iind.
ltaly
lran
Japan
Libya
Malaysia
Mex ico
Newfound |l and
New Zealand
Middle East
N. Africa imp.

Iind.

0.89

0.92

—
(& )]

0.92

0.80

0.82

0.82

0.78

0.73

ORS00 B80S 0w

88388 338 823388883282:583
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Norway
Peru
Portugal 0.75
Saudi Arabia 1.66 1.38
S. Africa
S. Anerica N 1
S. America S 1
Spain Imp. 15
Ind. 0
Singapore
Sweden 1
Switzer land 1
Turkey 0.
U.K. 0.87 o]
Venezuela
W. Africa 1.15
W. Germany 1.00 0.88
Yugoslavia 0.90

o
-

.10

0.99

0.886
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Abbreviations used in Table 2.4

Central

East

Imported material
Indigenous mater lal
North

South

West
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Table 2.5 presents same recently quoted location factors
[20]. The Kuwait location factor of 36% above equivalent U.S.
costs Iis understood to be attributable to the following In
approximately equal proportions:

- High ambient temperature

- Transport cost of freightable equipment

- Higher supervisory costs

Table 2.5 Recent Location factors [201
Basis U.S. Gulf Coast.

YEAR QOUNTRY LOCATION FACTOR
1983 China 0.80
1978 Kuwalt 1.36
1978 Saudi Arabia 1.70
1985 Saud| Arabia 2.00
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B2 Cost Indexes

2.2.1 Antroduction

Costs tend to change with time for various reasons which
Include Inflation and increased production costs, of which the
former Is the most obvious and widely quoted. Therefore it Is
necessary to be able to represent the rate at which these costs
change. This is achieved using a cost Index which ‘represents the
canbined but unequal Influences of carmodities whose prices are
changing’ [35]. A cost Index can be used to represent many
factors, but the Indexes of Interest are those which show how
costs in the chemical plant construction industry are changing.

The construction of a simple index can be illustrated as fol lows:

Plant X consists of 30% labour and 70% materials

Cost index for X, | = 0.30L + O.70M
X

where L = Labour cost Index

M = Material cost Index

In general:
N G (B T S (I N Wi
X 1 1 22 nn
where W +W + ...... W =1.0

1 2 n

W = Weighted fraction of total Index
i

| = Component cost Index
i
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A cost Index Is mainly used to canpare the cost of a
"camodity", |.e. a chemical plant, from one time to another. If X

costs C In year A with a cost index value of I, then the cost of
1 1

camodity X In any year, C, can be found as fol lows:

2
C |
L =_2 lelidi e el (i)
Cc |
1 1
|
€ liwC * 2 vlix n oiein (1)
2 1 I

The left hand side of equation (1) represents the rate at
which the cost of X has changed. This can also be represented by
the ratio of the cost index values for the given time periods.
Cormodity X can range fram a single piece of equipment to a

canplete chemical plant, the method is the same.

2.2.2 Published Cost |ndexes

There are a variety of cost Indexes published Iin the

I iterature which are Iimportant to the chemical industry.

(1) Chemical Engineering Index

In 1963 Arnold and Chilton [36] presented an article in which
they described how the Chemical Engineering Index was campr ised.
The main components of a chemical plant In the U.S. according to

the Index, were:
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Equipment, machinery and supports 61%
Erection and Installation labour 22%
Bul ldings, material and labour 7%

Engineering and supervision manpower 10%

The main camponent, equipment machinery and supports, Is
subdivided Into seven sections, the largest being fabricated

equipment (37% of total equipment cost).

In every Issue of ‘Chemical Engineering‘, an overall index,
camponent Indexes and subcamponent indexes are published. By
using the Iinformation supplied, It Is possible to change the
overall weightings of the components and formulate a new index to

suilt a particular type of plant.

Over the years, the actual percentage of each component has
changed as shown in Table 2.6. These figures were obtained by
calculating the percentage that each canponent Index actually
contributes to the overall Iindex. The figures In Table 2.6
disagree with those given above because the camponent |ndexes
which are used to calculate the main index have increased at

different rates.
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Table 2.6

COMPONENT PERCENTAGE
1963 1971 1985
Equipment machinery and supports 58.2 60.1 65.1
Erection and installation labour 23.8 24.3 18.0
Bul ldings, material and l|abour T T 8.5
Engineering and supervision manpower 10.5 8.4 10.4

Since the Index was first put together, there have been two
changes In the way in which the index Is canpl led. These came Into
effect In January 1982:

- reduction of the number of components fram 110

to 66 with the replacement of many components
with more suitable ones.

- reduction of the productivity factor from 2.5

to 1.75

The changes were made In an attempt to track process plant
construction cost trends more accurately. Many aspects have
changed since the index was first created with more representative
sources of Information becoming avalilable. An example is the
replacement of the salary data from the Engineer ing Manpower
Service and National Society of Professional Engineers, which Is
published every two years, by annual data publ ished by the U.S.

Bureau of Labour Statistics occupational classifications.



The productivity factor, which should really be termed a
technological productivity factor, is based on advances in work ing
tools and techniques. When first created, the factor of 2.50 was
considered correct based on available information. Since
1969,productivity changes due to technology has slowed down
according to the Chemical Engineering Index thus resulting In the

factor being decreased to 1.75.

The changes In the productivity factor and the number
camponents used, resulted In a discontinuity In the cost Index.
Changing the productivity factor from 2.5 to 1.75 caused the Index
to change fron 306.7 to 310.5. The change In the number of

camponents resulted in a minor change of 0.1 In the value of the

Iindex [81].

(11) Marshall and Stevens equioment cost index
This Index Is also published in every Issue of ‘Chemical

Engineering’. Stevens describes the Individual indexes In an
article published In 1947 [37]. The Iindexes are based upon
detalled equipment cost assessment and not periodical ly reported
equipment costs. The following components are used in obtaining
the individual indexes:

Process or operating machinery

Power equipment

Instal lation labour

Malintenance equipment

Adninistrative equipment
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Using these given components,

process

Industries. The following component |ndexes are publ Ished

In ‘Chemical Engineering’:

Average overal|l cost index
8 process Industries

4 related Industries

Iindexes are calculated for 47

The average overall cost index Is derived from the eight process

industries cost Indexes as follows:

Cement

Chemicals

Clay products

Glass
Paint
paper
Petroleumn

Rubber

(111) Process Engineering

48%

#

10%

22%

The derivation of the Process Engineering cost indexes Is

described by Cran [38]. The index Is based on five camponents::

Mechanical Engineering

Electrical and instrument

Civil
Site costs

Overheads

SO I



Each of the five components are divided into subcomponents,
usually three, and an index available fraom Goverrment sources Is
assigned to each. The weightings of each subcomponent are then
given. An example taken from the article is given below:

Electrical and Instrumentation, |
e

e 4 5 3
| = Department of Trade and Industry Wholesale Price
4
Index Number for Electrical Engineering
| = Average of the Department of Employment |ndex
5

Numbers for average earnings in electrical
engineering

| = Department of Employment Index of Wages and
3

Prices for Professional Services and Public
Adninistration

Based on the 1968 Census of Production Figures:

u = 0.8
v = 0.2
w - 0.2

Using two sets of average cost analyses abtained from surveys
carried out by Boyd and Eady [35], Arnold [9], and the breakdown
of costs suggested by NEDO [39], the der |ved camponent welghtings

are as fol lows:

Mechanical 0.37
Electrical 0.08
Civil 0.10

N s



Site cost 0.18

Over head_s 0.26

A review of the five canponents of the Index reveals that

civil and electrical costs have increased at the greatest rate.

(iv) Process Economics Interpational Plant Cost Index

Plant cost Indexes are published for 32 countries, which Is
very useful as no other journal does this. All the cost Indexes
discussed so far have been multicomponent, that Is to say they are
camprised of more than two cost components, but the Process
Econamics International cost Index Is based on two components
only:

Basic steel 30%

Earnings 70%

Cran [40] presents a mathematical derivation of a two
coamponent cost Index based on the breakdown of costs for a
chemical plant, and conpares this to multicomponent indexes. Very
good agreement is obtained, typically within (+/-) 5%. A two

camponent index is a simple but useful cost index.

(v) Nelson Refinery Inflation Index

The base year of the index Is 1946, but It was first
published in 1949. The percentage weightings of each camponent
have changed over the years as shown In Table 2.7. The labour

component, 60% overall, |Is still obtained fram Engineering News



Record. The other required information is obtained from the U.S.

Bureau of Labour Statistics.

Table 2.7 Variation of component percentage weightings of
the Neison Refinery Inflation Index with time

QOMPONENT PERCENTAGE

1949 1956 1967
Iron and steel 24 20 20
Bul lding materials 8 8 8
Misc. Equipment 8 12 12
Skilled labour 30 30 39
Cammon | abour 30 30 21

(vi) Engineering News Record
The Journal, Engineering News Record, provides very useful
Information which is used In other plant cost indexes. Two cost

indexes are published in this Journal.

Bullding Cost Index:

Skilled Labour 56%
Structural Steel 26%
Lunber 2 x 4's 15%
Portland cement 3%
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Construction cost index:

Carmon Labour 74%
Structural Steel 15%
Lunber 2 x 4's %
Portland Cement 2%

These Indexes have been mentioned because they are often
quoted In other journals, OIl and Gas Journal for example. The
Engineering News Record Indexes are not process plant cost I ndexes

and therefore should not be used as such.

2:2.3 conclusion

As has been shown, cost Indexes can be separated Iinto two
categories:
- multicaomponent
- two camponent
Two component cost Indexes require less data than mut i camponent
cost indexes but they may lack accuracy due to the |imited way In
which the Index can effectively model how Individual plant costs
vary. It Is therefore necessary to campare the avalilable indexes
in qualitative terms. Chapter 4 Includes a graphical camparison of

cost indexes for the United States and the United Kingdam.
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3 MATHEMAT ICAL._PRESENTATION OF A METHOD OF
UPDATING LOCATION FACTORS

Most contractors already have thelr own location factors,
therefore It was suggested that a method of updating location
factors using published data would be of more use than a method of

calculating new factors. [79]

A method of calculating a location factor, In simple terms,

Is that stated in definition (ii1) (see section 2.1):

C(B)
LF = S R - | (3.1)
T C(A) t
t
Where LF - Location factor
C(A) - Capital cost of plant at reference
location, A
C(B) - Capital cost of plant at new
location, B
ER - Exchange rate (A/B)
Subscr ipt t - A historical point In time referred

to as "Then" (existing data)
A new location factor could be calculated In the same way :
C(B)
LF = o ATl Sin e T S L S s (3.2)

n C(A) n
n

Where subscipt n represents data for the plant at a

different time n "new" or "now".
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Dividing (3.2) by (3.1):

LF C(B) C(A) ER
_n = n = s A e TINE L DN e T S (3.3)
LF C(A) C(B) ER

e n t t

Rearranging:

Cc(B) C(A) ER

LEcsm SLF. - % S Moo O~ S (3.4)
n t C(B) C(A) ER
t n (o

In order to use this relationship for deriving a new location
factor, It Is necessary to know the capital costs of the chemical
plants. As these are generally not aval lable, the ratio of capital
costs Is approximated by the ratio of the respective chemical
plant cost Indexes, which should represent the rate at which the

cost of a chemical plant has changed, |.e.

C(A) CI(A)
 J = o
C(A) Cl(A)
n n
Where o | = Chemical plant cost Index

Substituting into equation (4):

Cl(B) CI(A) ER

IF = IF = n * t = n wie.warsiala (3.5)
n t Ci(B) Cl(A) ER
t n t

Using readily available plant cost Iindexes, It Is now
possible to update an existing location factor. In deriving
equation (3.5) It has been assumed that the Influences which may
have affected the value of the location factor that Is being

updated, have not changed with respect to the new plant.
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The following is an illustration of how equation (3.5) can be

used to update an existing location factor:

A chemical plant cost $11M to build In the U.S. in 1979. The
equivalent plant cost &M pounds sterling to build in the

U.K. The exchange rate was 0.5 pounds/$. Therefore,

Location factor (1979) = 11/5 * 0.5 (fram equation 3.1)

Locatlon factor in 1979 was 1.1 (U.S./U.K.).

Updating this value to 1984 using equation (3.5) and the

fol lowing data:

1979 U.S. cost index 132
U.K. cost Iindex 173
Location factor 1.1

Exchange rate 0.5 pounds/$

1984 U.S. cost index 187

U.K. cost index 255

Exchange rate 0.727 pounds/$

Location factor (1984) =

1.1 * (173/255) * (187/132) * (0.727/0.5)

Location factor in 1984 = 1.537 (U.S./U.K.)

- B89 =



Using this value, a new plant cost for a new location Iin the
U.K. can be calculated based on an existing capital cost In

the U.S.

Equation (3.5) Iis a simple means of updating a location
factor using readily available data. It could be improved by
replacing the single plant cost index with a new cost model of a
chemical plant derived fram cost analyses published In the
literature, which uses a cost Index for each Individual cost
canponent. When using equation (3.5) care must be taken to ensure

that the exchange rate used gives a dimensionless location factor.
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4 QOMPARISON OF QOST |INDEXES

In order to campare the cost Indexes It is necessary to plot

the indexes for U.S. and U.K. against time.

4.1 U.S. cost indexes

Figure 4.1 shows a plot of the fol lowing U.S. cost indexes

against time:

- Process Economics International

- Chemical Engineering

- Marshal| and Stevens

- Engineering News Record Construction |ndex
The data has been reduced to a camon basis of 100 In the first
quarter of 1976 and is listed In Appendix E. Figure 4.1
Indicatesthat since 1975, the Engineering News Record Index has
been generally higher than the other three Indexes. Considering
only the process plant cost indexes then the Process Econamics
International Index presents the highest values. It must also be
noted that the Indexes are within 10% of each other for any

particular month,

4.2 U.K. cost indexes
Figure 4.2 shows a plot of the following U.K. publ ished cost
indexes against time:

- Process Economics International
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- Process Engineer ing
- Retail Price Index

- Manufactur ing Price Index

Figure 4.2 shows that up to 1980, the Indexes were very
similar, but since then they have begun to diverge. Process
Econamics International index has a lower value than any of the
others, with Process Engineering index having the highest for any

glven month.

Table 4.1 Factors which effect the performance

of cost indexes [42]
EACTOR % _Increase 1970-1980
above inflation
Labour productivity 10 to 20
Envirommental legislation 5 to 10
Health and safety regulations 5 to 10
Contract price exploitation 5 to 10
Energy costs 10 to 20
Learning effects -10 to O
Technological changes O to 15
Cammerclal forces -5 to 156

Since 1973, it Is said that published plant cost Indexes have
not reflected the increases In actual costs [42]. In 1976/7 this
discrepancy was reported to be between 10 and 30%, and up to 50-

60% in 1980. This clearly suggests that plant costs are escalating

o Y o



faster than Inflation. Table 4.1 |ists some of the reasons for the
lower expected rate of Increase In cost indexes and also the
effect that each factor has had on the performance of the cost
Indexes in quantitative terms [42]. To make up for the
inadequacies of published plant cost Iindexes, Bridgwater and
Bosson suggested a new three component cost Index based on
essential raw materials and labour Indexes published In the

| iterature as fol lows:

I = al + bl + cl
LABOUR OlL IRON ORE

This was then reduced to a two camponent Index:

I = al + bl
LABOUR olL

Where | = Index of the hourly labour rate In the
LABOUR

U.K. construction industry.

| = Index of Imported price of crude olil
olL

Two different sets of values of a and b were found using
alternative methods:

a 0.175 0.18

b 0.825 0.82
Using reported discrepancies in the value of plant cost Indexes as
a gulde, It Is suggested that the proposed new |ndex adequately
represents the way in which plant costs had changed up to 1980.
But by using the cost of crude oll as one camnponent, the Index

would be subject to outside Iinfluences such as the OPEC
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countries,who attempt to control the prices. In 1973/4 ol | prices
rose dramatically which most plant cost Indexes did not show.
Using the two camponents, an increase In ol l prices of 100% could
result in the plant cost Index rising quite dramatically,
depending on the relative values of the individual camponent

indexes.

Kharbanda [19],[80] presented the Idea of a Location Cost
Index which was based on three factors:
(&1 1) Cost of raw steel
(11) Average labour rate
(i1i) Productivity
Using the above costs, Kharbanda calculated Location Cost Index
values for various countries. These are presented In Table 4.2
where they are campared with the corresponding average values

calculated the data presented in Table 2.4.

Table 4.2 mﬂ-wmm_umum

Basis: U.S. = 100

COUNTRY. Location Cost Average Location
Index [191.[801 EFactor * 100
U.K. 96 90
France 94 92
India 90 118
ltaly 95 87
Japan 70 85
W. Germany o8 90
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On comparing the values, It can be seen that most of the
values are within 10% of the corresponding factor. Agreement seems
to depend on the type of country that Is being compared. Good
agreement Is shown Western European countries, but India and Japan
show little agreement. One reason for this could be that there Is
an abundance of Information for European countries campared to

India, and that Japanese industry enjoys Governmment Incentives.

4.3 ESCALATION AND INFLATION

Costs tend to Increase with time. This rate of change Is
usually called the rate of Inflation which can apply to a
particular item or a basket of goods. It is used to indicate the
current econanic climate of a country. The rate of background
inflation can have a considerable effect on the costs of
construction of a chemical plant when substantial investments are

involved over a long period of construction time.

Over the last few years, fluctuating inflation has caused
particular problems [66], with chemical plants under construction
costing considerably more than estimated. Cost estimates for
proposed projects were thus more uncertain because at high rates
of inflation estimates were too low and vise versa. Contractors
had problems when submitting a fixed-price bid for any project. If
the rate of Inflation was underestimated then the profit margin
would soon be eroded [66]. Purchasers found |t very difficult to

obtain lunp-sum bids for any items for the same reason [67]. Those
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that were aval lable, contained escalation and escape clauses which
made It very difficult for the purchaser to know exactly what the
final cost would be. Bonano [68] shows what clauses a contract
should contain if the purchaser wanted to be protected fram

unexpected fluctuations in prices due to inflation.

To understand the effect of Inflation It Is necessary to
break down the cost of a finished product, such as a plece of
equipment, Into Iits basic cost components. McMahon [69] states

that this cost can be divided into three camponents:

(1) Material 2-5%
(i) Profit 6-9%
Clti) Wages 86-92%

This clearly Indicates that the changing costs of labour are most

likely to cause cost increases. The main reasons for Inflation In

the U.K. since 1972 are:

(1) Large wage and salary Increases.
(i) Wor lawide Iincrease in material costs.
(1) Considerable increases In energy costs.

This suggests that to control inflation it Is necessary to curb
wage Increases which appears to be the procedure adopted by most
Govermments. McMahon [69] suggests that to control inflation It is
necessary to have full employment In productive occupations.
Therefore It is not only limiting wage Increases which Is

necessary, but also the expansion of Industry.
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5.1 What Is Productivity ?

According to Kharbanda and Stal Iworthy [43a]:
"By definition, so far as we are concerned, productivity Is
the ratio of output to input, and this is In itself a measure

of efficliency."

There are various other definitions of productivity presented

In the |literature:

Actual time/operation
(1) Productivity [44] =

Standard time

Actual time represents the reported labour time used to do a
specific labour operation under a set of known condition. The
main problem Is that a standard time for one group may not be
for another. Therefore It would be necessary to establish
universal standards for each particular Jjob within each

Industry.

i) "The term ‘productivity’ |Is used In the strict sense of
how many fleld welds, electrical connections, etc., are made

in a given period of time." [46]

(iii) The American Productivity Center [45] suggests that the
Manufactur ing Industry should use three definitions of

productivity:
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Product ion
(a) Labour productivity:  —seeucncs

Product ion
(b) Caplital productivity: e
Investment
Investment: equipment, structures, land
inventories
(c) Multiple factor productivity: combination of
(a) and (b) by measuring weighted inputs of

labour and capital compared with output.

(1v) Statistical sources, such as Government publ Ications, present
the index of labour productivity as the Index of Industrial

production divided by the Index of industrial emp loyment

[47].

The variety of definitions, and the absence of information of
approaches shows that productivity is a very difficult subject. To
use any productivity measure to compare labour costs within a
country or on an international level brings wide ranging problems
of uniformity and consistency with different systems. However, It
Is considered to be a major factor in explalning variations of
cost with time and place, and It would be useful to evaluate the

effect of productivity and changes in productivity on location

factors more accurately.



5.2 Measurement of productivity

5.2.1 Why measure productivity ?

Productivity Is used as a means of controlling costs In times
of Inflation and also as a comparison against canpetition. It is
also considered to be important when the cost of construction of a
plant Is converted from one country to another, as it Is bellieved
to be a major influence of the difference In costs [2]. Ottaviano
[48] sumarises the Interest In measuring productivity as fol lows:
"The quest for higher productivity has been with mankind since the
industrial revolution". |In simple terms this refers to increased

output without a proportionate increase in costs

5.2.2 Measurement

Productivity is a very complex subject and It Is very
difficult to measure precisely, particularly for the process plant
sector. This |Is supported by Kharbanda [43a] who states that
there Is no mathematically correct way of measuring productivity
and that It Is indeed difficult to measure productivity In
explicit terms. It is also necessary to have techniques based on
mathematical analysis to minimise the emotional evaluation of
productivity as there are many individual opinions on how

productivity should be measured.
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Only one method of calculating the labour productivity factor
for the construction of a chemical plant has be found In the

literature [15]. The major steps are as fol lows:

1y The construction labour cost is calculated for various
countries (if comparison |is required). This Is achieved by
obtaining the wages (including benefits) of the various trades
used In the construction of a plant and then working out the
average wage. This Is then reduced to the basis of 1.0 for the
U.S. wage. These figures are then adjusted to take other
factors Into account. (The figures presented In the article

are based on 1961 costs.)

¢l The first correction factor Is the number of hours

worked, which are reduced to a U.S. base of 1.0,

(@HES) The second correction factor Is for Job duration and
mechanisation available to supplement construction labour. (no

Information is given on how this factor was calculated)

(lv) Using the three values for each country, the labour

productivity ratio can be calculated by multiplying the three

factors, given above, together.

Every consideration necessary In measur ing productivity is

covered in a useful |ist presented by Mark [45]. The list
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includes construction labour, expatriate supervisory and skilled
personnel , and laws and regulations, all of which affect
productivity. Two factors that effect productivity are

mechanisation and the number of hours worked (151,

"Labour productivities are dynamic parameters that will vary
with the level of econamic activity and naturally with the

level of construction mechanisation." [49]

Several sources [46],[50] agree that the use of overtime Is
detrimental to productivity. Blough [51] presents a detailed
analysis of the effect of overtime on labour productivity,
concluding that productivity falls If overtime Is used. The fall
Is even more drastic if the use of overtime Is continued for same
time; Blough [51] quotes a drop fram 1.0 to 0.65 within 10 weeks.
Labour productivity was measured using a fixed standard of
measurement of man hours to perform specific functions necessery
to accomplish construction operations. The findings of Blough are
supported by Edmondson [50]. Table 5.1, presented by Edmondson,
Iindicates that It is preferable to use the eight hour shift system
than to allow the work force to do overtime In terms of

productivity.
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Table 5.1 Productivity versus overtime [501

Hours worked/week productivity factor
5 * 8 hour days 1.00
5 * 9 hour days 0.95
5 *10 hour days 0.90
6 * 8 hour days 0.90
6 * 9 hour days 0.0
6 *10 hour days 0.85

Another Important  factor Is the level of supervision
[46],[52]. If supervision Is adequate and well used, then
productivity will be maintained at a reasonable level, and working
time lost will be reduced to a minimum. Other factors quoted In
the |iterature which may affect productivity are:

Schedul ing of labour resources
Availabllity of equipment and materials
Degree of congestion during construction
Material storage distances

Changes In weather

Manpower levelling techniques

Availability of labour

The volume of labour used is also an important factor [43b]
particularly In countries where Government regulations or union

agreements dictate the minimun level of labour to be used.



Kharbanda [19c] suggests that the productivity factor for a
given country Is a function (ratio) of the wages and benefits
within the country relative to the U.S. His results are shown In
Table 5.2, which are probably based on the assumption that
countries wih low wages employ more unskilled labour and therefore

productivity Is lower.

Table 5.2 Wage ratio relative to the U.S. as a
function of the productivity factor

Wage and benefit ratio Productivity factor
0.03 72
0.05 4.8
0.07 3.8
0.10 3.0
0.15 2.25
0.20 1.8
0.30 1.4
0.4 1.2
0.6 1.1
1.0 1.0

It Is also clear from Tables 5.1 and 5.2 that data is
presented in the literature in a variety of forms. When campar ing
data fraom various sources, care must be taken to ensure that the
units are identical, or that the relationships are well

understood. Table 5.1 presents labour productivity data In terms
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of relative efficiency, but Table 5.2 presents labour productivity

data In terms of relative man-hours to canplete a job.

Productivity Iin developing countries is also inf luenced by
the use of foreign labour who are employed on a |ump-sun contract.
Rizk [53] suggests that it would improve productivity if local
workers were trained and then supervised closely when working on a
construction site. Money would have to be spent on educational

facllities but a skilled labour force would soon be avallable.

To enable labour productivity In the construction Industry to
be maintained, the use of a ‘Productivity Officer’ or ‘Analyst’ Is
suggested [54]. The object of the Job would be to ensure that any
shortages were reported directly to purchasers in the construction
campany who could then replace any materials that are running low.
Adequate tools and materials would always be avallable to complete
a Job, and efficiency Iis maintained. Hussain [55] describes in
qualitative terms how productivity can be improved and maintained

by careful planning of labour, equipment and materials.

5.3 Data Presented in the Literature

Values published In the |iterature depend on many factors and
the definitions of labour productivity vary. An example of how
productivity can be used to show an improvement In the econamy is
exemplified by an Increase in productivity (output/employee) of

10% which could occur for two basic reasons:
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(1) Output has increased

(2) Number of employees has decreased

Table 5.3 presents a collection of productivity factors
published In the literature. On compar ing the factors, it can be
seen that Ilabour productivity has changed with time. This may be
an actual change, or the source, type, or volune of data may have

altered thus changing the factor.

5.4 Acceptable Definition of Labour Productivity

In order to compare labour productivity factors from one
country to another, it Iis necessary to have an acceptable and
measurable definition. The most likely definition would be the
time  taken in  man-hours to instal | a major piece of
equipment,compared to a standard time, taking into account any
special or unusual factors. This definition has already been used
by Blough [51] to measure and compare labour productivity. In
order to use this definition, it would be necessary to determine
the standard number of man hours that are required to carry out a
particular task. This would involve a time a motion study, which

may not be accepted by the Unions involved.
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Table 5.3 World labour productivity factors

BREFERENCE AND YEAR
1964

[59]

QOUNTRY
1962
[15]
Austria
Australia
Argentina
Belgium
Brazil 1:23
Borneo
Canada 1.08
Ceylon
Chile
China
Columbia
Czechoslovakia
Denmark
Finland
France 0.81
Hol land
India
Indonesia
lran
lrag
Italy 1.356
Japan .00
Korea
Korea S.
Mex ico 1.54
New Zealand
Norway
Phil ippines
Portugal
Saudi Arabia
Singapore
Spain
South Africa
Sweden
Taiwan
Turkey
Utd. Arab Emer.
U.K. 0.69
LS A 1.00
Venezuela
W. Germany 1.08
Yugoslavia
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.60
.20
.30
.45
.80

10
.50
.70

.28
.28
.33
.80
.50

.45

1964 1967
[57] [60]

0.255
0.268

0.39
4-10
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0.08
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QOUNTRY

Austria
Australia
Argentina
Belgium
Brazi |
Borneo
Canada
Ceylon
Chile
China
Colunbia
Czechoslovakia
Dermark
Finland
France

Hol land
India
Indonesia
lran

lrag

Italy

Japan
Korea
Korea S.
Mex ico

New Zealand
Norway
Philippines
Portugal
Saudi Arabia
Singapore
Spain
South Africa
Sweden
Taiwan
Turkey

Utd. Arab Emer.
U.K.

U.S.A,
Venezuela
W. Germany
Yugoslavia

BEFERENCE AND YEAR
1969 1972 1973 1974
[29] [25] [45] [568]

1.60
e
2.5
1.8-2.5
0.9
3.5
2.41
0.65
4-8 3-5 4.5
2.4-4
0.75
0.65 1.3-2 17
1.5-2.5
1.78
1.7-2.5
2-3
2.06
0.65 1.2-1.86
1.00 1-1.5
1.7-2.2
0.75 1.09

- Haie.

1982
[62]

0.87

1.07
1.76

.85

.64

.25

.34
A3
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UNITS OF DATA PRESENTED IN TABLE 5.3

Man hours - References 29,45,60,61
Relative efficiency - Reference 15,25,62
(reciprocal of man hours)

Productivity labour ratio

Reference 27

Productivity in building

of masonry houses Reference 59
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6.1 rogr i

Equation 3.5 (section 3) shows that an existing location
factor at a specific point in time can be updated using exchange
rates and cost indexes fram its original date to any date where
data is available (past, present or future). As a starting basis,
the location factors for 34 countries publ ished by Bridgwater [1]
in 1979 were used. Exchange rates were obtained from
‘International Financial Statistics’, publ ished by the Wor ld Bank.
The only avallable plant index which covered enough countries, was
that published quarterly in ‘Process Econamics International ’.
Using the data and equation 3.5, a computer program was written to
update the location factor for each avallable country. The program
outputs the results In two forms, both of which will be shown
later. A listing of the program is given in Appendix C and data

used by the program is listed in Appendix D.

6.2 Besults obtained using the program

Tables 6.1 and 6.2 show updated location factors for fourth
quarter 1984 based on the 1979 value for 27 countries relative to
the United States, and the United Kingdom respectively. The
exchange rates |listed in the tables are quoted Iin units of

currency per dollar or pounds sterling respectively.
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Table 6

COUNTRY

us

UK
BELGIWM
DENVARK
FRANCE
GERMANY
GREECE

I TALY
NETHERLANDS
NORWAY
SPAIN
SWEDEN
YUGOSLAV I A
CANADA
BRAZ IL

MEX ICO
VENEZUELA
AFRICA(S)
TUNISIA
ZAVB 1A
EGYPT

I SRAEL
TURKEY
AUSTRAL 1A
INDONES | A
JAPAN
KOREA
PHILIPPINES

.1 Updated location factors relative to the
United States

ORIGINAL
LOCATION FACTOR AT

EXCHANGE
RATE

1st QUARTER 1979

83888888888

83

.15

.20
10

.20

.10

.30

.80
.80

.0000
.4961
.2940
.1158
.2680
.8548
.4910
.1100
.0030
.0857
.3840
.3578
.6670
. 1864
.9380
22.7580
4.2925
0.8562
0.4074
0.7957
1
1
5

(o]
— o W W N
- 0hLhOOMNO®O—=AOOO =

n
—

.4286
.9590
.2500
0.8795
614.3200
201.4800

7.3769

- 99 =

UPDATED
LOCATION FACTOR AT

.0000
.6068
.4700
.4588
.5900
5594
.5644
.7076
.5369
.6812
.8747
.6280
.2038
.1126
.3903
.7254
.8658
.8727
. 9038
.0487
.2201
.6330
.3966
. 1365
.0035
.6758
.6846
0.8679
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EXCHANGE
RATE
4th QUARTER 1984

1=
0.

60.
10.
8.
2.

123.
1859.
3.
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167.
8
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1
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185.
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429.

1063.
243.
816.

19.

0000
8050
3740
8010
1741
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2300
4000
3742
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7800

.5827

3740

.3163

0000
6700

. 5000
. 7966
.8410
.0538
.4286
.2800

4900

. 1636

2000
3200
5800
9590



Table 6.2 Updated location factors relatijve to the

United Kingdom

ORIGINAL EXCHANGE UPDATED EXCHANGE
COUNTRY LOCATION FACTOR AT  RATE LOCATION FACTOR AT  RATE

1st QUARTER 1979 4th QUARTER 1984

us 1= 10 2.0157 1.6315 1.2422
UK 1.00 1.0000 1.0000 1.0000
BELGIWM 110 59.0486 0.7668 74.9988
DENVARK 1.10 10.3120 0.7485 13.4174
FRANCE 1.05 8.6031 0.9672 11.3964
GERMANY 1.10 3.7388 0.9127 3.7125
GREECE 1.00 73.5857 0.9302 153.1553
I TALY 1.00 1691.4130 1.1661 2309.8137
NETHERLANDS 1.10 4.0375 0.8760 4.1916
NORWAY 1.20 10.2514 1.1021 10.8128
SPAIN 1.30 139.8589 1.4055 208.4224
SWEDEN 1.20 8.7841 1.0161 10.6617
YUGOSLAV A 1.00 37.6275 0.3358 242.7006
CANADA 1.25 2.3915 1.7837 1.6352
BRAZ IL 1.40 44,2229 2.2207 993.7888
MEX QO 1.00 45.8738 1.1955 230.6460
VENEZUELA 1.30 8.6525 1.3912 9.3168
AFRICA(S) 1.20 1.7259 1.4121 2.2318
TUNISIA 1.75 0.8212 1.4662 1.0447
ZAVBIA 2.00 1.6039 1.7282 2.5513
EGYPT 1:30 2.8797 1.9604 1.7747
I SRAEL 1.20 3.9488 1.0242 683.5776
TURKEY 1.10 50.8970 0.6471 533.5280
AUSTRAL A 1.40 1.7728 1.8153 1.4455
INDONES | A 1.00 1238.2987 1.6537 1320.7453
JAPAN 1.00 406.0875 1.1137 302.2609
KOREA 0.90 975.6098 1.1589 1014.3975
PHIL IPPINES 0.90 14.8698 1.4482 24,7938

= 03 =



6.2.1 Compar ison of Updated Location Factors For Similar

In order to coment on the results, similar countries have
been selected to see how their individual location factors have

changed since 1979 with respect to the United States.

(a) Caomparison of European countries (West Germany and United

Kingdom) and Japan relative to the United States.

The original location factors (1979) and the updated l|location
factors (1984) for West Germany, the United Kingdam, and Japan
ralative to the United States, are presented in table 6.3. This
data has been extracted from a full |ist of updated location
factors for each country in Tables 6.4,6.5 and 6.6 respectively.
On comparing the updated location factors of the three
Industrialised countries it can be seen that it is a better
proposition to build in West Germany than Japan or the United

Kingdom relative to the U.S.

Table 6.3 Comparison of updated and original location
factors for three major industrial countries

relative to the United States
QOUNTRY. ORIGINAL UPDATED (1984)
Japan 0.90 0.676
U.K. 0.90 0.61
W. Germany 1.00 0.56



Figures 6.1 to 6.3 show that costs in West Germany have
Increased the least with respect to the United States. Figures 6.4
to 6.6 clearly show the effect of the exchange rate on the
updating of a location factor. The strength of the Deutschmark has
declined considerably against the U.S. dollar but the Yen (Japan)
has remained strong. This results in West Germany being regarded
as a better location to build a new chemical plant than either of

the other two countries.

(b) Scandinavian countries: Norway and Sweden

In 1979, Norway and Sweden were quoted as having identical
location factors of 1.10 [1]. The final updated values for the
fourth quarter 1984, are also very similar, 0.68 and 0.63
respectively. On canparing Tables 6.7 and 6.8 and also figures 6.7
to 6.10 it can be seen that the plant cost indexes of Norway and
Sweden have Increased at a similar rate over the past five
years,but the Swedish exchange rate has weakened more than the
Norwegian exchange rate relative to the U.S. dollar. This suggests
that, as far as a U.S. contractor is concerned, Sweden may be a

better proposition for investment in terms of cost increases.

(c) Caomparison of Canada with the United States

It would be expected that a location factor for Canada

relative to the U.S. would change very little with time since the

two countries are geographically very close. Table 6.9 shows that

=T



in 1979 (first quarter) the location factor was 1.15 and T.%41 In
1984 (fourth quarter). Figure 6.11 shows that costs in Canada have
Increased more rapidly than those in the U.S. with time, but this
Is caompensated by the weakening of the Canadian currency against

the U.S. dollar (see Figure 6.12).
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***************t*******************t#t******************************

YEAR QOST INDEX  QOST INDEX EXCHANGE CALCULATED
BASE GERMANY RATE LOCATION FACTOR

******#************‘************************t********#*********l***t

1979.00 132.00 117.00 1.85480 1.0000
1979.25 133.00 120.00 1.88470 0.9965
1979.50 140.00 121.00 1.81620 0.9958
1979.75 143.00 123.00 1.76600 1.0192
1980.00 1567.00 123.00 1.77340 0.9245
1980.25 163.00 129.00 1.18050 1.4946
1980.50 157.00 130.00 1.77560 0.9759
1980.75 1565.00 130.00 1.91120 0.9183
1981.00 161.00 133.00 2.08660 0.8285
1981.25 166.00 135.00 2.27580 0.7478
1981.50 168.00 137.00 2.43270 0.7015
1981.75 172.00 140.00 2.24480 0.7588
1982.00 175.00 143.00 2.34590 0.7289
1882.25 177.00 147.00 2.37800 0.7308
1982.50 178.00 148.00 2.48120 0.7012
1982.75 179.00 148.00 2.50120 0.6917
1983.00 180.00 142.00 2.40780 0.6856
1983.25 181.00 145.00 2.48480 0.6747
1983.50 185.00 147.00 2.64290 0.6291
1983.75 187.00 147.00 2.67760 0.6143
1984.00 187.00 148.00 2.77700 0.5964
1984.25 187.00 149.00 2.70950 0.6154
1984 .50 188.00 150.00 2.91890 0.5720
1884.75 189.00 151.00 2.98860 0.5594

=0T =



Table 6.5 Quarterly updated location factor and exchange rate

for the United Kingdom with respect to the United
States

!:*****‘t#******1(*‘3******#**#t*****t***********#**************tt*l***

YEAR COST INDEX  OOST INDEX EXCHANGE CALCULATED
BASE UK RATE LOCAT ION FACTOR

*********!ﬂ*#**t*******'.***l’t**3**!It1(!t***#*****t*****#*********t*****t

1979.00 132.00 173.00 0.49610 0.9000
1979.25 133.00 176.00 0.48070 0.9378
1979.50 140.00 180.00 0.44800 0.9777
1979.75 143.00 189.00 0.46320 0.9721
1980.00 157.00 197.00 0.44370 0.9634
1980.25 1563.00 201.00 0.43770 1.0225
1980.50 157.00 203.00 0.42000 1.0488
1980.75 155.00 207.00 0.41920 1.0853
1981.00 161.00 212.00 0.43290 1.0362
1981.25 166.00 215.00 0.48650 0.8070
1981.50 168.00 217.00 0.54450 0.8082
1981.75 172.00 220.00 0.53090 0.8208
1982.00 175.00 225.00 0.54140 0.8090
1982.25 177.00 232.00 0.56180 0.7948
1982.50 178.00 233.00 0.57960 0.7694
1982.75 179.00 237.00 0.60620 0.7441
1983.00 180.00 240.00 0.65260 0.6960
1983.25 181.00 242.00 0.64290 0.7085
1983.50 185.00 246.00 0.66220 0.6841
1983.75 187.00 251.00 0.68020 0.6723
1984.00 187.00 255.00 0.72660 0.6394
1984.25 187.00 260.00 0.71580 0.6616
1984.50 188.00 266.00 0.80840 0.5963
1984.75 189.00 271.00 0.80500 0.6068
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Table 6.6 WMWMMMME
for Japan with respect to the United States

***l&t****t*!t****t*****t*****"t****#*t*****‘*#*t***t#*********t***t**

YEAR COST INDEX  OOST INDEX EXCHANGE CALCULATED
BASE JAPAN RATE LOCATION FACTOR

***‘*********tt****t***t***#******t******!:***tt********tt**#*tlﬂl****

1979.00 132.00 134.00 201.46000 0.9000
1979.25 133.00 134.00 217.62000 0.8269
1979.50 140.00 137.00 218.86000 0.7986
1979.75 143.00 137.00 238.62000 0.7171
1980.00 1567.00 140.00 243.54000 0.6540
1980.25 163.00 146.00 232.84000 0.7320
1980.50 157.00 148.00 220.05000 0.7651
1980.75 155.00 148.00 210.67000 0.8095
1981.00 161.00 1561.00 205.57000 0.8149
1981.25 166.00 163.00 220.00000 0.7483
1981.50 168.00 155.00 231.89000 0.7106
1981.75 172.00 157.00 224 .68000 0.7256
1982.00 175.00 1568.00 233.49000 0.6906
1982.25 177.00 169.00 24415000 0.6572
1982.50 178.00 161.00 258.86000 0.6241
1982.75 179.00 162.00 259.68000 0.6225
1983.00 180.00 162.00 235.74000 0.6819
1983.25 181.00 163.00 237.55000 0.6771
1983.50 185.00 165.00 242.53000 0.6568
1983.75 187.00 166.00 234.25000 0.6768
1984.00 187.00 168.00 234.69000 0.6837
1984.25 187.00 170.00 229.61000 0.7072
1984.50 188.00 172.00 243.46000 0.6712
1984.75 189.00 174.00 243.32000 0.6758
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Table 6.7 &l n n

rate for Norway with respect to the United States

******#*************l!***t*t****t***********t*********t*****l**l****

YEAR COST INDEX  OOST INDEX EXCHANGE CALCULATED
BASE NORWAY RATE LOCAT ION FACTOR

*t****ﬂ**t*****#*****t**#*******************************************

1979.00 132.00 143.00 5.08570 1.1000
1979.25 133.00 144.00 5.16250 1.0830
1979.50 140.00 148.00 5.01860 1.0878
1979.75 143.00 145.00 4.98940 1.0495
1980.00 157.00 148.00 4.94860 0.9837
1980.25 163.00 153.00 4.94250 1.0448
1980.50 157.00 162.00 4.84120 1.1006
1880.75 155.00 158.00 5.02500 1.0475
1981.00 161.00 164.00 5.35010 0.9832
1981.25 166.00 166.00 5.68360 0.9086
1981.50 168.00 173.00 6.08520 0.8739
1881.75 172.00 173.00 5.83910 0.8895
1982.00 175.00 176.00 5.95310 0.8724
1982.25 177.00 180.00 6.07710 0.8641
1982.50 178.00 184.00 6.64160 0.8037
1982.75 179.00 188.00 7.14610 0.7590
1983.00 180.00 190.00 7.10990 0.7867
1983.25 181.00 194.00 7.16970 0.7720
1983.50 185.00 197.00 7.40320 0.7428
1983.75 187.00 201.00 7.50260 0.7398
1984.00 187.00 205.00 7.93200 Q7137
1984.25 187.00 209.00 7.74110 0.7456
1984.50 188.00 213.00 8.36610 0.6993
1984.75 189.00 217.00 8.70430 0.6812

= 100 =



Table 6.8 Quarter|y updated location factor and exchanae rate

for Sweden relative to the United States
tt*lml:**:I:nnlnlut*llnl:t*:k****lluklk!ul:*tt*!ukalnk*:k:luk**#tt**tt*****#******!*#*****t
YEAR COST INDEX OOST INDEX EXCHANGE CALCULATED

BASE SWEDEN RATE LOCATION FACTOR

**t*******:ltlk*****#tt*****#************:I:!t****t*******#****‘***t****tt

1979.00 132.00 141.00 4.35780 1.1000
1979.25 133.00 148.00 4.37460 1.1415
1979.50 140.00 149.00 4.21050 1.1343
1979.75 143.00 152.00 4.20530 1.1343
1980.00 1567.00 156.00 4.21820 1.0571
1880.25 163.00 1568.00 4.24810 1.0809
1980.50 157.00 161.00 4.15180 1.1084
1980.75 155.00 167.00 4.30020 1.1244
1981.00 161.00 170.00 4.55380 1.0405
1981.25 166.00 172.00 4.87690 0.9534
1981.50 168.00 172.00 5.30180 0.8666
1981.75 172.00 177.00 5.52110 0.8364
1982.00 175.00 188.00 5.73620 0.8404
1982.25 177.00 190.00 5.80020 0.8164
1982.50 178.00 190.00 6.15690 0.7780
1982.75 179.00 192.00 7.33710 0.6561
1983.00 180.00 200.00 7.40940 0.6730
1983.25 181.00 206.00 7.53690 0.6777
1983.50 185.00 206.00 7.80600 0.6401
1983.75 187.00 210.00 7.91620 0.6366
1984.00 187.00 215.00 8.12790 0.6348
1984.25 187.00 219.00 8.00220 0.6568
1984.50 188.00 222.00 8.40730 0.6303
1984.75 189.00 227.00 8.58270 0.6280
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Table 6.9 Quarterly updated location factor and exchange rate

for Canada with respect to the United States
0 e 3ok o ok o b o s oo o o 8 R o ok S K 6 sk s s o ok o ok ok ok sk o o o o s s s s s s s o s o s s s o sk sk s s 3k o 3 o o o o o
YEAR COST INDEX OOST INDEX EXCHANGE CALCULATED
BASE CANADA RATE LOCATION FACTOR

******t*ﬂ**********t******tt*l***************#*#******#*******t*****

1979. 132.

00 00 149.00 1.18640 1.1500
1979.25 133.00 154.00 1.15810 1.2085
1979.50 140.00 1568.00 1.16330 1.1726
1879.75 143.00 162.00 1.17470 1.1657
1980.00 157.00 165.00 1.16430 1.0910
1980.25 183.00 170.00 1.17030 1.1476
1980.50 1567.00 174.00 1.15860 1.1562
1980.75 1565.00 178.00 1.18390 1.1724
1881.00 161.00 184.00 1.19360 11573
1981.25 166.00 189.00 1.19860 1.1481
1981.50 168.00 192.00 1.21170 1.1400
1981.75 172.00 197.00 1.19180 1.1616
1982.00 175.00 202.00 1.20890 1.1541
1982.25 177.00 206.00 1.24450 1.1304
1982.50 178.00 207.00 1.24980 1.1247
1982.75 179.00 211.00 1.23150 1.1569
1983.00 180.00 213.00 1.22730 1.1654
1983.25 181.00 213.00 1.23100 1.1585
1983.50 185.00 215.00 1.23280 1.1394
1983.75 187.00 217.00 1.23850 1.1325
1984.00 187.00 220.00 1.28730 1.1046
1984.25 187.00 223.00 1.29270 1.1150
1984.50 188.00 226.00 1.31390 1.1059
1984.75 189.00 229.00 1.31630 1.11286

=100 =
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6.3 Effect of Exchange Rate on Location Factors

The exchange rate between two countries is very Iimportant
when determining the value of a location factor. Consider, for
example, the possible effect the exchange rate has had on the
location factor between the U.K. and the U.S. In 1979 the location
factor (U.K./U.S.) was quoted as 0.9 and the exchange rate (first
quarter) was 0.496 Pounds sterling/Dollar. In 1984 (fourth
quarter) the exchange rate was 0.805 Pounds sterling/Dol lar (see
Table 6.5). If all other influences are assumed to be negligible,

then the location factor becames:

0.3 % = 0.556 (U.K./U.S.)

or 1.82 (U.S./U.K.)

The time scale is five years but the same significant effect
could happen over a shorter time period when the exchange rate
Cchanges considerably such as in the first 8 months of 1985 when
the value of the pound compared to the dollar changed by 40%. This
may be the time period between the initial cost campar ison being
carried out to the final decision being taken. The fluctuation of
the exchange rate is clearly shown by Figure 6.13. A report in the
Daily Telegraph [64] states that the U.S. Dollar is probably 40
percent, on average, overvalued against four other ma jor
currencies. Table 6.10 shows what the exchange rate should be

[64].
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Table 6.10 Overvaluation of the Dollar [64]

CURRENCY  OVER VALUATION EQUILIBRILM ACTUAL RATE RISE NEED

17-6-85 RATE PER $ PER $ PER $

percent June 1985 17-6-85 percent
US Dol lar 40 - - &=
Yen -12 196 249 27
Deutschmark -13 2.04 3.06 50
French Franc - 5 6.64 9.34 42
Sterling +15 1552 1.28 19

The only answer to the problem of a fluctuating exchange rate
Is to be able to successful ly predict its movements. |If this could
be achieved then profit could be made by simply buying and selling
world currencies using the forward and spot markets. Forecasting
the behaviour of exchange rates is difficult. Duffy and Giddy [63]
describe In detail the difficulties forecasting exchange rates.
Filgure 6.13 shows how the exchange rate between the United Kingdom
and the United States has fluctuated since 1972. Banks, such as
Barclays, do attempt to predict the exchange rate one year in
advance. An example of this is given In Table 6.11 forecasts
exchange rates for January 1986 based on the exchange rates for

the previous two years [82].
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Table 6.11

CURRENCY
U.S. Dol lar
Deutschemark
Yen

French Franc
Swiss Franc

ltalian Lira

EQEﬂQﬁﬁIlﬂQ_IDﬂJDQ!ﬂmnﬁﬂith_QutﬂﬁﬂQlﬂﬁ
against pound sterling [82]

JAN 84(av. ) JAN 85(av) FORECAST

1.33 1.13 1.14-1.20
3.79 3.58 3.30-3.50
316.6 287.3 259-279

11.64 10.96 10.58-10.98
3.14 3.00 2.72-2.92

2340 2203 2168-2218

% 113 =
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6.4 Location Weighted Exchange Rate

Figure 6.10 shows that the location factor and exchange rate
fluctuate considerably in a short period of time. It would be
preferable [f this fluctuation could be |imited. To achieve this,
the location factor and the exchange rate could be canbined to
form a Location Weighted Exchange Rate. A location weighted
exchange rate |is defined as the location factor for a given pair
of country, multiplied by the exchange rate that it is tied to. ¥
has been suggested that for a given country, it may be constant
(B.P.). Tables 6.12 to 6.15 show location welghted exchange rates
for the United Kingdom, West Germany, Japan and Canada relative to
the United States. Table 6.12 shows that the location weighted
exchange rate for the United Kingdom relative to the United States
has increased fram about 0.45 to about 0.49. The data presented in
the tables is also shown graphically In Figures 6.14 to 6.17. The
figures were obtained fran Tables 6.4, 6.5, 6.6 and 6.9 by
multiplying the exchange rate by the location factor, ensuring
that the units of the exchange rate used were correct, e, .S

Dol lars per unit of currency.

Equation (3.5) (see Chapter 3) states that:

Cl(B) CIl(A) ER

LF =LF * n * s s n
n t Cl(B) Cl(A) ER

t n t
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Rearranging:

Cl(B) CIl(A)
LF- % (3/ER ) = LF = n * t * (1/ER ) wivie ki B 1)
n n £ CI(B) Cl(A) t
t n

Where LF * (1/ER ) Is the Location Weighted Exchange Rate
n n

(LWER)

Equation (6.1) can be rearranged to give:

Cl(B)
LWER = G * 1 e <P  R  E (6.2)
Ci(A)

Cl(A)
Where G = LF = t * (1/ER )
¥ Cl(B) t
t

Therefore, fram equation (6.2), it can be deduced that the
location weighted exchange rate is only dependent on the ratio of
the current cost Iindexes at the time of the update. If the
inflation rate in both countries being compared is similar, then
the location weighted exchange rate will be relatively constant.
Table 6.16 shows the ratio of cost indexes for the United Kingdom,
Japan, West Germany and Canada relative to the United States. If

cost Iindexes can be forecast then the likely behaviour in the

L 4=



value of the Ilocation weighted exchange rate can be estimated.
This would be easier than attempting to forecast the behaviour of

currency exchange rates.

A simple |inear method of extrapolating data is Newton's
forward difference formula which is described and Il lustrated by
Jenson [80]. Results obtained using this method are presented in
Tables 6.17 and 6.18. The results obtained are very much dependent
on the starting data. Trial runs have shown that if the starting
point of the data used in the method occurs when the di fference
between two quarters s unexpectantly Iow, then the resultant
forecasts are Iow. An example of this is presented in Table 6.18
which canpares predicted values, obtained using the method,
against actual values. Plant cost indexes of 1980 and 1981 were
used to predict the plant cost index for the following three
years. It can be seen that that the difference between the
predicted values and the actual values is increasing each year. A

more camplex method may produce better results.
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Table 6.12 Location weighted exchange rate for the United
Kingdom relative to the United States

“************tt****t******llt********‘Hl*t#-t*****t******#********#***

YEAR EXCHANGE CALCULATED LOCAT ION WE IGHTED
RATE LOCATION FACTOR EXCHANGE RATE

**t**************tt******tt***t*******#*************************ﬂ**

1979.00

0.49610 0.9000 0.447
1979.25 0.48070 0.9378 0.451
1978.560 0.44800 0.9777 0.438
1979.75 0.46320 0.9721 0.450
1980.00 0.44370 0.9634 0.427
1980.25 0.43770 1.0225 0.448
1980.50 0.42000 1.0488 0.440
1980.75 0.41920 1.0853 0.455
1981.00 0.43290 1.0362 0.448
1981.25 0.48650 0.9070 0.441
1981.50 0.54450 0.8082 0.440
1981.75 0.53090 0.8208 0.436
1982.00 0.54140 0.8090 0.438
1982.25 0.56180 0.7948 0.446
1982.50 0.57960 0.7694 0.446
1982.75 0.60620 0.7441 0.451
1983.00 0.65260 0.6960 0.454
1983.25 0.64290 0.7085 0.455
1883.50 0.66220 0.6841 0.453
1883.75 0.68020 0.6723 0.457
1884.00 0.72660 0.6394 0.485
1984.25 0.715690 0.6616 0.472
1984.50 0.80840 0.5963 0.482
1984.75 0.80500 0.6068 0.488
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Table 6.13 Location weighted exchange rate for West

Germany relative to the United States
*:I:!:lt*#**tt:kt****t*tt*t**t**#*#*t**********#t***************t**ttmt*
YEAR EXCHANGE CALCULATED LOCAT ION WE IGHTED
RATE LOCATION FACTOR EXCHANGE RATE

****Ii*t****t*t*****t‘*****t************t********!**t***************

1979.00 1.85480 1.0000 1.855
1979.25 1.89470 0.9865 1.888
1979.50 1.81620 0.9958 1.808
1979.75 1.76600 1.0192 1.800
1980.00 1.77340 0.9245 1.839
1980.25 1.18050 1.4946 1.764
1980.50 1.77560 0.9759 1.733
1980.75 1.91120 0.9183 1.785
1981.00 2.08660 0.8285 1.729
1981.25 2.27580 0.7478 1.702
1981.50 2.43270 0.7015 1.706
1981.75 2.24480 0.7588 1.703
1982.00 2.34590 0.7289 1.710
1982.25 2.37800 0.7308 1.738
1982.50 2.48120 0.7012 1.740
1982.75 2.50120 0.6917 1.730
1983.00 2.40780 0.6856 1.651
1983.25 2.48480 0.6747 1.676
1983.50 2.64290 0.6291 1.663
1883.75 2.67760 0.6143 1.644
1984.00 2.77700 0.5964 1.656
1984.25 2.70950 0.6154 1.667
1984.50 2.91890 0.5720 1.8670
1984.75 2.98860 0.5594 1.672
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Table 6.14 ti f

relative to the United States

*******llt************t**t*******3**#*****t!k****t*‘*****************#**

YEAR EXCHANGE CALCULATED LOCAT ION WE IGHTED
RATE LOCATION FACTOR EXCHANGE RATE

****#***********!l*tt*tt2**t*******t**t*:It*****************t*****t’k***t

1979.00 201.46000 0.8000 181.3
1978.25 217.62000 0.8269 179.9
1979.50 218.86000 0.7986 174.8
1979.75 238.62000 0.7171 5
1880.00 243.54000 0.6540 169.3
1980.25 232.84000 0.7320 170.4
1980.50 220.05000 0.7651 168.3
1980.75 210.67000 0.8095 170.5
1881.00 205.57000 0.8149 167.5
1981.25 220.00000 0.7483 164.6
1981.50 231.89000 0.7106 167.8
1981.75 224 .68000 0.7256 163.0
1982.00 233.49000 0.69086 1681.2
1982.25 244, 15000 0.6572 160.4
1982.50 258.86000 0.6241 161.5
1982.75 259.68000 0.6225 161.6
1983.00 235.74000 0.6819 160.7
1983.25 237.55000 0.86771 160.8
1983.50 242 .53000 0.6568 169.2
1983.75 234.25000 0.6768 1568.5
1984.00 234.69000 0.6837 160.4
1984.25 229.61000 0.7072 | 162.4
1984.50 243.46000 0.6712 163.4
1984.75 243 .32000 0.6758 164.4

- 118



Table 6.15 Location weighted exchange rate for Canada
relative to the United States

****‘tI*****************t***#*#*******t*****#****t*******t*****t*****

YEAR EXCHANGE CALCULATED LOCAT ION WE IGHTED
RATE LOCAT ION FACTOR EXCHANGE RATE

****tt*****tt**********ﬂ***************#*t****#********R*************

1979.00 1.18640 1.1500 1.364
1979.25 1.15810 1.2085 1.399
1879.50 1.16330 126 1.364
1979.75 1.17470 1.1657 1.369
1980.00 1.16430 1.0810 1.270
1880.25 1.17030 1.1476 1.343
1880.50 1.158860 1.1562 1.339
1980.75 1.18380 1.1724 1.388
1981.00 1.18360 1.1573 1.381
1981.25 1.19860 1.1481 1.376
1981.50 1.21170 1.1400 1.381
1981.75 1.19180 1.1616 1.384
1982.00 1.20880 1.1541 1.395
1982.25 1.24450 1.1304 1.407
1982.50 1.24980 1.1247 1.406
1982.75 1.23150 1.1569 1.425
1983.00 1.22730 1.1654 1.430
1983.25 1.23100 1. 1555 1.422
1983.50 1.23280 1.1394 1.404
1983.75 1.23850 1.1325 1.403
1984.00 1.28730 1.1046 1.422
1984.25 1.29270 1.1150 1.441
1984.50 1.31390 1.1059 1.453
1984.75 1.31630 1.1126 1.464
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Table 6.16 Cost index ratio for the United Kingdaom

Japan, West Germany and Canada relative

to the United States (Souce - PEI)
Sk s 3o o ok o ke o s s s s s o o s e s e s s s o s o sk s e 3k s sk s s s S s s s s s sk s sk sk ok sk sk s sk sk i 6k 36 ok ok 6 o o o
YEAR AND COST INDEX RATIO RELATIVE TO THE U.S.
QUARTER U.K. JAPAN WEST GERMANY CANADA

*t******#lt***#*****t****t***ll***#*************t************l*****

1979 1 1.31 1.015 0.886 1.129
2 1.32 1.008 0.802 1.156
3 1.28 0.978 0.864 1.128
4 1.32 0.958 0.860 1.132
1880 1 1.31 0.892 0.783 1.050
2 1.29 0.954 0.843 1410
3 1.29 0.943 0.828 1.108
4 1.28 0.954 0.839 1.148
1981 1 1.32 0.938 0.826 1.143
2 1.28 0.922 0.813 1.138
3 1.23 0.923 0.815 1.143
4 1.28 0.913 0.814 122
1982 1 28 0.903 0.817 1.154
2 1.31 0.898 0.830 1.164
3 1.31 0.904 0.831 1.163
4 1.32 0.905 0.827 1.179
1983 1 1.33 0.900 0.788 1.183
2 1.34 0.900 0.801 1. 177
3 1.33 0.892 0.795 1.178
< 1.34 0.888 0.786 1.160
1984 1 1.36 0.898 0.791 1.176
2 1.39 0.909 0.796 1.193
3 1.41 0.915 0.798 1.202
4 1.43 0.921 0.799 1.211
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Table 6.17 Forecasted cost indexes for the United Kingdom
and the United States
Based on data from 1982 to 1984.

YEAR AND INITED  WNITED — RATIO
QUARTER STATES ~ KINGDOM
1885 1 190 277 1.46
2 191 282 1.48
3 192 288 180
4 193 293 1.52
1986 1 194 299 1.54
2 185 304 1.56
3 196 310 1.58
4 197 315 1.60
1987 1 198 321 1.62
2 189 326 1.64
3 200 332 1.66
4 201 337 1.68

Table 6.18 Comparison of predicted and actual values

YEAR AND QUARTER =~ PREDICTED  ACTUAL
1982 1 222 225
2 225 232
3 227 233
4 230 237
1983 1 232 240
2 235 242
3 237 246
4 240 251
1884 1 242 255
2 245 260
3 247 266
4 250 271
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6.5 Capital Cost Model of a Chemical Plant

To Improve the method of updating location factors, the
capital cost of a chemical plant could be broken down into five

cost camponents as described in section 2.1.2, and each individual
camponent updated usinga relevant cost index. Appendix A contains
the capital cost analyses that have been found in the | iterature.

Using this data, a five component capital cost model of a chemical

plant has been derived. This is presented in Table 6.19.

Table 6.19 Flve component cost model of a chemical plant

QOMPONENT PERCENTAGE
Ma jor Equipment items 33.5%
Labour (erection) 14.8%
Process Materials 18.8%

Indirect cost (home office,

field expenses) 23.1%

Bui ldings 9.8%

For each cost component, there are a several Indexes which
may be suitable to represent the way in which the cost of that

canponent has changed with time:

Malin equipment items:
Chemical Engineering Index - individual indexes given for

fabr icated equipment and

process machinery.

wiiigy 2



Nelson Refinery Inflation

Index (Oil and Gas journal)

Labour

Engineering News Record

Association of Cost Eng.

Chemical Engineering

Process Engineering

Process materials

Engineer ing News Record

Chemical Engineering

Oil and Gas Journal

Andirects:

Indexes given for pumps,

campressors and heat

exchangers.

Carmon labour index for states
in uU.S:

World wage rates for specific
skills.

Erection labour index

Construction labour index for
u.s.

Mechanical Engineering

construction labour index

Materials Index
Indexes for pipes,
instrumentation and control

Materials |ndex

The field expenses cost component is difficult because of the

variety of costs which it covers. For Home Office costs there are
two indexes which could be of use:

Association of Cost Eng. - Administrative, technical and

clerical salaries.
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Chemical Engineering - Engineering and manpower .

Buildings:
Association of Cost Eng. — Civil and bullding materials.
Chemical Engineering —= Bullding Index.
Process Engineering = Civlil engineering and buidings.
Engineer ing News Record ~ Building cost index,

constuction cost index.
(Both have labour cost

included.)

In order to complete the work, it would be necessary to find
many more capital cost analyses, possibly from an industrial
source, although this approach was tried but due to the current

econamic climate, was unsuccessful .
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The method of updating location factors would have
considerably greater value if the results obtained using it are
campared against more recent location factors derived fram actual
plant costs. This is not possible using data presented in the
I lterature. A contractor would be a useful source of such
information. Unfortunately, due to the current econamic climate,
contractors are urwilling to spend the capital to col late the
necessary information. More importantly, they are unwil |l ing
generally to divulge highly confidential cost data. The basis of
the method Is mathematically sound, but It would be useful if
feedback could be obtained from contractors and camnpanies
concerning the results obtained. The location welighted exchange
rate attempts to limit the effect of a fluctuating exchange rate
and to enable the forecasting of future values easier. |t has been
shown that the location weighted exchange rate is directly related
to the ratio of the plant cost index for the two countries being
campared. Therefore, if the plant cost index accurately descr ibes
the changes In plant costs, then the location weighted exchange
rate would be a useful way of presenting data in the |iterature.
In general, location factors published in the | iterature are of
little use because they give no indication of the source of
information, time, or exchange rate used. A standard definition of
a location factor, and a standard method of presenting location

factors in the |iterature must be adopted.

- 127 =



8 REQCOVMENDAT IONS FOR FURTHER WORK

The capital cost models of a chemical plant presented in the
thesis are very basic and use data fron a wide range of time
periods. Capital cost models could be derived for a variety of
time periods to investigate the variation of each of the main cost
camponents with time. These changes could then be campared against
the changes that have taken place in the camponent indexes of

available plant cost Indexes.

The method of updating existing location factors could be
Improved by using a relevant cost Index for each of the main cost
canponents of a chemical plant. It is also unlikely that equipment
and materials used in the construction of a chemical plant, will
be purchased from a single source. Therefore, the method could be
further developed to allow the user to decide what percentage of
each individual cost camponent Iis purchased, or hired from a

particular location.

When constructing a chemical plant, companies tend to
purchase equipment from a variety of countries around the wor ld.
An investigation could be carried out to determine if equipment
costs vary when purchasing identical equipment fraom a variety of
countries for the construction of a chemical plant at a given

location.
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A camputer on-line search located only two references in this
area, both of which, have already been presented in Table 2.1. In
order to formulate the model of a chemical plant, which is to be
used to update location factors, It is necessary to collect and
analyse the available cost breakdowns of chemical plants presented
in the |literature. The following are the capital cost breakdowns

that have been found in the |iterature:

(i) Aries and Newton [7] (1955)
COMPONENT PERCENTAGE
Purchased equipment 25
Instal lation 11
Piping 10
Instrumentation 2
Insulation 2
Electrical 3
Bulldings 8
Land and yard improvements 2
Utilities 9
Engineering and construction 14
Contractors fee 4
Cont ingency 10
Total 100

w 12y



(i) Wells [70] (1977)
Cost breakdowns, dated 1973, are given for two types of
processes:
Liquid processing (8 cases)
Liquid/sol id processing (2 cases)

Averages of the data are given in the table below.

LIQUID PROC. SOLID/L1Q. PROC
COMPONENT PERCENTAGE PERCENTAGE
Equipment 28.1 38.4
Instal lation 1.6 2.6
Bui ldings 14.1 17.6
Foundations 3.3 1.9
Structures 4.4 3.7
P i pework 14.0 7
Electrical 5.8 4.6
Insulation and paint o< o | 1.6
Instrunents 6.5 1.4
Engineering 19.2 21.0
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C1any Jelen [11] (1970)
Jelen presents percentage ranges for each cost canponent of a
chemical plant based on 6 references published in the Iiterature,

and also a typical cost breakdown.

COMPONENT IYPICAL BREAKDOWN BANGE
Main Equipment items 24 15-40
Instal lation 7/ 6-16
Process piping i 4 2-25
Instruments 3 1- 8
Electrical 4 1- 5
Bul ldings, process 2 0.5-15
Utilities 9 3-20
General service 0.5-10
Building, general 4 4-14
Receiving, shipping,storage ] 2-12
Painting and insulation 2
Foundat ions 1
Site improvements 3
Land 1
Engineer ing, overheads 8-16
Cont ingency 10 9-22
Engineering and supervision 8
Construction expenses 8

Contractors fee 2
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(1v) Institute of Chemical Engineers [41] (1977)

Typical cost distributions are given for 5 projects:

A U.K. greenfield site

B Overseas greenfield site

) U.K. existing site

D U.K. existing site

E Overseas existing site

CQCMPONENT
Equipment
Electrical
Instrumentation
Piping
Structural steel
Miscel laneous
Civils
Mech. erection

Home Off ice

45

18

10

22

19

27

12

15
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41

21

30

25

16

Av.

35.2

4.2

8.4

8.6

16.8
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(v) Gal lagher J.T. [18] (1969)

Based on figures presented for a 1963 Gulf Coast ethylene

plant:

COMPONENT PERCENTAGE
Materials and equipment 43.75
Electrical 1.44
Piping 8.2
Instruments 4.72
Structural 14T
Civil materials 2.81
Insulation 4.29
Painting 0.82
Labour 172
Construction field expenses 5.47
Testing 0.55
Home Off ice 15.62

- derived by dividing component cost by total plant cost.
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(vi) Roberson [14] (1979)
Published in 1979, the breakdown represents a conceptual ised

model of a chemical plant.

COMPONENT PERCENTAGE
Main equipment 33
Instruments 7
Piping 15
Electrical 4
Civil 10
Painting/insulation 2
Design 29
(vil) Clerk [61] (1963)

The cost breakdown was presented as an exanple of how
multiplying factors were calculated to give the instal led cost of

process equipment for other plants.

COMPONENT PERCENTAGE
Main fabricated equipment 25
P i pework 12.5
Foundations, bulldings 15
Erection costs e7.8
Indirect costs 20
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(viili) Pielfer V.F. et al. [71]
A coamparison of costs is presented for two chemical plants

which different capital costs for the production of Dialdehyde

Starch.
OCOMPONENT 10 Million 2.1 Million
PERCENTAGE (a) PERCENTAGE (b)
Land and improvements 1.88 2.5656
Building 7.55 7.85
Equipment del ivered 39.25 37.78
Instal lation 9.81 9.46
Piping and wiring 11.32 11.86
Other construction costs 11.32 11.86

Contingency, engineering,

and contractor fees 18.87 18.64

(Ix) Lambe [72] (1978)
Lambe presents a cost analysis of a typical U.S. plant:
COMPONENT PERCENTAGE

Ma jor materials and

equipment del ivered 40
Bulk materials 18
Field construction labour 23
Consruction tools and equip. 3
Field supervision 3
Home office services 12
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(x) Lang H.J. [73]
The data Iis based on the cost breakdowns of 14 chemical
plants built in the time period 1942-7.
COMPONENT SOLID SOL ID/FLUID FLUID

PERCENTAGE PERCENTAGE PERCENTAGE

Home office,flield

expenses etc. 20 22.7 26
Yard improvements 6.9 1.9 1.4
Buildings 10.8 8.6 6.1
Process equipment 46 42.9 32.3
Piping 3.4 9.4 213
Electrical 6.1 5.5 3.9
Service facilities 5.1 9 9
(x1i) Bauman [26] (1962)
COMPONENT PERCENTAGE U.S. PERCENTAGE U.K.
Equipment, spares 28.2 2851
Site development 2.5 257
Bui ldings 18.1 24.6
Piping 14.4 10.3
Insulation 2.4 2.0
Instrumentation 5.0 3.1
Electrical 6.3 7.6
Painting 1.2 0.4
Services 10.6 8.5

Engineering and

supervision 1143 18 ¥
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(xil) Massa [15] (1983)
The cost analysis of a typical U.S. Gulf Coast chemical plant
Is given Iin the article; it is used in a method to calculate

location factors.

CCMPONENT PERCENTAGE
Labour 33.05
Materials and equipment 53.45
Indirect and Hane Office 13.50

(xilii) Stal Iworthy [24] (1963)
The data |isted below was originally published in 1961 by

Mc Gower [74].

COMPONENT FLUID/GAS MIXED SOL.IDS
PERCENTAGE PERCENTAGE PERCENTAGE

Process equipment §5.5 60.6 64.5
Electrical 2.8 3.0 6.5
Steel structures 2.8 3.0 3.2
Instruments 8.3 6.2 6.5
Insulation/paint 2.8 3.0 3.2
Piping 25.0 2.2 12.9
Temporary facilities 2.8 3.0 3.2

For the U.K., based on the total material cost gliven above:

Total materials 100.00%
Freight etc. 10.78%
Erection 68.86%
Piling 0.60%
Design 17.36%
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(xiv) Nelson [16] (1973)

The cost breakdown for a U.S. Gulf Coast plant Is the basis

of a method which illustrates how a location factor can be
constructed.
COMPONENT PERCENTAGE
Del ivered equipment 40.5

and materials

Labour 22.5
Contractor cost 25.9
Job duration and 11.1

engineering

(xv) Wagialla [4] (1984)
As with Nelson [16], the cost breakdown is used to illustrate

a method of calculating location factors. The data is more recent,

1984, than that of Nelson, 1973.

COMPONENT PERCENTAGE
Machinery and equipment del Ivered 52
Instal lation 20
Building, substructure 18
Miscel laneous (fees, camisioning) 4
Engineering (Hame office, 6

field expenses)
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(xvi) Korevaar J. [75] (1976)

The cost components for the Dutch Annual Composite Cost

I ndex.
COMPONENT PERCENTAGE
Process equipment 33
Piping 8
Electrical 3
Instrumentation 3
Architecture, civil and 6
steel structures
Engineering, construction labour 42

and overheads

In the same article, cost analyses are listed to show how

the cost breakdown has changed.

CCMPONENT 1968 1972
PERCENTAGE PERCENTAGE
Process equipment 38.76 35.09
Piping 11.24 9.82
Electrical 5.42 4.91
Instrumentation D 1.72
Erection 156.9 18.6
Insulation/painting 5.81 5.26
Buli lding, steel structure 11.24 13.68
Miscel laneous costs 3.88 4.92
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(xvii) Kay S.R. et al. [76] (1981)

Cost analyses based on the data obtained by Eady and Boyd in
1964. 80 chemical, petrochemical, and petroleun plants were
studied. Costs were allocated to five camponents. These now
constitute the basis of the Association of Cost Engineers Plant
Cost Index.

COCMPONENT A B c D

Mechanical and

electrical material 54.3 57.8 54.1 B82.1
Civil and building mat. 5.5 5.8 5.4 6.2
Erection labour 23.3 22.0 23.8 19.2

Administration,technical
and clerical salaries 10.9 9.2 10.8 8.1
Construction equipment

and transportation 6.0 5.2 5.9 4.4

(xviii) Cran J. [38] (1983)

Process Engineering Cost |ndex

CCMPONENT PERCENTAGE
Mechanical engineering a7
Electrical engineering 8

Civil engineering and

bul ldings 10
Site engineering 19
Overheads 26
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As a camparison, Cran also presents the fol lowing analyses,

published in the |iterature:

OCOMPONENT Eady and Boyd NEDO
Mechanical Eng. 37 32
Electrical, instrumnents 10 8
Civil Eng. ,buildings i 14
Site Engineering 20 19
Overheads 26 27
(xix) Gerrard A.M. [77] (1984)

Chemische industrie Cost Index

COMPONENT PERCENTAGE
Machinery 33
Pipes and valves 16
Instrumentat ion 9
Insulation,painting o
Electrical T
Structures 15
Engineering fees 15

= Y=



(xx) Kay S.R. [78] (1983)

Canadian process plant cost indexes

QvPP - Chemical and Mineral Process Plant |ndex
CPP - Chemical and Petrochemical Plant |ndex
QVPP CPP
COMPONENT PERCENTAGE PERCENTAGE
Plant and equipment 54.2 47
Site costs 16.6 29
Bui ldings 13.56 9
Engineering and admin. 15.7 15
(xx1) Chemical Engineering |ndex
COMPONENT PERCENTAGE
Equipment,machinery 35.4
Piping 1202
Steelwork 8.1
Electrical 3.0
Instrumentation 4.3
Erection labour 22.0
Bui ldings 7.0
Engineering, supervision 10.0
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{oct 1) Grosselfinger [25] (1962)

U.S. ethylene and nitric acid plant

COMPONENT ETHYLENE(a) NITRIC ACID(b)
Equipment ,material 60 75
Labour 23 8
Engineering etc. 17 17

(xxiii) Jacks R.L. and Eddy T.A. [66] (1975)

Plant cost breakdown for a typical petroleun project based on

data presented In terms of hard and soft currency.

COMPONENT PERCENTAGE
Material 34.61
Subcontracts 38.93
Labour 13.84
Engineering 4.15
freight 5.87
Home Off ice 2.60
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(xxiv) Wallace [17] (1978)
The cost of a chemical plant built in the U.S. Gulf Coast is

presented, fram which, the percentage cost of each canponent was

calculated

COMPONENT PERCENTAGE
Equipment 38
Labour 12.4
Materials 21.6
Indirect 26.4
Bul ldings 1.6

Indirect cost can be divided into:
Field expenses 14.46

Home Of f ice 13.97

(L



Table A1 - Sumary of cost analyses of chemical plants
presented in the Literarature

REFERENCE [7] [70] [11] [41]
YEAR 1955 1973 1970 1977
COMPONENT (a)  (b) B .C- D __F
Equipment 28.1 28.1 38.4 30.5 46 22 a5 41 40
labour 12.4 1.8 2.8 8.1 2033 2T %1
Materials 19.1 29.4 14.8 21.3 18- 27 8- 68 25
Indirect 31.4 19.2 21 32.1 10 12 15 21 18
Building 9.0 21.8.23.2 8.0 5 19, 86 5 8
REFERENCE [18] [14]1 [61] [71] [73]
YEAR 1969 1979 1963 1947
COMPONENT (a) (b) (S) (S/F) (F)
Equipment 43.75 33 25 40 38.8 52.2 48.2 36.1
Labour 11.72 2.8 10 9.7
Materials 19.27 28 12.8 23.1 24.9 10.9 16.7 28.1
Indirect 21.64 29 20 19.2  19.1 24.7 25.5 29
Bul lding 3.98 10 15 2.7 8.1 12.2 9.6 6.8
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REFERENCE 72} [26] [15] [24]

YEAR 1978 1962 1983 1963
QOMPONENT LS U.K. {F) (S/F) (S)
Equipment 40 32.4 28.3 563.45 33.6 36.2 38.1
Labour 23 33.05 34.9 34.9 34.9
Materials 19 33.7 26.3 2.3 18.6 16.6
Indirect 18 13:1 177 13:5 10.2 10.3 10.4
Building 20.8 7 G

REFERENCE [16] [4] [75] [76]

YEAR 1973 1984 1976 1981

COMPONENT a b c d
Equipment 40.05 52 33 69.8 63.6 59.5 68.3
Labour 22.5 20 23.3 22.0, 23.8 18.2
Materials 19

Indirect 37 10 42 16.9 14.4 8.7 12.5
Bullding 18 6

REFERENCE [77] [25] [10] [9] (8] (171
YEAR 1984 1962 1964 1963 1960 1976
QOMPONENT (a) (b)

Equipment 48 60 75 27.4 2T 277 38
Labour 23 8 107 12.0 10.8 12.4
Materials 30 18.7 16.9 16.9 21.6
Indirect 15 17 17 35.7 36.2 36.2 26.4
Bui ldings 15 9.5 T 8.4 1.6
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APPENDIX B~ CAP|TAL QOST ANALYSIS

From the sumary of the data in Appendix A, presented in
Table A1, it is possible to derive various capital cost models to
represent the cost of a chemical plant. The standard model, of
five camponents, was calculated fraom the applicable data listed in

Table A1, and Is presented below (it Is also presented in Table

6.19):
COMPONENT PERCENTAGE
Equipment 33.5
Labour 14.8
Materials 18.8
Indirects 23.1
Bui ldings 9.8

It is also possible to convert this into a six camponent
mode | by separating the Iindirect camponent cost into two
canponents: Hoame Office, and Field expenses. The data presented
below gives the percentage of the Home Office cost component of

the Indirect cost component as quoted in the |iterature:

SOURCE HOME OFF ICE
Jelen [11] 28.66
Gal lagher [18] 27.82
Lambe [72] 33.33
Wallace [17] 45.00
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Averaging the above values gives a weighted percentage for
the Hame Offlice cost component of 32.33%. Therefore, the Indirect
cost coamponent of 23.1% in the five canponent capital cost model
becames:

Home Office 6.9%

Field Expenses 16.2%

Table B1 presents a three component cost model based on the

appl icable data presented in Table A1.

Table B1 Data for the three component model
REFERENCE [15] [24] [16] [72]  AVERAGE

COMPONENT

Material and

equipment 563.45 54.8 40.5 59 63.55
Labour 33.05 34.9 22.5 23 27.29
Indirect 13.5 10.3 37.0 18 19.16

On averaging the figures presented in Table B1 and campar ing
them with the adjusted standard model (see Table B2), it can be
seen that the major difference is the labour cost camponent. As
different sources of Information were used to obtain the values
then same differences are very likely. The five component cost
model was adjusted to take into account the removal of the
buildings cost component of 9.8% of the total capital cost fram

the five canponent capital cost model .
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Table B2 Compar ison of three component model and
Ihe adjusted standard five component model

Material and

equ ipment 53.55 57.98
Labour 27.29 16.41
Indirect 19.16 25.61

= 149 -



APPENDIX C  OOMPUTER PROGRAM TO UPDATE LOCATION FACTORS
C tt*I*****************t‘****t*‘*****ﬂ**#tﬂ*****************t****

THIS PROGRAM CALCULATES CURRENT LOCATION FACTORS
FOR 32 COUNTRIES USING EXISTING VALUES (1979),
EXCHANGE RATES AND COST INDICES;USING THE SAME
DATA LOCATION FACTORS CAN BE CALCULATED FOR A
SPECIFIC COUNTRY FOR EACH QUARTER SINCE 1979.
ALL CALCULATED DATA IS PLOTTED AGAINST TIME
USING GINO ROUTINES.

0O000000O

C ek ssks koo ok ok b o b ok ok ok ok ko s s ool o s e o s s s sk s ks sk s S s o s o s s s ok s S s e sk sk sk ok sk ok ok i sk o ok ok ok ok o
sl ata DEF INE VARIABLES

REAL USB(35),UKB(35),CI(35,24) ,ER(35,24) » TIME(24) ,ARRAY(24)
+W(24) ,X(24),Y(24),2(24) ,LF,V(35) ,NLF,LFER(24) » LMAX, LMIN

INTEGER SELB,SELC,NAME(18)

CHARACTER*11 CNTRY(35)
CHARACTER*1 AGAIN

tt*****t*‘***tt*tﬂ**t****tt*#t***l**t****t*S***t‘***t****t***tt

READ IN DATA (COUNTRY,EXISTING LOCATION FACTORS
COST INDICES AND EXCHANGE RATES.

******#*t***tt****#**t**t****t*****t*****t*tl****tt****t******t

0000

o uiate N IS THE NUMBER OF SETS OF QUARTERLY DATA
N = 24

DO 20 1=1,32
READ(10, 1100) CNTRY( ) ,USB(1),UKB( 1)
DO 10 J=1,N
READ(12,*) CI(1,J)
READ(13,*) ER(I,J)
IF (J.EQ.1) THEN
TIME(1) = 1979
ELSE
TIME(J) = TIME(J-1) + 0.25
ENDIF
10 CONT INUE
20 CONT INUE

C *****t***t#****tt*****ttt***t****tt***tt****t**t*******t*******

Cc OUTPUT DATA IN TABULAR FORM TO FILENAVE DATAOUT

C *t********t‘***tt**t**t**t**t*****ttﬂ*******t******t***t****t**

WRITE(20,*) ‘1’
WRITE(20,2700)
WRITE(20,2800)
WRITE(20,2900)

PN



22

23

24

26

27

WRITE(20,2700)

DO 22,J=1,24

WRITE(20,3000) TIME(J),ER(2,J),ER(3,J) ,ER(4,J),ER(5,J),

+ ER(6,J),ER(7,J)
CONT INUE

WRITE(20,*) "1™
WRITE(20,2700)
WRITE(20,3100)
WRITE(20,2700)

DO 23,J=1,24
WRITE(20,3200) TIME(J),ER(8,J),ER(9,J),ER(10,J) ,

ER(11,J),ER(12,J),ER(15,J)
CONT INUE

WRITE(20,*) "1*"
WRITE(20,2700)
WRITE(20,3300)
WRITE(20,2700)

DO 24, J=1,24
WRITE(20,3400) TIME(J),ER(16,J),ER(17,J) ,ER(18,J),
ER(19,J),ER(20,J)
CONT INUE

WRITE(20,*) "1*
WRI TE (20, 2700)
WRI TE (20, 3500)
WRITE(20,2700)

DO 26, J=1,24
WRITE(20,3600) TIME(J),ER(21,J),ER(22,J) ZER(23,J),
ER(24, J) ,ER(25,J)
CONT INUE

WRITE(20,*) "1*
WR I TE(20,2700)
WRITE (20, 3700)
WRITE(20,2700)

DO 27,J=1,24
WRITE(20,3800) TIME(J),ER(26,J),ER(27,J) ,ER(28,J),

ER(29, J),ER(30,J)
CONT INUE

WRITE(20,*) "1"
WRITE(20,2700)
WRITE(20,2800)
WRITE(20,2900)
WRITE(20,2700)

DO 28, J=1,24

WRITE(20,3900) TIME(J),Cl(2,J),CI(3,J),Cl(4,J),Cl (5,J),
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28

29

31

32

+ Cl(ssJ):C|(7’J)
CONT INUE

WRITE(20,*) "1"
WRITE(20,2700)
WRITE(20,3100)
WRITE(20,2700)

DO 29,J=1,24
WRITE(20,4000) TIME(J),CI(8,J),CI1(9,J),Cl (10,4),
Ci(11,J),Cl1(12,J),CI(15,J)
CONT INUE

WRITE(20,*) "1
WRITE(20,2700)
WRITE(20,3300)
WRITE(20,2700)

DO 31,J=1,24
WRITE(20,4100) TIME(J),CI(16,J),ClI (17,J),Cl1(18,J),
Ci(19,J),Cl(20,J)
CONT INUE

WRITE(20,*) *1"
WRITE(20,2700)
WRITE(20,3500)
WRITE(20,2700)

DO 32,J=1,24

WRITE(20,4200) TIME(J),CI(21,J),Cl(22,J),Cl1(23,J),
+ Ci(24,J),Cl(25,J)
CONT INUE

WRITE(20,%*) "1*
WRITE(20,2700)
WRITE(20,3700)
WRITE(20,2700)

DO 33,J=1,24
WRITE(20,4300) TIME(J),CI(26,J),Cl(27,J),Cl(28,J)
i Cl(29,J),C1(30,J)

33 OONT INUE

* ok

ok ok

***t*****t****t*****tttﬂlt*l**tttt*tttt**t*t**t********t****

CALCULATE A CURRENT LOCATION FACTOR FOR EACH COUNTRY
VALUES WILL BE GIVEN ON A US AND UK BASIS
RESULTS CAN BE FOUND IN FILENAME ‘TABLE®

t****t&****ttt*3***********3*#t****tt****t*l****t**t*****‘**

WRITE(17,1000) "1"
DO 30, 1=1,6
WRITE(17,%) = *

30 CONT INUE

.OUTPUT HEADINGS TO FILE ‘TABLE'
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WRITE(17, 1300)
WRITE(17, 1200)
WRITE(17, 1300)
WRITE(17,%) "
SELB=1

40 WRITE(17,1900)
WRITE(17, 1700)
WRITE(17,1750)
WRITE(17, 1800)
WRITE( 17, 1900)
WRITE(17,%) " »

Ceaceicld CALCULATE (US BASIS) AND OUTPUT VALUES TO FILE

DO 50 SELC=1,32

IF (SELB.EQ.1) THEN
LF=USB(SELC)
OR1G24=ER(SELC,N)
ORIG1=ER(SELC, 1)

ELSE
LF=UKB(SELC)
OR1G24=ER(SELC,N) /ER(SELB,N)
ORIG1=ER(SELC, 1) /ER(SELB, 1)

ENDIF

NLF=LF*(CI (SELB, 1) /CI (SELB,N) )*(CI (SELC,N) /C| (SELC, 1))*
+ ORI1G1/0OR 1G24
WRITE(17,1600) CNTRY(SELC),LF,ORIG1,NLF,ORI1G24
50 CONT INUE

WRITE(17,1000) "1*"

IF (SELB.EQ.2) THEN
GOTO 70
ENDIF

DO 60 I=1,5
WRITE(17,%) * *
60 CONT INUE

Cos s CALCULATE VALUES FOR WK BASIS (REPEAT LOOP)
WRITE(17,1500)

WRITE(17, 1400)
WRITE(17, 1500)

WRITECL17,*) » ®

SELB=2

GOTO 40
C 4o ool o s o ok o oS o e o o o K o s o o ok oK s s s e ok o ok e s s s s s s o s ok ok ok o ok ok o K sk ok
G CALCULATE LOCATION FACTORS FOR A SPECIFIC OOUNTRY
C (BASIS U.K. OR U.S.A.) FOR EACH QUARTER SINCE 1979

G *t******‘*****)t!!l********t******!l*tt‘*****‘***t**********#*****

B LIST COUNTRIES THAT ARE AVAILABLE
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70 PRINT*," SELECT COUNTRY OF INTEREST"
PRINT
DO 80 1=1,32
WRITE(6,2100) 1,CNTRY(1)
IF (1.EQ.16) THEN
PRINT
PRINT*, "PRESS RETURN TO OONT INUE"
PRINT*, "LIST OF COUNTRIES AVAILABLE"
READ(7,1000) AGAIN
ENDIF
80 CONT INUE

PRINT

1 PRINT*, "SELECT COUNTRY OF INTEREST BY"
PRINT*,"TYPING IN THE RELEVENT NUMBER"
PRINT

READ(7,*) SELC

IF(SELC.LT.1.0R.SELC.GT.32) THEN
PRINT*, "TRY AGAIN!"
PRINT
Q0TO 1

ENDIF

e s SELECT BASE REQUIRED

PRINT

PRINT*,"  SELECT BASE"
PRINT*, "1 U.S.A."
PRINT*, "2 UK.

PRINT
2 READ(7,*) SELB

IF(SELB.LT.1.0R.SELB.GT.2) THEN
PRINT*, "TRY AGAIN!"
GOTO 2

ENDIF

C **‘t**********:i****ttill****t*********t*‘*****#***t**#*t****#t**

Cc CALCULATE NEW LOCATION FACTORS AND STORE IN FILE

2] *lk:ll***#:it***********ll:*ﬂl**#t‘***********)kI**t*************!****t

IF (SELB.EQ.1) THEN

LF = USB(SELC)
ELSE

LF = UKB(SELC)

DO 80 I=1,N

ER(SELC, 1 )=ER(SELC, 1) /ER(SELB, |)
80 CONT INUE

ENDIF

Cllaie o CALCULATE AND WRITE RESULTS TO FILE
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WRITE(16, 1000) "1"
WRITE(16,2500)
WRITE(16,2300)
WRITE(16,2400) CNTRY(SELC)
WRITE( 16, 2500)
WRITE(18,*) ~

WRITE(21,2500)
WRITE(21,4500)
WRITE(21,4600)
WRITE(21,2500)
DO 100 J=1,24
NF = LF = (CI(SELB, 1) /CI(SELB, J)) *
(CI(SELC,J)/CI(SELC, 1))
+ * (ER(SELC, 1) /ER(SELC, J))

ARRAY(J) = NLF

LFER(J)=ARRAY(J)*ER(SELC, J)
WRITE(16,2200) TIME(J),CI(SELB, J),CI (SELC, J) ,ER(SELC, J)
+ » ARRAY (J)
WRITE(21,4400) TIME(J) ,ARRAY(J),ER(SELC, J),LFER(J)
100 CONT INUE

********ti**8************ttt***t‘*****‘**tl****tt********t****t

C
Cc CALCULATED VALUES AND DATA WILL BE PLOTTED ON
Cc THE SCREEN OR STORED IN A FILE WHICH CAN BE

C SENT TO THE PLOTTER USING ‘UAPLOT'

C

*t***#tt****t‘t***tt*****t***t****tt***8*****&****#‘*!*#*****!*

XMIN = 1979
XMAX = 1985

DO 110 I=1,N
V(1)=CI(SELC, |)
W(I)=CI(SELB, I)
X(1) = TIME(I)
Y(1) = 1/ER(SELC, 1)
Z(1) = ARRAY(1)

110 CONT INUE

K=3
CALL MINVAX(Z,V,ZMAX,ZMIN,N,K)
CALL LIMITS(ZMIN,ZVAX,NTS,K)

K=1
CALL MINVAX(Y,V, YMAX,YMIN,N,K)
CALL LIMITS(WMIN, YMAX,NPTS,K)
K=2
CALL MINVAX(W,V,WMAX ,WMIN,N,K)
CALL LIMITS(WMIN,WVAX,NOPTS,K)

K=4
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CALL MINVIAX(LFER,V,LMAX,LMIN,N,K)
CALL LIMITS(LMIN,LMAX,NOTS,K)

GRAPHS WILL BE DRAWN USING GINO ROUTINES

WRITE(3,*) 'ENTER 1 FOR SCREEN OR 2 FOR PLOTTER'
READ(7,*) IDEV
IF (IDEV.NE.1) THEN
PRINT*, " INPUT OOUNTRY OF INTEREST AND BASE COUNTRY"
READ(7,2600) (NAME(1),I=1,18)
PRINT
PRINT*,"GRAPHS WILL BE STORED IN FILENAME GRAPHS. TO
ouTPUT"
PRINT*,"FILE WHEN PROGRAM COMPLETED, TYPE ‘UAPLOT +
GRAPHS " "
PRINT
CALL OPEN
CALL DEVPAP(600.,300.,1)
ELSE
PRINT
PRINT*,"ON OOMPLETION OF FIRST GRAPH,PRESS RETURN TO
CONT INUE"
PRINT
PRINT*, "PRESS RETURN TO OONT INUE"
READ(7, 1000) AGAIN
CALL T4010
CALL PICCLE
END IF

..... FOR EXPLANATION OF GINO ROUTINES, CONSULT MANUAL

CALL CHASIZ(2.2,3.)

CALL LOCAXIS(X,Z,N,NTS,XMIN,XMAX,ZMIN, ZMAX )
CALL AX1POS(0,120.,20.,100.,2)

CALL AXISCA(3,NPTS,YMIN, YMAX,2)

CALL AXIDRA(1,1,2)
CALL BROKEN(1)
CALL PENSEL(5,1.,1.
CALL GRAPOL(X,Y,N)
CALL PENSEL(1,1.,1.)
CALL BROKEN(O)

)

..... TO LABEL AXES

CALL MOVTO2(60.,5.)
CALL CHAHOL (12HTIME YEARS*,)

CALL MOVTO2(5.,50.)
CALL CHAANG(90.)
CALL CHAHOL.(18HLOCATION FACTORS*. )

CALL MOVTO2(140.,105.)
CALL CHAANG(-90.)
IF (SELB.EQ.1) THEN
CALL CHAHOL (32HEXCHANGE RATE DOLLARS PER UNIT*.)
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ELSE

CALL CHAHOL (31HEXCHANGE RATE POUNDS PER UNIT*.)
END IF
CALL CHAANG(O.)

..... TO ADD LEGEND TO FIRST GRAPH

CALL MOVTO2(35.,125.)
CALL PENSEL(2,1.,1.)
CALL LINBY2(10.,0.)
CALL PENSEL (15 10 1%
CALL CHAHOL.(19H LOCATION FACTORS*, )
CALL MOVTO2(35.,130.)
CALL BROKEN(1)
CALL LINBY2(10.,0.)
CALL BROKEN(O)
IF (SELB.EQ.1) THEN
CALL CHAHOL (33H EXCHANGE RATE DOLLARS PER UNIT*.)
ELSE
CALL CHAHOL (32H EXCHANGE RATE POUNDS PER UNIT*.)
END IF

TO SHIFT ORIGIN (PLOTTER) OR CLEAR SCREEN

IF (IDEV.NE.1) THEN
CALL SHIFT2(200.,0.)

ELSE
READ(7,1000) AGAIN
CALL PICCLE

END IF

CALL LOCAXIS(X,Z,N,NTS,XMIN,XMAX , ZMIN, ZMAX )
CALL AXIPOS(O,120.,20.,100.,2)
CALL AXISCA(3,NOPTS,WMIN,WMAX,2)
CALL AXIDRA(1,1,2)

CALL PENSEL(7,1.,1.)

CALL BROKEN(1)

CALL GRAPOL(X,W,N)

CALL PENSEL(1,1.,1.)

CALL BROKEN(O)

CALL DASHED(2,2.,1.2,0.2)

CALL GRAPOL.(X,V,N)

CALL DASHED(0,2.,1.,1.)

..... LABEL AXES

CALL MOVTO2(60.,5.)
CALL CHAHOL(12HTIME YEARS*.)

CALL MOVTO2(5.,50.)
CALL CHAANG(90.)
CALL CHAHOL ( 18HLOCAT ION FACTORS*. )

CALL MOVTO2(140.,90.)
CALL CHAANG(-90.)
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CALL CHAHOL (14HOOST INDICES*.)
CALL CHAANG(O.)

..... ADD LEGEND TO TOP OF GRAPH

CALL MOVTO2(40.,125.)

CALL PENSEL(2,1.,1.)

CALL LINBY2(10.,0.)

CALL PENSEL(1,1.,1.)

CALL CHAHOL (19H LOCATION FACTORS*.)
CALL MOVTO2(40.,130.)

CALL BROKEN(1)

CALL PENSEL(7,1.,1.)

CALL LINBY2(10.,0.)

CALL PENSEL(1,1.,1.)

CALL CHAHOL (18H BASE QOST INDEX*.)
CALL MOVTO2(40.,135.)

CALL DASHED(2,2.,1.2,0.2)

CALL LINBY2(10.,0.)

CALL CHAHOL (30H INDEX OF INTERESTED COUNTRY*.)
CALL DASHED(2,2.,2.,0.)

IF (IDEV.NE.1) THEN
CALL SHIFT2(200.,0.)
ELSE
READ(7,1000) AGAIN
CALL PICCLE
END IF
..... PLOT GRAPH OF LOCATION FACTOR TIMES EXCHANGE RATE AGAINST
TIME

CALL LOCAXIS(X,LFER,N,NOTS,XMIN, XMAX,LMIN, LMAX)
CALL MOVTO2(60.,5.)
CALL CHAHOL(12HTIME YEARS*.)

CALL MOVTO2(5.,30.)
CALL CHAANG(90.)
CALL CHAHOL.(37HLOCATION FACTOR TIMES EXCHANGE RATE*. )
CALL CHAANG(-0.)
..... TITLE GRAPHS FOR PLOTTER

IF (IDEV.NE.1) THEN
CALL CHAS1Z(2.5,3.5)
CALL MOVTO2(-185.,150.)
CALL CHAHOL (46HLOCATION FACTOR AND COST INDICES VERSUS
+ TIME*,)
CALL MOVTO2(-385.,150.)
CALL CHAHOL (47HLOCATION FACTOR AND EXCHANGE RATE VERSUS
+ TIME*.)
CALL MOVTO2(-385.,141.)
CALL CHAA1(NAME, 18)
ENDIF
CALL DEVEND
STOP
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Gt ek FORMAT STATEMENTS USED TO CONTROL STYLE OF OUTPUT

1000 FORMAT (A1)

1100 FORMAT(A11,6X,F4.2,3X,F4.2)

1200 FORMAT (37X, "BASE U.S.A.")

1300 FORMAT (37X, 11("*"))

1400 FORMAT (37X, "BASE U.K.")

1500 FORMAT (37X,9("*"))

1600 FORMAT(1X,A11,7X,F4.2,8X,F9.4,7X,F6.4,8X,F9.4)
1700 FORMAT (17X, ‘ORIGINAL",7X, ‘ORIGINAL‘,8X, ‘UPDATED' ;

+ 9X, “CURRENT *)

1750 FORMAT(2X, "OOUNTRY ' ,4X, ‘LOCAT ION FACTOR', 1X, 'AT’, 1X,
+ "EXCHANGE * , 5X,
+ "LOCATION FACTOR', 1X, ‘AT", 1X, ‘EXCHANGE ' )

1800 FORMAT (13X, ‘1st QUARTER 1979° ,8X, 'RATE’ ,7X, "4th QUARTER
+1984' ,5X, 'RATE ')
1900 FORMAT(1X,71("*"))
2100 FORMAT(13,7X,A10)
2200 FOFMAT(1X,F?.2,7X,F6.2,7X,F6.2.7X,F9.5,7X,F6.4)
2300 FORMAT (2X, "YEAR", 8X, "OOST INDEX", 3X, "COST
+INDEX" , 56X, "EXCHANGE" , 6X, "CALCULATED")
2400 FORMAT( 16X, "BASE",7X,A11 ,6X, "RATE" ,B6X, "LOCAT ION FACTOR")
2500 FORMAT(1X,B68("*"))
2600 FORMAT(18A1)
2700 FORMAT(1X,B6("*"))
2800 FORMAT(2X, 'YEAR',6X, ‘UNITED' »3X, 'BELGIWM’ , 3X, 'DENVIARK sax,
+'FRANCE’ ,4X, '"WEST' ,5X, 'GREECE ')
2900 FORMAT (11X, ‘"KINGDOM’, 32X, 'GERMANY )
3000 FOFMAT(1X.F7.2,4X,F6.4,3X,F6.3,4X.F7.4,3X,F6.4,4X,F6.4,
+3X,FB6.2)
3100 FORMAT(2X, 'YEAR',BX, ' ITALY' ,3X, "HOLLAND' , 3X, ‘NORWAY ' » 3X,
+'SPAIN’,3X, 'SWEDEN' , 3X, ‘YUGOSLAVIA®)
3200 FOH\AAT(1X,F7.2,4X,F6.1,3X,F6.4.3X,F6.4,2X,FS.2,3X,F6.4,
+4X,F7.3)
3300 FORMAT(2X, "YEAR',6X, '‘CANADA’ »5X, 'BRAZIL",5X, '"MEX100* , 5X
+ ‘"VENEZUELA',5X, "S.AFRICA’)
3400 FOHW\T(1)(,F7.2,4X.F6.4,BX,FB.2,4)(,FS.Z,VX,F6.4,7X,FS.4)
3500 FORMAT(2X, ‘YEAR',7X, 'TUNISIA’ ,OX, "ZAMBIA' ,5X, 'EGYPT ',
- 68X, " ISRAEL*,5X, 'TURKEY ")

3600 FOFIW\T{1X,F7.2,BX,FS.4,5)(,FS.4,5X,F6.4,4X,F'6.2,5X,F6.2)
3700 FORMAT(2X, "YEAR',6X, 'AUSTRALIA® »5X, ' INDONES IA' ,5X, * JAPAN' .
+ 4X, '"KOREA' ,4X, 'PHILLIPINES')

3800 FOFMAT(1X,F7.2,SX,F8.4,6X,F7.2,8X,F6.2,4)(
3900 FOF!\MT('IX,F7.2,5)(,F4.0.6X,F4.0,6X,F4.0,5X

+6X,F4.0)

4000 FOFWIAT(1X,F7.2,5)(,F4.0,4X,F5.0.BX,F4.0,4X,F4.0,5X,F4.0.

+ 6X,F4.0)
4100 FOFWIAT(1X,F7.2,5)(,F4.0,SX.FB.O,SX,F5.0,7X,F5.0.9X,F4.0)
4200 FOHVIAT{1X,F7.2,7)(,F4.0,7X,F4.0,7X,F4.0,6X,F6.0,6X,F5.0)
4300 FOF!W\T(1X,F7.2,7X,F4.0,10X,F4.0,8X,F4.0,5X,F4.0,8X,F4.0)
4400 FOFMAT(1X,F7.2,7X,F5.4,7X,F9.5,7X,F9.4)
4500 FORMAT(1X, 'YEAR',4X, 'LOCATION’ ,4X, 'EXCHANGE ' , 4X, 'L.F.*ER"’)
4600 FORMAT(9X, 'FACTOR,L.F.",6X, ‘RATE,ER’)

END

,F6.2
,F4.0
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SUBROUTINE LIMITS(YMIN, YMAX,NOPTS,K)

********tt*l*******t*****tt‘**t******:l***tt****t*tl‘********l**

C

Cc SUBROUTINE LIMITS ENABLES THE USER TO CONTROL
C THE SCALING OF THE AXES WHEN PLOTTING EXCHANGE
C RATES,COST INDICES AND LOCATION FACTORS.

C t***tt**‘********t*****tt****:k****#*‘ﬂ**#**#***t*#****#********

IF (K.EQ.1) THEN

PRINT*,"TO SCALE THE EXCHANGE RATE AXIS"
ELSEIF (K.EQ.2) THEN

PRINT*,"TO SCALE THE COST INDEX AXIS"
ELSEIF (K.EQ.3)

PRINT*,"TO SCALE LOCATION FACTOR AXIS"
ELSE

PRINT*,"TO SCALE ‘CONSTANT’ AXIS"
ENDIF

PRINT

PRINT*, "CURRENT MINIMUM AND MAX IMUM VALUES ARE" , YMIN, YMAX

PRINT*,"PLEASE =~ TYPE IN VALUES REQUIRED (WHOLE NUMBERS
+PREFERRED) "

READ* , YMIN, YMAX

PRINT

PRINT*, " INPUT NUMBER OF INTERVALS REQUIRED"
READ* ,NOPTS

PRINT

IF (K.EQ.4) THEN
PRINT*, " THANK-YOU"
PRINT

ENDIF

RETURN

END
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SUBROUT INE LOCAXIS(X,Z,N,NTS, XMIN, XMAX , ZMIN, ZMAX)
..... TO PLOT LOCATION FACTOR AND TIME AXES

CALL AXIPOS(0,20.,20.,100.,2)
CALL AX1POS(0,20.,20.,100.,1)
CALL AXISCA(3,6,XMIN,XMAX, 1)
CALL AXISCA(3,NTS,ZMIN,ZMAX,2)
CALL AXIDRA(1,1,1)

CALL AXIDRA(-1,-1,2)

CALL PENSEL(2,1.,1.)

CALL GRAPOL(X,Z,N)

CALL 'PENSEL(1,1.,1.)

RETURN

END
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SUBROUT INE MINVIAX (U, V,MAX ,MIN,N,K)
Cos s TO CALCULATE THE MINIMUM AND MAXIMUM VALUES OF DATA
REAL U(35),V(35),MIN,MAX

SORT=U(1)
DO 120, 1=1,N
IF (SORT.LT.U(I)) THEN
SORT=U( 1)
ENDIF
IF (K.EQ.2) THEN
IF (SORT.LT.V(1)) THEN
SORT=V( 1)
ENDIF
ENDIF
120  CONTINUE
MAX=SORT

DO 130, l=1.N
IF (SORT.GT.U(1)) THEN
SORT=U( | )
ENDIF
IF (K.EQ.2) THEN
IF (SORT.GT.V(Il)) THEN

SORT=V( 1)
ENDIF
ENDIF
130  CONT INUE
MIN=SORT
RETURN

END
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APPENDIX D DATA USED BY THE PROGRAM

Table D1

Quarter |y exchange rates per Dollar
for each country

***l****#*t**3*****l***#**!*****t****t*ﬂ**t***********************

YEAR UNITED BELGILM DENVARK FRANCE WEST GREECE
K INGDOM GERMANY
*#t*******t*****#******t**l**********t*****t‘*****#***#***t*t*****
1978.00 0.4961 29.294 5.1158 4.2680 1.8548 36.49
1979.25 0.4807 30.272 5.3635 3.3743 1.8947 37.18
1979.50 0.4480 29.227 5.2360 4.2343 1.8182 36.77
1979.75 0.4632 28.602 5.2885 4.1412 1.7660 37.72
1980.00 0.4437 28.782 5.5362 4.1491 1.7734 39.30
1880.25 0.4377 29.005 5.6398 4.2121 1.1805 42 .97
1880.50 0.4200 28.439 5.4942 4.1491 1.7756 43.17
1980.75 0.4192 30.695 5.87368 4.4215 1.8112 45.03
1981.00 0.4329 33.801 6.4714 4.8598 2.0866 49.95
1981.25 0.4865 37.184 7.1497 5.4185 2.2758 55.48
1981.50 0.5445 39.789 7.6351 5.8084 2.4327 59.56
1981.75 0.5309 37.741 7.2369 5.8516 2.2448 56.64
1982.00 0.5414 41.480 7.7706 5.9949 2.3459 60.55
1982.25 0.5618 45.010 8.1096 6.2799 2.3780 64.72
1982.50 0.5796 47.554 8.6514 6.9418 2.4812 70.15
1982.75 0.6062 48.718 8.7882 7.0731 2.5012 71.79
1983.00 0.6526 47.432 8.5334 6.8874 2.4078 83.27
1983.25 0.6429 49.616 8.8611 7.4700 2.4848 84.18
1983.50 0.6622 53.075 9.6066 7.9601 2.6429 88.56
1983.75 0.6802 54.493 9.6789 8.1677 2.6776 95.95
1984.00 0.7266 56.110 10.1465 8.8325 2.7770 108.47
1984.25 0.7159 55.280 9.9560 8.3317 2.7085 107.28
1984.50 0.8084 59.007 10.6313 8.9602 2.9189 115.90
1984.75 0.8050 60.374 10.8010 9.1741 2.9886 123.29
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*t**l***t*#t*******t*******‘¥****l***t***¥**t‘*****‘*******#l*‘***

YEAR ITALY HOLLAND NORWAY SPAIN SWEDEN  YUGOSLAVIA
*****ttt*****#t#t*X********t******t*******l**#***t*tt***tt‘***t*lt
1979.00 839.1 2.0030 5.0857 69.38 4.3578 18.667
1979.25 847.0 2.0642 5.1625 66.71 4.3746 19.085
1979.50 816.7 1.9973 5.0186 66.06 4.2105 19.089
1979.75 820.6 1.9595 4.9894 66.35 4.2053 19.134
1980.00 824.8 1.95633 4.9486 67.29 4.2182 20.085
1980.25 851.5 1.9904 4.9425 70.82 4.2481 23.070
1980.50 843.4 1.9355 4.8412 72.10 4.1518 27.580
1980.75 906.7 2.0733 5.0250 76.61 4.3002 28.910
1981.00 1001.4 2.2838 5.3501 84.09 4.5539 30.183
1981.25 1134.1 2.5265 5.6836 91.14 4.8769 33.134
1981.50 12156.4 2.7031 6.0852 97.97 5.3018 37.603
1981.75 1196.2 2.4675 5.8391 96.06 5.5211 38.946
1882.00 1261.8 2.5759 5.9531 101.22 5.7362 44,327
1982.25 1319.3 2.8377 6.0771 106.02 5.9002 46.177
1982.50 1393.6 2.7296 6.6416 112.17 6.1569 49.865
1982.75 1436.2 2.7376 7.1481 120.02 7.3371 60.734
1983.00 1399.4 2.6631 7.1099 129.91 7.4094 70.091
1983.25 1477.5 2.7928 7.1697 138.95 7.5369 82.689
1983.50 1573.7 2.9570 7.4032 150.26 7.8060 99.353
1983.75 1624.8 3.0036 7.5026 154.59 7.9162 119.221
1984.00 1712.4 3.1288 7.9320 157.50 8.1279 139.665
1984.25 16756.4 3.0508 7.7411 152.91 8.0022 134.001
1984.50 1799.56 3.2931 8.3661 165.19 8.4073 159.655
1984.75 1859.4 3.3742 8.7043 167.78 8.5827 195.374

***t*l*ttt****t*‘!***tt*‘****t***tt****t**t**t****tt****#‘tﬂﬂttl**

YEAR CANADA BRAZIL MEX ICO VENEZUELA S.AFRICA
***tt**ﬂ***tt**********tt*l***tt***8**‘***t****t****lt******!**tt*
1879.00 1.1864 21.94 22.76 4.2925 0.8562
1979.25 1.15681 24.55 22.83 4.2925 0.8459
1979.50 1.1633 27.30 22.81 4.2925 0.8377
1979.75 1.1747 33.99 22.83 4.2925 0.8282
1980.00 1.1643 45.01 22.82 4.2925 0.8141
1980.25 1.1703 50.10 22.85 4.2925 0.7091
1980.50 1.1586 54.70 23.00 4.2925 0.7592
1980.75 1.1839 61.33 23.13 4.2925 0.7510
1981.00 1.1936 70.08 23.49 4.2925 0.7698
1981.25 1.1986 83.89 24.09 4.2925 0.8371
1981.50 12117 89.72 24.79 4.2925 0.9396
1981.75 1.1918 118.08 25.68 4.2925 0.9624
1982.00 1.2089 137.87 34.34 4.2925 0.9952
1982.25 1.2445 160.18 46.77 4.2925 1.0760
1982.50 1.2498 189.65 71.18 4.2925 1.1483
1982.75 1.2315 230.36 73.32 4.2925 1.1273
1983.00 1.2273 324.43 102.02 4.2925 1.0835
1983.25 1.2310 475.89 114.20 4.2974 1.0885
1983.50 1.2328 683.36 126.12 4.3000 1.1074
1983.75 1.2385 867.50 138.04 4.3000 1.1740
1984.00 1.2873 886.60 161.85 7.5000 1.3447
1984.25 1.2927 514.42 161.88 7.5000 1.2754
1984.50 1.3139 671.42 173.73 7.5000 1.5719
1984.75 1.3163 800.00 185.67 7.5000 1.7966
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tt**#**************tt*tl*********#***ttt******tt*ﬂ**t**********t*t

YEAR TUNISIA ZAVB A EGYPT I SRAEL TURKEY
*&*t********tl***t***********tt**************ﬂ*t*t**t********t‘!l*
1979.00 0.4074 0.7957 1.4286 1.96 25.25
1979.25 0.4119 0.8017 1.4286 2.34 28.36
1979.50 0.40585 0.7842 1.4286 2.68 35.35
1979.75 0.4010 0.7878 1.4286 3.19 35.35
1980.00 0.4010 0.7928 1.4286 3.84 61.60
1980.25 0.4048 0.7820 1.4286 4.51 75.54
1880.50 0.4006 0.7804 1.4286 5.41 80.10
1980.75 0.4134 0.7900 1.4286 6.73 86.93
1981.00 0.4327 0.8228 1.4286 8.41 94.95
1981.25 0.4996 0.8649 1.4286 10.27 102.84
1981.50 0.5288 0.80¢986 1.4286 12.54 118.89
1981.756 0.5141 0.8832 1.4286 14.50 128.56
1982.00 0.56377 0.9014 1.4286 17.45 142.25
1982.25 0.5273 0.9177 1.4286 21.28 163.27
1982.50 0.6215 0.9433 1.4286 26.96 171.88
1982.75 0.6314 0.9522 1.4286 31.26 182.84
1983.00 0.6303 1.1561 1.4286 36.67 194.15
1983.25 0.6683 1.1874 1.4286 43.39 212.15
1883.50 0.7018 1.2827 1.4286 55.54 235.02
1983.75 0.7137 1.4049 1.4286 89.25 260.51
1984.00 0.7332 1.7172 1.4286 211.39 348.38
1984.25 0.7381 1.6939 1.4286 192.31 347.92
1984 .50 0.7829 1.8726 1.4286 311.21 387.27
1984.75 0.8410 2.0538 1.4286 550.28 429.49
***tt*******‘****tt*****t*‘**tt*‘***t*‘*l*#****it*'*******tﬁ*‘*tt****
YEAR AUSTRAL |A INDONES | A JAPAN KOREA PHILLIPINES
**ﬂ*‘t*‘**********tt**S*tt****t******tt***ﬂ*****ttt***tt‘**t*t**t‘***
1979.00 0.8795 614.32 201.486 484.00 7.3769
1979.25 0.9019 625.38 217.62 484.00 7.3773
1979.50 0.8868 625.59 218.86 484.00 7.3715
1979.76 0.9062 626.94 238.62 484.00 7.3846
1980.00 0.9079 627.79 243.54 582.27 7.4202
1980.25 0.8890 627.20 232.84 696.57 7.5158
1980.50 0.8607 625.74 220.05 613.33 7.5632
1980.75 0.8550 626.68 210.67 652.12 7.56805
1981.00 0.8559 628.30 205.57 667.17 7.6770
1981.25 0.8737 628.70 220.00 680.95 7.8590
1981.50 0.8748 633.10 231.89 685.89 7.9640
1981.75 0.8761 635.90 224.68 690.10 8.0990
1982.00 0.9201 647.30 233.49 710.07 8.2930
1982.25 0.9450 653.60 244.15 728.17 8.4150
1982.50 1.0169 662.90 258.86 741.60 8.5520
1982.75 1.0514 681.90 259.68 744 .69 8.9000
1983.00 1.0584 698.20 235.74 753.43 9.4520
1983.25 1.1436 969.70 237.55 769.54 10.0950
1983.50 1.1350 981.30 242 .53 785.25 11.0020
1983.75 1.0983 987.90 234.25 794.78 13.9020
1984.00 1.1225 1013.20 234.69 801.47 15.7130
1984.25 1.1026 1006.50 229.61 798.17 15.1350
1984.50 151933 1038.36 243.46 810.52 18.0020
1984.75 1.1636 1063.20 243.32 816.59 19.9590
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Table D2 Quarterly plant cost indexes for each country

based on the Process Econamics International
Journal
:k*ttt***#***tl&*#tt*tlll**t.tt)klt*t*.t!hk**#tt!t**ttt*#*ttt**#*tl**tt*ttt
YEAR UNITED BELGIUM DENVARK FRANCE WEST GREECE
K 1 NGDOM GERMANY
!:*****t:k:klt*!ll*t*llt*lllalukt*tlk**ttt*****ttt***tt**#*t*ttt*ttl**t***ttt*l
1979.00 173. 137. 168. 158. 117, 206.
1979.25 176. 137. 169. 162. 120. 219.
1979.50 180. 137.. 171. 166. 121, 228.
1979.75 189. 138. 165. 172. 123. 242,
1980.00 197. 140, 169. 178. 123. 266.
1980.25 201. 144, 174, 185. 129. 280.
1980.50 203. 145, 176. 189. 130. 292,
1980.75 207. 147. 181. 193. 130. 296.
1981.00 212. 148. 176. 197. 133. 324.
1981.25 215. 150. 183. 206. 135, 344,
1981.50 217. 153, 188. 214, 137. 361.
1981.75 220. 154. 192. 225, 140. 375.
1982.00 225, 164. 194, 240. 143, 400.
1982.25 232, 168. 197. 251. 147. 425,
1982.50 233. 172, 201. 256, 148, 450,
1982.75 237. 176. 207. 260. 148. 472,
1983.00 240. 172. 208. 255, 142, 480.
1983.25 242, 174. 212. 263. 145. 498.
1983.50 246. 176. 215. 268. 147. 517.
1983.75 251, 179. 219. 274. 147. 547,
1984.00 255, 182. 223. 281. 148. 565.
1984 .25 260. 185. 227. 287. 149. 585.
1984.50 266. 188. 230. 295, 150. 610.
1984.75 271. 190. 233. 302. 151. 625,
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t************t‘**********t***#tt*t******#*t*****t****t**********t*

YEAR ITALY HOLLAND NORWAY SPAIN SWEDEN  YUGOSLAVIA
********#****#*****‘********K*********tt****‘****‘l**************t
1979.00 182. 122. 143. © - 210; 141. 168.
1979.25 190. 124, 144. 229, 148. 173.
1979.50 205. 124, 148. 232, 149. 179.
1979.75 211. 127. 145. 247, 152. 190.
1980.00 223, 127. 148. 254, 156. 197.
1980.25 233. 129. 18 272. 158. 212,
1980.50 243. 129. 162. 285, 161. 223.
1980.75 252, 132. 158.  300. 167. 225.
1981.00 266. 133. 164, 5320. 170. 242,
1981.25 280. 134. 166.  340. 172. 258.
1981.50 296. 137. 173. 349, 172. 272.
1981.75 305. 137. 173. 352, 177, 287.
1982.00 319. 142. 1780 374, 188. 297.
1982.25 330. 145, 180.  390. 190. 312.
1982.50 346. 145. 184.  395. 190. 328.
1982.75 363. 146. 188.  400. 192. 344,
1983.00 373. 148. 190.  420. 200. 355.
1983.25 382. 148. 194. 439, 206. 375.
1983.50 393. 148. 197.  456. 206. 407.
1983.75 405. 149. 201.  464. 210. 450.
1984.00 419. 152. 205.  470. 215. 480.
1984.25 430. 154, 209.  490. 219. 510.
1984.50 442, 156. 213.  510. 222, 540.
1984.75 454. 158. 217.  530. 227. 570.
t******t*****t*****t***tttt****t‘*ﬂ***‘t***t**********t****t*t**t‘
YEAR CANADA BRAZIL MEX 100 VENEZUELA  S.AFRICA
****8t*‘*ﬂ*t*i******#***t**'*R*t*t**ttt***tt****tt*************ﬂ**
1979.00 149. 364. 219. 159. 172.
1979.25 154. 405. 227. 162. 172.
1979.50 158. 468. 232. 166. 190.
1979.75 162. 563. 245. 176. 192.
1980.00 165. 669. 264. 184. 193.
1980.25 170. 804. 275. 187. 194,
1980.50 174. 993. 294. 193. 220.
1980.75 178. 1109. 296. 197. 223.
1981.00 184. 1426. 318. 188. 226.
1981.25 189. 1706. 355. 212. 237.
1981.50 192. 2017. 371. 220. 248.
1981.75 197. 2359. 394. 220. 260.
1982.00 202. 2805. 431. 228. 288.
1982.25 206. 3374. 554. 231. 294,
1982.50 207. 4090. 619. 235. 321.
1982.75 211, 4758. 712. 235. 328.
1983.00 213. 5761. 859. 240. 334.
1983.25 213. 7117, 1019. 246. 345.
1983.50 215. 8472. 1146. 252. 357.
1983.75 217. 10097. 1289. 257. 370.
1984.00 220. 12026. 1449. 264. 380.
1984.25 223, 14324. 1630. 271. 390.
1984.50 226. 17061. 1833. 279. 400.
1984.75 229. 20325. 2062. 287. 410.
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!k*t**ﬂ***************t*tl********#t**********t***t*t****‘t***‘*‘**

YEAR TUNISIA ZAVBIA EGYPT ISRAEL TURKEY
:k*#***t***!I**t!It****t*!***tii****t**#******l‘**t*****‘**********t****
1979.00 112. 209. 147. 389. 335.
1979.25 115. 217. 148. 574. 437.
1979.50 119. 229. 151. 671. 501.
1979.75 121. 240. 160. 831. 596.
1980.00 124, 248. 138. 1003. 883.
1980.25 127. 258. 167. 1273. 988.
1980.50 130. 269. 160. 1587. 1020.
1980.75 131, 281. 160. 1756. 11086.
1981.00 139. 205. 168. 2562. 941.
1981.25 141, 209. 172. 3199. 987.
1981.50 145. 213. 175. 3711. 1034.
1981.75 153. 218. 177. 4455, 1078.
1982.00 163. 252. 182. 5531. 1186.
1982.25 166. 253. 185. 6793. 1260.
1982.50 171. 258. 191. 8497. 1293.
1982.75 175. 260. 194. 16725. 1344,
1983.00 176. 293. 201. 13432. 1481.
1983.25 180. 312. 203. 16489. 1585.
1983.50 183. 334. 204. 20713. 1696.
1983.75 184. 357. 206. 27789. 1868.
1984.00 184. 381. 208. 37282. 2143.
1984.25 185. 407. 210. 50019. 2458.
1984.50 186. 434, 212, 67109. 2828.
1984.75 187. 450. 214, 90030. 3236.
***l****t****t*‘l***tt**‘**t*****tt‘***t***t******it-t**t*********t***
YEAR  AUSTRALIA INDONESIA JAPAN  KOREA PHILLIPINES U.S.
*t****t*******it******t‘****************l**********t****t******t******
1979.00 157. 211. 134. 267. 143. 132.
1979.25 157. 235. 134, 283. 152. 133.
1979.50 163. 264. 137. 310. 163. 140.
1979.75 165. 275. 137. 340. 169. 143.
1980.00 173. 300. 140. 440. 210. 157.
1980.25 174. 321. 146. 485. 217. 153.
1980.50 176. 331. 148. 483, 202. 157.
1980.75 199. 335. 148. 524. 212, 155.
1981.00 184. 410. 151. 347. 192. 161.
1981.25 188. 410. 153. 380. 197. 166.
1981.50 191. 411, 155. 412, 203. 168.
1981.75 196. 412, 157. 425, 210. 172.
1982.00 203. 421, 158. 407. 2. 175.
1982.25 209. 424, 159. 427. 222. ¥77.
1982.50 215. 429, 161. 465. 229. 178.
1982.75 220. 433. 162. 479. 232. 179.
1983.00 225. 439. 162. 453. 231. 180.
1983.25 230. 536. 163. 480. 235. 181.
1983.50 235. 548. 165. 510. 149. 185.
1983.75 240. 555. 166. 520. 297. 187.
1984.00 245. 562. 168. 530. 354. 187.
1984.25 250. 569. 170. 540. 422, 187.
1984.50 255, 576. 172. 550. 503. 188.
1984,75 260. 583. 174. 560. 601. 189.
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TABLE D3 Qriginal location factors published in 1979

by Bridgwater [1]1
t!::tt'ttlll:k***tt=I=3lll**#:tS:l:*ttt:tt2&**t*t**t*tt*t*t*t**tttt*
OOUNTRY 1979 LOCATION FACTORS - TWO BASES

UNITED STATES UNITED K INGDOM

tt*t*t****ttt***********l‘*‘I**t**#**t*t*****t**t*****

us 1.00 1.10
K 0.90 1.00
BELGIWM 1.00 1.10
DENVARK 1.00 1510
FRANCE 0.95 1.05
GERMANY 1.00 1.10
GREECE 0.90 1.00
I TALY 0.90 1.00
NETHERLANDS 1.00 1.10
NORWAY 1.10 1.20
SPAIN 120 1.30
SWEDEN 1.10 1.20
YUGOSLAV | A 0.90 1.00
CANADA 1.15 1.256
BRAZ IL 130 1.40
MEX 10O 0.90 1.00
VENEZUELA 1.20 1.30
AFRICA(S) 1.10 1.20
TUNISIA 1.60 1.75
ZAVB A 1.80 2.00
EGYPT 1.20 1.30
ISRAEL 1.10 1.20
TURKEY 1.00 1.10
AUSTRAL | A 1.30 1.40
INDONES | A 0.90 1.00
JAPAN 0.90 1.00
KOREA 0.80 0.90
PHILIPPINES 0.80 0.90
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APPENDIX E JABULATED DATA PRESENTED GRAPHICALLY IN THE THESIS
Table E1 Cost indexes for the United Kingdom (Figure 4.2)

t****tt****t*!i****t*******t****llt****ttt***t********#****t***t**#**

YEAR RETAIL PROCESS PROCESS ECON. MAN.PRICE
PRICE INDEX ENG INEER ING INTERNAT |ONAL I NDEX

‘l**************l*********tt‘***************t****t#****************

1972.00 47.8 63.0 61.2 68.2
1972.25 48.0 63.2 62.9 69.4
1972.50 49.5 64.5 63.8 69.5
1972.75 52.3 64.9 64.4 72-3
1973.00 57.0 65.8 65.5 73.8
1973.25 60.3 68.9 68.5 75.9
1973.50 68.3 7 70.4 77.0
1973.75 75.8 74.3 73.7 79.7
1974.00 86.2 7.3 76.9 83.0
1974.25 96.7 83.2 81.5 88.0
1974.50 96.3 86.8 86.4 90.2
1974.75 100.0 95.0 94.5 94.3
1975.00 100.0 100.0 100.0 100.0
1975.25 102.1 109.4 108.0 109.4
1975.50 108.3 113.7 1120 114.1
1975.75 1156.9 119.4 117.0 118.1
1976.00 120.6 122:3 120.0 122.4
1976.25 132.4 132.3 131.0 126.8
1976.50 138.8 135.0 135.0 129.8
1976.75 149.3 136.1 138.0 135.8
1977.00 153.4 138.2 139.0 142.6
1977.25 157.6 143.0 140.0 148.9
1977.50 165.2 146.2 141.0 1561.2
1977.76 150.6 148.4 143.0 163.4
1978.00 148.5 149.8 147.0 156.1
1978.25 165.0 166.7 164.0 160.4
1978.50 153.5 161.5 165.0 163.1
1978.75 165.8 165.4 169.0 165.9
1979.00 162.5 162.6 173.0 173
1979.25 173.0 173.2 176.0 177.4
1979.50 180.0 174.5 180.0 189.2
1979.75 194.8 186. 1 189.0 194.5
1980.00 208.9 196.56 197.0 203.8
1980.25 213.2 203.5 201.0 215.6
1980.50 213.9 207 .4 203.0 220.1
1980.75 215.4 210.8 207.0 224.3
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Table E1 continued

**t***************************ttt****#*****t*****t‘***#***tll***t*

YEAR RETAIL PROCESS PROCESS ECON.  MAN.PRICE
PRICE INDEX  ENGINEERING  INTERNATIONAL  |NDEX
***tt*‘************t*****t*‘*#tt*lk!t***#**#*#ttl***********ttt****t
1981.00 231.5 214.3 212.0 230.4
1981.25 239.2 219.3 215.0 240.7
1981.50 244.6 223.3 217.0 244.9
1981.75 255.0 228.6 220.0 251.0
1982.00 262.1 231.9 225.0 255. 1
1982.25 257.4 237.6 232.0 263.2
1982.50 256.4 239.5 233.0 264.5
1982.75 256.4 240.6 237.0 266.4
1983.00 276.8 249.7 240.0 267.8
1983.25 274.6 258.0 242.0 273.3
1983.50 277.2 263.3 246.0 276.7
1983.75 285.2 262.5 251.0 279.8
1984.00 296.8 272.1 255.0 281.6
1984.25 298.3 276.8 260.0 287.3
1984.50 297.9 280.9 266.0 289.8
1984.75 312.6 293.1 271.0 293.4
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Table E2 Cost indexes for the United States (Figure 4.1)

**#***‘3****!****t******l****t**********t******t***ﬂ**************

YEAR ENGINEER ING CHEMICAL ~ MARSHALL  PROCESS ECON.
NEWS RECORD  ENGINEERING & SWIFT INTERNAT |ONAL

t*U***********t‘****t******t***t************t*******#*************
1970.00 62. 65. 70. 68.
1970.25 64. 69. 70. 69.
1970.50 67. 70. . 70.
1970.75 69. ZL, 72. 71.
1971.00 70. . 72. 72.
1971.25 74. 73, 73. 73.
1971.50 78. 75. 74. 75.
1971.75 79. 75. 74. 75.
1972.00 80. 76. 75. 76.
1972.25 82. 76. 76. 76.
1972.50 85. 76. 76. 76.
1972.75 86. 77. . 7w,
1973.00 88. 78. 78. 78.
1973.25 0. 79. 78. 79.
1973.50 1. 81. 79. 81.
1973.75 92. 82. 80. 82.
1974.00 92. 84. 83. 85.
1974.25 94. 89. 88. 90.
1974.50 98. 96. 95. 98.
1974.75 100. 99. 99. 99.
1975.00 100. 100. 100. 100.
1975.25 103. 101. 102. 96.
1975.50 108. 101. 103. 97.
1975.75 109. 103. 103. 98.
1976.00 110. 104. 105. 100.
1976.25 113. 106. 107. 101.
1976.50 116. 108. 109. 104.
1976.75 118. 109. 11. 108.
1977.00 119. 111, 112. 109.
1977.25 120. 112. 114. 112.
1977.50 124. 115. 117. 114,
1977.75 127. 17 119. 116.
1978.00 127. 118. 121. 119.
1978.25 130. 119. 124. 122.
1978.50 135. 119. 129. 124,
1978.75 136. 125. 128. 128.
1979.00 137. 129, 132. 132.
1979.25 140. 131. 136. 133.
1979.50 145. 134, 139. 140.
1979.75 149, 137. 142. 140.
1980.00 149. 138. 147. 151.
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Table E2 continued

*******t******t*‘*#t*tt****ttt***t******t#t*‘***tt****t****tt*****

YEAR ENGINEERING CHEMICAL ~ MARSHALL  PROCESS ECON.

NEWS RECORD  ENGINEERING & SWIFT INTERNAT IONAL

l********!Ht*#**t****lt******t*****************t*‘*****t****t*****#*
1980.25 149. 143. 149. 153.
1980.50 153. 147. 151. 157.
1980.75 157. 150. 157. 155.
1981.00 160. 155. 154. 161.
1981.25 166. 163. 159. 166.
1981.50 172. 169. 163. 168.
1981.75 175. 170. 163. 172.
1982.00 177. 172. 164. 175.
1982.25 179. 174. 165. 177.
1982.50 185. 174. 166. 178.
1982.75 186. 175. 166. 179.
1983.00 190. 175. 166. 180.
1983.25 193. 175. 168. 181.
1983.50 196. 176. 169. 185.
1983.75 196. 176. 170. 187.
1984.00 196. 177. 171. 187.
1984.25 178. 173. 187.
1984.50 179. 174. 188.
1984.75 179. 174. 189.
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Table E3 Exchange rate - Dollars per pound sterling
{Figure 6.13)

e 3 ohe ke ke e ok ke ok ok o ok ok ok ok ok sk sk sk ok ke ok

1983.
1984.

.2370
.2422

YEAR EXCHANGE
RATE
e e ok e ke sk o ok ok ok ok e ok ok o ok ok ok ol ok o ok
1972.75 2.3481
1973.75 2.3232
1974.75 2.3485
1975.75 2.0235
1976.00 1.7024
1976.25 1.7201
1976.50 1.7202
1976.75 1.7465
1977.00 1.9060
1977.25 1.8563
1977.50 1.8602
1977.75 1.8710
1978.00 2.0345
1978.25 2.0259
1978.50 2.0803
1978.75 2.2321
1879.00 2.1589
1979.25 2.2538
1979.50 2.2847
1979.75 2.3809
1980.00 2.3855
1980.25 2.3100
1980.50 2.0555
1980.75 1.8365
1981.00 1.8836
1981.25 1.8470
1981.50 1.7799
1981.75 1.7283
1982.00 1.6496
1982.25 1.5239
1982.50 1.5554
1982.75 1.5101
1983.00 1.4702
1983.25 1.3763
1883.50 1.3968
75 1
00 1
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