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INTRODUCTION

: ; r
The word "Cost Eﬁgineering" was coined as an engineering
discipline only 2 decades ago. Already it has found common
usage in the engineering and consStruction industry through-
out: North America and indeed in Europe and other parts of
the world. Spearheaded by this newly formed "Cost Enyineer-
ing Profession" great progress has been made in that area of
enginearing where engineering judgement and experience are
utilized in the applic¢ation of scientific principles and
technigues to problems of cost estimating, cost control,
economic evaluation, business planning and management.

This seminar will concentrate on cost estimating and cost
control, reflecting the general concepts and practices that
have developed on the North American continent in recent years.
Broadly speaking, the seminar concerns the capital costs of
process plants such as chemicals, petrochemicals, nuclear
plants, and all similar type projects. It should be of
interest to management and supervisory technical personnel
concernaed with capital costs and cost control in construction,
engineering and process industries.

In today's dynamic econoemy, the accent in capital cost
astimating is on shert cuts and speed. Not only is the speed
regquired, but there must be a high degree of confidence in
the reliability of the figures. Emphasis will be placed on
new developments and sophistication that have emerged through
a more scientific study of the anatomy of capital costs,
breaking them down intc like components and finding cost

patterns and relationships which reflect their individual
behaviour.

Fetimate types and techniques will be discussed starting at

an early stage when scope is limited and few drawings (if any)
are available, and progressing through to the method of
building up detailed estimates.

In recent years, some form of factor estimating has come to
doemirate the entire "front end" in the estimating of projec:
coste., In fact, in its broadest meaning, all forms of
egtimating, except detalled estimating ¢f manhours, making
material take-offs or obtaining quotations, may be clasaified
as factor estimating. The presentation is oriented towards
this fact, placing emphagis on the various application of
"front end” techniques starting with the so called "Broad

Factora* and progressing towards the use of detailed factor
estimating.

Under the hﬂading of Time & Scale Factors, a section on Cost

Indexes will review various U.S. indexes, illustrating their
differences, uses and pitfalls,

-
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The 4 area concept of building up capital cost estimates

will be presented to demonstrate their different cost patterns
and the advantages of such an approach. This will lead into
gize factors and discussion of the much touted sixth tenths
factor. The sixth tenths factor will be reviewed in con-
siderable detail te highlight discrepancies and pitfalls.

Discussion of economy of scale will focus attention on econom-
ic size plants.

Capital costs will be broken down into specific components

of direct and indirect costs. Emphasis will be placed on
precise definitions and good semantics and on the impertance
of a good cost code. An excellent modern code with complete
flexibility for use on small projects or large projects will
be presented. Using the cost code, a standard format will be
used te show how to bulild up a complete estimate to get the
bettom line number and be confident that everything is in.

h thoroughly tested, reliable Factor Estimating System will
be presented in detail. A complete set of factors will ke
included. Coupled with certain refinements, it will be
shown how this factor system has reached a degree of

reliability cthat it is used frequently for the appropriation
cf funds.

A session on "Cost Control” will be presented covering the
basic principles, application and organization.

Cost contrel involves more than cost., It alsc concerns
"time" i.e. planning and scheduling. In its full ramifica-
tione, the words "Project Contrel" may be a better title,

Cost Control Btarts with a "Management Directive"., The rele
of management is streesed followed Ly discussion of 1l basic
requirements for good cost control.

The cost control cycle of Realistic Targets, Monitoring,
Trending & Forecaating, and Analysis & Action is discussed
in detail. The application of each cone of these functions
is reviewsed under the separate headings of Design, Procure-
ment and Construction.

Sample procedures and formats are provided to illustrate

methods of trending and forecasting in each of the 3 areas,
The use of 5 curves and similar graphs are highlighted in
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their many applications in the cost control system. Emphasis
is placed cn trouble spots.

By way of illustration, a complete written procedure for
contrelling draughting manhours is presented along with sample
graphical depictions used for trending and forecasting.

Similarly, recommended documents which contribute greatly to
the Procurement Contrcl are discussed in detail.

field Control on Construction projects is a never ending
challenge. It involves field work orders, material control,
manhour control, indirect costs, physical progress, ete.

It will be demonstrated that whether it is concrete work,
equipment, piping, electrical, etc. each one can be attacked
through the basic principles eof cost contrel.

Effective cost control calls for integration or unification.
It muat be all one system, not & multiplicity of separate
systems. The cost code is the unifying factor and finally
the computer becomes essential to complete the integration.

Ultimately, cost control requires an organizaticnal set-up
designed with cost control in mind. This will be discussed
with particular emphasis on the ¢ost engineer and his
responSsibilities.

Notas will be supplied, including certain data applicable to.
North American operations and time will be provided for
workehops. :
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ESTIMATES

TYFES

In practice, the many types of cost estimates can be categorized

into about five general types. The type to use pecessar:ily
depends on:

its purpose

the time &nd manpower available
the data available, and

the accuracy reguired

Table "A" illustrates the five types, their purpose, the
tachniques used, the time reguirement and depicts grapn:zally
the informetien required and the expected accuracy. Taple "B"
elaborates on the specific reguirement for each type of

estimate. Refer to both Table A and Table B for the foregcing
discussion.
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Ball Park Estimates (Type "E"}

Based on little information, has poor actcuracy but serves the
purpoasse of the executive who may only want to have some
indication of how many million dollars are involwved,

"Ball Park" estimates are generally based of figures of $/1b.
or $/ton of capacity, or freguently graphs are used which
plot the capital cost varsus capacity. Such graphs take into
account the variation in unit cost with size and hence are
herter than simple $/ton type of estimates.

Study Estimates (Type "D")

Made by using factor technigues or a combiration of factor

and large component technigues. Used for early feasibility
studies and Lo justify funds for further study. It reguires
enough information to provide the general scope of the project,
and depending on how much of this information is known, its
accuracy may range from ¥ 25% to T40% and it is generally done
in less than a month.

Preliminary Estimates ([Type “"CY)

An eolaboration of typzs "D" using the same technigues along with
retinement. due to the addition of some unit costs and sone
guotes. Svope of work is better defined and accuracy rangcs
between 2 10% to F25%.

Definitive Estimates [(Type “"B") {Appropriation of Funds)

A definitive estimate may take months to make. It involves some
factor technigues but relies greatly on large components angd

init coust technigques and many quot=s. The scope of the project

is required in considersble detail, engineering design will need
to be fairly well advanced and the accuracy will improve to a
range of 25% to 210%. This type of estimate is normally used

for the appropriation of funds and is expected to have an accuracy
of 10%. & well defined good guality estimate in this category is
used during the subseguent project life for cost control purposes.

Eid Estimates (Type "AY)

Used by contractors in making a competitive bid. Requires
considerable time to produce more or less complete drawings

and specifications. Alsc requires-ancther 2 to 6 weeks, depending
an size of project, for the contractors to make their bids.
Theoretically the accuracy of this type of estimate should be
within 5% but because of special factors such as contractory’
profits, contractors' overheads and the competitive climate,

biz estimates may spread as much as 20% and sometimes more.
R&ggrdless of the spread a successful contractor is probably
estimating his 'direct' costs within 5%.

Page 3



TECENIGLES .

Reference has bean made to 3 estima*ing technigues:

Factor estimating
Large component unlit costs
i Detailed unit cosis

T oFa

Factor estimating - arrives at a total cost by asses=zing
the cnst of unknown iiems as & factor or percentage of .
specific wnown costis. Usuelly the known cost is the
process eguipment.,

1 i
This technique istfrsed mainly in makiﬁ% 'Study and Prelimin
estimates but may'be used at times for the approprlatlon of
| " L]
‘Large’ ‘Cémpohent Unit Coits ‘are based on thé theory that many
speciliic components of a plant follow a definite cost pattern
in relatien to size or capacity. Hence there are large component
euch as bulldnﬁgsfba=e4 cn £/=q. £t. of floor or per cu. ft.,
refrigeration plants base: on $/ton, compressor installations on

ary

U

n.rq

S$/CF¥ ete. - - i‘;
. ¢ |
Petz:zled unit cests - imply that a plaﬁt is broken down into

many n;nute comsiruction items and each one is 1ndlvzdua11y
assessed as to urit cost and qua”t1tﬁ_ Hence there is concrete
in $/cu. yd., form lumher in cents/sg. ft. reinforcing sieel in
.c2nts/ib,, piping in $/lin. ft. and $/fitting, etc.

Page 4§
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TOST INDEXES

TIME & SCALE FACTOHS : :
{

The great inflationaty spiral which has nit economies all owver the
world has made estimating more challenging than ever and has added
at least one more dimension to all previcus considerations.
Because of inflation, cost feedback goes out of date guickly and
must e continuously up-Zdated. -,y

e
]

Cost indexes are fsctors which reflect the effect of inflation.
Thay are used to updste the past to the present.y Since most
estimates are based on data from the past, the inflationazy effect

through time must be considered anﬂ cost indexes ar2 being widely
used for this purpose.

There are many cost indexes and many applications., Further, since
all of them &are clessified as approximations, for maximum
reliability it is important to understand exactly what they do and
be able to select the one which 15 most suitable for the
aprlication.

Cefinition

A cost index may be defined as a series of factors that represent
tt.e change in ¢ost Witk time, (See Figure-1l).

Most cos* indeuxes are based on the weighted cost of selected items
which constitute a major part of the subject being covered m1tn the
belief that twthe total cost will follow more or less thﬂ same
general trend as the selected components, In other words they are
based on a principle that says, Tas gqoes a selected. sampling, so
goes the entire whole®™, 8y their very nature then, cos: indexes
on.y dpproximate the truth and in no way should they be taxen as
precise. This fact should never be forgotten. A great many
indexec  are published to cover many subjects. A general index
covers a broad field and has limited accuracy for a specific :opic
witpin the broad field. A special index directed at 2 narrow £:1e1d
cf subjezts: becomes more reliable but i1s limited in its
amplication.

E7Pplications

.
wWnat are the applications of c¢ost 1ndexes in the Engineering
function?

1. The main application is in updating the capital c¢ost of plants,
or updating cost data.

- : . ¢
2. To a lesser degree they are used in contract price adjustment.

3. Updating the fixed asset ledger.

Page 5
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‘4., Establishing the replacement value of plant and eqguipment for
insurance purposes.

"5, Placing the capital ‘cost of 2.or more plants on an egual tlme
basis so that proper comparisons may be made,

Generally speaking, if en index or indexes can satisfy all the
requirements for item !, they will also be adeguate for all the
other items.

Follewing is a sample list of gquestions that might arise in a
capltal cost estimate!

1. A certain compressor, vessel, or other piece of eguipment was
purchased 7 years ago for a certain price. What will 1t cost
today?

]

2. The entire electrical installatlion for a specific project cost
"$X" when the plant was built. what will it cost now on a
similar project?

3. A large warehouse and process building cost *SX in Houston,
Texas in 1966, What wil} it cost today in Chicage?

4. A complete project erected in 1965 to 'manufacture "¥" lbs/yr.

cof ABC product cost $X. What will it cost today to deuble thg;

sr2e o5f the plant.

5. In item §, $Z was spent on construction labour for the criginal
project. What wi1ll the 1labour c¢ost be for the expansion

project? boes this estimate allow for the change in labour™

productivity 'that has taken plagce?

A little thought will indicate that the results are not likely to
have muach* reliability if the same index is used for all examples.
At the same time it is not practical to have an endless supply of
cost indexes to satisfy each and every demand.

Thus in selecting an index, one must be careful to choose one which
has a combination of material and/or 1labour which most neariy
represents the real life situation.

Sueh an index may be very good over a short pericd of time, but
zhould a long period of time be involved, 2 additional factors may
prevent the index from providing & good answer. One is the effect
of labour productivity which 15 not incorporated intoc many aindexes.
The other is the effect on costs due to technological improvements
which are rarely ever built into an index. A selling price type of
index {i1.e. one based on the actual selling price of representative
items! gompensates to some extent for both of these factors, while
an input type of index {i.e. one based on the cost of primary
materials) does not comrpensate for them unless .2 specific
adjustment it made. '

Page &
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I do not know ©f any index ‘which makes a specific allowance for -

technological improvements. Because the effect of technological
improvements on COsts 1s 5ﬂ!erratic over the vyears, it 15 necessary
to consider them as a separate entity.

!

Indexes i1n the Process Industries

At this stage we can discuss various indexes, all of which have
found use in the process industries.

Our —remarks will be limited to U.S5. 1indexes, which are used
extensively in the process 1industries, malnly because of opur
familisrity with them. Bowever the main purpose of this section is
to illustrate differences in cost indexes and to highlight those
issves which should be considered in selecting the best index for a

particular application. Thus the same reasoning can be applied in
considering indexes 1n any country,

Table 1 i1is a Jlisting of several 0.S. indexes and a compilation of
their pertinent features:

TAILE 1
. TELEOR AR ALL
L3l powckh R 1 baflnary CETMICAL ahd

index Conpt'n., Indax Guapt'h. Index FENGINEEATHI 3] ATEVENA
Fubllear ' Gan, hppralemal Eng. Bewe Recard il nnd gam Dxnmizal Eng. mMarshall and
\ Lomprny WoGraw E1l% dourndl McGraw ELll  wwlfe
Indax for mowpliata .
chazlical plants - . na TE s TES

- axal, pldge.
Inder for QararTel ) -
procass squipeent L | ) by TEY 0
Bpmcifile eluowns 21
wiulpment -] ] TR TE: 3
Eiparnthk lendex for -
Fulldingm ™ ™™ 7 L) L3 TS
inZen for lacvee Eivll t . .
prediects Righ Lm
unllll.l-lnt Jabour L TER [ »o | p
Correacklion for labous . ' . .
produntivity ™ r ] 11 Hy m T
i - . - N Takalla noL
divuiged

enrraceien fay ' ’ . . -
tacanien]l improvssang [ =] . -] i K m . ®o

1] ©i) mnd Gar Journal bes published warloyr othar Lndames and srtidled on tha sohisgt
- of productirity and technologizal improvesants ntu Fequirs soadldurable skady L ofder
ts apply taem wikh any corfldanca.

{11 same Marshall and Stsvend Fecenrtly changsd to Marehall amd Bwife, I 4 F alep Lacluder
bylidleng indazsy for 4% Cemadisn citian.

TN Seemgkh L ptrictly & bulldlsg Indes ped ixcledes separdts Ladeses h: 30 Cansdiay elcles
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‘The Boechk Index is strlctlywa bu1ﬂdlng cost” index ‘and for thls

"‘-! ; H ' T - 7 &= = ¥ ¥ “ o LI 1 | ":!‘--_‘ir-'hdi
. . an

application we have found it to he very good. The overall system'’

o includes indexes for 10 different types of buildings and provides

them for about 200 citjes in North America. These indexes not only
indicate the change!lin cost with time for all the citiez listed,
but are also claimed to show the relative cost betHEEn any of the
cities at any given time. Of specific interest *to "the Chemical
Process Industries is their index for brick and steel factory
buildings. (S5ee Figure-2}. '

A further scrutiny of Table 1 qu1ck1y raises the quest1cn What 1s
the ENR Index uvused for? .

Our reason for raising this question is becayse we believe that the
ENR* Construction Index is the most misunderstood and most misused
index 1in the [ process industries. This index, developed ancd

. published by the Engineering Hews Record, seems to be used st times

for up-dating the cost of plants, updating the cost of equ1pﬁewt
and, fcr various other applications when costs are 1nv01ved

+
' . X I' . vy

The - entite index ¢0n51sts uf 4 items which are custed out rat.
current| rates. Thus: the fﬂlluwzng illustrates the!entire index?¥

when 1t was eqgual to 1800: . I

b
& bbls. of cement @& approx. $5.00

cr '-\.E

,,=.;3u:m._,
1088 fbm of lumber @ approx. $1R5.00 . .} ~;= | tT200.00

, 2500 lbs, of steel B approx. 6f : Fid 150.00
200 manhours of common labour @!approx §7. 10:=1 Y1, 420,00

"rlu et g, m ., ‘o . .
' -

! ¥ : = ' W s ¥ - A "3

i Index . =" " Total ) 1,800.00

NOTE ; The above costs are approximate throughout, merely to

' indicate the development of the index. There 1s no labour
* productivity correction. Note alsoe that the labour
component at this time was 79% of the index.

It becomes clear that the ENR Index 15 heavily deminated by
construction labour costs 1in a far greater proportion - than the
normal percentege of -labour on chemical plant projects. QObviously
it -has nﬂ*ualidlapplicaticn in reflecting the coststof chemical
plant projects. oA
) ' .

In essence the ENR Index was designed to assess the change in the
cost . of civil engineering works of the type that uses large
guantities of unskilled labour. It was never intended for the
process industries. {Nevertheless, because 1t is gnhe of the oldest
and most well known indexes, it has been used incorrectly for many
applications}.

For process plants the other 3 1ndexes are much more suitable.
{Sae Figure-1).

Page 8
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2 'Nelson Refinery ({inflation) "Construction .Index has been

pub115heﬁ by ths 011 and Gas Journal since 1949 and is basically an

overall plant index aimed at pertreleum refining., It - has no labour
prcduct:vlty correction as such except for' the built-in effect due

ko wvarious. equlpment compnnents ofmthe 1ndex[bexng developed from

manufacturer's selizng prices, ! 4 H

]
As far as the cost of run-af—the-mill rhemical plants are concerned
the Nelson Refinery (inflatieon} Index is a reasgnably acod guide,
and is used extensively by the .5, process industries.

Kelson also publishes a variety of equipment cost indexes, many
being selling price indexes, Of particular interest is the Nelson
"Miscellaneous Eguipment®™ Index which iz a good index reflecting
the overall average price change of process eguipment,

]
The Marshall and Swift Index (Figure-4) consists ©of twe main
indexes, one tor buildings and the other for eguipment {which in
this applicaticn means the coft of & complete plant excluding
buildings). The main index is a composite of many industries and
separate indexes are provided for Ea:h'industry.entEfing into the
composite. Two cof these are ‘chemical plants' end ‘'‘peireochemical
piants'. These indexes provide a fairly good reflehtlﬂn ¢f the
change in plant cost3. It may have a sllght downward bias.

. H’ LIE]
The chemical eﬁgineering plant ¢ost index is anlattempt to tailor
make an index specifically for chemical plant construction, It is
a2 rather sophisticated index composed of many sub indexes for the
various components of a chemical plant, all of which utimately

- contribute oo the overall plant index,

It nas a bullt-in labour prnduc*1v1ty adjustment which has been
escablished at 2-1/2% per year. Unfortunately, it appears that the
value nf 2-1/2% 15 over~correcting so0 that the index 1is biased
downwards, h

It alsc appears that thne material/labour weightings used for the
fabricated equipment and process machinery components may not ba in
the right preportion to allow for overhead and profit in a
fabricating shop. This again could create a slight downward bias
when labdur rates are rising faster than material costs.

weverthelesgs, the Chemical Engineering Index is an excellent one
inasmuch at it has been thoroughly researched to reflect the
composition of a chemical plant, and is well documented and easy to
understand, With the multiplicity of sub~indexes and their
weightings, which are published, it has great flexibiiity and
enables the user to modify it to suit his own purposes.

1f 1t were not for the certain lack of c¢onfidence over the
productivity correction this index could be ideally suvited for the
process industries in the U.S5. In fact, with a little bit of
effort, one could delete the 2-1/2% productivity correction and
biild in one's own,

Page 9



Pitfalls
In using cost indexes one should beware of certain pitfalls:

Labour productivity changes and technological improvements have
been mentioned already. Most 1indexes don't incorporate labour
productivity changes and this fact should be recognized and
considered separately. If an 1index does 1incotporate a labour
procuctivity correction - it is well to remember that this 1s a
very difficult area teo evaluate and hence the index could be over
or under corrected.

Technological breakthroughs are not normally incorporated into
indexes, 23ain, this fact should be recocnized and a separate
allowance made for it if need be,

[

Cost indexes represent averzjes and trends and it is very difficuls
for them to incorporate the effect of competition in the market
place. A selling price type of indax is more likely to catch
swings from a buyers' market to a selier's market or wvice verssa
than an input type of index. However, none are likely to recognize
a very competitive situvation since the data flowing to the index
maker is not likely to include %he competitive price, Figure-5% is
an extreme example of what can happen at times,

Lastly an 1index will not reflect special situations in a specific
locality and therefore it should be adjusted to reflect local
cenditions. .

For exanple:

A local union could negetiate a very large increase 1in wage rates
in a specific locality while a construction labour index may be
reflecting an overall average for a large regilon oY an entire
SOUntry.

In rummary, cost indexes are tools in preoducing estimates. 311
indexes reguitre some background knowledge before application, and
for best results it is desirable to use an index tailored to one's
specific needs.

Like all cost estimates cost i1ndexes are merely "Estimates”. They
are not an exact science and whoever uses them needs to understand
them. However, when properly selected they produce reasonably geood
answers with great rapidity. Ho other technigue gffers the same
speed and versatility for asssessing the effect to “"Time"™ on capital
COStS.

Page 10
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TIME & SCALE FACTORS fcont'd) :

HAREA RELATIONSHIPS

A basis reguitement for svccessful factor estimating is an orderly
mechodical and consistent method of breaking down a procesc plan
into logical components

T =

A first 1mpression of a process plant may be a chaotic mazz of

eguiprment, piring, buildings, etc. No two plants apoear to be the
sams .

Ngvertheless there are certain components that are ceommon o
angd all process plants. This 15 demonstrated in Figure-6.

T
v |
-

All rchemical plants have a process area, storaje and handling
facilities for raw materials and finished product, ap electrical
system, steam system, alf System, water system, sewerg and effluen+
treatment, ete, z2nd in all probability a laborateory, ar office,
roads, eto.

For some time now the process area has taken on a specific title
with the name ‘'Battery Limit' while the balance of the plant has
heen named the '0Off Sites' or the ‘*Auxiliaries'.

“"ore recently the otf-sites have been broken down 1nto 3
components, namely the S5torage and Handling Facilities, the
Jrilities and the Servictes. Thus we have what might be c=2lled the
‘4 area coucept' of capital costs. This 18 1i1llustrated 1in
Figure=7.

Fzg= 16
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*hese areas atre defined as follows: £

'Eatterg Limit {(Referred to as B/L)

This area represente all the process operations., It can be defines
as the boundaries enclosing a plant or process unit so as $¢
include those fazilities directly inveolved in the conversion of raw
material to finished product, It applies to all buildings,
egtiipment, piping, instruments, etc., which specificallyvy involve
the process or manufacturing operatiocn and includes that portion of
the compressed air, electrical, refrigeration, steam, water,
plumbing, fire proteztion, process was*e Oioposal, and air
conditiening systems, etc. that are inside the protess arsa, hut
does net include ithe outside linet, etc. which canvey such
utiitties or services to or from the 'Rattery Limit' buildings.
Where practical the wall of a2 ‘Battery Limit' building forms a
sueitable boundary, but wheore outside process facilities exist the
boundary should include these facilities.

Storage and Handling (Referred to az § & H)

This area consists of all warehouses, storage tanks, loading,
unloading and handling fecilitizs, etc. reguired for raw materials
and finished products associated directly with the producet being
mada. It includes the necessary pipelines from the point of
ctoiage to the walls or boundaries of the battery limit. It does
not include Btorage and handling of raw materials for uvtilities,
euch as cowl, Fuel oil, etc., which are included wikh the cost of
the atility. Similarly it doss not include 'in process' storage,
which 12 nornally charged €0 the battery limit, unless it is a
lacyge intermediace sinrage staticn.

fFretorred to as 1)

14

trilikie

o

tizilitzes refer in general to the gproduction of energy and ix
tiransportation =0 and from the batterv limit as well as to sthe
butigdings on the site, Tney consist of:

s

Compiessed air plant if located outside the battery limit ans
outside air lines, -

Elegetric power supply zonsisting of substation, outside lines,
and varg and fence lighting.

Rufrigerat
consisting
lines.

ion egystem if located outside the battery limit
of refrigeration maghines, and outside refrigerant

Steam plant Aand outside steam lines.

Water supply, pumphouses, main cooling tower, and outside
water lines,

Fage 18 .



Brains and sewers including normal sewerage treatment systems,
Rote: profess waste treatment systems are part of battery
limit up to point where the discharge i1s safe to enter a main
effluent sewer,

Starage and handling facilities for raw materials used in the
production of utilities.

Borvices (Referred ta as 5}

This area represents all the remaining items of investment that are
necessary to round Qut the plant into a fully operating unit., They
include items such as offices, laborataries, shops, lunchrooms,
change houses, gatehouses, roads, ditches, railways, fences,
communication system, service ejuipment, track scales, etc.

1t is these last three areas that are referred to as the ‘5fr
si1tes' or ‘Auxiliaries’ or as the 'outside battery limits?®,
What is the value 0of having this type of breakdown?

Table-2 will start to indicate the potential of attacking the costs
on this basis.

The cost of soume 13 chemizal planis were broken down intc 4 areas
and each one was then determined as a percent of the total cost.
With the exception of the storage and handling facilities the
correlacion berwsen each major ares is remarkable.

COST BREAKDOWN OF 4 AREAS

FLANT B/L, S & H - 5] s
A 17 i3 11 5
B-1 38 35 13 14
B2 56 23 G 12
[ 58 7 24 13
b 65+ - 22 13
E a5 - 22 12
F 64+ - 23 13 °
G &5 1g 11 . 14
# 52 16 16 15
1 54 & 28 14
J=1 10 | £ 18 5
J=-2 63 5 23 9
3 71 2 13 14

* IHCLUDES STORAGE AND HANDLIKG

TABLE-2
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Area Factors

~This knowledde provides another basis for Factor Estimating, i.e.
if the cost of the battery limit 1s known, other areas can be
determined as a factor of the battery limit cost.

Table-3 provides the first broad set of cost data which can be used
in preliminary types of estimates. If the cost ©of the battery
limit 1is Known, a reasonably c¢lose approximation of the plant

auxiliaries can be determined by applying the percentages in this
table with good judgement,

In this table it will he noted that the Storage & Handling and the
Utilities are factored as a percent of the Battery Limit (2st while
Services are factored agc a percent of (B/L + 5 & B + U,

Services tend to be a functiop of the ‘'‘Steorage and Handling'
facilities and the 'Utilities', as well as the ’'Battery Limit':
hence a better correlation is obtained when the Services are
expressed as a percentatge of the (B/L + 5 & H + U).

Page 20



COsT

OF PROCE5SS FPLANT

AUXILIARIES

BS A PERCENT OF B/L COST

GRASS B/L ADDITIOR |
ROOTS ON EXISTING
PLANT « SITE
¥ OF B/L COET
LOW - Raw Material by
pipeline. Little
warehouse space, 2 0
STORAGE
AVG - Average raw material
& Storage & Finish : :
product Warehousing 15 - 25 2 -~ b
HANDLING
HIGH - Tank farm for R.M.
Substantial warehousing
for finished product 70 20
LOW - Steam, water b power,
more or less available 10. 2
for purchase with little
investment required.
UTILITIES
AVG -~ Average Situations 20 - 30 6 - 14
HIGH - Investment regquited in
Boiler plant, pump house
& Sub-stations, etc. 50 30
% OF [B/L + 5&H =~ 1)
LOW - Minizum investment
required for offices,
personnel facilities 5 o]
laboratories, machine
SRHVICES shop eteg, {
AVG - Average conditions 10 - 16 2 -6
HIGH - Substantial provisions 20 15

TABLE-3
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CC5T PATTERNS AND S5I2E FACTORS

The 4 area concept can lead to some interesting cost relationships.
For example if we study the cost pattern of the 4 different areas
-we find that each one has a different cost versus capacity curve.
Thus Figure-8 is a typical set of cost graphs for & different areas
of a process plant plotted on log/log paper.

4 AREA CONCEPT
fLLUSTRATING DIFFERENT COST PATTERNS

00 T | Tﬁfi L
] [ :
i 7 Elfﬁj':
| & I
| ATTER
I ";" LIM]T
d //
% !1
$  UTILITIES
10 : ﬁr/ I
— o e ETOR—B-HAND —
"4 |
L4 ~SERVICES | |
7T
P
Ve
Y ¥ 60
CAPACITY
) FIGURE 8
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C._ A, MILLER

FACTOR ESTIMATING SEMINAR

Croup 1 Problems
Baxed an US locations & costs

1. A 500 metric ton/day medium sized battery limit chomical
plant consisting of reactors, fractionating towers,
heat exchangers, pumps, tanks, etc. cost % "AY in the U.E.A.
in 19607

What will it cost today in 1978 dollars?

2, Referring to question No. 1 what will be the cost of a very
large plant with a capacity of 3,000 metric tons/day in
1978 dellars?

+

3. Assuming that you have very little additional information
except that the plant would be erected on a site adjacent to
the Company which supplied the raw material! and that the
finished product was shipped out by tank car and only
reguired one weex of storage, what would be the approximate
cast of a complete grass roots plant at 31,000 tons/day? Be
prepared $o explain how you arrived at it.

4. If the B/L plant were built on an existing site which
- ¢ould provide a lot of exiseting services but had no
excess capacity available in electricity or water what
would be the expacted caost?

4. Given the total direct cost of an average type chemical plant
as 510 million. What would you expect the total cost of
the entire project to be?

6. If your boss stated that the XY Company had just given
him a budget price of $10 million to design and build
the battery limit for an average type of chemical plant
and that he was going into a meeting in 10 minutes and
warnted to report the possible cost of a complete grass
roots plant - what would your answer be? Show how you
arrived at your answer.

7. If your boss also asked you to determine the total number
of direct conatruction manhours regquired to build the plant,
and bring the answer to hie meeting as soon as you got it,
how would you go about it? Assume composite bmse wage rate
in the USA to be $10. per hour.



l'aetor Estimating Seminuc
‘roblems

Cont inwved

—_

I,

2

Koferring Lo the attached graph, the cost of the callroom
of a mercury cell chlorine plant consisting of 50 cells

is "X" dotlars. Draw a cost graph to reflect the expected
cost of chlorine plant cellrooms ranging in capacity from
a small plant of 50 cells to 1,000 cells.

Plot directly above the cellroom cost curve, the shape of
the expected cost curve for grass rocts chlerine plants
ranging in capacity from 50 cells to 1,000 cells when the
cost of the 50 cells grass roots plant is "Y" dollars.

Be prepared to explain why you think your graph is correct?

Using the same graph as in question No. B8 the cost of the
B/l of a 50 ton/day chemical plant consisting essentially

of centrifugal ccmpressors, reactors, fractionating

columns heat exchangers and mixing tanks is “X™ doliars.
Draw a cost graph to reflect the expected battery limit cost
for plants ranging in capacity from a small plant of 50
tons/day to 1,000 tons/day.

{As in Quesbicn Ho. 8) Plot directly above the battery limit
cost ourye, the shape of the expected cost for grass roois
chamical plants when the cost of the 50 ton/day grassa roots
plant is "¥Y" dollars.
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GROUF =
- FACTOR ESTIMATING PROBLEM

Develop a factor estimate for the cost of a 1200 metric
ton/day metallurgical sulphuric acid plart in 1978 ddllars
to be erected on an existing site,

The following information is provided:

Battery Limit

Flow sheet attached. .

Roaster gas from a smelter is supplied to the plant in a
large diameter mild steel duct approximately 2 meters in
diameter and ie fed into a stainless steel Ecrubbing secticn.
The so0lid impurities are then removed in lead lined eleciro-
lytic precipitators.

The resulting wot gas is passed through S, S. piping to
brick lined drying towers and the dried gas is then passed
through a system of heat exchangers to a converter where the
502 gages are converted to 503 gas.

The 50, gases in turn paﬁs through the heat exchange system
and arg absorbed to H2504 in 2 brick lined absorbing tower.
The rTwsulting product is passed through a stripping tower
which yields high strength stni.

The plant operates at atmospheric pressure,

-

All vessels are regarded as relatively large, the convarter
being approximately 10 meters in diameter.

The acid plant will be erected on an existing sulphuric
acid plant site and where possible will take advantage of
any existing facilities that may be available. The gite
is somewhat congested and practically all foundation work
reguires rock excavation.

The proress equipment consists of a high percentaga of

mild steel acid brick lined vessels and 2 combination of
large mild steel and Btainless steel heat exchange eguipment
much of which is bought on an "erected basis",

The heat exchangers, towers and converter are insulated
including the interconnecting piping,

Process control is straight forward and simple with
instruments mounted on a panel in a small control room

plus some local instruments. Overall the little instru-
mentation is simple ¢ompared to mest Chemical plant operations.



-2 -

Battery Limit
Continued

The main electrical load in the processa area consists of
one motor B 1400 HP, about 15 moters ranging from 5 to
75 HP, the electrolytic precipitatars plus miscellanecus
minor motors. '

The Baftery Limit consists of 64 main plant items which
have been estimated to cost $4,300,.000 + 5% in 1978 dollars.

The catalyst regquired for the converter iB estimated to
coar $400,800.

Storage and Handling

Provide for 10 days' storage, the necessary additional

product pipelines and a new loading station. About 300
meters of 2md pipeline are required to feed the supply

gas direct to the battery limit.

Utilitjies

Allow for main substation, cooling tower to handle 65 m3f
minute, cooling tower pumphouse, waterlines, fire
protecticn, a 2,000 kg/hour atandby steam boiler including
necessary steam piping, plus minor additions to effluent
treatment system.

Main power supply consists of 5,900 volts, 3 phase, 50
cycle and the estimated total load 4,000 H.P.
i

Services

New railway spur line about 50f meters long

New road to s5ite of B/L

Relocate 150 meters of fencing and install 300 meters of
new fencing.

Provide small welfare building of approximately 3um2
camplete with lockers, washroom and lunch room.

No investment is required for offices, maintenance shops,
atores facilities or laboratories.

Allow $100,000 for spare equipment.

Froblem 2

What would the Battery Limit cost in 1978 dollars if the
capac:ty were £00 metric tons/day? -

If the capacity were 2,500 metric tons/day?
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Table 4 has been developed from these graphs and records the costs
and percentages for a =small plant taken at a capacity of 3 and for

.4 large plant taken at a capacity of 20.

LOW CAPACITY HIGH CAPACITY
Cost from| % of ¥ of Cost from | % Of o)

AREA { Graph B/L  |B/L+S&H+D Graph B/L B/L+5LR+D
B/L 13 100 47 100

S B H 3.2 24.6 B.5 18

U 1.5 26.% 12 25.

5 .l 23.8 15.7 6.4 13.6 9.5

TABLE-4

It 15 interesting %o note how these compare with the set of factors
in Table 3. It 1% also interesting to note that the factors are
different for a2 large plant than for a small plant - especially
those of the S & H and Services.

Tnls occurs because the various cost curves have different slopes.

The B/L curve may have a curve with a sleope of 0.7, the utilities
0.6, the Storage and Handliing 0.5 and the Services 0.4 Specific
knowledge of these cost patterns enable you to synthesize the total
cost of a complete plant at any capacity.

Six Tenths and Other Pactors

Since we are discussing cost graphs and their slopes, this brings
us to the much-talked-about six tenths factor. Simply stated, tne
facstor refers to the relationship between cost and capacity and 1s
explained by the eguation:

$8 =/¢, \"
EEY =
A
Wnere! CA a Capacity of plant A
Cp = Cipacity of plant B
The six tenths factor refers to the expenent 'n' and implies that

its value is 0.6. If the cost graph is plotted on log log paper it
forms a straight :
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iine and the s}lope of this line is the value of the
exponent 'n', See Figure 2.

Figure 92

L

CAPACITY Ca Cp

Capacity Tons/Day

C. H. Chilton was probably the first
to publish comprehensive information and data on the
Eix tenths factor. He provided data on some 35 gomplete
plant; which indicared that the cost curves for process
plants were straight lines on leg log paper. Their
slopes ranged from 0.33 to 1,02 buot the bulk of them
were cloger to 0.6 and their overal]l average was close

to 0.6,
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This became a good rule of thumb. However,
cne never knew how reliable it was, and there was
conflict in the pubiished data. One article wpuld
state 0.75 or 0.8 for some process while another article
would state 0.5 or 0.6. Further, a person with some

experience with the same process may disagree with
ooth.

The problem lies in the fact that thaee
lines are not straight lines. Rether they are elightly

curved, turning upwards as the capacity increases,
See Figure 19. 1 ‘

Figure 10

CAPACITY
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It will be Been now, that where the exponent ‘n'
may be given as 0.7, in reality it may vary from 0.5 to
0.9 depending on capacity. It is obvious that a strajght
upplication of the 0.7 exponent coculd produce an error
at cither end of the scale. Further, if the 0.7 is not
the true average slope uf the curve or if the capacity,
at which the 2.7 slepe ves cricinally established, is
not known, then it will not be reacily apparent where

the point of yreatest errocr is likely %o ozeur.

This may be illustrated as folluws:

FcuRE 11
St OF 2 STRAIGHT LINES — CURVE

LOG
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Referring to Figure 11, if 2 straight lines
are drawn on log log paper at different slopes the sum
of the 2 will have slight curvature.

Purther if the 2 original lines are curved
ther their sum will be another curve of even greater
curvature. DbBee Figure 12.

Ficuse 12
SUM OF 2 CURVED LINES e
GREATER CURVATUAE

e
\
\

LS

LOG

A coriplete plant is the summation of many
items such #% equipment, piping, electrical materials,
r.u3}dings, etc, all of which follow some power rule.

1t iz eafe to sBay that thev 211 form & curve
Eloping upwards, and in no case do they turn downwards.
1t can be concluded that thelr summation, which becomes

the cozt of a complete plant, is & curve sloping upwards
and not a straighe line.
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Knowledge of this fact represents & significant
improvement in accuracy when developing cost graphs and

cannot be overly emphasized.

Te illustrate this Figure 13 is an approximate
cost graph for battery limit sulphuric acid plants.

FiGune 13
FDS.EJELE ERROKS IN USING THE POWER RULE

100 BOO 2503
CAPACITY

Hote that in the range of 100 to 200 tons per
Gay the curve is extremely flat with a slope of 0.2 or 0.3,
while in the range of 1,500 to 2,500 tons per day, the
slopo is .85. The average elope of the cntire curve is
approximately .65.
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If the cost is projected up from A to C, on the average
slope of 0.65 to give a capacity increase of 5 times,
the forecast cost at C would be approximately 20% low.
On the contrary it the cost at B were known and it was
projected down to D on the D.65 power rule to yive a
capacity reducticn of 5 times, then the forecast cost,
at D would be high by 20%. The next time reference is
made to a process having a specific expenent, 'beware'.

Recognizing this fact, Figure.l4 -now
illustrates a new set cof corrected graphs for the ¢
different areas., Note that we have also included a
graph for indirect costs and another for enginsering
and design costs. (These will be discussed in msre

detail, later.) Thug there is a separate coet graph
fqr every major component of cost. Each one has a
different cost pattern and their summation at -any
capacity will provide the total cost of a complete

plant.

It will also be noted that as the plant becomes
progressively larger the slope of tha cost curve keeps
increasing until at some point it reaches 45°, Once
this point is reached, the exponent ‘n' becomes 1.0
ang from here on there is no further reducticn in the
unit cost of & plant with increasing capacity. This is
known a5 the economic size of the plant meaning that
there i5 no particular econcmic advantage in terms of
capital costs by building bigger. 1Dthei things beirg
squal.)
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PLANT COSTS

ILLUSTRATING CORRECTED COST PATTERNS
OF MAJOR COMPONENTS

100 T - 2,

| /7/{5;'

N Y )ﬁ/ /

L ﬁIRECTE
$ BATTERY 2} LITiES

10 L: il . /;ERLHW
277

65 SERVIUES

» f‘y:/' o ~DESIG
»

1 10
CAPACITY

Figure 14
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In actual practice thesSe curves are not
necessarily smooth. They may be 'stepped’ along the
way or at the point of economic Bize. TFor example:
in a large single stream plant the point of economic
size is reached at the capacity limit of the major
equipment inveolved. A further increase in capacity
means 2 traing or at least twinning of the major
equipment. This immedi=ztely ¢treates an upward step in
the curve at the point of economic size.

However, one cannct feel secure even with
an economic size plant since there are 2 more points to
consider and these concern the dynamies of change inp a
technological society with an inflationary economy.

Assume that we have a standard curve for a
process in which 100 tons/day is a small) plant and 1,000
tons/day 15 a very large plant at which the slope has
become 45°. See Figure 151

FIGURE 15
EFFECT QF TECHNOLOGICAL BREAKTHROUGH

100 1000 1800
TONS / DAY
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The 1,000 t/d plant is thus at economic size
anc other things being egunal, it should be able t0o compete
with all comers. However, with a rapidly advancing
technology someone soon f£inds a way to make a major
breakthrough either by way of process improvement or
equipment improvement, This immediately enables a larger
plant to be built for the same price, or the same size
plant to be built for less money. The cost pattern for
this process immediately shifts from curve A to curve B
and all plants built alcng curve A move rapidly inte
obsolescence. Ammonia plants are a typical example and
the mpst significant breakthrough which brought this
about was the centrifugal compressor.

The other point concerns the effect of labour
escalation. '

FIGUARE ] &
EFFECT OF ESCALATING LABDR COSTS

TONE } DAY
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In Figure 16, curvs A represents the cost pattern for a complete
range of plants buiit several years ago, in which the slope at a
capacity of 1000 t/d has reached 45 . Since then, the cost of
construction labouer has increased by a factor of about 2-1/2.
Thuz the labour portion of the plant at a capacity of 100 t/d

has increased by 2-1/2 and sinmilarly the labour portion at 1000
t/d4 has increased by 2-1/2. However, the labour content of the
small plant will ke a greater percentage ©f the total cost than
for the large plant. Thus, it cam ke reasconed that a new cost
cuyve B will develop for which tge slope at 1000 t/d is no longer
457 but rather something like 40°. We may have exaggerated
somewhat to illustrate this point - hut nevertheless, [t is walid
to Bay that the rapidly increasing labour rates are causing cths
cost curves to become flatter with tima, thereby [orcing an
economic size nlant into larger and larger capacities.

Tt c2n now be zonoluded that cost patterns for complate plants
G0 not remain static; they become progressively flatter with
time, and the economic sige 15 getting larger and larger.

11

An intimate knowledge of all the ahove issues will enable one 1o
exercise yood Judgement in applying factor estimating techniques
and will contyribure to greater noouracy.
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DI RECT AND INDIRETCT 08 TS

The factors discussed so far, relate to complete plants or te
large components of a plant (i.e. the plant areas}.

Such factors are invaluable for order of magnltude estimating.
However, the time comes when a much higher degree of accuracy is
desired and fer this purpose we progress to more detailed factov
aestimating, The system to be discussed later invelves a broad
range of detalled factors which can be selected with judgement to
suit a wide range of applications. This is where maximum accuracy
comes into play and for this purpose it is very important that you

have a clear understanding of the scope of the factors, This
cannot be understood without knowing the composition of caplital
cCosts. This is especially important because the practice in

building up the companents varies from gne country to ancther and
also from the precise way in which they are built up in this
presentation. Hence to ¢learly understand and apply the factor
system being presented it is essential to know how the costs are
buile-up,

The €first major separetion in gosts for this system is "direct
costs" and "lndirect cost™,

DEFINITIONS

Direct Costs are those ¢ests asspciated with the actual erection
ct assembly of the physical part of the plant, They include all
material which enters into and becomes a physical part of the
plant, along with the labour and supervision {(at base wage rates)
associated with its installation,

Examples:

The cost of all equipnent delivered to the site plus the labour to
install it. Ditto for plping, electrical, instrumentation,
buildinas, etc.

Indirect Costs represent those additional costs which are not
directly associated with or readily traceable to a specific
physical part of the plant itself but which are still essential
to enable the plant to be built, Under this heading are
construction field expenses, contractors' fees, temporary
buildings and services including snew remeval and winter
protection, insurance, security and safety, fire pretection,
travelling expenses, construction eguipment, small tools, etc,

Hote: There is mixed practice in where payroll burdens are
charged. Some companies include them z. part of the
direct labour cost and others treat them as an indirect
cost. In this presentation payroll burdens are part of the
indirect costs.
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Engineering is alsc an indirect cost but is generally assessed as a
separate item by itself,

h study of the direct and indirect costs for a great many plants
provides angther set of useful factors, BSee Table-5.

Direct & Indirect Cost Factors

A. Total Direct Cost 100
B. Indirect Costs 20 to 35% of A
C. Eng*g and Administration 12 to 22% of (A + B)
D. Contingencies 5 to 15% of (A + B + )
TOTAL COST = A+ 8B +C +D
TABLE=-S

By separating the direct labour from the direct material we get
another useful breakdown of the cost of a plant. See Table-6,

Direct Indirect Eng'g Total
L M Admin,
| - ——
Range 12-20) 45-62 12-25 10-20 100
Average 14 54 16 16 100 I*
TABLE=6
Hote: In applying these factors it is important to know the

exact definition of each column, e.g. in this iljustration
the labour component represents the labour cost at "base
wage rates" while payroll burdens are included under the
Pindirect™ column.

Enowledge of this distribution is invaluable in coping with day to
day problems in esgtimating., A breakdown for a gpecific project may
be developed by starting with the typical distribution and then
modifying each number in accordance with the nature of the project
and the ranges indicated for each component.
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If the direct costs are broken down into their various equipment
classes, another set of factors evolve. {iSee Table 7}.

Battery Limit Cost Factors

Direct Costs:

Waighted

Ranga Average
Process equipment f.o.b. site 100 100
Labour to install the process equlipment 5 to 20 12
Buildings - installed 20 to 100 40
Civil Woark - installed 5 to 25 12
Piping - installed 10 to 100 45
1nsulation - installed 5 to 30 14
Electrical - installed 5 to 25 15
instrumentation - installed 10 to 90 30
All remaining items - installed 1 to 5 3
Total direct cost of BSL - Installed 230 to 325 275

TABLE 7

1f these data are coupled with the Indirect cost factors as in
Table 5, the overall total cost of the battery 1limit can be
estimated.,

Frem the above, two concluslons can be reached:

1. I1f the cost of the process egquipment |s known, the cost af 2
complete battery limit project can be built up from factors.

2. Ranges are fairly wide and to get maximum accuracy there mus:
he some way of arriving at more precise factors for the
buildings, civil work, piplng, electrical, etc,

This requires a study of those isswes which affect the specific
factor for each of the above items.
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c oS5 T C oDE

Refinement of detailed factors <calls for good reliable cost
keeping. A good cost code properly applied is the mechanism for
collecting the cost feedback in & consistent manher, in the foarm
desired. For this reacen it is desirable to refer brigfly ta cost
codes.

It is probably =afe ro say that all companies are concerned with
cellecting costs and cost data; not only do they collect cost desta
bu. most of them collect similar coest data and c¢ollect [t for the
same purposes.

In spite of this few companies have identical cost code systems.

The need for standardization was recognized by the AACE at its
founding meeting. The subject has received a great deal of
discussion and there have been attempts to develop a standard
code, Unfortunately there are numerous hurdles to cvercome and
while there has been progress in thinking there is still no
standard cost code which has widespread acceptance,

The modern cost zode must satisfy both the Owner or producing
company as well as  the general contractor, and it must be
adaptable to computers arpd-machine accounting._It-must_provide the
caost feedback necessary for proper cost accounting and cost
coentreol, for researching the cost patterns of the 4 areas
mentiched previously as well as many sub-components and 1t must
also provide the detailed data required by contracters in the
languaae of the contracter,

A standard cost code is not actually a part of this presantation
and is such a large subject that it could be & complete talk in
itself. Consequently, withoot going ints detalils the next tws
padqes provide a summary of the objectives of a modern gonstruction
nest gode and a summary cutline of a code which fulfills these
ohjecbives.

The code serves as an excellent check list of all items that must
be considered in making an estimate. Also note that the first
column of the zode is a2 summary picture of all the main components
of a project incloding the 4 area concept.
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OBJECTIVES OF A MODERN CONSTRUCTION COST CODE

Provide cost feedback for estimating purpoeses in the most
efficient form,

Provide a framework for geood cost acceounting and goosd cast
cantrol. Thus it will facilitate the vcontroel of
engineering, of construction labour, the control of material
and the control of contractis.

Facilitate the payment and refund of Taxes. '

Provide information required for insurance purpocsas,

Provide a basis for compiling the rcapital assets ledger.
Provide the tyne of cost breakdown that will be useful o
Companies in developing both reliable product costing as
well as reliable distriburive costs,

On one hand it must provide the informationm required by the
owner; on the other hand the data is developed and accounted
for by a contracter. Therefore, to guarantee the maximum
agcuracy in cost keeping it must be easy to understand and
apply te a contractor.

Tt must be easily expandable and contractable to provide the

simplest accounting or extrewe details according te the
requirements of each project.

it must have consistency, l.e. the accounts must be well
defined and charges applied in the same way on all prolects,

Yv should be oriented to machine and computer accounting,
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Basic Concept

The ¢pde is assentially an 8 digit code in which the 1st three
digits are used to classify fiwed assets into specific "Functions
and Areas" while the next four digits classify the work content
intc the normal copnstruction elements familiar to contractors.
Tne Bth digit classifies the work into labour, material and
methods of contracting.

Following the above concepf, the first digit of the cocde breaxs
the total cost of a plant into the most significant components
of "Direct" and "Indirect" costs followed by any special items
that don't fit logically into the above. {e.g.: Charges to
Operations and Reserves}.

Functional Codes

The Functional Codes, as discussed above, consist of the lst
three digits of the Code (Columns 1 through 3) as illustrated
helow:

oo Open

104 Battery Limits

200 Storage and Handling
ann Ctilities

400 Services

Total Direct Costs

500 Constructicn Indirects
ann FEnginearing
700 Special Indirect Accounts

Total Indirect Costs

G00 Raserves

Totai Fixed Capital

800 New Money to COperations
{Including Start-Up if Applicablel

Total New Money

HOTE: The above breakdown provides the desired summary sheet
breakdown for all cost estimates and final cost reporcs.
{5ee Section 2.0).
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The second digit (Column No. 2) of this grouping identifies the
Prime Function. Each number within this column is not unigue,
but 1s dependent on the number to its left, This would identify
specific Battery Limits, Storage and Handling facilities, etc.
that would exist at 2 CIL lecation, e.q.

Chloralkali Flant

110 Battery Limit Chlorine

120 Battery Limit Brine

130 Battery Limit - Caustic

330 Utilities Water System

The third digit {(Column No. 3) is used to identify the System
ar Sub-Function. Each number within this column is not unigue
but is dependent on the number to 1ts left. e.g.

Chloralkali Plant

Battery Limits
Chlorine
|r‘——'5u1phuric Acid System

111
Battery Limits
Chlor ine
IIT**“ HC1 System
112

Each element of the first two columns has the possibility of 10
sub-elements baing identified in the column immediately to its
right. On maior projects, a chance exists where 10 numbers may
ke insufficient. In these instances, letters "A" to "2" may be
introdncad.

Construction Element Code

The next four digits (Columns 4 through 7} denote the elements
{e.g9. piping, pumps, vessels, etc.) that are used in the design
and construction of a project. Codes 0000 to 8999 are used for
‘Direct Cost' elements and codes 9000 to 9899 are used for
'indirect Cost' elements, The series 9900 to 9999 are utilized
in the control of Reserves,

The main concept ©f this code is that any number on the left is

the number which has priority over all octher numbers to the
right, as ifollows:
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Chioralkali Flant

Dtilities
Water System - Pump House
I r——-+—*—- Pumps and Drivers
——— Centrifugal Herizontal Cast Iron
BL 2T 1
1 23 45 & columns

Column 7 is used to identify extreme detail, if required, as
indicated below:

€-9:  Chloralkali Piant

gtilities
Water System - Pump House
Pumps and Drivers
[ | r-“-——- Centrifugal Horizontal Cast Iron
R = Unload and Move to Fumphouse
3 ! 21 1 1
1 23 45 & 7 Columnsg

Conkract Code

When construction werk i2 planned, column 8 provides the means
of re-casting the estimate to reflect the way in which the
actual construct ion is carried out. Thus, contracts may be
identified and related to all the preceding codes. Similarly
for eguipment purchases by the cwner, or cost plus labour
gontracts, etc. This column is used as an alpha code and is
illuvetrated by the following:

To be used with both Direct & Indirect Costs:
C = Supply & erect lump sum or unit price centracts,
nDifferent contracts can use another alpha letter ¢r a
numerical subseript to the C.
} = Owner purchased eguipment.
I, = Labour only type of contract.
M = Contractor material on a cost plus ceontract,
Etc.
This code offers great flexibility for adapting to various ways
of cxecuting construction work, can be contracted and simplified

for pnall projects or expanded for large projects. It fulfills
the objectives zs outlined on P. 38.
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S TANDARDITZETD FCRMAT

The c¢ost code provides a framework on which & system of detailed
factors can be built. Taking the main components from the rcost

code we can develop a format for & complete estimate composed of
every significant i1tem that can be factored. See Table 9.°

Collecting costs in a consistent manner in accordance with some
such standardized breakdown will eventually yield a wea]th of data
for factor estimating.

Page 40



TABLE &

CAPITAL CQIST SUMMARY OF ESTIMATED COSTS

Pripmct Tuje kg Baderencr [T Gt Hy Pioy HetW G hol Do |
Caruit, Mo ol | Tuk-sem'Ta TR ETL]
[F*™ Cmer i My R kE L wmrt el Tew T:L_ nr_ﬂ
Ita = OH) Poem | Cim
= b =] W —
1030 | s Tromwder Egum.
T30 | sechunaad
i LIl e, [F O F. Erin!
TOTAL PADCELS EQUIPTYT p—
frocon gl dbsort A5 wray [ ombtart s T
b =10 Buinieny, 1A & St
WA ] B usbeng harveny
A ek !
[ 2= ] T iris
R | el & D
THE | Pupng & buiek Gead I
1500 | My B Srgunn 0
YHD  | deerry 40T D
B0 | Frmimct e Coming
N | Larway B fjuneehrm ‘ —
MO0 | Castywes b Crepmmaty
* Tt ]
Jata Tin ]
vl TOTAL DIRECT COSTS R
COHMIENTL ) * G nrristar 'L L riet Caml Lo
%u * Fuld hillwsrny T S ——
=
3 .
.;5 » Purehumn G ctimn Marnsgeen an e Etan
£
s TOTAL INDRECTE
A| [T ] ﬂ.p..—l e
LA E ] lagnen Brygs b Deade e
E Y Bt Samrimn Dare
E * it F rageropareng T "g';ﬁ"'
-
i s ]
i
j TOTAL ENGINEE RN CaehVibw i G rErTp B Kk e
T PR Asypitan Lowss oy L hnietg
o s’ [ AT
=- L] ToTal BFEDIAL 18D Al TTS LT LT
L | e LT
i [Ty = . ey T TR )
E il 5 et Charapm —r i
'“l-'-lﬁ." ; mt: G rr oy e e — ) s dimeay To S s +
31 L —
TR TOTal NEEEMWEE . 1
AETHaTE THFL ‘rp::uﬂ:mus Cof? GF EMECTED PLANT B T dnges
' LT '
- Il A atremprumn fgar Wil |
¥ l B0 | Comoimm gt - —_ ‘
’ Dna [C w1 | Coat Indes
ANA R TED TOTAL CamTAL CO¥T

{w)

Ena Copp Cocw s, g

Page 41



DETAILED FACTOR ESTIMATING

At this stage we are ready te discuss the development of detailed
factors to yield the "total direct cost" from the basic cost of the
egquipment,

Referring back to the direct ¢ost factors in Table 7, we now
propose to discuss how these ranges can be narrowed down to more
precise factors. -

THEQRY

Basic Theory: Total cost = f($x)
where x 15 a known independent variable.
[
In general terms, 'x' is the total cost of equipment, Thus we
have:

Cost of a Plant = a Factor x Total Egquipment Cost,

OR Cost of a Plant Component = a Factor x Total Eguipment Cost.

Jur method applies this theory and is called the 'Aversge Un:it
Cost' technique. This method highlights 3 variables which have a

si1gnificant effect on the accuracy of factor estimates and provides
a system for takinc them intoc agcount,

Thaese 3 wvariable are:

Size of equrpment
Materials of construction
Operating pressure,

If the size of the eguipment gats larger, the owverall factor
Lecomes smaller.

If the eguipment 135 made from more expensSive materlar sugh as
stainless steel, glass lined vessels, et¢. the factors again become
gmaller.

1f the operating pressures increase, 1t 1s alsgo known that the
overall factur will decrease,

T3 a considerable degree all these items can be taken into account
by one single number, i.e. the 'Average Unit Cost' of the process
eJuipment. '

v 'Average Unit Cost' of the egquipment, is meant

Total Cost of Process Eguipment
No. of Equipment Items
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Figure 17 1llustrates a plot ¥ = f{x) where » 1s the average unit
cost and ¥y 1s the corresponding factor. It will be seen that as
the average unit cost increases, the 'factor' decreases,

FACTOR
IN ®/a OF
EQWP COST

AVERAGE UNIT COST

FIGURE 17
Thus:

1. If the s17e o0f 2 plant 13 increased, the equipment becomes
larger and the average cost per iter increases. Thus cur peotint
on the curve will be farther to the right and the corresponding
factoer will be lewer.

2. Alternatively, if the egquipment has been carbon steel and is
changed to stalnless steel, the average cost of each item will
increase angd again the peint on the curve will be farther to

the right and the factor will be reduced.

3. Similarly, i1f the operating pressure is 1increased from
atmospheric to a high pressure operation, the average cost per
item wlll again 1ncrease and the resulting factor will go down.

It follows, that regardless of what issues are causing variations

in the ‘factors', the principle of basing them on 'Average Unit
Cost' of the eguipment will have a narrowing effect on the

d1fferences,

In practice, the curve becomeS 2 band, as indicated in Figure 18§,

FACTOR

2]

AVERAGE UNH’EﬁST

FIGURE 18
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Thus for any 'Average Unit Cost', the problem is to select the
right position in the width of the band at that point.

In overly simplified terms, it may be stated that point "A"
indicates the factor for a wvery small plant, operating at
atmospheric pressure and with mild steel equipment, while point
"B" represents the facter for a very large high pressure plant
with stainless or other similar equipment.

Based on these principles a large selection of facters have been
developed from a study of a wide range of plants including
ethylene, fertillzers, caustic/chlorine, polyethylene, TNT and
octher miscellaneous chemicals, The factors provide the direct
cost ol the foundations, piping, insulation, electrical,
instrumentatjon, etc, all as a percent of the cost of the process
e¢quipment, (See Table 10}.

Each columnh represents a value for Average Unit Cost of process
eguipment and all factors are given as a range. The precise
celection must be based on knowledge of the project and experience
of the estimater. In practice, a 3-nuomber selection (as in PERT)
has been used, thus picking a high, probable and leow. An
experienced estimator with a detailed appreclation of the sSystem
should be able to salect ranges such that there s little
likelihood of them being exceeded. Further, there ig 1little
probabjlity af all the *lows' or al)! the "highs' occuring at the
same time, Thus in establishing the range of cost the sum of the
lows can be increased, whlle the sum of the highs <can be
decreased, This may be done by the method of least sqguares or it
may be regarded as an interesting problem in probabilities. Gn
average we have found that the sum of the '"lows' can be increased
by 10% to 15% and the sum of the 'highs' can he decreased by 10%
to 15%, In any event the method used in applying the *highs' and
"Iows' will provide an upper and lower flgure for the estimate in
which there will be a high degree of confidence.

If the process equipment estimate is order—of-magnitude, the total
cost will be order-cf-magnitude, However, if a good estimate has
been made for the process equipment and scope of work is fairly
well defined, then this type of estimate is frequencly
satisfactory for the apprepriation of funds.

Hote: One must remember that these factors only preovide the
"direct cost®™ of "battery limit" plants.

For a complete estimate, allowance must still be made for indirect

costs, englneering, etc. and If the estimate {5 for a grass roots
project, the offsites must be estimated.
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TAELE 1D

FACTORS FOR ESTIMATING BATTERY — LIMIT COSTS
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FACTORS FOR ESTIMATING BATTERY-LIMIT COSTS
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Tables 5 & 6 provide data for i1ndirect costs & engineering.

. If a "grass roots" plant estimate is required Table 2 provides a
cset of factors Eor a guick assessment of the Storage and Handling,

Utidities mand Services,

However, these factors may be considered too broad £or the accuracy
desired in the estimate. Further refinement can still be carried
out without resorting to detailed estimating. Thus Table 11
provides a set of factors for the various components that make up
the utilities and Table 12 provides more detailed factors for
building up the cost of Services.
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‘UTILITIES IN PERCENT OF BATTERY LIMIT COST'

{See notes for

definition

of

*‘Orilities™)

Range for Grass

ooty
UTILITIES EUILDINGS 3-140
brech'l and Struct'l 2.7
Mechanical Serv. .5-4,
COMPRESSED AIR S5YSTEM 1-4
ELECTRICAL SYSTEMS 1.5-6
Substation L5=3.5
Distribution L5-3
Cutside Lighting .15-1.5
GAS SYSTEM 0-.6
SEWERS RHND DRAINAGE SYSTEM 1.3-3.5
STEAM SYS5TEM 1.5-11
Generation 1-9
Distribution .53
WATER SYSTEM 1-10
Pumphouse . 1-8
Coal. Towers & Recirc. 5-5
Distribution 15-3
Fire Protectlon L2-1
Water treatment .2=1.5
MISCELLENEOUS L5-1

Grass Roots

B/L Additigns

Low Awvg. High Low AVo. High
Overal]l Averages
for all Utilities 10 20-30 50 3 6-14 30
TABLE 11
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SERVICES IN PERCENT OF (B/L + S & H + U}

{See notes for definition of Services)

Range for
Grass Roots

Main Office 1 « 5
Laboratories 6 - 2.8
Shops & Stores 1 -8
Lunch Rooms 0 - 2.2
Change Houses g - 2.2
Personnel & Gateshouses 0 -1
Roads, Railrcads & Fences 1.3 - 5.5
Service Eguipment : .5 - 4.5
Miscellaneous B o= 2

Grass Roots B/L Additions

Low Avg. High Low  Avg. High
Qverall Averzges
for Total Serv. 5 10-16 20 D 2«6 15
TABLE 12

DEVELOPMENT OF ESTIMATES

Armed with the foregoing data, we can now develop a complete factor
eatimate for a battery limit or a grass roots plant. Tables 13 and
14 provide sample estimating ferms for developing the estimates,

Page 49



P TR e

A F Timir by me

Duvinbam b Ungmrren | Prog, m Sewdy Wa. TITLE DatE
Ny s bl by
CaPaliTY
- EO5T YHpEXNES
L 11 cusaENy FACTOR
OF LOw FRORABLT HIGH
ACTURALCT
AYERAGE UM COST DF W P15
MIYMODLLARY L. ___ I
kP L {Wam plenl lame) Exthasrrad
UL, Mhincwbiparsss wnligind pawrtpmenn)
S
Badil EDIPRENT (it P14 W UWE.} loo

TE pxlothiog mulas suuer wid gainiprt}

Fluld arepiipm al Baria

¥ qulpinant

Eavipisnd Foomdatimies §

Struturdl Lopparis

NG

IS AT HON

E quipmmay
Fupng

ELECTRICAL

IS TEUMERNT A T{DK

WULCELLAMEDLS

BUILEIHCS

Argimrmtiora] b Stramtoral

BUNLDING 3ERyICEL:

FEMARYE

(bn %ol Rarrtl & Trewrd |

Compranund gu

Elaxmicel lyghting

S bk lwrn
vl gy
Fpaiing

Vanl, kb A Candiiipming

TOTAL MERVICED

AN TOTAL-Far TORED ITEMY

ADHANTHERT S

LOwS » HIGHS -

TOThL FACTORED VTEws ADJIATED

DIMECT COIT QF BAL

{Ewtlnling 1esey wnd cotulrai]

Page B




ESTIMATE SUMMARY
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Procedure

1. Estimate cost of the process equipment. (This is not within
’ the scope of this paper]).

2. Estimate cost of B/L from the process equipment, (Table 10}
i, Eetimate § & H by factors from the B/L cost. {Table 3)

4. Estimate Utilities as a function of B/L. (Table 3 & 11)

F. Estimate Services as a functicn of (B/L + S & H + U},

(Tables 1 & 12}

Note: It should be noted that the above procedure applies to grass
roots plants or to battery limit additions, although the
factors can be applied to less than a battery limit projact
their reliability diminishes greatly.

Estimating The Battery Limit (Tahle 13)

Starting with the B/L, it is necegsary to break it down into its
major components s0 that all items are included and the summation
adds up to the total cost of the entire B/L. Strict definition and
understanding of process equipment 15 particularly important since
this 15 the base for all the factors.

The process eguipment is called "Basic Equipment™ and it is defined
as the cost pf ALL process eguipment, delivered to the site., It
does not include foundations or structural supperts, insulatian,
painting or erection.

For practical purposes:
Baslc Eguipment = Main Plant Items + Miscellaneous Unlisted
Eguipment.

Where: Main Plant Jtems (M.P.I.) represent all the usual major
items of eguipment that would be indicated on a flow sheet down to
and including pumps.

Miscellaneous Unlisted Equipment (M.U.E.} represents the minor
miscellanous eguipment that turns up on all projlects, but rarely
gyains a position on the flow sheet or on the early eguipment lists.

The cost of these two together, delivered to the site, represents
- the "Basic Eguipment" cost which will be the basis of the Factor
Estimating System.

Since the complete factor estimate depends on the cost of the

"Basic Eguipment®™, it is most important that this cost be estimated
as accurately as possible.
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The "average unit cost® is based on the M.P.1.'s only, and does not
include the M.U.E., i.e the total number of M,P.I.'s are c¢ounted
and divided into the total delivered cost of the M.P.I.'s.

It is the Basic Equipment, however, which represents *“100" when
applying the factors.

To compensate for inflationary effects, the "Average Unit Cost" of
the M.F.I.'s should be in constant 1978 dollars.

The factors are selected from the data in Table 10 and the estimate
can be completed easily by following the format of Table 13. The
following trouyble spots, however, are worthy of mention:

S5ales taxes are treated as & separate item later on in the estimate
and should not be included in the cost of the "Basic Equipnent™,
Similarly, for catalyst. Based on the specific knowledge of the
project, an accuracy evaluation is placed on the Basic Eguipment.
Suvbsequently, when factoring the various components, the low factor
is applied against the low Basic Eguipment cost, and the high
factor is applied against the high Basig Eguipment cost.

Reference to Table 10 shows that buildings c¢an constitute the
largest single component of cost next to the process eguipment, and
it 18 alsao known that its correlation with Basic Eguipment is not
too reliable,

If such a significant item of cost could be assessed with greater
accuracy than that attainable with factors, it would make a
considerable improvement in the accuracy of the overall estimate.
With the fast techniques now available for estimating building
costs it is only necessary to have the main building dimensions and
general specifications in order to refine this portion of a factor
estimate.

Piping is also a significant cost item, but unfortunately, unless a
very substantjial amount of piping design is available, there are no
quick methods for estimating its cost that will provide any greater
accuracy than the facteor method. .

One warning is necessary on instrumentation because it is not a
true variant of process eguipment cost., For exanple, the cost of
instrumentation on a £ully instrumented distillation Ssystem 1is
approx. the 3ame whether the towers are 18 inches in diameter or 5
feet in diameter.. The factors provided more or less cope with this
gitvation but it ig well to remember that the cost of
- instrumentation on a fully instrumented sophisticated plant of
gmall capacity could conceivably exceed 100% of the process
equipment cost.

Building Services are estimated as a function of the Architectural
and Structural cost of the buildings. Once established, these can
then be converted to a factor of the Basic Eguipment sc¢ that all

factors placed in the 'Pactor' column refer tgo Basic Egquipment.
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When the total of all the factored items 15 determiped, the range
is extremely wide since the extreme factors have been appliej
against the extremes of the Basic Eguipment. 5Since all the 'lows!'
-0r all the 'bighs' will not occur at the same time, an adjustmen:t
may be made by adding 10 to 15% to the lows and deducting 10 to 15%
from the highs. (5ee previous comments).

Estimating The Auxiliaries [Table 13}

Table 14 provides the estimate for the outside battery limit
facilities. Referring to tables 3, 11 and 12 suitable factors are

selected for Storage #nd Handlings, Utilities and Services.

Use of high or low factors again poses a problem inasmuch a5 all
the lows will not occur at the same time nor all the highs at the
gsame time. In this case, because the B/L estimate is significantly
larger than the auxiliaries and is, generally more accurate, tne 3
factors for each auxiliary are applied zgainst the 'Probable' cost
of the B/L. The wvalues 50 obtained are then added without any
other adjustment.

This total provides the total cost of the B/L + Auxiliaries before
taxes and indirects.

Sales Taxes

Gales taxes are calculated individually for the B/L & Auxiliarijes
and will vary from country to country.

Estimating The Indirects

1. NHormal Indirects {construction field, O.H. & Profit): Can he
estimated using one ©or both of the following rule-of-thumbs,
one pased on total direct cost and the ¢ther based on
construction labour,

{a) = 20 to 35% of total direct cost (excluding catalyst)
{See Table 5}.

{b) = 30 to 150% Dﬁ total direct labaour.

Note: 1f (b) is used, the total direct labour is estimated first
as a per cent of the total direct cost from the ranges
given in Table &.

2. Catalyst: This i3 treated separately and includes the cost of
installation and any other costs associated with catalyst.

i, I1f applicable, add in cost of land, royalties, licences, and
patents,
tlates

None of these items should enter into any of the factering
processes, )
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4. Engineering & Administration can be assessed from the ranges
in Table 6.

Contingencies

Cantingenciés may be in the range of 10% to 20% and 10% is a
common allowance.

However, it is preferable to assess contingencies In the light of
"high' or 'low' estimates. For example, it can be said with 2
fair degree of confidence that the 'High" figure has already
provided for all the contingencies. That is why it is high. ©On
the contrary, the 'Low' figure has no allowance for contingencies
and all the lows are not likely to occur on one project. Hence
there is ample good reason to provide a contingency. Thus, when
determining how nuch money should be apprepriated, there seams to
he a valid reason to assess it in the range of the (*Low' + 10% to
the ‘High').

Ecscalation

The factors provide an estimate in current dellars corresponding
to the time frame of the basie eguipment cests.

& final addition to the estimate is an allowasnce for escalation
based on the proposed schedule for the preoject and the forecast
inflation rates in the countries involwved.

ACCURACIES

One of the problems i~ assessing the accuracy of rthe foregoing
system has been the lack of the precise project definition at the
time of the estimate and subsequently ldentifying what was a
change in scope.

Nevertheless a breoad scope definition (s generally available with
someé portions very precise. In the light of ocur experience wa
believe that Table 15 reflects the type of accuracies that may be
expected and Table 16 records the actual performance on 2 number
of projects.
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TABLE I5

ACCURACY CONSIDERATIONS

> S accuracy on [ACCURACY wiTH
a_u c: U’::Mi: ON 1 CONTINGENCY
gzg STIMATE | 5| owaNCE

o % B/ |GRASS | B7/L |GHASS
= PLANT [ ROOTS |PLANT {ROOTS
+ 0% |t t5% | t19% |11 | 14%
+ 5% |+ 10% | +15% |+ 6% |+ 0%

TABLE 16

PERFORMANCE ON FACTOR ESTIMATES

ESTIMATED

CONVEN -

ECT| COST OF FACTOR TIONAL ACTUAL REMARKS
rPRDJ ESTIMATE cosT
EQUIPMENT ESTIMATE .

A b 339750018 e xro 0008 & 476,500, § 8,014,000

B 49,000 2635000 280,000 —_— BUILT WITH SCOPE CHANGED
C 12z60010 ° E8TROO 354 000 — BUILT wITH SCOPE CHAMGED
D 202780 A5E800 A3 T20 e |B’I..IILT WITH SCOPE CHANGED
3 | B0 000 0 - 400000 4 592 000, 4229 479

¥ 893,040 1,894, 1,116,000 — NOT BUILT

G 474 00O a5 000 5322300 — HOT BUILT

N 6624, &,708,000} 6,421,500

i Z57,000] 4070 420000 - NOT BUILT

TO 497
J 1,069,000! 496 4,310,000 | 4,613,100
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REFINEMENTS

Certain vulnerabhle and significant parts of a factor estimate can be
improved through refinement without resorting to burdenscme
detailed estimating, as illustrated by the following examples:

Buildings

The factor approach to buildings can be replaced by lerge com-
ponent technigues such as sgquare foot costs. Thus data like
Table 17 can be developed to apply to buildings ¢f varicus
types, qgqualities ang sizes.

A further refinement of greater accuracy for buildings involves
a high speed "sguare foot of construction™ (SFC} technigue as
illustrated by Tables 18 and 19.

In this method, square feet ¢f construction refers to surface
area of construction i.e. square feet of foundation wall from
bottom of footing to top of concrete,

square feet of walls,

square feet of floors,

sgquare feet of roof,

atc,

Structural steel is estimuted by the ton, which in tuyrn is
assessed quickly on the basis of lbs. per cubic foot of building
for varigus types of buildings.

The costs given in Table 18 provide a range of SFC costs for
Canadian conditions, and Tabkle 1% provides a guick means of
agsessing the ceorresponding indirect costs with improved agcuracy,
taking into account the type of contract which applies.

Note that the unit SFC costs provided in Table 18 include payrell
burdens and that the Indirect Costs given in Table 19 are based
on this fact.

"Building Services" are assessed using the percentages given in
Table 10 page 4¢.

Thus the total cost of a building is built up as follows:
Direct Cost - ag per Table 17 or 18.
Building Services - as per Table 10, Page 46

Indirect Cost

Profit - as per Table 19

Total {ost - Sum of Ahove
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Inter Battery Piping

On large grass roots plants consisting of several distinect battery
limit operations, the factors ip Table 10 don't provide for the
substantial amount of piping on pipe racks which is necessary to
connect u4p the wvarious battery limit plants. Such piping which
may be called "inter battery piping™ can normally be quantified in
lineal feet at an early stage of a project and gpecific estimates
made to add on to the factored estimate.

Indirect Costs

Indirect costs are a very significant item of cost, especially on
large general contracts, Where the ranges given in Table 5 are of
insufficient accuracy, then Table 20 may be used and, in this
case, the various components are determined as a percent of the
total direct field labour cost (excludes shop fabrication labour).
Ranges given are for Canadian cenditions and are differant For
different countries. Where suggested ranges are omitted, they
must be assessed on their individual merits.
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DIRECT COST OF
PROCESS BUILDINGS EXCLUDING SERVICES

IN $ PER SQUARE FOOT OF FLOOR (1979)

65 adwg

SMALL BLD'G.
5000 S.F.

LARGE BLD'G,
25000 S.F.

1 STOREY PROCESS
ABOUT 16' HICH
LOW RANGE = WAREHOUSE

-5TD. BUILDING

15.00 TO 30.00

12.00 TO 25.00

HIGH QUALITY

30.00 TO 55.00

20.00 TO L0.00

SEVERAL STOREY
PROCESS

STD. BUILDING

20.00 TO %0.G0

15,00 TO 30.00

HIGH QUALITY

Ho.00 TO 60.00

25,00 TO 45,00

Table 17
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©  CONTRACTORS INDIREL.  ON CIVIL TYPE PROJECTS
INOTE: FRINGE BEMEFITS ARE INCLUDED IN DIRECT COST!

9 a3eg
FERCENT OF DINECT COST

OVERHEADS
- i —— e — =Ry
Sl
\h‘*--...,. J COST PLUS, SELLERS MAAKET
I
"\..___-‘
S —
. I . NOAMAL COST PLUS
= ] il NEEEE 1
N?nmm_ COMPETITIVE LUMP SUM
| :
I — HIGHL Y COMPETITIVE LUMP SUM
PHOFIT
H
h-""!-u -.---"-—-h_
W o | | - =4 COSY PLUS SELLERS MARKET
b——y T —— l | 4 I I t I I
— ) e INORMAL COST PLUS
iy i =t A | 1] T
l l NEDI?H;A:._ IEEIMPETIT!IVE LL:IMP s;JM
i 1171 HIGHLY COMPETITIVE LUMP SUM
CONTINGENCIES
e
? T —— :
] t + -

30

4 oo HH

T S AR

IATAL CHFRECT COST OF PROJECT IN § (o 'O00) INCL, FRINGLS

A 00
LlsR r]
20 950
3G 00
40 000

Table 1%
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ESTIMATING ENGINEERING COSTS

NOTE: The following system 15 predicated on the basis of a
. single englneering dept. executing the entire engineering
design function in house., However, provisicn is made {or
a2 situation where some Qutside engineering may be purchased.
in general, engineering estimates are developed in three stages:
1. &4t early study stage i.e. for Class E or D estimate

2. At Preliminary Estimate and i.e, for Class ¢ & B aestimates
Sppropriation Reguest stage

3., At definitive stage i.e. when a class B estimate is
made for control purposes

Pach stage involves a different estimating technigue.

Method 1. Early Study Stage

At this stage, the cost of engineering is estimated as a percent
of total project cost and relies a great deal on past experience,
Rasic reference 1s Appendix "A". The dotted lines indicate the
range ¢f the swings which take place, and experience will indicate
if one should select a value different from the average line.

Method 2, At Preliminary £stimate Stage and Frequently the
Appropriation Reguest Stage

This method develops the engineering cost from the manhours which
in turn are developad from the estimate which has been made,

The manhotrs are relacted te the total delivered cost of all con-
struction material reguired for the project. Because material

cost is constantly changing due to inflation, the cost of the
project material must be brought to constant dollars, and for this
evpluation, all material costs have been eguated to 4th Quarter
1078 deliars.

Tu develop the engineering rost from this point, a clear under-
standing of the composition of engineering ¢osts {as reguired for
this application} is essential. Thus aAppendix "B" illustrates
the composition or building blocks which are used. Referrirg to
Appendix "B“.

D + D represents the total Design and Draughting manhours reguired
to engineer the praoject. It includes all engineering manhours
regqiired to develop the design up to and thncluding the project
angineer, and all draughting manhours and its supervision to
provide the drawings.
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The total © + D manhours represent the "Base” on which the
entire engineering estimate is developed.

Other components of Enygineering are:

froiaect Management

This represents the time input from any Supervising Engineers
plus that ¢f a Project Manager.

Support

Consists of all manhours required hy the following groups:

LY

Cast Estimating

Accounting

Contracts and conskruction supervision

Project control i.e. P & 5, cost control, expediting
Inspaection

Drafting support and drawing records

Liaison

Only applies when an outside engineering firm is used. In this
event, it represents the "additional" manhours which become
necessary to direct the putside work, maintain good communications
and monitor the progress. This is intended to cover only those
manhours which would be additional to a complete "in house” type
of engineering jch.

EXEEHSEE

This ltem is assessed in dollars and provides for travelling
exrenses and other miscellanecus expense items associated with
all engineering work.

Profit re Qutside Engineering

For purposes of thig estimate, we are assuming that all engineer-
ing whether done in-house or by an outside firm, or part of both,
will regquire the same number of manhours and at the same unit
CcoOsSts.

Thus there would be an additional cost to provide profit to the
outside firm.

However, if the outside firm were known and exact charge out

rates were Known and used in the estimate, then this item would
not apply.
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With this understanding of the various components of engineering,
the total engineering cost may be built up as follows:

Frocedure

A manhour graph vs material cost in 4th Quarter 1978 dollars,
provides the BASE D + D manhours. (See hppendix "D").

The Base manhours are corrected by a Project Evalwuation Factor as
described In Appendix "EY which provides an "Adjusted Base"™.

Note: The Project Evaluation Factor provides a unigue way of
allowing for wvery impertant wvarlables which have a
significant effect on engineering costs.

All remaining components are developed from the “Adjusted Base".
The step by step procedure is as follows:

1. Use Appendix "C" for reference,

2, Determine the total delivered cost of all material reguired
for the project and then convert it to 4th Quarter 1978
dellars,

3. From graph in Appendix "D", select Base D + D manhocurs.

4. Develop Project Evaluation Factor as per Appendix "g",
5, Adjusted Base = Project Evaluation Factor x base manhours.

6. Split the adjusted base (l.e., total D + D manhours) into
Engineers and Draftsmen using the graph in Appendixes "F" and
"G,

Note: The tatal D + D graph in Appendix *"D" is more reliable
than the individual engineers and draftsmen graphs.

T, Calculate manhours for Project Management, Support and
Lialscn by percentages as indicated in Appendix "C".

Hote: That the overall average for support is 23% of the
adjusted base. This could be somewhat higher if a
large amount of foreign inspection is wvisualized.

8. Extend manhours by applicable unit rates. Rates used should
ke "all in" rates to embrace salarles, burdens, and all
overheads such as rent, 1lighting, heating, etc.

9. Calculate travel, miscellaneous, and profit using percentages
as in Appendix "Cv.
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10. The averall total provides the estimated total cost of
enginearing.

Method 3. At Definitive Stage

At this stage, all scope is well defined and a complete detailed
count of drawings roguired will be available,

As a result, a detailed estimate of all engineering, Eraughting.
technician and clerical manhours is reguired and Appendix "H" is
to be used for this purpose with extensions at current "all-in”

unit rates.

At this stage, a specific estimate might be made for expenses
or in 1ts absence the percentages given for the "Preliminary
Estimate Stage" may be used.

Further, specific arrangements would be known regarding purchased
engineering and thus a specific estimate or quote would be
expected at this stage.

Mote: This form also makes provision for Purchasing Department
costs and Field Supervision and Support which are not
normally regarded as an Engineering Pepartment cost.

A general guide for the overall total of draughting manhours
15:
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5.0, Manhours per s.F.

per -
dwg. Low Averadge High

Full Size 6 11 14 15
1S0's 2 3.5 1.5 5.5

Unit manhours for each discipline variles considerably from the
overall average. However, the above guide provides fairly
reliable overall averages.

This table could be used in conjunction with Method 2 to get a
better estimate than would otherwise be obtained.

Appendix “H" is both an "Estimate Form" as well as a "Recapit-
ulation Form" to record all essential data re engineering on
completion of the project. When completely filled in with the
various percentages and ratios, it provides valuable feedback
on performance and for future estimating.
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APPEKDIX B

ENGINEERWG CoS1s.

WIANHOURS

DESIGH
(Engineers)

DRAVLTSMEN

Prod- MGT.

SUPPORT

LIAISON WiTH
Ofs Eng.

TRAVEL

—

MisCEL

PaofiT{ExPERYE

PrRopT
re O/% ENG.
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APPERDIX

PROJECT EVALURTION FACTORS

Select suitable fartors within the limits given.

STUDY AMND DEVELOPMERNT FTACTOR

Expectation of extencive study and developmenti WOIK,
many preliminary designs, etc. pricr tgo final desigr,
plus expectaticn of even further changes after the
so-called final design., Charging a large amount of
work tc a project which is normally charced «o a
study.

hverage amcunt of study and developmant work
Minimum amount of study and development work.
Proces: ergineerinc siudles Zone by others thereby

enabling the Enaineering Department to commence
firal desicn with a mirnimum of preliminary work.
Good scope and no changes,

EXPERTENCE AND REPLTITION PRCTQR

First project of this nature to be designed by
Encineering pepartment. )
Ercineering Deparument personnel not familiar with it
typected start-up difficulties.

Similar to previgus designs and well within the
experience and capabilities of Encineering Departrent
persannel.

Mawimum galin from rast exzsrience and by duplicating
¥ =

previouvs designs and taking advantage of exlisting
Srawings.

COMPLEXITY TALTOR

Very Complex
Average

very Simple
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Page 2 of 2
APPENDIX “E" cont'd

Proiect Evaluation Pactors
Continued

CLIENT INPUT FACTOR RANGE

Considerable interference and changes by Client.
Client s8low in making decisions and changing
mind fregquently. +30

Hormal {
Client knows what it wants. Scope 15 well defined
and no expectation of changes,

Rapid decisions. High degree of Client
co-operation. 10

SPECIAL CIRCUMSTANCES FACTOR

In addition to the above factors, this provides for
abnormal or unusial circemstances which are known
and do not fit into the ahove classifications and
for which an allowance should be made.

This ia strictly an arbitrary judgement factor.
It should neot be used if the ¢ircumstances clearly

belocny to one of the foregoing classifications. +25
Project Evaluation Factor « lDG+~i indivi?gﬁl evaluations

Page 72



AFFENDIXK F

7
oD
=1=1

qt. INDEX = 200

A T

MRNHOURS

1200

B

:‘J':;‘.i.]rt A

EHGIHEERING,

==
=
e |

==
k-

P

JEPE |

1 ofF

Lo

DRRAUGHTING

Yoo

LA T =
o I I -t x-f-

afp -]

R
4__r_.u_._-..w T

k-t —] = 4

III'-‘-:-:'-

iz

=1l

SRR Rt

4543

) .
. g .
H Vl ) ar 1
a 4 . + —
B i - 1 . h
q L . E H LA ' A .
- - RERE ...._....__ 1 o ;
e 3 | E ___ d 4]
- 1 gk i l ¢
. -d... . L Y LS L o
reRr w4 L) iy B T TR ] - ™~ Rl - g L] ™ LI Rl I L]

SHOoHYI. BHILHYnYaQ 1sua

in Thousands of Deotlars.
Page 74

WATERIAL COST A™QUARTER, 1878 Mach LE



AFPRNDIX G

CosT CF ENGWNEERIMG

HOURS

EMGINEERING  MAN

1=

T

SE

——
1
A

_
{5 i
. ;.._ i _ 3
A —hHE
tr [T R Y i
i h

e it &

——]
=1 ad. g

b
L1

¥
{ ta 5] . .

L

T Tkn-

e
——
woa o1 f
e
N

.'I:["._}
P
—_—

TT4==

===

—

L=
1

p

-—

&

l

[
PR

: -.'.‘_!..'.E_e..-—'.

o

I
I
H
1
f
h

w | m*,_.____

IR

=11 I
=
P

- A w oy om

SHEOOUNYIN  DNrsIINIONG Agyg

rha=1m
‘1o

{
3=
-1 30

200

MATERIRL CosT 4* QUARTER 1278 MALH & EQT. MDEX

N THOUSRHDS of TOLLARS

Fage 75



RDPISE O AW BULE

ENCr EERI G ESTIMATE Ot AECAMTULATION

ATl
Barlk

Ty B
BERA

Tuan
oviw

FTARY
COMETAUC oW

rapa) ik

|':qu|;u-l'

Loy D

FRIELT

gy

Wik
FAOR LT g

watd @f

| whFrera 1

T

AR T

i vy nl aan]

Ll L

TR

md T
e [

rim

aeany
s | BT

T

—_—

e mlaberg I—

-l oal

ay | e at
—

Thyyny
L] [ 1]

ATrd L

u:;:lll“‘

FEErE jeind Do 0 ¥ea]

0N CT et Gl AL N T J Loy e
b e

10 | CeannCay il FaCa |kl

13 | e et i T

13 | O rra i ol o M

|

3 | Ak miaLy OF Dk ] it | o
30§ e e 1 et e o

Fia i, v s,
-

}

POnel & MEREL sl b R

[T

STsnh b ohiCLALETY o o ded T Eﬂﬂ‘j

JF P [P I i i P

LT, OGN & PRGE L T
NG, DERGA & Ao e

Errm apapn fQein B8, guyEem

I nau recT s

"
Erm

Lt

el N

-

ok el e TErel A Tram

AT WD, L

i | NLACK Amiar

| TR TATEE 4 O

e T

CORT 41T T

S0 T,

T s 1t e T p el gy B

FROELT SOmTE SCnEAl, ST AR

e L]

rlalzjzlsls

Dl i Savmh gl COdminl AT

BT al, sl

— ) —

Hielal Ok Rl u dyenl

ERCHARL D EhG il Al B

HM AL iaOiiel i Aaaay

Ll ekl O P a1

| LD el Y Ralin & prepa T

RECAMTULAT KN

B, Toial wwiii. CORI &

SOAMLEF D ShiCly & IO, bDES

—

L ] Hll'-‘_
[

Tl &

.

(=0 ] TEATIL

LN et .

T

TENAL AT O [; -

§IWCAG (8 b wat

T

|

TEN AL HAS el T [y

—— Y

WAL CCAY o F Ml b b W

A O RPN gy e

[ . wi
o ] g o)

S g ERamy

T

=al

=

L L L T T T o T TT - gV

NAT K

TOTay OhEHCa TG sl
g TR
10Ty, AT
TOTe " B T il

Tolap FORT ueRE

Fain, Gl bl o i)

v B XTINZELLY




CONTINGENCIES

There are many opinions on what a contingency is and what it
includes. Table 21 is a clear graphical depiction of con-
tingencies with explanations. HNote that it does not include
Major Changes in Scope.

Major Changes in Scope are a common and Significant contributor
to project overruns and are not intended to be provided for
under the standard meaning of contingencies.
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ESCALATION

In recent years, inflation rates have become 30 great that
separate allowances must be made for the escalation of costs
during thoe project lite.

The general practice is to develop the estimate in current
dollars on the basis that the entire project could he purchased
and erected at 1 point in time. This provides a "Base Cost".
An escalation allowance :is then added to recogrnize the forecast
project schedule and forecast inflation rates.

Three technigues are used, each one becoming more detailed and
mere accurate.

Method 1

Establish the center of gravity of spending for the entire
project i.e. the point in time when 50% of the entire project
cost ie spent. The total escalation is then calculated against
the total project cost and based on the expected inflation over
the period. Forecast projections of & suitable cost index is
used for this purpose.

Figure 15 ililustrates an overall project cash flow graph showing
the escalation period to be 1 year.

Method 2

An improvement tn accuracy is accomplished by breaking a project
inte major components and applying Method 1 to each component.
Thus, the cost cf a project could be broken down into engineering,
procurement of mater:ial, and construction and separate escalation
pariods and rates would be assessed for each component. This

is illustrated by the cash flow curves in Figure 20,

Method 3

Table 22 provides a format and procedure for caleculating
escalation in considerable detail, including separate assess-
nents of equipment imported from various countries and also
incorporating anh assessment of the effect of changing rates of
exchange.

Page 7%
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COS5T COHTROIL

Thiz paper concerns cost control as it applies to the capital
cost of process plants and similar projects.

DEFINTTTION

Cost Contrel may be defined as the execution of a project so as
to minimize the cust which is generally measured against a budget.

Any project must be defined by scope and quality. Hence, Cost
Control may be defined as the optimization of gquality and cost
"in executing & plan.

More broadly speaking, it may be defined as the most efficient use
of monev, men, materials and time to attain an overall objective
at the most advantageous cost. Thus, cost control reaches cut

{or beyond a specific budget and embraces every facet of the
engineering procurerent and construction function,

BEROAD PRINCIPLES
Consider the purchase of an automebile.

Some people always buy top guality and are convinced rthat it pays
off. Others buy on price and are egually convinced that it pays
aff. One person buys a Rolls Royee to get the very best in
guality. Another person may buy a standard, relatively low price
automobile on the basis tha*t it will perform reasonably well, and
will take him whare he wants to go and bring him back agaln with
fuw breakdowns. A third person may buy & standard type car, but
ipsists on loading it up with chrome, push butteons, radio, power
stecring, etc.

If w2 relate this to a plant project, we find there are engineers
who promote a good sound and reliable design that has many built-
in extras which provide for future modifications far into the
future; another wants the plant buildings to be all dressed up

to create a special public image; another may want to provide a
stripped down plant to keep first costs to a minimum and let some-
one else worry about subsequent costs; and ultimately the persen
charged with rhe responsikbility of operating the plant after it

is built, will strive to obtain every conceivable item that could
reduce his operating costs and minimize his operating problems.

Each person may ba sincere in what he is promoting, but it is
obrrious that there must be a uniform consistent policy, so that
all persons invoived understand it and apply it. Thus, cost
contrel starts with a "Managemsnt Directive”. Such a directive
will outline the pelicy to follow as regards:

gquality

design philosophy
basic objectives

responsibilities



Operating within this pelicy., a cost control system must oparate
and be effective.

In its broad concepts, cost control in any organization is arn
integral part of a management system. It cannot be readily
cseparated from other management functions. Management must belleve
in it and want it.

Management must bear rcesporsibility for it.

Management must be acrountable for it.

Essertials of Good Control

Looking at the broad pictures, what then are the essentials of good
coat control?

Tha following reguirements are all significant:

i. Good management leadership;: hence, good meorale.
?2. Good capable and experienced personnel.
3. Goed organization.
4. Cnod approval system.
., Good procedures,
£. Good scope definition.
7. Good planning and scheduling.
B, Good estimating.
9., Good cost contrnl system.
1. Cood reporting.
11, Good communications.
1. Good Management Leadership
Cost control starts at the top.
Management must want it.
Mandgement must demonstrate that it wants it,
Aanagement must arganize for it.
Managemnent mmst understand the system set-up for it.
Management must manage S0 as o make the system work.
Management must give credit angd develop pride when such is
justified.
Management must instill in its personnel a positive approach
to cost control and foster a climate of cost consciousness
and awareness of the cost impact of every significant decision.
Unless Management is prepared to lead in the above manner,
it should not expect its subordinates to perform with top
Ffiiﬂiency.
2. Good Capable & Experienced Perscnnel

It's an old adage: If you want a good job, use good exper-
ienced personnel. Don't send a boy on a man’s errand. There
is no substitute for good personnel, A cost control system

2



2.

Good Capable & Lxperienced Personnel (cont'd)

will provide support and assistance t0 eénahle good personnel
to perform well - but a good system cannot make up for the
shortcomings of inexperienced or incompetent personnel,

Good Orgyanization

Good personnel cannot perform at peak efficiency if they are
operating in a poor organization.

Management mast set up an organization geared to the reguire-
ments of the project with responsikilities ¢learly defined

50 that each person understands where he fits into the
organization and what his responsibilities are.

cood Approval System

A firm hand is required on expenditures at all times. Hence,
an approval system.

For good ceontreol no one person should have free ligence to
spend unlimited funds. All p=rscons in responsible positions
should be given limits in spending or scope for which they
alone are acecountable, Beyond the limit or scope, sone other
rerson of higher rank must give his approval before the funds
:an be committed. ‘Thus., the greater the sum cf monay
involved, the higher the approval body. This process must

e practiced right up to the Project Manager. The Projact
Manager in turn is held accountable for the entire project
within a precise scope and a precise cost. If any departure
frecm the limits are anticipated, then he in turn should
recquire the approval of a higher authority before the change
or eXpenditure can be macdao.

A good aponroval system would also incorporate specific cost
reviews at certain periods in the project life. These
would occur in addition to the reqular reporting procedures.

Ecad Pracqﬂures

Hot only are procedures required to spell out the require-
nents and operation of the cost control system, but similar
procedures are required to embrace all facets of design,
project operation, responsibilities, documentation etc. A
proiect team must work together to attain common goals and
proceduraes are essential for unifying this purpose,. Proce-
dures should bLe clearly written, complete with examples and
sample forms. Such procedures provide excellent check lists
and reference lists.



Goeod Scope Definitian

One of the ygreatest contributors to overruns is changes in
scope.  The first requirement for any project is to define the
scope in as much detail as possible and most certainly at the
time that an appropriation type estimate is submitted for
sanction, a very detailed scope definition is essential. Only
too often are cstimates submitted for sanction of funds when
the scope has not been adegquately detailed or adeguately
investigated., Whenever this occurs, it is a red warning flag
- aeven before the project has scarcely begun.

Good Pianning & Scheduling

Planning starts at the early estimate stage and intensifies
as the project progresses. Management should recognize that
planning and scheduling is a very important function opn any
preject, and provide proper and adeguate planning and scheduling
staff to suit the project in guestion.

Failure to maintain schedules is another large contributor to
overruns. Hence, schedules must be well planned, realistic,
and maintained.

Good Estimating

A cust estimate should reflect within a reasonable degrec of
accuracy exactly what the project or item in question gught
to gost, If the estimate is too high, it fails to provide
proper target guidelines and, in all faithfulness to Parkinscn's
Law - all costs rise to meet the amount of money available.
If the estimate is too low - sooner or later the persons
involved will realipe that it is unrealistic, become discounr-
aged and lose their enthusiasm te equal the challenge.

Estimates are a major part of the control system and must,
therefore, be realistic in terms of attainability with good
productivity, When an estimate is used for cost control, neot
only should the bottom number be realistic, but all individual
items of anvy significance should also be realistic,

Good Cost Control System

The cost control system embraces the procedures, documenta-
tion, responsibilities, activities, etc. reguired to enable
the Project' Manager to answer the guestions:
where he's been
where he's at
where he's going
what action he needs to take.

In recent y=ars, the execution of this funhction has becomo a
specialized discipline under the title of "Cost Control
Enginear®. On large projects, the title may be Project Control
Manager or Project Services Manager, etc. Regardless of title,

4



g. Good Cost Control System {cont'd)

the function has become so important that the person responsible
for it is aften regarded as the Project Manager's right arm.

1. Good Reporting

Te be on top of any project, those responsible must have
reliable informaticn on the status of the project ar all times,
Reports must be timely, they must be reliable and they must
reflect the type of information that is required. All reporec-
irg is an integral part of the cost control system.

1l. Good Communications

The best report system in the world will have little value
if the persons involved are not aware of the information in
them. The general procedures should spell out the desired
distribution of a2ll reports and documents which should be
distributed promptly. Similarly, for attendance at meetings.

To maintain gcod morale and team effectiveness, there must be
good communcations. The left hand must know what the right
hand is deing.

If we consider all the foregoing items, it becomes apparent that
cost control in its broader sense, embraces nearly every facet of
the engineering function.

It doesn't matter whether we are talking about contractors, or
engineering companies or owners, the same principles apply and they
are all essential far good control.

At this point, let us discuss in more detail the “"Specific Prin-
ciples” «f the Cost Control System.

08T (ONTROL CYCLE

arszuming a company has all the prerequisites for good cost control ¢
eszablished gquality and philosophy, good management, good
persornel , good organization, ete. what then is necessary to have

el fective c¢ost control?

Figure 1 depicts the ¢ost control system,

|-
Fle © ye Appraoval t——e——
ﬁealis"."'.c o Trendin Analysis
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In very simple form, it is a 4 stage system with an approval system
superimposed on it. There needs to he a realistic target to shoot
at. There needs to be a way ¢f measuring the progress, i.e.
monitoring.

Basad on the feedback trom the monitoring process, a trend can be
established and from this trend a forecast of the final picture.

The forecast will indicate if a potential overrun exists and, if so,
it must be analysed to determine what action can be taken to bring
it back to plan.

Thus, cost control has been likened to an instrumentation system,

A control poeint is established, a sensing device measures the current
status, 1f a departure from the control peint is indicated, a

control wvalve or similar device is altered to make the correction

and then the cvcle repeats itself.

All cost control, no matter how complex a project may seem, boils
down to this simple process. Thus, in attacking the complexities
of & large project, this simple system should be the framework on
which to relate all activities. All future discussion will relate
back to this simple principle.

Thus, Figure 2 is an elaboration of Figure 1.
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Realistic Targets

This calls for good reliable estimates and schedules tailored to the
purpose for which they are made angd, in the final stages, a
definitive estimate and detailed schedule which are used specif-
ically for contrel purposes. The breakdown of the estimate must

be kept up-to-date to reflect the changing dynamies of the project;
similarly for the schedule.

Estimates were discussed previously.

Generally, the pregression is from an "E" or "D" type estimate to
a "B" type definitive estimate which becomas the project control
estimate, At this stage, the scope is thoroughly defined through
the detailed items of the definitive estimate plus 2 meme or docu-
ment which complements the escimate and provides a descriptive
cutline of the scope.

On a large project, initial approval may be required in advance of
whan such a control estimate can be progduced. In this event, a 2
stage approval is5 foliowed, The first approval i1s based on
probably a good guality "C" type estimate and authorizes engineer-
ing to prouceed to complete a "B" type definitive estimate and
possihly to order long delivery equipment. When engineering is
approximately 2% to 35% complete, a good definitive =stimate can
be produced. Final approval is based on this estimate and this

e 'zablishes the realistig econtrol estimate for the project. In
practice, the actual contrel is exercised through the medium of
various quantities as well as cost. Hence, it may be based on
numbers of drawings, manhours of engineering and draughting., con-
struction manhours, yards of concrete, tons of steel, etc. etcoc,

In every case, *he principle is to establish realistic guantities
all reloted to the costs in the definitive estimate.

The approval also appliss to the Master Praject Schedule, which
has been developed in conjunction with the definitive estimate.
This schedule bacomes a control document of esgual importance to
tha coutrol estimate. It represents the precise plan for the
project, pinpointing the time frame and all key dates that apply to
the control estimate. Falilure to attain the schedule generally
rasults in higher project costs and hence may be a significant
contributor to an overrun. The late project completion could
also have a bearing on the marketing of the product and hence

the profitability of the operation. An extension of the schedule
could thus have a double barrel effect on the profitability.

Clearly, the definitive eatimate and the master schedule represent
the hase against which all performance and progress is measured
and compared. They must be generally tight, but yet attainable.

Monitoring

The monitoring procegs concerns the entire system documantation
and reporting which is necessary to indicate the progress to dace,
Thus, there are cost reports, manhour reports, guantity reports

8



and schedule reports. The heart of the system is the cost code and
the master schedule. The process starts at the conceptual stage
and continues through englineering., draughting, procurement and con-
struction,

Monitoring provides an up-to-date record of the financial and time
picture of the project on a regular basis, consistent with the
requirements ©f the various levels of management,

In recent years, computerized technigues coupled with the cost

codes have made a tremendous contribution to this function, improv-

ing the number of reports that can be made, increasing the flex-

ihility ¢f paports that can be reguested and improving communcaticons.
]

Trending & Forecasting

Data from the Monitoring System plus progress to-date and detailed
knowledge of the project scope enables trends to he developed and
hence, a forecast of the final picture. This process iz applied
to many selected components of engineering, procurement and con-
structicon, all related through the cost code or the schedule to
the basic targets that were initially established. Where manpower
is involved, it will incliude trends in productivities.

In this area, graphical devictions are commonly used, generally
invuelwing "acteal vs, plan”, Thus:

Actnual cost vs. planned cost
Avcueal manhours vs. planned manhours
Actual guantities vs. planned guantities
Actual progress vs. scheduled progress,

Based on the above data forecasts of final ‘costs or final completion
2ates are developed which can be compared with the original targets.

analyeis & Action

Signiticant deviations from the targets can be investigated angd
action taken wherever practical to bring the issue back onto plan.

Obvicusly, all departures from plan cannot always be correctead,

The success of the system depends on the speed at which problems
can be detected and the zpead at which a corrective action can be
taken. Management must be on top of the problem areas at all times
and this, in turrn, depends on the efficiency of the system and its
effectiveness.

Lpproval System

The Approval System is an ever present process superimpesed on the
overall system. It starts with approval of the project itself.

It comes into play for "changes in scope". A work order system

may be used as a means of controlling engineering. Field Work
nrders are essential on construction work and require tight control.



Some constructicon companies execute all work on a work order system
with specific approvals. <Contingencies should be controlled through

certain approvals. Changes on lump sum contracts reguire approvals,
etg. ete. '

The entire approval systaem is based on the principle that respon-
sibility for a complete project be divided into many components,

that responsibility for each component he delegated to specific
individuals, that the individual be given authority to carry cut

the responsibility and also be held accountable for it. The approval
system is a formal procedurs to assist him to stay on top of the
-izsuer and his approval is a constant reminder of hig accountability.

The foreqoing principles apely to:

Engineering
Procurement
Construction

Thoy apply to:

Small projects
Large projects

They apply to:

Lump sum contracts
Unit price contracts
Cost plus contracts
General contracts
Sub-contracts

The only ditference is in the details and how they are adapted
to specific spplications.

10



APPLICATICN AND DOCUMENTATICON

The following sections gescribe and illustrate some of the forms
and documents which are used in applying the foregoing principles.

Project Cost Statement

The Project Cost Statement compiled in keeping with the Cost Code,
provides the financial picture of the preject. It is the uiltimate
and official financial document which reflects the fruits of the
overall cost control system.

It must be fully integrated with the cost estimate, the cost code
znd with all the supporting back-up doguments which cellectively
contribute to the cost contrcl on the project and generate data
for “he statement.

Cousistent with the flexibility of the Cost Code, the Cost Statement
must also be flexible to provide the information reguired by various
levels of Mapagement.  Thus, senior management may regquire a
condensed summary to reflect the general financial status, project
suparvision will require more detailed breakdowns especially in
their aress of responsibility, while the cost engineer and
acconntants will want the most comprehensive, detailed extensicn

of the entire report.

The ideal system will have the flexibility to provide two types of
Yeports:

1} The first will provide the cost breakdown exactly the same as
the cost estimate and essentially in the form as desired by

the owner. (l.e. based on the breakdowns in Column 1 of the
Cost Codel).

2] Ther zecond will ke Lhagsed on a re-cast of the astimate to reflect
the varicus gonstruction contracts and the manher in which the
gounatruction work is exegute@. Thus, in re-casting the
estimate, Column 8 of the Cost Code would take priority.

Table 1 is an example of g typical format for such a report.

Table 2 is 2 sample summary of an actual project which is suitable
[uY Senior managemant, Note that Column 12 is dynamic and incor-
porates justified changes in order to reflect the "realistic
targetsg". Thus, valid comparisons c¢an be made with the Porecast
Final Cost in Column 11. Alsto, note the comments which indicate
tnr status of the resoerves and the extent to which they have
Already been sllocated.

The ost Statement is generally issued on a monthly basis and on
large projects is computerized. Numerous back up reports and

11
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surporting documeats are necessary in order to complle it, mostly
involving the accounting and cost engineering grocups. The accounting
group takes responsibility for generating all data up to and
including Column 9, i.e. Expenditures + Commitments to date. The
Cost Enginever is responsible for generating the data for Columns

19, 11, 12 & 13.

Regardless of whether it is engineering, procurement Or construc-
tion, the same cost control cycle is followed, using specific

documents sultable to the particular need or situation and these
provide the data which generate the input for the Cost Statement.

The comprehensive detalled copy of the Cost Statement will ke the
most detailed cost breakdown of the entire project. It will
include each individual eguipment item, all bulk materials, con-
struction labhour, components ¢f indirect costs, etc. all properly
coded and in a form which can be identified, charged and foracast
consistently. Thus, each item can be assessed individually by the
Cost Engineer to forecast the expected final cost - using various
techniques and trending documents (to be discussed later) plus
experience and good judgment.

Where lump sum contrag¢ts are let, they may be recorded on one line
or by agreed breakdown, but an con-going assessment of extras and
potential extras must be added in order to develop the forecast
final cost.

Design
The definitive estimate provides target figures for:

Znuineering Costs
Engineering Manhours
Draughting Costs
Draugh+ing Manhours
No. Drawings

Master Scnedule

Engincering costs and manhours can be monitored and trended ugsing
typlecal "8 curves. The shape of the "S" curves is generally based
on experience in relation to the schedules and it is advisable to
first develop a2 set of "3" curves for the complete project.

Figure 3 illustrates a typical set of "S8" curves for a complete
project showing saparate graphs for engineering, procurement and
congtruction. The start of project, Btart of canstruction and
completion of construction provide the framework on which the
graphs are built. Thereafter the following "rules ¢f thumb" are
recommended for developing the "S™ curves.

12
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Start. of construction - Draughting 40 to 530% complete
Engincers 310 to 40% conmplete
Material Commitments 35 to B0% complete

Constructicon 50% complete

Draughting 90 to 9%5% complete
Engineers 75 to 85% complete

! Material Commitments 90% complete

Construction 75%% complete Draughting %5 to 98% complete
Engineers 92 to 97% complete

Material Commitments 90 to 55% complete

Construction 90% conplete - Draughting 99% complete
Engineers 98% complete
Material Commitments 99% complete

Mechanical Completion - Construction §5 to 98% complete.

These rules of thumb, coupled with the Master Schedule for the
engineering, enable the "S" curves to be developed.

Figure 4 is a typical Master Schedule drawn up toc highlight the
"fropt end" of a project.

The appve rules of thumbh, coupled with this schedule, enable a
general set of "5" curves to be developed.

Thug, "S§" curves may be developed for engineering manhours or
dollars, draughting manhours or dollars, number of drawings, etc.
Such graphs may be developed for "Total"™ maphours, or for individual
disciplines such as civil engineering, mechanical engineering,
zlectrical engineering, etc.

These "S§" curves are refined as more precise details of scope and
schedules are developed.

A decision as to what graphs to develop is a judgmental one depenc-
ing on the size of the project and the significance of the specific
items on total project cost. Thus, for a small project, separate
"§" curves for total enginecering manhours and total draughting
manhours may be sufficient, while for a large project, it would be
advisabhle to develop separate curves for each discipline.

Figure 5 illustrates a typical "S" curve for "Engineering Manhours
versus Time". Note the tables which are convenient for recording
the month to month data.
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EXBRIRBRIT 1

EXHIRIT 1 which follows ¢ontains a complete procedure
for the control of draughting. Hote particularly the
Productivity Report, which contains an "3" curve of
"Drawings varsus Manhours"” and the corresponding
"Productivity". These graphs include tables for record-
ing data and developing the forecast final manhours and
forecast final cost on a monthly basis. They become the
source of the forecast final cost to be incorporated
inte the overall Cost Report for the project. Similar
qrapghs ¢an be used for many applicaticns in the cost
contrel function.

Such "S8" curves are the documents which show up quickly
a departure from the plan. They provide the red warning
flags which call for immediate investigations into the
causo, followed up by a'decisicon as to what actipn can
be taken to correct it. Some .times, in order to main-
tain the desired schedule, additional costs must be
incurred. This is a decision for the Project Manager,

always remembering that Cost Control is the optimization
of cost and time.

14



EP No. DRG 1 Pagel of 3
DRAWING PROGRESS AND Author
CONTROL PROCEDURES Hesponsibility _Co=t
DRAUGHTING P Y Engineering
Date

3.2

This Enginecring Procedure contalns six appendices.
SIMMARY
This Engineering Procedure provides {nformation concernlng doacumerts

to use and procvedures to follow in the plenning and contrzol of Design/
Draughtinp Manhours and Drawing Unics.

PURFOSE

The purpose of this Engineering Procedure iz to advise prolect engineers
of the procedures used in the Department for project design contral.
Selected use of the procedures and documents described herein can he

a vseful means of mezsuring drafting progress and performance and
relating =etivity in this area to cthe preject schedule and budger.

PRINCIFLE
There exists several control documents of which all or some may be used,

depending vwpen the contrel requirements of any given project. These
are as follows:

a. Drawing List and Control EDF-54 Appendix "A"
b. Drawing Progress and Comtrol EDF-79 Appendix "E"
c. Progrees Report EDF-Bl appandix "™
d. Productivity Report EDF-82 appendix "D"
e. Draughting/Engineering Summary Mankour

RepoTt ENF-%9 Appendix "E"
f. Draughting/Engincering Summary Cost

Report EDF-81 Appendix '"E"

RESPONSISILITY FOR PREFARATION

The Supervislor - Draugh:ting is resconsible for the preparation and
wmairtenancze of the Drawiag List & Control, and Drawing Progress &
Control Reporta. The Frolect Engineer is responalble for all the
remaining <harts and reports but may obrain this service froom the
Cost Engfneering Section. At the commencement of each project, the
ProlJect Epgineer is regquired to arrange with the Cost Engineering
Section the e=xact responsibilicy in daveloping the wvariows control
procedures for the particular project. Agsistance on the detail pre-

paration of this dats vay alao be obtained frem the Cost Engineering Section.

DRAWING LIST AND CONTROL (APPENDIX "A") FORM EDG-54

This document must be used to identify every project drawing, ice dare of

1ssue, "revisions and its degree of completion. It is maintained by the
Supervisor - Drauehting and up-dated om a tegular basis consistent with
the size of the project.
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DRAWING PROGRESS AMD -ﬂuthﬂrl — "
DRAVGHTING CONTROL PROCEDURES Responsibility €ost
Engineering
Crate

3.1

The form is generally self-explanatory with the exception of the
fallawing: .

4. CODE {Columm "A") refers to the stage the drawing {s currently in
and 15 coded in accordance with the first Four c¢odes outlined in
the lowar left corper of the form.

B. PERCEFT COMPLETE (Column "B'') is to be filled in, 11 accnrdance
with the last two codes identified 1o the lower left corner of
che farm.

DRAWING PFROGRESS AND CONTROL (APPERDIX "B") FORM EDF-79 -

This forw ic seli-explenatery., It will be used in conjunction with
form EDF-54, as a back-up document containing all pertinent statistles
required to schedule maupower and identify producrivity and progress.
These will be kept in a three-ring binder for each majer project and
wiil be up-dared and replased throughout the duration of the deszign
period by the Superviser - Draughting.

PROGRESS REPORTS AlD PRODUCTIVITY REPORTS (APPENDICES "C" AND "D')
FORMS EDF-81 AND EDF-A2

These docuzencs provide standsrd forms which should be used for variscus
applications in depicting juicklr and graphically the status of manhours,
gurput, progress and productivicy. They are primarily for internal
control and wonltoring asd have thelr greatest application on the larger,
longer duration projects. They are also very wzoluable in nonitoring
work being done by consultanta.

These LWwe detuments ave used 1n conjunction with one anocther. The

Prozress Report ldentifies forecast completion dates of the drawing

package heing monitored. The Productivity Report summarized the statistics
of the latrer together with manhour daca to produce a productivity factor
with Zerecas:t final manhours and forecast final costs.

These two forms are similar ipn appearance with relative statistics
fdentified on the left agaipst a plotted "S" curve of actual vs. gcheduled
progress on the rignt, Although somewhat self-explanatory, the following
polnta should be ncted.

a. ‘The original scheduled 8" curve will ke drawn on the chart an the
right side of the form and the actual progress line plotted against
it. Although every endeavour will be pade to allgn the actual
progress with that which {s scheduled,occasionally, for one reason
or aopother, the actual may deviate from the scheduled o a point
where realistically ic cannot return. Should thls oceur, it is
of vital importance to overcome natural resistance to such changes
and recognize that the problem must be idencified In order thae
a new "S5" curve can be draﬁq to reflect the probakle rtrend. With

\
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Author
. DRAJING PROGRESS AND Responsibil ity _S0SL
DRAUGHTING CONTROL PROCEDURES P e r—m
Date -

the new curve showing, 1t «will then be possible to realize the
impact of the progress of the area andfor discipline in questicn
agalnse the overall Design Schedulz. This may result in early
changes fo construction phasing and/or types of contracts.

b. The leowar rignt chart on the productivity Report is used o graphic-
ally illustrate the overall preoductivity to data. 4 Producriviey
above 1.0 is Favourakble while a productivicy below 1.0 ip un-
faveyakhle.

These forms will normally be prepared by the Cost Englneer and will
be dimtributed at the discretion of the Froject Manager in aceordance
with the scale and scope of the preject.

Wote: Om all graphs if the mctual curve is above the scheduled curve,
it indizatEs B favourable §ifua-ion. 1f Gelow the schaduled curve, an

Yfavoufable Situation exisSts.

DRAUGHTING /ENGINEERING MANHOUR AND COST REPORT SUMMARLES (APPENDICES "E"
AwD “F" FORME EDF-99 aMD EDF-83

These two Manazement Reperts are identical, except one is in ‘"™Manhours"
and the other is in "Doliars" and ghall be used on all major projecrts,
The Manhour Report (EDNF-59) summarizes the echeduled, actual, forecast
and trending zanhour expenditures, These statistlcs are then directly
related o dollors on the Summary Cost Report (EDF-83). The docurents
are seli-explanatory in nature and must be cempleted monthly in conjunc-
tion with tne prulect review meekings. Thelr circulation is at the

dlacretica ot the preoject cmanager, wlth coples always seat to the Cost
foginear.

COORDIMATION WITH OTHER FROJECT GROUES

It 15 essential rhat any deviatiem in the forecast duration of the desizn
work be noted with all {nherenc problems and/or gpportunicies idencified
and thet this data Is Immediatley delivered to such members of the
project tean which would be directly affected by such information (e.g.
Scheduling, Construction Management, Procurement/Expediting, Cost
Engineering, Project Management, ets.).
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Dracurem=nt

Long delivery -tems mist ba ordered early and freguently are the
key to the final completion date. Thus, it may be desirable to
place orders for such equipment as soon as the project is approved.
A breakdewn c¢f the equipment by ccde, an appreciatich of the long
delivery items, numerous guotations and the pericd during which
delivery at the site 1s required, are all available from the
definitive estimate and the master schedule.

This informaticn is expanded inte a comprehenzive detailed procure-
ment tahle which lists in detail all key items and the key dates for
getting them to the site on time. Table 3 entitled "Eguipment List
& Material Starcus Report”™ is an excellent form for this purpoze.
Fvery purchase order must be entered on this form and overy column
filled in eventually. The report must be updated continucusly and
reviewed on a regular kasis (e.qg. monthly or bi-weekly) by the
project manager or his delegate for action decisions re items that
are off schedule.

fimilarly, this report is integrarted with the "Cost Statement"”

wherse the individual eguipment items are costed out and their fina!
cost forecasted. For all signiflcant egquipment itemS such fore-
0astE Lre regquired prior to commitment so that overruns can hbe
spotted and acticon taken in terms of alternative choi¢es or designs,
Thus, this one form is very important in providing data for the
corpicts cost cantrol eycle of targets, monitoring, forecasring
atd agction with respect to Progurement.

on large projects, the document is cemputerized and in some cases
the inforxration may be on line.

Despite Lhe excalilence of this form, it has & weakness inasmuch as
its first key date is the issuing of a reguisition. Whar must be
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Jone to assure that the work required to have the reguisition ready
on time is being done? This concerns the activities of engineers
and their ¢reativity which is varied and difficult bto equata.

Table i+, entivled "Procurement Qontrol Report” was developed to
provide a sentrol ror this purpose, This form provides a means of
indicating the progress and status of engineering as well aa the
procurement status. Under “Engineering Status” a tick mark 1s
entered in the appropriste box each time the specific milestone has
Leen attained. As with Table 1, this form 18 updated continugusly
ard rveviewed for action decisions on a regular basis.

This form is pot partlcenlarly suitable for computerization cince
the complete document would be ready for reproducticn bir the tine
the input data was avallable. Thus, tipre would be Iozs ¢f time
in computerizing 1t and in essence the computer would funcricn
nainly as a printing machine, .

It shoulg not ke necessary to use both forms on the same project.
Depanding on Lthe way a project is heing handled, one form may be
vreferred over the other.

Whiie attention is often centered on procurement of eguipment, hulk
materials, especially pipinc and electrical supplies, are spmetimes
cvezlooked. Bulk Meterials pose a special problem and represent

a seasitive area where overruns oiten occur. This is due to the
gifficuley »f providing a2 good estirmate at the time the definitive
asLimate 18 made and the subseguent failure to keep abreast of
dovelapmants as tne project progresses,

Ao ovbull material control" should be sec up for every project which
starts vitn the estimate used in the definitive estimate. As P&l
Jdiagriums and drawings are completed, a continuous progras of
Guant® <7 take-oifs and roe-assessments ghould be made for comparisons
wish the budget estimsie. This data serves three purposes:

i 1t provides an on-goinyg check againgt guantities in the
dafinitive nstimate, thereby identifying a potential overrun

it the cariiest poosiple date.

2} Icv provides an on-going cheek against bulk materiais on order
und hence .identifies any shortages in ordering which cotld
have a significant effect on the schedule.

2V 1. is valuable in estimating construction manhours and scheduling
wiork in the field.

Tha latrest trend ig te handle bhulk material control on computer
1rograms and there are various software programs on the market,
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Congtruction

Cunstruction is the most vulnerable and most difficult of all
“uncticns in the control of projects. It's a major stwdy in
its2lf and hence we propose to limit cur remarks to certain items
which we consider to be important and significant. fThus, 1
propasce to comment on the following:

CGeneral Policy

Flanning & Echeduling

Labhour Control

Firm Price Lump Sma Contracta
Field Indirects

Genaral Pollicoy:

“his corcerng thn method of handling work in the field. For
good control in the field:

Accurate charying of all work to its specific cost ccde is imper-
Ative. '

FBuperwvision must kuow where ths men are at all times and what
they are éoing. . *

1 1R
Adork should he done in Slocks of work that are like in nature
fimostly by trade and zcoafined to one foreman), small! encough to
2t manhegeable, and such that charges can be made reliabkly se that
teudback can pe 3nzlysed quickly to assess progress, productivity,
exected final completion and expocted final cost.

Poaegusntly, & work orvder system ig used. The coding on the work
ordar cies it ip with the cost codz and estimate, and foremen are
asfroned one worsk order at a time. The best principle here is
'No work ordar -~ no work". 1n other words, a work order beccres
3 "mu=t" for all work on the rite and thereby provides a mech-
anigm ier good reliable feedback, and a knowledge that work is
aot going on which supervisgion is unaware of.

The altirets in this system is known as “"Pre Planning®. In this
system, 211 work i1s broken down into work orders in advance of
JonEtruczicn. A pracise estimate of the manhours is made, all
manerial and equiprent raguired is listed, information sketches
ray bha made, a copy of the bill of material ie sent to the site
stores to have it checked for availability and readiness for use,
and only after this is done is the work order assigned to a
zoreman.  Some work assignments are evaluated, estimated and
written up in nuch more detail than others, e.y. erection of
special zquipmert, or pipe fabrication and erection. This system
redquiregs 4 substantial staff of planners and estimators but
vxrailent claimd have heen made for its overall effectiveness.
Bavings in direct costs equal to 400% of the money invested in
the system have been claimed.
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A common method for charging time is for the foremen to record all
their men on a dalily timesheet, identify the work and cost code
and submit this on a daily or weekly basis. With cost codes as
complicated as they are to—day, this system often results in
incorrect charging. A means of compensating for this has evolved
in the use of "Time Checkers”. The tiwme checkerz have thorough
training in the cost ceode, work closgsely with the cost enginsers
and scheduling engineers and visit their assigned area on the site
2 to 4 times each day - identifying each worker in his area,
checking what job he is working on and recording the proper cost
code.

In all caces, the feedback flows to the field cost enginear who
maintains an ongoing procedure for following the cost control cyele.
Thus, he marshalls the data under the basic headings of target and
monitoring and then develops the trend curves that have been '
devaeloped for the project and forecasta & final cest. All such
data is used to compile the fipal figures that go into the overall
Project Cost Statement.

Planning & Scheduling:

No construction job will be executed efficlently without good
planning and scheduling. The larger the project, the greater its
importance. Qualified, capable planning and scheduling personnel
should carry out the function and it should start long before the
start of congtructicn.

The Critical Path Method is used widely by scheduling personnel,
but actonal work in the field is mere likely to be related to bar
chart schedules, 1.e. the professional schedulers develop the CPM
diagrams, analyse the results, and highlight the priorities.

Then the resulting field work is drawn up on bar graphs which

are more readily understeod by construction personnel in the field.

The schedules should ke closely related to the cost code and the
vdefinitive estimate so that costs can be collected correctly
against tpecific codes and so cost control mechanisms can funciion
FECEarly.

Aitempts have peen made at complete integration of cost and
schedule. i.e. the schedule is completely married to the cost
rstimate through the cost code. Such an integration is a complex
and costly challenge to the planning, 8cheduling, costing and
;ﬁ?putErizatian operations. As yet, it must be regarded as in its
infancy.

Regular Field Scheduling Meetings, independent of regular Con-
truction Job Meetings, should be organized on a weekly basis to
review progress and problems, and make decisions for the coming
week. These mestings should be attended by the key construction
supervision as well as the Project Manager, Scheduling Engineer
and Cost Engineer. In other words, the power to make decisions
should be present at the meetings.

18



xote that the prime purpose of this meeting is to review and make
decisions pertaining to scheduling. The agenda ifor the meeting
would be set up by the Scheduling Engineer with prior digcvssion
with the Construction Superintendent. This meeting must not be
allowed to be side tracked into a regular Job Meeting invelving
leigthy discussions on other construction problems that are not
velated to arheduling.

Labour Contrhl

Excent in those periods ¢f completely unpredicted high isflaticon
rates, such as those that struck Morth America in 1973-75, con-
struction labour may be regarded as the greatesh single sontripulor
Lo project overruns.

Thea, the cost control cycle is extremely important on construcktion
work and it must be applied to quantities, manhours and costs.

The Ccst Engineer, in conjunction with the Project Manager, will
es5tablish what grapns and coantrols will be maintained.

Forms similar to that already discussed.for the control of draught-
ing can be used universally in the cost control cycle.

Titus, Figures 6 to 8 ail illustrate the type of graphs that are
vsainl in construction coutrol. Figure 6 is a typical, commonly
uhed ploc of the mentaly eonstruction forces and the correspending
accumulated manhours. This graph is a guideline 1n Beeing how
actnal  labour kEuild-up and manhours to-date compare with the plan.,
Howeve:, a preject coculd b2 vight on plan in staff build-up and
mianhour expandrturs but ccuid bhe cut of control in terms of progres

Thus, the fallawing 2 figures are nuch more useful as cost control
desurants. ’

L itlustrates construction piogress vs. time, while

b P illustrates Srogress ve. manhovrs. The illustration is
ior pipe erection and prougress is assessged in tarms of equivalent
fuet or eguivalent units erected.  In thisd methed, each elbow, tee,
valw. or lengch of pipe, etoe., has an eguivalent value in terms of
ranhuurs required to erect. The same charti can be used for con-
cretce in varls of concrete, or sStructural steel in tons, etc,

'y
i

s vy
L]
]
0 o=l

n

L]
-
-

A

In all applications, the abgpve two comparisons are highly desirable
o obLlein guod meontrol, i.e.

1} Progress ve., Time to determine the forecast completion date.

¥} TFrogress vs. Manhours to determine the forecast final manhours
and hence the forecast final coste. -
"rese forms <an be developed for total project pregress and :otal
Cirect manhours and <hey can be equally applicable to individual
diseiplines and trades. Note that these speciflie control documents
by trade provide the irput data for graphs such as those in
"loure 7 and ultimately the data that goes inte the Project Cost
LUtakement,
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Firm Price Lump Sum {ontracts

The Contractor who offers a lump sum bid obvicuslvy must practice
every aspoect of goorld cost control.

{in the contrary, the person who has a lump sum contract would be
remiss to assure that he has a quarantee of his final cost., The
record 1s full of experiences where lump sum contracts have over-
run substantially due to "extras”. Thig is the area where 2 con-
tracter is inclined to charge excessively and make his profic.
Hence, the need to have a set of good contract documents with the
scoee tully and procigely Zefined and the subsneguoent challencs
not to make changes.

+

If changes must be made, =we practices should be follewed to keep

COSTE to a minimum:

1} Contract document.s should request a unit price for delietione
or additiens of all items which might be involved, e.g.
excavatiun, congrute, scrvctural steel, etoc. This will
establish in advance of awarding the eontract, the cost of a
great many osotential extras and will be part of the contract
bid analysis in determining the successiul contractor.

2} All other extras shculd be established on the basis of
negotiating a firm Hi3 with the contractor. In essence, this
is saving that no work can be done on axtras to a4 contract
withour an authovized approval. The method of obtaining this
approval thould be established by a rigid procedure and the
company awarding the contract should be fully prepareé and
capable of negotiating.

Fiaure 9 illustrates a gprocedure for controlling costs on such
¢hanges, Tho procedure could be callied a Change Notice/Change
OUrder System. In summary, it coneists of issuing two documents
to knes contractor through the cost engineer or estimating unit.

T™e first dccument, a "Change Notice”, is a formal notice that a
change 18 desired and requests the Contractor to submit a £irm
orice, Included with the Change Notice are the drawings and
ather doeumennyi which identify the changes. This is strictly a
refjuest for a bid and is not a2 request to do work.

“nen Lne bid ic submitted, ic is compared with the estimate which
hac heen made by the owner and if there is a reascnaple check
betweer the two estimates, a "Change Order” is then isgsued to the
Contracter which authorizes him to proceed with the change.

if the two estimates do not agree, the owner must he prepared
te regetiate 2 revised price with the Contractor. To execute
this function effectively, his estimators must he fully gualified

in detailed estimating and knowledgeable in construction work and
cuntractor practices.
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Sometimes the above procedure results in a delay to the scheduln
whiclh cannct be tolerated. This appliec especially to day to day
construvtion proklems on the site. For this purpose, a Field Work
Crder System (FWO) is employed. Under this system, the resident
repragsentative of the owner (Resident Engineer} has authority to
issue a FWO to the contractor which gives hin immediate authority
2 procesd with the work,

This is a necessary expediency but is net a good means of con-
trelling costs., Thus, in the interest of cost control and in
keeping with the philaseplhy of an approval system, the Resident
'rgineer should have & cléar diregsive as te the Lype ¢f work he
may approve znd a limib on ke amcunt of money he may authorizeo,
Beyond these limits, che procedure would call for a higher approval
nfcre proceeding with the woerk.
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FURTHER DUERY

PROCEDURE FOR A CHANGE
ON LUMP SuM CONTRACTS

Figure 9
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Figld Indirects

Indirect construction costs represent ancther sensitive area whare
excessive costs often contribute to overruns. This concerns those
itemns referred to on Table 20 P~§2 under Cost Estimating,

It has been long establighed that indirect congtruction rosts are
related more or less directly to direct labour costs, i.e. &5 goes
labour, s¢ goes the indirect costs. It may be concluded that if
direct labour is under control, so are the indirects, This relation-
ship may be useful for eatimating but not for cost control.

A look at Table 20 will indicate that temporary construction and
construction equipment both represent significant cost items under
indirects. Both can go completely out of coentrol, ecpecially

when a contractor is operating on a cost plus type of contract.

Temporary construction should be fully appraised and justified
before embarking on the expenditures.

Rental of construction equipment is costly and hence reguires con-
going contrel throughout the construction period. It reguires good
planning so that when expeneive eguipment is reguired to perform
sevaral operations, every effort should be made to schedule them

at the same period and then release the eguipment as quickly as
pessibla,. If many items are in use on the site, such as five T
cherry picker cranes or 25 welding machines, etc., a regular review
of their "active vz, idle" time is required sc that those not
needed can be released as soon as possible. The starting peint
would be a planned schedule such as illustrated in Figure 10 and
thig should be reviewed on a regular basis.

Construction egquipment must not be brought to the field and then
forgotten. I1ts need nust be under reaular surveillance.
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SAMPLE COST CONTROL PEOCEDURE

Tha importance of goo0d procedures and the need to have them embrace
all facots of design, procurenent, responsibilities, atc. has

already hezn siressed.

The tfzllowing is a sample illustration of a Cost Control Frocedure.



PRUJLCT:

LOGETLOR
PROJECL BO:

COST CONTROL FPRICEDURE

1. The precedure onutlined hevedn descrikes the varicus cperations that will
entuare effocrive Proleet Cost Comerol., It is dnpertant that the hay
pevsuinel o the projoect team be awzre of gnd puided by this procedure
7o enablie the Cost Enginedy to work oileecively and betier ggslat the
Irajoect Manaser, aecomplisic Uls responsibiiisy for Lha Cost Conytel of
the project.

1.1 SUB-PRUCEDURES QUTLINGD I BECAIL

1.1.1 Establishment of the Project Cede of Accounts

1.1.2 Estahlishmunt_ﬂf tie: Project Budpget

P

1.1.3 Comuitments and Expenditures *

1.1.4 Cost Varintion Procedure

1.1.5 Forescost Fieal Cost Caleculations

1.1.£ Sackcharges

1.1.%¥ Monthly Cost Repurt

1.1.8 Final Uost Analysis

* As per Project Aczounting precrdure, manual systEns‘fur recording
comnitnents and expenditurzs will be run concurreatly with the system

outlived herein. Such systems are not included within thils procedure,

1.2 ESTABLISHMENT OF THE PROJECT CODE OF ACCOUNTS

The »esponsibildity for production of the Project Code of Accounts
rests with the Projeet Cost Engineerand will be accomp)ished as
fallows,

1.2.1 The Cost Engloeer will review the Code of Accounts used befare
the Preject Approval stage, with the Esatimating Department
and compari: with the latest equipment list,

1.2.2 The Prijeel Code of Accounts will be prepaved with identifi-
catiou of atl entiecipated cort componenis, whether or not they
gpreared dn the AR, Estimiate. The base pulde will be the

reviged Congtruction Cost Code.
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1.2.4

Toe Yrodect Cede of Accovots wlll then be vevieeoed with the
Project Hanaper, the Munaper of Cost Eonginecting and the
Frojoct Accounting Supervisor te onsure,

(i) adequary for cost control purposes,

(i) thal hlatorieal dara regurired for iuture prolveis will
be readtly availzble,

{if1) compatability with accounting requirencnts,

{iv) that the inientc of the JCodle eof Arcounts has beon
constried sorrectly, and .
(v} that A practical Ievel of coding 15 envinzpod.

The Cost Tongineerwilll chen distyibute the Code of Accaunts
a5 dirgcied by the Projoct Manager. '

ESTABLISIYENT OF THF. PROJFCT BUDGET

1.3

Tive purpose oi the Project Budget is to list all the funds
allocared against the approved Code nf Accounts. This funds
listirg s rssentially the breakout provided by the Appropxi-
aticn Request Zstimiate, modificd to reflect changées to the
cquipment list and revisions teo battery limits which have
cceurred since the A R, ¥«timate was cospiled. The toral
Project Budjer figure will nat be altered unless a Supnile-

wencary Atpropriaticn s granted.

-

The prveparation of the Project Eudger listing Is the Tespon-
aibility of the Cost Engineer. He does this for and under
the geidaince nf the Project Mapager and Manager of Coat
Engineering. Iaput frecm the Estimating group is required

to ensure the Budget bhreakdewn reflects the intent of the
AR, Estimate.

Tonnediately uypon igssve of the Code of Accounts, preparation
of the Project Dudpet will be initiated. For all items
excepl Engineering, $Sales Taxes, Scervices, Tndirects, Con-
tingenciss and Inflatfon allowance, the Budget will be
brokun down by area, (Battery limit areas). The following
arcas apply on this project,

Arca Deccription

110 Raw Matordals Preparation Building
120 Hixing and Cartrvidging Building
130 Cattridpe Conveyor

140 Case House

210 Pau Material Unloading (brics)



Deserineion

Rawr Material Storage (Driex)
Faw Material Storage {Liguids)
Miilitles

Yunds noy allecated to these areas arve ecoded a5 Follaws.

400
500
ol
0o
500

Services

Indirects

Enginernring .
Legal

Contingencies ond Reserves

Witlin eaci of thi gbove areas, the hudget will fwaiiev oo
allovated zs per the Froject Code ot Acrounts ConStrection

Elements of the Code, atd by Sost Component (M:1, S&E, etc.).

1.3.4 Funds set aside in the A-K. Estimate fpr Escalation will be
. allocat=d acrvoss the 100-~700 rode accounts.

1.3.3 Upen completjon »f 1.3.3, the Cost Engineer will cbtain con-
currence from the Estimabing group of the distributien of

cnghy.

The budpret will then be tevliewed by the Projeet

Hanaper and Manager of Cost Engineering and their appraval
obrained. Digstributicn of thiz Budper, or elements contzined
therein will be determined by the Project Manager.

1.3.6 “he pefininive Farimate refevred to in 1.6 will form the hasis
Ior forecasting the ¥inal Project Costs.

1.3.7 1Ii has been decilded thar & computerised Cost Report will be
produced for this Project. Conzcequently, the Budget Allocation
will b2 input to the computer using pre-printed forms. A
printout will guwbsequently be produced tabulating the Budget
hy Area, Construction Element and Cost Component Codes. It
ts the responsibility of the Cost Engineer to review this
priut--out and ensure compatlbility with the initinl input.

L,4 PROCESGING COF EXFERDITURES AND COMMITMESTS

1.4,1 To ensure proper vontrol all Expenditures and Commitmants
will be amalysed by tha Cost Engineer and Project Accountant
before beinp absorbed into the Project Cost Report. Expen-—
diturns and commitments fall fnto the feollowing categaries.

(i)
(i1}
(ifl)
{iv)
()
{vi}
{viid
(witi)
{ix)

Head Office ManhouT Costs
Head Office Ewxpenzes
Purchased Enginccring
Purchaszed ¥Materials {Inecl. 5. 2 E.).
Contracts
Contract Extras
Fiant Purchases ar Labour
Fleld Office Manhour Costs
Field 0ffice Expeonsos
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1.4.7 .0, Manhour Costs
Withijn the Puglocering fepartment "Time Analysis
Systen” manbbuacy spent by personnel an each Frojest dre

linted. These manhours are subsequenlly pricesd st orates
pre=deternlnied by the Preject Actountind Section sl the
computerined Report EHD produced around the end of the 3rd
week of ovary month. As a backup to this Kepovrt, the G7F
Audit Trail in also preduced by the CL.D.P, Department.

The Cnst Enginecrwill analyse these reporis sinwuitansously
zad produce a written tepori fer the Project Menager lisijiag
substantial bookings by erplovee. The Froject tanapaer then
has the aptior to guery any suhstantisl bookings ata, iF Loy
are found to be in error, the Cost Enpirecr will ofvrm the
Project Accounting Sectian,

Computer inpul slieets will cthen be prepared to rectiiy any
mishookings.

1.54.3 .9, Fxpenses

Enployees will submit expense reports promptly tor approval
by their Eugineerirg Departmental head. The Cost FEngineer
=711} analvyse these expenditures conthly from the OF Audit
Trail and sricpg any lacotrrect entries o the Project ilanager.
fhould Any corrections be necessary, the procedure gutlinad
In 1.4.2 will ke foullowed.

V&4 Furchased Tnglneering

Thould 1t becnme pecegslict, due tn work overload, to utilise
the services of consultant englneering groups, adhetence to
Z.0.P. ADM 3 I ruqguired.

. Although recommendation of the use of
outside Consnlbant services rests with Specialist Englnecring
Mapaeers, the responsibility for Project costs rests with the
Froject Mamaper. For this reason, the Project Manaper needs
t be hept elisely Informed of all such develepments in
arder that any cont wariations may he reflacted io tha
Fioject Cost Statement. \
it is the responsibility of the Specialist Department Manapers
to apptvve mathours spent by Consultant Eangineering Croups
And ta monitor their progress.

The Projecti Accoentant will cheek inveices approved by
Specialist Enginecring Managers for compatability with agrocd
rateg etcersra,

Tue Cost Zngincevwill ensure that the C7 Audit Trail reflects
cnly Invoicrs as approved above,
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LALS ALY e expenditnres approved fu 1402, 1.4.3 and Y.4.4 aboore
"Will subsoguently be ipput te the B.OT. Departoent by the;
Froject Accourtanl for production of the Monthly Cost, Bepoere.
There will be o separatc input for FEupinecriag, Drafriay,
Support, Expenses and Purchased Crnpincering.

1.4.0 _Purchased Haterials

. (i) Commitrients

Upvoa receipt ¢f a Yourchase Arder, the ¥roject decountant will
cheek.the coding and cost to ensure compatibility with the

Code of Accounts nml Purchase Requisitien. The ancounting
Supervisar, who aluo sces all Parchase Grders, w11 acviuc

the Projeet Accountanc 1f F.8.T. and P.S.7. are oaplieable,

Yf o, these additienal ceosts will be calealated by the Project
Accountant and committed aleonpg with the item(s) belng purclicaend.

Tf the Purehase Order je ploced putside Canada, the Project
Accountant will, after discussion with the Distribation Deparz-
ol , commit applicable duty‘alcng with the item{s) Leing
purchazed. A copy or all Purchase Qrders will he transmiteoed

to the Distribuiivn Depariment who will negotiate duty remissions.
with che Government Department of Industry Trade and Comnerce.

Any funds remltied will be deducted from the Purchase Order

Gomend tment yvalue.

& wepayate account will be set wp to cover freight charges not
fuelnded in Vendors qunrtations,

{11} Expcoudituwes

Tha T'roject Accountant wili check fnvolces to engsure compat--
Ibility with Purchase Orders icosts, coding, retentions, erc.),
£ cheque regulsition 1s then prepared and authorlised by the
Frojerct Hanoper. Once the paymnent has been made and appears
in the Accounts Payable Vooclier compubter print-out, It is
raterad into the Project Cost Report as an expeuditure.

I 4,7 Lonbtracis

(i} Cemmikmants

It Is preposed that all Contracts lel on this Project will
be lurp-sum, Upon receipt of the approved contractual
daguments, the Projeet Accoontant «wIIl cheeck for a correct
cuddng breskdoun,’ enlisting the CosL Engineer’s help, if
necessarv., The dellar value of the Contract will then be
input by area, construction elemenl and cost componcnt onto
conputer inpub sheuers as a commirment. '

(i1} Expenditures

1

4 b
As the Contractor completes voxk, hie w1l submit involoes Lo
the Project Accounting Section en o pro-spectiicd Toven:.

{See EDFP. ACC 2}. Involcod amounbts will he related to Con-



traetur's propgress which witl Have LPUH_EITGPd Wil lho
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th1dfnL ]nplnerr, Thaoe Involces will be chocked bv tho
Pluj;ET_EEElﬁﬁiaqt and Coet Engineer for coapatabilicy with
tha: Compractusl Apreement. A chegqne requisition will thep be
miach: out hy the Project Accountant and npprqycd Ey Lhe I'rojoct
Manayper,  The exponditure iz sulbsequently input inko the Cout

Report as specified in 1.4,.6 (11},

1.4.8 Convrace Extras

v

At tha bhid quotaticn stage, Contractors wiil 5e ashked to

provide unit prives for wndefined work., As sdbuveguent gddi-

tioael work becores apparent, the Contractor will be askéd e

(i) udertake the work om unli rates,

{11} undertake the work on dayworks,

{ii1} submit a lump sun price for the extra works.

Option (i) w«will e vused largely for work which is undefinabie,

sUch as roek blasting. Unit rates for such work and for the

plant equiveeat will be specifled in the quotation. The

Site Bepresentative will slgn for plant. cquipment usage on a

dally basis, Upon completion vt such work, the Contractor,
Sile Kepreseatatlive and Engincering Department Quantity

Surveyving S=miion will apgree the rotal scope of work for

payoens . Ehange Grder listing the worh will be rziscd by

the .5, Scetion oo form FEDF-52 {Sec EDP COS 13.

Optien (1i) will ba wecl largely at the discretion of the

Sity Representative, for work of ap urgent nature or ninor
addis longl werk not ineleded in the lump sum scope and for
which unit vates are not gvailable, A Field Extra Work Order
will be raised by the bite Representative to ecover this
vork and an Extimated ¥inal Cost of the work added to the Vork
Ordey. Time Sheats will be =zigned for on a daily basis by

Liin Bepresentat ive and material puvchases and plant equip-
rent covita alse signed for. It 1y fuperative that the F . EW.0,
number, allecated by the Represenkrabive, be written onto

bl time sheets, material purchase orders and plant equipment
gheets, to allow ealeulation of the Einal cost of the Work

Order.  The F.W,0. is subsequently confirmed by a Construction

Critnge Notice (Form EDF 91} and Chanpe Orders {(EDF 327, EDV
65 1 Seciion 4D clarifies this prucedure in rore detail.

Cption {iii) will be wsed for extra work wherever vassible,
Apain, the Eanineering Department Q.5. Section will check
and anpraise sueh lump-sum quotations and raise a Chaope Grder
for {inal approval by the Project Manager.

Invelces from Ceontractors will quete the applicable Change
Ordoer noaber in order that the Project Accountant can identify
the rost source and gain the Projoct Manasger's approval for
paymint.  lovoices for extra works should only be submittod
and approwed ab cher 30% or 1007 of exten Lmlkﬁ complet ion
stage wnless otherwise vellected in contractunt doonments,

-’
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- Tie attached diagrem extracted frosr U COR 1 prapnieally
iltastrates the Extra Werks procedurc.  {Appendiz 1.4.5.1).
Te allow urtras to b coded correctly, the QU85. Section in
ajst anked ta wse the form {Appendix 1.6.B.2) to cplit down
qurte,

1.4.% Plant Furchases/Labour

Use ol Plant rescurces is at the discrection of the Field
Reprecentative, but should be kept to 2 minirun. Should such
warls be necussary, the Field Eeprorsenlotive will fssuce o
Plant Werk Order Authorvisation careying an estimate of

naterial and lobour counts., This will ellow the To=t Enpirnoer
te roefleat theae coslg in the Estimated Final of the Prnleor
(ot Repork.

Subsequently, the Plant will submic a J.E.¥. which

will be picked up by the Project Accountant from the AP.YV.
printout. Once the Project Accountant has identified the cost
and gained Project Hanagar approval, it ls input into the
Project Const Report ss un eapenditnre.

1.4.,10 Field Manhuu: Costs

Ticzesheets are submitted to the Project Accounting Section of
the Eiplrieering Department and inputl into the Time Annlysis
system.  Subserquent approval of these timeshests is given by
thz Manager of Construction.

Froo Bhe ER9 printouvt, thase rcosts will subscquencly he
entered into the Project Cost Report as expenditures.

.41 ¥ield Frpensos

Frpionse Heports submitted ate approved by the Manager of Con-
struetion hefore input inte the Time Analysis System. Sunsequent
ihput inta the Projzct Cost Report follows rhe sanme pattern as

n 1.4.10,

COST VMRIATION PROCEDURE

1.5.1 iiferences between Budget (ALR. Estimate) conis and Hstimated
Final Costs are tergped Cost Varlations, Although Cost Variatfou:
vocutr foronany difference reasons, they may bhe saplit inte two
eatennries,

(i} those which oceur as # chanpe to Project Scoape (RDP COS 2),
{ii} the remainder.

1.5.2 chonges in Scope

Theso may be [urither subdlylded inta:

1) those which change the Project Scope of work,
{fii) thosc which change o Contrector's scope of wory,
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Tivose clunges identifled in (11Y above are covired wader

J.A B, They are nobt necessarily chaonpes Lo Vrojoct Stopn dind
vIill porwmally be allowes Tor in the Prejoot Fstinoted Finael
Costa.

1.5, Chnanges to Project Scope will be contiolied and monitered by
adherence to the notwork attached. (Appendix 1.5.3.1). This
netuork allows the speedy dideptificarion of Cosi Varilation
and gutlines the actions required to ecactrol them.

As ¢an he scen, the netwerh incorporates a Holding Account

ints which Cost Variatilou#® will bhe logged until they are
Identiiicd as a cost deviation or approved as chages in acone.
* This Hnlding Account will cnly be used for Cos: Variations
whileh exceed the Budpet (AR, Eacimate) by $3.000 oe 57,
vhichever iz the greater.

Cost Variations must be defined, costed and approved as quickly
o5 possible aiter they hecome evident in order to

{i) allow managenent the option of negating the proposed
change befare any [inancial commitment,

(ii) ensure that zll parties involved are still familiar
with the chinnge and the clearest picturc can be
presented, . ’

{it{) cnsure that in the event of 2 Supplementaty. Appropiviating
Feguest, all valld documeutation outlining the retusens
tir the increase is avei{lable.

wmae identified, the Cost Variation is bueilt into the Estimated
Flral Cost af the Project. The G-5. Secrtion is asked to usge
the Fora attached (Appendls 1.4.8.2) to allocate costs over
the various cast codes.

1.5,4 Por +this project, a Major Chunge 1in Scope is vue excedding
525,000 and s llinor Chanpe in Scepe is one costing less than
this figure. TFPreparation of Major Changes 1in Scope document-
ation is covered by EDPF COS 2, Ko commitments should be made
te Major Scope Changes untill approval for the change i3 forth

goning. , . '

1.5.5 (st Deviaticns

Thesn are changos feom the Budger cosis dun to variations fron
wendor original quotations etcetera. They can bz delined an
changes to costs occurring within tha intear from which the
AR, Estimalp wae prepared.

These deviations are flagped to the Project Fanager for achicn
asg autlircd in the notwork attached.  (Anpendiy 1.5.3.1%.

1.9.h Tr s the responsibility of the Cost Engineer 1o kecp a {ile on
atl coust vwariations from projeet inception. A Teconeilin: ion
i of differences between the AR, Fspinate and tie Estimoted Final
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Conty can suebuacquontly Lo prepared quickly, and in deiail,

1.6 DSTIMATED §INAL COST CALCULATIONS

1.6.1 A1 cost varlations, unless napated by alteroative Enginecring,
additional bid quaotations etcetera, will affect the Estimated
Final Cost of the Project.

1.6,2 FProm the Cost Engineer's file on Cost Variations, new Estizated
Final Costs will he inpur Inte the Cost Report, These {ore-~
casts Wwill be ilaput by aren, construction elemont and cost
compatient,

1.6.3 The Cost Engineer iz respansible for keeping the Estimated Final
Costs of the Project up to date. QUnless additional information
is at hand, Budger costs will be used &8s an Estimated Final
Cosz. |

1.6.4 A Definative Fstimate prepared by the Q.5. derartment will form
the basis for Forecasting Costs. Cost Variations will sub-
sequently supplement this Defjinitive Estimate as the Project
ProgTeL5es, '

1.6.5 The Cost Foglnrerwill maintain contrel curves for the following:

(i) Total Head Office Costs
(ii) Engineering Manhours
) {111} Support Fngineering Manhours
1) Desgfpn/Drafting Manhours (by discipline)
{v) Design/Drofting Progress
(1) Field Costs
{vii) Field Manhnurs
{viii) Printing Costs
Cix) Head Office Expenses (plus Cost per Mh. index),
(x) Contractors Progress vs. Extra Work Costs

{x1) Construction Overall Progress

Constant monitoring of these curves?will allow the Cost Tegineer
to forecast Filnal Costs atcurately and quickly.

1.7 BACNCHARCES

1.7.1 Rackcharpes which may oceur on this project fall into two main
categories.

{id deficiencies or crrorvs in . purchased engineared
egulpnent such as pumps, conveydrs, etc.

(i1} construction errors by contractars.

1.7.32 Purchased Fquipment

A thorouph and detalled inspection of all cquipment received

on site will be undertaken by a nmominated conlractor imsediately
upon arrival. Any damages or deficivacy shauld he reported te
the Site Representative immediately. Failure to inspoct
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1.7.4

and report hemedintely may result in the souree of darage or
deficicecy bedng dispated later. Aoy damage o dediciency
should be reeprdod on the Delivery Notiee and Material Roceived
HNotice, & copy of all Material Reecived Boblces wild be
forvardod 1o the Frojeet Accounting scckion in bhe Logiveering
Deparviment .

Should damape of deliciency bhe evident, the Site Represopt-
ative will phwne the Project Manager immediately, and sub-
segquently prepare & written repori. A copy of this repovt
with the Haterial Recoived Natice will be sent to tha
Froioct Accouating Section, wvherp approprlate cliims procodusos
will be initiateod.

5
On no account wWill damape be repaired by any contraclier other
than the supplier wiihout Projece Manager approval.

Contractar Construction Errors (incl. incomplete work)

Aoy work undertaken which 1s defective or not as per drawings
and specification will be uated by the Resident Engloneer.

The contractor will then bte regquested to undertake the revork
and conform to his Contract. If he fails to do so, he will be
informed in writing that the work will be undertaken by others
and backcharged to his acceunt, The Froject Manager will be
kept informed of all such developments., A detailed account

cf 21l cests Incurred om a contractor’s behalf should be sun-
mirted to the Head Office and will be deducted from the
contractor's future Invoices asx directed by the Frojuct Manager.

When the Field Office is eleszed down, backelarpge {iles
which have been kept by the Field Rapregsentabive will be
sent toe the Head Office. The Project pccountant will then

solicit the Project Manager's aid in clearing any coutstanding
claims.

1.8 MOKTHLY COST REFORT

1.8.1

1.8.2

Az ipformacion related to commitments, expenditurecs, forecast
final costs and Budgets is received by the Cost Engineer and
Froject Accountant, computer input sheets are infilled and
filed. These shects will be checked and batched by the Fraject
Atcountant aud Cost Engineer jointly at munth end and tranumitted
to the E.1,P, Department after coples have been taken off.  They
will be punched and preocessed by the E.DLF. Depariment and a
compueterized Cost Statement printout produced, Confes will he
transmitred te the Cost Enpineer who will check for compatalbilicy
with input and collate.

411 changes to underrunfoverron will thea be analysed by the
Cost Engineer and summariscd for che Project Manaper., A chanpe
order register, listing approved ehanpes will Lien be prepared
by the Cost Engineer.
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LLBCY T Trodect Manageer will produce o wribllen coviving Hao Wihich
witl expliain changes in overrunfonderrun sinee the last report,

boa £ Apv eoste appearing in the *Holding Account’ file will b potaed
ns a sepatrate hand written entry on the {ront sheet of the oot
Statement at the Frojoet Manager's discretioa.

1.6.5 The moatkly Cost Statement will then be distributed as per Lhe
Frojcct Monaper's direction.

PIRAL COST AUALYSIS "

1.8.1 At the completion of the Prejzct, the Cost Engiveer will pruopare
a {inal Cost Report and Apalysis of the toial Projoet. The
analysis will include a complete record of Cost Varizi.ons,

. : ¥
1.%.2 The Cest Enpineer must be aware that a declaration sy the Preject

Monager that the Prejecr is physically or mechanically 1607
complete does not signal the end ol his responsibilities. Until
the Froject iy fiscally complete, his involvement is s5::il)
neCessary.



S5YSTEN FOR CONTROLLIBG
CHANGES IN PROJECT SCOPE

Following is a s»mple detailed procedure illustrating a system for
controlling chanyes in Project Scope. It is included here because
changes in project scope is one of the madior causes of overrunsg.

Important reatuces of this system are:
It clearly defines what changes in sScope are.
I- glaviiies where contingencies [it in.
It practices faithfully the principle of the apnroval
system, l.e. putting the onus on higher officers in o
company 25 the amounts incroease.,
It reminds the authorizing officer that the cost of
the change is not really a claim agaimst the mocney in

the project and that in signing the change, he must
accept respensibility for finding the funds.
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SYSTEM FOR CONTROLLIKG '
CRANGES IW PROJECT SCOPE

—— .

)

This Engincering Procedure contalins 2 appendices.

ALMMARY :

This Enginearing “rocedure degcribes the procedure for approving and reeprding
costs associated with changes in scope and eclarifieg the diffavences batuean

major changes in scope and minor changes in scope. As a cervtain azount pf ‘
confusion exists in the true mpeaning of a change in sc:ipe, several Items '
which are nect changes in scope zre identified and defined. There is 2lso
clacification in the use of cgntingencies with regard to chenges In scopes.

URPOSE

¢

A "Change in Scope” procedure Is used to enable cost control to be execntc
&

in a3 =ore effective manner by highlighting and recording the variances 7r
the Estimata resuilting from changes In scope. It is air:d at contrelling
the expenditures within the authorized apounc for rhe project. The puunmnss
nf this Engineering Procedure Iis ko Ilnstruct Preject Fagineers in thalr
responsibilities in this area and guide them with regard.to the dotumentation
and authorizations required.

PRLJECTS AFFELTED
This Engingering Procedure applies to all protects.
DETINITION OF TERMS

4, &cope of Work

The Scope of Work Is a deseriztion of the work which %3 nmecessary :o

carry out the internt of the propesal in a viable mannar, The €escripiion

is delineated by the detsils of the Appropriatien Estimare, <he aggconiated
drawings and the accoapanying medorandum, The complete detailed Fozra of
Work is not established until the eatimate is a definitive ez-izat: {f7;& L

B X 197,

On smaller projects, the authorized estimate atrached te the Zopriaziasizt
Ruequest may estapnlish the detailed Scope of Work.

In the zase of majer prejects, the dafipitive estipnte wil
until seoe time after the initial approval and hence the dé
Work can not be fully established uneil that time. ({See T.2.
nore detailed infornmation on Scope of wWerk definition).

LT ]

-
-

Considerations such as overtime allowances, project schedulas, ats, sce 1)
part o and help define the Scope 9f Work. ]

4. Definitive Estimate [
A Deiinitive Estimate is the capital zost estimnte prepsred when i

desian 1s advanced tz the stape whera the scope can be accurateiy o
for all disciplines, snd recent guotations arz available £for ail st

i

- ]
iteas based on current design specificationn. The accuracy of this eszizaze |
should be T10%5., {(See £.P. €COS &%, fatimate Types), J




SYSTEM FOR CONTROLLING
CRAKGES IN PROJECT S{0OFE
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. DEFINITION OF TERMS (Continued)

FAY Y

.

Change in Scope

A Chonge in Scope 1s any modification, addition or delzticn o ihe
scope of work that aflects project costs and/or schedules.

Changes in sceope are claszified as either "Minor” or "Major" and ars
delined as Iollows:

{a) Minpr Change 1n Ecope: For Projects up to 510,000,560
Kot greater than 33,000 ov 3% of
centingencies, whichever ic ¢

For Projects over %10,000,000:

To ke arranged at less than 5% of
gontingencies. 3Speciiic procedurces
will be developed foar tne parrigulz:

project at less than 5% of ecatincencioz.

{b} Major Chanpe in Scope: Estimated cost exceeds the zbove iinice

wefe: Rignifican: ghanges in overtime, living and travelling expenses,
and chanpes to project schedule are all "Changes in Scose” and
can te aither "Minor" or "Major" depending on the dollar azsin:.

"Extras" e a2 liump sum project ave not classiflied as 3 Charss in foosa
uniegs they conform re the abova definition.

Stari-up Modiricarions

ftarc-up Hodificatiens which are gssential Bt fime of scart-uy o zais
the project wviable are not Changes in Scope. (Non-essanzial chanes
are not ingluded.) On larger projects, a separate allowance ghould e
previded in the main body of the estimate for starc-up —odifizarisns.
These items are not classified as 'Changes in Scope’.

Cost Deviation

Cost Deviations are variances in the cost of individual ite-s Fro-

the ameunt in the definitive estimate due to incarrecrt estimates,

cost efiects due Co extended deliveries, atnormal Sad veather effarzs,
ezc. Cost deviations are not changes In scope.

field Epergencies

Flelz ecergencies yefer to emergenty work which arises a:- the
sbnstruction site and tequires prompt action. These arc procassec
under the authority of the Resident Englreer by means of a Fiell
wGrx Order. Such egergencies are not classified as changas ia serpe
aud are nogt part of this Engineering Procedure.

v

'

C rwbn g —n s




SYSTEM FOR CONTROLLING
CHARGEES IN PRC 'ECT SCOPE
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i

<<tw initiatc Major Changes in Scope. The Eogineering Departzent sust neorh
& specific autherization froc the Division er Deparizent involwee zr ifias

DEFLXITION OF TERMS(Continued)
G. Contingencies

Contingencies Iin a project cost estimate are allowances for cont
deviations, emergencies and miner changes in scope. It is not
intended that "Contingencies" provide for Malor change:s in szoqa.
Tepending, however, on the final cest of the projact srd o che
appreval of the appreooriate authorizing authority, contiagency
funds may be used for Ma)or Changes in Scope.

H. Heserves

Fegerves constitute an arbitrary designatien of certain ltess Ia oz
estlzate that are generally indeterminate and mav or may net coaus:
as such they are administered for control purpuses In a diffe-ens
manner than regular project items. Normally, thev comsisc of the
contingencies, but for zajor projects they wmay alse ineluyde Iiems
suzh as overtime allewancus, start-up modificatdons, escalation,
cte. The exact coptent and amount of Reserves will wary with the
nature and size of eacn praject and are to be establisned for cnsh
projiect individually,

PISPONSIZILITY

The Engineering Depiriment Is tesponsible for the exezuc
in accerdance with the deseribed scope and for eoprratli

within the amount authorized., As such, 1t i3 respongibie
the centingenciay, and hence for Mine:r Changes in Scope.

ion of
n )

3

17‘
[ I B |

-
-
-

aT

Wy

n projects up te $10,0C0,000 the Project Engineer is respoasibla o
cantrolling llinor Changes In Scope. Tor projects over 310,000,000 e«
caragraph +.C.

Approval or a project does not give the Engineering DejzartTent auticri

—an - e aTe o

auther:ity ia order to preceed with such a change.

issusd by the Project Manager in accordance with the following croiainrais

The abgve is accemplished by a Major Change in Scope Torm {apnandds Vo7

AUTHORIZATIONS AND LIMITS

Hinor Changes In Scope aze handled as per TP £05 1 & 3.

NuLwe:

-

f the cumulacive amount of Minor Changes in Scope reaches U7
of the contingencies, a major project review must be undarzaken.

:iijor Changea in Scope must be recommended and. approved as :adiczzed oo

\ppeud.x VA", then processed through the appropriate divis’on or Sesartmsni.

b owaEor

and finally authorized by the following persens accordiag o thair

autherized limits. {As per Gufdance Maaual for Caplial Expendiiures),

v

- P
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SYSTEH FOR CONTROLLING
CHANCES IN PROJECT SCulk
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AUTHURIDATIONS AND LIMITS  (Contlnued)

4

fremmm e o oy =

AUTHDRIZATION OF MAJDR CHANGES I%W SCOPE .
{Individual and cusularive changes)

Departmental Projects Divisional Projocts

e — — v

oM
Ta

€5 43 ‘Changes up Changes up Changes ower
3 to 330,000 to $1200,C00 £100,C00

Authorized

. by Distribution
. 5 iand Purchasing
; | Mnapger

Autliorized Authorized .
by Division by Vice Presidens
Maneger or higher

autkexicy

[

FURDZNG OF MAJOR CHANCEZ TN SCOPL

T TR

Pador Changes In Scope uswally cccur doring the design/conscruction sericd
ol 2 pralect. it 15 not alwavs possible ro identify a: that time whanner
"1 mer there will be an overrtun in excess off ten percent of the avchorizos

azount. Theratore, those whe authorlze Major Changes ia Secote must ke
rrupared o pravide tne funds by means of a new or suzplemestary srolert,
dhnuii ‘uwdb ot pruve to he available a:t che project 'Dﬂ?+E-LCﬁ

TroJedl foHi sidteéments are o incorporate ‘informacien as > Maiar Ohaies
senpe as Indicgted in Appendix “B'., This method of presencation alicws
comparisons of the impact of Major Changes -in Scope on the overal : vapis
gt GI a project. A suzmmary of such datalis also veproduced on ok

1
b

Coange of Scope submission forx to enable the persons authorizine such oo

=3 visuallze the financizl status of the proiect.

™

LR T R A ——
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i1

ENGINEERING DEPARTMENT .

Project No.: .,

Revision Mo, .

PROJECT SCOPE CHAMNGE

e

Projec: Title.

Area/Discipline:

Estimared Cost of this Change £

————

Date:

Description of Change:  Attschments

.

Justification for Change:

.ect on Relsted Fortior of Schedule:

Etazt on 1

- - . N . . N .
Startasp Date | Advanced by days. Boatarded by days o Change
Totai Forecast of "All"” Changes To-date 3 % of ContL.
Mot Cost of TRis Crange 5 % of Cant.
Current Final Cost Forecast 3 % {Over) Linger
{Exzluding this changs)
turrent Firal Cost Forcass s % 10ver] Uncer
{\ncluding this changel
Autharieed Amount 5
recamm/
Appr. by Recomm by Crats
{P. Eng. or P. Magr.} {Chief Engineer|
Hecomo,f .
depr. by Alth, by; Date
[Steswing Gr. Chairman) {Dw. Mgr. ar Exez,
- Commitiee Chairman}
L -
weted Gy
Reason fur Rejection:

Y Autnoriration of 115 CRARDE 15 8 COMHITMENT (o IAkE § new Or sucplemen i réquest for the funds indicatag ¥ the fieal cost
ot 1y project gecesdt the srmount autharized by 10%.




GEXERAL CDS8T STATEMERT FORMAT

|
!
l

COST CLENTRE

FIXalL
COST
FORECAST

AUTHORIZED
AMOERT

COVEDD
wDER

OLFEET COSTH
INDIRECT COSTS
ENGIGEZRING
CONTINGERCIER:  DESIGH CHANGES

: STARD-UP CHANGCES

¢ DOIRER CONTINGIUCTES

ISFLATLON ALLOWANCE {IF )

———— e ey

TOTAL {Incl. Changes in Scape)

T
F

NAT CO5% O MAJOPR CHANGES
LHCLUDEDY IN THE J30vE

SCaPL

e -
- - i m

i
- - m——

TOTAL Q08T ({Exeliciing Vajer Changes)




Cumpoters

Ag projocts become larger, land the size of projects seem to ke
continupusly increasing) computers can make a tremendous contribu-
tion to the systems being used to document and control the projects.
On the wvery large projects, they are becoming indispensable.

In general, computers:

Handle large masses of data guickly.

Produce reports faster {(but can also delay them}.

Car be very versatlile, offering a large choice of
reports and. reperting levels,

Are consistent in processing data.

The market is flooded with all kinpdys of computer software programs
all aimed at making some type of improvement to the overasll
engineering function, -

The Computer Applications Committee of the American Association of
Cost Engineers has published a report entitled "Cost Engineering
Related Computer Software' containing a list of programs an the
market along with a brief description of the scope and cost of
cach program,

Some of these programs are very comprehensive with ¢laims that they
will provide a fully integrated syastem for handling every reguirement
for cne accounting and control of engineering preojects.

However, a word of cautien. Computerization is cestly and large
sung of money are spent before results can be obtazined., Selection
0f a wrong systoem could be a costly mistake.

A computer should be used as a tool to assist an organization in
aceomplishing its objectives, The organization must not be a tool
of the conputer,

it 1s well to remember that c¢ost control occurs through people.

It concerns their atvitude, their commitment, their involvement

and iz s0 broad in its apblication that it embraces more or less
evary facet of design, procurement and construction.

Hogst companies start withscomputer programs for individual opera-
tions such as deoing data processing for manhours, payrell, purchase
crder control, etc. Expansion of the programs may resul:t in
computerizing the Project Cost Statement., Another program may be
used for CPM scheduling, The overhll aim may be to integrate ail
cperations inte one comprehensive program ané ultimately the lonc
range objective may be to have thesystem operating “on line”.

althongh the principles of cost congrol may be universally
spplicable to all functions, no twolcompanies are exactly the sznme.

For example: is the Company concerJ&d with design and draughtirg,
Dr procurement, or congtruction or 211 three?

27
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All cost plus concracts are "red warning flags".

Cut-pff dutes for all reporte and documents -should be consistant
and well understood. One cut-off date for "cost + commitment

to date" and a different date for "labour cosis to date” can
be very misleading.

Beware of “documentsg in progress". This refers to commitments
which have occurred but for scme reason have not yet bean
officially recorded as commitments and have also been cver-
locked in arriving at the “"estimate to complete®. Examples

are unpaid equipment rentals due to tardiness in submitting
invoices, purchase order requisitions not yet placed, unit
price work actually completed put not yet inveoiced, ary labour
aceruals not yvet involieced, slow accounting of Field Work Orders,
kriown claims acknowledged but not yet approved, estc., etc.

Anticipate factors that could affect labour costs, e.g. bad
weather effacts.

Too much reliance on trending and averaging principle to
arrive at forecast final cost. The pattern of trending curves
varies, depernding on the item being trended e.g. concrete,
piping, etc. An intimate knowledge of these patterns can help
in making better forecasts.

The price or & purchase corder at the time it is issued is
rarely the final copt. Many add-ons are freguently overlooked
such as freight, sales taxes, changes, escalation, etc.

Close out all Work Crders as soon as possible after completion.

Otherwise someone will manage to get additional time charoged
against them.

when assaessing progress and forecasting % complete, remember
that the last mile is the slowest and most difficult.

29



ORGALTZATION

The organizatienal

oxegition.

structures vary depending on the method of

For example, at one extreme various companigs may be

inveolved, each ene having a different responsibiliiy, while at the
othier oxtreme one company may be totally responsible for the
[procurement and construction. For example:

desiqn,
o
D
ol
P
e L 5C

[
[F

represents

represents

represents

represents

represants

represents

an Owner's engineering dept. which may carry out
the design, procurement of major eguipment, and
has construction carried out by contractors,

In some cascs, an owner will have a complete
construction section which carries out con-
struction by direct hire.

Design Consultants who carry cut the sane
functions as above,

Construction Management Consultants who special-
ize in taking the dérawings and specifications
from others such as.0 or DC above and undertake
to have them constructed by letting contracts
and overseeing the work of the contractors.

Project Managers who specialize in managing
the eptire project on behalf of an owner and
let contracts with design consultants and
contractors and oversece the work.

General Contractors and Subh-Contractors who carry
out the construction work whether it be on the
hasis of lump sum contracts, unit price basis

ur some form of cost plus.

Design Build constructors who provide a complete
service to design, procure and construct a
plant, sometimes using their own construction
personnel with direct hire and sometimes by
letting construction contracts,

Thus, a project may be executed in any one of the following wavs

as illustrated

in Table 5.

30



Table 5

! Procurement
1‘. ! - H . . I
| _— Oerall Lﬁ91nger1ng Major iBalance Constn Construc+ion
| Case] . Design - Mgt.
Dlrectlon] e Equip. by I by [
] ¥ b Y
; ¥
! 1 0 "0 and/or DC 0 GC/SC o | GC/SC
L2 0 0 andor pc| o ! Gessc |oom GC/5C
! | 1 I_ v
bl 0 0 O : 0 o SR O
4a 0 .’ e pC . G6C/SC . DC e, sC
1 | ! 1 '
5 | O or PM | ne pc | Gossc |, 0 or M GC/SC
6 | ‘0 DB DB . DB | PR DB or GC/SC

| I ! ] |

The above table is still only a partial indication of the combin-
ations which occur.

There are many factors to consider in selecting the method of
execution and these would include the eleven essentials for good
cost contreol as discussed praevicusly. Although other factors may
b more siygnificant in making the final decision, it is well to
remember that as the number of participating organizations increase:

Management bevomes more difficult.

Procedures become more important than ever and
more voluminouos,

Responsibilities are less clear and tend to
overlap.

Communications become more difficult and cften
break down,

Qverall control becomes more difficult.

Regardless of the method of execution, the foregoing principles
of cest control apply. The only difference i8 the extent Lo
which they are applied and this will vary with the responsibility.

Thus, there are certain key functions which must be performed
for goud cost ¢ontrol and these must be given a place of impor-
taner in the organizational structure. Thus:

Istimating

Planning & Scheduling
Cost Contrel Activities
Project Accounting



i central crganizational structure may loox something like:

Project Mgr.

Design Construction Cost Engineering Accounting
1 l r
Proilect Construction : Estimating ¢ Englneering
Frglneoering 'Supervision : o
' ' ' Plan. & Sched. Construction
Discipline Coniracts -
' Engincering Admin. | Cost Control
Draughting
or it may look like:
Project Mgr.
l
! | 1
Design Construction Project Services
Estimating
Plan. & Sched.

ECost Control

Accounting

Inspection

The field organization would bhe an extension of this, such as:

AcCounting

Conestruction
!
Resident
Engiqeer
N I | i

1"ield Cost Control Planning Field
Enginecer a, & Sched.
Inspection
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In a minimum size Organization, for a very small project, one
qost engineer may carry out the entire function sf cost control
and planning and scheduling with back-up from an estimatiry yroup.
4 project accountant would spend part time directing the clerical
stall regurding the normal accounting requirements.

fs the vrodect got larger. there might be one cosl engineer on
concrol, one planning and scheduling enginecr, back-up from an
estimating group and one project aceountant. These persons would
servige the entire project at head office as well as irn the tielc.

As thne project got larger, it would reguire a cost coutrol engineer,
i planning and scheduling engincer and an accountant in the field.

Fach of these perscons would respond to the resident angineer, bu-
would ktake functiconal directicn from their counterparts in the
cancral organizacion.

As projects hecame larger, it would be a case of adding to the
staf!{ under these functicns to match the reguirements.
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RLCAPITOLATION
Te sum it up:

Cos* control starts with management and must pervade the entire
project vrganization. Management must want it, understand it, and
provide the organization and staff to make it functien. This
applies to the engineering function, the procurement function and
the contractors.

Gopd experienced staff are required and they must bea dedicated te
the overall philosophy of cost control,

The universal cost control cycle of realistic targets, renitoring,
trending, forecasting, ideatifving problems and taking action was
nighlighted and underlies the entire concept of cost control.

The system must be dynamic and always pointed to the future.
Historical data in itself is of limited value in cost control.
Reporting must be promp: and timely.

In a nutshell, the Project Manager must know:

Where hoe's been.
Where he's at.
where he's going.
“hat actjion he should take,

There's no casy rouvte to good cost contrel. In essence, if you

hawve: it, it means your entire organization is a very efficient
and effective well run gperation,

34
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Solution to Case Problem

Market Epvironment

The business environment is that of 1961, Plastic A hes been important
commercially since 1848 and Plastic B since 1858. Plots of the historie
and forecast industiry demand and price trends for each product

are shown in Exhibita A-1 gnd A-2,

Over the past 10 years, Plastic A sales increased 220 per cent,

[rom 210 MM 1b in 1852 to 465 MM 1b in 1961. Over the same pericd,
prices declined 33 per cent from 304/1b, in 1952 to 20¢/Ib, in 1961,
as industry demand growth siowed from 33%/yr to 5%/yr. Future
growth iz projected at 4%/yr over the next five years and 3%/yr
thereafter. Industry capacity has continually exceeded demand,
and in 1961, there was 25 per cent surplus cepacity. At forecast
growth rates, no new capacity additions will be required until the
end of 1967. Loco's 3¢ MM 1b/yr plant represented 14 per cent

of inatalled capacity when it came on stream in 1950 and only 5 per
cent in 1981. The plant hes not been sold out since 1855, presumably
beeause of gradual obsolescence, and in 1861 operated at only 50
per cent of capacity.

In contrast, Plastle B i8 a relatively new commercial cotnmodity
and is still growing rapidly. Its 1961 sales are 105 MM Ib, or only
22 por cent of Plastic A. Demand growth is expected te drop gradually
from the current 40%/yr rate to 10%/yr in 1866 and beyond. If Loco
builds it's 50 MM Ib/yr Plastic B unit to come on Btream in 1964,

it will enter the market with a plant capable of supplying 24 per
eent of the forecast detnand with first year sales of 2] MM b, or

10 per cent of total demand , and an inital price of 31¢/Ib, Ifit
defera commercialization three yeers, as probebly will happen if

it continues the development of its own process, then it will enter
with 8 nameplete capeclty equal to 17 per cent of the 1967 markot,
but because of increased competition is expected to achieve first-
year sales of only 12 MM Ib, or 4 per cent of demend, and an initial
nit back of only 26¢/1b.



Solution to Case Prohlem

Market Environment

The businesg environment is that of 1961. Plastic A has been important
commerclally since 1948 and Plastic B since 1958. Plots of the historle
and forecast industry demand and price trends for each product

are shown in Exhibits A-1 and A-2.

Over the past 10 years, Plastic A sales incressed 220 per cent,

from 210 MM lb in 1852 to 465 MM b in 1961, Owver the same period,
prices declined 13 per cent from 30¢/1b. in 1952 to 20¢/Ib. in 1961,
a5 industry demend growth slewed from 33%/yr to 5%/yr. Fulure
growth is projected at 4%/yr over the next five years and 3%/yr
thercafter. Industry capacity has continually exceeded demand,
and in 1961, there was 25 per cent surplus capacity. At forecast
grawth rates, no new capacity additions will be required until the
end of 1967. Loco's 30 MM Ib/yr plant represented 14 per cent

of inatalled capacity when it came on stream in 1850 and only 5 per
cent in 1861. The plant has not heen sold out since 1855, presumsbly
becauge of gradual chsolescence, and in 1961 operated at only 50
per cent of capacity.

In contrast, Plastic B is a relatively new commereial commodity
and is still growing rapidly. Its 1961 sales are 105 MM lb, or only
22 per cent of Plastic A. Demand growth is expected to drop gradually
from the eurrent 40%/yr rate to 10%/yr in 1966 and beyond. If Loco
builds it's 5 MM lb/yr Plastic B unit to come on siream in 1984,

it will enter the market with a plant capable of supplying 24 per
cent of the foreeast detnand with first yeer sales of 21 MM Ib, or

10 per cent of total demend , and an initial price of 31¢/1b. If it
defers commercializaton three years, as probably will happen if

it continues the developtent of its own process, then it will enter
with a nameplate capacity equal to 17 per cent of the 1967 market,
but because of increased competition is expected to achieve first-
yeur sales of enly 12 MM Ib, or 4 per cent of demand, and gn initial
net beck of only 25¢/1b.
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Cash Flow Tablesx ?

The five bagic cases are:

Plastic A ' Plastic B
(Exiating business) (Kew business)
Coptinue ag is Purchase Knowhow
Pregent Plant-aggressive marketing Develop Knowhow

10 HY 1b./yr. expansion

*

Poksible combination ceses will be discusased later.

The pro-forma P&L statements and cash flow tablea for these flve
cades are given Tables A-3 and A-4. Each table summarizes the fore-
cast revenues, expenses, and inveatment effacts, by year. The table
form is exactly comparable to that shown in the casze descr1ptznn for
the Plagtic A pest-ingtallation appraisal.

The tables have a typical, ‘useful format, which is automatically
self-checking; apecifically, the cumulative net profit after taxes
wust egual the cumulative cagh proceeds from the project. The cal-
culated annual cash proceeds are then discounted to'determine Lhe
present values and intereat rates of returns, or PI's, for the

‘alternatives compared in theae tables.

These tables will be discusaed on a cage-by-case basis followed

by sample calculaticns.‘ Those working thia case should be able to
check most pnumbera exactly. In certain instances, as in the workipng
capital and depreciation calculations, scme assumptions have to be

.made and some variability ie acceptable,

What Alternate is the Cage compared Againat? Since a2l economics
are relative, each cash flow table really summarizes the difference
in cash flows hetween two alterpates. It im important to explicitly
recognize what these alternates are. »

Alterpate Compared Against

Froduci Case (Base Came)
A ﬁl' Continue As-Is Get Out of business
Az, Present Plant-Agressive Mktg. ©Cet Qut of business
A 10 MM Lb,/Yr. Expansion Present Plant-Apgressive Miktg.
B Bl' Purchase Knowhow Do nothing
BZ’ Develap Knowhow Do nothing

This selection of the base case 1s to some degree arbitrary, but
should he logical. 1In real life, changes are often made, after
preliminary calculations show the relative attractiveness of the
sevaral alternatea, For example, if the 10 MM ib./yr. plastic A
expansion were shown to be an attrective addition to the.agpredsive
warketing plan for the present plant, but the aggressive marketing
plan itself was vnattractive, then the expansion costs and benefite
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Cash Flow Tables

wi
The five basic cas=s are:

Flastic A Plastic B
{(Existing businaaa) (New business)
Continua aa ia Purchase Enowhow
Present Plant-aggressive oarketing Develop Enowhow

10 MM 1b./yr. expansion
Pospible combination casesp will be discisaed later,

The pro-forma P&L statements and casph flow tables for these five
cases are given Tables A~3 and A-4. Esch table summarizes the fore-
cast revenues, expensas, and iovestment effects, by year. The table
form is exactly comparable to that shown in the cage description for
the Plagtic A post-jinatallation appraisal.

The tzbles have a typical, 'useful format, which is automatically
self-checking; specifically, the cumulative net profit after taxes
must equal the cumulative cash proceeds from the project. The cal-
tulated sonual cash preceeds are then discounted to determine the
preaent values aod intarest rates of returns, or Pi's, for the

"alternatives compared in these tables,

Thege tables will be discussed on a case-by-case basis followed

by sample calculations. Those working this case should be able to
check most numbers exactly. In certain instances, 8s in the working
capital and dapreciation calculaticns, some aasumptions bave to be

.made and some varisbility is acceptable.

What Alternate is the Case compared Againet? Since sll economica
are relative, mach cagh flow table really summarizes the difference
in cash flows between two alterpates. Tt is importent to explicitly
recognize what these alternates are.

Alternate Compared Againat

Product Case * (Bage Case}
A A_, Continue As-Ia Get Out of buainess
Az, Present Plant-Agreasive Mktg. OGet Out of businese
ha, 10 H¥ Ib./Yr. Expacgion, Present Plant-Aggresmsive Hkig,
B B,, Purchase Kpowhow Do nothing
BZ’ Devalop Knowhow Do nothing

L]

This selection of the bage case is Lo some degree arbitrary, but
should be legical. In real life, changes are often made, after
preliminary calculations show the relative sttractivenesa of the
geveral altermates, For example, if the 10 MM lb./yr. plastic A
e¢ipansion were shown to be an attractive addition to the aggreasive
marketing plan for the present plant, but the aggressive marketing
plan itself was upattractive, then the expansion costs and benefits
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Alternate A --The current operating cosls for Plastic A are supplied
tor two levels of operation. At onc-third of capacity, the manufac-
turing costs are 45 per cent of capucily costs, with even the so-called
fixed costs ghowing some variabilily over this wide range of operating
conditions. The values shown in the cash flow table were obtained by
linear interpolalion: '

1562 1963 1564 1965 1966
Per Cent of Capacity 50 43 40 37 a3
Expenses
* Baw Halerials 5325 460 420 385 3sa
Utilities 450 J80 &0 330 aao
Catalyst & Chemicals 225 200 180 165 150
1,200 1,040 960 B8O 800
Lahore 1,040 970 935 200 865
Maintenance 225 206 198 189 185
Overhend 194 193 192 191 185
1,450 1,369 1,325 1,280 1,235

The gelling price and marketing expenses are takep directly from Table &
of the case. SBtraight line depreciation is uwsed gince the investment
was made before 1954. (In 1954 the tax regulations were changed, permit-
ting accelerated depreciation of new investments for tax purposes.) The
plant is (ully depreciated in 1965,

Aternate A --Under the aggressive murketing plan, technical service and
product impFovement investments totalling $450 M, and increased marketing
vepenses, enable the plant to increase sales and reach capacity in two
years, Table 4 in the case gave the yearly sales volumes and marketing
expenses. Mapufacturing costs are estimated by interpolation, as before.

Accelerated depreciation is possible fer the future fixed investments.
The tour investments oust be considered separately, in order to recognize
differences in amount, timing, depreciation method, and tax credits on
projeclt termipation:

Existing Tech Sexvice Product Future

Element Flant Lab Improvement  Modernization
Value, $H 1,228 asn 100 750
Depreciation [ife 4 yrars 15 years 10 years 10 years
Depreciatian Begins 1/1/62 1/1/62 L/1/62 1/1/66
Hethod aL 5YD 5YD 5YD
Sample Calenlation

1962 ToLal, $269 H 5307 M 44 M 518 M -

1966 Total, 5179 H - 532 M $11 M $136 M

It was assumed that the small technical service lab and product improve-
ment investmenis took little time to complete, and depreciation could
bepin in Lhe year they were made, The modernization investment is
agsumed to take a year Lo complete, with depreciation beginning in the
following year.
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Alternate A, --The current operating costs for Plastic A are supplied
lor two levels of operation. At onc-thivd ef capacity, the manufac-
Luring costg are 45 per cent of capacity costs, with even the so-called
tixed vosts shewing seme variabilily over chis wide range of operiling
conditions. The values shown in the cash flow table were obtained by
linear interpclation:

19632 1963 1964 1065 1966
ler Cent of Capacity 50 43 40 a7 33
kxpenses
Raw Materials 525 Aol 420 aRs As0
Utiliting 450 384 360 330 a00
CaLulyst & Chemicals 225 200 150 165 150
1,300 1,040 D60 880 800
Lahor 1,040 q70 935 9040 365
Haintenance 225 206 198 189 185
Overhead _ 184 193 192 191 185
1,459 17369 17325 17280 17235

The selling price and marketing expenses are taken directly from Table 4
of the case. Straight line depreciation is used since the investment
wis made before 1954, (In 1954 the tax regulations were changed, permit-
ting acrelerated depreciation 0f new investments for tax purposesi] The
plant s {ully depreciated in 1965,

Alternule A --Under the aggressive marketing plan, technical service and
product impFovement investments totalling 5450 M, and increased marketing
cxpenses, enable the plant to incresse sales and reach capacity in two
years. Table 4 in the case gave the yearly sales volumes and marketing
expensat. Manufacturing costs are estimated by interpolation, s5 beforn.

Accelerated depreciation is possible for the future fixed investmenlts.
The four inveslments must be considered separately, in order to recagnize
difterences in amount, timing, depreciation method, and tax credits on
project termination:

Existing Tech Hervice Product Future
Eiement Flant Lab Improvement  Hedernization
Value, SH 1,228 350 180 750
Depreciation Life 4 years 15 years 10 years 10 years
Depreciation Begins 1/1/62 11162 1/1/62 1/1/66
Method 5L 5YD 5YD , 5YD
Sample Caleuntation

1962 Total, 5369 M 5307 M 544 M 518 1 -

1966 Tatal, $179 M - 532 W $11 M §136 M

[t was assuned that the small technical service lab and product improve-
menl iuvestiments took little time te complete, and depreciation could
treprin in the year they were made. The modernization investment is
assumed to take 3 year Lo complete, with depreciation bepginning in the
following year.
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ITI. Discounted Cash Flow Reagults (Flve Alternateg)
The DCP results are prefented here for the five original cases alang
with a digcussion of related areas of speclal interest. Combination
cases wlll be covered later. The cash flows are taken directly Eram
Tables A-3 and A-4,
Alternate Ay, Continue As Ia
The standard trial and ercor DCF analysis shows only a (.75 PI for
contlnulng operation five more years. If this were the only choice,
the plant would have to be shut down now., The present valus calcula-
tions follow, using the cash flows obtained in the previous section:
Trial Rate--1% E;ial Rate--10%
Time Cash Flow, Fector Table Fregsent Value Factor PV
o {1,595} 1.400 - {1l,595) 1.000 {1,595])
0-1 267 LDas5p B 266 - L9516 254
1-2 201 9851 B 198 .B611 173
2-1 166 9753 L] 162 77l 129
3-4 134 L8654 B 124 . 7050 94
4-5 {67) L9560 B [64] L8379 (41
g 935 L9512 A Bg9 L6065 567
41 {15) [421)

The aplution rate {5 cobtained by interpoclation between 0 per cent and

1 per cent. Discounting the cash flow only at 10 per cent, the cost

of capital, would also confirm the project is unaktractive showing a

negative present value aof (5421 M). However, thia does not give as
clear a pilcture as to how poor pecformance really is, as to quete a
0.75 per cent return.

This analysis is incomplete, although correct as far aa it goes. BSince
prodect performance 1la continuing ko deterlorate, {t might be attractive

to operate the plant one or two more years, for example, and then

ghut 1t gown. The best approach i{s to analyze the shortest life first,

i.e., one year, ap this should be the most attractive. When this

ghort time span 18 belng consldered, it is important te determine the

timing of cash flows as accurately as possible . For example, the

calculated PI for continuing one more year ranges from 13.1 per cent

to 5.4 par cent, with changes In the timing of cash flows from terminat-

ing the project.

Recovery Assumption PI far Continuing 1 Year
Unifarmly in 1962 (Year 1} 13.1
Unlformly in 1963 (Year 2] 5.4
At End of 1962 7.0

Recovary of working capital {$935 M) normally would occur at orf very

close to time of plant shutdown, as it would mainly cover sale of
final inventories and collection of cutstanding raceivablea. The
tlming of the 5500 M tax credit con the undepreclated balance may

r
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ITI.

Dlucounted Cash Plow Results (Five aAlternates)

The DCP results are presented here for the five original cases alonyg
with a discussion of related areag of special interesgt. Combination
cages will be covered later. The cash flows are taken directly from
Tabhles A-1 and A-4,

Altarnate Aj, Continue Ag Is

The standard trial and error DCF analysis shows only a 0.75 PI for
continuing operation five pore years. If this were the only choice,
the plant would have to be shut down now. The present value calcula-
tions follow, uaing the cash flows obtained in the previcus section:

Trial Rate——1% Trial Rate--10%
Time Cash Flow, Pactor Table Fregent value Factor BY

{1,595) 1.000 {1,595}
266 9516 254
198 .8611 173
162 L7751 129
129 7050 94

] {1,595} 1.000
o-1 267 .93950
1-2 201 L9851
2-3 166 «975]
i-4 134 +J656
4-5 {67) 9560 i64) .6379 (43)

5 935 9512 889 L6065 267

il {15} (421}

AFEH Do E

The sclution rate is obtained by Interpolaticn between 0 per cent and
1 per cent. Discounting the cash flow only at 10 per cent, the cost
of capital, would alss conflim the project 18 unattractive showing a
negative present value of (%421 M). However, this does not give as
clear 3 plcture as to how poor performance really 1g, a8 to gquote a
0.75 per cent return.

This analysis is incomplete, although correct as far as it goss. Since
project performance {s continuing to deteriorate, it might he attractive
ta operate the plant one or two mote yearn, for example, and then

shut 1t down. The best approach s to analyZe the shortest life firat,
i.e., one year, as this should be the most attractive. When this

shoert time span ip being gonsidered, 1t ia important to determine the
timing of cash flows as accurately as posaible . Por example, the
caleulated PY for continuing one more vear ranges from 13.1 per cent

to 5.4 per cent, with changes 1ln the timing of cash flows from terminat-

. 1lng the project,

Recovery Assumption PI for Continuing 1 Year
Uniformly in 1962 (Year 1) 13.1 .
Unifarmly in 1963 (Year 2) 5.4

At End of 14962 1.0

%

Recovery of working capital ($935 M) normally would occcur at or very
close to time of plant shutdown, as it would malniy cover sale of
Final inventories and collection of ocutstanding teceivables. The
timing of the 5500 M tax credit on the undepreciated balance may
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ance, and illustrate the coneiderables variability in slopea which are commonly

nbtained, The threa curves ghown are: .

) Pl
Aj--Continue ag is, 5 more years 6.75
Ay--Ag@ressive Marketing 1.8
Ag+Ay=--Total Program, Aggresaive Marketing, plus

30 per cent Expansion 6.5

Alternata  By——-Purchage Knowhnw.

Plagtic B Casas

The PI for Alternate By (putchase knowhow) is 13.1, and for Alternate By
fdevelep our knowhow) 1s 11.6. Purchased knowhow ifa preferred to the conti-
nuad development of Loco's process in spite of higher investment and cperat-
ing coBts. Successful completion of Loco's process development is expected
to take at leant thtee more yeats, and would force a aarket entry under
much more compeatitive conditions, with significantly lower sales prices

and a alower sales buildup. There ia a 16.4 PI incentive for invenmting in
B1 inatead of By. Thia azaumes the plant buiit with purchased knowhow,
gince it mtarted production three years befare the By alternate, will alao
terminate three years asconer. To eliminate the problem of different lives,
assume product is mtill offered to customers for the By camse, but on a
resale basis, without profit or loes. This treatment could understate the
purchase knowhow incentive by as much as one unit.

Exhibit A-6 shows Pl present value curves for By, Bs, and the difference
case. The By and Bs curves are normal in appearance, while the difference
curve 18 very unusual. The present valueg for this are:

Pregent Value, 5M

- 0% il ; int 15% 20%
By va. By . 736 2197 1647 366 (936)

Thia ghape ig typlcal of a multiple aolution problem. To determine whether
or not there is a multiple Boletlon, it iz necessary to determine the number
of sign changes in the cumulative cash position. The data are:

5
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ance, and jilustrate the considerable variability in slopes which are commonly

cbtained, The three curves shown are: .

Aj--Continue as 13, 5 more years

An--hAggressive Marketing

Asthy--Total Program, Aggressive Marketing, plua
M per cent Expangion y 6.5

Alternate By——Furchase Enowhow

Plagtic B Caces

The PI £for Alternate By (purchase knowhow) is 13.1, and for Alternate Bp
{davelop our knowhow) is 11.6. Purchased knowhow is preferrad to tha contl-
nugd development of Loco'e proceas in spite of higher investment and operat-
ing coats. Buccesaful completion of Loco's process development iz expected
to take at least three more years, and would force a market entry under

much more competitive conditicns, with significantly lower sales prices

and & Alower salee buildup. There 1B a 16.4 PI incentive for investing in
By instead of Bz. Thisg agsumes the plant built with purchased knowhow.
since 1t started production three years before the By alternate, will also
terminate three years sgooner. To eliminate the problem of dlfferent liven,
assume product is gtill offered to customers for the By case, but on a
regale basis, without profit or losa. This treatment could understate the
purchase knowhow incentive by as much as one unit.

Exhibit h-6 shows PI present value curvee for By, By, and the difference
case¢. The B and By curves are normal ln appearance, while the difference
curve is very unusual. The present values for this are:

Present Value, 5M
0% 5% 10% 15% 20%

By vs. By 36 2197 1647 366 (936)

This ghape ia typical of a oultiple solution problem. To determine whether
or not there is a multiple solution, it is neceszary to determine the number
of aign changes in the cumulative cash poaition. The data are:

15
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The yearly marketing cost effacts credited to Alternate Ry, after 54
per cent taxes, are:

Tech., Service Deprec. Tax Marketing Expensa

Lab, Avoided Credit Last Savings Total

1962 350 f24) - 126
1963 {22] - (22}
1964 {20]) 69 49
19465 f19) 87 _ ]
1364 {17} 108 91
1947 {16} 129 111
1948 {14} 138 124
1969 i1 138 125
1970 (11} 130 127
1971 (%) 138 129
End 124} = {24)
350 (189) 945 1,106

The Adigcounted cash flows for these savings are added to those calculated
for A», to get the new PI of 13.5.

Trisl Discount Rate

D% 5k 10% 15% PI

A5, Base Cage 1,564 424 {311} {787) 7.8
Marketing Savings 1,106 8ol 220 606

Revieed Aq 2,670 1,305 409 {181} 13.5

The PT for the total new investment in Ay and By is 13.,2.

V.

Sengltivity Analysin

Resultn

Once

the basic cash flows have been determined, a sensitivity analysis 1=

fairly eamy to perform, as cash flow adjustments are required only for the
factors that change, The results for As alone, By alone, and the comblina-

tion

Az

By
Ay +

cage are:

Sensitlivity
Bage + 10% -20% In
Cage PI  + 1¢/Lb. Fixed Capital Volume
1.8 6.1 -2.3 -3.4
13.1 1.2 -0.6 -1.6
By 13.2 .7 «0.5 -1.8B

Exhibit A-5 givea the present values used to develop these sensitivitlies.
The calculations supparting these present values immedlately follow this
discueslon of results. The price mensitivity is the easleat to calculate,
as only one item changes-=- the yearly revenue. The Inveatment sensltivity
la slightly more complicated as both the investment and the depreclation

tax credite are affected. The volime sensitivity is the moat involved,
taking into account the years the plant has idle capacity, and for this
period, the effects on revenues, expensen, and working capital. Por Plastle
A, there are lost sales In the first three years of cperation; for Plastic
B, the sales lose covers five years,
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The yearly marketing cost effects credited to Altecnate Ag, after 54
par cent taxes, aret

Tech. Service Depres. Tax Marketing Expense

Lab, Avolded Credit Loat Savings Tatal

1562 aso {24} - 326
19563 [22} - (22)
1964 {20] 69 49
19465 - [19] BY L)
1966 f17} 108 91
1567 (16} 129 113
1963 (14} 138 124
1959 (13) 133 125
1970 (11} 133 127
1871 {9) 138 129
End I {24) — —{24)
350 (189] 945 1,106

The discounted cash flows for these savings are added to those calculated
for Ay, to get the new PI of 13,5,

Trial biaccunt Rate

0% 5% 10% 15% Pl

Ay, Base Case 1,564 d24 {311} {787 7.8
Marketing Savinge 1,106 Bal 120 506

Reviesed A; 2,570 1,305 409 {181) 13.5

The PI for the total new investment in Ag and By is 13,2,

V.

Senaltivity Analysle

Rezults

Once the basic cash flows have been determined, a sensitivity analysis is
Eairly easy to perform, asa cash flow adjustments are required only for the
factora that change, The results for A alone, By alone, and the combina-
ticn caae are: :

Sepaitivity
Hase + 10% -20% in
Case FI + 1¢/Lb. PFixed Capital Voliume
Ay 7.8 6.1 -0.3 -3.4
By 13.1 1.2 -0.6 ~1.§
Ay + By 13.2 1,7 0.5 -1.8

Exhiblt A-5 glves the prespent values used to davelop these menaitivities,
The calculaticne supporting these present values immediately follow this
discugeion of reaults. The price sensitivity is the easiest to caleulate,
as only ona ltem changes-- the yearly revenue, The Investment senaltivity
ia slightly more complicated am both the investment and the depreciation
tax credita are affected, The volume sensitivity is the most involved,
taking intc account the yeara the plant has idle capacity, and for thils

period, the effects on revenues, expenies, and working capital, Por Plaatic

A, thare are lost sales in the Elrat three years of operationy for Plaatic
8, the Bales losa covers five years.
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{2) Discounted Cash Flow {10 year life); T, = 1/1/62°

Cash 5% 10% 15%

Flow Factor 3 Factor b Factor PV
n-1 B3 .9754 Bl .3516 75 .9206 77
1-2 115 .9278 107 .8611 99 .79923 92
2-1 138 .B826 122 L7791 108 .6879 95
3-4 138 .B8395 116 .7050 97 L5921 82
4-5 118 .7086 110 L6379 88 . 5096 70
5-6 138 . 7596 105 L5772 80 .43B6 61
6-7 138 .7226 100 L5223 72 L3775 52
7-B 118 .6874 95 L4726 65 ,3250 45
B-3 118 .6528 a0 L4276 59 .2797 39
9-10 138 .6219 86 .3B69 53 .2407 33

1,302 1,012 800 646

b. 10% in fixed capital \
Thia variation applies only to future Fixed capital, and associated
depreciation tax credits. There im no uncertalnty in the initial tax
book value and exlating depreciation credits. The future invegtments
are $350M in 1562 for a technical service laboratory, and $100M for
plant modernization. An additional $750M plant modernization is reguired
in 1965. Assume these new lnvestments are depreciated using lG-year
5¥YD. Ignore the half-year conventlon sometimes used in detecrmining
firet year depreciation.

f1) Cash Flow Changes, 5M

Pixed Depreclation Tax Creditns Het
Capital 1962 Invest. 1365 JInvesat. Canh Flow

0-1 {1962} {450) 44 (406)
1-2 40 40
=3 KL s
la4 {19565) (750) 31 74 [645)
4-5 27 &6 92
S 22 59 Bl
6-7 18 52 70
7-8 13 44 57
8-9 9 Y b
9-10¢ 4 73w 77

243 405 {552}

*rax Credit on undepreciated balance, at project termination.

{2) Discounted Caah Flow
Uging Table By as before gives the following present value results,
based on a 10% change in the above cash flow, and summation of the
yearly present values. '

It
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{2}

0-1
1-2
2-3
-4
-5
3-6
6-7
7-8
E-9
9-10

(1)

0-1
1-2
2=3
3-4

*Tax

{2

'Y
13

Discounted Cash Flow (10 year life); T, = 1/1/62

Cash 5§ 10% 15%
Flow Fagkor Y Factor v Factor PV
B3 3754 8l L9518 19 3286 77
115 9278 107 LBA11 99 . 7993 g2
138 5026 122 L7791 108 6879 a5
138 8395 116 . 7050 97 L5921 a2
138 . 7986 110 6375 Ba . 5096 70
138 . 7596 105 5772 1 [+] . 4386 6l
1aa T226 10 5221 72 . 3775 52
133 L6874 95 LAT26 65 . 3350 45
138 L6538 90 A276 59 2797 39
134 .6219 Bé . 38619 51 2407 33
1,302 1,012 ano &do

10% in fixed capital |

This variation applies only to future fixed capital, and asscciated
depreciation tax credits. There {8 no unceartainty in the initial tax
book value and exlsting depreciatlon credite. The future investments

are $150M in 1962 for a technical service laboratory, and $100M for

plant modernizatien. An additional $§750M plant modernization 1is reguired
in 1965. Assume these new investments are deprecilated uaing l0-year

5YD, Ignore the half-year convention sometimes used in determining

firet year depreclation.

Cash Flow Changes, 5M

Fixed Depreciation Tax Credits Hat
Capital 1952 Inveat, 1965 Invemt. Cash Flow
[1962) {450) 44 {406)
40 40
a5 1
{1965} (750} il T4 (645)
27 65 93
22 59 a1
18 52 70
13 44 57
9 37 46
4 FEL 17
241 405 (552)

Credit on undepreciated balance, at project termination.

Diacounted Cash Flow

Using Table By as before glves the following present value results,
based on a 10% change jin the above cash Elow, and summation of the
yearly present values.



Page 15

IT. Developmenk of By Sensitivities

a. +1&/Lh. margin increase

{l1) Cash Plow Changes

1964 21'MM Lb, x 1¢/Lb, x .46 =
1965 28 MM ILb, x 1¢/Lb. % .46 =
1966 37 MM Lb, x 1¢/Lb, x .46 =
1967 46 MM Lb. x 1¢/Lb. x .46 =
1968+ 50 MM Lb, x 1¢/th. x .46 =
{2} lscounted Camh Flow Hote:

0% 5t 1%

597 M
$l29 M
F170 M
212 M
230 H

tqy = 1/1/62

Uae Table B am before, with the same reference polnt as for Plaetic A,
to pernit adding senaitivity present values for both plastica

wae a 13 year economi¢ life. The resultant present valuea are:

15%

$M 3138 1930 1250

D. +10% of Fixed capital.

825

In order to show the maximum effect, it is alap assumed that the initlal
$1,500 MM royaity payment ig subject to this uncertainty, and has

been included. In real life the analyst could check to see {f the
licenge terms were firm or not. Calculating of this sensitivity and

excluding the royalty payment is alpc mcceptabla.

{l) Caph Plow Changes

The fixed capital and depreciation allowance are therefore taken
directly from the pro forma P&l for Plastic By,
inveatment caph f£low is the algebraic sym of the fixed investment

cutlay and 54 per cent of the depraciation.

{2) Dplscounted Cash Flow

Use Table B; and 17 years of cash flow effects.

In any year the

e

For a 10 per cent change, the resultant present values are:

Ok 5% 10%

15%

$M {545) [671) (741)

o, ~20% in voluma,

(779

{Plant capacity Ls S0MM Lb./¥r.)

o9 A Dix

ih Fnuiniyl

1S O3 L8
lenlplio ¢
el prinn,

bragaloves

z bubnaoajé

3t

1964 1965 1966 1967 .1L9€8/:n:71963 1970
original Sales Porecamt, MM Lb. 21 28 a7z 46 50 50
Slow Growth Porecast, MM Lb, 17 22 30 a7 46 50
Loat Sales 4 6 7 9 i 1]
Memp: Original Forecast 21 28 a7 46 37 70

W/D Capacity Limit
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LN
1I. Development of By Sensltivitles
3. +1¢/Lh. margin increase
i{l) <ash Flow Changes
1964 21 MM Lh. % 1¢/Lb. X .46 = § 97T M
1965 28 MM Lb. x 1¢/Lb. x .46 = $5129 M
1566 A7 MM Lbh. x 1¢/Lh. x .48 = $170 M
1967 46 MM Lb. x 1¢/Lb. x .46 = 212 M
1968+ S0 MM Lb. x 1¢/Lb. % .46 = 230 M
(2) UCiscounted Cash Plow Note: b, = 1/1/62
Use Table B as before, with the mame reference point am for Plastic A,
to permic adding sensitivity present valuea for both plamtics
use a 15 year sconomic life., The rasulrant present valuea are:
] 5% 10% 15%
M 3138 1530 1250 B825
b. +10% of fixed capital. "
In order to show the maximum effact, it 18 also assumed that the lnitial
$1,500 MM royalty payment is subject to this uncertainty, and has
besn included. In real life the analyst could check to see 1f the
licenne terms were flim or not. Calculating of this sensitivity and
excluding the royvalty payment 1s also accaptable.
f1] cCash Flow Chantges
The Eixed capital and depreciation allowance are therefora taken
directly from the pro forma P&L For Plastic B51. In any year the
investment cash flow is the algebralc sum of the fixed lpvestment
outlay and 54 per cent of the depreciation.
(2) Dipcounted Cash Flow
Use Table By and 17 years of cash flow effects.
Por a 10 per cent change, the resultant present valuem aret
L] 5% 10% 15%
M (54%) {671} {741} {379
[ =20% in volume, iPlant capacity is S0MM Lb./Yr.}
1964 1565 1966 1967 1568 1569 1970
Original Sales Forecast, MM Lb. 2l 28 3? 46 50 5¢
Slow Growth Forecast, MM Lb, 17 22 30 37 46 50
Lost Sales 4 b ¥ g i 4]
Mema: Qriginal Porecast 21 2B 37 45 57 70

W/D Capaclty Limit
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The resultsg are:

Change in Return Rate of Retucn
Oriqinal Evaluation 46.7
Higher Tax Eate 1.9
§~vear ghorter life 0.1
Ravisod Original Evaluation 44.7
Incroaped Coats 1.9
Idle Capacity 5.7
Prlce Decline L
Actual Itesult ' 31.6

The nriginal Plaatic A project was justified by a calculated 1.5 year payout.
{1theugh no diacounted cash flow calculation was made at the time, encugh
duta oxlut to estimate an approxlmate walue. The rate of return calculation
is very senaltive to the inveatment paktern assumed, at the high diescount
tates involved, The original evaluation, am calculated hera with a 46.7

Pl agsumes the wame one and che-half year investment pattern as actually
ceported. OQther reasonable investment patterns are also acceptable. The
extreme and errcnecus apsumpticn of all investment at time zero gives a 74
per cent PI,

Two Adiustments are nade to the orlginal evaluation before calculating the
impact of operating performance. First,.tha tax rate increased from 36

per ent to 54 per cent in the fourth year of operation. Also, the PIA
calculation asaumes the original project, without aggreasive marketing,
would be abandoned by January 1, 1962, giving an ll-year life instead of
the 15 years arlginally expected. (This aszsumption ls justified by the
previous economic analysis which showed only a 7.0 PI for continuing as

jas, for one year.) The effects of the higher tax rate and shorter life
are very small at these high dimcount rates as future yeara are less impor-
tant to project profitability.

The very high original estimates with their asnumptions of constant price
and capaclty salea, do not conform to real life, in a normal cnmpetitivg
environment. In fagt, the actual result is still very good and was pesaible
primarily because of a high price in the early years, It appears that the
original decision to produce Plastic A was a good ona, and histerie profitabi-
1ity 1s excellent in epite of the subsequent mistakes mwade by management.
The order used in makihg the adjustments to the original evaluation will
have no affect on the calculated actual result, but doea to gome extent
affect the change in retutn calculated for each element. Thug, 1f effect
of price declines was calculated first, and jncraase in coats, last, the
change in return because, of price declinea would have been sllghtly greater

and the uffect of increaaeﬂ coete, coerreapondingly less.

Tk o
£y

The gash Elnw tnbles Eor each of the new casas are shown in Appendix Tables A-é
through A-10, ™7 .

.



Table A-7

Plastio A-=Post Installetion Appreisal

Condensed Profit & Lews Stalement, $M

Step 2-—Original Evaluation with Tax Bate Chenges

Taxuble Het Inyesten)
Time Het Cath Nt Tax Profit Cash Tined Working Cu&F Procewds
1 ear Feriod Sales Costa Depirea. neome  Rate, % AFT Heturn Coap. Cup. [T ] umulalive
1949 0-1 (3,063) {1,063) (3,083)
1950 1-2 1,537} (t.537) (4,600}
1851 -3 16,500 5. 708 ot 6,485 1% 4,02 1,318 (1,315) 3,013 t1.587)
1952 b | 16,500 3,108 30t . B, 482 1% 4,021 4,318 4.328 2,741
1953 -3 10,500 3,708 o7 6,415 1w 4,011 4,118 4,324 1,068
1954 6 10,509 1,708 mz &, 485 549 2, 98] 1,290 - 3,296 g, 359
1855 &7 ¥, 500 3,708 307 6,483 5% 2,983 1,290 3,290 13,649
1558 -8 10,5Q0 7o Bt 6,45 54% 2,983 b 3 L1 1,290 16,79
1957 - &-9 10,500 1,108 hLik) 6,485 54% 1,582 3,280 3,250 2,720 -
1958 =10 10,300 3,708 an7 6,485 % 1,98] 3,190 A, 290 3.519
L1959 10-11 10,500 3,708 o7 6,485 54% 2,083 1,250 3,200 25,309
L¥50 11-12 10,500 1,708 307 &,485 5% 2,003 3,230 3,290 34,098
1561 12-13 10,500 2,708 o7 6,485 H% t,943 1,350 - 1,280 33,188
1962 13-4 10, 500 1,709 Ty G, 485 54 5% 2,981 3,180 3,250 36,679
1863 14-15% 10,504 1,708 307 6,483 54 2,983 1,280 3, 10 19,969
L8984 15-18 19,500 3,708 307 6, 483 54% 2,98) 3,2%0 4,280 43,239
1965 16-17 10,500 1,708 1y 6,490 " 5d% 2,985 1,287 3,287 48,548
End - - - - - - - 1,315 1,315 47,B4&1
157,500 45,620 4,600 87,240 47 881 52,441 {4,800]) & 47 86l
Nole

Feep all agsumptions the wame as in ociging] evalustion, except for tax rate change. )

£2E



Tabls A-7

Plaslic A--Posl Tnstatistivn Appraisal

Condensed Profit & Losc Slelemanl, 30

Step §--0riginal Evalyation with Tax Rate Chenpes

Tuxable Met Invegtrment
Time Net Cash et Tax Profit Cash Fixed Working Cash Procesds
Y ear Pericd Balva Costs Depree, Incomne  Rate; % AT Heturn Cep. Caps Annual urmlislive
1549 0-1 (1,053} (3,063} {3,083)
LS50 1-2 [1.53%) (1.337) (4,600}
1951 -3 14, 500 3,708 307 6,485 8% 4,021 4,34 (1,313) 3,011 {1,541
1952 H 16,500 3 T b ¥ . 6,483 % 4,071 1.528 4.324 Z.741
15853 =5 Lo, 500 3, 708 a7 6,485 kL 4,021 4,328 4, 328 1.088
1954 5-6 19,500 3,708 307 6, 485 54% 1,982 3,290 1,180 10,359
135% §-7 10,500 1. 708 307 ] +] % 2.933 2,250 3,290 13,649
1958 7-A 16,500 3,708 T 6,485 54% 2,983 1,250 1,850 15,93%
1357 . g4 10,500 1,704 7 6 445 54% 2,982 ), 3% 3,280 20,139 -
1958 310 10,500 3,708 M3 6,485 4% 1,882 3,290 3,250 23,518
1959 10-11 10,500 1,708 307 6,483 5% 2,083 3,280 3,100 16,809
196D 11-12 140,500 3,708 307 B, 485 % Z,96% 3.250 3. 190 30,099
155} 1213 10,500 3. 768 3T B 485 % % 98} 1,250 - d,280 33,389
1962 13-H4 10,500 3,704 307 5,485 54% 1,983 3,290 3,790 36,67%
1083 14-1% 10,500 1,708 o7 &, 485 S 9 1,981 3,390 3,290 19,568
1564 13-16 10,500 3,706 101 6,485 54 2,983 3,200 3,780 41,259
156% 16-17 10,500 3,108 b {13 B, 490 £4% 2. 88% 1,287 3,187 416,548
End - - - - - - - 1,05 1,h5 47,861
157,500 55,620 4,800 87 280 47 B&I 32,461 (4.,800) 0 47 . B¥1

Nota
HKeep all azsymptions the sume as in original evaluation, sucept for tax raie change.

£e
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Lifcet of Timlng Assumption on Pl

Continuing Plastic A Manufacture One More Year

. Trial Rate With Linear Interpolation
Time  Cuash Flow Tulile 5% 10% « (AppToOX.)
F PV F PV
0 (1585) - 1,000 (1595) 1.600 (1595) Pl = 13.1
962 1702 c L9754 1660 9516 1620 -
1963 - o
107 65 25
0 {1595) - 1.000 (1595} 1.000 {1395)
1962 267 C L9754 260 - .9516 254 PL = 3.4
1963 1435 B L9278 1311 .BG11 123& -
107 {4) (105}
0 {1595) = 1.000 .{1595) 1.000 (1595)
1962 267 C L9754 260 L0518 294
1 1435 A L9512 1364 L9048 125938 ' PI= 7.0

107 29 {43)



-,

Al

Effect of Timing Assumption on P!

Continuing Plastic A Manufacture One More Year

. Trial Rate With Linear Interpolation
Time Cush Flow Toble 5% 16% (Approx.)
F Y F PV
i (ih04) - 1.000 £1595) 1.400 ¢1595) PI = 13.1
HaG2 1702 C L9754 1660 L9516 1620 -
1963 - '
107 Y 25
] {1595) - 1.000 (1595) 1.000 (1595)
1962 267 c L0754 260 - 9516 254 PI = 5.4
1963 1435 1] L9278 1331 .BE11 1236 -
107 (4) (105)
] (1595} - 1.000 {1595) 1.000 {1595}
1962 287 C L9754 260 0518 234
1 1435 A 5512 1364 L9048 1298 Pl = 7.0

107 29 (43)

I
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Reguasuing Loprovul
Dapt.: Roquired: Request for Appropriation Dize

Mg X Boerd ; ' Appn. No.

S&ET Gen. Off. Capital Investmentis (Sa,b,e} & 11,9504 Eszc. Ne.

Eig. Field Mgr. Loans {ad} $ Reguesting Locaticn
A0 [ ] Other Lerse Commitments {6&f) )

Bl
e 2

FProjoct Title

and Lacaticn Plastic A & B Expansion Program

2. weseription
of Construct 50 MM 1b./yr. Plascic B Plant using purchased know-how
Proongal Congtruct Teclmiecal Service Lab for Planatic A and Flastdc B
3. Purpose of I.. .-use Profits X By: Entoring new marketr _
Expenditure  Malntaln Profits X Modemize existing plant and improve
- Orher marketing
4. Timing: 5. Effact of Delay in Approval;
Construcrticn Feriod 18 wmos. .
Estimated Start-up Date 1/1/ b4 Lost competitive position and profits
Lotimatal Uselu) Life L5  yrs.
Term of Lease ar Loan yra. :
H. Funis Appropriated: G. Cescription of Base Case Agalnst Which
a. [epreciable Capital $ 11,950 FI 18 Calculated:
b. Non-Depreciable Fixed Capital $ 0 .
¢ . Costs Expensed LA 0 A - Versus getting out of bysinass
d. Loans B 3] B - Versus Dolng Nothing
e. Total Initisl Investment .
f. Lease Commltmenta (Disc. & S5} & 1C, Profitapility Index: B i3.¢
T. hss50ciated I[nvestments: 0 a. Senaitivities A 14, 4
a. Change 1. Current Assets L4 Likely Total 13,2
b. Change In Current Liabilitles § S varizticn Change in Pl
:. Cpange in Net Working Capital $==2=§=m§g . in velue _A_| B TOTAT
d. Other Commitments (Disc. & 54} § Investrent +10% =0.3 -u.ﬁF:g,s
e. Cantingent Liabilities s Price *le/1b. 6. 1141.2]1+1.7
F. Possible Future Investments & /Som Volume ~20% -3.4|-1.6]-].8
d. Present Facilities: Savings
a, Approximate Age _ 1L yrs, Project Life
b. Approxiuate QOriginal Cost 3 4,600 M . 1
c. Salvage Value $ 1,228 M o
d. Dismantling Caost $ 0
11, clrect on P&l and Rate of Return:
(M Dollars except as noted) ¥roject Year .
Pre-start 1 2 3 n 5 £-10 11-15 lo=-20 20+

Brofiy After Taxes

Cur:lative Cash Posivicon

nverage Investeent

Book Rete of Return - $

R of Rw/Dise. Commit, - %
12. Helated Appropristions Either Regently

or to be Requested:
Hone

NOT APPLTCABLE

Iten L-6, %10 MM

14, Rezarks; Flastic B Is attractive in its own right. Purchased knowhow is preferred tro
continue development of Loco's process, 1n epite of higher investmencs and eperating

' costs, Success{ul completion of Loco's process development is expucted to take at least

.3 more years, forelng a markebt entry under much more competitive conditions. Because of
significantly lower sales prices, and a slower sales buildup, the estimated PI for

=

AECOmLENasy oy Tate Approved



a7

Reques.ing  fpprovil

Dzpr.-: Hesulired: Request for appropriaticn Diie

Mg, X Bourd _ : Appn. No.

S&T Gen. Qff. Capital lnvestments (&a,b,c) & 11,%950M Est. No.

VEig. Field Mgr. Loans {Bd) [ Reguasting Location
A [__ ] Otker Lease Cowmitzents (5¢} 3

1. PFroJect Title

ant Location Plustic A & B Expansion Program

2. Description
of

Prooosal

Construct 30 MM lb./yr. Plascic B Plant using putchased know-how
Conatruct Technical Service Lab for Plastic A and Plastic B

2. PTurposze af I, . uzase Profitse X By: Entering new marker .
Expenditure Mointain Profits X Modernize exlsting plant and lmprove

. Other marketing

4. Timing: . 5. Lifect of Delay in Approval:
Construction Period IR mos. ,
Ectizatrd Stert-up Date 1/1/64 Lost competitive position and profits
Estimate] Uselul Life 15 yrs.

| _Term of LeaSe or loan yTs. _

b. Funis Appropriated; . Degceriprion of Base Case Agaipst Which
a. Lepreciable Capltal $ 11,950 PI 18 Calculated:
b. Mon-Depreciabla Fixed Capital 3 0 .
c. Costs Expensed $ 0 A = Vargus petting out of business
d. Leans > 0 B ~ Vergus Doing NWorhing
e. Totel Initial Investment 57,050
£. Lease Commitments (Disc. & 5%) & 10, Frofivanility Index: B 3.1

T. Associated Invesiments: ol 1 a8, Sensitivities A l4. 4
a. Change 1u Current Assets ¢ Likely Total 13.2
%. Change in Current Liabilities § Varieticn Change in FI
', Change in Net Working Capital § 2 880 : in value  _ i_'._l‘.,}@?_*’ﬁ
d. Other Commitments (Disc. @ 5%) 3 Investment +10% =0.31-u,6§-0.5
e. Contingent Liadilities 8 Price +1¢/1b. +6.1+]1.2]41.7
f. Possibple Future Investments 3~ /o0H Volume —20% —3.4/-1,64~-1.8

d. Present Facilitles: Savings
2. Approxifmate Age L oyrs, Project Life .
b. Approximate Original Cost $ 4,600 M . ! .
¢. Salvage Value 1,228 M —
1. Plsmuntling Cost 3 {

11, =ifect on P&l and Rete of Return: .

(# Dollars except as noted) Project Year
Pre-Start 1 2 3 N 5 g=10 11-15 lo-20 &0~

Prafit After Taxes

Cugzulative Cash Poaltion

AVErage Invéstient

Book Rete of Return = %

R ol R w/Dis¢c. Coxanit. - %

12. Relatwed Appropristicns Eilther Recenhtly

or ta he Requested:
Hone

KOT AFPLICAELE
. get otalils?

Icem L-6, $10 MM

14,

0ogia.

Remarks: flascic I {5 attractive (o its own right,
continue development of 'Loca'a process, in spite of higher i{nvestments and pperating
Successful complerlen of Loco's process development {s expected to take at least
more years, forclng a market entry under mui'll more competitive vonditlons.
slgntfleant!y lowtr sales prices, and a slower sales bulldup, the estimated PI for

Purchased kaowhow 18 preferred to

Because of

necomrended 3y ) Date

sPproved iy -]





