ETM

ENGINEERING & TECHNOLOGY MANAGEMEN

Title: Cost Estimate: What's the Price
Course:
Year: 1993

Author(s): C. Jones

Report No: P93066

ETM OFFICE USE ONLY
Report No.: See Above
Type: Student Project
Note: This project isin the filing cabinet in the ETM department office.
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INTRODUCTION
Doing ‘aét:urate cost ¢$tirnating can be a positivé influence b'n' an eri‘ginecﬁng
manager's career as well as acOmi)any Bad c’oSt estimating in the ‘Iong\ruricénlﬁnder an
o ‘engmeenng managefs career An maccurate cost estlmate can even bankrupt some small
tr bompames if they have Iarge cost overruns. Wth these reasons you would thmk that '
. engmeers, engineering managers and compames ‘would spend a good deal of trme and |
V «money gettmg the best cost esmnate possﬁ;le therature shows that compames domg |
' pubhc prqects do not spend enough nme and money on cost estlmatmg The average cost
" overruns on pubhc pmjects run 104%, and have gone as high as 70{)% Just how much
“ Vtxme and effon a company should put into calculatmg the cost ofa pro;ect (product) falls
‘, under the toplc of the "Value of perfect mformanon" Thls paper wrll explore these ideas

‘of cost estrmatmg

* CHAPTER1

’ COST ESTIMATING

. There are éyxﬁv’as‘t arrayof different meth'ods to':dé,cc';st estimating, many of these
methods are projeci dependent. The lérgest set of '/meAth"ods has béerr developed for the
public sector. The: réason for all fhe large ,selécbtion of ‘'methods in the public sector is that
-~ the 'projgcts are normally very large with very long l\ife:spans',' and are open to public
bidding. Ifa cornpanydoeé not calculate the bid correctly, it could bid too high and not



get the project or toolow; in whxch case the company will have cost overruns and could

geta reputatnon for fiscal mesponmbﬁlty
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Cost esilmatmg is dane fmr}y eariy m the hfe cycle of a project A rough draﬁ of the

f cost estlmate is done i in the con;:eptual phase The conceptuai phase of a pI'Q]eCt exazmne h

~the envxronment forecasts are prepared objectwes and altematlves are evaiuated and the' .

ﬁrst exammanon of the ob]ecttve cost and schedule aspects of the system's development is

}performed Itis also dunng this phase that basxc strategy, orgamzauon, and resource

'reqmrements are concewed The ﬁmdamental purpose of the conceptual phase isto

‘conduct a feasibility study of ther~requ1r¢ments in order to provide a basis for further
detailed evaluation (Cleland). |



When doing a cost estimate dunng the conceptual phase a’ setofeost categories -

- needs to be examined. Some of the possible cost categones are hsted below this is not an ,

alI} inclusive list k(Murtaza pp 20). | v
| . Constru(:t‘ionmanagementi - e Owner Cost:
© eSite preparation:l o h ~ »Project Management:
. Transporiation and hﬁmg . Engineering and design:
eField indirect: - ‘« Mior equipment: -

' ~,-Direc’ilabor; L ,V-Bulkeonmrodit‘ies: :

Aﬁer the conceptual phase the pro;ect goes through more scrunmzmg in the

deﬁmtlon phase Thls phase isto determme as soon and as accurately as posszble cost

o sehedule perfonnance and resou:me requlrements as well as whether all elements, work

) ] packages and subsystems wﬁl fit together economxeally and techmcally (Cleland)
" Thls phase is where the cost of cost estnnatmg really comes into play By the

: deﬁnmon the costs schedules and resources must be done as accurately as possxble in the -
E shortest penod of tnne In many cases. the cempany 1s not grven enough time to do a “

~ thorough cost estimate so they make many assumptrorm and work off hlstoneal V

V mformanon Ifa ‘company spemahzes ina certain type' of pro;ect they wﬂl have a better a
- chance of coming closer to the actual cost Another thmg that happens durmg thrs phase
to cause cost overruns is that the government agency has not completely defined the
project. Without complete desxgn speclﬁcanon itis very hard to make accurate cost
estimates. | |

Many different criteria are used to evalnate the worth ofa pro;ect after the cost

- estnnate is eompleted In the public sector bemﬁt cost ratio is used in about every case. To



" havea pro;ect approved the bemﬁt cost ratxo must be greater than one. As discussed in the e
handout from class thlS bemﬁt cost ratio has many drawbacks (Deckro). -
. Oversmphﬁcatxon of complex i mputs
» Susceptibility tg misinterpretation
. Pqtsnﬁs.l‘for m15use - |
- -‘Socialy»relévvanée |
~ #Size ofproject | L , ‘ ‘ N
Beneﬁts are very harcl to define i in most pubhc sector pro;ects What is the value of a
human hfe or the value of sendmg a man to the,moon? So the bemﬁt cost ratlo could be 4 =
- less than one just because there are so many 1ntang1ble beneﬁts that are under valued It is o
common for beneﬁts for pubhc sector pro;ects to be under stated. If the beneﬁts are.

B understated then the cost must also be understated inorder for the pro_;ect to be appmved



| CPMTER 2
COST OVERRUNS

| In today’s market 2 cost ¢ overrun can cause a pI’O]eCtS to be canceled before the

‘ pro;ect reaches completlon (Shash) Ifthere are Iarge payments outstandmg aﬁer the ‘

: 'canceﬂauon of a pro;ect the cash ﬂow fora company could be put mto dnre straits, Cost *

o oven'uns canbea 1arge stains on a company‘s cash flow to pcmt where it could drive the
o company into bankmptcy ' 1 | |
o Pubhc sector pm]ects are careﬁllly serutxmzed by the pubhc for any cost overruns. y-‘
i In recent news, the super collider to be built in Texas was canceled after cost overrunmng .
| , as h:tgh as 10{}% Other pubhc and mﬁlta:y pro_}ects are on the cuttmg block because of
. cost overruns. Though the bemﬁt cost ratio for these projects may still be greater than 1,

. 1 all the pubhc sees is it as miss use of pubhc funds.

Cost overruns on pro;ects are common (Segelod) By deﬁmtlon a cost ovcrrun is the

amount of money that a prOJect costs over the b1d ‘The bid on a pro;ect is dlrectly reiated

o ,to the cost estlmate prepared by an engmeenng manager The bu:i is normally a factor

: (mark up) greater than the cost estlmate if the engmeermg manger 1s workmg under a
V/ deficiency in mformatlon or time the cost estimate and subsequently the bld, will be-
v 'mcorreet leadmg to cost overruns. If the engineering manager domg the cost estimate is B
not’ given eeough tesources (time, ﬁxoney, and staffing) to spend on doihg a proper vccst
,estlmate the bld will be incorrect (Remer).
What is enough resoarces? That is the question this paper is trymg to address. In
V’ V the follomng two sections this paper will examine two different methods to answer the

question "what is enough resources?” The first chapter will give a method from an



- asademic point of view. The method discuééed' ié th&Valﬂe of Perfect Informatidn.\ The

second chapter w1ll give a method developed for one set of pubhc sector pro;ects The -

| 'method was developed by two engmeenng manager at the Jet Propulswn Laboratory of
' Cahforma Instxtute of Technology ~



CHAPTER 3
VALUE OF PERFECT INFORMATION , ‘

I decrsron theory 1deas there isa sectton on the value of perfect mformatlon
Decrsron theory deals with detenmmng the optlmal strateg;les to use when a demsron‘ -
maker is faced with several drﬁ'erent declsrcn alternahves and several drfferent future
condmons or states (Clelanﬁ, Deckro) At any declsron node where. more mfonnatron can

‘be gathered an engmeenng manager must deorde whether more mformatlon isneeded or

- to cormnue on with the current set of mformahon At these decision nodes the engmeermg

manager must decrde the Value of perfect (mcre) mformatron i[‘here may be hundreds of |

these mformanon decrsmn nodes ina declsron tree Each of these nodes has to be 1
, exammed mdrvrdualiy to get the optrmal cost estrmate | ) , |
o The value of thrs decrsron pomt value must be compared to the cost of the new |
, mformatlon and the value of the decrsron point if the mformatron was recerved The cost g
| and change in the value of the node are compared and if the change in the value is greater
~then the cost rhe mformanon is worth recervmg There can n be meny drﬁ‘erent factors rn
this decrsron of what mformatron to pursue These factors molude tlme resources caprtal
and probability of recelvmg the prOJect | | |

Fcr exampie an engmeenng manager is- calculatmg the cost estimate fcr the Trr—Met
Westside rail progect turmel though the west hrlls and arrives at a decision pomt of drilling
- more wells to test the soﬁ and the Ievel of ground water or gomg ahead with the
mformatron that Tn—me't had grven Wlnch Way does the engmeermg manager go? If the
information given by Tri-met is wrong it will cost,the company an extra $1 million dollars.

The wells will cost a total of $200,000 to drill and test and delay the cost estimate by one

8



~month. The engmeermg manager beheves the information from Tri-Met is faxﬂy-geodbm
there could be errors. Ifi it was early enough in the cost estimate process the engmeeﬂng .
' manager may have the month needed and call for the wells to be drilled. However if the :
engmeer manager does not have the month then he/she is stuck gomg on without new
,vmfonnanon V R : |

‘ The value of 1nformat10n it not all cut and dned and the engmeenng manager must
kcaleula‘te all possibilities to- the enq to use thl\rs,decxsmn analys:s. In the real world an S
| ,engineeﬁng manager uses. this: decision a’xiaiyeis 'fdr part of the process of cost estimeﬁng :
and relies on gut feehng for the rest. Thls method is also tlme consuming and you could -
not answer your boss quesnon What is your 1dea on the cost to submit abidtoanew
. pubhc works pro;ect‘?" The boss want the answer in the meetmg The next case Iooks at. : -
qmck method that the engmeenng manager ean use on the spot, allowmg hxm!herself tlme

later to go back to hzs/her office and use the dec1s10n method for more accurate esnmate




. CHAPTER 4
JET PROPULSION LABORATORY SPACECRAFT PROJECT :
- “THE COST OF DOING A COST ESTIMATE
The j Jet propulsmn laboratory (JPL) spacecxaﬁ pro3ect Yor US NASA was havmg a
| small (comparatwely) overruns of 46% In today‘s enwmnment every penny that the . |
| federal .govemment spends is under close serutmy, any cost ovemn is seen as an |
B lrresponszble use of pubhc funds. | | ’ | 7
‘ There are many reasons for cost overruns but one of the key factors is the lack of
' resources (tlme money, and stafﬁng) spent to do proper up-front cost estlmatmg Many
compames and government agencies typxcally under allocate resources for producmg a "
cost esnmate and, asa result do not take the nme to include all the necessaxy cost
, elements This leads to cost overruns and/or de-scopmg of the functional reqmrements of E ,
pro;ects (Remer) Donald S. Remer and Hany R. Bushanan, hoth of the JPL had a goal to L
- come up Wlthv seme gmdelmes for calculatmg the amount to spend on cost estimating to |
get Withm tqle;‘able accuracy. 'Aceelfaéy repgeé‘ from being deﬁnifive' -5 to +1 5%)toan
 order of megn’itu‘de(\-3'07te +SO%) Remer end Bﬁsha’naﬁ considered arxything greatef than
+50% not worth talking about. Why worry about the analysm ona project thh a range of
: $0. 1to $100 million dollars if you cannot get within 50%?
They approach the cost of cost esumatmg asa percentage of the total expected cost |
of the pro;ect |
" Cost of a cost estxmate %) = CE / Cp x 100%
CE = Cost of the estimate

Cp= Total cost of project”

- 10
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V " This graph represents a $3 rmlhon dollar pro;ect 1n the chemrcal process mdustry
- With this formula an engmeemlg manager could get an estimate that is accurate enough

B to be within 30 percent and would cost 0. 2 percent or $6K, Whereas an estrrnate accurate
; to wrthm ilO percent Would eost 1. 5 percent of $45K of the total pro;ect cost |

' For a much larger pro;eot the followmg formula was devrsed
g xx@R | | |
Where A
CE Cost of the cost estrmate in thousands of dollars ($K) ;
Cp= Cost of the project bemg estlmated in millions of dollars ($MM)

K= Constant dependmg on the accuracy of the estrmate s
R= Skope of the line. |

K and R are pro;ect style dependent Remer and Bushanan calculate these values for
the Deep Space Network (DSN) pro_;ect set. Each style of pro;ect requlres that the past -

project be examined to ealculate the correot K and R values. In the DSN pro;eet R=0.35
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and K is 24 for an order of magnithdé estimate,' 60 for a budget estimate and 115 fora T
definitive estimate. . o o - . |
- This method would be tiseﬁxl in the oonceptual phase of a project life cycleto
~ estimate the cost of the cost estxmate Akcoﬁlpany must decigie early 1f it wants to putina
bid for a pfdject and_ understandWhaf the sunkencost wﬁl be if they do deéid’e toentera . -
~ bid.



CONCLUSION -

W'th ﬁns renewed nnportance of reduang cost overruns on public pm}ect, tlns area -

of study wﬂl get new attentlon Each company has then' own 1dea on how much they will
spend ona cost estlmate We may need to in the ;future standard:zektlus amount t_o cut
down on the number of cost overruns. |

The govemment may also look into other ways to choose a company to do i a prolect
. other than merely awardmg it to the lowest bldder Gther factors that need to be |
cons:dered are: L

* Has the company done these types of prOJect before‘7

» Cost estimating accuracy in the past

. yAmount of time and‘resources put into doing the cost estimate.

' The public ugenoy needs to'also*tal{e more"acoountability fof 'moniforiug;thoprocéss’p E |
_ of a pro;ect The followmg are some 1deas that may help avmd or mlmmlze the overrun '
1 ASSIgn the initial esttmatmg task to the ﬁnal developers
2 Anticipate and control user changes.
3. Monitor the progress of the proposed projeci. ,‘ '
4, Use the est’imato to evaluate projects porsohuei.

5. Do not rely on cost-estimating software for an accurate estimate.

The way bids are submitted needs to be exarmned To have a company commita -

large sum of money on the gamble that they will get the bld does sound likea good

13
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~ investment from the company point of view The public agency may want to do the cost
 estimate themselves ar contract out for thxs The public agency would still open up the

blddmg for the project but the cntena would be based on the company meeting the cost

: estlmate prepared by the pubhc agency More work and study needs to be done i in the area-

) of cost esnmatmg for pubhc sector pro;ects inorder to cut down on the sme and number '

of cost overruns that occur
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