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,4S, THE SECOND HALF OF A TWO-PART SERIES 
(!Xamin:{ng the develop111ent and 11se of a.11 SH&E life-cycle 
cost- model, this article addresses i111ple111entatio11. 
Specifically, it discusses the reasons behind SH&£ cost 
modeling, with attention to making eco11omic choice deci" 
sions among 111ut11nlly exclusive alternatives. The article 
also discusses how to design and impleme11t an SH&£ 
economic choice cost modeling h1itiative, and presents a 
template of SH&E life-cycle phases, cost factors and activ­
ity drivers to capture and estimate costs. 

TI1e underlying assumption for this study was that 
fabrication managers can leverage manufachrring 
performance advantages by profiling the cost of 
SH&E issues and practices associated w ith existing 
manufacturing technology and process designs and 
mutuaUy exclusive alternative solutions over their 
productive and economic life cycle. As noted in Part 1 
(PS, June 2003, pp. 23-32), several leveraging oppor­
tunities were found as a result of thjs study. 

1) A refined understanding of the manufacturing 
technology and process sources and circumstances 
that tend to drive internal SH&E life-cycle costs. 
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2) A more complete and objective data set on 
internal SH&E costs, enabling improvements to 
manufacturing ted111ology and process designs. 

3) A new way of eliminating customary cost-of­
ownership bias by providing more representative 
direct and indirect SH &E cost information. 

4) An enhanced way of determining which SH&E 
management strategies and ted1nical tactics to pursue 
and what level of financial resources will be required . 

5) A new structure in which fashioning and pro­
moting SH&E issues and practices become a way of 
making business decisions about manufacturing 
technology and processes- and in which business 
needs associated with manufacturing technology 
and processes become a way of making SH&E busi­
ness decisions. 

An abridged life-cycle assessment method that 
incorporated activity-based costing and present 
value financial analysis technit1ues was used to con­
struct the model and conduct the study. This method 
was selected because it provided an enhanced way 
of comparing, in real time, mutuaUy exclusive alter­
natives and identified the most significant and use­
ful SH&E costs linked to existing manufacttu:ing 
technology and process designs and proposed alter­
native solutions. In addition, the amount of time 
consumed by the assessment will be small enough 
that it has a good chance of being carried out and its 
recommendations implemented. 

Reasons Behind SH&E Cost Modeling 
This study found that semiconductor fabrication 

companies desired SH&E cost modeling capability 
for four key reasons: 1) budgeting and cost control; 
2) measuring compliance performance; 3) determin­
in g reimbursements and setting fees; and 4) making 
economic choice decis ions. Each use is briefly dis­
cussed; however, th.is study specifically focused on 
using SH&E cost modeling as a way to make eco­
nomic choice decisions among mutually exclusive 
al tcma Lives. 



Table 1 

Manufaduring 'lechnologies/Processes 
& Mutually Exclusive Alternatives Tested 

Budgeting & Cost Control Manufacturing 
Technology/Process 

Mutually Exclusive 
Alternative A distinct group of semicon­

ductor companies desired 
information on the annual 
costs of confronting and man­
aging SH&E issues and prac­
tices linked to the overa 11 
factory site and/ or linked to 
specific manufacturing tech­
nologies and processes as a 

1) Preplasma Enhanced Deposition 
of the Inner Layer Dielectric (ILD) 
Clean 

A) N-methylpynlidone (NMP) 
B) Cryogenic Aerosol System 

(CAS) 

2) Deep Ultraviolet (DUV) 
Lithography and Pattern Transfer 

A) Chemical-Vapor Deposition 
(CVD) 

basis to es timate future costs in 
preparing budgets. Th.is group 
sensed that once SH&E budg­
ets were approved, cost infor-
mation would then serve as a 
control feedback to budgets. 
Using th.is information, SH&E 

3) Copper Metalization 

B) Dry Plasma-Polymerized 
Methylsilane (PPMS) 

C) Top-Surface Imaging (TSI) 

A) Tungsten 0 1emical Vapor 
Deposition (TCVD) 

B) Physical-Vapor Deposition 
(PVD) 

C) Electroplating Deposition 
(EPD) 

specialists could better manage 
costs and identify and avoid 
ineffective and inefficient prac­
tices. For example, with appro-

4) Wafer Spent Rinse Water 
Recycling 

A) No Recycle Strategy (NRS) 
B) Recycle Strategy (RS) 

priate cost information, SH&E specialists could: 
• Compare captured costs and benefits associated 

with SH&E strategies and activities, identify value­
added strategies and activities to pursue and non­
vaJue-added strategies and activities to elirninate, 
and make decisions to reduce resources devoted to 
strategies and activities that are not cost effective. 

• Compare and determine reasons for variances 
between actual and budgeted cos ts of certain SH&E 
strategies and activities. 

• Compare cost chan ges over time for certain 
SH&E strategies and activities, and identify their 
ca uses and financial impact. 

Measuring Compliance Performance 
Some se.miconductor companies desired informa­

tion on the efficiency and cost-effectiveness of regu ­
latory compLiance efforts as a means of improving 
the economic value of main taining and enhancing 
those efforts. Because of the high costs to maintain 
compliance, these companies sensed that measLLring 
compliance efforts would become a way of improv­
ing functional efficiency and cost effectiveness. 
Functiona l efficiency would be m easured by 
relating outputs (e.g., compliance enhancements) to 
resow-ce inputs. 

While effectiveness is measured by the degree to 
which complian ce enhancements are met, this 
would then be combined with cost information to 
show cost effectiveness. Thus, the economic value of 
compliance efforts can be evaluated with: 

• measw-es of compliance efforts that indude the 
costs of resow·ces used to design and implement 
activities; 

• measures of accomplishments that are ou tputs 
(quality of regulatory enhancements provided) and 
outcomes (results of regulatory compliance practice 
effor ts); 

• measures that relate efforts to organizational 
compliance accomplishments, such as cost of com­
plia11ce per wut ofnondefective output. 

Determining Reimbursements & Setting Fees 
Other companies a re seeking SH&E cost informa­

tion as a basis for setting fees (chargebacks) and 
reimbw-sements. However, fees and costing are two 
different concepts. Setting fees was a policy matter 
often governed by a company's internal financial 
cost-allocation policies. Thus, fees of SH&E services 
did not necessarily equal the cost of the service 
determined under a particular set of cost chargeback 
policies. Nevertheless, estimating the cost of services 
was an important cons ideration in setting service 
fees and in calculating reimbursements for strategic 
and technica l advisory services prov ided to 
design/process and fabrication functions. Even if 
fees or reimbursements do not recover the fuU costs 
due to financial cost-aUocation polkies, fab1·ication 
managers need to be aware of the difference 
between cost and fees. With this information, SH&E 
specialists can properly inform fabrication managers 
and design/ process engineers about the costs of pro­
viding SH&E advisory services. 

Making Economic Choice Decisions 
Often, manufacturing managers, design/ process 

engineers, and SH&E and financial special ists mus t 
choose among alternatives that are mutuaUy exclu­
sive and Jinked to manufacturing technology and 
process designs, such as choices of process materials, 
manufacturing methods and waste treatment meth­
ods. This decision process was the chief d.river of this 
s tudy. Table 1 displays the manufacturing technolo­
gies and process designs studied using these types 
of decisions. This figure includes discounted present 
values for each al terna tive with comprehended 
SH&E costs. 

ln addition to providing present value calculations, 
other benefits of this sh1dy included a refined under­
standing about ways to minimize environmental 
impacts, reduce contingent sa.fety liabilities, enSLLre 
compliance and reduce wasteful use of natural 
resources. This study influenced decision-making 
capabilities for redesigning processes; substi tuted reg-

Present Value 

$659,746 
$150,324 

$734,960 

$389,974 

$669,986 

$56,085 

$57,734 

$247,699 

$10,036,384 
$7,450,959 
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Figure 1 

'lamplate SH&E Aspect Costs . . . . 
Usual and potentially hidden SH&E life-eye.le cost factors and activity driv:rs associated 
with new, existing or upgraded m anufacturing technology and process designs. 

4, 5, 6, 10 

Phase ID Use/Disposal 
Direct Cost Factor (level 1): Costs that 

tend to be easily identified and measured, 
and are certain to exist. 

Indirect Cost Factor Oevel 2): Costs that 
tend to be intangible and difficult to meas­
ure, and are seldom accounted for; however, 
they are certain to exist. 

Interna]Jties Oevel 3): Costs incurred as a 
result of an SH&E incident; these costs tend 
to be drrect and indirect, and are certain to 
exist. 

Externalities (level 4): Costs incurred as a 
result of an SH&E incident; these costs tend 
to be passed on to others ou tside the organi­
zation, and are certain to exist. 

1) Design for SH&E 
2) SH&E capi tal review-signoff, fees, 

process, re-engineering 
3) SH&E permit, revjew, fees, process re­

engineering 
4) SH&E cost of ownership operations 

(CoO) 
5) Resources used 
6) SH&E co)1Sumables 
7) Strategic/ technical support 
8) SH&E training 
9) Environmental processjng 
10) Wasfe shipping 
11) Managing waste site compliance 
12) Decommissioning 
13) Remediation 
14) SH&E incident costs 
15) Noncompliance costs 
16) Environmental incident impacts 
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ulated inputs with unregulated 
(and perhaps less harmful) 
ones; eliminated some process 
waste; modified supplier rela­
tionships; and reduced materiaJ 
safety exposures. 

Based on this study's find­
ings, when asked to make an 
economic choice decision 
a mong mutually exclusive 
a lterna tives, those involved 
should follow three imple­
menta tion guidelines: 

1) Economic ch oice deci­
sions should be a part of the 
financial management system 
and, to the extent practicable, 
should provide SH&E cost 
and potential profitability data 
about the firm's new, existing 
and upgraded products, tech­
nologies, p rocesses and servic­
es over their productive or 
economic life cycle. 

2) Economic choice deci­
sions should be a calculation 
element tha t is part of the 
firm's overall cost of asset/ re­
source ownership modeling. 
Understanding the SH&E cost 
portion of the manufacturing 
technology or process cost of 
ownership helps m ake the 
business case for SH&E prac­
tices; it also provides useful 
information for internal and 
external users who are con­
cerned about the way in which 
a firm focuses on cost reduc­
tion, yield quality and opera­
tional logistics as the principal 
driver of enhanced manufac­
turing performance. 

3) Economic choice deci­
sions should flow from a basic 
data source. This source 
should consist of a reasonable 
list of SH&E life-cycle phases, 
cost factors and activity d rivers 
that can be linked to existing 
manufacturing tedm ology and 
process design and to alterna­
tive solutions. Figw·e 1 pro­
vides the list used in this study 
to capture and estimate SH&E 
costs and to make economic 
choice decisions. The list in­
cludes direct costs (i.e., easily 
identified and calculated or 
directly assigned to a manufac­
turing technology or process 
design with a high degree of 



accuracy) and indirect cos ts (i.e., intang ible 
and difficult to calculate or directly assign 
with a high degree of accuracy). 

Designing an SH&E Economic 
Choice Decision-Making Initiat ive 

A four-stage approad1 was used for 
making economic choice decis ions within 
this study; it represents essentially wha t 
needs to be in order to ensure a rigorous 
analysis. 

Stage 1: Planning 
1) Determine what range of the firm's 

manufac tu1"ing technologies and processes 
w ill be included in the assessment; classify 
their SH&E aspects (i.e., occupational safe­
ty and health, ergonomics, eco-human toxi­
city, air emissions, wastewater, solid waste, 
hazardous waste, energy use, natural 
resource depletion); and distinguish their 
rnrrent and potential impacts (causes inci­
dents/accidents, damages propert)r, uses 
natural resources, requires energy, contam­
inates soil, exposes hazards) linked to the 
aspect in such a way that a meaningful 
assessment can be conducted. 

2) Identify key personnel (design/ 
process engineers, technicians, SH&E pro­
fessionals, fu1ance, maintenance, purchas­
ing specialists) to participate, explain the 
strategic and technical b0tmdaries of the 
study, describe how confidential informa­
tion w ill be treated and how results will be 
used; and define their roles and responsi­
bilities. Establishment of an integrated 
project team is critical to management of 
the assessment. A project chair with an 
appropriate level of knowledge, skills and 
experience m ust lead the assessment. TI1e 
team should be cross-functional and 
should possess key management skills: 
strategy formulation, technical, finance, 
engineering (design/ process), legal, pro­
curement, SH&E and community rela tions. 

3) Construct a flow diagram of the pri­
ma ry-process and derivative-process, 
specifically depicting and describing the 
upstream i.nputs and down stream 
o utputs and their SH&E aspects and asso­
ciated impacts. For example, i.f the manu­
facturing technology or process step 
generates toxic wastes that require special 
handling, trea tment and offsite disposal, 
the d iagram should show that waste 
stream, ind uding its origin, as well as 
abatement equipment, disposal method 
and safety preca utions and interventions. 

Stage 2: Data Collection & Estimation 
4) Collect and estimate SH&E costs for 

the existing manufacturing technology 
an d / process under study. The m ost sig-

SH&~,,,~~~e £osts: ,Upfront 
Th.is ph&se is,concep:1eq ~ith;profiling the SH&E risk and cost burdens associat­
ed with a new, curre_rtt or upgra9-ed product; technologx. ,p~~ or service: over 
its life cycle Wld designing improreme.nf options that n;i.-,intain a ba1ance 
between Sfl&E prioriti~ and oth:ercompeting process/ factory business pe.r­
formance fact0!5. The cost:ofua.horit analysis ih<;ludes all early stage risk and 
cost-b_µrden,study to bringit to .a fopn for- decision making. 
Designing for SH&,:E (one--tim,e cost,). Consideratio,n of S}i&E concems atan 

• early stage in th,e desi~ engineering of P(OO.':lcts,i; technologies, processes and 
serv,ice&top~y~t 1ate; tisk aJ)d cost bl.l!dens. fr})~ bec01;11e ~ognized that the 
des{gn engineering ofprbdu~ technologies" processes an4~rvi~ has three 
stages m whkb. SH&E char<1cterizaqon and c95t profili,ng;m.ght otcut: 

,,l) Rermit Review/ Appi:oval f (ndirect cost). Adi-vities performed to study the 
pr~w,;al Md performance requirements of the pemrit1 cond~ct environmental 
impact s~dies, and make appUcation, lobby for gaihing community approval 
and signof:f on permit cqntraef. . · 

2).1'ermit,Fee (direct cost). The direct cost associated with the peonit. 
3J Process Re-Engineering (if.ired rost). Activities pei:fqn;ned for re-engineer­

ing and.remodeling the mani:i.(acturin$ p;-ocess inft~ttucture to comply the pro­
cedw:al and pe,tfqpnance,..requitement;s of the per.mi£, including capital-related 
SH&E equipment, installatiqn and utility hool<uR expenses; 

,~ I. ~ 

SH&E ._tfe-Cyde ,'°5ts: llcquisition 
This phase is concerned ~tl1 profiling tl1e cost burciens associat&tw.ith obtaining 
SH&E-permits and p.l'()CJ..IJ:ing SH&E capital equipment foi, the product! technolo­
gy; process or service reqµire'.d to controlhazardou.s7xposw:eli, prevent/.'control 
,pc5liution, n:1aintain x:egWatocyt compliance and eilhahce busmess' performance. 
The oosts, of a capital "asset include both its purohase price and all other costs 
incurred tobring it to a, form and location suita;J,le for its intended uk. 
c»ta.~ning SJ,t&,E P!:'rmits (pµe~time cost)~CO$ts al:lsociate<}wi,th obtaining 
permits (e.g.1 w.aste)V,ater ~, air eµussions, handling, storing, 
trruiisP,orfing hazatdo!+S substances and associ,ated. wastes}. Examples i.n'clude: 

1) Permit "!leyiew/Approval (indirect cosJ), A.c::tiviti,e:, perfon:p.ed. to study the 
~pl'Ofedural and performance requirements of the ~rmit, oondllct envfronmerttal 
imJ?act .stucli~1 and make application, lobby for gaining cortpnunity approval 
and sign-off on ~nrtit cent,ra~. " . ,· . ' 

2) Permit ~e._(tlirecfcgsiJ, The direct cost associated ;witl'i,the permit. 
3) Process R~Erig:41.eering (tijrect cost,), Act.ivitiesperfortned fot re-engineer­

ing andtµ-iodeling·the roc(r\µfacQ.Jring proress intta$tructu.te to comply the pro­
caj.ural' and ~r.fo;:mance r~uiremenf$ QI the permit, including capital-relafed 
SH&tE equipRJ~( i.nstall9-tioq: and utility hook-ttp expenses. , 
Procuring-SH&£ c:apttaJ (one-time"cost). Costs associated with ac-quiring capital 
equipment-~~nvctw;es {or the manufacturing process or factory site, such as: 

: .EW"s&ion/effl~e.11t controleg\ri.p.tne,nt for reducing,'peu.tra1iz,ing cir minimiz­
ing the volume,toxio,ty or hazardous properties of p~ess·w~te'(direcf cost-). 

·~1on/ef{lue11tmonitqqng det\ices for pmyiding periodic or,cont;inuous 
surveillance,. detecting and recording pf ~qi;es to procei,s hazar.ds (direct cost). 

, • Red~ e-quipmen~f~t ~para~~ process, ".\7aste for .reuse (direct cost). 
• lreatment/ storifg-e:;t disp0$al.fu.tility~wpment fo.r. the treaµnent, storage, 

, recyclihg,or di~sa)' of w.aste generated by the process, :inehidin,g the consolida,. 
, tion,of 'W~ste 411ti1 s~Fpingf~ire,ct cpst.~. , . . . -' . ,;, 

) ) Equipment Review/S1gttoff (rtidirecttost). Activ'J.ti~ performed, to study 
ili&E <:aJ>Jt'al equi_pm~t alte.rJ¥1tiv,es'; qua,l.i.fy $!:!pplier&; develop, negotiate, sign­
off on et{uipment COJ:ttri'I~; and make reaay the factory and manufacturing 
proc~s to teeeivf! equipme9f. ,· . ' . ,. '\ . 

, f 2) Equipll,lent Cost (direc~' cbst). Direct costs a~at~ with SH&E qapital 
equipment, inc1Mding spare p~rt.s. · . . , , 

$) Process R~Engine,ering (qirect costl. Activities performed for: re-engineer­
.· ing and rerqooeJ,ihg.theinanufa~g p ~ infrastructllnf to aecomm.odate­
SH~&'capital; in®Ucfu}g equipment it}s'tallatiop'lmd utili~ hookup expenses. 

. . ~ ~;', ~. . ~% ... ,;.- ,, ;,,' 
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nificant data for modeling the cost of SH&E issues face-to-face interviews with industry specialists. 
and practices can be obtained from the manufactur- When cost estimates are unavailable, reasonable esti­
ing site; some data can be obtained from trade asso- mates must be produced; these values should be 
dations and previous industry cost-of-ownership based on the volume of key-resource inputs and unit 
studies. Costs and prices can be collected from vari- prices, and on estimates from design/process engi­
ous sources, including periodicals, and phone and neers, SH&E specialists, and finance and purchasing 

SH&E Life-C,c:le Costs: Use/D .... I .. , " 
This phase is concerned with profiling the cost burdens associated with protectin'g and produ<;tively using and 
di$~4'g of process JeSOurces'in a m¥IDer that pfevents injury /illness and E!nvirorunenfal incidents and that 
.reduces pollution aJld Wil5h!. ' ,, , 
Operating SH&E capital (CoO) (tmnuaf.occurring over prod*tive/eronqmic life.;airecfwst). Costs associated 

' ,wit);i operatiflgl o}Vl\ing SH&E capital (e:g., e.quipment, areas, stn:ictwe5). Examples of costs ihclu~e utilities, 
Jaborrsupplies/ mat-e:ria.Is and maintenance. "' 
Resources Used (annual occurring over productive/economic (ife; direct cost). Cost of resources consumed by the 
prodµct, iec.hnology, manufacturing process or f<!ctorysitt> that have SH&E life-cycle concetns. 
SH&E Cons~ma~es Used (a1:muaJ occurrfn.g ovet productive/economic life; one-time cost).Artnual cost.of 
consUQ:lables used by the product, teclinology, p.rocess o.r factofy ~itEl that .is SH&E rel~ted sui'lh as: 

•Safety, industrial hygiene/ ergonomics or equipment-supplies for providing employee protectibn again$t 
exf>!>Sures to process ha.zatds (direct cost), , >ff 

•Environm,ental protection supplies for preventing/controlling envirorunental incidents (direct.post). 
" •Environmert~ pa<;k'aging equipment-supplies for.cQI1SOlidating-protecting-improvrng the hru:tdling of 

wasta{direct cost). 
•HazMat ~~eipent equipment-supplies for providing environmental incident res.ponse and ~overy 

services (direct -cost). , 
,, • Fjte prgtection ~uipment-supplies for-~Viding fire pre'lfention and incident control services (direct cost). 

•Security equipment-sup_plies fo;r providing process and,factory site monitoring and surveillance ,(fiirect cost)., 
• Ljcense/ c.ertificates for. complying with SH&E reg~tiQns (direc.t cost). , 

Providl,ng Strategi~echnical Support, fe;;yiu.al occurring oper produetive/eccnwmic,, life). Costs associated ~ith · 
pro~iding SH&E stra~gic ap.d technical support to themanufaetQiing p:rocess·or faclocy site. Examples include: 

•Strategic .ma.nageme.t1tacf!v,ities,such as SH&E procl'Ss strategic plano1ng, te-en~eering, auditing SH&E 
process imp,lem~ntati9n an<t Jl\al}aging contracts (indirect.epst). " , , · ' 

•Tedmical -support activities such as identifying,,,evaluaOflg and coajrolling ~osures to'bazards, ~viron­
merttal~mission monitoring and proc:essing, and safety ~d i,ndustrial hygiene M;1Speclions; aavisjng Qn regula-
tory cornplian~ roa~ers; assisting In ~es6ng and recgrdkeeping procedures (itidifect cost). >Y-; . 

• Reseatch,Ldevelopment acti.vit;ies such as testing, conaucting studies and creating innovative w~s to pro-
tect ap,d use process resources ptoducnv7ly (indirect cdSt), " 

SH&E Trainia,g (annt11Jl occurring over productipe(economic life). Costs a~ted with providing SH&E training ,; 
,, support fu the procl'SS qr factory site such as: ,, ,, . , 

,, •SH&E law-required for maintaining compllimce with laws and re~tory standards (ipdirect dist), 
, •SH&E process s~ific for d~eloping special SH&E competencies and_ capal;>ilities (ind!r~et cost):' 

Environmer,tal Processi~g (anmial occurring over prod11ctive/eccifomic life). Gosts associafed with 
unplementing pollution preventi,on/ reuse-, treatmept a.Qd dispos<tl strategies ~uth as: ~ 

•Source red,uetion by process optim:iza,tion activities used for limiting pollution bt>fote it occurs. Methods 
include modification of end product to eliminate waste, revised oper.!ting practicest process modificatibn 
changes in raw JI1aterials, technology and equipment (irtdirect cosr).,, • 

• Reclaim activities used fot reusing a,nd recyclilig a waste based on a closed- and ~pe:n-loop pystem (ifldired cost). 
• C. losed Loop. Implies no· further. processing qf a'wa,ste ma'terial;' it is fed di.rec.tlylrtto the process step. 
• Open Loop. lmplies the material must be p~essett (e.g., separatin$ a particular (:o,mponent) prfo,r f@ 
beiJ;\g'l'eused. X > , 

, • al,arementaotivities iised. to eontroJ the physkal and/oi; chenµcal characterlsti~ of a waste (indjrect cost). 
' •Dilution acti:~itil'S NSedeto changt> the physjcal-and/ Qr chemical characteristics of a waste after its use to 
reduce the mate,rial's volume and toxicity (indir,µ;t c0$t). · ,, 
, • Waste treatmer)t prior to dis~ actjvities ~ to gumge the. physkal and/ ot ch~cal ch~cteri,stics of a ' 

,. waste1after,its use ,to ,tajuce the material'$ volum~ and}oxicity ahd to .impxove handling ancl .storage (inpi.reef cost). 
• Waste col)S;()liq_ajion-t,a.ckaging activities used to consoU.-date and ~to~ waste pefore shipping (jfzd{h;c.f cost). 
• Waste exqiapge activiti~ used or required Jo lrt!nsfer or ~ll waste to a broker~e iliat .could use the wa~te 

as a raw roat~ial (indirect tost). ·. ' ·. , 
• Waste Shitping" and disposal .~ctivities for transporting and cill;posing of a waste (direct cop.t): 
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personnel. When cost estimates differ 
among sources, a gap analysis should be 
conducted and an average or consensus 
estimate assumed. Precision of cost in.for­
mation supplied sh ould be reasonable 
estimates and useful in making decisions. 
At the same time, unnecessary precision 
and refinement of data should be avoided. 

5) Perform a gap analysis of uncertain 
cost estimates for the existing manufac­
turing teclmology and/ process that devi­
ates from expected or anticipated cost 
ranges. When gaps aTe identified, a limi t­
ed fact-finding activity should be imple­
mented to improve cost estimates. 

It should be noted that all activity­
based life-cycle costing requires some esti­
mation. Estimates of some SH&E costs are 
typically uncertain because of imprecision 
in both tmderlying cost data and modeling 
assumptions. Because such uncertain ty is 
basic to any type of cost modeling analy­
sis, its effects should be analyzed to uncov­
er reasons and the nature of uncertainty. In 
anaJyzi.ng Lmcertain data, reasonable esti­
mates of probabilities should be used 
whenever possible. Any major limitations 
of the analysis because of uncertainty SUT­

rounding the data or assumptions should 
be discussed. Reasonable cost estimates 
can provide meaningful results if they are 
consistently applied to all cost uncertain­
ties under consideration. The quality of the 
results obtained is determined by the qual­
ity of the estimates used . 

6) Formulate SH&E improvement 
alternative solutions and record cost esti­
ma tes for eacl1. 

Stage 3: Present Results 
7) Present the economic choice deci-

SH&E L~le-Cosls: Post·D~I 
This pha~"is ~onc;erried With profiling the costbw:dens associated'with rnoni­
tori:ng th,e di??9S~ or waste ~eI\it ~$ left the c<;>nt;rol of tlie manufacturin~ 
process ancl mter.n~ factqry site aqdi1s ttansferied fb anot:1;$r company fo.r 
mru:i,age~en,t. .., · 

Ma_,.gt!'.19 \Nast: Site CompJiance rannual occurring tfllef ptoductive/economte 
life) .. Costs_ associated ~jJh ensuri.I)g,tbat waste site dispoS&l procedures are 
managed i,n a inaf'Jler !f.tat ma,intaihs cotnpliance with, goverrµag eo:ntracts and 
federaJ and state.iwulati.ons. Examples includ~: ' 

1) Waste Sije .Rex)ew/Selection (iruilireop,cost). Activities performed toreview 
and :se~ 'disposal sU~ alt~atjves, clll4 to develop, n,egQtiate and sign-off on 
waste,dis~l contract M~menfs. • 

2) Compliance Monitoring ({tzdi"ct cost). 'Activities w.£enned to ensure that 
the procedu,r:aJ ~d perfprmance req_ajrements of the contract and federal <Uld 
state reghlatio115 are met: , 

7 

SHIIE Life.C,c:le Costs: Closure 
Tlus_phase is toncem,ed With ·proJiling the cost burdens associated with renring 
the p~u<1, ted'.(nolo~, manufacturing process or fact-ory site at th!'! end of its 
u~ life and prepl:U?lpg the area for other productive uses, 
DecommissioJ1ing (one-time cost}. <;osts (\Ssociateti with retiring the­
mf,ln~f!lctuting proc~odactory site followjng its useful life. ~pl~ include: 

1) Deconunissio¢ng Review (inilirec.t; cC'Jst). Activities, performed for profiling 
the S,H&E risk anckosf t,urdens associated with retiring the manufacturing 
prooess or factory site. 

" 1)Distnantling/Clean:up {indirect coSt). Activities required to' disasS(::.Irtble 
cor;nponen,ts used in the manuf~cturing prqcess, arra.1,1ge for disposal and con-
duct cleanµp pr'ocedµres. · 

3) Conlponep.t Shippwg and DisP9sal (direct ,cost), Costs.incurred for tra,ns­
, portinS, and~ (llsf>osing of aismant}ed oeomponen~. 

Remedlat i~ {q71e-time. cost). Costs associated with remed.ia:~g-and preparing 
the-area for ~ther productive uses. , 

1) R~mediation Plan (itiditeet .cosf). ,Activities require? to develop ways to pre­
pare ~e area.,.f9r other productive qses. 

sion study report that introduces the existing manu­
facturing teclmology and process des ign and 
aJtemative solutions, their internal and external 
environ.mental impacts, level of significance and the 
organization's means to control or improve. A sum­
ma ry-analysis sheet delineating SH&E costs for 
existing and alternative solutions should be present­
ed . Costs and profitability potential should be 
reported in monetary terms and estima ted over the 
productive/economic life cycle of the technology or 
process being evaluated. The life-cycle costs report­
ed should include direct and indirect (i.e., upfront, 
acquisition, use/ disposal, post-disposaJ and closure) 
costs. Sensitivi ty analysis can also be performed for 
certain cost factors and activity drivers so that the 
effect of price cl1anges can be studied and forecast. 

should be conducted three to 12 months after a 
change has become operational, and regularly there­
after. The goal is to assess whether the alternative 
cl1ange option is performing as planned. 

Adoption and use of SH&E cost modeling. specifi­
cally making economic choice decisions among mutu­
ally exclusive alternatives, has the potential to 
improve the relationship between any firm's SH&E 
and economic performance. Profiling the SH&E finan­
cial impact of the firm 's products, technologies, 
processes and se.rvices, highlighting certain cost diiv­
ers, and making a business case about new SH&E con­
trol sol.utions should increase confidence that 
investments in improvement solutions were correct. 
The ultimate real.ity is that use of SH&E economic 
choice decision modeling will, over ti.me, only be as 
good or sustainable as the underlying business rea­
sons- the economic benefits to the implementing 
firm-that justifies them to senior-level executives. 

Stage 4: Post-Implementation Lookback 
8) Whereas an upfront cost analysis assis ts as a 

control mecl1an.ism, a post-implementation lookback 
is a d iagnostic tool to evaluate the overall effective­
ness of the change. A post-implementation review 

In addition to providing SH&E cost and potential 
profitability data about a firm's new and existing 
products, tedmologies, prncesses and services over 
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SH&E i;;.ife.i'Cicle &psts': lnc:id...- · 
The ~a concerned with pro.filing the cost bu.rdens assbciated ;with ep.vironmen­
tal conta:minp.tiQn,pollutlon, altel:a tion/. occupational injury/ illness and non-

' comp liance fines that adversely affect themanufacturingprocess, infernal 
factory and external .environment. Examples include: 

lnten1allties. Incidents tbat only affect the internal mantlfacturil}g process anti 
tendito ,result .in l) an adversity or disablem~t to a ~ource; 2) incur.red direct 
, and indirect eQSts; and 3) prod~ction intequptio.n.· ,Exa,mples df these types oj 
costs include: , « , ' 

•bireot Costs. Those costs thlit can be easily identified an~ caleulated or 4irect­
ly assigned to' th~ in~ident with,a high degree of accuracy; examples include , , 
employee financial compet¥tion (bpth curtent cUid, reserved), damaged manu­
facturing prO.E~ ,resources, capital replacement expend.ih.J.r~, incident fines 
and legal e~. ' 
' •Indirect (:.osts. Those costs that are intangible and difficult to calculate in the 

short,tei:m; examples include,incident investigatiQn, production delays, loss of 
ttajning ihVest:n)ent, loss of,futute con ~ibution of employee, replacement of 
reso~1 cl~ manag~ent.rincident response/recoveryLremediatjpn and 

• b usiness resump,tion. " . ' 

, Externalities. !ntetrtal\ ncide~tsihat affect,,the outside environment and 
tend to result in 1) a1r; wate,r,R°il pollution; 2) resource depJetio1t/ de~aoation; 
3) chron.ic/:acute health effects; 4,) envirorynentalhabitat alteration; arid ~ 
5) social/ ecop.onµc welfqre effects. . ' . 

•Direct ~ts. Those costs that are easily:identifi~and calculated or directly 
~gned to the incident with'a .!;righ d~ of acctrracy; ex,amples inq ude futanci,al 
coll}~tion for damagecLenvironmental resources, fines and legal expens;es. 

•Indirect Costs. 1h'ose E<;)Sts that a,r,e in~gibleand dj.fficult to calculate i.Q,_the 
, Shortt ~ ;. exampl~s' .include ix:cident investigation, Jnc,ident .recoveryJl,'emedi,a­

tion costs at).d claims, ~gement. 

Noncompliance Fines 'facilitation. Ci~tjons issued for failing to comply 
with federal, state or. local environmental, safety, andpealth regulations, ' 

•Direct Cqsts. Those costs ~ t can be easily idepti:fieq and calc~tal. or direct­
ly assigned to the fine with a higl} degree of accuracy; examples include financial, 
payytent for the citation, Jnakingthe facility and the p1ocess .ready to !=Omply 
includ;itlg any capital eXP,enQitures, materials, labor, legal fees and reseatch. . 

•Inaifect Costs. Tiiose costs that can be intangibl~ and difficult to calciilate in 
tlie short tenw examp1es include activities needed to study and contest the fine. 

new plants, technologies and equipment. 
Use of SH&E economic choice decision 
making is expected to expand as compa­
nies consider their options for new plant 
and equipment investments and the asso­
ciated SH&E aspects. This use v.rill accel­
erate as the majority of manufacturing 
shifts from 200mm silicon wafers to 
300mm wafers over the next five years. 
Th e industry currently has nine 300mm. 
production facilities in operation. Based 
on recent announcements, one can project 
that 37 such facilities will eventually be in 
operation. Fully equipped, U1ese facilities 
will represent an investment of nearly $50 
billion. Construction has started on about 
half of this planned investment (Vogler). 

As the data in Part 1 show, small 
investments during the design and con­
struction of a semiconductor facility can 
have large benefits. The current economic 
downturn is causing companies to review 
their multibillion-dollar investments in 
great detail in order to create the most­
productive facilities at the lowest possible 
operating cost; as part of this review, 
many are investing time and energy to 
model costs linked to new designs. At the 
same time, geographical differences in 
SH&E applications are shrinking as a 
result of perceived cost, performance and 
benefit analysis. For example, a new fac­
tory in Singapore is using exactly the 
same performance standards as sister 
facilities in France and Italy. Such stan­
dardization lowers the cost of equipment 
procurement and improves operational 
planning, as all facilities have the same 
performance capability. 

1n summary, the semiconductor indus-

their productive or economic life cycle, SH&E cost 
modeling should be designed to accommodate any 
special cost information needs that may arise due to 
unusual or special situations (e.g., cost of new regula­
tory requirements, nongovernment organizational 
concerns, environmental incidents, injuries/ illnesses, 
certain risk and contingent liability issues). If such 
information is needed on a regular basis, appropriate 
cost modeling procedures should be constructed to 
provide it. The researchers believe this study is gener­
alizable to all types of private- and public-sector firms. 

try is embarking on the largest investment 
in plant and equipment in its history. Following the 
International Technology Roadmap for Semicon­
ductors (ITRS 2001), this investment will likely con­
tinue for the next 10 to 15 years (SIA). Cost-benefit 
analyses of all aspects of this investment, including 
the SH&E economic choice decision capability result­
ing from this research, are being used to lower oper­
ating costs and to provide standard performance 
capabilities. • 
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Impact of Economic Choice Decision Making 
on the Semiconductor Industry 

In o ther industries, basic manufacturing facilities 
are already in place, and process improvements are 
added only incrementally to enable new product, 
technology or productivity in1provements. The semi­
conductor industry, however, must reinvent its man­
ufacturing processes on a three- to five-year cycle to 
meet new product and technology demands. Thus, 
even during market downturns, companies invest in 
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