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EXECUTIVE SUMMARY

INTRODUCTION

This report describes the findings of field research conducled o assess whether there is 2
relationship between U.5. industrial facilitics” environmentally conscious manufacturing ("ECM™)
practices (e.g., source reduction, recycling, green product design, etc.) and their efforts to adopt
advanced technological and orgamizational approaches 10 manuoiacturing. These pew and
innovative manufacturing systems are distinguished by a blend of technological and organizational
changes inside the facility {e.g., self-directed work teams, worker rotation, total guality
management, and continuous process improvement) and by close and interdependent
relationships across the praduction chain, particularly between end-users and suppliers.

1t has nften heen argued that there is a trade-off between industrial and environmental
performance, with environmental quality coming at the expense of industrial competitiveness, A
number of studies have recently argued that efforts to reduce wastes and waste managament costs
need not negauvely affect business performance, and at times may actually improve it. They have
labeled this apparent confrontation between environmental values and ecenomic success as a
"false dichotomy,” arguing that the mnovative workplace practices that improve facilitizs” overall
efficiency and innovation can be applied to environmental managemant. These efforts can lower
waste management and compliance costs, thereby improving fachties” overall competitiveness,
while reducing pollution, thereby benefiting the environment.

While prior studies have explered the motivations for and compenents of ECM,
apparently no resezrch has been eonducted focusing on whether facilities’ general efforts to be
immnovalive and adopt advanced manufactunng practices motivates them to also pursue ECM,
thereby achieving this best of both worlds. This was the specific intent of this study, which was
implemenied by conducting on-site interviews of over 100 managers and line workers at 11
industrial fzcilities around the country that were specially selectad 10 reprasent facilities at
opposite ends of the spectrum of ECM adopuon.

FIELD} RESEARCH METHODOLOGY

The small number of facilicies that could be wvisited were selected to maximize the

information generated. By focusing on facilities at the ends of the spectrum of ECM adoption,
we expected 10 he hetter able o assess what faetors facilitated or obstructed its adoption.

Therefore, our strategy was to identily "high adopters” and "low adapters” of such practices.
Furthermare, to try to contrel for the effects upon ECM adoption of being in different industries,
pairs of faclities were selected representing a high and low adopter within a particular industry.
Within these consizaints, a diverse sample was sought with respect to industry, size, and
geographiczl loczation,

High adopters of ECM practices were identified by using several U.S. Environmental
Protection Agency ("EPA") databases. Some were initially identified in laudatory ECM case

ES-1



studies made available by EPA. All potential high adopter facilities’ waste management activities
were checked in EPA databases to ensure that they had consistently engaged in pollution
prevention over the past several years. The greater the depth, breadth, and tenure of a facility's
pollution prevention efforts, the higher it was rated with respect to ECM. Low adopters of ECM
were selected by identifying facibities that had not engaged in pollution prevention over the past
several years, despite their managing relatively large amounts of wastes or chemicals. Far hath
the high and low adopters, these critenia were clearly rigorous because they eliminated all but a
few percent of the facilities within any industry.

The industries within which high and low adopier facilities were desired were selected o
reflect 2 Giversity of U.S. manufactuning industries with significant environmental concems.
These industries were industrial organic chemicals, electroplating, motor vehicle parts, aireraft,
and industrial machinery. For the 11 facilities that were visited, interviews of 3( to 40 minotes
each were typically held with the faciiity managers who were responsible for the following
functional areas: overall plant management, praduction aparations, environmental compliance,
firancial affairs, procurement, and human resources. In addition, facilities’ production workers
were interviewed and brief tours of the facilities were conducted, The visiis to facililies in
Alabama (two facilities), California (three facilities), Connacticut, Lowisiana (two facilities),
Michigan, Pennsylvania, and Texas were conducted from July through November 1996,

OVERALL FINDINGS

There was sabstantizal adoption of bath innovative workplace practices and ECM
techniques by the 11 facilities that were visited. MNaturally, it was assumed that the seven facilities
that were selected beeanse they were identified as high adoptars of ECM would confirm their
statuses. What was obviously unxnown prior to visiting the facilities, and was a primary purpose
of visiting theny, was the extent to which they had adopted innovative workplace practices. What
was found was a high degres of use of such practices.  Figure 1 pravides a graphic display of the
extent to which various of these practices appeared to be present at each facility, as well as other
descriptive information abourt each facility. The more of 2 pie chart that is filled in, the more
that the practice or characteristic is associated with the facility in question.

"Mission Statements” indicates whether the facility possessed and disseminated a formally-
adopted. wnten, facility- or corporate-level averall policy expressing the organization’s basic
principles, objectives, and operating style. "Explicit Quality Manapement Systems" reflects the
extent to which the facility has 2 formal and reasonably comprehensive management system
designed to monitor and ensure the quality of its production operations. "[50-Certified” refers
to whether the facility’s managzment svstems have bzen officially certified as satisfying the quality
control requirements of [oternational Organization of Standardization {"1507) 9000. "Supplier
Quality Assurance” measures the degres to which the facility has a formal and consistent
procedure for evaluating the guality of its suppliers, both before and after they become suppliers
of the facility. "Supplier Partnerships” denates whether the facility has an explicit program 1o
encourage coaperative agreements with some of its suppliers to act as partners in the
development and production of the facility’s products, rather than simply functioning as suppliers
and customers. "Just-in-Time Inventory” means whether the facility has formal procedures to
minimize its inventory by only ordering supplies when they will be neaded imminently.
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"Unionized” simply indicates whether the facility’s line workers are unienized.
“Work/Cross-Functional Teams” reflects the extent to which the facility has structured its
workforae into leam-like units, centered around certain products or preduction operations, or nas
created various cross-functional teams bringing topether workers from different departments
within the Facility 1o address continuing operational issues. "Problem-Sobving Teams™ refers to
whether the facility ereates special teams of workers to address particular operational issues that
sporadically arise requiring attention. "Worker Empowerment” measures the extent o which line
workers have been given the authority to control the work practices and production progesses
within their assigned areas of responsibility. Finally, "Promotions from Line Workers" denotes
how likely s that production operations supervisors were promoted to thelr pasitions after first
having heen line workers.

While the next section of this Executive Summary describes the findings with respeet 1o
ECM practices, Figure 2 provides a graphic display, similar to Figure 1, of the extent to which
various of these practices appeared to be present at cach facility, as well as other deseriptive
information about each facility. "Catahzing Incident’ indicates whether the facility or parent
company was subjected to some extreroe ineident or set of occurrences that largely prompred it
to reevaluate its environmental practices. "Management Commitment” reflects the extent 10
which the senior management of the facility and parent company are overtly supportive of efforts
to adopt ECM. "Explicit Environmental Objectives” refers w whether the facility has set specific
and quantifiable objectives to be attained through its environmental practices and publicized
these 10 its workers, "Environmental Performance Monitoring” measures the depree 1o which the
facility has established formal, structured procedures through which is environmental activities
ere monitored and assessed. "Froviding Environmentzal Information 1 Workers" denotes the
clfort the lacility expends in consistently disseminating information about its environmental
practioes and performance 1o its workers, "ldentification of Environments] Costs” means the
ability that the faciliy has to track its enwvironmental costs back to specific products or production
PrOCESSES.

"Size of Envirenmental Stefl" indicates the adequacy of the number of environmental
personnel at the facility, given the variety and nature of the environmental issues that it faces,
"Expericnced Environmental Staff” reflects the amount of experience solely in environmental
raatiers possessed by the f{acility’s environmental staflf. "Long-Tenured Environmental Staff™
refers to the typical length of time that the key envirormental personnel have been at the facility,
regardless of the specific positions that they may have previously worked at there,
"Environmental Staff with Production Background™ measures the frequency with which the
primary cnovirenmental staff have some prior training or employment in the production
operations relevant 1o their facility. "Chemical Cantrol Processes” denotes the depree 1o which
the facility has formal management and recordkeeping procedures in place to safeguard, monitor,
amd track the usage of its chemicals by workers. "Environmental Inspections™ means the
frequency with which the facility is audited for environmental purposes by its own staff, by
corporate staff, by retained consultants, or by government agencies. Finally, "Audits of Suppliers”

indicates the frequency with which the Facilitys suppliers are audited for environmental purposes
ty facility or corporate personnel.

By comparing the ratings of each facility on the twe figures, there does appear to be a

positive relationship between facilities that have implemented innovative workplace practices and
those that have adopted ECM. The correlation is imperfect. partly because, due to their size
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and/or environmental characteristics, some workplace andior environmental practices are not
particularly applicable ta some facilities. Thus, confined only to those practices that are truly
relevant (o @ particwar facility, the comperison would show an even stronger relationship.

SUMMARY OF DETAILED FINDINGS

The following are the major findings from the field ressarch with respect to
snvircnmental management practices. These findings are grouped into four basic areas: outsids
influences on ECM adoption and implementatian, organizational influences on ECM adoption
and implementaticn, individeal influences on ECM acoption and implementation, and the
mechanics of ECM adoption and implementation,

OUTSIDE INFLUENCES ON ECM ADOPTION AND IMPLEMENTATION

» Single incidents {c.g., chemical spills, povernment enforcement actions, new environmental
reporting requirements, ete.) can lead to such substzntial adverse consequences (e.g.,
widespread negative publicity, large penalties, community hostility, etc.) that the company
and/cr facility reevaluates and improves its entire approach to environmental concems.
Sometimes less serious incidents can still motvate change when they occur while the
facility i= in the throes of reevaluating all of 1s operauons due 1o difficult business
conditions.

- Some diffusion of ECM practices occurs through supplier chains (both vp and down such
chains), but it does not appear o be substantial. The opportunity zppears to xist,
however, for more such diffusion. This diffusion process is likely inhibited by the
gengraphical distance between many suppliers and their customers.

] At least some facilities perceive that at least some environmental agency personnel are
more mativated by a desire to {ind and fine violations, even il they are unintentional and
inconsequential, rather than to predict and prevent potential problems and propose
pollution prevention solutons,

» Pressures created by environmental laws can maotivate [acilitues to adopt ECM practices
that exceed the laws’ requirements. This may be due 1o a desite to reduce matenals use
and/or waste generation to Jevels that exempt a facility from those laws, to pollution
prevention opportunities identified as a result of considering process changes necessary to
comply with Jaws, to public concerns over perceived environmenlal dangers from the
facility, or to facilities’ better understanding of their processes’ inputs and outputs due to
inereased momtoring and record-keeping requirements,

. Some fadlities expressed dissatisfaction with the apparent irrationzlity or irrelevance of
some environmental requirements (e.g., requiring reporting of spills for some quantities
of chemicals that were w0 low 1o pose any meaningful risk or managing some CoOmMmaon
household matenals as hazardous wastes). Such requirements imposed cos1s upon them,
without any, or any comparable, environmental benefit.
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Obtaining accurate, timely, and understandatle information on environmental
reguirements is a barrier 1o ECM practices. Some facilitics reported difficulty in
obtaining sach information from either their higher corporale level environmental groups
or from povernment entities.

The fear of potential liabilities from sending wasles off-site for disposal has motivated
facilities to engage in pollution prevention, on-site waste treatment or disposal, or off-site
recycling.

ORGANIZATIONAL INFLUENCES ON ECM ADOPTION AND IMPLEMENTATION

The explicit commitment of top corporate and facility management to ECM practices
provides leverage and support to lower-level managers to promote sech practices at the
- HH .

facility level.

Barriers to the diffusion of environmentally conscious practices exist between cerporate
sibling facilities, even despile the expressed commitment af overall eorporate menagement
to such practices. Thus, corporate-level analyses may not indicate the true extent of ECM
practices, nor would corporzte-leve! policies necessarily ensure the adoption of such
practices throughout all facilities,

Same faclities did not ablain the assistance thal Uiey desired in developing ECM
practices from intermediate corporate Jevels (e.g, divisional headguarters staff). Thus,
the overall corporate and individuzl facility environmental goals were not always being
facilitated bw zll levels of the organization.

Setting lower fimancial return thresholds for approving envirgnmentaly-beneficial projects
can encourage their adeptiern,

INDIVIDUAL INFLUENCES ON ECM ADOPTION AND IMPLEMENTATION

Individual environmental managers behaving proactively and innovatively can push a
facility into more ECM practices, even in the initial or continued absence of a noteworthy
overall facility or corporate support of such practices.

The invalvement of line workers can bz very beneficizl in developing ECM practices,
because most pollution prevention improvements require relatively simple and inexpensive

changes that may be most obvious to the line workers directly involved with the process in
gueslion.

Postessing personnel in-house with environmental expertise is impartant in identifying,
implementing, and monitoring ECM practices. Due to the complexity of environmental
law, such expertise is important in understanding the lepal implications of possible
changes in production process inputs and outputs. Larger facilities, or facilities that are
part of larger companies, are more likelv to have that expertise immediately and relatively
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inexpensively available,

Maost facilities indicated that unionized workers would be less receptive than other
workers to efforts by management to seek their ideas in developing and implementing
ECM practices.

The continuity of environmental managers in their positions appzars to be important in
facilitating adoption of ECM practices. This could be explained by the fact that some
ECM practices require relatively long lead imes w implement, that line workers may be
more likels to offer ideas to managers whom they have known for some tEme, that some
ECM practices require 2 detailed understanding of the facility’s production and labar
practices that only develaps with tenure, and that mare senior managers may have more
influence on upper management’s decisions,

The geographical proxmity of supphiers and customers to facihities appears to have no
substantial impact upon the diffusion of ECM practices among thesz entities,

MECHANICS OF ECM ADOPTION AND IMPLEMENTATION

Using measurements of environmentally-related activities and outconmies (e.g., materials
use, environmental costs, wastes generaled, spills, ete)) is an important toal for
determining progress, evaluating efforts’ effectivensss, motivating fucther initiatives, and
identifying opportunities for new ECM practices.  Most fzcilities, however, have not
atternpted or succeeded in assipning environmental costs to specific products or
operations, thereby undermining efforts to identify and justify possibilities for
environmental and elficiency improvements,

Most pollution prevention improvements involve relatively simple and inexpensive source
reduction efforts, such as materials substitution, waste segregation, equipment mMonitoTINE,
and minimization of materials inputs.

In many situations, facilities adopted practices that ultimately were enviranmentally
conscicus, but did so primarily to reduce costs or improve their production processes.
Thus, emvironmental benefits often were formitous byproducts of changes motvated by
uther reasons.

The setting of explicit, ambitious, and quantitative environmentsl improvement goals at
the corparate and facility levels helps 1o motivate and direct facilities to meet and exceed
those goals.

Frequent inspections of facilities can provide the continual pressure to be attentive 1o
environmental concerns.  Such inspections can be by internal facility staff, corporate level

staff, outside consultants, customers, environmental agency personnel, or other
SOVEIMMEn? inspectors (Le., when the facility is working on goverament coniracls).

Including environmenta! performance as part of workars' and facilitiss’ overall
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performance evaluations can help to sensitize everyane to the importance and benefits of
laking environmental considerations into account. In addition, providing financizl
incentives for waste recuction or other environmental ideas can bz desirabls.

Most facilites” environmental managers had a background 1n the procuction aspects of
their facilities, typically by having come inta their ervironmental positions directly from a

productien-related funclion.

Line workers are more receplive 1o environmental reguirements when the purposes
behind them ars made clear.

Facilities that had adopted ECM practices were more Lkely to communicate their
environmental objectives and progress to their workers.
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INTRODUCTION

RESEARCH QUESTION

This report deseribes the findings of field research condueled Lo assess whether there is a
relationship berween ULS. industrial facilities” environmentally conscious manufacturing ("ECM")
practices (e.g, source reduction, recycling, green product design, ele.) and their efforts Lo adopt
advanced technological 2nd organizational appreaches to manufacturing. Thess new and
innovative manufacturing systems have been referred o variously as lean production, agile
manufacturing, and high-performance production.! These systems are distinguished by a blend of
technological and organizational changes inside the facility {e.g., self-directed work teams, worker
rotation, total quality management, and continuous process improvement) and by ¢lese and
interdependent relationships across the production chain, particularly berween end-users and
suppliers.

It has ofien been argued that there is 2 trade-off between industrial and cnvironmental
performance, with environmental qualit coming at the expense of industrial competitiveness, A
number of studies have recently argued that efforts 1o reduce wastes and wasle management Costs
need not negatively affect business performance, and at times may actually improve it, They have
lzbeled this apparent confrontation between cnvironmental values and coonomic success as a
“false dichotomy," arguing that the inncvative workplace practices that improve facilities’ overall
cilcicney and innovation can be applicd o eovironmentzl management. These efforts can lower
waste management and compliance costs, thereby improving facilities’ overall competitiveness,
while reducing pollution, thereby benefliting the envirenment

As described in the following section, prior studies have explored the motivations for and
components of ECM.  Apparently no research has been conducted, however, focusing on whether
facilities’ general efforts 1o be innovative and adopt advanced manufacturing practices motivates
them to also pursus ECM, thereby achieving this hest of hoath warlds. This was the specific
intent of this study. As described in detail in the "Field Research Methodolegmy™ section of this
report, this study was implemented by conducting on-site interviews of aver 100 manapers and
Line workers al 11 industrial facilities zround the country that were specially selected 1o represent
facilities at apposite ends of the spectrum of ECM adoption.

LITERATIIRE REVIEW

There is considerable literature documenting the shift to new and innovative
manufacturing systems at facililics. An influential Massachus=tts Institute of Technology study

' See, eg., James Womack, Daniel Jones, and Daniel Roos, The Machine that Changed
the World (New York. NY: Rawson and Associates, 1990); Paul Osterman, "How Commen Is
Workplace Transformaton and Who Adopts 1t?." Industrial and Labor Relations Review, 4772
(January 1994).



documented the transition from mass praduction to lean produstion in the automotive industry?
A survey of 1.5, manufacturing establishments by Osterman found evidence of significant
adoption of innovative work organizations in a large and representative sample of U.5. plants®
Survey research by Florida and Jenkins found a significant rate of adoption of innovalive
manufacturing practices by Japanese (ransplant manufacturers in the U.S*

There alsa i5 considerabls literature documenting the shift te ECM at facilities.” In
particular, some literature has found aspects of or motivations for ECM that explicitly
incorporate some fundamental concepts of advanced manafacturing systems. Nearly half of the
U.5. manufacturers responding to a 1994 survey stated that they had implemented a total quality
emvironmental management program, similar to the total quelity management concept for general
manufacturing purposcs,” Nearly two-thirds of the companies surveyed stated that line workers
were key contributors 1o their pollution prevention efforts and almost half said the same of their
supplizrs, the same type of worker and supplier involvement desired in high performanca
production.

Consistent with the latter, a study in Deamark concluded that the guality of the
interaction processes between facilities and their supolisrs and customers was critizally important

* Womack, Jones, and Roos, op. cit.
* Oslerman, op. cit.

* Richard Forida, The Japenese Tramsplants Project: Final Report to the Sivan Foundation
(Pittsburgh, PA: Carnegic Mollon University, Center for Econcmic Developmant, 1995); Paul
Dravis Jenkins, The Japanese Transplants and the Work Sysize Revolicion in U.S. Manufacturing,
unpublished Ph.D. dissertation (Pitisburgh, PA: Carregie Mellon University, 19%3).

* Richard Florida, "Lean and Green: The Move to Environmentally Conscious
Manufacturing.” California Management Review, 39/1 (Fall 1996), pp. 80-105; Michael Porter and
(laas van der Linde, "Green and Competitive: Ending the Stalemate,” Honard Business Review
(September-October 1995), pp. 120-124; Michael Porter and Clazs van der Linde, "Taward a
New Conception of the Environment-Competitiveness Relationship,” Joumal of Economic
Perspectives, 9L (Fall 1993), pp. 97-118; D Keith Denten, Envire-Menegement: How Smart
Companites Tum Emvironmental Costs Into Prefits (Ernglewood Cliffs, NUJ.: Prentice Hall, 1994);
Office of Technology Assessment, fndustry, Technelagy, ard the Environmeni: Compefitive
Challenges and Bugsiness Qpportunitizs (Wachington, D.C.: U.S. Government Printing Oilice,
19947); Joel Makower, The ¢ Factor: The Bettom-Line Approcch to Environmenially Responsible
Business (New York, NY: Times Books, 1993); Klaus North, Envirenmental Business Management:
An fnroducrion (Geneva: International Labour Office, 1992); Oflce of Technology Assessment,
Green Products by Design: Choices for a Cleaner Envirgnment {Washinglon, D.C: U
Government Printing Offics, 1992); Stephan Schmidheiny, Changing Course: A Global Business
Perspective on Development and the Environment (Cambridge, MA: The MIT Press, 1992); Bruce
Smart (ed.), Bevend Compliance: A New Industry View of the Environment (Washingtan, D.C.:
Warld Resources Instituie, 1992,

" Florida, ap. cit. 5.



in whether facilities adopted pollulion prevention.” A Dutch study of large multinational
corporatons also found that inieractions with suppliers, as well as just-in-time inventories, were
key companents of ECM.* A U.S. study determined that facilitics with a team-orientation were
more likely to voluntarily adopt environmentally beneficial policies.” A survey of British
companies determined that the most important requirements for projects leading to
environmentzlly friendly products were collaboration with suppliers and customers.’” Finally,
some field research on U.S. chemical companies concluded that environmentally superior
companies tended to have explicit objectives, long-range planning, performance-based evaluzations
for emplovees, pro-active corporate cultures, and formalized control, measurement, and reward

programs. ™

Thus, research has been done on the existence of hoth sets of workplace management
practices individuslly, and some results indicats that there is overlap and synergy between the sats
of practices. Muost of these Jalter resulis, however, were after-the-fact conelusions of the
research, rather than explicit, well-defined hypotheses upon which the research was based. The
purpose of the field research in this project was o expressly select these hypetheses beforehand
and to then thoroughly explore them.

REFPORT STRUCTURE

This report is stroctured in the following manner. First 15 a detailed description of the
methodology oy which the sample of facilities was selected 1o participate in this research. The
strategy behind the selection criteria used is explained, as well as the specific infarmation
extracted about prospective participants that was compared to those criteriz and the hases for
those comparisons.

Next, this report provides sunmearies of the interviews conducted at each of the
participating facilities. Each of these summaries is composed of two sections, ene describing the
general background, management structure, and workplace management practices of the facility

? Susse Georg, Inge Ropke, and Ulrik Jorgensen, "Clean Technology - Innovation and
Environmental Regulation,” Envirernmental and Resowrce Evonomics, 2 (1992), pp. 533-549,

' Johan Schot, "Credibility and Mazkels as Greening Forces for the Chemical Industry,”
Dusiness Sirategy and the Emvironment 1/1 (Spring 1992),

* Tam Suraphol Apaiwongse, “Voluntary Reaction to Green Policics Among Market-
Mavens: An Application of the Parallel-Political Marketplace Conceptualization,” in Michael
Polonsky and Alma Mintv-Wimscott (eds.), Environmernial Marketing: Strategies, Praciice, Theories
. and Research (Binghamton, NY: Haworth Press, 1995).

¥ Kenneth Green, Andrew McMeekin, and Alan Irwin, "Technological Trajectlories and
R&D for Environmental Innovation in UK Firms,"” Futures, 26/10 (1994), pp. 1047-1029,

" Patricia S. Dillon and Kurt Fischer, Environmente! Management in Corporations:
Metirods and Morivetions (Medferd, MA: Tufts University, 1992).
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amd the other detailing ils environmental management practices. Though numercus individuals
were interviewed at each [acility, their responses have bezn woven together 1o provide 2
combined, coherent discussion of specific points. The depth and breadth of the summaries vary
b facility, due to the amount of time the facility personnel were 2blz 1o spend with our
rescarchers and to the level of detail in which it was relevant to delve to address our research
questions. Small facilites with relatively rudimentary workplace andlor environmental
management practices would, by definition, have less details to provide than large, complex
facilities with numerous relevant practices. Each of the participating facilities had the
opportunity to review a draft version of its summary and to correct any misunderstandings or
erroneous recollections. -

The next secHon of this repart discusses the basic research question of whether facilitics
that have adopted innovative workplace practices also are more likely to have adopted ECM.
Chur conclusions based upon this field research are deseribed, as well as the reasons why any such
relationship shounld be expected.

The final section of this report describas the datailad findings of this fisld research
specifically with respect to environmental management practicss. ‘These findings are grouped
into faur hasic areas: outside influences on ECM adoption and implementation, organizational
influences on ECM adoption and implementation, individual influences on ECM adoption and
implemeniation, and the mechanics of ECM adeption and :mplementation.
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FIELD RESEARCH METHODOLOGY

FIELD RESEARCH SAMPLE SELECTION: STRATEGY

Given the small number of facilities that could be visited within the praject’s travel
budget, a sample selection stralegy had to be devised for this field research that could maximize
the information gensrated. The objective of this research was to better understand the processes
by which some facilities adopt ECM while others do not. Thus, we believed that Lhese processas
might best be revealed by selecting facilities that presenied the extremes of ECM practices --
those that had an unusual propensity to adopt ECM practices and those with 2 special propensity
1o ignore them.

By focusing on facilities at the ends of this spectrum, we expected to be better zble to
assess what factors facilitated er obstructed the adoption of ECM practices. Therelore, our
guiding sample selection strategy was to (dantify "high adopters” and "low adopters” of such
practices. Furthsrmaore, to try to control for the effects upon ECM practice adoption of being in
different industries, we decided to select pairs of facilitias representing a high and low adopter
withim 2 particular industry. Within thess constraints, we alsa sought to obtain a diverse sample
with respect 1o industry, size, and geographica] locaticn.

FIELD RESEARCH SAMPLE SELECTION: HIGH ADOPTERS

To operationzalize the concept of high adopters of ECM practces, we decided first 1o try
1o identify manufacluring fucilities that ha€ been the subjects of laudalory published case studies
of their ECM practices. Clearly, facilities about whom such case studizs had been published
were more likely to be ECM high adopters, given the nature of those case studies. In addition, it
was believed thart facilities that allowed their experiences 1o be publicized through such studies
would be more likely to agree to participate in our research, which would further publicize their
practices, though not reveal their identities.

To locate such case studies, we used the "Envire$enSe" computer bulletin board system
("BB5") operated by the US. Environmental Protection Agency ("EPA"). EnvizoSenSe is a free,
publicly-accessible BBS in which EPA makes available a variety of about 3,000 pollution
prevention documents. Among these documents are many case studies of facilities that
implemented ECM practices. EPA has made a conscious effort to gather such studies from
many spurces (e.2., EPA offices, stale environmental agencies, industry reports, etc.) to centralize
their availability. 'While other sources of these studies exist, nene are likely to be as voluminous
or aceessible 25 Enviro$enfe.

While EnviroSen$e is a well-structured compilation of documents, it does not clearly
isolate those containing facility case studies. Thus, the first step in identifying such studies was to
review the thumbnail deseriptions provided in Enviro$enfe of the approximately 3,000 documents
that it contains. Of those documents, 620 were believed 10 potentially contain facility-specific

case studies. These documents were then downloaded from Envirc$en$e for thorough
<ramination.



Thkese 620 documenis produced the names and locations of 184 facilities that had engaped
in noteworthy ECM practices. Because ultimately we would be selecting facilities within certain
Standard Industrial Classification ('S1C") ¢odes and with certain minimum environmental
characteristics, two EPA databases were used to obtain more information about the identified
facilities. The primary database was EPA’s Biennial Repoerting System ("BRS"), which contains
information about facilities that are large quantity generators of hazardous waste. The secondary
database was FPA's Toxic Relezse Inventary ("TRI™, =hich contains information about facilities
that use substantial amounts af toxc chemicals,

Among the information that these datebases contain is the four-digit SIC codes of
facilities in them. The names and addresses of the 184 EnviroSenSe-derived facilitics were then
used in searches of BRS. For those 114 fzacilities that were BRS facilities, their BRS-reported
5IC cades were noted. The remaining 70 facilities not in BRS were then used in searches of
TRI. For those 36 facilities that were TRI facilities, their TRI-reported 31C codes were noted.

Thus, of the 184 Envimnfen$e-derivad facilitizs, SIC codes were found for all but 24 of
them.!? Thase facilities not in BRS ar TR1 were eliminated from further consideration. This was
because being in BRS or TRI indicated that a facdity had substantial amounts of hazardous
wastes or chemicals. We wanled to ensure that our high adopter facilities were those that faced,
and successfully surmounted, the challenges of implementing ECM practices when confranted
with, volumetrically, a large task. Thus, we wanted to exclude faciliics whose high adepter
statuses might have been carned with refatively minor efforls dirceted against relatively small
amounts af wastes or chemicals.

The 150 surviving facilities were then separated inlo groups with (dentical SIC codes.
Each facility was then rated for the extent of its ECM zclivity, based upen the availabls
information. This information was the nature, extent, and longevity of its pollution prevention
efforts, as described in the applicable Enviro3ea$e document(s), and its histozy of source
reduction and Tecycling activities, as reflected in BRS and TRL Amoeng the BRS information on
gach facility is whether it hegan or expanded scurce reduction or recycling efforts for its
hazardous wastes in 1985, 1951, and 1993.% Among the TRI information an each facility is
whether it engaged in sanrce reduction or recycling efforts for certain of its chemicals in 1991

2 The fact that over 80 percent of the facilities about whom pollution prevention case
studies were found are BRS or TRI facilities is a significant finding by itself. Less than 40,000
facilities nationwide are BRS andjor TR facilities, a small fraction of all U.S. manufacturing
facilities. This extrame over-representation of BRS and TRI facilities among pallution
prevention case studies indicates that such studies are concentrated among facilities with large
amounts of waste or chemicals. FRecause it may be easier for such facilities to engage in a
pollution prevention activity, given their greater opportunities to do so, such studies may be
providing 2 misleading impression of the ability of facilities in general to accamplish pollution
prevention. Thus, such studizs may be reflecting the "low-hanging fruit" of pollution prevention
possibilities.

1 Ag its mame implies, BRS data are gatherad biennially, in odd-numbered years,
beginning in 1982 and with the mest recent available data from 159%3.
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through 1993.% The preater the depth, breadth, and tenure of a facility’s pollution prevention
efforts, the higher it was rated with respect to ECM practices. This process ensured that a
facility would not be selected that was the basis of a landatory case study many vears ago, but
which had not recently consistently engaged in ECM practices. Of the four high adoptars
ultimately visited during this research that were chosen through this methodology, all were rated
"A' or "A+" on a scale of from "A+" to "E."

Because of the small number of high adopters identified in some desired SIC codes and
either their disinclination to participate in this rescarch or the excessive expenses of travelling to
them, the high adopters for two SIC codes were selected through a slightly different
methodology. These facilities were initially identified not from published pollution prevention
case studies, bur rather solely on the basis of their BRS and TRI information. These facilities all
were ones which, according to their BRS and TRI infermation, had engaged in source reduction
and recycling in each reporting vear gince 19589, Thus, while no case studies had been posted on
EnviroSende regarding them, these facilities were clearly supenior with respect 1o ECM activities
since only a few percent of all 1.5, facilities witlun each 5IC code met these crilerna.

I'IELD RESEARCI SAMPLE SELECTION: LOYW ADOFTERS

To aperationalize the concept of low adopters of ECM practices, we relied upon BRS
and TEI information. Within the 5IC codes in which high adopters were identifizd, we identified
facilities that had not reported source reduction or recycling activitics in any of their BRS or TRI
reports from 1989 to 1993, These facilities were clearly inferior with respect 1o ECM activities
bacanse only a covple of percent of all U8, facilities within sach SIC code met these eriteria”
Furthermere, we excluded faelitics which handled relatively small amounts of wastas or
chemirals. We wanted to ensure that our low adopter facilities were those that faced the
challenges of implementing ECM pracuces when confronted with, volumetrically, a large task
Thus, we wanted to exclude facilitizs whose low adopter statuses might have been due 1o the
relative ummportance of implementing pollution prevention when facing minor amounts of
wastes or chemicals. Finally, each of the surviving facilities was checked against the list of
EnviroSende-derived facilities to ensure that no pollution prevention case study existed
coocermning them.

FIELD RESEARCH SAMPLE SELECTION: SIC CODES

The 51T codes within which high and low adopter facilities were desired were selected to

" While TRI data were reparted begirming in 1987, this pollution prevention infarmation
became required only in 1991, The most recent available TRI data were [rom 1993,

“1 The fact that only a couple of percent of zll BRS facilities within these SIC codes had
Fﬂgﬂgﬂﬂ n nr=1tl_1er source reduction nor recycling during these years is & significant finding by
iself. “This obviously indicates that pollution prevention is almost completely diffused among

facilities handling large amounts of wastes or chemicals. The depth of these activitics, hawever,
still is uncertain.



reflect a diversity of U.S. manufacturing industries with significant environmental concerns. The
SIC codes selected were the following:

SIC code 2869 Industrial Organic Chemicals

SIC code 3471: Eleciroplating, Plating, Polishing, Anocizing, and Coloring

SIC code 3714: Maotor Vehicie Parts and Accessories

SIC code 3728 Ajrcraft Parts and Auxiliary Equipment

SIC code 3511; Steam, Gas, and Hydraulic Turbines, and Turbine Generator Set Units
SIC code 3566: Speed Changers, Industriz]l High-5peed, Drives and Goars

Due 1o the inability to identify 2 suitzble low adopter facility for SIC code 3714, only a
high zdopter facility was inchuded for that SIC code. Due Lo the inabdity 1o identify switable high
and low adopter facilities with the same four-digit SIC code in S1C code 33, the fac;hhea selected
were those in that two-digit S1C code and which manufactured related products.™

FIELD RESEARCH SAMPLE SELECTION: SPECIFIC FACILITIES

Qnee the facilities meeting our criteria were identified, we prioritized them by their
geographical locations and our prior contact, if any, with them. We attempted to maximize the
pverall geographical dispersion of the facilitics, whils chmsmg pairs of facilities that were close
enough togethar to enable efficizncies in our travel budget.”” Tn a few cases, the parent
companias of some facilities had participated in prier studies conducted by our researchers, and
thus we prioritized these facilitizs more highly becavse we believed that their cooperation was
mare likely to be forthcoming.

The plant or corporate managers of a few of the priarity hizh and low adapters within
each S1C code were then sent letters informing them of our research and seeking their facilities’
participation. Thesa letters were followed up by elephone calls frem our ressarchers. If
facilities declined to participate, lower priorily facilities wers selected in their place. This process
continued from June through September 1996.

0f the 17 facilitizs whasa parlicipation was sought, 11 agreed. We requested interviews
of 30 to 60 minutes with the faclity managers who wers responsible for the following functional
areas:

Cverall plant management
Production operations
Environmental compliance
Financial affairs

" Tn fact, we discavered during our facility vizits that the low adopter in SIC code 3366
had obtained advice on managing its operations from the high adopter in SIC code 3511.

" Theaugh the travel budget was based upor visiting the originally proposed 5 to 7
facilitics, a total of 11 were vltimately visited.



- Procurementl
- Human resources

In addition, we asked to interview same of the facilities’ production workers and for a brief tour
of the facilities.

Due to the difficulties of scheduling times when most of a facility’s senior management
would be available for interviews during a one or two day period, the facility visits continued
from late July through early November 1996, The facilities visited were located in Alabama (two
facilities), California (three facilities), Connecticut, Louisiana [two facilities), Michigan,
Pennsylvania, and Texas.

The facilities visited were all promised confidentiality with respect te their identities, and
thus the following names will be used 1o identify them in this rzport

Aircraft facility high adopter #1
Aircraft facility high adoprer #27
Aareraft facility low adcopier
{Chemical facility high adopter #1
Chemical facility high adopter #2
Chemical facility low adopter
Electroplater high adopier
Electroplater low adopter
Turbine facility high adopter
Gear facility low adopter

Aulo parts facibitv lugh adoprer

® & & & & & & & & A B

The mformanon which was vsed 1o dasignate facilities as high or low adopters was
sometimes a few years old, particularly with respect to the low adopters, who were chosen on the
hasis of BRS and THI data that were no more recent than 1992, Thus, we realized that 1t was
possible that some facilitiss might have recently changed their practices sufficiently to fail the
criteria that we had set. We helieved, however, that even if this became obvious during our
faciliry visit, the resulting information stll would be useful as it might best provide an
undezstanding of the process by which facilities evolve from low to high adopters ar vice versa.

Among the fzcilities that we visited, two of the low adepters (in 5IC codes 3471 and
3728} had recenily significantly improved their environmental practices such that they would no
lenger completely fit our stringent criteria for low adopters. In addition, a high adopter (in SIC
code 3471), while still meating our critena, did not, on the basis of our visit there, appear to be
as much of a high adopter as its case study and BRS data indicated.

# The two Airerafl Facility High Adopters were in the same company. When our
rescarchers contacted one of them, the company recommended that we visit both facilities.
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FIELD RESEARCH INSTRUMENTS AND BACKGROUND INFORMATION

Prior to visiting the facilities, we prepared a detailed list of questions to serve as starting
points for our interviews of each of the types of facility personnel. Given the relatively short
amount of time available for each interview, these questions were designad to focus on the
suzbjacts most within the purview of the applicable mterviewee, Naturally, all of the questions
were directed at the purpaose of this research -- exploring facilities’ adoption of innovative
workplace practices in general end ECM practices in particular, and the relationships between
these sets of practices. While it was not always possible or necessary to ask interviewees all of
these gqueslions, they served a3 a guids in our discussions.

In addition to preparing the research instruments, we also reviewed extensive
environmental information about the facilitizs prior to our visits, This enabled us to better
anderstand the environmental context within which these facilities operated. The following EPA
databases were checked for information about the facilities from as earlv as 19835 to date:

» Accidental Release Information Program: chemuczl relezses from facilities
Biennial Reporting System: facilities’ hazardous waste generation and
management practices

» Comprehensive Environmental Response, Compensation, and Liability Act
("CERCLA") Inlormation System: possible hazardous substance contamunation at
facilities

. Toxic Substanees Cantrol Act Inventary of Chemieal Praduction: chemicals

produced al facilites

DOCKET: EPA civil litigation and administrative actions against facilities
Emergency Response Notfication System: chemical and oil rel=ases from fadlities
National Priorities List: CERCLA sites at facilities

Permit Compliance System: parmitted wastewatar discharges by facilities

Toxic Release Inventory: chemical releases, transfars, and managament pracices
at facilities

Finally, for most of the high adopter lacilities, we zisa had Lhe Envitotende case studies
which originally led to the facilities’ selection,
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SUMMARIES OF FACILITY INTERVIEWS



AIRCRAFT FACILITY HIGH ADOPTER #1

GENERAL BACKGROUND

Adreralt Facility High Adopter #1 is an aircraft maintenance and refurbishment facility in
California. The facility leases a large site. Almost all of the faciin’s work involves U.S. military
aireraft, with some foreign military aircraft also done. The facility has existed for nearly 50 vears,
though il plans t¢ close soon to consolidzle its operations with Aireraft Faeclity High Adopter
#21. The facility owner is a wholly-ovwned subsidiary of a Fortune 50 corporation which has been
a prominent member of the awviation industry for decades.

The facilitv's work involves repairing aireraft that have been damaged (e p., through
accidents or hostile fire) or worn out, and refurbishing aircraft with upgraded avionics or other
equipment. This work involves the stripping and reapplication of paint on the aircraft,
replacement and clzaning of mechanicel and electrical parts, and other such repair work, The
parts produced at this facility are built only a few at a time, given their sophistication and specal
purpose, and thus there is not a traditional production Lne. [n a tvpical year, the facility works
on 10 to 12 aircraft, requiring an averape of 8 to 10 months of work apiece.

Since 1993, the facility has been using an "Integrated Prodect Development” approach in
its production operations, forming teams from all levels of the facility to address work projects.
When 2 problem is identified, the facility management nominates a team, with someone from
management as the leam leader. The leam leader seleets the {eam members, thoupgh input on
the problem is sought from evervene. Each team then sets the cost, scheduling, and quality
objectives Ior its project. This general approach, however, had been the norm at the facility
before it was formally called "Integrated Product Development” (previously, it was referred to as
gualily errcles). The faclity also 1s using a continuous guality improvement philosophy — focused
on reducing quality, scheduling, and cost defects -- combinad with a management by objectives
praocess that requires it to set ohjectives annually. These philesophies were adopted o emphasize
what the facility believed it nceded to accomplish to retain its competitiveness.

Most of the raw materials used at the facility ere aluminum and steel stock, electronis
components, and chemicals. Most of its supplies are commercial off-the-shelf parts, and thus
there is littie customization necded. Sometimes, however, it does need 1o work with seppliers --
typically, melal fabrication shaps -- 1o determine the specifications or design of unigue parts.
Thus, the location of such suppliers is important in procurement decisions because the facility's
engineering and procurement staff tend to visit them often and someatimes require quick
turnaround of work. In addition, the facility irics to maintain a very low inventory.
Consequently, about 35 1o 40 percent of the [acility™s nearly 1,000 suppliers are in the
surrounding area.

Prospective suppliers are eveluated through a *Supplier Quality Assurance” program in
which the facility determines whether the processes and procedures of the suppliers satisfy
specifications. Part of this process is 2n evaluation survey of prospective suppliers, but the survey
does not include environmental considerations. Suppliers that are approved are placed on the
facility’s "Quality Product List.” Requisitions for raw materizls and capital squipment must be
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reviswed by Lthe environmental staff, and those for zupplies of 3 bazardous nature must be
stamped with the environmental staff’s approval. Suppliers typically are the source of innovations
only when they are trying to sell something new.

The facility has about 1300 employees, about one-third of which are engineers who are
urionized and with all line workers unionized. There are five major catlegories of non-managenal
employees: supervisors, manufacluring engineers, lead people, part mekers, and technical
assistants, the latter three groups being the hourly workers. About 70 to 80 percent of the
facility's supsrvisors were promoted from line worker positions. Most of the line workers are ex-
military personnel with one or two years of college. Line workers are ordinarily hired already
possessing the skills needed for the particular vacant pasition, and thus thers is no need to train
them in their skill areas.

ENVIRONMENTAL MANAGEMENT

In thz early 1990's, another of the parent corporation's facilities in a nearby aty was
closed largely due to environmentat conesrns, The contamination around that facility has
Tesulted in lawsuits and government enforcement actions against it seeking hundreds of millions
of dollars for contamination cleanup costs, property damage, and persanal imjury. This legacy has
motivated the corporation and facility to be conscientious in their environmental efforts. Now
this fadility is considered 1o have one of the better environmental programs in the siate.
Recantly, the facility raceived several awards for poallution prevention, including one from the
state environmental agency. The facility’s efforts in pollution prevention are considered 1o have
set the standard for Aircraft Facility High Adopter #2.

The environmental manager 15 perceived by other managers as the "zon on the beat” who
wams them of the consequences of polential violations and motivares them to focus on concerns
other than the product. According to the prodection operations managers, however, the facility’s
environmental efforts can help, rather than constrain, production and the environmental staff
serves as consultants on proposed process changes at the facility. In their view, such efforts can
lower costs and increase productivity. For example, recycling its wastewater not anly reduces the
facility’s water consumption, it reduces its reliance on and expenditures for city-supplied water.

Stmilarly, sometimes effiorts undertaken to improve produet quality or production
efficiency have desirable environmental impacts. Far example, at one time militaty specifications
required five separate paintings of certain electrical parts, which led to difficulty in their
performance. The facility developed, with the approval of the customer, a new process that
required only one application of paint. This process, which was subsequently incorparated into
the farmal specifications, not only improved product guality and cut costs (by eliminating the
ne=ed for one painter), it reduced the paint used and thus emissions and waste.

The facility alse has switched from using solvents to remove paint from aircraft to using
Plastic mediz blasting ("PMB"). The PMB equipment shoots small plastic pellets at a surface 1o
scrape off paint and reduce it to residual dust. The facility actually leases these pellets and, after
they are of no more use, transfars them back to the lessor, who recycles them into tiles. Using
the PMB equipment allowed the facility to eliminate this prior source of solvent zir emissions,
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The facility, however, begac considering using this technology only because the time required for
paint removal using selvents was creating a production bottleneck. While the facility incurred
some cost working with the PMB equipment manufacturer to develop this application of the
technology, it has resulted in halving the process time and labor cost for this function. While
using PMB requires substantial electricity, the faciity also has oblained a pollution prevention
rebate on its bill fram the utility company. [Furthermmore, this innovation aided weorker
catisfaction, as it is more comfortable working mside with PME than outside with solvents. The
facility has subsequently trained other facilities in using PMB.

The facility is the subject of frequent environmental audits, including biweckly audits by
facility staff, audits by corporate staff every other year, military custamer visits, and state and
federal environmental agency inspections. At lcast monthly the facility is audited by some
government agency. In addition, the performance appraisals for managers includes their effarts
on cnvironmnental conceme.

The environmental stall uscs a varicty of means with which 10 communicate the facility’s
environmentz! performance, including bulletin boards, monthly presentations, bullztins, and
newsletters. The workers are kept informed of various performance measures, including the
amounts of waste disposed, recycled, and landfilled.

Environmental costs are included in the facibity’s overall manufacturing overhead costs
and thus are allocated over all work through the commen overhead rate, rather than being
charged to the particular work that generated the costs. Specclative environmental lizbilities are
estimated by the environmental manager and forwarded to the facility’s financial staff. In 1996,
the facility spent about §1,000,000 an environmental compliance and waste costs,

The cnvironmental manager has been with the facility for nearly 10 vears and is assisted
by a few other cnvironmental staff. They are not formally trained in preduction operations, but
rather have learned what they need on their own. The environmental staff obtains information
from local university and corporate seminars, from corporate sibling facilities, and from quarterly
environmental regulatory epdates from corporate staff,

Each year the environmental manager prepares a strategic plan stating environmental
goals fur the upcoming year. The goals depend upon the current focus of applicable
environmental requlations and the corporate interzssts involved, and the corporation s involved in
setting those goals. An executive-level team meets monthly to review the facility’s environmental
performance. The availabdity of reliablz pollution prevention or control technology, logistical
difficulties, and the adequacy of substitutes for undesirable chemicals are key barners to
achieving some environmental abjectives.

Some ideas for environmental improvements also come from lins workers, primarily
invalving ways to eliminate scrap parts. The facility, however, has nio formal emplayee suggestion
process, How proposed environmental projects are evaluated to determine whether they should
be implementsd depends upon their magnitude. Considerzation of small projects can be done
informally and sometimes on the spot. The facility estimated that 60 ta 70 percent of its
environmentally beneficial projects were non-resource intensive common scnse salutions.
Medium-sized projects can be evaluated infermally or by a team. Larpe projects would be
evaluated through & more formal approach, using a team of up to several people.
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For major proposed eovironmentally-related projects, the key criteria are whether the
technelogy is proven, what are the costs and benefits, whether 2 change will enhance the facility’s
production efficiency, and what goals, legal requirements, and/or 1ssues of concern they address.
Crdinerily, a two to five year return on investment peried on ¢ovironmental projects is desired,
and a rwo to thres yvear penod 15 usually achieved. The facihty's underlving goal is to initiate
cost-effective projects, not lo attain a level of 2¢ro emissions.
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AIRCRAFT FACILITY HIGH ADOPTER #2

GENERAL BACKGROUND

Alrcraft Facility High Adopter #2 is an aerospace research and development facility on a
large site in California. The facility maintains and develops prototype and Umited preduction
combat and surveillance aircraft and spacecraft for U.S. miltary and intelligence agencies and the
National A=ronautics and Space Administration. The facility has existed for about 30 years,
though in the last 10 years it has expanded to incorporate funclions from carparate sibling
Tacilities that have closed or are about te do so0, including Aircraft Facility High Adopter #1.

The facility owner is a wholly-owned subsidiary of a Foriune 50 corporation which has been a
prominent member of the aviation industry for decades.

Since 1993, the facility has been using an "Intezrated Product Development” approach to
its production operations, forming teams from all levels of the facility (0 address work projects.
When a problem is identified, the facility manapement nominates a team, with someone from
management as the team leader. The team leader selects the team members, though input on
the problem is sought from anyone. Each team then sets the cost, scheduling, 2nd quality
objectives for its project. This general approach, howsver, had been the norm at the facility
before it was formally called "Integrated Produet Development” (proviously, it was referred to as
guality circles).

Process certified teams are used, though not extensively becanse production activities at
the facility are lmiled. Such teams are typically used only when there is cxpected to be a
repeated need for certain functions. Worker teams, quality cireles, and continuous quality
improvement philosophies have been tried previously.

The facility is comprised of & number of separate buldings for different processes. Singe
1690, each building has been assigned a building manaper. Each building manager is responsible
for zll operations, inchuding their environmental implications, within his building. This pragram
was in part a reaction to the environmenial problems that previously arose at a corporate sibling
facility. Each buillding manager audits his building monthly and a checklist of objectives for each
building manager is evaluated monthly, The program has mstilled sell-awareness and the
motivation for self-inspection and sell-policing. I a preblem is discovered, a correction notice is
issucd and entered into a database, with this information subsequently reviewed by senior
management. -

Most of the raw materials used at the facility are metal stock, resins, gluss, composite
materiels, and chemicals, Sometimes the facility needs o0 work with suppliers — typically, matal
fabrication shops -- to determine the specifications or design of unique parts. Thus, the location
of such suppliers is important in some procurement decisions because the facility's enginezring
and procurement staff tend te visit them often and sometimes require guick umarpund of wark
In addition, since about 1990, the facility has tried to mansge its supplies vsing a “just-in-time”
inventory svstem. Consequently, nearly half of the facility's suppliers are in the surrounding area.

The facility’s quality assurance department inspects suppliers and their processes. A
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checklist, which includes envirorunental issues, is used in this approval process and the approval
of suppliers must be renewed every few years. Product quality is the main criterion used to select
suppliers, with delivery time and cost sccondary concerns, but often there is only one supplier
available for certain needs. The facility and its corporate siblings are developing 2 comman
supplier database thal uses a rating system for suppliers. This is expected ta reduce the
duplication of effort in certifying suppliers and the number of suppliers used.

The facility has about 3,000 emplovees, most of whom are unionized. The major
calegories of cmployees are managers, suparvisars, and hourly workers (sither angineers ar
manual laborers). About 50 to 80 parcent of the supervisors were promotad from line worker
positions. Line workers are ordinarily hired already possessing the skills needed for the
particular vacant position, and thus there is no need to Lrain them o thelr skill area. Veoluntary
inroover is very low, with an average senionty of aver 20 years.

ENVIRONMENTAL MANAGEMENT

In the early 1990%s, another of the paren: corporation’s facilities n 2 nearby city was
closed larpgely dee to environmental concerns. The contamination around that facility has
resulted in lawsuits and government enforcement actions against it seeking hundreds of millions
of dollars for contaminarion cleanup costs, property damage, and personal injury. This legacy has
motivated the corporation and facility to be conscientious in their environmental efforts.

Since 1990, there have been no environmental notices of violations issued against the
facility. The facility has reduced its releases of certain toxic chemicals by 97 percent since 1988
and reduced its hazardous waste dispesal tonnage by 77 percent since 1991, INow this facility is
considered to have one of the better emvironmental programs in the state and has received
several awards for pollation preventicn, including ones from the state and federal enviroamental
agenciss. The faclity elso participates in the U5, Envitonmental Protection Agency's 33/50 toxic
chemical reduction program and "Green Lights” energy 2fficiency program.

Because so much of the facility is new, the facility has had more opporturity to adopt an
ambitious environmental goal of zero, rather than just reduced, emissions. To meet this
emissions goal, the facility has installed thermal oxidize:, carbon absorplion, acid scrubber,
nitrogen oxide, wastewater treatment, and ultra-violet oxidation systems. In one building, the air
control system traps all of the air, thereby enabling the use of certain chemicals without needing
a variance from air pollution laws. Also, the wastewater freatment system for its metal finishing
operations was redesigned to collect, treat, and recycle all of its wastewater, thus discharging
nothing to the sewer system. During just the early 1990's, the facility has invested over $22
million in air and water emissions contrals,

The facility has engaged in many source reduction projects invelving substituting more
enviropmentally benign products and processes for less desirable ones. For example, sabstimites
were found for a certain class of ozone-depleting substances and water-soluble dye was
substituted for turpenting dye. Scrap aluminum also is being recycled and seld.

Until a few vears ago, the environmental staff was perceived of as the "cops on the beat”
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who warned of the consequences of potential violations, and environmental requirements were
viewed as threats to jobs. Sensitivitics fowards environmental concerns were not absorbed into
the organizational culture. The envizonmental staff now is perceived to be engaged in proactive
efforts to find cost-effective ways to change processes and working with the building managers to
provide the resources and expertise that they need. To change their image, they have
emphasized the cost savings resulting from their effarts, which now are viewed as essentially
paying for themselves.

According to the production operations manapears, the facility’s environmental effore can
help, rathar than constrain, produetion and the environmental managers serve as consultants an
proposed process changes al the facility. Such efforts can lower costs and increase productivity.
While pollution pravention may not produce profits, it has improved the facility’s competitiveness
and skills. Environmental requitements are seen as a catalyst te thinking about ways to enhance
the facility’s competitiveness.

To meet facility waste minimization poals and objectives, Process Action Teams {("PATS")
are formed 1o characternze specific waste streams, define alternative reductien measures, and
develop action plans for implementing solutions. PATs which have resulted in sigrificant
reductions in the generation and disposal of hezardsus waste include those working on ozone
depleting chemicals elimination, perishable materials, chromium reduction, carbon filter
regenerzlion, waslewater (réatment, and vapor degreasing replacement.

An internal facility "Chemica! Control Board" maintains a catalog of allowable products
for the facility. If the purchase of a new chemical is requested, it must be reviewed and
approved by this board. The facility also has a control svstem over all of ils chemicals thal

squires contziners of them Lo be checked cut by workers from centralized locations, known as
"chemical cribs,” around the facility. The weight of each container is measured before warkers
take it and after they return it. This enables the facility 1o closely monitor chemical use on a
daily basis and to be aware if any significanl amounts are spilled, This system was implemented
as a way of meeting Incal environmental agency menitoring requirements for use of air
pollutants, but it was expanded to cover all chemicals. The facility believes that this tracking and
control procedure has reduced waste and produced cost savings.

The facility is the subject of frequent envirenmental audits, including monthly inspections
by building manapers, biannual audits by facility environmental staff, audits by corporate staff
every other year, military customer visits, and federal, stale, and lecal environmental apency
inspections. The facility is subjected to environmental audits by staff from corporate sibling
facilities, and its own environmental staff do similar zudits at these other facilities. This practics
was begun relatively recently as a way of replacing the use of expensive consultants with internal

experts.

The envirenmental manager comes from a production operations background and has
been in his position only a few years. He is supported, however, by a number of people with
specific environmental backgrounds who also have been with the facility for many years. The
envircnmental staff includes environmental and safety cnpineers, toxicalogists, and industrial
hvgienists. The facility's envirenmental efforts are overseen by an "Environmental Policy Action
Committes," an executive-level dscision-making body that directs environmental policy, reviews
the facility’s compliance, measures pollution prevention progress, and tracks relevant Jegal
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changes.

The environmental staff obtains information from corporate seminars, from corporate
sibling facilities, and from quarterly environmental regulatory updates from corporate staff,
There is an annual eavironmental task force meeting with envirenmental staff from corporate
sibling facilities. This helps reduce duplication of effort, such as in finding product substitutions.

Information on environmental performance is provided in a monthly meeting with
building managers, who then disseminate it to workers. Quarterly meetings are held ta
disseminate information on all of the areas of the facility, There are weekly staff meetings, use
of e-mail, and company newspaper articles and brochures for sharing environmental information.
In addition, Material Safety Data Sheets on the chemicals in products used at the facility are
available to any worker wia an automated svstem. Also. for a long time, the facility has produced
written documents of lessons learned in confronting problems, including pollution prevention.
Production personnel may also become involved in environmental decision-making through
PATs, and employees can achizve recognition and monetary awards for making suggestions for
environmental projects.

Proposed environmental objectives for the facility are submitted by the enviranmental
stafl 1o ils management, tied to cosls and customer demands. Because of concerns about long-
t=rm liabilities, the estimated pavback periods for environmental projects are not seversly
serutinized, even when they are not directly required by law or when they do not cut costs. No
formal maximum return on investment penod on environmental projects is desired. Only
projects with sensible costs, however, are propesed. The environmental staff manages all wastes
and thus is aware of all environmenial cosis.
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AIRCRAFT FACILITY LOW ADOPTER

GENERAL BACKGROUND

The Adireraft Faclity Low Adopter is an aireraft maintenance and refurbishment facility in
Alabama. Almost all of the facility’s work invalves ULS. military aircraft, with some foreign
military aircraft also done. The facility has been lacated in Alabama for about ten wears, having
been attracted to the area primarily due to economic development finaneial incentives offered by
the state. The facility owner is & whollv-owned subsidiary of a corporation which has been a
prominent member of the aviaticn industry for decades. That corporation is in rern a subsidiary
of a Forture 50 corporation with a long history of involvement in the aviation and other
technology-related industries. The facility’s major competitors are a few other maintenance and
refurbishment firms, most of which send their workers to military bases to conduct the repairs
contracted for, rather than having the aircraft delivered to their facilities, as is primarily the case
here. The facility has been consistently profitable over the vears.

The facllity's work Involves repairing aircraft that have been damaged (e.g.. through
accidents or hostile fire) or worn cut, and refurbishing aircraft with upgraded aviomcs or other
equipment. This work invohees the stripping and reapplication of paint on the aircraft,
replacement and cleaning of mechanical and electrical parts, and other such repair work.
Ordinarily there are no more than a handful of aircraft awaiting maintenance at any one time
and the work can tzke several months apiece. The facility has separate bays for its electranic,
mechanical, and assemhbly work. Sometimes the facility sends teams of its workers ta customers’
facilities to do the necessary modifications there.

A Total Quality Management ("TQM") system was itutiated at the faality in 1994, The
impetus for the svstem came at least parily from its parent corporation, which was seeking ta
spread the TOM concept throughout its facilities, but the facility's managers developed the
specific system in use there. The driving foree for imitiatng the specific svstem in the facility was
that it was viclating government standards through inadequate control of information and
rroduct guality, Prior to this system, the facility had essentially no tools 1o manage its
aperalioms.

The system has now been so successful that its corporate sibling facilities want to imitate
it. A key component is a completely paper-less process at the facility floor level, with all aspects
of the management ¢f operations conducted through computer systems. The facility had almost
a complete shutdown for three months while all line wozkers were trained with the system. An
initial barrier was that they were concerned that if their efficiency increased, their jobs might be
lost as less workers would be needed. This initial concern, however, has sinee dissipated and the
ine werkers have not resisted the system. Rather, the svstem has succeeded in giving the line
workers a greater sense of ownersship of the production process.

Recently, the facility beeame certified under IS0 5000, Tis U 5. military customers
encouraged this certification because it enables them to standardize their quality standards across
all of their contractors. Thus, rather than having potentially incensistent and convoluted
government standards for different contractors, a contractor’s 150 9000 certification acts 25 a
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contractor’s 15O S000 certification acts as a proxy indicator of its salisfaction of government
requirements, The facility also believed that being 150-certified would enhance its global
competilivencss,

The factlity manages about 80 to 50 percent of iis supplies on a "just-in-ume” inventory
gsystem, supported by a "Material Resource Planning” system. Tt is implementing har-coding of
shipments and work-orders, so that relevant information can easilv be enterec into computers to
facilitate tracking of the arrival and use of materials. About 65 percent of its supplies are
obtained from a corporate sibling facility in the northeast U.S., with the remainder from supplicrs
across the country. Location of suppliers is nol important ia its procurement decisions.

Prospective supplicrs are evaluated through the vse of a strectured questionnaire, as well
as visits to their facilities if they would produce critical parts for the facility. About 70 suppliers
are evaluated by the faclity, while aothers have been previously approved by its corporate parents,
Periodic audits are dene of some supplicrs, and employecs also provide feedback directly to
materials manapers if supplies are defective. Envirorrmental and safety records are not part of
the supplier inguiry. Most of the supplies are commercial off-the-shelf parts, and thus there is
little customization needed. Consequently, ordinarily it does not need to work with suppliers to
dztermine the specificaticns for or design af parts.

The fecility has about 100 to 150 employees, about 75 to 100 of which are line workers
who are unionized. Bolh the managers and line warkers stated thal the union-management
relatinnship is pond. There are five major categories of line workers --maintenance, mechanic,
inspector, lead mechanic, and materizls manager. These employees work in what were termed
"Natural Work Teams.” These teams were part of the TOQM system instituted in 1994, 10 use
supervisors less and to eancourage employeaes to feel a sense of ownerchip of the produer.

Depending on the (ask, there 15 flexability in the size and structure of teams. Each team
has a working leader, with typically four to five mechanics under him and a fareman over him.
All of these workers are involved ie determining the composition of the team. Line workers are
ordinarily hired already possessing the skulls needed for the particular vacant position, and thus
there is no need to train them in their skill areas. While the mechanics ere thus expected to
have an area of expertise, they also must learn, and receive cross-training in, other areas so that
they can work on different tasks as needed. There is formalized training of some kind for
workers about every week. When deciding on issues or problams, teams are suppased to make a

communal decision based on all tsam members' opinions. Every morning there is a team
meeting at which suggestions can be offered.

A leam is evaluated on, among other criteria, the time that it takes o complete its work
on an aircraft versus the time that was budgeted. These time hudgets are developed by a team's
mechanics prior to beginning the work and thus becomsa the team’s objective. This ratio between
projected and ectual time budgets is calculated weekly for each team and is posted for evervone
to see. LI the projected and actual time budgets are substantially different, managers will do a
ropot cause analysis by talking to the line workers and fereman io try to determine the problem.
Freviously, the ratio had been examined only at the end of 2 vear to identify any issuzs. This
new system has been much more effective in making timely corrections because under the prior
syslem money would have already been lost throughout the year before a problem was known.
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For same issues, the facility organizes a "Process Action Team" ("PAT"). A PAT includes
a few praple who are lamiliar with the problem or who have been part of the problematic
pracess, as well as a few ather peaple to offer fresh perspectives. Before the facility’s TOM
system was implemented, there was a tendency for a difficulty to be menticned to a supervisor,
with a solution informally taking its own course. PATS provids a formalized system to handle
most preblems. 1n addition, there is a weekly "Quality Management Team” mesting of the
managers where they can raise ideas for pessible projects.

The facility has a formal suggestion system for emplovess. Furthermere, if & suggestion is
implemented, some portion of the resulting annuzl costs savings to the facility is given to the
emploves(s) who made the suggestion. Also, the name of an emplayee of the manth, quarter,
and vear is posted on the bulletin board cutside of the facility a5 an incentive to do good work.
TFurthermaore, all managers are required to welk around the facility floar for at least one hour a
day to encounrage interaction with line workers.

There is a weekly meeting to inform line workers of any changed pracedures, so they
know these not only for their own purposes, but also if govermment inspectors arrive. In
addition, each morning a team's foreman provides a breakdown of relevant issues to the team.
Also, about once every three weeks, the facility’s managerment holds a meeting with all
employees, sharing with them information including the facility’s generzl business outlock.

ENVIRONMENTAL MANAGEMENT

The facility’s stated commilment 1o environmental protection is memorialized in a formal
"Environmental, Safety, and Health Policy,” which was signed by the facility manager and is
posted on numerous walls around the facility. The policy, however, was dated January 1996,
which may rellect the relative recency of some of the faclity's nutiatives about environmentat
management. In addition, any employ=e has the authonty, as confirmed by a letter sent to them
by the facility manaper, to stop a process if s’he believes that it poses safery or environmental
problems. Alse, the environmental manager is authorized to give out driving ticket-like notices
to employees for violations that he discovers. A carbon copy of the notice goes to the Tacility
manager, thus alerting the latler on 2 daily basis Lo any environmental concerns.

In the past few years, the facility’s corporate parents were fined million of dollars for
environmenta! viclations. This legacy has motivated the corporations and facility to be
conscientious in their environmental efforts. Now the facility i1s considered to have one of the
hest environmental programs in the state, leading the state environmental agency o show the
facility’s ernvironmental program to other compames as an example. Sinee 19093, the state’s five
environmental audite of the facility have oncovered no deficiencies and the facility has redoced 1s
barrels of hazardous waste by over B0 percent. Its sibling facibities around the country have been
so impressad with the facility’s prograss that they have been seeking to emulate its efforts.

Much of the credit for effectively implementing the facility's greater attention to
environmental concerns is due to the environmental manager, who took over the pesition a few
years ago. The prior environmental manager did not have much experience in the area and was
repartedly overwhelmad by his dutics. The new manager had 20 years of experience as an
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environmental officer with the military. e reinforces his skills by meeting annual corparate and
povernment environmental and safety training requirements and by taking up to several company-
paid environmental training courses annuallv,

In October of each year, all managers meet to set goals for the upcoming vear. With
respect to the environment, goals are set for waste minimization, accident prevention, and
recycling opportunities. Included are numerical goals for the number and weight of barrels of
hazardous waste generated. The environmental manager develeps 2 written environmentzal plan
which is circulatzd to the other maragers for comments. Ultimately, the facility manager reviews
it and balances ite goals against the goals of the facility’s everall business plan. The facility also
develops a five-year environmental business plan. For this plan, the overall goals come from the
facility’s corporate parents and the environmen:al manager of each facility determines how thesa
goals are relavant for his’her facility.

According to the environmental manager, at least some senior managers perceive that
stmne environmerntal laws violate conunon sense and they might be willing to risk viplating sowme
requirements. The environmental manager is thus perceived by such managers as the "cop on the
beat” who warns them of the penalties far potential violations. According te the production
operations managers, however, the [acility's environmental efforts help, rather then constrain,
production. Such efforts can lower costs and increase productvity. For example, rather than
mixing large batches of paint primer, some of which inevitably was not used and thus had to be
disposed of as waste, the [acility now buys pre-mixed primer and allows employees 1o tzke small
cups of it adequate for their needs. Thus saves the time of moang and reduces the pnmer wastes.

Many ideas for environmental improvements come from line workers. For example, a
lIine worker oniginated the idea of providing small cups, rather than buckets, of paint to workers
doing smezll paint jobs, thareby reducing the leftover paint and thus wastes. Lins workers
originated simpls ideas for using smaller rags with which to ¢lean par:ts, substantially reducing
wasle generation, and for compacting wastes, greatly increasing the amount filting in each waste
container, thereby dramatically cutting waste disposal costs based on each container. On a daily
basis, the facility’s environmental manager emphasizes to emplovees the need for waste
minimization, thus encouraging such ideas. Twice annually, dunng a safety and environmental
training course, the environmental manager provides employees with a status report of how much
wasle was generated in the past and what ware its disposal costs.

The facility estimated that 85 1o 80 percent of its environmentally beneficial projects were
non-resguree intensive commeon sense solutions. For examgple, the eaclier cited use of amaller
rags, waste compaction, and smaller contairers for paint and primer were all technically simple
efforts with little, if any, start-up costs. In additien, the facility replaced much of its solvent used
for cleaning purposes with a readily available non-toxic household cleaner.

The facility makes a concerted efforl o maintain a very clean and uncluttered working
environment, and it has succeeded. Though there are undoubted potential envizonmental
benefits from doing so (e.g., reduced chances of chemical spills), the facility's primary mativations
for doing so are o enhance worker safety and quality control. With respect to the latter, a key
consideration in the facility’s housekeeping practices is 1o minimize “foreign objec: damnage” to
the aircraft -- damage cue to chemizals or tools coming inte inappropriate contact with the
aircraft. Given the sensitivity anc cost of some parts of the aircraft (e.g., avionics), such damage
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conld have serious consequences. In additicn, the facility believes that its customers are ,
impressed with its efforts at providing a clean woarking environment for their aircraft. This is
especially important because, largely due to being a military contracter, it is inspected on average
every two weeks by soms government entity.

As part of its overall materials control procedures, the facility has what it calls "Materials
Pharmacies" This is similar to Aircralt Facility High Adopter #2°s chemical eribs. These are
restricted areas where most matesials in the facility are logred in when thay armmive, are stored,
and are logged cut when they are dispensed to emplosecs in the necessary amounts. This
enables the facility to manapge and monitor the usape of materigls, thereby enhancing its
inventory control and, when chemicals are involved, its environmental and safety performance.

Environmental costs are included in the facility’s overall manufacturing overhead costs
and thus are allocated over all werk through the common overhead rale, rather than being
charged to the particular work that generated the costs. Speculative envirormental liabilities are
caonsidered at the corporate, rather than facility, level. In the past few years, the [acility has spent
$400,000 to $500,000 annually on environmental costs, though this has been decreasing over Lime.

For majer proposed environmentally-related projscls, the key criteria are who will
implement it, whether facility space is available, whether permits are necessary, and what are the
financial and perscnoel resource requirements. Ordinarily, a two to three year payback period
on environmental projects is desired. The environmentzl manager has the authonty to spend up
to $100,000 a year on environmental matters without upper management approval and he has
never had a proposed environmental project disapproved,

24



ELECTROPLATER HIGH ADOPTER

GENERAL BACKGROUND

The Elsctroplater High Adopter is a medivm-sized electroplating facility in Connecticut,
with about 40 non-union employees. The facility’s work includes cadmium, cyanide, and zinc
electroplating. Its customers are spread acress many different industries, which has bulfered it
against recassions in particular industries. The facility has existed for nearly forty vears and its
sales volume has remained stable in recent years,

The fzcility is run under an informal management style, wilth no exphial capital budget or
cost accounting system. The [acility has three, albeit very informal, layers of nianagement: the
president, a few mzanapers, and the line workers. The president had worked at the facility under
the prior owner, and then purchased the business nearly 10 years ago. Most of the Line workers
are not well-educated and many do not speak English well. None of the line workers are
perceived of as helpful in sugpesting ways to imprave processes, as they do not really care abaut
the facility,

ENVIRONMENTAL MANAGEMENT

The facility’s recent approach to environmentzal management is undoubtedly influenced by
past conlentious relations with same units of the slate environmental agency. In the view of the
facility, while the air and water pollution offices of the state agency have bzen somewhat helpful,
the hazardous waste office has had no interest in being cooperauve and has created a very
antagonistic relationship from the start. The facility believes that it has genuinely tried to comply
with the regulatiens, though the environmental manager stated that they are very difficult ta keep
up with and that she did require some help from the state agency.

In ber view, however, the state agency has been unwilling to work cooperatively and
instead has "harassed” and fined the facility for relatively minor problems. The facilicy is
apprehensive about secking assistance from the state agency, because it may simply result in a
violation being diseovered that leads to another fine. The facility has obtained some advice on
envirommental issues from a state technical assistance program, but it is afraid to use the program
too much duc 1o concerns that the program might report this to the state environmental agency,
which will then scrutinize the facility further.

The state agency’'s alleged harassment may be due 1o the facility’s prior owner's practice

of barring state agency inspectors from the facility when he believed that they were exceeding
their authority. In addition, the facility has a conlaminated waste site in its backyard because,

long ago when it was legally allowed, it used to place chemicals there in a lagoon area.

‘The facility has an environmentsl consultant that does periodic compliance audits to
check its paperwork and operalions. The consultant, however, often needs instruction from
facility personnel as to what an electroplater does, 25 do most other consultants. This ignorance
also extends o state agency inspeclors. They see the large chemical baths, and the mist rising
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from them, and believe that there must be marny preblems in such 2 place, even though the mist

15 not noxions and the indeor air quelity meets the applicable standards, Also, cne inspector
might ask the facility to do semething one way, and then a subsequent inspecior claims that 1t is
wrong and demands changes or imposes a fine.

The facility’s environmental manager has been around the facility for about 30 years (=
perent also has worked there), and assumed her environmental functions as the need arose over
ike years. She has not been specificzlly trained in the facility’s production operations nor has she
an academic background in enviconmental matlers, but she has completed many environmental
courses a1 local universities and received state-run environmental training. She is assisted by a
chemical engineer, who works primarily on water-related processss, including eovironmental
issues, waste trealment, government reporting, and managing consultants. In addition, the facility
has two people responsible for its wastewater treatment system.

Cmarterly environmental audits are conducted by the fzcility, driven by state
requitements, The environmental manager also does annuzl safety training for employees and
has posted bulletin boards containing information on proper handling of different drums of
hazardous materials. She believes that others at the facility vizw her rolz in negauve terms
hecanse she often is the bearer of bad news about the additional cests and efforts needed for the
facility to satisfy emvironmental requirements. In her view, mast of the line workers do not know
pr care about environmental issues. Even in terms of warker safety, the line workers often do
not make an effort to follow the rules.

The facility believes that environmentaly beneficial projects have never saved it money in
the long run or provided any economic beaefit or competitive advantage. The only possible
exception might be technology that it installed to reduce the ameunt of waste that it sends lo
landfilis, The technology was suggested by a salesman, and other lecel plating shops were known
te be using i1, so that helped convince the faciity to instell it. Environmental projects not
required by law are rarely done and only if they simullanecusly improve other aspects of the
averall facility (¢.g., safety), as well as provide some monetary benefit. One exception is the
facility's participation in EPA’s 35/50 toxic emissions reduction program. The facility fecls under
such pressure from the state apsncy that it believes that if it tries anything new or creative that
may benefit the environment, it may result in penalties from the state agency because it
unknowingly did not follow the Jaw that may apply to the new process. Conseguently, the facility
ordinarilv only does what is required.

Environmental costs, which are about 10 to 15 percent of sales, are placed in the faclity's
overhead. The primary criteria used in prioritizing possible environmental projects are financial
lisbility, envircnmental lability (e.g., will it help prevent spills), the reputation of the facility, and
pride in the way the facility looks.

In terms of reneral housekeeping, the facility was somewhat cluttered, with pervasive
vapors and stairs that would not necessarily be unexpected for an electzoplater of its tenure.
Some customers do inguire zbout its environmental racord, including sending staff 1o inspect the
facility. Most of the time, prospective customers just send a form for the facilily to complete,
with the form mostly concerned with whether the facility has any chlorofluorocarbon-related
emissions or problems. Some of its large customers also were concerned for a time about the
use of cyanide and thus the facility started a non-cyanide plating line. In addition, the facility
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switched from cadmivm plating baths to caustic baths on one of its lines becaasa it baligvad that
some of its customers wanted to avoid cadmium due to its overal] perception as very hazardous.
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ELECTROPLATER LOW ADOPTER

GENERAL BACKGROUND

The Electroplater Low Adopter is a mediun-sized electroplating facility in Alabama, with
about 30 non-union emplovees working on one shift. The facility's work includes cadmium,
copper, gold, nickel, silver, and zinc electroplating and clectraless nickel, anodizing, passivation,
black oxide, and alodine finishicg. Its nearly 200 custemers, including some Fortune 50 firms,
are predeminantly in the southeastern U.5., though about ten percent of its salas are ta
internaticnal customers. The facility services the aerospace, automaotive, defznse, home
appliance, electronics, and medical industries. The facility has existed for nearly ten vears and its
sales volume increased by over one-third in the preceding three vears.

The facility was founded when it was beeaming increasingly difficult for some
electroplaters to adapt to mare stringent environmental requirements. The facility’s president,
who was not in the electroplating business at the time, believed that constructing 4 {acilily [rom
the ground up would enable him to incorporate the necessary squipment and practices Lo meel
anvironmental requirements and still be profitable. He alsc belisved that he could develop a
process that was reliable and provided predictably high quality products to customers — unlike
many slectroplatars who treated it as an art that sometimes worked and sometimes did not. He
also wanted to develop an assembly line-like process that could cope with any product without
much delay.

[z 1593, the facility was named as the outstanding small manufacturer by its county’s
Chamber of Commerce, That same year it became the first 1.5, job shop electroplater 1o
receive 150 9002 certification. Though nons of its customers required such certification, it
decided to seek it because it believed that 15Q 9002 contaizs good business standards, being
certificd attracts more busingss,” and it wants 1o stay zhead of competitors.

The fzctlity's overhead is substantial for this size of facility, largely bacause it includes a
quality manager, a vice president, and a2 very experiencec supervisor. The facility believes,
however, that this structure betler ansures a high quality produce and futurs growth because it
will have an effective operating system. Environmental costs, which are about 15 {0 20 percent of
sales, also are placed in the facility's overhead and have led to price increases and thus some lost
customers. For liability reasons, however, it considers its environmental efforts necessary,

“The facility aggressively pursues seemingly difficult or unusval work., Abeut 40 percent of
itz jobs taken in the prececding vear were somewhat unusual and needed creativity to accomplish.
[t is a very diverse electroplating facility in terms of the types of products that it will process.
Other electroplating facilities do a substantial emount of only one or a few different parts, In
contrast, this facility’s accaptance of unusual requests allows and ferces it to be constantly
learning. The research that it engages :n for new products often helps it increase its process

" One such cuslomer acquired after ils certification is a corporate sibling facility of the
Aircraft Facility High Adopters.

28



efficiency for old products and future new processes. This also enables it to be well-informed on
different types of produets and industries.

The facilitv encourages the philosophy that its workforce operates as a team. Line
workers are trained in all areas so that they can operate different processes. The facility
emphasizes this cross-training, but if employzes do not want to perform different functions, they
are not required to. Some of the seniar line warkers are operators and they alsa act 23
inspectors ta check on the quality of plating runs.

The line workers are ampowered and are given the right to speak freely to supervizors
and managers. They feel no inhibition to discuss matters and make suggestions. In fact, some
line workers make changes without asking for permission 2nd then show the managers the
results, Evervone can offer improvements to the facility’s processes, with such ideas usually first
brought up with a supervisor and then considered in meatings cf the president and his kev staff.
There are weekly praduction meetings between the president, vice-president, mainlenance
engineer, and supervisor, with senior line workers somatimes sitting in. This provides an
opportunity for everyone to generate new ideas.

The main supplies procured by the facility are its raw materials - generic chemicals, such
25 acids and caustics; proprietary chemicals, such as brighteners; and metals, such as cadmium,
zinc, gold, and silver. It generally subscribes 1o a "just-in-time” inventory approach, but it stocks
cnough chemicals to ensure that it will never be caught short even if a delivery is missed.
Prospective suppliers of chemicals are largely evaluated on their price and service, sspecially the
latter because the cost of supplies comprises only about 10 10 12 percent of the facility's charges
10 customers. The facility also requires that its chemical suppliers have Lability and
environmental msurance.

It doecs not, however, check on the environmental or safety records of suppliers, nor does
audits of them. The facility believes that prospective suppliers would be unlikely to apree to such
audits and that it would be uvnnecessary, given that these facilities” practices are regulated and
mornitored by environmental agencies. For metal suppliers, the facilities select whomever is [zast
expensive. The location of suppliers 15 gznerally unimportant, though its generic chemicals are
primarily from locel suppliers, The [acility sometimes is visited by suppliers” technical staff who
examine its processes ta offer suggestions for improvements,

The Primar_'.r criteria used in prioritizing possible capital projects are the cash flow and
payback period assaciated with the projects. Projects are preferred that better position the

facility competitively in the future and that have substartial positive short- and long-term effects
on sales,

ENVIRONMENTAL MANAGEMENT

The facility’s recent approach to environmental management is undoubtedly influenced by
past contentious relations with the stale environmental agency, The agency had initiated an
enforcement action against the faclity for an alleged viclation denied by the facility. Ultimately,
the facility prevailed after a long end expensive court battle. In the perception of the facility, the
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agency then began suspiciously frequent and nitpicking inspections of the facility,

The facility’s environmental imacager has been with the facility for seven years, though
only assumed his environmental functions in the past five years, The environmental duties are in
addition o hiz duties a5 a plating supervisor, He is presently completing a college degree in
chemisiry, attends cumerous environmental compliance seminars, and obtains environmental
information from trade periodicals and environmental managers in other companies. He is
assisted in some efforts by an environmental enginesring consultant retained by the Facility, ut
fecls ezpecially overwhelmed by the paperwork reg Uirements.

He believes that others at the fecility view his role in negative terms because he often is
the bearer of bad news about the additional costs and efforts for emplovees to satisfy
covironmental requirements. The facility believes that occasianally environmentally beneficial
elforls have led to production efficiency gins as well. Usually, however, environmeantal
requiremnents force it to act inefficiently. In addition, at times producticn has ta be slowed to
meel envirommental mquin:mcnts.

Sometimes, however, efforts to improve production efficiencies have led to environmental
benefits. For example, compzred to before his becoming environmental manager, the facility has
cut its chemical use in half. The environmental manager led an initiative to tighten the control
processes, leading to reductions in input materials. The metivation for this iaitiative was to
improve production efficiency, but it generated envizoamental benelits as wel. The [acility bhas
the ahility to break down the environmental costs for each of its processes, but does not have the
time or need to actually do so.

In terms of general housekeeping, the [acility was extremely clean. The shop [oreman
noted that he has been in Lthe eleclroplating business for 15 years and that the facility is the
cleanest slectroplating shop he has been in. The environmental manager does & quarterly audit
of the facility’s envircnmental and safety conditions. The facility urges new customers 1o visit it
because 1l is certain thal once customers see 1S organizalion and cleanliness, they will be
convinced that it is a first-rate facilitv. Some customers do inguire about it environmental
record. The facility was subjectzd to an intensive environmental audit by a large customer before
it agresd to use the facilify extensively, due to a pasl problem the customer had with another
electroplater in which the rustomer was held liable for that electroplaler’s cantamination.

The facility management has been receptive to doing some environmentally-related
projects cach year as long as they fit within the year's projested budget, The environmentzl
manager periodically brings a "wish-list® of projects w the management, mast of which reguire a
minimum investment of $500,000. Beeause the technelogy in the marketplace is currently
improving and the cosl of acyuiring il is decreasing, it hes not made sense for the facility to
pursue many of these projects unless it is legally required 10 do so0. In the environmental
manager’s apinion, the main barrier to improving environmental quality at the facility is the
equipment it uses, with newer, better technelogy being highly desired.

Ahout 60 percent of the facility's environmental initatives are non-resource intensive
common sense solutions, while the remaining tend to reguire substantial funds and technical
efforts. An example of the former it a drying technalagy which has reduced the weizght of its
salid wasts hy BO to 90 percent, thereby saving recycling and disposal costs. An example of the
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latter is a closed-loop reclamation/disposal system that enables the facility to recover a Jarge
percentags of the chemicals used in its plating, to discharge no industrial weter into the sewer
system, and to reduce its solid waste by 80 percent. This system was installed because it costs
less than discharging wastewater to the sewar, abtaining the necessary parmit, and dealing with
uncooperative slale regulators. This system was a substantial factor in the facility's Chamber of
Commerce award and resulted in a commendation from the state’s legislature.

In the past few years, the facility also bepan sending its sludze waste to an off-site
recycling facility, rather than a hazardous waste landizl. This change was initiated by the
environmental manager, who researched 23 different options for the sludge and determined that
recycling technolegy had become sufficiently reliable for its rype of material. Although there are
no immediate cost savings, it believes that it eliminates any future lability cancams by sending
the waste to a recycler, rather than to a landfill that could corceivably become a contaminated
wasie site. In addition, customers prefer that an electraplater does not have such liability
concerns and 15 managing its wastes 1n a responsible manner.
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TURBINE FACILITY HIGH ADOPTER

GENERAL BACKGROUND

Turbine Facility High Adopter is o manafacturer of mid-range industrial gas turbine
systems in California. The turbines are packaged in 2 system with compressors, pumps, and
elactrical generators. These turbine svstems use natural gas or liquid fuel and ars applied ta a
wide range of heavy duty indestrial applications, such as cogeneration, standby power sources, or
offshore platforms in the petroleum and natural gas industries. This facility is primarily
responsible for the engineering and manufacturing of components, while a nearbyv corporate
sibling facility does the assembly and testing. Aboul 75 percent of the facility’s sales are to
foreign buyers. In addition to manufacturing turbines, the corporation provides fisld service,
parts, and maintenance support. The facility has been in its current |ocation for nearly 70 years,
The facility owner is about 4 billien dellar corporation in its own right, and ahout 15 years ago
hecame a wholly-owned subsidiary of @ Fortune 50 cerporation which itself has been a prominent
member of the industrial machinery sector for decades.

[n the mid-1980"s, the facility was anticipating the dewnturn in the petroleum industry,
which was one of its major markets, and was feeling pressured by its parent corporation ta
improve its profitability. In addition, around the same time, due to pressures from perceived
oppressive state taxes and laws, the facility’s owner began considering relocating operations out
of state. Also, 1t was around this uime that a union strike resulted in a reevaluation of the
facility’s practices.

All of these major evenls occurring within a relatively short Line period combined
together to produce dramatic changes at the facilitv. Dunng the latter half of the 15807, the
facility attemptad to rearient itself and institute changes that would produce a greater sense of
purpose. In response, the facility reduced the number and levels of its employees and
dramatically restructured s management and procedures and broeght 10 new managers who
instituted varions new programs. These programs included argamzng production operations and
line workers into teams far each logical subassembly unit of the turhines. Thess teams are ealled
"Certilied Assembly Manufacturing” units {"CAMs"). The CAMs at the facility are the Rotor
CAM for producing rotating parts, such as turtune disks, blades, and shafts; the Hot CAM for
producing intemal combustion parts and imectar nozzles; and the Cald CAM for produang
external turbine housings and casings.

Workers praducing these subassemblies are in various stages of becoming full-fledged
self-directed work teams, The CAM teams are designed to be autonomous, self-directed wark
units with employees ratating as leaders. The Hoat and Cold CAMs, ercated in 1994, are at the
second of five stages in this development and the Rotor CAM, created in 1992, is at stage four.
Workers in the Rowor CAM zpparently are completely involved and enthusiastic about teams,
while workers in the other CAMs have besn more resistant to the change.

A fully daveloped CAM team will control its own schedules, pay, overtime, and

production processes within parameters set by the facility. CAMs are individually responsible for
their own capital expenditures and manage their budgets, intermal return on investment, and
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depreciation. CAM teams meet twice dailv, and problems are seolved withic the CAM unit,
unless they are safety-related, Initially, team leaders are selected by the management but, after a
couple of years, team leaders are then nominated by the team members. The team members are
assigned to particular CAMSs when the CAMs are created or as the workers are hized. Workers
are being cross-trained, but this has been hampered by time constraints due to production
demands. The [zcility also has a learning center, partly funded by the state, that offers education
in a broad range of topics to the facility’s workers and to those of other companies.

The fzcility alsa has adopied the practices and procadures of 150 9000. It began the IS0
0000 certification process in 1990, before it was widely accepted. Management hzad foressen that
certification could become a purchasing criterion in Europe and was concerned aboul being
disadvantaged in that market. There were initially significan: doubts about its usefulness and
difficulties in communicating to employeas the global utility of obtaiming certification. The latter
problem was addressed by formulating 180 2000 tenets in a basic way as a [ramework for
docuomenting what employees do and then holding them accountable for it. This helped dispel
the notion that IS0 9000 prescribed production processcs. The facility considers 150 S000 to be
an excellent tool for enabling it to fully understand and to 1denlify gaps in ils practces. As parl
of its insttutionzlization of planning functions for purposes of 150 000 certification, the facility
alsa adopted a "material resource planning” system.

In addition, the facility 15 beginning to use statistical process control techniques ta
improve quality. The facility alse has used the "kaizen” process to determine desirable changes in
its production methods, including eight tmes just in the last vear. The facility tries 10 adhere 10
the Ilemmg mocel of managament -- plan, do, check, and zct, [t focuses on the process, rather
than on the functional organization.

The results of all of these chanpes are reflected in the facility’s production efficiency -- it
is now producing five times as much as in 1984, but with the same number of workers, Half of
this increased efficiency is believed 1o be due 10 improved eguipment and processes and the
other half to the increased effarts of more motivated employees.

The facility also has aggressively begun planning new products, with three new turbines
expected by the end of the decade. This is a sipnificant increase in new praducts in a short time
for this industry and especially for ths facility. In contrast, only cne new product had been
introduced in the preceding two years, Historically the facility had developed 2 base-size turbine
that was then incrementally modifiad to produce new praducts. The faczility now is pursuing
enlirely new models, metallurgy, components, and designs.

An anmual meeting establshes "Critical Success Factors” for the upcoming year, which are
a bandful of goals that need to be focuzed on the most. One such criterion is whether a finishad
turbine works an its first try. The facility measures its defect rate on a monthly basis by product
and engine model, aiming for as ¢lose to & zero defect goal due to mechanicel failures as
possible. When subassemblies reach the turbine assembly stage, defects that are discovered are
documented and evaluated on a weekly basis under its downstream defects program. In
analyzing defects, rather than seeing them as isolated incidents, the facility takes & systemic view
by determining what went wrong with the applicable process. When the facility's turbines are
returned by cusiomers for overhauls, the time that the turbine had been in use is recorded and
evaluated apainst the goal that had heen set for that type of turbine. This elapsed running time
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is impartant because the facility justifics the relatively high price of its turbines by their superior
durability,

The facility has zbout 100 suppliers providing about 80 percent of its product-related
material, compared to about 800 several years ago. The primary supplies that it uses are sand
castings, forgings, imvestment castings, nozzles, injectors, and machining supplies. Presently,
sourcing managess are responsible for using strategic critenia {0 select suppliers as part of the
facility's "Certified Supplier Program." One strategy that they use is to deal with 2 small number
of suppliers who can do the most for the facility, thereby maximizing its financial leverage with
those suppliers. ]

Its relationships with suppliers take three puossible forms, With the majority of suppliers,
il Las 2 traditional buy-sell relationship with a [ixed contract. With same suppliers it has a
leaming relationship, in which both cumpenics have a mutual strategic intent, and with a few
suppliers it has a partnering relationship, in which both companies acl s if they were part of the
same organization. Suppliers of caslings and forgings are the ones with whom the facility usually
has closer working relationships, and scle source suppliers are often brought into the product
design process. On some occasions, the facility has sent its stzHl to improve suppliers’ processss
and train their workers, in an effort to forestall supplier price increases, and sometimes suppliers
have shown the facility how to better use their prodncts.

Prospective suppliers are evaluated primarily from the facility’s husiness perspective. The
criteria used are a prospective supplier's cuality cortrol systems and procedures, technology,
training, personnel expertise, compalible management philosophies, financial soundness, and
relations with competitors. Information requested from suppliers includes their defect rates for
finished products, internal failure rales, and annual quality improvement indizators, The facility
prefers supplizrs in its grographic area, or &l least west of the Mississippi River, but only about
10 te 20 percent are located within a 50 mile radius.

Sourcing managers inspec: somz of the suppliers, but do not technically evaluate their
manufacturing processes. Similarly, while environmental issues are considered (e.g.,
enviranmental fines against a supplier would indicate poor management), there is no checklist or
systematic precedure for doing so. Rather, the soureing manager focuses on the praospective
supplier's cleanliness and only if something appeared environmentally questionabls might the
facility’s environmental staff do a mere thorough inspection.

Inventory management at the focility is decentralized, using a "point of view” storage
philosophy Lhat places inventory around the individual CAMs. The facllity has a gencral poal of
reducing its inventorics, but has not adopted a “just-in-time” inventory philosophy. Typically,
there are a few days of inventory :mmediately on hand for a CAM.

The faciity has about 3,000 emplovess and has been unionized for over 50 years. Until a
union strike in 1987, general lavoffs oceurred consistent with the business cycle. After the sirike,
management decided to welcome workers back and improve their relationship. Thers was no
signed labor agr=ement for four years, and thus furing that period the facility tried te avoid
doing anything that might be perceived of as unfriendly to the workers.

The facility's new management initiztad explicit efforts to value workers more and thereby
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established a management credibility that was previonsh lacking. During the negetiations over
those years, the labor agreement was rewritten to reflect maragement’s new philosophy, wincluding
work teams. The faciliny’s policy became that if certain work is unavailable, other work should be
found for the affected emplovees, A special department was ereated for surplus workers, which
pave them the work of salaried employees. The facility also is more careful to avoid overhiring.
Fortunately, however, the facility's business situation has been sufficiently good that there has not
teen much cause to consider layofls and there have been none since 1989, About &) percent of
the facility’s supervisors and area coordinators were promoted from being line workers. Line
workers believe that thers is opportunity for everyone ta advance, and cited examples of caletena
and pardening workers being encouraged to take production positions when their hard work
impressed managers.

©On a monthly basis, the corporation's president gives a presentation to employees

escribing their poals, future projects, and opportunities. There are quarterly meetings of all
employees to inform them of significant develepments, such 25 business performance. The
production operations manager has monthly meetings with the overall workforce, holds regularly
scheduled staff meetings, and tries to be available for ad hoc mestings. An annual employee
survey is conducted to get feedhack, and financial awards are available to contributors of ideas
for improvement. The facility also believes in tracking plans and objectives using easels, bulletin
boards, and other accessible ways on the facility floor, rather than burving informstion in
COmPpUtETs.

ENVIRONMENTAL MANAGEMENT

Before 1990, the facility’s environmental elforts were largely end-of-pipe pollution control
reactions to regulations, with particular issues ansing from ils use of solvents, wamings required
by siate law to be published in newspapers about polential cancer risks at the faclity, and
wastewater treatment deficiencies. The role of the environmental staff at this time was primarily
1o responsd 1o problems and bring the facility into al Jeast temporary compliance. Large
emvironmental fines, the nead for those cancer wamings, and the nepative publicity arising from
both motrvated the facility to rethink its approach to environmental issues. Consistent with and
imegrated into the overall managerial changes that were occurring at the facility, the
cnvironmental staff decided 10 shift 1o a proactive stralegy. This stralegy emphasized pollulion
prevention and its associated cost savings, tather than just compliance, and set measurable goals
and mobilized support for them at all levels of the facilitv.

The facility’s environmental goals are now articulated in its mission and business
statements and in its care business principles, including a zero-emissions vision, In keeping with
this strategy, the facility line managers assumed responsibility for the environmental impacts of
their activities, with the environmental staff providing consulting, technical expertise, and contacts
with the relevant environmental agencies. Thus, it was a major shift in attitude for the line
managers, rather than just the environmental staff, 10 accept rasponsibility for these concarns.
The production and environmental staffs now make decisions in concert, such as installing new
machines or changing processes. The environmental manager has an equal vaics in meetings in
which manufacturing decisions are made. The environmental staff was no longer forced into a
policing made or adversarial relationships.
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In addition, the environmental staff was increased from just one person to over ten and &
facility "Enviranmental Council” was established composed of upper level manapers who address
facility and preduct environmental concerns. All environmental results are reviewed io a monthly
szles and operation planning meeting of the fop managers. Because the facility's new culture
emphasized quality, learung, continuous improvement, and buman reseurces, the environmental
efforts are a natural part of it

The facility believes that the desire for excellencs in production spills over to other
functions, including enviranmental matters. The environmental staff helps the praduction staff
think abeut the environmental consequences of their actions (e.g., identifying more
environmentally benign cutting flulds, rust-inhibiting processes, and methods for conolaining water
runoff). According to the production operations manager, the environmental staff's efforts have
saved the facility money and have demonstrated that environmentally sound manufacturing does
not necessarily increzse costs.

The environmental performance of the facility since these changes reflects the efficacy of
its approach. During the last few years while turbine production has doubled, hazardous waste
generation was hzlved. The facility has reduced toxic metal emissions by 99 percenl and
eliminated the need for newspaper warnings about potential cancer risks. Envirormental fines
have declined from about $250,000 2 year to §250, and the facility has established a high level of
credibility and integrity with enviranmental agencies. The wastewater treatment facilicy has been
upgraded; recycling of wastewater, machine coolant, and £olid waste has begun; and water and
energy conservation programs were initated. [tis phasing out its selvent degreaser and instead
using a water-based parts washing system.

These cnviropmental cfforts have resulted in annual quality improvement corporats
awards for hazardous waste reduction, an award from the corporale parent for pellution
prevention accomplishments, an award from the <ity, and an award for environmental excellence
from a local uade association. In addition, the facility estimates that it has saved millions of
dollars due to hazardous waste reduction and climinated gavernment fines. The key companents
of these accomplishments are management commitment, employee involvement, managing issues
as strategic husiness concerns, explicit and measurable goals, and using training, teaming, and
continuous improvement,

To enable workers to be responsible for the environmental impacts of their jobs, extensive
training has been provided in a number of ways. For example, environmental issues have been
added to the facility’s monthly safety meetings, There is a program to provide managars with the
knowledge and skills to successfully handle the safety and eovironmental issues in their CAMs.
The environmental stafl uses newsletlers, brochures, and videos to communicate information to
warkers. Cross-functional teams have heen used to address environmental issues, such as
recyeling, solid waste reduction, and integrating environmental considerations into product
design

Environmental costs are discretely forecast and reported as & cost catepory, These costs
are planned in advance and became part of the expense for the product. Mainlenance costs of
certain pollution control equipment would be assigned to a particular CAM. Operaling groups
irack the costs associated with their areas, but not all costs can be direstly fracked to a product
or process. The environmental staff, however, keeps track aof how much hazardous waste is
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cenerated by each CAM so that its cost can be charged to that unit. An external auditor 1eviews
all contingencies, including environmental risk, on a quarterly basis.

Environmental projects are evzluated just like other projects. For &2 new program or
project, the facility finance staff evaluates the net present value and the internal rate of refurn on
investment under the parent corporation’s guidelines. There is no required pavback peniod, but
the typical time period is three years,

Some ideas for environmental improvements-come from line workers and the faclity
depends upon such workers to drive the incorporation of such considerations in production
operations. Also, the facility estimaled that most of its environmentally beneficial projects were
non-resource intensive common sense solotions. For example, the facility began sifting out
grinding grit for recycling. It alsa combined sewers and water collection points (o reduce the cost
of sampling and analyzing water. It alsc began refiming oil on site for rense. After hiring a
campany 10 analyze the compositon of its trash, it began separating out certain wastes to reduoce
its disposal costs. To maximize the rerurn from its racycling of scrap metals, its line workers use
different containers to catch scraps from the different metals on which they work. Before, scraps
from all metals were caught in the same container and the facility was paid by its recycler only
the price per pound of the least expensive metal in the containzr. By sorting the metals, the
facility pets paid the price per pound for whatever metzal is in a particular container, The [acility
has reduced a three-step paint process to two sleps, redocing paint wastes. Even the water
Irealment sysiem improvements were low technology solutions, though they were relatively
CXPENSIVE.,

The environmental staff audits the entire facility monthly. The production staff now
welcomes regular environmental audits because it helps them to meet their goals. In addition,

the parent corporation audits the faclity annually and state environmental agency inspectors
come somewhat often.
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GEAR FACILITY LOW ADOPTER

GENERAL BACKGROUND

The Gear Facility Low Adepter is a pear manofacturing factlity in Pennsylvania. The
business has existed for over 100 years anc the facility moved to its current location about 40
vears ggo. The facility had about 370 million in szles in ils most recent year, ranking at the lower
end of all large gear manufacturers. The facilily is a-wholly-owned subsidiary of a 5200 million
corporation, which has various other businesses and facililics. The facility essentially is a large
jobbing shop, with customers spread around the country anc world. It makes power
transmissions and pear boxes for turbines, marine applications, aulomotive assembly conveyors,
air compressors, and spare parts. [t manufactures many new, specialized, one of a kind products,
where the research and development work and reengineering often is conducted as producls are
made.

In late 1970s, the facility had about 850 emplovees and znnual sales of around 3100
million. Its industry in general experienced difficulties during the [980°s. The facility fared
especially badly, losing tens of millions of dollars from the mid-1980°s until a few vears ago,
because it was operated by its owmer essentially as a hebby, The facility’s owner had somewhat
of a sentimental attachment to the business because it had been the origin of the multi-business
corporation that it ultimately became. Thus, the vwner was unwilling to close the facility,
regardless of its lossas. The attitude developed among some of the facilitys employees that it
would continue ta operate regardless of its performence. This mindset became one of the mast
difficult aspects of the facility’s operations to change. By the carly 1990Fs, its work force had
been cut in half end the corporation mnoved different prozesses to other, smaller facilitiss in
right-ta-work states,

The third generation owner of the business brought in new management a few years ago
10 try to make the facility profitable. The new chief executive officer has been therz less than
thres years and the new manager of manufacturing only abour one year. Some of the pre-
exisling managers are reportedly the major obstacles to change, resisting it out of territorialism.
A delayering of the facility’s management structure has been proceeding in the last few years lo
achieve a self-directed, empowered workforce. The facility now emphasizes employee
involvement, empowerment and ownership, and locks for continuous improvement opportunities.

The Facility believes thal it used to be the best in the world at gear manufacturing, but
that its performance slipped for a time. While the product quality always was good, its record for
on-time delivery wes a particular problem. The facility’s goal is to once again be a world-class
company, but it believes that it still has some distarce to go. It regards zero defects, an
empowered and self-directed workforce, on-time delivery, customer satisfuction, and profitability
of at least 35 percent as part of the characteristics of a world class company. The facility has
become certified undesr 1SO 9000 and each department must now have goals and a mission
statement consistent with the facility’s formal manufaciucing strategy. It uses trade association
benchmark data as gnides in establishing its objestives but while there are many metrics in place,
there are few real quantitative goals. The facility's recent efforts appear to be helping -- ils sales
in 1996 were 30 percent higher than expected, and it is projecting znother 30 percent imcrease for
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19397, Also, the [zoility's corporate ewner recently purchased one of its major competitors.

The facility previously was unstructured in ils management of workers. Now the facility is
nsing process or quality teams to drive its efforts, with a steering committee consisting of
managers, union leaders, line workers, and a human resources staffer. These teams or cells are
created by product line or manufacturing style. They resulted from 1993 contract renegotiations
between manegement and the union in which the cell concept was established of having workers
capahle of using more than one machine. The then-vice president of manufacturing initiated the
eell concept for organizing manufacturing, but not long thereafter left the corporation, which
caused progress to stall for a time.

The abjectives of these cells were 1o increase communication in the facility, cducate line
workers aboul the entfire production process, and give ownership and accountability to line
workers. In addition, concentrating certain machinery in certam areas, and traming workers to
use more than one machine in their arca, minimized the distances herween the machines and
people needed to work on a parl. These distances previously had led te delivery deleys due ta
the time that intermediate work products had spent moving around the facility from one set of
machines to another. Celluarization of the machinery was done to reflect an efficient flow of the
proeduction process and the facility [oor was reconfigured aceordingly.

Supervisors {alse known as “facilitators”) are the cell leaders, and were supervisors prior
to the implementation of the cell concept. The facilitators’ job is to manage thelr work arcas,
obtain the resources that they need, zand manage overtime schedules. Line workers” seniority and
core competencies enable them to get into a particular cell, and cnce there they are to cross-train
to cbtain the skills to work on multiple machines. The cross-training of line workers is primarily
left to facilitators, but also some cell workers manzage it themselves, There is no swilching of line
workers between cells, other than temporarily for absent workers, and there 15 one cell technician
classification for all machine aperztors.

The maragement views celluarization as very positive because it enablad the facility to
increase productivity by moving away rom the one-man, one-machine structure. Ling workars
now are assigned enter and exdt dates for machining a part that typically needs five 1o ten steps,
and they have the flexibility te decide how to structure the process. This has created a real sense
of worker ownership of the product and increased the facility’s throughput. The union leadership
has been very couperative in these efforts, not least of which because it wants to pressrve jobs for
is membership. Older and long-term lice workers have had more difficulty adjusing to the
changss, but most line workers zre becoming more comfortable with them. About one-fifth of
the workers arc in cells now, with potentially anather three-fifths in the future,

The basic management structure of the facility's manufacturing operations is that it is
headed by a president/chicf cxecutive officer, who oversees the vice president of manufacturing,
whao aversess the manager of manufacturing engineering, who oversees the manager of
operations logistics, who oversees the operations superintendent, who oversees the supervisors or
facilitators, who oversee the line workers. About 80 percent of the supervisors were promoted
from line worker positions, as were about 50 percent of managsrs.

The facility’s supplies are mostly forgings, castings, bar stock, steel plates, fabrications,
loop systems, and bearings. In the last 12 to 15 months, the perception of the purchasing
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function’s importance to the facility’s profitability has increased, as about 30 10 35 percent of its
product cost is in purchased goods and services. The purchasing group now reporls directly to
the corporation’s president, instead of the facility’s manufacturing group. The purchasing group
daes not try to dictate supplicr selection, but has roundtable discussions with the manufacturing
managers to provide its judgment. The purchasing group works closely with the sales,
manufacturing, end engineering stall, including sitting in on negotiations with customers and
preparing staff for those negotiations through role-plaving exercises.

The purchasing group focuses its efforts on the facility’s largest suppliers, using strategic
analysis, alliances, partnerships, and leveraging based on the corporation’s other divisions. The
facility considers it important to develop partnerships with suppliers and customers. It works
closely with suppliers, especially on improvements to decrezse the amounnt of processing that it
must do, and has visited customers to better understand how 15 praduets are vsed, s0 as to
develop ideas for making more cost-sffective procucts. The facility has a just-in-time inventory
program, which has led to special arrangements with some suppliers and substantial monctary
savings, One key supplier comes in for three hours daily to maintain inventory at a very low
level, while some others ceme in once or twice a week. The facility has supplicrs in for talks and
visits them. There is ne real checklist whan visiting suppliers, but rather the facility observes how
busy and clean they are and talks o their ling workers. Most of its top supplecrs are ISO 9000-
certified, but this is not required as some suppliers have better quality control programs,
Environmental pertormance is not generally an important criterion in accepting suppliers and
their location is important only for stbcontract machiring,

"The facilicy has zbout 400 employees, about 230 of which are unionized, who work day
and night shifts. ‘There are many long-tenured workers, dus to the facility being part of a very
old, privately-owned corporatioz whoese owner was reluctant to lay off workers. The facility
cansiders the labor-management relationship to be very good and the union leaders have worked
well with it hecanse they have understoad the need for the faclity to change.

There are no formal training or apprentceship programs for line workers. There ig,
however, o great deal of cross-training and the facility trizs to have all line workers able to dao
more than on= job. Line workers receive on-the-job-training cn different machines in their
respective cells’ snvironment, with alder emplayees training younger cnes. They also undergo
training in total gquality management and quality process techniques. In fact, line workers have
taken claszes on how o run a factory, and parts of the facility ceased waork for an entire week lo
train line workers on how o improve produclion.

Though the lioes of communication within the facility may be belter than ever, the [zcility
15 still tryving to improve communicalion with line workers to get their idzas and inpul. The
mamifacruring manager strives 1o be very visible on the facilitv floor, trying to get workers’ idsas.
There are periodic meetings, at least monthly, of supervisors with workers to communicate and
solicit information (e.g., how the business 1s gaing, whether geals are being met, ideas for
improvements, ete.). Workers zlso can submit their sugpestions throogh "Process Change
Regquest Notice” forms, hundreds of which are submitied annually and about 75 percent of which
are implemented. In additon, if & problem needs [urther development, a team of people,
ineluding line werkers, is identified to consider and make recommendations.

There ars three regular meetings with union personnel: a monthly meeting with the union
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committee discussing the facility’s linaneial results, a weekly meeting of the union committze and
the human resaurces staff to discuss labor issues, and a biweekly meeting of the *Process Steering
Commiites," composed of the manufacturing managers and union commiltee, lo discuss
cmplayea: and team Involvement in process improvements, problem solving, and continuous
improvement. Information on production performance (e.g., backlogs, on-time deliveries, etc.) of
the corporation, department, and cells are posted on bulletin boards within departments. There
also are guarterly meetings in which the eorparation’s chief executive officer gives a presentation
on the performance of the business. The facility also uses newsletters o keep smployees
informed.

Many ideas originate from line workers 1o improve production processes. There is no
formal compensation program for employee sugpestions, but a President’s Award (given once or
twice a year) can involve monetary awards, and small gilts (e.g., dinner certificates) can be
awarded 1o workers for their ideas. Solutions to problems are not recorded for posterity
pursuant to a formal program, but about half of the time specific improvements provided by line
workers are recorded for future reference.

Proposed projects are evalualed on the basis of their inlernal rates of return, payback
periods, operational performance, and economic value added. A key criterion for capital
equipment projects is whether they add process capability, because many of the facilitv’s
machines arz old and vnidimensional. The typical payvback penod for approved projects is three
to four years, but there is no prescribed maximum sst and the desired period can vary by the cost
of the project.

ENYIRONMENTAL MANAGEMENT

The facility has no specific waste reduction goals, but there 15 a desire to generally be a
geod corporate citizen on environmental matters. For purposes of hus evaloztion review, the
eovironmental manager establishes performance goals, such as reducing the quantity of hazardous
wastes and lowering the facility’s poiential environmental liahilities. These environmental goals
are essentially regarded as cost saving objectives, The facility has lowered its hazardous waste
generation by about 7O percent in the 12 vears of the environmentzl manager's tenure.

The facility's manufacturing manager is aware of no specific financial benefits from any
environmental action undertaken, but he believes that environmental requirements are desirahle
to avold erass-contamination on the facility flacr. The environmental manager believes that the
facility’s environmental practices primarily accomplish the hasic objectives of avoiding
emironmental viclations and maintaining a good reputation with its customers and the
surroundiog community. In addition, sometimes environmental regulations force the facility to
take a closer look at its processes — for example, when certain chemiecals the factlity uses are
targeted for maore stringent regulation. [n such situations, the facility locks for ways to climinats

these targeted chemicals or lo use them more sparingly and in only the ways most important for
113 prOCestEes.

~ The facility’s environmental manager divides his time about equally between his
environmental and production operations cesponsibilitiss. He has served as environmental
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manager for 12 years. He believes thar others at the faclity view him as being cooperative in his
role as environmental manager. The primary concern of others at the facility has traditionally
been on manufacturing, rather than environmental, issues, and more recently productivity and
quality conccrns have become especially important. He believes that the line workers understand
the importance of complying with environmental requirements, but not their meaning or
implications.

There is na publicizing of information to facility workers about the facility's
environmental performance, but there is 2 safety commi:tee in every department, compased of
line workers and superintendents. A facility safety commitiee, compased of the envircnmental
manager, union officials, and maintenance staff, meets at least monthly, depending on the lopics
to be addressed. Each department zalso is subjectec to monthly safety inspections by other
departments’ personnel, who particularly check on whether a deficiency that was noted in a prior
inspection has heen corrected. A third-party conducts a one or two day environmental andit af
the facility ahout every three years. [n those years in which no such audit is dane, the
environmental manager conducts his own aundit,

Covironmeatal projects are primarily prampted by pending laws impacting chemicals used
by the facility. For major proposcd environmentally-related projects, the key criteria are what
are the lsws and their legal deadlines, and what are the financial and personnel resource
requirements. Froposed envirenmental projects are subjact to the same evaliation criteria as
other facilily projects. The civironmental manager stated that all of its environmentally
beneficia] projecls were non-resource intensive commen sense solutions, because it had no
especially complicated problems demanding cemplicated and expensive solutions. The
environmental budget is only $20,000 a year and the waste dizposal costs for this facility and four
sibling facilities with related businesses are only §100,000 a year. Environmental costs could be
traced back to their respective cells, but they are not, and speculative environmental liabilities are
not incorporated into the facliby’s financial statements, thaugh they are considered in its
decision-making processes,
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CHEMICAL FACILITY HIGH ADOPTER #1

GENERAL BACKGROUND

The Chemical Facility High Adopter #1 i5 a large petrochemical manufacturing facility in
Louisiana, with annual sales of about $2 billion. The facility is composed of over 20 plants, each
of which produces partieular chemicals in four distinet Znes of business. Almost all of the
facility’s work involves producing large volume commeodity chemicals, along with small amounts
of specialty chemicals, for on-site use and bulk shipments elsewhere. Aboul one-third of its
production is exported. The product mix has changed little al the facility over time, though there
have been process changes. The facility has been located in Lovisiana for about forty years,
having been attracted to the area due fo its abundant natural resources (c.g., brine and salt
domes for chlorine production, and cil wells for hydrocarbons), low-cost power (which it
generates itsell), ample labor supply, excellent transportation (e.g., by rail and a deep water port),
and good climate. The facility owner is a Fortune 50 corporation which has been a prominent
member of the chemical industry for nearly 100 years.

The corporation recently has substantially reorganized and downsized its operations due
te the large increase in foreign competton ever the last 10 years, The stability in the commodity
chemical markets during the 1960’s had led to a certain degree of complacency within the
industry, The recent increase in competition is due partly to thers now being fewer barriers to
wansfers of wecknology. Thus, fercign companics have found it casier 1o cbtain more cliicient
technologies, and may have a chezaper labor supply. The ezasizr transfer of technelogies has
especially important implications for the facility’s main products, commodity chemicals,
FProducing these chemicals requires & large inital investment in technology, but the processes
used 10 make them are generally stable. Consequently, it is more burdensome o develop a new
technnlogy, but easier ta make processes more efficient once that technology has besn
transferred.

The corporation used to have a 12-layer employee hierarchy, hut has now pared it to 8
layers, and is on its way to 4 to € layers. The facility is hznded by a site manager, who oversecs a
plant superintendant for each of the facility’s plants, who in turn oversee Lhe planl operators.
Previously, the plant operators were overseen by operations supervisors, but these positions have
been converted to "coaches” while they are being phased out. The corporation is attempting to
build in more cross-functional expertise for managers to achicve more flexibility in management.

The corporation also is trying to change its culture to be more nsk-ready and
entreprencurial (ie., proactive vs, reactive) and 1o motivate ell employees to actively try Lo
improve the facihity's performance. There has been a strong effort throughout the corporation o
change the culture, and sitc managers at the facilities are tasked with bringing about this attituds
change in their employces. The facility's site manager believes that this cultural chanpe has been
very important and productive at the facility.

The facility’s culture has changed in the last 15 years from a rigid chain of command ta
much more flexibility and autonomy given to the line workers, with the intent of creating self-
managed and self-directed work teams. The emphasis used to anly be on results and nat on the
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process by which someone achieved them. Now the corporation has started a program of setting
corporate, plant, and personal goals. Everyone is made aware of the corporate znd plant goals
and they try to develop their personal goals to reflect those, The corparation wants all workers
to think about how to achieve their goals, focusing on the process and not just the end result.
Previously, the facility’s reaction to zbout two-thirds oI all problems that arose was to spend
money correcting them. MNow, zbout the same proportion is resolved through changes in the
farility’s culture.

COwerall worker morale and elficiency has been beosted by the corporation’s use of the
"R+ program.” This program involves providing positive reinforcement to workers for their
desirable actions and some negative reinforcement if they cause problems, with a rule of a four
to one ratio of positive to negative reinforcement. The B+ program began several vears ago
because the corporation realized that it needed to focus more on behavior to improve procasses
and efficiency, rather than just on technical aspects. It realized that maore reguirements were
being placed an workers without offering them proper feedback and encovragement.

The manufacruring stratagy for the facility is embodied in a "Site Implementation Plan,”
which detads the facility’s producton, administrative, human resources, and work process
procedures, The facility considers its core mission to be to reliably and predictably produce
chemicals in an environmentally sound manner and to be the best globally at what it does. The
facility's actions are guided by a carporate stratepy document, but individual businesses within
cach facility have some avtonomy on making manufacturing decisions.

The facility’s manufacturing strategy reflects a mixture of the corporation's and fecility's
thinking, Kev concepts in the strateey include the global nature of the business, efficient asset
utilization, global cost leadership, and relisble product quality. Informatien used in developing
this strategy is gaived partly through internal sources, benchmarking, consultants, and industry
eroups.  The facility manager receives internal direction on developing manufacturing strategy
from three primary sources: the general manager of manufacturing, the business manufacturing
leader, and technology center managers. The lechnology cenlers provide direction on new
technologies to all of the corporation’s facilities.

In 1595, the facility developed "ManufacturingService Excellence Teams" ["MSET").
These teams exist in each of the four lines of business at the facility. The teams consist of safety,
environmental, maintenance, logistics, and project management people, and plant
superintendents. Each team member then reports back to his’her respective functional manager
{e.g.,, the MSET environmental representative reports to the facility envirenmental manager).
This facilitates communication flows between functions and witlun a function. One plant
superintendent from each MSET is on the "Site Leadership Team,” which is headed by the site
manager and contains representatives from the facility's safety, environmental, maintenance,
logistics, engineering, public affairs, legal, human resources, controller, and site services staff.

The facility’s major suppliss include methane, salt, and pstrochemicals, Most of its
supplies arrive by pipeline. The facility has a program (¢ encourage its main suppliers to locate
in a nearby industrial park, and several suppliers have done so. These suppliers have purchased
or leased the land from the facility. These suppliers can also, however, continue to be suppliers
for other companies.




Tke corparation, and thes the facility, selects and manages its suppliers through a
*Supplier Parinership Process.” This process began 10 years ago in North America, along with
other quality control initiatives. Suppliers ere not required to be ISO-certified, but the process
expects most, if not more, of the quality control procedures raquired in 50 and also includes a
requirement for continuous improvement. The process requires thal prospective suppliers first
be evaluated through a questiornzire which seeks information on their past records for quality,
service, and product performance. As part of this evaluation, safety and environmental issues are
considered from the perspective of possible insurance liability concerns for the facility. The
facility then visits prospective suppliers to determine "Best-In-Class” suppliers and approved
suppliers are placed on an "Acceptable Mancfacturers List.” Begnning several years ago,
suppliers began being graded as acceptable, qualified, or preferred. To become preferred, a
supplier must pass several typss of audits, including environmental audis,

The facility tries to oblain its supplies from suppliers on the preferred list before trying
the qualificd and then the acceptable lists. Ahaut 3,000 suppliers are on these lists, buat 95
percent of all supplies are purchased from about 200 of them. As part of its "Qualified
Continuance Program” there is an annual audit, for at least a few years, of the suppliers on the
lists. The facility also receives guarterly information from suppliess on criteria on which they
jointly agres (e.p., quality control procedures, service, on-time deliveries, and number of defects).
The facility 1s now using a statistically-based approach for quabity management of supplies, rather
than an inspection-based approach, The facility typically checks for quality based an statistical
sampling of supplies, rather than complere inspeetions. It certifies the wp one-third of sepphers
based om these statistics.

Some supphers (e.g., gaskels and beanngs) come to the facility frequently to manage its
inventory, and some suppliers have electronic data interchange with the factlity. The lacility also
works with suppliers ta have them produce exactly what it wants, including helping to train
suppliers’ employees and instructing them on its guality philesophy. o some cases, close working
rzlationships with suppliers have been helpful in jointly trving to develop ways to improve
performance. In addition, som= corporate staff serve on industry standards comumittees to
encourage standards that would require suppliers to provide higher quality products. Other
companies take advantage of the facility’s efiorts by vsing the suppliers that it has qualified,
knowing that the facility has ensured their quality, and buying the quality products that the
facility has worked with the suppliers to produce. Thus, suppli=rs qualified by the facility benefit
from this increased business from other companies.

The facility is especially careful with its supplies thatr are transported, rather than piped,
m. This is because it has a large volume of chemicals being transported to it and, if there is any
problem, it assumes that it ultimately will be held responsible. For such suppliers to be certified
as approved suppliers, the facility examines their environmental practices and past recards,
checks their emergency response plans for accidents and spills, and mandates that they meet both
legal and corporation {ransportation rules. If possible, the facility prefers suppliers that are
closest to i, for commercial reasons (less miles traveled results in less cost) and for safety and
emvironmentzl reasans (Jess miles traveled results in less chance of accidents). Suppliers’ overall
safety and environmental records, however, are more important than how close they are.

The facility has about 2,000 employees, none of whom ars unionized, along with about
1,000 contract employees. Borth the managers and line workers stated that the union-
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management relationship was goed. The facility has both day and night shifts, with typically
about six people oo a shift in a plant. There is a supervisor usually on the day shift, but on the
night shift one of the more senior plant operators generelly takes charge.

The plant cperators are generally former line workers that have perfoermed the best
Mozt operators were at the plant abour 13 years belore becoming an operater. No one becomes
an pperator until after at least seven years with the plan: and they are trained 100 to 200 hours 2
year to maintain their skills. As operators, they bave the responsibility for managing costs,
dealing directly with suppliers, detecting errors, and making the product withon specifications as
inexpensively as pessible.

The individuals in each plant work in self-directed work teams that are held accountable
for the performance of the plant. Teams are given substantial responsibility to take ownership of
issues and solve problems on their own. Of the 168 houss per week that plants operale, upper
management is around only 40 hours. Thus, this structure zllows matters 10 be addressed more
cHectivel and promptly than if decisions needed to be made by upper manggement. A team
used to have 2 1zad person designated, but now whomever is most experienced with the particular
issue at hand takes the lead and organizes the team to address it. This team system is a
rclatively new way of operating at the facility. Thus, it currently has & transilional position called
"coach” or "process technologist” whaose function is to help empleyees work within, and become
familiar with, the new system. Teams are evaluated on =afety, environmental compliance, energy
usage, quality poals, and pounds of product generatad, and individuals are also held accountable
to a certain degree.

Using computers to monitor plant operations has tripled the information coming to the
operators and made their jobs more manageable and effective. The computer now provides a
preliminary indication of a problem and an initial response to it. The operator is then
responsible for deciding how to best solve the problem. Many plants have had computer models
developed of them, so thal operators can use these to try to optimize their plants’ procasses,

Line workers receive a substantial amount of training upon starting 2t the facility. The
typical training includes in-plant training, an introduction to the facility’'s basic raw materials and
processes, datailed instruction on the raw materials and processes that they work with,
environmental trainiog {e.z., industrial hygiene, permils, and pollutant emission levels), the
specifics of the equipment relevart to their work, including acceptable emissions levels and what
to do if the equipment fails and causes environmental problems. Training is maintzined threugh
quarterly safety and environmental training days, which all levels of staff are required to go
throngh, and "hooster” training sessions whenever a specific issue zrises. The training program
has been helpful in encouraging eperators and engineers to take ownership of the processes with
which they wark, They become committed to impraving the processes because they are
responsible for those processes. Everyone also now kmows what the environmental permits
require and allow, so they can be certain to be in compliance.

A line worker i3 given tme 1o become proficient in his/her main job in a plant and then
begins the cross-training program to learn the other jobs in the plant. Cross-training has been
done for the last 25 years so that workars can do ancther job if help is need=d or if someone i&
absenl. New people are first trained in each area and then everyone retates jobs Lo keep their
skills fresh in each tvpe of job. The duration beiween each rotetien varies from plant to plant,
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from every two to four weeks. [t takes one year of training to learn all of the jobs that are done
on the outside of the plant, one year ta learn those that are done inside the plant, and rwo vears
tc l=arn the plant’s control systems and computer-related jabs.

The factors that most drive the generation of ideas for capital or other improvement
projects are competitiveness copcerns, epvironmental and safety considerations, annual goals,
facility plans, and facility objectives that are alipned with business goals. The factors that strengly
influsnce the priocritics assigned to projects are refurn on investment, environmental performance
considerations, legal requirements, consistency with ¢orperate goals, and community concerns.
When new projects are considered, the economic analysis of them involves asssssing the internal
rale of return, discounted cash flow, and corporate weighted average cost of capital associaled
with the project. Sensitivity anzalyses are doce to determine what the economic impact would be
if the capital or pricing estimates wers off by 10 to 15 percent. Low or negative net present
value projects are done only if they ere legally cequired. The Zacility does not use payvback
periods much, nor doss it have a methed to incorporate speculative costs (1.e., 2veided health
costs). More subjective measures of risk are included in deciding whether to use more or less
conservative assumptions in the decision-making process. Approved projects arc annually audited
to check if they are meeting the orizinal projections.

ENVIRONMENTAL MANAGEMENT

About 10 vears ago a culture shift on environmental matters started when the facility
created stalf positions whase primary responsibility was focusing on envirenmental and safery
considerations, rather than the amount of product generated. At that time, most employees felt
1hat too much effort was being spent on envirenmental considerations. A few years later, many
of them had begon changing their minds. This cultural change, and on-going training, has today
made environmental performance a given, in that employees consider it as a factor in their day-
1n-day decisions.

Each of the corporation's facilities considers the global environmental strategy that the
corperation develops, and interprets and further develops it as is most appropriate for them and
their particular state regulations and community needs, The facility’s two overarching goals are
10 maintein its competitiveness and to comply with environmental rules. The individual plants
within the facility take diregtion from the facility's environmenlal strategy, including contribuling
some reductions in emissions to meet their shares of the corporation’s overall reduction goal.
Each plant aleo is rasponsible for managing its own wastes. Individual employees then develop
environmental poals consistent with the gozals of the plants in which they work.

The facility has developed 2 "Strategie Plan for Compliance and Emissions Reductions.”
Tts general cnvironmental strategy is mostly compliance based, and the main concern is to keep
chemicals within the faclity and o avoid any serious releases of them to the environment. The
facility iz striving for zero compliance problems. In a typical year the fadlity confronts about
50,000 compliance requirements, and thers were only 7 times in 1995 that it was not completely
satishied. This performancs has led compliznce auditors to inspect the facility less intensely over
the years because they daubt that problems exist. The facility 2lso is trving to have all employees
thinking about the enviranment on & daily basis so that it becomes a routine consideration and
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part of the culture. Part of this involves persuading more emplovess that environmenlal projects
will provide long-run competitive advantages.

Even though envirenmental spending has decreased over time, environmental
performance Keeps improving, largely due to the cultural change as emplovees actively seek ways
to make the facility more environmentally relizble. For example, plant operators will now
challenge a change in a process if they believe that it is not meeting safety or environmental
concerns, Line workers believe there i3 too much paperwork and extra procedures that are
linked to environmental requirements. The environmental staff tries to explain to workers the
procedures that must be fellewed and their rationale, but workers’ motto for environmental
requirements has become thzl "environmental does not have to make sense, we just have to do
it" The employses are often able tc improve performance by non-resourcs intensive common
sense solutions whick they can implement on their own. The facility’s business managsr believes
that two-thirds of the credit for improving the facility’s environmental performance is attributable
to its cultural change.,

The environmental staff is now examining ways to make the facility more competitive, as
well ns to lower pollutant cmissions. They believe that substantial emissions reductions (e.g.,
over 50 percent) arc necded 1o satisfy public expectations. The environmental staff now loaks
more at the bigeer picture and triss to initiate projects that will have an impact on the cntire
facility and have a large financial benefit. They also are trying Lo be more proactive, rather than
reaclive, and lo resp avoided costs resulting from emvironmental improvcments.

According o the production operations managers, the facility’s covironmentzl ¢fforts can
lower costs and increase productivity. For example, toe facility has instituted an early-warning
svstem that carches leaks m pipes and other productien inefficiencies. This also benefits the
facility, because previously if the Jeak went unnoticed for a while, the whole production process
might have to be stopped, thereby causing large economic impacts, when it became so large as (o
be a serious problem. Also, during a restoration project oo one plant, the facility is using a new
tracking technolopy ta detect pin-hole sizs leaks, and upgrading any areas as needed. The
projcet has produced very favorable economic results.

The [acility’s environmental management consists of an cnvironmental manager who
overseces 5 environmental superintendents, who in turn overses over 20 environmental
coordinators {one for each plant). The environmental manager has been in the envirenmental
department for aearly 10 years and with the facility for over 15 years. The fecility was the first in
the corporation to adopt the concept of environmenta! superintzndents {or the plants. The
facility also had been, several years previously, the first to creats safety superintendents for the
plants.

Abaut 10 years age, the facitty realized that it needed staff in functional leadership
positions to resolve environmental issues. This decision was driven by the facility’s increazed
focus on accident and spill prevention, environmental reporting burdans (particularly reporting
undzr the federal Toxics Release Inventory program), foresight by corporate managers on what
their future needs would be, concerns about a new gavernor who was apparently hostle towards
chemical companies, the implementation of new federal environmental programs, and good
insight by the facility on how to best implement the program. The envircnmental
superintendents are the link that passes initiatives that cceur in a particular plant to cther plants,
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as well as to the facilitv-wide eavircnmental orgamzation. Though the environmental
superintendent program is being diffused threughout the corporation, other of its facilities are
having more difficulty implementing it. This is partially because they are unionized facilities and
mnions tend to consider environmentzl tasks &5 operational work, and thus should be their
funchions.

The environmental staff receives regular training on a quarterly basis. There are also
specific training modules depending on the plant with which an environmental staffer is working.
The environmental coordinators learn abouwt the production and operations of their plants by
attending some of the line workers™ training modules. The enviroamental staff also sometimes
receives training from outside environmental consultants.

The facility belongs to en ozganization of a number of lozal chemical facilines. It was
created in the late 1980°s as an outgrowth of the "Responsible Care” initiative of the Chernical
Manufacturers Association. The organization’s goal is to craate a consistent community outreach
program among all the local chemical facilities. The facility also belongs to the Louisiana
Chemical Association, which hzlps with legislative issues, environmental issues, and educational
programs on the chemical industry. The facility also has helped to fund a "Community Advisory
Panel " which meets once 2 month with the facility manager to make suggesiions and express
their concerns. This panel is run by the community and iis ma2mbers rotate over time. The
faeility also has 2 quarterly television program where the community can call in questions.

The fazlity conduces its own regulacly scheduled audits, The aperators of sach plant
conduct inspections of their waste management areas during their daily rounds. Every month,
every plant does a basic audit of itself to track its emissions. Every three years, environmental
superintendents conduct an audit of each plant. Every five vears, and every thres years for plants
that are considered to be high risk, 2 week-long aucit is conducted of each plant by staff from
other of the corporation’s divisions. The corporation’s technology centers also conduct their own
audits on technology maintenance issues and evaluzte a facility's technology needs. In addition,
every year environmental agencies subjzct the faclity to an air inspection, water inspection, and
several hazardous waste inspections.

Every environmental incident at the facility is tracked and recorded, and a root cause
analysis of it is done. The facility considers any release of chemicals or wastes of over 10 pounds
from any primary containment as an evenl which requires internal reporting, even if it is not
legally required to report it 1o any government agency. Any such releases are managed by the
work team thal is respunsible for the process where the release occurred. Releases of greater
amonnts are evaluated by additional personnel. The facility uses a voice-mail system as its initial
release reporting mechanism. This was developed to enable employees to report and recerd an
incident and state why it happened as soon after the incident as possible so that no details are
omitted. The emplayees on the shift at the time of the incident are responsible for collecting the
appropriate information and reporting it, and trying to resolve the problem. This is preferred
over the prior procedure where they first tried to gather all of the managers, who usually were
not at the location of the incident, and wait to have them address the problem.

There is a monetary incentive for managers and workers 1o avoid crealing an

environmenlal or safety incident. If they, or the warkers that they manage, create such an
mcident during 2 vear, they lose a 10 percent salary banus at the end of the year. Alsa, at an
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annual ceremony, awards are given to employees that suggssted projects that were particularly
successful, including environmental projects. Environmental projects have been suggested and
initiated by all different groups at the facility, including from production workers.

Emplayees used to think of the environmertal staff as "compliance police” ar "one of
them" until several y=ars ago. Now they are viewed a= people who are trying to make workers’
Jobs easier. This perception has changed for several reasans. First, employees now realize that
environmental rapulations and procedures are here to stay and thus they need to learn how to
work effectively within the rules. Secend, the environmental staff began Lsing a more
cooperative, rather than conflict-oriented, approach to addressing issues. Third, environmental
staff were brought in who had already worked in production and manufaciuring, thus providing
them with an understanding of that aspect of the business, Now only people who have alrcady
worked for some years in production znd manufacturing are taken onto the environmental staff,
The current eavironmeantal staff has worked an averape of 10 years for the corporation, Fourth
more trainiog and explanation s offered to workers as (o why cortain eavironmeantal tasks must
be done. If workers understand the reason for doing something, they are far more notivated to
do it, their morale is higher, and they usually determine the most efficient way of accomplishing
the poal. Finally, the environmental staff's name was changed from "Environmental Control” to
“"Environmental Services.”

T

The environmental staff uses e-mail within the facility to communicars, distribute ideas,
and make employees aware cf particular issues. The environmental staff is supposed to be the
clearinghouse for obtaining information from outside of the crganization (e.g., trade associations)
and disseminating it within the organization. The facility is not especially motivated to
disseminate to outside parties its experiences with pollution prevention technologies, as that may
dissipate its competitive advantage. [t also believes that sometimes it has definitely been
chsadvantagzous ta be first in implementing a new idea or technolopy as it has borne more of the
initial costs, and other companies have been able to take advantape of its efforts.

Muost of the fzeility’s wastes today are dealt with on-site. The only materials that it
currently disposes of off-site arz PCR, mercury, and radioactive wastes. The facility performs an
exhaustive evaluation of off-site disposal facilities, checking all of their parmits and compliance
histories prior to using them. The facility is committed to incineration of wastes, rather than
landfilling or deep-well Injection. It hzs a biological wastewater treatment plant which is
currently at capacity, ample land{ill capacity, and excess incineration capacity, dus to its waste
reduction practices.

About 320 million annually is spent on compliance issues at the facility: ons-third each on
waste incineration, on fugitive emissions and regulatory affairs, end on compliance personnel,
respectively. Historically, about one-third of the capital cost of the facility is due to waste
treatment equipment and environmental technologies for emissions reductions. Waste cleanup
and dispasal costs are included in overhead accounts, while environmental compliance and
treatment costs are included within each plant’s manufacturing costs. The facility is trying to
create a system by which downstream environmental costs (e.g., cost of landfilling, cost of
wastewater treatment, ete) are charged back to the business that created the cost. Tt still is far,
however, from fully instituting this system. The facility elso wants to move towards life-cycle
analyses of s products and the corporation recently acquired a small company to help in this.
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Most suggested environmental projects are for pallutian control, but a significant number
ar= for source reduchon. For projects that are not legally required, the facility is trying 1o focus
o whal ccoromic gains can he generated from them over a 10 year time horizon. The
environmental staff has an idea of the processes that generate the most emissions, so0 projects
directed at these processes are preferred. Some processes are difficult to evaluate because more
data are necded and they are not being collected. When privriticng environmental projects, the
metric of pounds of emissions reduced per dollar is often used. Generally, environmental
projects are evaleated on the same bases as other projects. [f a project is legally required, the
facility atlempis 10 find ways to obtain cther advantages during its implementation {e.g.,
upgrading iechnology or increasing efficiency). If such a project unavoidably has a nesgative
return, the facility searches [or ways (o lower the costs,

Some internal and external factors complicate the faclity’s project prioritization. These
include the fact that stockholders do not like pavback periods of 10 years. In addition,
regulations that mandate specific pollution control technologies may not be the most efficient, or
otherwise make the most sense, for ke lacility.  Also, an inflated unportance 15 attributed to
certain of the facility’s wastes and thus more atiention 13 devoted to them than 15 justihiable, Far
example, certain wastes are used 25 inputs in dilferent facility processes to ultimately crealc a
saleabls product, but these wastes also have to be counted in the facility’s waste volumes.
Consequently, the importance of such wastes are exaggerated and they are then targeted for
aclion, even Lhourh other wasies may actually be more important 1o address.

Mozt envivanmental projects at the facility are deiven by regulatlory requircments.
Consequertly, the facility looks for other benefits that could be gamned while doing the project,
especially when the technolopy is not mandated. Regulations have driven some of their
innovations, but a short comphance schedule sometimmes does not allow for a full consideration of
the alternatives and the best emvironmental alternative may not be selected hecause the faclity 1s
Tushed to make a decision. MNewer regulations are allowing somewhat more compliance-schedule
flexbility. In a typical year four to eight vears ago, the total of all environmenzal projects had a
negative net present value. Morz recently, the total of all environmental projects usually has a

break-even or slightly positive net present value. Most projects are negative net present value,
but there are 2 few that are highly positive.

The biggest barrier to accomplishing environmental improvements is the inability to
quantify the costs and benefits of environmental projects. For example, it is difficult to predict
the future costs of energy or of regulations, and often the necessary data are not tracked back 10
certamn processes. The facility’s least successful environmental projects have occurred when there
was poor predictions of energy costs and/or poor econemic forecasting. Another sipnificant
barrier is the size of the environmental staff. In the last few years there has been a greater
realization that there is a need for more environmental staff as regulations have become more
complex. It currently has enough people to accomplish all of the compliance activities, but it is
very difficult far them to manage more, such as pollution prevention issues.

51



CHEMICAL FACILITY HIGH ADOFTER #)

GENERAL BACKGROUND

The Chemical Facility High Adepter #2 is a large chemical manufacturing facility in
Louisiana. The [acility has been located in Louisiana for over 25 years. The facility has four
manufacturicg units making agriceltural chemizals and its customers are distributors and large
farm co-ops. The famhity cwner 15 a large [oreign corporation with a long history of involvement
1 the chemical induslry.

When the facility was constructed, it was with the intent of creating a workplace which
would not result in the same labor troubles zs at 2 corporate sibling facility in another state
whose aperzations it was supplementing. Also, the difficulties of using unions to construct the
facility encouraged the management to consider alternative worker management procedures.
Thus, there was & conscious decision to treat salaried and hourly workers well and equally (e.g.,
same vacations, sick days, insurance, etc.). This approach has mads a substanuel difference in
what is accomplished and with encouraging communication with and ideas from workers.

In the facility’s early vears, the management encouraged friendly competition between
waorkers (e.g, shifts) to increzse productivity. Around 15%0, the management began working 1o
eliminate this competition and had largsly succeeded by 1993, The facility now emphasizes
educating workers on all aspects of the business, on the concept of teamwark -- rather than
competition, and on the broader implications of what they do. As a result, this facility is more
team-oriented than its sibling facilities and is the corporation’s only non-union 1.5, production
facility. While the "teams without leaders” concept has not been adopted throughout the facility,
the team concept has. The continuity and agreement among the & to 10 managemeant dircctors
of the facility since it was built was a large factor in inculcating this team philosophy,

Crozs-functional committees have been used at the facility for ovar 10 vears. Such
commiltees are composed of employzes representing the various departments of the organization
thuat would be relevant to the issue that is being addressed. They are viewed as producing better
decisions than just having a few corpurate directors make decisions, and they inherently achieve
the parties’ commitment to the final decisions. Cross-functional committees are sometimes
selected by the faciliny's directors. The facility has tried seli-directed work teams with "coaches”
In some departments, because the prior facility manager had heard of the concept and tried to
encourage it, but mostly it uses cress-functional committees.

Most of the facility’s raw materials come by pipeline from two adjacect facilities, which
Incated there specifically to service the facility and with whom it has a very good working
relationship. The facility has at least 100 meajor supplicrs and about Z,000 supplicrs overall, fow

of which zre located nearby. A material resource planning system is used to 1y to achieve just-
in-time inventory. Suppliers regularly suggest new ideas and the facility considers itsell to be an
industry lzader in developing partnerships with suppliers.

The facility's divisional headguarters has a "Chemical and Packaging Council,” composed
of employees specially trained to do audits of prospsctive and current suppliers. This couneil



meets quarterly o determine which suppliers o audit. Suppliers complete questionnaires even
before they are audited, which sometimes indicate that a supplier is not even ready for an andit.
These audits are basad on ISQ 9000 criteria and the facility encourages significant suppliers to
seek 190 9000 certification. Thess audits examine suppliers’ production processes, but not too
deeply. The questionnaire responses and audits enable the facility 1o grade suppliers and to
determine its preferences, Afier a few years, each supplier is andited again. All major raw
material suppliers have been audited by now, cxcept intermediates suppliers that are sibling
facilities

Part of these audits {s environmental cancerns (e.g., how wastes ars handled), as the
facility prefers not to deal with suppliers that are not environmentally conscious. Environmental
subjects have, since at least the early 1980's, been part of the audit process, though they have
inereased in prominence since then, After they are approved, suppliers’ environmental practices
are nat thereafler examined.

Job applicants musl complete a "Chemicel Operator Training” program, which includes
over 100 hours of unpaid night school instruetion in what such operators must know (e.g.,
chemistry, mathematics, environmental and safely issues, engineering, elc.), taught by facility
workers. Line workers also review job applications and do interviews of job applicants to assess
their initiative, teamwork, can-do atlitude, and leadership. Line worker invelvement in selecling
and training applicants began in the sarly 1970° to counteract the "old boy network” way of
geiting jobs. The facility has made a vonscious decision W avoid the cyeles of hiring and firing
employees during business fluctuations and thus there have bzen no laveifs in many years.

The basic manzpgement structure of the facility’s production operations is that the facility’s
manager oversces the dircetor of production, who oversees the unit superintendents (typically
college graduales in chemistry or engineering) in charge of cerlzin processes (e.g., herbicids
production, packaging, ete.), who oversee the production engineers (collepe graduates in
chemistry or engineering) and day maintenance supervisors. The production engineers and unit
superintendents oversee the shift supervisers and foremen, who oversee the technicians (typically
6 to 13 per shift). The technicians are required to undergo nearly 300 hours of training,
including a computer-aided training svstem on the details and procedures of the facility's
production systems.

The facility has a formal suggestion system, including suggestion boxes, for employees,
and about 3115 millon in cost savicgs have resulted from employee supgestions over the facility’s
history. Suggestions also can he nffered at periedic safety and environmental meetings, and at
"D-shift” mestings every two months, which are composed of one technician from each unit who
meets with the facility’s manager and directors. In addition, employees can submit forms to
make sugpestions. The facility also has a program which allows emplovess to offer suggestions Lo
o7 raise concerns with the facility’s nurse, who then provides the infarmation to the facility’s
management for its response, though she is the only one who knows the identity of the
emplayees who contact her. Finally, the facility has a cost improvement program in which each
emplayee bas to stggest cost improvement ideas as objectives, which are tracked monthly. These

ideas are submitted to the fadlity’s manzgement, who, if it approves, sand the ideas to the
divisional management,

To inform managers and ling workers of relevant developments, the facility uses a weekly
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newsletter, a men:hly newsletter from the division, a monthly publication ram the facility, e-mail
messages, daily conference calls with the facility’s directors, weekly lunches of selacted employees
with the facility manager to share information on business developments and suggestions, a
weekly voicemail messagze from the corporatian’s presidant, walks around the facility by
managers, biweekly staff meetings, and weekly dz=partment informational meetings. In 1993,
networks (e.g, on processs safety, environment and energy, and product distribution issues) were
established between the corporation’s sibling facilities to exchange information and to meet every
two months, There is a2 monthly report of key parformance indicalors (e.g., environmental
abjectives, salety objectives, etc.) and everyone's compensation is affected by the facility's
performance versus those objectives. Also, each employee has individual objectives -- financial
safety, and environmenzal -- which affect their year-end bonuses.

ENVIRONMENTAL MANAGEMENT

The stated commitment of tiwe corporation, and thus the [acllity, to environmental
proleclion is memaorialized in a formal pelicy, entitled "Vision 2000," that was issued by its beard
in 1980, The policy’s intent is that the corporation should strive 1o balance social, environmental,
and economic concerns. The corperatiorn’s worldwide management attended seminars to be
instructed in this philosophy. This necessary top managemenl support and vision helps everyone
focus on always considering environmental factors in decision-making and has made
environmental consciowsness part of the corporation’s culture. For example, the corporation was
ane of the first 20 produce an annual corporate environmental report which publicizes
information about its manufzacturing operations.

The corporation’s greater concern ahout emvironmental matters was partially prompted by
zn accident that occurred at one of its Eurcpean facilities In the mid-1980"s that led wo chemicals
flowing into & river. The énsuing negative publicity triggered a greater covironmental
consciousness on the part of the corporation. The corperation realized that It was betler W
prevent pollution than to clean it up afrerwards, leading to its increased waste reduction eflforts
and a move (¢ incneradon from landfilling, and also better to et the siandard than to have to
follow someone else. This environmental consciousness has been reinforced by the substantial
amounts that the corporation had to pay to clean up pre-exisling contamination at facilities in the
U.S. that it had purchased many years ago.

The facility has an "Environmental Committee,” which is "eoached” by the production
directer, and a long-range (15 years) environmental plar pracduced hy a multi-disciplinary
committee. The long-range environmental plan was issued in 1993 after obtaining input from
around the facility, division, and corporation, and listed dorens of environmental projects to be
done. The facility alse has envirenmentz] and "Responsible Care” committess, with
representativas from every unit in the facility. In addition, each shift has a safaty committee,

This special concern about environmental issues motivated the facility to, among other
actions, spend millions of dollars installing extra scrubbers and gas combustors to remove certain
chemicals from its air emissions and to close settling ponds, even though these actions were
neither legally required nor economically beneficial. The facility also installed on-site
incinerators because of its philasophy that it is responsible for its own waste and because,
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compared to landfilling, the associated potential liabilities are lower.

The environmental staff is viewed as partly "cops on the beat” and partly helpers to the
production people. Much of the faeility’s environmental efforts are implemented through cress-
functional committees of workers from many departments. Thus, efforts by such groups are not
seen so much as dene by "cops,” The facility relies upon the environmental staff to help the
facility keep up with changing eavirenmenial laws and o explain to workers the ratienales for
environmental objectives and procedures. Line workers appreciate the facility's environmental
acromplishments, particularly the fact that many of the pollution prevention efforts reduce their
personzl exposure lo chemicals.

To provide emplovees with updates on safety and environmental issues, the facility issues
*Safctyurams® when relevent. Detailed environmental data (e.g., spill and waste management
information) are avatlable to ¢vervene at the facility through its computer network, There also
are environmental informaton bulletin boards around facility. Also, the facility has an "Instant
Accident Tracking System." Anytime anyone has an accident, no matter how minor, the affected
cmployee and histher supervisor must, by the end of the day, complete & computer form
describing the accident (what happensd and how to prevent it in the futurs), which goes to
management for approval and then automatically is distributed to everyons in facility. A similar
systern exists for spills, to facilitate achieving the goal of a 20 percent annual reduction in spills.
Thesa cpills are 2nalyzed to determine the appropriate carrective and preventative actions. The
overnding purpose of these systems is to share information and facilitate everyone’s learning
from it.

The facility's "Safety, Health, and Environmental Deparunent” is comprised of the
following groups of employees: the department director, a loss prevenlion superintendent, who
mieracts with insurance providers and government emergency planning committees; a safety
supcrintendent; an industrial hygicnist; a senior environmental counselor, who attends trade
associalion mectings and interacts with cnvironmental sgencies; three guality assurance stafl; a
Z4-person "Environmental Analytica] Section,” who engage in laboratory and sampling work; and
an eight-person "Environmental Regulatory Affairs Group,” who monitor regulations in their
arcas of specialization. There 15 a corporate environmental group that also monitors
environmental regulations, but nene al the divisional level. The kead of the environmental stafl
has been at the facility for nearly 10 yzars, the first several of which were on the preduction staff,
Many of the other environmental staff also previously worked in production.

The facility knows for each mznufacturing unit how much is spent for waste disposal.
Environmental and safety costs comprise abour 30 percent of the facility’s budget, even though
the facility estimatad that about 90 percent of its environmentally beneficizl projects were non-
Tesource intensive common sense solutions. Much of the facility’s capital spending is on
environmental projects and they are generally evaloated on the same basis as other projects. The
capital return puidelines for environmental projects, howsver, are five percentage points less than
for other projects. Projects can be propased by completing a one-pape form explaining the
proposed wdea and the range of its cost, which the divisicnal manzgement will then review,

There is no required payback period for envirenmental projects, but a twa to thres year period is
necessary for other projects.



CHEMICAL FACILITY LOW ADOPTER

GENERAL BACEGROUND

The Chemical Facility Low Adopter is a chemical manufacturing facility in Texas, 11 is
owneid by a corperation whiclk has four otber chemical manufactering facilities in the U5, and
England. The corporale specially is nitrogen chemistry, using formaldehyde 2nd hydrogen
cyanide to make amino acids. About half of the faglit’s business s in amino zcids and it zlsa
manulaciures dispersing agents. The facility makes about 50 to 60 vaniations of its basic
products. In terms of its szles, the facility would be considered a large chemical manufacturing
facility, but the corporation would be considered a small to medium size chomical manufacturer
on the basis of its total sales.

The facility opened in the sarly 1980's, owned by a Fortune 100 corporalion. Al end of
1993, the divisiorn of that corporation that included the facility was aequired by some of ils
managers in a leveraged buyout which was completed in 1995, ‘The division was then purchased
by its current owner, a foreign corporation. Despite the shifting ownership over the last few
years, the transition was described as seamless.

The facility has had no formal, written manufaciuring sirategy, but one is now being
developed at the corporate level. The facility and corporate marketing managers are developing
a formal strategy describing where they want the business to be in three to five years. The desire
for a formal strategy is being driven by the three new managers of the U.S. facilities, all of whoem
worked together at one of these facilities in the early 1980's. They were concemed that, ahsent
more ¢oordination between their facilitics, they were duplicating efforts, missing opportunities,
and not cxporting expertise cnough between the facilities. They also believed that, absent any
scorecard or roadmap, they would be less likely to meet their goals. They were especially
interesicd in doing benchmarking studies and in instlling a philosophy of predictive maintenance
(i.t., measuring varous processes Lo determine when maintenznce will be needed, thereby
enabling it 1o be done in a planned manner, rather than waiting for a problem to develep)., The
corporzle management has been supportive of their efforts, but typically has not originated any
initiarives nor interfered in the facility’s operations.

The facility 1s certified under 150 9000, A corporate sibling facility in England also is
150 9000 certified, and other ULS. sibling facilities are planning o pursue this. According to the
facility, TSQ 9000 certification has reduced the number of audits that it has te undergo from
prospective customers, assisted in its export business, helped to make management procedures
consistent within the facility, cnsured that problems are followed-up on and resolved, and focnsed
1ts efforts on continuaus improvement. The [acility perceived no disadvantages [rom ISO 9000
certification. [t always is Jooking for ways Lo improve, and is particalarly inlerested in trving Lo
upgrade its eollection and processing of data about its performance.

The facility has about 50 suppliers of raw materials and 40 suppliers af equipment, zhaut
75 percent of whom are nearby. The facility works closely with the corporate purchasing office in
selecting suppliers, and some intermediate products are obtained from its sibling facilities. Tn
particular, much of the purchasing for supplies needed by more than ons of the corporation’s
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facilities is handled by the corporate staff. Thus, the facility is not responsible for much high
volume, expensive purchases.

When there is a small number of petential supplizrs for a product, the facility negotiates
with all of them to ensure that a backup supplier exists for the one that it ultimately chooses, i,
after the initiz] negotiation, oblaining a competitive price appears possible with 2 particular
supplier, the facility proceeds with the supplier approval process described in 15O 9000 (e.z,
product sampling, obtaining histerical data, passibly audits, ete.). The facility does not andit
large, well-known supplicrs, because most are 150 9000-certified, but each year it selects a few
others to audit. The facility's audit team usually includes someone from its purchasing, quality
control, and environmental staffs, using a questionnaire that includes some environmental items.
Generally, the facility does not, other than during audits, examine the processes of its suppliers,
but it does require them 1o give notice of any major changes in their processes.

The primary criteriz used in its selection of suppliers are the quality of the product or
service, suppliers’ location, the extent of technical assistance available, and the certainty that the
product or service will be available in the necessary quantitiss in the long run. Suppliers are not
requited to be ISQ 9000-certified. hut it is taken into consideration and makes it easier to certify
them as acceptable. About half of itz suppliers are 150 2000-certified. After their selection,
there is scme information exchange with suppliers (e.g., discussions among their process
engineers to ensure that the facility is using the right storage metheds and piping) and larger
suppliers typically provide product-relared information. The facility has very closs relationships
with some major raw material suppliers, with suggestions offered and roundtable discussions held
among them. Rarely, if ever, has the facility obtained environmental improvement ideas from
suppliers.

There 15 a daily checking of the facility’s supply inventones and neads, and it tries to
maintain 2 minimum inventory by tying its production rate to its sales rate, but it does not try for
a just-in-time inventery system. Rather, the facility often maiatains substantial inventories,
especially of chemicals, because railcars of supplies can take a fow weeks 10 reach i from some
Incations. The corporation is considening petting a new system based on material resource
planning principles because desired information from all of the corporation’s facilities presently is
unavaillzble on a corporate basis {different facilities have different systems) to make decisions.

‘The facility has about 100 employees and 50 to 60 contract emplovees (primarily
mzintenance), none of whom are unionized, and there has been little turnover in the past. The
facility’s basic management structure is headed by the facility manager, who oversees an
operations manager, who aversees two ganeral supervisors, who oversee the shift and area
supetvisors, who oversee the line werkers. The employees work in four shifts (the facility runs 24
bours a day, 7 days a week), with 2 shift supervisor overseeing groups of six or seven line
workers. All of these supervisors formerly were line workers.

All of the facility’s operators are trained to operate all of its processes. There are seven
distinct operator posilions and workers must demonstrate compelency in each of them (o achieve
ihe fuill rate of pay and must annually therezafter recertify their competency. Rotations of jobs
occur, depending upon the desires of the workers in the shifts. Most workers appear to like this
structure because it allows them more variety in their work. 1t also appears to lead o their
identifying more with their work and to their integration with othar workers because they see
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how cach part of the production process impacts others.

While there are no formal werk tecams, the batch process nature of the facility's
operations [eads to integralion among the line workers. A sibling facility, in contrast, is
structurad inta work teams, with operators taking on additional responsibilitiss which are
integrated inte daily functions (essentially, compared with this facility, there are ne production
supervisors). At this facilily, some feel that there is tao much inertia in same situations becaunse
line warkers are not zllowed to mske decisions themselves.

There is a daily meeting of the management staff te oversee the facility's production and
scheduling, and a monthly reporting system for the stalf. To keep the employees informed, there
is a monthly company newsletter and meetings every several months of zll employzes in which
business conditions are discussed. To ensure the preservation and dissemination of solutions to
problems that it epsounters, the corporation’s chemical and enginesring professionals write
research reports after they have resalved preblems in their processes. These reports are then
provided to corporate management, which retains them in an indexed computer system for easy
retrieval by others in the corporation. There is na formal process, however, for employces to
make suppestions for improvements in the facility’s operations and ne financizl incentives for any
such ideas.

ENVIRONMENTAL MANAGEMENT

The corporation has z formal environmental strategy, but no formeal environmental
strategy has heen prepared for the facility. In general, the corporate staff provides the facility
with little environmental management inpuot, and instead just assumes that evervthing 1s operating
smoothly. The facility’s philosophy is that safety and emvironmental considerations are its top
prierities. When the new corporaie owner took control, it retained a consulting firm ta do
emvironmental audits of all of its facilities, and the results of these audits are guiding the
cnvironmental issues to be addressed. Thus, there is no standard environmental audit at the
facility, but it is addressing tke findings of the corporzte-sponsored audit. When the new
manaper took over at this facility, he decided Lo clevate the stature of the environmental
department by having it report directly to him, rether than continuing as a sub-department of the
facility's technical department. The new facility manager had previously been the environmental
manager at a sibling facilily for a Lime.

The {acility is planning 10 prepare an IS0 14000-like plan within the next year, so that its
environmental management would be sim:lar to its 150 9000 procedures for production
operations. For example, currently the facility records environmental incidents (e.g., spills) that
occur, but it does not manage the informztion or necessarily follow up on it as would otherwise
be required under [50 9000. Also, the facility tracks its waste minimization performance only
annually, not monthly, because there is no management system in the group.

Some of the facility’s prior environmental maragers acted somewhat like *cops on the
beat,” and created an adversarial relationship with the production stadf. The current
environmental manager, wha formerly led a proces:s management group at the facility, has been
in his position for eight months and with the facility for six years. He i3 working more like a
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partner with the production staff to help in resolving concerns. According o the environmental
manager, to get general acceplance of his rale by the warkforce, he strives to be proactive, rather
than acting as the cap on the beat. Based upon his experiences on the production side, he
realized that environmental aspeets needed to be attendad to more,

For example, he pravides input to a salety committes composed of line workers, but he
does not try to run it. He tries to provide user-friendly information to other employees,
particularly on the rationale behind various environmental requirements. Workers are starting to
understand that some environmental requirsments may not make sense, but they sull must be
complied with. As a result, workers ate coming to him for guidance more than ever and the
facility's managemeant always has supporied him when he weighted environmental concerns more
than production concerns.

In the past, the environmenta! staff was never in the main flow of decisions at the facility,
even in project development, and there were no formal corporate-wide documents on integrating
environmental considerations into planning. Now the envirenmental staff consults with the
praject managers, is being included in project meetings, and 15 updating project management
manuals to include envitonmental considerations. In general, the environmental manager is
seeking a more formalized way of incorporating environmental cencerns in decisions.

Accerding to the facility manager, many actions done primarily for environmental reasons
have saved the faciity substantial amounts of monev, and the facility at which he was formerly
the environmental manager saved milliens of dollars from such projects. Without focusing on
waste streams, he believes that people somelimes do not think about the potentiel savings of
reducing wastes. Thus, the phulosophv should be that all employvees should be thinking about
reducing wastes, and this will produce many ideas that are environmentally and economically
benecficial.

For example, the {acility recycles certain of ils non-hazardous waste streams and designed
one process to produce no liquid wastz, These efforts have reduced its wastes, conserved its
water, and improved its industrial hygiene. The facility has engaged in some recycling since 1986
and more recently commilled itsell, in 2 state-required waste minimizaticon plan, to a 15 percent

reduction in waste aover 5 years, '-’-hxch it already has far exceeded. The facility always is trying o
minimize its waste streams, but it is difficult, 2t best, to eliminate them.

According to the environmental manager, in the past all environmental ideas originated
from the production staff. There is, for example, a waste minimization team, consisting mostly of
operations pecple, which meels at least monthly to generate recommendations. The
environmental manager also does a substantial amount of networking with enviconmental
managers of other Jocal businesses and attends local, regional, and trade association seminars on
environmental topics. The facility indicated that its environmentally beneficizl projects were a

mix of non-resource intensive common sense solutions and cepital-cxpensive solutivns that had
complicated implications.

Proposed projects, including those that are environmental in nature (other than these that
are legally required), exceeding 5100,000 in estimated costs must have no more than a three vear
payback perind, with the possible exceprion of those that increase production capacity. Less
expensive projects do not need a specified pavback period, though three to five years is the
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typical period. Each project that is proposed at the facility has environmental costs estimated for
it and sametimes environmental costs are attributed to particular products.

When asked to calculate the possible costs for new products, the financal staff consults
with the snvironmental staff to dstermine the potential sources of environmental costs. They are
trying to better incorporale the capital costs of meeting environmental regulations into
celculations of their costs. Worst-case scenarios are ceveloped, including speculative
enviropmental Habilities, in considering costs for proposed projects and products. The facility’s
environmental and waste disposal costs have become-a higger issue in recent years because it no
longer can use its or-site deep injection wells for as much of its waste cisposal as 1n the past. In
addition, it has had to implement several expensive legally required environmental projects in the
last few years and more are upcomng,



AUTO PARTS FACILITY HIGH ADOPTER

GENERAL BACEGROUND

The Auto Parts Facility High Adopter is a large auto parts manufacturing facility in
Michigan The facility, owned by ene of the "Big Three" autc companies, has been located in
Michigan for vver 30 years, having expanded to comprise about two million square fecl. The
facility is a2 major, stale-nf-the-art producer of over 2,600 different parts, including interior soft
trim for automobilas, such as door trim panels, headlinings, bolster pads, 2nd small parts, and
exterior plastic components, such as thermal plastic olefin ("TPO") and reaction injection melding
("RIM™) fascias, bumper covers, taillights, and extericr moldings. On a dally basis, the laclily
ships nearly 200,000 parts to nemerouws Norh American and foreign assembly plants.

Because of its size and complexity, the facility has dividad its production into four arzas
of operation to efficently manage its rescurces. The first and largest arez manufactures intenor
door trim panels, the sacond area paints and assembles RIM and TFPO fascias, the third area
molds the fascias for the second area and manufactures energv-absorbing foam, and the fourth
arsa manufactures car and truck headliners, dials, 2nd miscellaneous small parts. The facility
ufes a variety of processes in its manufacturing, including dislzctric and pressure bonding, low-
pressure and injection molding, vibration and sonic welding, heat and sonic staking, robotic
painting and mater:al adhesive application systems, and waterjet cutting systems. According to
1he company that handles some of the facility’s recycling, the [acility is the corporation’s non-
assembly facility that is viewed as the most innovative and that is used as the test-case for its
other faclities.

The business plan for the facility (s ultimately based upon a set of seven strategies
established by the corparation, one of which involves corporate citizenship, which includes
emvironmental concerns. These strategies reflect a mission statement and set of wrilten values
issued by the corporation in the last few years, A business plan is wntten for each division and
then for each facility, The busingss plan explains the principles, personnel rolss and
responsibilities, and deliverables necessary 1o pursue each of the corporation’s basic strategies.
The environmental staff is not part of the development of the facility's business goals.

~ The facility™s progress towards meeling its goals i3 measured, among other ways, by a
detailad monthly "Manufacturing Datacard” report prepared for the facility, This report lists the
facility’s performance over the preceding 12 months and gver the year-to-date in meeting six
basic goals: leadership in costomer satisfaction, ermpowered people, nimble through process
leadership, worldwide product excellzsnce, low cost producer, and leadership in corporate
citizenship. These six basic goals are divided into 24 ateas, which are further separated into
dozens of specific, measurable objectives and "stretch” objectives {i.e., 25 percent betier than Lhe
objective). The facility’s performance in meeling each of these objectives is then graded as
meeting or excesding the stretch objective, meeting the objective without any issues or concerns,
not meeting the objective but having a documenled aclion plan to do so, or serioosly missing the
objective with no defined resolution or one which requires management attention.

The facility is served by about 250 suppliers. All suppliers must be certified as satisfving a
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certain set of quality standards develeped by the corperation, similar to those embodied in IS0
9000. Ultimately, however, all suppliers will have to be ISD 9000-certified  As part of this
certification process, a review team from the corporation, including process snginears, audits
prospective suppliers. Mo professionzl environmenta! review is automatically included in these
audits, but if any environmental concerns are raised, further investigation is dape. Only a small
percentage of its suppliers are located nearby, but this is important only for rooling.

The facility has about 3,000 employees, about 2,500 of which are line workers who are
unionized. There is a lukewarm relationship between management and the hourly workers. The
hasic production management structure is that there is a unit supervisar who oversees technical
engineers, who in turn oversee area coordinatars and technicians. About half of the supervisors
previously were line workers, but the facility now is secking to hire first-line supervisors with
technical degrees. There are no formal, but some infarmal, work team approach mechanisms,
Some ling workers are selectad by their suparvisors to assume more responsibility for managing
their work, and these workers sometimes coprdinate thetr activities with other workers. These
informal teams are unlikely, however, to rotate their functions. In addition, groups of line and
management workers are sometimes formed to jointly troubleshoor problems. Furthermore, in
an attempt to get more involvement and fzelings of ownership bv line workers, the facility has
established groups of employees who meet voluntarily 1o solve problems.

ENVIRONMENTAL MANAGEMENT

According to the company that handles some of the facility’s recycling, the facility was
more proactive environmentally in the early 1985 than mnst of its carporate sibling facilities are
now. This facility’s advantage, according 1o that company, is the long tenure of the head of the
environmental staff, because high wrnover disrupts the daily attention needzd to maintain
pallutian prevention efforts. The facility belizves that the cammunity around it can have a
significant impactl upon its ong-tern viability (e.g., expansions of 2nd permits fer the facility), so
it strives to da more than just what is legally required environmentally. Amaong the
ervironmentally beneficial acts engaged in by the facility is its agreement not to develop 10 acres
of its property. It also has reduced its enissions of volatile organie compounds by over 90
percent over the last (én vears, partly by moving from solvent-based to water-basad adhesives.
This action was primarily motivated by pressure from the state environmental agency to redoce
odors emanating from the facility that had writated some nearby residents.

The faciiity's management, which had been invastipating recycling and waste minimization
opportunitias as early as 1983, is staring o view possible monetary benefits from recyeling as
secondary to meeting the recycling goals set by the facility and the corporation. Environmental
success stories, rather than just cost savings, are impartant in the corporation’s evaluation of the
facility, as the amount of waste recycled is the main metric used in satisfyving the corporate
citizenship objective in the f{acility's "Mancfacturing Datacard” report. Thus, the facility is
recycling plastics from ils cafeteria and office paper because it increases awareness of its recycling
efforts, even though this may not be economiecal It is sometimes difficult 1o find markets for the
facility's recyclable materials, because the faality will not pay mere than the otherwise applicable
disposal costs for these malerials and the facility insists on knowing where the materizls are
ultimately destined after being recycled. The facility also has a wastewater recycling system,
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closed-loop cooling towers, carcboard recycling, and an arrangement where it returns, rather than
discards, packaging from some supplies to their supplier, carning it rebates.

The carporation has 2 corporate environmentzl office. The [acility environmental staff
understoad that that office was only a satellite of the corporation, unconnected in a corporate
sense except for the office’s vice-president, to avoid undue influence by the corporation on
environmental decisions. Subsegquent contacts with that office, however, indicated that there was
a formal organizational conneclion between it and the corporation. According to the facility
environmental staff, the corporate environmental office formerly was divided into substantive
specialtics, but Teorganized recently so that each staffer now is responsible for all environmental
subjects. Subseguent contacts with that office, however, indicaled that their breadth of
responsibility was more limited.  Each division of the corporation has its own environmental staff,
which has no enviranmental specialists. The division staff collects environmental icformation
from its facilities and provides it to the corporate environmental office and that office alse seeks
information directly from the facilities. There is a constant turmeil between the divisions' and
the corporate environmental staffs, with the former trying to make the Iatier aware of the
practical difficulties of implementing envirenmental programs at the facility level.

Environmental goals often trickle down from the corporate level to the divisional level to
the facility’s manager 1o the facility. Goals are sometimes initially set unrealistically high, and
then revised as more knowledgeable peaple review it. Several years agp, the corporation began
placing more emphasis on waste minimization and recyeling. It formed several recycling efforts
at the corparate level, which eventually tnckled down te the facility.

The corporation has issued policy letters on waste minimization, recycling, environmenial
project funding, and pollution preveation. There 15 no environmental strategy written specifically
for the facility, because everything is based upon corporate dirsctives, bulletins, and policy letters.
It is striving ta be a "preen” corporation, but the exact details of what this goal entails are not

finalized because it has been awsiling guidance from the issuance of the 150 14000 standards for
eavironmental management.

According to the facility environmental siaff, the corporzte staff dees not solicit much
imput from facilities m the development of its envitonmental policies. The corporate and division
staff do not come from or know much about the facilities, because they typically come directly
from college or consulling firms. {Subsequent contacls with the corporate environmental office,
however, indicated that most of its staff do come from the faclities.) Thus, there is a constant
batile with them about the practicz] aspects of implementing the programs that they design. The
division staff who originally worked in facilities are helpful, but others without that experience
are unhelpful and more of a hindrance. Recently, the corporate staff has broached with the
{zcility staff the idea of the farmer visiting the facility for a couple of weeks to better understand
how facilities work and how corporate policies affect them. The facility also complains that
sometimes it does oot receive information about lzgal requirements applicable to 11 until very late
or after a law is in effect. The environmental manager generally believes that using his own
imitiative 15 better.

The environmental staff is part of the facility’s Plant Enginecring Department. Ascording

to the environmentzl manager, his staif is largely viewed by others in the facility as performing a
regulatory type function focused on ensuning compliance. The environmentz] staff is & financial
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drain on, rathar than economically beneficial to, the faclity. People come to them with many
questions and they have to sign off on every proposed engineering project, which number about
200 annually, after reviewing their envirenmental implications. The envirormezntal staff is
involved in production decisions largely only when a proposed change would increase emissions
heyond the facility’s permitred level. In such situations, such emissions would have to be offset
ar other emissiens reduced to enable the change, which might involve costs that would make the
change unecanomical,

The hourly workers are perceived to be pro-environmental. They are not, however,
especially involved in environmental decision-making, as they do nol have the necessary
information. For example, a suggestion box that at one time was posted for recyeling ideas was
unproductive. At least some middle managers and lower-level salaried workers, though, view
snvironmental requirements as abstructions, partly because of traditional habils among workers,
and thus their cooperation with envirenmental efforts is problematical. There has been no
significant change in this situaticn over the years. Upper-level management is supportive of
thase efforts, however, at least partially because it is they who would be held responsible for any
lega! violations. It is hoped that new procedures motivated by 15O 14000 will help in achieving
more support for environmental efforts.

On a monthly basis, the environmental staff reports 1o management on the facility's ir
emissions and waste disposzl costs. In particalar, they provide information to management on
envirenmental perfermance that conld potentially affect production, such as whether the amount
of the facility’s air emissions would prevent it from increasing its production. There also are
occasional articles in company publications aboul the facility’s environmental performance, bt
no presentalions on environmen:al topics ere made Lo hourly workers.

As earlv as 15 vears agp, the budget of each area manager in the facility began being
charged for that area's wastes, thereby sensitizing them to thess costs and encouraging them to
Fractive source reduction. A few years ago, sach area’s budget began being charged its pro rata
share of the costs of transporting shipments of its wastes that were combined with wasles from
multiple arsas. Previously, the area initially requesting the transportation would have been the
only one charged far the combined shipment. Again, (his change was intended to more fairly
apportion these environmental costs, therehy encouraging source reduction. Any hourly charges
for personnel used for some environmental task alse are zssigned to the responsible area.
Because of the enormous number and vanety of different products made by the facility, it is not
feasible to apportion costs to individual product lines.

The head of the environmental staff has been with the facility over 15 years and originally
warked in it quality control group. Ancther recentiy-hired salaried staff member came from an
srwvironmental consulting firm, while the five others are hourly employees who formerly worked
in production. An advantage of having an hourly employee on the staif is that sometimes ather
haurly workers give them information that they are uni‘kely to tell managers.

The environmental staff meeis weekly to coordinate their work. They undergo periodic
legally-required enviranmentally-related training and also attend seminars and division and
corporate conferences on enviranmertal subjects. There also are quarterly meelngs al corporate
headgquarters for recycling teams from the facilities and a corporate computer bulletin board
system for recycling information. Also, several years ago the facility created a "Recycling
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Committee," presently comprsed of a few houwrly workers and a faw salaned workers, ta
encourage various recycling efforts. Previously, enly one person handled recycling, without much
involvement from others,

The facility estimated that abcut half of its environmentally heneficial projests were non-
resource inlensive common senss solutions. Almost all of the projects cited as implemented in
the last 10 years, however, involved resource-intensive and fairly complicated changes in
production equipment. For example, changing from solvent-baszed to water-based adhesives and
using sonic welding and low-pressure molding.

All funds allocated for environmental projects are held at the division level to ensure that
they nat divertad to other facility projects, as happened in the past. The major eriteria for
avaluating projects in general are their profitability and their contribution to the facility’s long-
term strategy. With respect to environmental projects, the key criteria are whether the projects
are feasible, inexpensive, not too disruptive, and substantial steps forward in meeiing established
goals. There is a 20 percent minimum required return on iavestment for any proposed cost-
saving praject, including envirenmental projects, and the tvpical pavback perniod for approved
projects is two to three years. A project can be submitted for funding without the necessary tate
of remrn, howsever, if it is consistent with the corporate objective of increasing recycling. When
uncertainlies are involved in proposed environmental projects, zensitivity analyses are conducted
to determine the likely bounds of any financial resulbs,



OVERALL FINDINGS

As will be descaobed in more detail in this and later zections, there was substantial
adoption of both innovative werkplace practices and ECM techmqgues by the 11 facilitias that
were visited. Naturally, it was azsumed that the seven facilities that were selecied because they
were identified as high adoplers of ECM would confirm their statuses, as six of them did. The
fact that two of the four facilities selectzd, hased upen past information, a= low adopters of ECM
would have evolved in just a few years into arguably high adopters was at least an indication of
how quickly such statuses can change, and perhaps of the extent of the diffusion of these
practices throughout industry,

What was obviously unknown prior to visiting the [acilities, and was a primary purpose of
visiting them, was the extent to which they had adopted innovative warkplace practices. What
was found was a high degree of use of such practices. Naturally, it cannot be assumed that these
facilities are representative. Because, after our inutial identificatnion of them, these facilities
effectively self-selected themselves to participate in the resesarch. it is likely that most did so
because they regarded their workplace practices to be superior. Thaose less willing to subject
their management processes to scrutiny were likely to be among the few facilitics that declined to
participate in the research. A similar situation likely arose with respect to environmental
practices — facilities that truly deserved low adopler status, or whose prior high adopter status
was no longer applicable, may have avoided participating, Consequently, it would be
inappropriate to trv to extrapelate these findings to all facilities, or to read too much meaning
into the apparent relatonships betwesn innovative workplace practices and ECM.

WORKPLACE MANAGEMENT PRACTICES

That caveal aside, however, it 1$ clear that innovalive workplace management practices
were In use to at least some extent at almost all of the facilities. Figure 1 provides a graphic
display of the extent to which various of these practices appeared to be present 2t each facility, as
well 2s other descriptive information aboutl cach faclity. The more of a pic charl that is filled in,
the more that the practice or characteristic is associated with the facility in question.

Mission Statements” indicates whether the facility possessed and disseminated a [ormally-
adopted, written, facility- or corporate-level overall policy expressing the organization's basic
principles. ahjectives, and operating siyle. "Explicit Quality Management Systems” reflects the
extent to which the facility has a formal and reasonably comprehensive management system
designed to monitar and ensure the guality of ils production operations. "I50-Certified” refers
to whether the [aclity’s management svstems have been cfficially certified as satisfyving the quahty
cantral reguirements of International Organization of Standardization ("ISO") 2000, "Supplier
Quality Assurance” measuras the dagree to which the facility has a formal and consistent
procedure for evaluating the quality of its suppliers, both before and after they become suppliers
of the faality. "Supplier Partnerships” denates whether the faclity has an explicit program to
encourage cooperative agreements with some of its suppliers to act as partners in the
development and production of the facility’s products, rather than simply functioning as suppliers
and customers. "Just-in-Time Inventory” means whether the facility has formal procedures to
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minimize its inventory by only ordering supplies when they will be needed imminently.

"Unionized" simply indicates whether the faciliny's line workars are vnionized.
"Work,/Cross-Functional Teams” reflects the extent to which the facility bas structured its
workforce into team-like units, centered around certain products or production eperations, or has
created various cross-functional 1eams bringing ropether workers from different departments
within the facilily 1o address continuing cperational issues. "Problem-Solving Teams™ refers o
whether the facility creates special teams of workers o address particular operational issues that
sparadically arise requiring attention. "Worker Empowerment” measures the extent to which line
workers have been given the autherity to control the weork practices end production processes
within their assigned areas of responsibility. Finally, "Promaotions from Line Workers" denotes
how likely it is that production operations supervisurs were promoted to their positlions afier first
having been lins workers.

Thus, as Figure 1 indicates, almost of the facilities had organized their production
workers into explicit work leams, or had instilutionalized the creation of teams 10 address speafic
production operations when they arose. Most of the facilitics had, in one way or another,
explicitly attempted to empower their production workers by providing them with decision-
making rcsponsibility. Most of the facilities, with the major cxceptions of the smaller ones, had a
practice of selecting almest all of their suparvisors by promating their production warkers,

Qnly half of the facilities were 150 9000 certified, though others adhered to corperate
guality slandards thal were intended 1o be comparable to or more ambitious than 150 9000,
Most of the facilities had overarching corporate mission statements to guide their operations and
objestives, though only about halfl had implemented a specific and pervasive guality management
system. Almost ail of the facilitics had some tvpe of proccdures to assurc and monitor the
guality of their suppliers, though only a few had explicit supplier partnership programs. Maost
had an explicit goal of achieving just-in-ume invenlory.

Thus, everall, these facilities refleeted the adoplion of many inmovative workplace
management practices. Furthermore, the failure on the part of soms facilities to adopt some
such practices was often due to the small andfor relatively uncomplicaled nature of their
operations. For example, the electroplating facilities, with only a few managers and a few dozen
workers, would not necessarily s:pruficanty benefit [rom some of the more elaborate and

Yespurce-intensive management practices that larger and more complex facilitics would find
desirable.

RELATIONSHIP OF INNOVATIVE WORKPLACE MANAGEMENT
FRACTICES TO ECM

While the next section of this report describes in detail the findings with respect to ECM
practices, Fipure 2 provides a graphic display, similar to Fipure 1, of the extent to which various
of these practices appeared lo be present at sach facility, as well as other descriptive information
about each facility. "Catalyzing [neident” indicates whether the facility er parent company was
subjected to some extreme incident or set of occurrences that largely prompted it to reevaluate
its environmental practices. "Managemen: Commitment” reflects the extenl lo which the senior
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management of the facility and parent company are overtly supportive of efforts to adopt

ECM. "Explicit Environmental Objectives” refers to whether the facility has set specific and
quantifiable objectives to be attained through its envirommenta!l practices and publicized thess to
its workers. "Environmental Performance Monitoring™ measures the degree to which the facility
has established formal, structured procedures throngh which its emvironmental activities are
monitaored znd assessed. "Providing Environmental Information to Workers" denotes the effort
the facility expends in consistently disseminating information about its ¢environmental practices
and performance to its workers. "Identfication ¢f Environmental Costs” means the ability that
the facility has to track its environmenial costs back te specific products or productian processes.

"Size of Environmental Staff” indicates the adequacy of the number of environmental
personnel at the facility, given the variety and nature of the environmental issues that it faces.
"Experienced Environmental Staff” reflects the amount of experience seclely in environmental
matters possessed by the faclity’s environmental staff. "Long-Tenured Environmental Staff"
refers to the typical length of time that the key environmental personnel have been at the facility,
regardless of the specific positions that they may have previously worked at there.
"Environmental Staff with Production Background” measures the frequency with which the
primary environmental staff have some prior training or employment in the production
operations relevant to their fadlity. "Chemical Control Processes" denotes the dzgree to which
the facility has formal management and recordkeeping procedures in plaes to safegoard, monitor,
and track the usage of its chemicals by workers. "Environmental Inspections” means the
frequency with which the facility is audited for environmantal purpases by its own staff, by
corporate staff, by retained consuliants, or by government agencies. Finally, "Audits of Suppliers”
indicates the frequency with which the facility’s suppliers are audited for environmental purposes
by facility ar corporate personnel.

By comparing the ratings of =ach facility on the twe figures, there does appear to be a
positive relationship between facilicies that have implemented innovative workplace practices and
those that have adopted ECM. The correlation is imperfect, partly because, due to their size
and/or environmenltal characieristics, some warkplace and/or environmental practices are not
particularly applicable to some facilities. Thus, confined only Lo thase practices that are truly
relevant to a particular facility, the comparison would show an even stronger relationship,

The fact thal such a relationship exists should not be surprising given the many commeon
elements and objectives that drive the implementatior of innovative workplace practices and
ECM. Both sets of practices typically are driven by explicit and forceful expressions of
commitment and support by upper management levels. Progress in achieving both sets of
practices is ordinarily pecvasively and frequently monitored and compared against speeific
management objectives. Contimuous improvement in production processes and efficiency, with &
particular emphasis on reducing waste, either in the form of costs or substances, underlies bath
types of practices. In both situations, workers are encouraged and empowered to 1dentify
Gpportunities for operational improvements and 1o offer solutions to problems. Finally, success
in both sets of practces is enhanced by close examination of the specific costs and processing
steps of production operations. Thus, given these similarities in some of the main underpinnings
of these sets of practices, it should not be upexpected that facilities that adopt one of them tends
to implement the other set of practices as well.

Naturally, however, the adoption of either set of praciices could be impeded by the
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specific environmental or workplace characteristics of a facility, regardless of how inclined a
facility might otherwise be to adopt them. As mentioned earlier, the size of a facility and the
valume and natere of the chemicals and wastes which it handles can affect how worthwhile it
would be for it to adopt ECM cor innovative workplace practices. Thus, these structurzl
characteristics of facilities must also be kept in mind when evaluating the extent to which
adoption of both sets of these practices occurs at facilities.



DETAILED FINDINGS: ENVIRONMENTAL MANAGEMENT

" The following are the major findings from the field research with respect to
environmental management practices, along with specific examples of them from the facilities.
These findings are grouped into four basic areas: outside influences on ECM adeption and
implementation, organizational infleences on ECM adoption and implementation, individual
influences on ECM zdoption and implementalion, and the mechanics of ECM adoption and
implementation.

QUTSIDE INFLUENCES ON ECM ADOPTTION AND IMPLEMENTATION

Single incidents (e.g.. chemical spills, government enfurcement actions, new
environmental reporting requirements, etc.) can lead to such substantial adverse
eonsequences (eg., widespread negative publicity, large penalties, community hostility,
ete.) that the company and/or facility reevaluales and improves its enlire approach 1o
environmental concerns. Sometimes less serious incidents can still motivate change

when they occur while the facility is in the throes of reevaluating all of ils operations due
to difficult business conditions.

For example, the eorporate-level management of Adrcraft Facility Low Adopter hecame
more proactive about environmental concerns afier seme of its facilities were fined millions af
dollars for crvironmental violations. The corporate-level management of Chemical Factlity High
Adopter #2 beecame more proactive aiter a large chemical spill from one of its facilities in
Europe contaminated 2 river, causing a lerge fish kill and much adverse publicity. The
management of Turbine Facility High Adopter became more environmentally conscious after
being fined substantial amounts for environmental noncompliance and after having 1o publish in
newspapers warniogs required by state law abou: potential cancer risks at the facility, which
occurred at the same time that it was otherwise overhauling its operations for business reasons.
The corporate-level management of Aircraft Facility High Adopter #1 and Aircraft Facility High
Adopter #2 increased its attentcn Lo environmental issues after one of its formerly operating
facilities produced hundreds of millions of dollars in lawsuits, fines, and contamination cleapup
costs. Chemizal Facility High Adopter #1 created a new layer of environmental management for
its facility primarily after feeling pressured by new environmental reporting burdens, concerns
about a new povernar who was apparently hostile towards chemical compznies, and the
implementation of new federal enviranmental programs. Thus, large shocks such as these can
tripper dramatic improvements in the ways facilities approach environmental considerations.

* Some diffusion of ECM practices occurs through supplier chains (both up and down
such chains), buot it does not appear to be substantial. The opportunity appears to exist,
however, for more such diffusion. This diffusion process is likely inhibited by the
seagraphical distance hetween many suppliers and their customers.



All of the facilitics’ relationships with their customers andior supplizrs included processes
by which information about ECM practices were exchanged or adherence 1o such practices wes
evalnated. This included facilitizs being the subjects of environmental evaluations by current and
prospective customers, being the initiators of environmental evaluations of, or of ECM ideas to,
current and prospective suppliers, and being the recipients of ECM ideas from suppliers. The
extent to which suggested ECM practices flowed through thess links, however, appeared to be
fairly moddest,

This appeared to be panly due to the geographical distance between the facilities and
most of their suppliars and customers. Most of the facilities vsed suppliers and had customers
from all over the country and even the world., Thus, it would have been difficult for the frequent
on-site presence to develop between these business entities that Likely would be needed to
encourage the sharing of ECM practice ideas. Also, much of these facilities’ supplies were bulk
raw materials, which would not necessanly lead to an extensive amount of interaction with their
suppliers.

Furthermors, it is onclear whether there s much appetite among all parties to the
customer-supplier relationship 1o eagage 1n extensive, tme-consunung, and intnisive examinations
of their suppliers and eustomers. For example, environmental znd safety records are not part of
the supplier questionnaires or audits vsed by Aircraft Facility Low Adopter, Aircraft Facility
High Adopter #1, ar Electroplater Low Adopler. The latier facility, however, was itself
subjected to an intensive environmental audit by a large customer before the customer agreed to
use the facility extensively, due to a past problem the customer had with another electroplater in
which the customer was held liahle for that electroplater’s contamination. While environmental
and safety records were parl of the questionnaires or audits required of the Electroplater High
Adopter by praspective customers, audits were rare and the questionnaires maostly conserned with
whether the facility had any chloreflunrocarbon-related emissions or problems.

- At least some facilities percelve that at least some enviconmental agency personnel are
more motivated by a desire to find and fine vinlations, even if they are unintentional and
inconscquentlal, rather than to predict and prevent potential problems and propose
pollution prevention solutions.

For example, Electroplater Low Adapter and Ele..,tmplate:r High Adopter both stated that
r:mﬂl:ss of their past displays of compliance and commitment to environmental protection,
state environmental agency personnel routinely inspected them with the objective of finding and
fining violations. On at least some occasions, the violations alleged were arguable or
meonsequential Both {ucililies perceived that they were being harassad for no justifiable reason,
and that both their resources and those of the state could be better spent on pollution prevention
effarts. Aunto Parts Facility High Adopter also believed that environmental agency persennel
were primarily interested in identifving violations. These facilities believed also that many
emvironmental agency personnel were inadequately trained to assess possible violations or to
offer much advice.

* FPrescures created by environmental laws can motivate [acilities to adopt ECM practices
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that exceed the laws' requirements. This may be due to a desire te reduce materials use
and/or waste generation to levels that exempt a [acility from thase laws, to pollution
prevention opportunities identified as a result of considering process changes necessary
to comply with laws, to public concerns over perceived environmental dangers from the
facility, or to facilities” better understanding of their processes’ inpuis and outputs due 1o
increased monitoring and record-keeping requirements,

Far example, Gear Facility Low Adopter stated explicitly that more stringent
emvironmental laws forced it to reanalyze ils processes to identify opportunities to reduce certain
chemicals or emissions targeted by the laws. Aware that their allowable air emissions were likely
to be reduced in the futurce, the facility was seeking ways to preemptively substitute certain
chemicals to avoid the interruptions in operations that might otherwise result. Auto Parts
Facility High Adopter was required by its state environmental agency to reduce its odors, which
ultimately led it to encrmously reducing its emissions of a certain solvent. Thue, this not anly
addressed the odor problem, but also the more serious problem af the chemical emissions.
Aircraft Facility High Adopter #1 successfully reduced its use of certain chemicals to enable it lo
be exemptad from certain federal chemical release reperting requirements. Aircraft Facility High
Adopter #2 was required by its Jocal environmental agency to measure its daily use of certain
chemicals. The facility not only created a control system for those chemicals, but extended it to
caver all of its chemicals, enabling it to closely monitor chemical use. Chemical Facility Low
Adopter searched for and found a way to recycle certain wastes whose concentrations of
chemicals it had decreasad but whose volume had increased. [t did so because it was required by
its state to submit a waste minimization plan and it did not want to be perceived as increasing its
waste siream, even thouph its hazardous characteristics had been substantially lessened. Thus,
regulatory pressure appears ta not only accomplish the laws’ immediate objectives, but also to
stimulate facilitics” efforts at ECM practiczs.

i Some facilities expressed dissatisfaction with the apparent irrativnality or irrelevance of
some environmental requirements (e.p., requiring reporting of spills for some quantities
of chemicals that were too low to pose any meaninglul risk or managing some common
household materials as hazardous wastes). Such requirements imposed costs upon them,
without any, or any comparable, environmental benefit.

For example, Chemical Facility High Adopter #1 notec that the thresholds for requiring
reports of spills for some chemicals at its facility was lower than what ordinary people often spill
in the exposed environment. Similarly, Adrcraft Facility Low Adoepter noted that employees have
mare problems complying with or remembering environmental regulations whose rationales they
do not understand or believe, for example having to dispese of insect spray cans as hazardous
wastes, contrary to what they do at home. This facility’s environmental manager recommended

writing laws with comman sense explanations attached, so that lay people could understand the
real reason for the law.

- Ohtaining accurate, timely, and understandable information on environmental
requirements is a barrier to ECM practices. Some facilities reported difficulty in
ohtaining such information from either their higher corporate level environmental groups
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or from government entities.

For exampls, Auto Parts Facility High Adepter complained that it sometimes was not
informed in a timely manner by its corporate environmental group of legal requirements that
were immminently becoming effective. Elzctroplater High Adopter found it difficult to keep up
with changinp environmertal requirements and did not believe that it eould depend upon the
state emvitonmental apency to provide that informatien. Electroplater High Adopter alse stated
that it is afraid 10 use government technical assistance programs too much due 10 concerns that
the program might report this to the state environmeéntal ageacy, which will then serutinize the
facility further.

- The fear of potential lizhilities from sesding wastes off-site for disposal has motivated
facilities to engage in pollution prevention, on-site waste treatment or disposal, or ofl-site
recycling,

For example, Electroplater Low Adopter now sends its sludge waste to an off-sile
recyveling facility, rather than a hazardous waste landfll. Althongh thers are no immediate cost
savings, it believes that it elimunates any futwre liabiity concerns by sending the waste ta a
recycler, rather than to a landfill that cculd concevably become a centaminated waste site. Mast
of Chemical Facility High Adopter #1°s wastes today are dealt with on-site, through incineration,
landfilling, or reatment. The only materials that it currently dumps off-site are PCB, mercury,
and radigactve wastas. Chemical Faeility High Adopler #2 also installed incinerators because of
the philosophy that it is responsible for its own waste and because. compared to landfilling, the
associated poiental liabilities are lower,

ORGANIZATIONAL INFLUENCES ON ECM ADOFTION AND IMPLEMENTATION

- The explicit commitment of top corporate and facility management to ECM practices

provides leverage and support to lower-level managers to promote such practices at the
facility level.

For example, several of the facilities stated thal it was their absolute corporate and/er
facility policy that environmental and safety considerations took precedence over evervthing else.
These commitments were explicitly expressed in corporate and/or facility environmental rules and
plans. Chemical Facility High Adoprer #1, Ajrcraft Facility Low Adopter, Auto Parts Facility
High Adopter, Chemical Facility High Adopter #2, Turbine Facilitv High Adopter, Aircraft
Fac:lity High Adopter #1, and Adircraft Facility High Adopler #2 all had writlen environmental
goals and statements that were adopled by the facility and/or corporation as a whele. Adrcraft
Facility Low Adopter had its written environmental policy statement, signed by the plant
manager, posted pervasively throughout the facility. In addition, zny emplovee at that facility has
the authority to step a process if s/he belisves that it poses safety or environmental problems.



In cantrast, all of the other low adopters had ne explicit environmental policy. For
example, Chemical Facility Low Adopter has no formal environmental strategy and its corporate
staff provides it with little environmental management input, instead just assuming that
everything is operating smoothly, Thus, such policies may provide evidence of upper
management’s commitmenl to ECM practices and direction for those efforts, thus motivating
other managers to aggressively address those objectives.

. Barriers to the diffusion ol environmentally conscious practices exist between corporate
sibling facilities, even despite the expressed commitment of overall corporate
management to such practices. Thus, corporate-level analyses may not indicate the true
extent af ECM practices, nor would corporate-level policies necessarily ensure the
adoption of such practices throughout all facilities.

For example, Auto Parts Facility High Adopter, which has been especially ageressive in
pursuing ECM practices, noted that its suggestions to its sibling facilities on zdopting such
practices had largelv been ignored. Also, Chemical Facility Low Adoptar indicated that the
extent in which ECM activities had been implemented at its sibling facilities varied considerably.
Chemical Facility High Adopter #1 noted that its creation of the environmental superintendent
position had not spread throughout all of its sibling facilitizs. Adrerafl Facility Low Adopter
stated that its environmental practices were considered to be more advanced than thase of the
corporation in general. Thus, facility-specific barriers to diffusion of ECM practices appear to
exist, and evaluating the corporate-leve]l commitment te such practices may be misleading as to
1heir actual implementation throughout the corperatian.

- Some facilities did mot obtain the assistance that they desired in developing ECM
practices from intermediaie corpurate levels {e.g., divisional headguarters staff). Thus,
the overall corporate and individual facility environmental geals were not always being
facilitated by all levels of the arganization.

For example, Auto Parts Faclity High Adopter complained that it sometimes was not
wnformed in a imely manner by its carporate environmental group of legal requirements that
were imminently becoming effective. Furthenmore, sometimes crganizational changes in that
group made it difficult to coordinate efforts with facility staff. Chemical Facility High Adopter
#2 indicated that it largely depended on its facility’s environmental staff, rather than those at the
divisional level. Also, Aircraft Fecility Low Adopter expressed the opinion that its environmental
staff were more advanced than those at the corporate level. Thus, thers may be opportunities for
greater adoption of ECM practices if these organizatinnal inefficiencies are resolved.

. Setting lower financial return thresholds for approving environmentally-beneficial
projects can encourage their adoption.

For example, in Aulo Parts Facility High Adopter, 2 project can be submitted for funding

without the rate of return ordinarilty necessary if the project is consistent with the corporale
objective of mcreasing recycling,  Alsn, Chemical Faolity High Adopter #2 has a return on
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investrent threshold for approving environmental projects that is significantly lower than [or
other fypes of projects.

INDIVIDUAL INFLUENCES ON ECM ADOIPTION AND IMPLEMENTATION

] Individual environmenial managers bebhaving proactively and innovatively ean push a
facility into more ECM practices, even in the inilial or continsed absence of a
noteworthy overall facility or corporale support of such practices.

For example, acting elone and witheut any prompting from his management, the
environmenta! manager of Electroplater Low Adopter -- who only recently had assumed those
responsibilities and had relatively little environmental background -- sought out ways to recycle,
rather than disposz of, some of the facility's wastes off-site. This change involved the
environmental manager rescarching 25 different options for the sludge and determining that
recycling technology had become sufficiently reliahle far i1s tvpe of material. Also, the new
environmental manager of Aircraft Facilicy Low Adopter dramatically and quickly improved upon
the desultory efforts of his predecessor by continually searching for ways o achieve source
reduction and constantly seeking input from the producticn werkers. He now 15 viewed by
corporate-level management as being ahead of its corporate efforts. In addition, the
environmental manaper of Auto Parts Facility High Adopter has over the years speatheaded a
number of ECM practices in source reduction. recycling, pollution control, and environmental
enst accounting, with sibling facilities lagging hehind. Thus, metrvated and competent
environmental managers can greatly detecmine the extent to which ECM practices are adopted by
facilities, regardless of the involvement by upper management.

- The involvement of line workers can ke very beneflcial in developing ECM practices,
becanse most pollution prevention improvements require relatively simple and
inexpensive changes thal may be most obvious to the line workers direcily Involved with
the process in question.

For example, line workers in Chemical Facility High Adopter #1 are motivated to adopt
ECM practices because their team-like structure makes them responsible for environmental
eoncerns in their areas, such as noticing and reporting actual or potential chemical releases.
Even though envirenmental spending has decreased over time, environmental performance at the
facility keeps improving, largely due to the cultural change as emplovees actively seek out ways to
make the facility more environmentally reliable. The employees are often 2ble to improve
erformance by non-resource intensive commaon sense solutions which they can implement on

their own. The facility’s business manager believes that two-thirds of the credit for improving
environmental performance is attributable to this cultural change.

In Aircraft Facility Low Adopter, line workers originated simple ideas for using smaller
rags with which to clean parts, which substantially reduced waste generation, and for compacting
wastes, which greatly increased the amount fitting in each waste container, thereby dramatically
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cutting waste disposal costs that were based on each container. In addition, at this same facility,
a line worker aoriginated the idea of providing small cups, rather than buckets, of paint 1o workers
doing small paint jobs, thereby reducing the leftover paint and thus wastes. On a daily basis, the
facility’s environmental manager emphasizes to employees the need for waste minimization, thus
encouraging such ideas.

Line workers at Turbine Facility High Adopter produced a simple idea (o segrepate waste
shavings fraom different metals, thereby enabling the fzcility to sell these wastes for the greater
return associated with pure, rather than mixed, metals. In the past at Chemical Facility Low
Adopter, all environmental ideas criginated [rom the preduction staff and there currently is a
waste minimization team, corsisting mostly of operations people, which meets at least monthly to
eenerate recommendations. Thus, facilities with programs 1o involve and empower line workers
may be better able to elicit mors ideas for ECM praclices.

I contrast, Eleciroplater High Adopter claimed that most of its line warkers did nat
know or care about eavironmental issues. Even in terms of worker safety, the workers often did
nat make an effort to follow the rules.

. Possessing personnel in-house with environmental expertise is important in identifying,
implementing, and monitoring ECM practices. Due to the complexity of envirenmental
law, such expertise is important in understanding the legal implications of pussible
changes in production process inputs and outpuis. Larger Eacilities, or facilities that are
part of larger companies, are more likely to have that expertise immediately and
relatively inexpensively available.

Far exzmple, Chemical Facility High Adopter #1 had a stalf of over 30 environumental
professionals with extensive experience at the facility, and could draw upon the expertise of other
staff in the corporation, which is ane of the world's largest chemical manufacturers. Simularly,
Chemical Facility High Adopter #2 had nearly 50 environmertal personne!l at its facility alone
ard could get assistance from ocher staff in the corporation, which also is one of the world's
largest chemical manufacturers. Turbine Facility High Adepter has about 10 people on its
environmental staff. Auto Parts Facility High Adopter had seven environmental staffers, and
could pet assistance from other staff in the corparation, which is one of the world’s largest moter
vehicle manufacturers., Both Adrcraft Facilisy High Adopter #1 and Aircraft Facility High
Adopter #2 had at least a few environmental staffers apiece, but both could get essistance from
olher staff in the corporation, which is one of the world's largest aircraft manufacturers.

In contrast, both Electroplater Low Adopter and Gear Facility Low Adapter had only
one person responsible for environmental matlers, and that person spent about half of his time as
a production eperations manager. In both cases, this environmental manager came from a
production, rather than environmental, background and both spent only part-time on
environmental matters, Aircraft Facility Low Adopter and Chemical Facility Low Adaoprer had
only one person performing environmental functions, with the Chemical Facility Low Adopter
envirenmental manager coming from a production background. Electreplater High Adopter had
the equivalent of abeut 1.5 persons engaged in environmental work, only one of whom was a
trained environmental professional. Thus, the high adopter facilities had far greater breadth and
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depth in enviroanmental persennel resources thean did the low edopter facilities.

- Most facilities indicated that unionized workers would be less receptive than other
workers Lo efforts by management to seek their ideas in developing and implementing
ECM practices.

Most of the facilities, especially those without unionized workers, indicated that they
believed that they would be less likely to develop relationships with such werkers that would
encourage those workers to offer ideas for ECM practices. The apparent rationale for this belief
is not that unionized workers would have fewer ideas, but ratber that they would not percaive it
to be their function in general to provide management with such ideas. For example, Chemical
Facility High Adopter #1 stated that ils sibling facilities zre having more trouble implementing
the environmental superintendent program because they are unionized facilities. Unions tend to
consider envitonmenial tasks as operational work, and thus that they should do those functions.

The continuity of environmenial managers in their positions appears (o be imporctant in
facilitating adoption of ECM practices. This could be explained by the fact that some
ECM practices reqguire relatively long lead times to implement, that line workers may be
more likely to offer ideas to managers whom they have known for some time, that some
ECM practices require a detailed understanding of the facility’s production and labor
practices that only develops with ienure, and that more senior manapers may have more
Influence on upper managemeni's decisions.

For example, the envirenmeantal managers in Chemical Iacility High Adopter #1 and
Auto Paris Facility High Adopter had been with their facilities for nearly 20 vears. The
environmentzl managers for Turbine Facility High Adopter, Ajrcraft Facility High Adopter #1,
and Chemical Facility High Adopter #2 had been with their facilities for about 10 years
exclusively working on environmental marters, with the exception of the latter, who had been in
production operations unll aboutl & year before. The environmental managers in bath
Electroplater High Adepter and Gear Facility Low Adopter had been with thelr facilities for over
10 years cach, though cnly working part-time on environmental issues. The Aircraft Facility High
Adopler #2 smviranmental manager has been in his position only a few years, coming from years
in production operations, but he is supported by a number of people with specific eovironmental
backgrounds who have been with the facility for many years.

In contrast, while the envirommental manager for Electroplater Low Adopter had been
with the facility about seven yvears, only in the last few vears has he had specific responsibility for
environmental matters, and then only oa a part-lime basis. The environmental manager for
Adrcreft Facility Low Adopter had bezn with the facility only three years. The environmental
managsr for Chemieal Facility Low Adopter had been with the facility Tor several vears in
production operations, but had only begun oversceing environmental matters several months
earlier. Thus, tenure with the facility and in working on environmental issues appears to be
indicalive of environmental managers that adopt ECM practices.
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o The geopraphical proximity of suppliers and cuslomers to facilities appears to have no
substantial impact upon the diffusion of ECM practices amonp these entities.

Because none of the facilities indicated that they exchanged a substantial amount of
advice on ECM practices with their suppliers and customers, the geographical proximity of the
supply chain in spreading such practices was inherently unimportant. All of the facilitics stated
that having suppliers close by was advantageous for developing relationships and exchanging
infermation. The availability, however, of various modes of communication and the infrequency
of anything critical needing to be communicated made geography less relevant.

MECHANICS OF ECM ADOPTION AND IMPLEMENTATION

- Using measurements of environmentally-related activities and ouicomes (e.p., materials
use¢, enviranmental costs, wastes generated, spills, ete.) is an important tool for
determining progress, evaluating efforts® effectiveness, motivating further initiatives, and
identifying opportunifies for new ECM practices. Most facilities, however, have not
attempted or suceeeded in assigning environmental costs to specific products or
operations, thereby undermining efforis to identify and jusiify possibilities for
environmental and efficiency improvements.

For example, Chemical Facility ITigh Adopter #2 developed systems to track any spills or
accidents at the facility and lo disseminate reports on them around the facility. While most such
spills and accidents did not legally have to be reported, and some were triviel, the facility stressad
the importance of learning preventative measures from even minor events so that more serious
occurrences could be avoided., Simularly, every environmental incident al Chemical Facihity High
Adoper #1 is tracked and recorded, and a root cause analysis of it is done. The faaility
considers env release of chemicals or wastes of over 10 pounds from any primary containment as
an event which requires internal reperting, even il it is not legally required to report it to any
Eavernmenl agency.

Ajrcraft Facility High Adopter #2 has a control system over all of its chemicals that
requires conlainers af them to be checked out by workers from eentralized locations around the
facility, with the weight of each container measured before workers take it and after they return
it. This enables the facility to clossly monitar chemical use and ta be aware if any significant
amounts are spilled. Similarly, as part of its overall materials control procedures, the Aidrcraft
Facility Low Adopter has what it calls "Maternals Pharmacies.” These are restricted areas where
most materials in the facility are legged in when they armive, are stored, and are logged out when
they are dispenszd to employees in the nacessary amounts. This enchles the facility to manage
and monitor the usage of materials, theraby enhaneing their inventery contrel and, when
chemicals are invelved, their environmental and safety performance.

In contrast, Chemical Facility Low Adopter currently records envirenmental incidents

(&.g., spills) that cceur, but il doss not manage the information or necessarily follow up on it
Alsa, the facility tracks its wasle minimization performances only annualle, not maonthly, because
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there is no managenent system in the group. Thus, the more information available within
facilities about their environmental costs and benefits, the berter able they are to identify
opportunities for mprovement,

Alone among all of the facilities, Auto Parts Facility High Adopter had devised systems
to track environmental ensts back fo the specific operations that produced them, motivating those
pperations (0 be sensitive to pollution prevenlion opportunities. QOther facilities had not tried or
had not fully succeeded in acenunting for costs with that degree of specificity. Adrcraft Facility
Low Adopter, Aireraft Faclliey High Adopter #1, and Aircraft Facility High Adopter #2 simply
include all of their environmental costs In a general overhead category, which may largely be an
artifact of their government contractor starus. Therefare, such cosis ate allocated nver all wark
through the common overhead rate, rather than being charged to the particular work that
generated the costs. Electroplater Low Adopter and Electropiater High Adapter also include all
of their environmentza] costs in its general overhead. Thus, implamenting decailed environmental
cost accounting appears ta be challenging, and thus a barrier to fully integrating such costs in
decision-making.

- Most pollution prevention improvements involve relatively simple and incxpensive source
reductinon efforls, sach as matecials substitution, waste segregatiion, equipment
monitoring, and minimization of materials inputs,

All of the faciities noted that at lzast half, and wpically an everwhelming masority, of the
polluticn prevention projects they had implemented were relatively technically simple and
inexpensive, a5 opposed to ones requiring substantial planning and capital investment. For
example, Aircraft Facility Low Adopter began using smaller rags to clean parts, substantially
reducing waste peneration. Also, this facility began compacting its wastes, greatly reducing the
numbar of barrals of wastes that it disposed of. In addition, rather than mixing large batches of
paint primer, some of which inevitably had to be disposed of as wastes, this facility now buys pre-
mixed primer and allows emplovess to take small cups of it adequate for their needs.
Furthermore, small cups, rather than buckets, of paint are provided to workers doing small paint

jobs, thereby reducing the leftover paint and thus wastes. Finally, the facility replaced much of
its solvent used for cleaning purposes with 2 non-toxic househgld cleaner.

Turbine Facility High Adopter began segregating waste shavings from different metals,
thereby enabling the facility to recycle these wastes more prefitably. It also began sifting out
grinding grit for recycling, combined sewers and water collection points to reduce the cost of
sampling and analyzing water, reduced a three-step paint process to two steps, and began refining
oil on site for reuse. After hiring a company to anzlyze the composition of its trash, it also
started separating out certain wastss to reduce its disposal costs. Thus, it appears that substantial
opportunitics exist to adopt relatively low-cost ECM practices.

In contrast, Electroplater Low Adopter stated that the main barrier to improving
environmental quality at the facility is the equipment that it uses, with newer, better, and far -
more expensive technology needed.
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" In many situations, facilities adopted practices that ultimately were enviconmentally
conscious, but did so primarily to reduce costs or improve their production Processes.
Thus, environmental benefils often were fortuitous hyproducts of changes motivated by
ather reasons.

For example, to meet production needs, Aircraft Facility High Adopter #1 used a new
procedure that removed paint from airplanes without usicg chemicals. While this was done
exprassly to shorten the time needed [or this activity, it also substantially lowared the facilite's
chemical use and smissions. Also at this fadlity, at one time military specifications required five
separate paintings of certain electrical parts, which led to difficulty in their performance. The
facility developed a new process that required only one application of paint. This process pot
only improved product quality and cut costs (by eliminating the nzed for one painter), it reduced
the paint used and thus any emissions and waste.

To reduce costs, Aircraft Faclity Low Adopter used smaller rags to clean parts and
compacted wasles Lo enable more to fit withun waste coatainers, Naturally, however, these
actions also reduced its waste volumes. Aircraft Facility Low Adopter alse made a concerted
effort to maintain a very clean working environment. Though there are undoubted potential
environmental benefits from doing so {e.g., reduced chances of chemical spills), the facility's
primary motvation is to prevent damage to aircralt from forcign objects that undermine its
quzality control regquirements. In addition, the [acility believes that its overall cleanliness
impresses its customers. Also, rather than mixing larpe batches of paint primer, some of which
had to be disposed of as wastes, the facility now buys pre-mixed primer and allows emplovees Lo
take small cups of il adequate lor their nesds, This saves the time of mixing, thus enhancing
productivity, end reduces the waste primer, decreasing waste generation and ecosts.

Auto Parts Facility High Adopter has sought to gensrate revenues and reduce waste by
finding & variety of ways in which 10 recyele (s scrap matenials. Furthermore, in the last several
vears, Electroplater Low Adopter has cut its chemical use in hzalf by tightening its control
processes. The motivation for this initiative was o improve production efficiency, but it
generaled environmental benefits as well by reducing input materials. In general, when asked
whether certain actions with beneficial emvironmental outcomes were motivated by the desire to
save money or w prevent pollution, facilities almest always selecied either the former objective
solely or a combination of the two.

. The seiting of explicil, ambitious, and guantitative environmental improvement goals at
the corporate and facilicy levels helps to motivate and direct Eacilities to meet and excesd
those goals.

For example, Auto Parts Facility High Adopter, Chemical Facility High Adopter #2,
Turbine Facility High Adopter, Aircraft Facility High Adoptler #1, and Adreraft Facility High
Adopter #2 all set explicit quantitative goals for reductions in waste gensration and/or emissions.
In the cases of Auto Parts Facility High Adopter and Chemical Facility High Adopter #2, goals
were estzblished at the corporate level, which then were translated into goals by facilities. [n the
case of Gear Facility Low Adopter. specific envirenmental objectives for the facility were
included bv the environmenta!l mazager in his annual job self-appraisal and plan for the
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forthcoming year. The Aircraft Facility Low Adopter sets goals for waste minimization, accident
prevention, and recycling oppertunities. Included are numerical goals for the number and weight
of barrels of hazardous waste generated. Thus, thers was a conscious effort by high adopter
facilities to set ambitious goals. In contrast, specific goals wers typically not set by the low
adoprer facilities. Thus, having express goals to achieve provided faalilies with a known quantity
against which lo measure and motivate its performance.

v Frequent inspections of facilitics can provide the continual pressure to be attentive to
environmental concerns. Such inspections can be by internal facility siaff, corporate
leve] staff, outside consuliants, cusiomers, environmental agency personnel, or other
government inspectors (i.e., when the facility is working on government contracts].

For example, Aircraft Faality Low Adopter, Aarcraft IFacality High Adopter #1, and
Adreraft Facility High Adopter #2 - all of whom are defense contraciors -- were subject to
governmen! inspections on average every few weeks. While most of thess were not by
cnvironmental apencies, the continuzl monitering of their performance by outsiders maotivated
them to maintain high standards in all areas, including environmental matters. In addition, the
high adopler [aclitics conducted [requent environmental inspections on their own and were
inspected by corporate teams on a regular basis. In contrast. the low adopter facilities -- with the
exceplivn of Airerafl Facility Low Adopler — were not frequently inspected by outside or
corporate parties. For the Electroplater Low and High Adopters, the environmental manager
only dees a quarterly audit of the facilin’'s emvironmental and safety conditions. [n the Chemical
Facility Low Adopter, there (5 no standard environmental audit.

. Including environmental performance as part of workers® and facilities” overall
performance evaluations can help to sensitize everyone to the importance and benefits of
taking environmental considerations into account. In addition, providing financial
incentives for waste reduction ar other environmental ideas can be desirable.

For example, in reward for its environmental manager’s performance, Electroplater Low
Adopter established a schelarship fund at a local educational institution, thereby assisting him in
adding to his environmental skills. Aircraft Facility Low Adopter and Auto Parts Fecility High
Adopter gave cash awards of hundreds or thousands of dollars to emplovees who contributed
1deas for reducing wastes and waste disposal costs. Adrcraft Facility High Adopter #2 provides
monetary awards to employees suggesting eavironmental prejects. In Chemical Facility High
Adopter #1 there is a monelary incentive for managers and workers to avoid ereating an
environmertzl or safety incident. If they, or the workers they manage, do create such an incident
during a year, they do not get a 10 percent bonus to their salaries at the end of the year, In
addition, for purposes of his evaluation review, the environmental manager of Gear Facility Low
Adopter establishes parfarmancs goals, such as reducing the guantity of hazardous wastes and
lewering the facility's potential environmental liabilities. Environmental and safety performance
also was an explicit part of the overall job evaluations of employees in Chemical Facility High
Adopter #1, Chemical Facility High Adopter #2, Turbine Facility High Adopter, A:rﬂ:raﬁ Facility

High Adopter #1, and Afrcraft Facility High Adopter #2. The latter facility, however, has no
formal employee sugpestion process.

1L
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o) Most facilities’ environmental managers had a background in the production aspects of
their facilities, typically by having come into their environmental positions directly from
a production-related function.

For example, the environmental manzgers in Electroplater Low Adopter and Gear
Facility Low Adopter had previcusly worked in production for the facility and still spend part of
their ume as production supervisors. The Aircraft Facility High Adopter #2, Chemical Facility
High Adopter #1, Chemical Facility High Adopter #2, and Chemical Fazlity Low Adopter
environmental managers also come from a production eperations background. In fact, anly
people who have already worked for some years tn production and manufacturing are taken onto
the envitonmental staff in Chemical Facility High Adopter #1. In addition, the Anto Parts
Facility High Adopter environmental manager previously worked in Lhe facility’s quality assuranes
department. In contrast, the Electroplater High Adopter’s environmental manager had no
formal background mn produection operations, though she had been associated with facility in
different capacities fer about 30 years. The Aircrafi Facility High Adopter #1 environmental
staff are not formally trained in production operations, but rather have learned what they nesd
on ther mam.

. Line workers are more receptive (o environmental requirements when the purposes
behind them are made clear,

Most of the facilities expresslv mentioned hew inyportant and helpful that it was to
explain to line workers the rationale for environmental requirements. For example, Chemical
Facility High Adopter #1 explains to workers why certain environmental tasks must be done. It
hcheoves that if workers understand the reason for doing something, they are far more motivated
e do It, their morale is highes, and they wsuelly determine the most efficient way of
accomplishing the goal. Chemical Facility Hiph Adopter #2 also explamns to workers the
rationales for environmental ebjectives and procedures. Similarly, Chemical Facility Tow
Adapter tries to pravide user-friendly information to other employees, particularly on the
rationale behind various environmental requirements.

. Facilities that had adopted ECM practices were more likely to communicate their
environmental objectives and progress to their workers.

For example, the Aircraft Facility Low Adopter's stated commitment o environmental
protection was memaorialized in a formal "Environmental, Safety, and Health Policy,” which was
signed by the facility manager and posted on numerous walls around the facility. In addition, the
slogan, "Responsible Manufacturing Saves Our Environment," is prominently displayed on a
board at the facility. Twice annually the facility’s EH&S manager provides employees with 2
status report of how much waste was generated in the past and what were its disposal costs,

The Aircratt Facility High Adopter #1 emvironmental staff uses a variety of means with

which to communicate the [acilily’s environmental performance, including bulletin boards,
monthly presentations, bulletins, and newsletiers. The workers are kept informed of various

]



performance measures, including the amounts of waste disposed, recycled, and landfllad.
Information on Adrceraft Facility High Adopter #2°s environmental performance s provided in 2
monthly meeting with building managers, who then disseminate it to workers. Quarterly
meetings also are held to disseminate information cn all of the areas of the facility. In addition,
there are company newspaper articles and brochures for sharing environmental information.

The Turhine Facility High Acdopter’s eavironmental goals are articutated in its formal
mission and business statements and in its core business principles and envirenmental issues have
been added to the facility's monthly safery meetings. - The enviconmental staff uses newsletrers,
brochures, and videos ta communicate further environmental infonmation to workers.

At Chemical Facility High Adopter #1, individual emplovees develop environmental goals
consistent with the goals of the plants in which they work, whose goals reflect the facility’s
enviranmental strategy. At Chemical Facility [Tigh Adopter #2, the stated commitment of the
corporation, and thus the facility, to environmental prolection is memonalized in a formal policy,
that was issued by its board in 1590, To provide employees with updates on safety and
environmental issues, the facility issues "Safetygrams” when relevant. Detailed environmental
data (e.z., spill and waste management information) also are available to everyone at the facility
through its computer network, There also are environmental information bulletin beards around
facility,

[n contrast, none of the low adopter facilities, other than the Aircraft Parts Low Adopter,
made any particular efforls o communicate their environmental goals and progress to their
workers.



APPENDIX A



OVERALL PLANT MANAGEMENT

1. Does the plant have a formal manufacturing stratepy?

2. Is this primarily a corporate- or plant-driven strategy?

3. What sources of information or advice are ?mportant in developing that stratepy?
4. Does the plant have a formal environments] strategy?

5. Is this primarily a corporate- or plant-driven strategy?

6. What sources of information or advice are important in developing that strategy?

7. What is the relationship between the plant’s manufacturing and environmental strategies (2.2,
zre pollution prevention and quality control separate turfs)?

8. How did these relationships evolve?
2. Which people or groups helped develop them?
10. In what ways do environmental practices ar requirements affect the plant's competitiveness?

11. How do different groups in the plant perczive the role of emvironmental managers (e.g,
compliance police or aiding competitiveness)?

12. About how many key suppliers of raw materials and ¢quipment are there?

13, What are the plant’s relations with these suppliers {e.g., are they local, friendly or

antagomistic, interactive -- personne! exchange or electronic data interchange, joint design
of materials)?

14, Are there occasions on which suppliers, either on their own initiative or in response to
your requests, suggest innovations (e.g., cheice of technology, materials, recycling, cost
and wasie reduct:ons)?

15. Have there been occasions on which the plant has accomplished some production or
environmertal innovation?

16. Were there any advantages or disadvantages due 1o being first?



OYERALL PLANT MANAGEMENT (cont.)

17. How dees information flow to acd within the plant (¢.g, betweesn management and workers,
corporate and plant staff, outside parties and plant staff, environmental and manufacturing staff,
ete.)?

18. Is there a fermal system by which “lessons learned” at the plant get passed on to
future plant workers?

19. How do you analyze and prioritize proposed prajects?

20, What criteria are used to determine which poojects get done (c.g., cnvironmental
matrics)?

21. Are production teams involved in environmenlal decision-making and vice versa?
22, How many levels of managemen: are there at the plant?
73. How many formal job titles are there for the plant’s producton workers?

24. What parcent of the plant’s supervisors or managers were promoted from a production
worker position?

25. Are the plant’s productien warkers represenled by a labor union in contrazt negotiations?

26. What is the plant-usion relationship like?
27. What strategies has the plant used to avoid layoffs (e.g, reduced overlime ot regular Working
hours, buffered with temporary workers, limited subcontracting, smoothed production demand,

multi-skilled workers, trained under-utilized workers, offered carly retizement, ete.}?

28. What kind of training do production workers raceive (2.2, improving product qualify,
environmental issues, worker safety, elc.)?

29, Is this training on- and/er off-the-job?
30, Ts there a farmal process for emplovees to make suppestions?
51. How many suggestions are made in 2 typica] year?
32. What percent of these suggestions are ultimately implemented?

33, What percent of these suggesticns are directly concerned with eovironmental
practices?



OVERALL FLANT MANAGEMENT (cont.)

34, What methods or practices are used for organizing and managing your plant’s work foree?

35. What methods or practices are used [or crganizing and managing your plant’s production
processes?



PRODUCTION OPERATIONS MANAGER

101. What methods or practices are used for organizing and manaping vour production
processes?

102. When did vou begin using these practices?

103. How did these practices evolve to become the standards (e.p., upper management or
shop-flaor worker invelvement or support)?

104, Wha! are the goals driving cach of these practices (e.g., zero defects, zera inventory,
Zero emissions)?

105, Whal are the barriers in attempling (o implement these practices (e.g., informalion
flow, culture or consciouscess barriers, or human, financial, or techrological resourcas)?

106. What methods or practices are used for orgenizing end manaping your work [oree?
107. When did vou begin using these practices?

108. How did these practices evolve to become the standards (e.g., upper management or
shop-floor worker involvement or support)?

109, What are the goals driving each of thase practices (e.g., zero defects, zero inventory,
ZETO 2missions)?

110, What are the barrizrs in atiempting (o implament these practices (e.g., information
flow, culture or conscinusness barriers, ar human, financial, or technological resources)?

111. How do you perceive the rolz of environmental managars (e.g., compliance police or aiding
competitivensass)?

112, Are production personnel involved in environmental decision making?

113. About how many key suppliers of raw malterials and equipment are there?

114, What are vour relations with these suppliers (e.g., are they local, friendly or
antagonistic, interactive - personnel exchange or electronic data interchange, joint design
of materials)?

115. Are there occasions on which suppliers, either on their own initialive or in response
Lo your requests, suggest imnovations (&.2., choice of technology, matenals, recycling, cost
and waste reductions)?



PRODUCTION OPERATIONS MANAGEK (conL)
116. Have there bean occasions on which your area has accomplished some production or
envirommental inncvation?
117. Were there any advaniages or disadvantages due to being first?
118. How does infermatien flow to and within the plant (2.g., between management and workers,
corporate and plant stafl, outside parties and plant staff, environmental and manofacturing staff,

etc.}?

119. Is there a formal system by which "lessons lcarned” at the plant get passcd on to
future plant workers?

120. How do vou analvze and prioritize proposed projects?

121. What criteria are used to determine which projects zet done (e.z., environmental
metrics)?

122, Are production teams involved in environmental decision-making and vice versa?
123 In the last 12 months, haw many bmes has your area changed its produchion processes?
124, What prompted these changes”
125, In the last 12 months, how many times has your area changed its product desipn?

1246. What prompted these changes?

127. In the last 12 months, how many new praducts or new product generations has vour area
begun production of?

128. How old is the main production technology used in your area?
129, To what extent are your area's production processes auromated?

120, What kind of training do production workers receive [e.g., improving product quality,
environmental issues, worker safety, etc.)?

131. Is this training on- and/nr off-the-job?



PROCUREMENT OFFICER

201. What is the process used for selecting equipment znd raw malerials?
202. What criteria are used to select suppliers?
2003. What are the most important of these criteria?
204. How important 1s location?
205. How impartant is quality and how is it measured?
206. How important are envirenmental considerations and how are they measured?

207, Do vou require supplicrs to be certified under IS0 2000, [SO 14000, or same ather
standards for guality or environmental management?

208. How has this aflceted their operations or ability 1o meet yvour needs?
209, About how many key suppliers of raw materials and equipment arz there?

210, What are the plant’s relations with these suppliers (e.g., are they local, friendly or
antagonistic, interactive - personnel exchange or electronic data interchange, joint design
ol materials)?

Z11. What types of mformation are requested from suppliers (e.g., costs, breakdown of
praoduction process steps, product quality data, production scheduling information, capital
investment plans, ete.)?

212. What kinds of technical assistance or training has the plant provided to suppliers (e.g., cost
reduction, gqualitv contral, product delivery scheduling, product design and development,

environmental technology, environmental management systems, etc.)?

213, Do you have a formal inventary planning and managament system (&.2., a JIT schadule
synchronized with production)?

214, Do you perform quality control checks on delivered goods?



FINANCIAL OFFICER

301. How do you apalyze and evaluate the financial performance of the plant?
302. Are eavironmental costs relevant in the analysis?
303.  How is financial risk and liability in-::ngmraled in the analysis?
504,  [= emvironmental risk eveluated and incorporated as well?

305. What cost accounting system is used in the plant?
3046, Does this system fully incorporate environmental costs?

307, Does this system track eavironemental costs back (o the products and/or processes
responsible?

308, What systems and tools are being developed to make this a reality (e, life-cyele
cost estimating toal, standardized reports to collect environmental cost data, etc.)?

309, Who is mnwelved in colecting and recording the environmental cost data (i.e.
financial stafl, accounting <1afl, environmental heallth and safety siaff, bhusiness
cperations staff, etwc)?

310. What is vaur process for evaluating proposed prajects?

311. Is this process different for environmental projects?

312, Do vou obtain adequate cost-benefil data to evzluate environmental projacts?
313, What are the barriers to collecting this data?

314. What 1s being done to overcome these harriers?

315 What is the maximum accepled time horizon for payback?

316. What is the Lypical accepted lime horizon for payback?

217, Are thers any financial incentives giver to the plant from the government 1o do
environmental projects (i.2., investment lax credits)?

318.  Agc thers any fivancial incenlives given to managers to do eovironmental projects (Le.,
depreciation policies that could enhance the returns from environmental projects)?



FINANCIAL QFFICER (cont.)

319, Are there any financial incentives given to workers 1o make or suggest environmentally
beneficial improvements in praducts, processes, ar technologies?



PRODUCTION LINE WORKERS

401, How are you organized to produce a product?
402, Do wou work in teams?

403. How do these teams aperate?

404, Who selects the team leaders?

405. Who =selects the team members?

406, Who makes the job assignments within teams?

407, Do i¢am members regularly switch jobs within teams?
408. Do you rotate jobs amongsi vourselves?

409. What is the official job rotation policy?
410. Are there problem-solving groups (e.g., quality circles)?

411. How do thess groups operate?

412. Do thase groups meeat on vour time or on compoany time?
413, What kinds of raining are available to vou?

414, Any formal training in improving product quality?

415, Any formal training in envirenmental issues?

416, Any tormal training in workear safety 1ssues?

417 Daoes this training occur on veur time o7 on company time?

¢18. What information do the plant mangets share with you (e.g., plant or corparale linancial

performance, parformance of plant’s or competitors' products, plans for new pradusts,
environmental performance, etc.)?



ENYIRONMENTAL MANAGER

501. How do you believe others in the plant perceive the role of environmental managers (eg.,
compliance polics or aiding competitiveness)?

502. How does participation in environmental strategies affect worker marale?
503. Do you record and publicize information on the plant’s envirenmemal performance?
504, What information do vou usc?
505. What kinds of trzining are availzble to you?
506. Are you fully-trained in production areas?
507. Doas this training occur on your time or on company time?
508. Docs the plant have a formal enviconmental strategy?
509, Is this primarily a4 corporate- or plant-griven sirategy?
510. What sourcss of information or advice are impartant in developing that strategy?

511. What 15 the relationship between the plant’s manufacturing and envirenmental sirategies
(e.g., are pollutian prevention and quality control separate terfs)?

512 How did these relatonshkips evolve?
513. Which peaple ar groups helped develop them?

514. In what ways do environmental practices or requiremsnts undermine or enhance the plant’s
competibveness?

£15. What methods or practices are used for organizirg and managing your environmental
procedures?

416, When did you hegin using these practices?

517. How did these practices evolve to become the standards (¢.g., upper managsment or
shop-floor worker involvement or support)?

£18 What are the goals driving each of these pracices (e.g., zero defects, zero inveantory,
zaro emissions)?



ENYIRONMENTAL MANAGER icont.)
519. What are the barriers in allempting to implement these praclices (e.g., informalion
flow, cultare or caonsciousness Darriers, or human, financial, or technolegical resources)?
520. What factors are importanl in prompting consideration of environmental projects?
521. How do you analyze and priontize proposed projects?

522. Whal criteria are used 1o determine which proiects zet done (¢.g., environmental
metrics)?

523. Are productioa tcams involved in eavironmental decision-making and vice versa?
524, What percentage of your environmental solutions are low-tech versus high-tech?

525. Have therz been occasions on which your arca has accomplished some production or
enviranmental innovation?

526, Were there any advantages or disadvantages due to being first?
327. What cost accounting svstem is used in the plant?
528, Dozs this system {ully incorporate environmental costs®

529, Does this system track environmental costs back to the products and/or processes
responsible?

2all. What pollution prevention measures have been most successful and why?
531. What pollution prevention measurcs have been lcast successful and why?
532, Deoes the plant conduct environmental audits?

533, Are they internal or external andits?

534.  What purpese do these audits serve for the plaat (i.c., giving guidance on business
acquisitions and divestitures hased on environmental risk)?

"
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Is the plant involved in amy of EPA's voluntary ¢nvironmental programs (¢.g., Green
Lights, 35/50, WastaWiSe, Design for the Environment)?



