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Introduction

What Is Business Value?
As you probably already know, business value means different things to different people.

However, you also know that the management of your company wants you to deliver business value
each and every day.  Just because you manage the environment, health, and safety (EHS) function,
you are by no means exempted from this important requirement.

You can ask the question, “What is important to our customers, shareholders/owners, employees,
and the community in which we operate?”  The response will help determine the right strategic
objectives for the company (e.g., growth and innovation) and the right objective for operational
effectiveness (e.g., lower cost, faster time to market, no environmental impacts, elimination of health
and safety risks).  Achieving these objectives provides business value.

EHS professionals also have to understand what real strategic issues the company is facing.
They’ve got to be sensitive to what’s on the senior management’s agenda.  Financial performance
dominates that agenda!  Remember, it’s not EHS; it’s not customer satisfaction; it’s not quality; it’s
financial performance!  If you can’t talk their language and convert the EHS function into what they
relate to, you won’t get their hearts and minds.  You’ll have to learn to become at least conversant in
this financial language, not necessarily fluent.

The language of finance varies among companies, but some of the most common phrases are as follows:

◆ Share price

◆ Market value

◆ Revenues

◆ Earnings per share (EPS)

◆ Growth rate

◆ Profit margin

◆ Price/earnings ratio (P/E)

◆ Return on earnings (ROE)

◆ Return on assets (ROA)

◆ Return on investment (ROI)

◆ Earnings before interest, taxes, depreciation, and amortization (EBITDA)

By translating EHS initiatives into top- and bottom-line results, you can become conversant in 
the native executive tongue.  Beyond this translation, EHS professionals can work to align the
processes and systems that influence behavior with their goals and those of senior management.
There’s a strong need to create one conversation in the organization.  One way to become more 
proficient in understanding this “financial speak” is to take a course on “Financial Management 

Chapter 1
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for the Non-Financial Manager.”  Many colleges and universities offer these courses through their
continuing education schools.  There are commercial training companies that also offer short courses
on this subject.  If you do not have the time to take such a course, there are a large number of books
available with these words in the title.  If you are a novice in this area, you might wish to read The
Ten Day MBA.  The reference to this book can be found in the References appendix in Chapter 5 of
this publication.  Reading this book will allow you to proceed at one easy-to-understand chapter a
day and absorb the information to speak the language and acquire the confidence needed to succeed
in the business value reality of today’s EHS world.

Chapter 5 also includes an extensive glossary to help you improve your business vocabulary.  

You can begin to identify business value in your day-to-day work by asking the following questions:

◆ Will this increase revenue? 

◆ Will this decrease expenses? 

◆ Will this bring in new customers? 

◆ Will this bring in more money from existing customers? 

◆ Will this increase shareholder/taxpayer value? 

Depending on the nature of your business, a given EHS project could affect any of these value
areas. It could increase revenues or decrease expenses. In fact, sometimes a project could affect two or
three simultaneously, such as increase revenues, bring in more new customers, and increase revenue
from existing customers.

Getting Started—A Roadmap

With a bit of practice, it is easy to identify business value for your important process improvement
projects. First, you have to accept that not every project or EHS activity will be valuable to the busi-
ness, so identifying the ones that are will make things easier.

Second, you can start the process by imagining what life would be like if your organization did not
have sufficient EHS compliance. This often provides insight into the “downstream” effects of what
you do. And finally, when you identify which business value areas the project or EHS activity is most
likely to impact, you can clearly communicate why investing resources in the necessary process
improvements will benefit the organization. This dramatically increases your chances of getting
approval to do the interesting, challenging projects.

Making the Business Case for EHS will help you begin using your new knowledge and business-
speak as you show management how EHS activities are adding value to the organization.  You will
also learn how to work with other functional managers to integrate EHS activities into everything
the company does no matter what size it is. 

This manual highlights 10 principles that will guide you as an EHS coordinator as you start
applying your business knowledge.  There are 8 tactics you can use to implement activities in
response to the 10 principles.  The manual also provides three cases that will illustrate how these
items overlap.  

The appendices to the manual includes important supporting materials, including References, a
working Glossary, FAQs your management team may ask about the 8 tactics, helpful tips for relat-
ing EHS business costs to company values, and synopses of existing business management programs
that enhance the business value of EHS functions and performance.
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The EHS Business 
Value Principles

Companies, large and small, are under increased pressures to improve their business value and EHS
performance.  These pressures stem from such factors as intensified marketplace competition,
expanded expectations for shareholder return, technological change, and the introduction of manage-
ment practices emphasizing quality improvement and cost reduction.

In improving their EHS performance, companies have responded to driving forces such as growing
public expectations for EHS quality improvements (as expressed through more stringent legislative
and regulatory requirements), more direct stakeholder monitoring of EHS performance, and chang-
ing corporate values and efforts to integrate EHS with business management through initiatives to
avoid or reduce EHS-related costs.  Some very important questions have been raised:

◆ Why are leading companies seeking to achieve EHS excellence?

◆ What are some key factors of success for creating a high EHS performance organization?

◆ What are best practices currently in use for integrating and transferring excellence in busi-
ness to EHS management?

◆ What valuation process do companies use for EHS projects and activities?

◆ What is environmental excellence?

These questions point to several major challenges and trends in EHS management—the growing
interaction and complexity between business and EHS issues; expanding expectations from cus-
tomers, employees, communities, and other outside stakeholders for companies to account for their
views in business planning; and the need for EHS programs to become financially self-sustaining and
contribute measurable business value to the company.

The commitment to excellence in EHS performance is but one of many factors competing for
resources and management time.  There are several sets of issues motivating this push for excellence:

◆ Economic benefits resulting from improved EHS performance

◆ Corporate commitments and core values

◆ Reputation enhancement

◆ Regulatory requirements

◆ Meeting customer and stakeholder expectations

◆ EHS issues and their contributions toward strategic differentiation of the company

◆ Improved employee relations

It is now more important than ever to extend business management philosophies and methods to
EHS management.  Factors that will contribute to success in this area include:

Chapter 2
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◆ Achieving a “boundary-less” character to business and EHS management systems so that
such issues as vision and performance measurement are more consistently managed across
different levels of management and across departments and other business units.

◆ Developing scorecards for key business and EHS management system results.  Scorecards
help management track the outcome of performance and they also enable stakeholders as
varied as financial analysts and communities to verify such results in ways that can sustain
a company’s longer-term reputation and credibility.  Such scorecards measure the outcomes
of performance using metrics that extend beyond traditional EHS compliance issues into
such areas as the efficiency of business processes.

◆ Managing EHS issues to contribute more directly to business value-generating operations
and strategies so that the value of EHS activities is more clearly demonstrated to business
colleagues, shareholders, and customers.

◆ Enhancing the personal and professional skills of managers and employees to improve EHS
performance while upgrading the management system.

◆ Expanding the diversity of stakeholder viewpoints and perspectives considered by manage-
ment in making business and EHS management decisions.

Best practice areas that are frequently referred to in the literature include:

◆ Setting goals that are quantitative and time-specific and cascade through the organiza-
tion—separate but compatible goals are established at the global, business unit, site, and
department levels.

◆ Placing an economic value on specific EHS functions such as compliance, due diligence
reviews, and product life cycle analyses—broadening the application of economic value-
added methodologies to EHS activities, computing the EHS contribution to enhancing
specific business processes, and developing specific results (indicators) for eco-efficiency.

◆ Focusing on the main processes that make products or deliver services for the company.
Companies are devising an increasing number of methods for integrating their business
and EHS.  These can include:  EHS staff review of business plans and new product reviews,
improving business-EHS accountability practices, and reducing business and EHS costs by
redesigning processes!

◆ Building and transferring core competencies.  Companies committed to EHS performance
excellence seek to enhance the skill levels of their personnel and continually learn about
and apply practices that produce superior performance.  This includes rotating business
managers into EHS functions.

◆ Managing behavior to improve business and EHS performance.  Includes incentive plans
that apply to individual employees and clarify the consequences of failing to achieve EHS
goals that they help to set.

◆ Instituting feedback processes.  EHS audits of suppliers, external stakeholder reviews of
EHS goals, programs and progress, and using customers and a business team to provide
feedback on opportunities for improvement.

◆ Having EHS projects compete with non-EHS projects for access to capital, criteria for
making EHS and non-EHS investment decisions, and the process used for making invest-
ment decisions.

Legally required EHS investments, such as those undertaken for compliance with laws and regula-
tions, often do not compete for access to capital.  More discretionary initiatives (e.g., prevention
program projects) exhibit no clear pattern of decision making.  Multiple decision criteria are often
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applied in valuing EHS investment opportunities, with some companies adopting a “hard” return on
investment (ROI) criterion, while others demonstrating considerable flexibility in deciding whether
and when to fund individual EHS projects.  Considerable discretion also exists in terms of who
makes EHS investment decisions and how such decisions are made, especially in regard to projects
initiated without a compliance requirement.

Because of the variety of criteria and decision-making processes used to evaluate EHS projects that
are not compliance related, access to capital also appears to depend on the capabilities of individual
project managers to assemble coalitions of support for funding.  While many of these individuals
have enjoyed great success in securing project support, the lack of a more formal approach in evalu-
ating EHS projects may subject the latter to a more unpredictable funding outcome than competing
projects.

Operational excellence is a term often used by management for initiatives to improve the overall
performance of the organization.  This term is often defined by the use of the Baldrige Model (see
Chapter 5, Appendix 3) for performance excellence.  Environmental excellence, a parallel term
used in EHS performance enhancement circles, lacks a concrete and consistently applied definition.
At the present time, it represents more of an aspiration than a result or destination.  EHS manage-
ment is in transition when it comes to using performance methods.  While primarily directed
toward compliance, leading companies are looking at going what they call “beyond” compliance pro-
grams and initiatives to improve their EHS performance and reputation.  They are generally only in
the early stages of examining or implementing ways to further integrate EHS with business manage-
ment by adapting methods and tools commonly used in business processes—quality management
tools.  Such companies have only recently begun to systematically think of how EHS programs can
add VALUE to business managers, customers, and shareholders.

As a result of these and other factors, the performance achieved from EHS programs has been rela-
tively modest.  This is true in large part because the most commonly used indicators of performance
(results or outcomes of performance) are traditional, compliance-oriented factors that don’t sufficient-
ly reflect a full range of business impacts in the EHS area.  Business and EHS managers have mostly
pursued incremental performance improvements rather than seeking more strategic and significant
breakthrough gains in EHS through the redesign of the main processes.  There are many important
breakthrough opportunities left.

Characteristics that pertain to environmental excellence are as follows:

◆ Obtaining continued support for ambitious EHS goals and performance improvements
from the CEO and senior business unit executives.

◆ Improving EHS performance beyond regulatory requirements because this enhances the
corporation’s control of its business destiny with stakeholders and provides business man-
agers with greater control over planning and budgeting processes.

◆ Implementing EHS stewardship programs throughout the business chain, and delivering
products and services that anticipate and solve customers’ EHS-related problems.

◆ Supporting research and development and other opportunities for innovation that will lead
to significant EHS performance gains while advancing measurable results signifying the
outcomes of the performance.

◆ Recognizing that excellence is the combined result of a constantly improving management
system and organizational practices designed to motivate people to do a superior job so
that a company exceeds EHS goals, outperforms its competitors, and meets stakeholder
expectations.

©2005 Business & Legal Reports, Inc. 
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It is important to foster optimism and a strategic vision for EHS management so that it is viewed
as a core business function and asset.

One of the major perceptions of the EHS function is that it doesn’t contribute to what’s important
to the organization.  EHS professionals often work on the fringes, leading to this perception that
they do not contribute directly to the bottom line.  

There needs to be a major shift in thinking among EHS professionals to overcome this image.
EHS coordinators must focus more on the following issues:

◆ Meeting customer needs

◆ Achieving a desirable and ethical public image

◆ Improving efficiency and obtaining cost savings

◆ Achieving effective risk management and formulating contingency plans

◆ Achieving a competitive advantage through improved design of products, packaging, and
processes to meet customers’ EHS needs

◆ Improving long-term profitability

◆ Minimizing the effects of EHS fees and taxes

◆ Improving standing in the local, financial, and government community

◆ Ensuring product costs include realistic assessment of related EHS costs

◆ Ensuring the continued availability of financing and insurance 

Tip:  Increasingly banks and insurance companies take an organization’s EHS perform-
ance into account before providing finance and/or insurance.

There is a growing awareness that society’s dependence on and interaction with the environment
is not unlimited.  Sustainability is becoming more recognized and demanded by the public.
Sustainability is most often expressed as, “Meeting the needs of the present without compromising
the ability of future generations to meet their own needs.”

A major challenge for EHS management is to transform its work into a major business opportuni-
ty.  Those organizations that see their environmental policy solely in terms of meeting regulatory
requirements will miss these opportunities.  It is essential for organizations to define and incorporate
EHS policy into their overall strategy and to seek to minimize any unavoidable costs of regulation.
You will need to convince your financial staff and upper management that looking after the EHS
issues is a huge business opportunity that can have a positive effect on staff as well as the image of
the company AND the bottom line.

A key requirement of EHS management is the sustainable use of human and natural resources.
The EHS manager needs to be involved in:

◆ Monitoring external developments.

◆ Identifying and benchmarking against best EHS practices.

◆ Ensuring that the EHS strategy is fully integrated into the overall business strategy.

◆ Developing EHS measures of performance.

◆ Setting EHS improvement targets and establishing monitoring procedures to know the
results (i.e., outcomes of performance).

©2005 Business & Legal Reports, Inc. 
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◆ Ensuring that EHS performance management systems are integrated into business manage-
ment systems so that EHS impacts and risks can be fully incorporated into business
decision making.

◆ Incorporating EHS considerations into capital budgeting decisions and selection of capital
equipment.

◆ Identifying and calculating any EHS contingent liabilities.

◆ Identifying and estimating costs caused by the organization’s activities that have to be met
by others (e.g., contaminants to the wastewater are found in surface water or drinking
water).

◆ Producing and analyzing EHS management information.  By making EHS costs more visi-
ble, managers can be made accountable for the EHS costs that they generate and EHS
performance can be incorporated into management incentives.

◆ Identifying internal energy or water costs and allocating those to products and processes
(e.g., instead of treating electricity as an overhead item it can be treated as a direct cost for
each unit operation or work step).

◆ Sponsoring EHS consciousness in all employees through training and communications.

◆ Involving employees directly in EHS activities from the bottom up.

EHS management should not be seen as something separate.  Management must learn to integrate
EHS considerations fully into their work so that it becomes routine to factor them into all business
decisions.  Employees should consider EHS in everything they do every day.

Producing EHS management information can add value by helping to identify where cost savings
can be made.  Defining, analyzing, and reporting EHS information will improve management’s
awareness and meet the increasing and diverse expectations of stakeholders.

Exemplary EHS management provides opportunities for reducing costs, since the primary cause of
impacts and risks is waste in one form or another.  Reducing waste will therefore have the dual effect
of improving EHS performance and reducing operating costs.

In some cases, EHS management may also provide an opportunity for increasing sales revenue
(called the “top line”).  This could stem from the introduction of new products directed at meeting
an EHS need or increasing the margins on some products to reflect the EHS-friendly nature of the
product.

There are a number of important guiding principles that can help the EHS manager add business
value.  Each of these principles can be addressed by using one of the business value tactics described
in Chapter 3 of this manual. 
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1. Know your company’s processes
If you ask the manufacturing manager for information about the processes responsible for making

your product line or for the services offered, it is likely that he or she will provide you with a very
complicated and difficult to read flowchart, process flow diagram, piping and instrument diagram,
or value stream map.  Chances are that very few people in the organization have ever seen or used
these complex depictions of the process.  

In business, processes intertwine in complex ways to provide products and services. Your compa-
ny’s processes ultimately lead to its success or failure.  The challenge for anyone wanting to ensure
that the final result is successful is to find a way to analyze those processes.  Process mapping is a
powerful tool that allows the reviewers to get a good understanding of the process, effectively find
ways for that process to become more effective, and ensure that business value is being provided to
the stakeholders.

Hierarchical process mapping can help a team of people understand how the process works and
allow the team to explain the information to management and workers alike.  Unlike the other
process diagramming techniques, it has a simplified structure—never allowing more than six objects
on a page.  The hierarchical structure of the process map makes it easy to computerize.  This allows
you to store all kinds of information by work step.  The Systems Approach uses accounting sheets for
organizing this information.  When stored in a database, the information can be accessed at the work
step level and be used to train the operators or simply provide them with all the updated informa-
tion they need to run the process more effectively and efficiently.  It is also possible to simulate the
process when it is placed in a hierarchical format.  This is not possible with the other process dia-
gramming methods.

Too many process improvement specialists conduct their work with a mind-set that management
must be pleased.  Often these people have preconceived notions of what they will find.  And even if
the specialist is open-minded, the review is often done without talking to the employees.  Discussions
may be held with management.  There may be reviews of procedures and files.  But the people actual-
ly doing the work are not brought into the picture.  The verification of the hierarchical process maps
in the Systems Approach involves the process operators.  They will freely talk about improvements
that have already been made and what they would like to see improved in the future. In many cases,

10 EHS Business Value Principles
◆ Know your company’s processes

◆ Everything is connected to everything else

◆ Prevention is more effective than control

◆ Focus on the processes

◆ Use quality management as the improvement language

◆ Involve employees in a bottom-up program

◆ Thoroughly integrate EHS into all business programs

◆ Translate all process improvements into financial terms

◆ Score the true performance of process improvement

◆ Seek continuous improvement with lessons learned
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they have specific recommendations on how to make these improvements.  In this way, hierarchical
process mapping allows a true buy-in to the completed product by the employees.  Employees have
participated in the mapping exercise.  They will participate directly in the process improvement
using the Systems Approach methodology.

If the process leads to a product or service that nobody wants, it is a waste of time—there will be
no customer.  The successful analysis of processes must take customers into account.  It may be the
primary customer—the one who buys the product or service—or it may be an internal customer—
the employee who uses an output as their input to their work task.  The process should be driven
from the customer’s or marketplace perspective.  Possibly the most important benefit of hierarchical
process mapping is that it is customer-driven.  To complete the hierarchical process map, everyone
must understand what is being delivered to the customer and why.  

These process maps are often used to ensure that the operation is as transparent to the customer as
possible.  Equipment can break down and supporting processes can be interrupted.  This may cause
delays in delivering a product.  Some of this delay is built into the promised delivery time.
However, excessive delay is frowned on and may even lead to the loss of a customer.  Regulators
want to see how the process is affecting environment, health, and safety.  The better they understand
the process, the more objective they can be with their assessment.  Finding ways to make an opera-
tion more transparent to the various stakeholders should be the objective of any process
improvement program.  Hierarchical process mapping helps make this step.

2. Everything is connected to everything else
Hierarchical process mapping provides employees with an overall view of how their work adds

business value and how they are part of the team responsible for the company’s product or service.
The holistic approach allows them to see where their work comes from (upstream) and they can see
the work steps that lead to the products (downstream).  They can see why they are doing what they
do.  Eventually, this should lead to a final benefit to the customer.  Hierarchical process maps often
provide the first time employees actually understand why they are doing the work they do.  It helps
them understand why a bothersome statistic they have to generate is important to a report that
drives future customer transactions.  It also helps them see the activities that influence their safety
on the job and what they might do to affect the environment in an adverse way.

In your operations, processes are constantly interacting with other supporting processes.  The water
is purified in a de-ionization system in order to be used as a rinse in the main process.  Both opera-
tions use resources and create wastes.  Both operations are subject to EHS requirements.

Too often process analysis is done in a vacuum and does not consider how these processes interre-
late.  Process improvement specialists often talk to one functional manager to find out what works
best for them.  Is it a problem with maintenance, quality, or operations?  They do not worry about
the EHS consequences of process improvements because this is your job!  Hierarchical process map-
ping provides a method for taking a holistic approach to process analysis.  Before approaching
functional managers, the process improvement team can gain a full understanding of the process’s
objectives and how they interrelate with the company’s overall objectives.  The objective of each part
of the process and the supporting processes is also reviewed to ensure that it benefits some greater
objective.  When identifying opportunities for improvement, the review team will keep all these
objectives in mind to ensure that the effect of the process improvement is fully understood.  By look-
ing at the whole picture and integrating the various parts, the process improvement team can see 
not only what needs to be changed, but also how this affects everyone.  With an overall view, the
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benefits for one can be weighed against the detriments to another, and the ultimate good can be
appropriately considered.

Many of the popular management initiatives do not include “systems thinking” capabilities.  They
are more initiative (best practice) driven.  Hierarchical process mapping can bring this dimension to
these programs.  All projects in the Systems Approach need to check to see if their actions will cause
negative reactions downstream or in one of the supporting processes.  No project is allowed to stand
alone.  Project team leaders and the oversight committee also will look to see where else in the sys-
tem the knowledge learned can be applied.  This leveraging of the successes will help the company
move from incremental improvement to a breakthrough improvement level.

3. Prevention is more effective than control
EHS regulations and methodologies have always stressed the use of “controls” instead of at-the-

source prevention.  These controls include such things as machine guards, fume incinerators,
wastewater pretreatment devices, and fall protection. Often they refer to these add-on controls as
“prevention.”  This is quite misleading!  These controls cost money that does not add value to the
process.  Furthermore, these controls need to be inspected, maintained, documented, and reported
on.  Many controls (e.g., wastewater and air pollution controls) require additional energy to operate,
consume other valuable resources, and create their own wastestreams.  When one looks at controls in
this way, one has to wonder how we ever got into such a predicament in the first place!

Some companies have restricted their EHS program to compliance—“Show me in writing where it
says I have to engage in at-source prevention!”  In an ISO 14001 environmental management system
and in the OHSAS 18001 health and safety management system (see Chapter 5, Appendix 3), the
organization must make a commitment to prevention.  However, it does not have to demonstrate
that the commitment has been exercised to obtain certification.  It really seems at times like the
deck is stacked against the practice of at-the-source prevention in the EHS field.

Most states have offered free pollution prevention technical assistance.  Small- and mid-sized com-
panies have failed to take advantage of these programs.  The U.S. EPA has since started to lower the
funding level for these programs.  Many trade associations and the government have run voluntary
programs (e.g., OSHA’s Voluntary Protection Program and the American Chemistry Council’s
Responsible Care® program) that emphasize prevention.  However, most of these programs are not
being used by small- and mid-sized companies.  Most, if not all, of these programs are “initiative-
driven.”  That means they operate with a collection of best practices and success stories.  They rarely
require the company to have a program-in-place (i.e., a program centered about something like the
Systems Approach) to promote the prevention approach.  Yet, even such an initiative program would
be better than avoiding prevention altogether.

There has been a great idea for EHS professionals whose minds are always focused on compliance.
It is called “Compliance Through Prevention.”  This program was a part of President Clinton’s
Executive Order 13148 and applies to all federal government facilities.  It states that there are two
routes to compliance:

1. You can read, understand, and follow all the EHS regulations all the time; or

2. You can work to change the process in such a way that it no longer “triggers” the very
need for the regulatory requirements.

No company is in compliance with EVERY regulation all of the time!  Your company is always at
risk of being found in violation of a compliance requirement.  A good regulatory inspector having a
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bad day can find noncompliance examples in every case.  By changing the process to avoid the very
need for compliance, it is not possible to be found to be out of compliance!

Changing the process is exactly what all the EHS regulations sought to avoid when they were
written.  However, an investment in the process (i.e., making it more agile or productive) is a much
better investment than spending money on a control that will not only fail to add business value,
but will also put you at constant risk that it may fail, causing production disruption.  Recently a
company lost two shifts of production on five filling lines when a program logic control failed to
communicate with the computer controlling the wastewater discharge pump.  Because the company
could not discharge without the pump engaged (they had installed a failsafe device to prevent dis-
charge unless all systems were working properly and had no manual override mechanism), all
processes that generate wastewater had to be shut down.  The plant manager was not very happy
with this event!

Engineering and operations staffs are surprisingly open to suggestions on how to improve the
process.  They really dislike having to treat pollution and safety control equipment as critical equip-
ment in their preventive maintenance program.  Critical equipment should be limited to the major
production equipment if you are worried about business value.  EHS professionals just need a way to
communicate better with these other functional managers.  Tactic 1 (see Chapter 3) will help
improve this communication.  Prevention considerations should always be considered when choosing
opportunities for process improvement after completing the hierarchical process mapping.  Tactics 2
and 3 will provide ample justification that prevention is better than controls when it comes to
adding business value.

Another area that is important is the prevention of spills, leaks, and accidents.  There is a Lean
Manufacturing (see Chapter 5, Appendix 3) technique known as poka-yoke (i.e., mistake-proofing)
that works very well in these programs.  This technique works well in EHS projects, although few
EHS professionals are familiar with the use of this technique.

4. Focus on the processes
In any organization, a certain amount of “turf” is protected by each functional manager.  Each of

these professionals gets their recognition based on the results of initiatives in their own silo.
Workers also get judged on their work at their work step location.  They are not judged on upstream
and downstream consequences of their work.  Because there is so much to protect, people tend to get
a bit emotional about process improvement.  This kind of change brings fear of repercussions that
may result from the activities.  Fear gets in the way of team activities.

The Systems Approach uses quality management tools to help “de-personalize” the team activity.
By focusing on the process, all attention is given to fix what may be broken or improve what could
be made better.  Because this work is done in a systems framework, everyone can “see” how the
activity will potentially affect them.  Instead of just reacting to this, they can provide valuable input
to the team that will protect their position.  It is important to always focus arguments to the piece
of paper that is being used for the quality management tool.  People argue to make a change on that
piece of paper.  They do not argue with each other in a personal way.  The “youngest” tool in the
Systems Approach was published in 1943 and the oldest tool dates back to the late 1800s.  In the
hands of an experienced user, these tools have proven themselves over and over again for all this time
to be able to help teams perform better—even without all the other team training, such as conflict
management, agenda setting, and performance measurement.
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It has been interesting to see how hierarchical process maps induce employees to want to get
involved in process improvements of all kinds.  When employees are shown a preliminary hierarchi-
cal process map during the verification process, they want to make sure the information is correct.
This is a reactive move at first.  However, they are amazed to see how the links are made between
their work and work upstream and downstream of them.  Oftentimes they have never even seen
some of the supporting processes that are delivered to them by pipeline!  It really gets them think-
ing about the process instead of just knowing that they have to follow directions that someone else
wrote and probably never used.  However, for the workers, this is what they do and they want to
make sure it accurately reflects their work and addresses their problems.  Most other process dia-
gramming techniques cannot do this as well.  Some of them (e.g., value stream mapping and piping
and instrumentation drawings) are so complex that most workers do not really understand them.
They often represent the process at a higher level, e.g., they may show a machining operation as a
single item on the process depiction when there are four separate activities that are performed there.
Each of these four steps uses and loses resources.  The root cause of the problems with resource pro-
ductivity is likely to be found at the work step level, not at the machine level.  The focus has to be
at the right level in the process.

Another pet peeve of the workers is mass training!  Often this simply bores them to death.  EHS and
management initiatives promote mass training to build program awareness.  The Systems Approach
does not promote mass training.  Workers are not taught how to use the tools.  A facilitator or other
employee that has experience using the tool helps the team use the tool when they meet to prepare the
action plan.  Software can be used to help with the hierarchical process mapping.  Program training can
be condensed and presented to the workers.  Then workers can refer to their work step as represented in
the hierarchical process map and the linked accounting sheets.  They can be shown how the program
affects them where they are working.  Every worker in the training session would have the opportunity
to see how the program affects them.  This makes the training more meaningful to them and they tend
to pay more attention.  Focusing on the process in this way will build the awareness that has always
been sought by the EHS professionals and other program leaders.

Most management initiatives (e.g., Lean Manufacturing and Six Sigma) do not necessarily use
quality management tools to focus on the process.  Instead, they are more likely to be focused on the
problem.  The Systems Approach tools work very well within these programs to tie the problem to
the process and to improve the process to seek to eliminate the problem altogether rather than apply
a Band-Aid fix to the problem.  Tactic 1 is very helpful for showing the way to improving these
efforts and finding the way to add the business value that is sought in all of these programs.

5. Use quality management as the improvement language
All MBAs learn to use quality management tools.  This serves them well as they seek to improve

the business value of the companies that employ them.  Management uses quality management tools
to help operations meet the needs of their customers.  Many management initiatives (e.g., ISO 9000
quality management system or similar program, Lean Manufacturing, Six Sigma, and Operational
Excellence) also use quality management tools.  The basis of the ISO 14001, OHSAS 18001, and
other similar EHS management systems use the PDCA (plan, do, check, act) cycle—another quality
management method.  So quality management philosophy pervades many organizations.

However, EHS professionals are not as familiar with the use of quality management tools and
methodologies.  What makes matters worse is that all the management initiatives seem to assume
that the EHS professionals do not need to be involved since the work does not directly impact their
silo.  This is a real bad assumption!  It is also a common belief that the EHS coordinator is too busy
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for such a program with all the regulatory compliance activities they are involved with.  This is an
impression that many EHS professionals give to their management.

Even though all the management initiatives use quality management tools, life isn’t perfect for
them.  The sensi (i.e., the leader of Lean Management programs) does not always use a sequence of
quality management tools.  Instead, they use the tools just as they see fit, thus losing some of the
advantages of the quality management approach.  The Six Sigma black belts use a technique called
DMAIC.  It has a specific order in which quality management tools are utilized to improve the
process.  However, the black belts often substitute tools randomly for one another in this sequence
(i.e., there are hundreds of quality management tools available), not fully realizing that it takes a lot
of skill to use the tool effectively.  By making the frequent changes in the tools used, they take much
longer to develop the requisite skills.  Lean Management and Six Sigma programs would be run
more smoothly if the Systems Approach was used.  The Systems Approach (Tactic 1) has been used
in ISO 14001 environmental management systems  and has been used by itself to help establish an
environmental management system.  There is a lot of pressure placed on management initiatives to
demonstrate the creation of business value.  People involved in managing these programs have been
quite resistant to try anything to improve their programs for fear that it will detract from their effort
to add the business value.  

The most commonly used problem-solving tool in the world is the cause and effect diagram.  This
tool is used for root cause analysis.  EHS managers always say that it takes too much time!  However,
if they developed the skill to use the method, it would take much less time and provide quite a few
more alternative solutions in the brainwriting or brainstorming sessions that follow.  Most compa-
nies only use root cause analysis after a major incident.  They say it is to “prevent” the accident from
happening again!  It would be much more prudent and would add business value if root cause was
used prospectively to actually and really prevent the accident—the first time!

If all the process improvement programs were using the same set of quality management tools
(e.g., the Systems Approach in Tactic 1), the following benefits could be realized:

◆ All programs could communicate with each other using the same language;

◆ Management could communicate more effectively with functional managers;

◆ Management and employees could communicate through the use of these visual tools; and

◆ The company could communicate more effectively with outside stakeholders.

All of these improved communications capabilities would contribute to the creation of business
value.

6. Involve employees in a bottom-up program
Almost all of the process improvement programs are operated in a top-down mode.  This is a

result of the emphasis placed on a management technique known as “management by objectives.”
Many of the quality management gurus have found that it is also important to have a “bottom-up”
component in the program.  It is not effective just to tell employees what to do and judge them on
how well they follow the directions.  Since they are working with the process all the time, they
might have some valuable knowledge that they can share with management—something that is now
known as process knowledge and intellectual property or knowledge assets.  Employee involvement
is now a major component in most true performance evaluation methods.

The Systems Approach seeks to involve employees in the solution of the problems.  It is amazing
how clever they can be when directed in this way.  Management is always saying, “Wow!  That is a
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great idea!  I wonder why I didn’t think about that!”  Unfortunately, the idea is “old” to the employ-
ee.  When asked why they didn’t tell management about the idea in the past, there are generally two
responses:

1. “Management has never asked before!”

2. “I thought it was a silly idea and management is not receptive to such input.  They just
want us to follow the directions that they provide and not think about such things!”

This is a really sorry state of affairs and one that needs to be promptly replaced if there is to be an
effective program to build business value.  Remember, “An employee never resists their own ideas!”
Given an opportunity to make improvements that they are interested in will work much more effec-
tively than trying to force-feed them what an outside expert feels is a “best practice.”

It is important to preserve the top-down component within the Systems Approach.  This is accom-
plished by only allowing the employee teams to write a DRAFT action plan.  It must be approved
by management before it can be placed in action.  Management can weigh in by asking the team
questions about their approach and negotiate with the team over the amount of resources that are
requested for each of the projects.  The management can also coordinate the efforts by having differ-
ent teams meet with one another along the way to share information.  These linkages become
apparent by using the hierarchical process maps.

By using a good blend of top-down and bottom-up management styles, the process improvement
efforts as well as the EHS program efforts should be a lot more successful than just dictating every-
thing from the top down.  Lean Manufacturing programs need to be sensitive about de-emphasizing
the role of the sensi. A teacher can be viewed as helpful or autocratic.  Six Sigma programs need to
develop sensitivity into their martial arts analogies of black belts. Sensi and black belts should be
provided with facilitation training to learn to be guides for the workers to use as they seek to solve
their own problems.  This will be a big transition for some of the programs already in place and will
take some time to make the shift to the middle of the road.

7. Thoroughly integrate EHS into all business programs
All management initiatives seek to improve business value.  Each of these programs has projects to

realize these important gains in business value.  Often there are parallel process improvement pro-
grams in place with little integration between them.  The Systems Approach is quite useful for
integration of these programs.  Hierarchical process mapping helps to identify the opportunities to
improve the process.  When selecting which opportunities to include in the program, it might make
sense to select opportunities that are being considered separately in multiple programs.  An example
would be:

◆ Significant aspect in ISO 14001 or other environmental management system,

◆ Significant hazard in OHSAS 18001 or other occupational health and safety management
system,

◆ Kaizen target in a Lean Manufacturing effort,

◆ Variability reduction target in a Six Sigma program, or

◆ Quality system problem in ISO 9000 or other quality management system.

The employee teams will use the managers of the different management initiatives as resources for
their action planning effort using the Systems Approach tools.  These initiative managers will join
the functional managers on the oversight committee to oversee the process improvement effort.  In

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)14



The EHS Business Value Principles

this way, these initiative managers learn that they can actually work together despite all the various
“turf” issues associated with their programs and the funding for those programs.   This integration
effort has been used to merge Lean Manufacturing and Six Sigma into a Lean Six Sigma program.
There are multiple benefits that come from merging these programs.  However, it has always been
difficult because of the differences between the programs.  What they do have in common is the task
of process improvement.  They just needed a way to communicate with each other.  The Systems
Approach tools work fine for this.

Tip: It is very important to keep the focus on improving the process and not specifically
on the success of each of the management initiatives per se.

Another integration opportunity comes from getting the various functional managers to work
effectively with one another.  Each functional manager is asked to write down their most pressing
issues on a hierarchical process map at the work step level. Examples include:

◆ Human resources should look at the jobs that workers hate to do.  Where are the com-
plaints coming from?  Where is there the most employee turnover?

◆ Maintenance should look at work steps where there are the most challenges. Is it with pre-
ventive maintenance or where machines are actually breaking down?

◆ Quality should look at work steps where defects are coming from.  Where are parts and
assemblies being rejected?

◆ Environment should look at work steps subject to environmental compliance issues.

◆ Health and Safety should look at work steps subject to health and safety compliance issues.

◆ Purchasing should examine where there is the greatest demand for resources or where there
are special demands that are taking up precious time for them.

◆ Accounting should examine work steps they are aware of that are causing accounting issues
that they need to deal with.  Where are the capital equipment requests coming from?

◆ Supply chain management should examine where there are important interfaces between
what the suppliers are providing and their need in the main process.  Suppliers’ product
manufacture should be seen as a supporting process in the hierarchical process map.

When the hierarchical process maps are combined, it is often found that 20% of the work steps
have 80% of these concerns.  These work steps become good candidates for process improvement
projects.  It is best to select projects where there are multiple problems.  When these problems are
solved as part of the same project, the payback calculations are vastly improved.  These functional
managers should be serving on the oversight committee and will see how their combined efforts add
more business value than their previous projects.

8. Translate all process improvements to financial terms
You can earn the respect of your management team by aligning EHS activities with what’s impor-

tant to them.  More often than not, what’s important is financial performance.  Once you show the
financial links through easy-to-understand metrics, you’ll have senior management asking for infor-
mation.  They will become much more interested in the EHS function and its contributions to the
organization.  You have to become conversant in the language and make the connection to the bot-
tom-line financial results.  If you cannot figure out what the process improvement is worth, don’t
bother proposing it to management.  Every action plan created using the Systems Approach has two
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tasks that require the employee teams to convert their physical measurements to financial terms.
They have to use the methods employed in Tactic 2 to track the costs and benefits of their actions.

When managers obtain a masters’ degree in business administration (MBA) or in public adminis-
tration, they typically view economic responsibility in four areas:

1. Economics

2. Finance

3. Accounting

4. Quantitative analysis

These topics are covered in a book titled The Ten Day MBA. The book is subtitled “A step-by-
step guide to mastering the skills taught in America’s top business schools.”  It has well-written
chapters on each of these topics along with a host of other topics, including ethics.  Besides helping
people decide whether they want to go to business school, the book provides some excellent insight
into how managers operate in most organizations.

This paperback book is easy to read and will provide you with the background you need to have to
cope with some of the accounting aspects of economic responsibility in a sustainable development
program.

The subsections below will address the three types of accounting that will impact EHS and other
process improvements.

Traditional Accounting

Accounting is the language of business.  Businesses and local governments use accounting to com-
municate their financial results to their stakeholders.  The audience includes employees, investors,
creditors, customers, suppliers, and communities.  Within the organization, accounting information
provides the means to control, evaluate, and plan operations and processes.  

Accounting answers the following questions:

1. What does the organization own?

2. How much does the organization owe others?

3. How well did the organization’s operations perform their processes?

4. How does the organization get the cash to fund itself?

All the organization’s activities must eventually be measured in monetary terms (i.e., dollars in the
USA).  You must have a working knowledge of accounting to function in an organization.  Because
employee performance is often evaluated with accounting data, you must be familiar with the basic
concepts.

There are three basic concepts you need to master:

◆ General ledger—credits and debits,

◆ Balance sheet—assets and liabilities, and

◆ Income statement—profit (surplus in local government) and loss.

The general ledger has a chart of accounts.  This is a very important document when you are work-
ing with a sustainable development program.  It assigns an account to all financial transactions. 

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)16



The EHS Business Value Principles

The next item to learn is cash flow analysis. This is the forecast of cash flowing into the organiza-
tion and cash leaving the organization.  This is a very powerful management tool.  Cash flow can
make the difference between growth and stagnation and success and failure.  This analysis seeks to
know “what does an investment cost?” and “how much cash will it generate each year?”  Cash gener-
ated by an organization can be put to good use to pay off debt, to pay dividends, invest in research
and development, or invest in  the process improvement program projects.  It asks, “What is the
current investment?” and what are the future benefits?  Cash flow analysis helps:

◆ Define the value of the investment

◆ Calculate the magnitude of the benefits

◆ Determine the timing of the benefits

◆ Quantify the uncertainty of the benefits

◆ Answer the question: Do the benefits justify the wait?

Net present value is used to put the cash flow analysis in today’s dollars.  It recognizes that a dollar
today is worth more than a dollar received in the future.  It takes the future cash flows and discounts
them to present day value.  This method can be used to compare different sustainable development
projects with capital budget items to see which one to sponsor.

Another way to look at capital expenditures is with internal rate of return.  This is the rate at
which the discounted cash flows in the future equal the value of the investment today.  The higher
the discount rate, the less cash is worth today and the more risk is implied.

Managerial Accounting

Over the past 20 years, most organizations have been moving their reliance from traditional finan-
cial accounting systems to recognition of the importance of managerial accounting, and
activity-based cost accounting (ABC) in particular.  

Financial accounting systems were never designed to help with internal financial analysis. Instead,
these accounting systems are explicitly focused on external presentation of information. Because of
this, they aggregate things that should be looked at separately for decision-making. Managerial
accounting systems are more focused on internal costs such as a product’s or service’s cost. With
some extra work, managerial accounting systems can be made to focus on things such as cost of envi-
ronment, health and safety activities, or something else of interest.

Although ABC is fairly complex, you can learn the basic ideas fairly easily.  Currently, ABC is the
most accurate method of cost analysis. Of course, accurate methods do not lead to accurate analysis
without a lot of extremely hard work. So, ABC does not usually give the results people expect. ABC
is not the magic bullet that people had hoped because it is not people-proof.

Cost accounting determines the cost of producing goods and providing services.  It is typically
managed by people trained in managerial accounting.  For manufactured goods, direct labor and
direct materials are relatively simple to allocate to the cost of the product.  However, allocating over-
head is much more difficult.  If it is not done properly, it may falsely determine profitability of
individual products.  Overhead should not be based on proportions, but rather on the actual usage of
the overhead expenses.  This is why it is called ABC.

The traditional accounting system was developed in the paper and pencil days when it was extraor-
dinarily difficult to process transactions. As a result, the traditional system depended on ignoring
actual costs and taking a very broad and misleading average, which was called “overhead” and
charged to lower-level units.  This is not necessarily a bad thing as long as you do not treat the
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“overhead charge” as a real number. However, this was usually forgotten and overhead expenses are
implicitly used as if they are real costs. 

By the late 1980s it was clear that if business wanted to be more competitive, it needed to be 
more accurate with its accounting, and new methods would be needed. Across North America a large
number of companies simultaneously started experimenting with what has come to be called Activity
Based Costing. The main thing that happened was that the old idea that activities drive costs was
coupled with modern computing power, which made the large number of transactions possible.  

An example that shows the difference between traditional accounting and ABC is provided in the
figure below:

The big lesson of ABC is ACTIVITIES, ACTIVITIES, ACTIVITIES! This is the most important
concept for cost reduction and process improvement. Traditional accounting systems focus on depart-
ments and try to charge expenses properly to departments. Depending on what you want to know
this is just fine, but most EHS issues cross departmental lines, and thus, are invisible in such a sys-
tem. By changing the focus to activities, we can learn about activities that cross departmental lines.
You will remember that the hierarchical process maps cross department lines and follow the product
or service from its start to its conclusion.

Over the past 15 years ABC has taken over the world of accounting. Most accounting software that
has been written in the past 8 to 10 years is based on ABC. This includes enterprise resources plan-
ning (ERP) software such as SAP and Peoplesoft. However, the software can also be used on
non-ABC mode because not all users have made the conversion, and they may not be aware of this
capacity on their software. 

On the negative side, there are many more activities than there are departments, so this system can
easily bog down if people are not careful. There is a business that makes four products in one factory
with 140 employees that ended up with more than 9,000 activities in their accounting system before
they just said “no!”  So, one of the paradoxes of ABC is that it slows down innovation because ABC
gives no signal as to when to stop seeking more accuracy.  This lesson, although clearly not unique,
is driven home very sharply only when we have a tool that encourages us to seek more and more
accuracy, ultimately to no useful purpose. 

GENERAL LEDGER ABC
(Process Engineering Dept.) (Process Engineering Dept.)

Salaries $600,000
Equipment $150,000
Travel Expenses $  60,000
Supplies $  40,000
Use & Occupancy $  30,000
TOTAL: $880,000

WHAT IS SPENT? HOW RESOURCES ARE SPENT?

Create BOMs $  31,000
Maintain BOMs $121,000
Create Routings $  32,000
Maintain Routings $101,000
Process Special Orders $  83,000
Improve Processes $  45,000
Study Capabilities $119,000
Design Tooling $145,000
Train Employees $  45,000
Admin. Dept. $158,000
TOTAL: $880,000

Resource
Cost Drivers
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What is important for us, however, is something else: Even though an improvement, ABC, as used
today, is based on a concept of costing that makes it difficult to tease out the type of issue that we
are concerned about here. The main reason is that ABC, as implemented, is still focused on “prod-
ucts.” Many EHS issues have difficulty surfacing because the amount of cost driven by hazardous
material handing that can be assigned, for example, a can of tomatoes is so small to the tomato-prod-
ucts brand manager that the EHS issue never gets on the table. Fortunately, ABC has the inbuilt
language we need to try and reveal these other messages. 

One of the important things about ABC is that it uses a very abstract language, which we can use
to our advantage. For example, ABC does not talk about products, but about cost objects. In fact, there
was an explicit push to focus on cost objects other than products in the early days of ABC.  What
happened was that ABC was so difficult to manage that no one had the extra time or energy to really
get a handle on how to understand the cost of other cost objects. Additionally, relational databases
and/or object-oriented programming needed some significant development before these other cost
objects could be analyzed easily. However, the knowledge and vocabulary are there to extend to our
issues.

For EHS managers, the ability to define a relevant cost object the way we want and have the
accounting staff give it a go would make a big difference. For example, if a cost object was defined as
the cost of the hazardous material wastestream, and this was pursued with diligence, we would prob-
ably get surprising results.  We could develop a work code for hazardous material issues that all
employees used to code their time. Then all meetings, discussions, and internal and external consul-
tations could be assigned to the wastestream as a cost. This system would give us the hard data we
would like.  Then, as a result of the information, we would probably change the handling of haz-
ardous materials, which would then mean that the coding system might have to be changed. Of
course, setting up the system and getting everyone to do the coding, and then changing the system
will cost A LOT of money and A LOT of time, so we see one of the reasons ABC does not usually
deliver as much as people want, it is very costly, and all the extra work on top of a busy day only
draws resistance.

There is another way to approach ABC that can be effective for our analysis situations. Let’s break
ABC down as follows:

It may be best to focus on ABA and ABM, but not ABC. It is too difficult, currently, to use an
existing system to analyze multiple cost objects at the same time. If you try to do this you will
encounter resistance from the accounting staff because they are already as busy as you are. ABA can
be used for one-time or short-term special studies based on locating the activities and estimating the
costs associated with them, and provoking changes and then using this to make decisions (i.e.,
ABM). This is like “project management”—and everyone understands this.

Using the ABC language and some basic common sense, it is possible to get help from the accounting/
finance staff in setting up the analysis. The early stages of ABC are like an introductory science class
where you brainstorm a model and then try to disprove it by gathering data to support it. If you can-
not find data for a portion of your model, then it is likely not to be part of the cost stream.

ABA—Activity Based Analysis Build your cost model and try to understand
the activities.

ABC—Activity Based Costing Put this knowledge in the accounting system.

ABM—Activity Based Management Make decisions with the knowledge.
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The first step is to build a hierarchical process map of the chain of activities you are interested in.
Another way is to have activity accounting sheets attached to the existing hierarchical process maps
along with the resource accounting sheets.  The traditional ABC activity hierarchy is usually helpful
in thinking about activities:

The U.S. military is one of the most aggressive users of advanced cost management tools in the
world. Government organizations are always under budget pressure. Since they do not really have a
lot of revenue possibilities, cost reduction is a major focus. In fact, there is a Defense Acquisitions
University which has, as one main focus, education about the cost management of the acquisitions
process. Another example is TQM (Total Quality Management), originally created and named by the
U.S. Navy for their acquisitions and internal processes.  

First, we need to get data from the accounting system, if possible, and from independent reports
circulated in sub-units of the company. For example, there could easily be monthly reports on ship-
ments of waste used internally in a disposal department that are never used outside the department. 

Computerized maintenance management systems (CMMS) can be used to set up project accounts
and having the employees charge their time to these accounts.  This helps gather information within
a project structure without bothering the accounting staff.

Since we need information that is good enough and timely enough for decisions but usually cannot
get the actual information, you could also use a modified Delphi method (see table) to gather the
information:

Tip: A modified Delphi method is a group decision process to determine the likelihood
that certain events will occur.  It uses a panel of subject-matter experts on the
required areas of expertise.  The notion is that well-informed individuals, calling on
their insights and experience, are better equipped to predict the future than theo-
retical approaches or extrapolation of trends.  Their responses to a scenario and a
series of questions are conducted in rounds where the summary of opinions of the
people that responded before them is provided.  It is believed that the group will
converge toward the “best” response through this consensus process.  The process
does not require complete agreement by all the panelists since the majority opin-
ion is represented by the median of responses.

Unit-level Activities performed on individual units

Batch-level Activities performed on batches

Product line-level Activities performed on product lines

Customer-level Activities performed on or for customers

Facility-level Activities performed on facilities, and everything else, i.e., “overhead”
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Evaluating the Intangibles

It is important for you to be aware of the general topic of Real Options. Although this is a compli-
cated subject, you should be able to get a pretty good understanding of the basics. 

Some complicated mathematics are involved in dealing with Options Theory. The originators won
the Nobel Prize for doing this (i.e., the Black-Sholes model (see Chapter 5, Appendix 4) with
financial options. It is useful to have a fairly good understanding of the theory and implications of
Real Options.  When the numerical analysis is required, you can hire someone, usually a finance pro-
fessor, to prepare the formal analysis. 

Real Options has some organizational politics features that can be helpful to using the technique.
The methodology appears to be the cutting edge of high-quality decision-making. This feature will
make it attractive for many managers. Just this opening gives leverage in introducing the less certain
issues surrounding sustainability since these issues must be assessed in estimating value. 

Activity Tool/Method

Determine purpose 
of investigation

Interviews and negotiation with company representatives to refine
project

Data preparation Existing internal reports gathered and re-worked to remove duplication

Data sharing—
Circulate reports 
to experts

Modified Delphi group formed and provided with information

Expert determination
of values

Modified Delphi process to reach consensus on facets of the economic
effect of environmental performance 

Present initial report to experts serially.
Moderator reviews after each expert and revises report and questions.
Present revised report and questions to next expert.
Moderator reviews and revises terminal round 1 report and revises
questions for 2nd and 3rd rounds, or prepares summary for discussion
and release. (No consensus is required. The report should report differ-
ent opinions.)

Analysis—ABC, or
applied options
model (see the Real
Options discussion
below)

Values determined by experts are entered into valuation spreadsheet

Qualitative results and valuation summary prepared

Results distributed to Delphi group and/or companywide 
with other scheduled reporting

Evaluation Consistent with a Quality philosophy, a post-activity audit should 
be conducted to evaluate the effectiveness of the process itself 

Distribution

Overall Analysis Method (Modified Delphi)
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Real Options still does not correctly capture the effects of variability for most of these manage-
ment decisions, but it comes much closer than prior methods, such as net present value (NPV). Also,
in many cases, you can facilitate management decisions without the Real Options analysis.  However,
the Real Options “framework” is very helpful in pushing bottom-line-oriented managers out of the
protection of the traditional decision-making framework. It is very important to realize that the tradi-
tional framework protects managers in several ways.  For example, it makes the short run appear
clearer and more solid than it is, and also, the managers are usually evaluated on only the expected
outcomes of a project. Unintended outcomes (i.e., that are not large disasters) usually disappear.

Measuring organizational value has always been a problem because there was no good way to meas-
ure the effect of variance, or variability, around events.  Present value methods were useful attempts
to try to value projects; however, since they do not directly place a value on variability they almost
always undervalue alternatives.  Present value methods can be used to value uncertain investments by
valuing all possible future circumstances and all possible responses to those circumstances and then
picking the response with the largest value under the most circumstances; however, this task is nor-
mally too difficult and time consuming to be realistic.

Options Pricing Theory was developed to value variability.  Options pricing is the most important
idea in applied finance in the past 50 years.  Originally, it focused on the financial markets and the
valuation of “call or put options” on exchanges such as the Chicago Mercantile Exchange.  Now,
however, Options Pricing Theory has developed to the point that it can be applied to a range of
business problems.  Over the past 10 years, analysts have developed the ability to value non-finan-
cial, or real options (i.e., the phrase real options indicates that they are not financial options). As the
method was developed, it became clear that NPV analysis always undervalues multiperiod projects,
sometimes by several hundred percent.  One of the most important applications of real options theory
is valuing oil properties.

Additionally, real options thinking injects a more global, market-focused thinking process into
organizations that use it.  In fact, it is hard to know whether the valuation method or the change in
thinking is more important.  Some experts even advocate using the logic of Options Pricing Theory
without the actual computational models.

We know today that variability has an important effect on economic value.  Not knowing exactly
how many errors or their type or size means that every organization must always provide “protec-
tion” for a worst-case scenario.  The main business issue is that the cost of errors is driven as much
by the variability as by the frequency.  This is because in order to respond to errors, you must have
what we refer to as “reserve capacity” (insurance, expertise, time, money, equipment, legal staff, etc.)
that can be deployed to fix the errors.  This reserve capacity must be paid for whether used or not.  

In our personal lives, we try to have several month’s savings and also buy insurance to protect us
against the cost of problems, such as fixing our cars after an accident.  Since we do not know when
an accident will happen, or how large it will be, it is worth it for us to buy insurance.  If we knew
when we would have an accident and how severe it would be, we might, in many cases, choose to
forego buying insurance.  For example, if we knew we would not have an accident this year, we
would not buy insurance this year.  It is the variability of accidents that gives insurance its value. So,
insurance is a type of option.  It is fairly crude since it averages accidents across many people, but it
is an option.  Using Option Pricing Theory we try to make a more-focused measurement of the
value of protection (i.e., reserve capacity) that is more relevant for a single person or company.  

An additional problem faced by companies that individuals do not usually face is that, through
time, reserve capacity actually becomes invisible as people adopt work practices that cause them to
devote excess time to low-value activities that appear to be part of their main job.  They, in fact,

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)22



The EHS Business Value Principles

come to believe that the reserve capacity is necessary and, as a result, stop examining it for improve-
ments.  Evidence of this can be seen when, in emergency situations, the reserve capacity is called on
with proportionately little impact on continuing operations.  When the reserve capacity becomes this
embedded it becomes extremely difficult to detect or extract the reserve capacity.  If variability of
errors can be reduced, and employees refocused on examining the reserve capacity, existing resources
can be slowly redeployed to revenue growth areas, leading to higher value for the company.

Financial options pricing models require measurement of a number of variables that are best
obtained from a functioning market.  Real options, of course, do not have directly observable values
for many items.  The analysis proposed here uses expert assessment by employees to measure the
options model.  This approach focuses the knowledge of key experts on the effects of errors.  So, the
measurements are the consensus judgments of experts.  This is an important departure from classic
options theory and results in a model that captures the expert judgment developed at a company and
allows it to become a source of competitive advantage through time.

In order to estimate the value of an asset in Real Options using the Black-Sholes model, you need
the following information:

These values are put into a series of equations and a market price is computed. Now it should
come as no surprise that most of the above pieces of information are not actually available in an
objective way.  This is the main problem with the Real Options area (i.e., the need for hard data on
future events and their cash flows).

The use of the modified Delphi method described on page 21 can help you get around this prob-
lem. This has the additional large benefit that it commits the management to clear public
statements about things like probability of certain events, such as oil spills.  This means that they
become more careful and more dedicated to the analysis project.

Element Common
label

Relationship to value of the
option

Current value of underly-
ing asset (the company or
division) 

P +, increase in value of company
causes option to increase

Strike cost/purchase cost
of project

Ex -, increase in cost of project causes
option to decrease

Volatility or variance of
the value of the company
or division

σ2 +, increase in variability of the value
of the company or division causes
the option to increase

Dividends paid or cash
flow foregone

D -, increase in lost cash inflows 
causes option to decrease

Life of option in years T -, a decrease in the life of the 
option causes the option to decrease
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It is important to note that this method is not a true Real Options analysis since there is very little
objective data. This method uses Real Options methods to tap into the knowledge base and also to
make clear some of the underlying assumptions. This approach uses Real Options analysis on the
opinions and beliefs of the decision-makers. In other words, it is a simulation based on expert assess-
ments. Its distinct aspect is that it uses the Real Options framework. It is not run as a simulation
with management generating alternate values, but the numbers are run only after management has
made its commitment.

An additional benefit is that managers find the analysis compelling because it comes from their
opinions rather being than dictated by a consultant-driven ABC study. They see it develop through
the Delphi cycles. So, this method both captures and reveals beliefs in a way that the managers can
be held accountable.  As well, the method serves to: 

◆ Develop a prototype for consensus decision-making

◆ Develop a market-centered focus for decision-making 

◆ Document migration of knowledge through the company

As an additional benefit, this type of modified Delphi process both expresses and develops organi-
zational knowledge in powerful ways.  Real Options are very important to consider for use to value
the many intangibles that one finds in the development of a more-effective EHS program.

9. Score the true performance of process improvement
Most EHS professionals confuse “results” and performance.  The term “performance results” often

appears in the EHS literature.  Results are actually a measurement of the outcomes of performance.
It is also possible to measure performance itself without measuring its outcomes (results).  This is
accomplished using a methodology known as the Baldrige model.  This model actually scores per-
formance (this will be referred to in this manual as the true performance) and results separate from
each other.  Within a 1,000-point system, the true performance comprises approximately 600
points, while the results comprise approximately 400 points.  

So, what is the Baldrige model?  It is based on the Malcolm Baldrige National Performance
Excellence Award program initiated in the United States in 1987.  Since that time, more than 70
countries and 44 of the 50 states have adopted this model as a platinum standard for measuring per-
formance.  Independent studies have shown that organizations that participate in the Baldrige
program outperform financially those companies not participating by more than 300% when com-
pared to the Standard and Poor’s 500 Index.  For many organizations, using the criteria has resulted
in better employee relations, higher productivity, greater customer satisfaction, increased market
share, and improved profitability.

An organization does not need to participate in an award program to gain the financial benefit of
this true performance and results measurement system.  Many companies (e.g., Baxter Healthcare,
Johnson & Johnson, Intel, Motorola, and Eaton Corporation) have adopted this model and use it to
drive process improvement in their companies.  EHS programs are finding that they need to adjust
to this model since every facility is scored on how each program is contributing to the overall per-
formance and results.

Other companies and/or their EHS programs use the model simply to keep track of how process
improvements are improving true performance and results.  The National Institute for Standards
and Technology (NIST)—an organizational component of the U.S. Department of Commerce—
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maintains a website for the Baldrige program.  It has much information on how to use the Baldrige
model for your program.

The state of New Mexico adopted the Baldrige model to measure environmental excellence.  Their
program is called the Green Zia Environmental Excellence Program.  Many of the organizational
participants in their program have chosen to seek EHS excellence and not restrict it to just environ-
mental excellence.  While this is an award program, it helps to reinforce the concept that true
performance and results excellence can be applied to EHS programs.

For the true performance scoring to work, there must be a “program-in-place.”  For the Baldrige
programs, applicants have a quality management system in place.  To use the Baldrige model for
scoring the true performance and results of an EHS program, it would help to have both an environ-
mental management system and an occupational health and safety management system in place.  To
use the Baldrige model for scoring a sustainability program, a sustainability management system
should be in place.  

These management systems are referred to as conformance systems. The organization is required
to conform to ALL of the provisions listed in the program.  A performance program is different from
a conformance program.  The organization does what it is best at doing and scores points for doing
this well.  This organization must do well even in the things it does not do well to gain excellence.
The figure will point out the major differences between conformance and performance.  An organiza-
tion must perform well to continually move down the path to sustainable development.

See page 26 for a further explanation of performance versus conformance perspectives.
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PERFORMANCE vs. CONFORMANCE

Differing Perspectives

It is through true performance that behaviors are changed.  This helps the conformance program
work better.  The two items are quite complementary.  They work very well together.  

The Baldrige performance excellence criteria provide a framework that any organization can use to
improve overall performance. Seven categories are included:

Leadership—Examine how senior executives guide the organization and how the organization
addresses its responsibilities to the public and practices good citizenship.

Strategic planning—Examine how the organization sets strategic directions and how it deter-
mines key action plans.

Customer and market focus—Examine how the organization determines requirements and
expectations of customers and markets; builds relationships with customers; and acquires, satisfies,
and retains customers.  For EHS program evaluation, this includes all of the outside stakeholders of
the organization.

Measurement, analysis, and knowledge management—Examine the management, effective use,
analysis, and improvement of data and information to support key organization processes and the
organization’s performance management system.

Human resource focus—Examine how the organization enables its workforce to develop its full
potential and how the workforce is aligned with the organization’s objectives.  

Process management—Examine aspects of how key production/delivery and support processes are
designed, managed, and improved. There is an emphasis placed on the business value creation process.

PERFORMANCE
PROGRAM

Tells you HOW!
Modifies behaviors to
make program work

CONFORMANCE CONFORMANCE
PROGRAM AUDIT

Tells you WHAT to Tells you WHAT was
do - checklists accomplished

PERFORMANCE
PROGRAM

Scores continual
improvement for both

performance and results

PROGRAM
IN-PLACE

(Systems Approach)
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Business results—Examine the organization’s performance and improvement in its key business
areas: customer satisfaction, financial and marketplace performance, human resources, supplier and
partner performance, operational performance, and governance and social responsibility. The category
also examines how the organization performs relative to competitors.  This criterion focuses on
results and is scored differently from the other six true performance criteria.

According to a report by the Conference Board, a business membership organization, “A majority
of large U.S. firms have used the criteria of the Malcolm Baldrige National Quality Award for self-
improvement, and the evidence suggests a long-term link between use of the Baldrige criteria and
improved business performance.”  The criteria include many factors that contribute to financial per-
formance, including business decisions and strategies that lead to better market performance, gains
in market share, and customer retention and satisfaction. Organizations are urged to use financial
information, including profit trends, in analyzing and reporting on improved overall performance
and to look for the connection between the two.

The perception by some that receiving the Baldrige Award is the primary goal of certain organiza-
tions is not supported by the facts. Earnest Deavenport, chairman and chief executive officer of
Eastman Chemical Company, states, “Eastman, like other Baldrige Award winners, didn’t apply the
concepts of total quality management to win an award. We did it to win customers. We did it to
grow. We did it to prosper and to remain competitive in a world marketplace.” Thousands of organi-
zations are using Baldrige Award performance excellence criteria to assess their organization and to
improve. The program has helped to stimulate an amazing movement to improve U.S. organizations,
including companies; academic institutions; and federal, state, and local government agencies.  Small
businesses have applied for and won the award.  Size is not a reason not to want to improve the oper-
ations and remain competitive in the marketplace.

Tactics 6 and 7 in Chapter 3 will help your organization use this powerful means for developing
business value.  

10. Seek continuous improvement with lessons learned
Many quality management programs fail because organizations have not properly dealt with the

fact that continuous improvement requires continuous learning.  Without learning, companies repeat
old practices and meaningful change cannot occur.  Dr. Peter Senge coined the term “learning organ-
ization.”  He defines a learning organization as follows:

A learning organization is an organization skilled at creating, acquiring and trans-
ferring knowledge, and at modifying its behavior to reflect the new knowledge.

A learning organization moves from what is called “adaptive learning” to something called “gener-
ative learning.”  Adaptive learning concerns itself with reacting to the changing business
environment and coping in a reactive manner with the current situations.  Generative learning seeks
to expand an organization’s capabilities and creates new opportunities.  This learning requires the
employees to find new ways of looking at what they do everyday.  Generative learning focuses on the
process and views it as a system rather than focusing on activities and results.  

The hierarchical process maps create the mental model that everyone should be focused on.
Getting the product or service to market with a competitive price and with the quality that the cus-
tomer demands is the reason that the company exists and the basis for it to grow in the future.  The
focus on the process provides a common goal and shared vision for all employees.  It is not about
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improving EHS compliance!  This shared vision must be important and visible enough in order to
gain acceptance of everyone in the organization.

Many organizations have moved to the use of teams for implementing programs.  They must then
create a climate that enables the teams to achieve positive results.  Team members must feel free to
resolve the difficult issues that are essential to the team working together and to participate in a
meaningful dialogue.  The transfer of knowledge must occur between teams as well as within teams.
In this way, the organization learns along with the individual employee and team learning that takes
place.

By using something referred to as “systems thinking,” there is no one to blame for the problems
that occur.  The problem is in the process, and the purpose of the activity is to improve the process
to eliminate the problem.  It’s not just how we learn, but what we learn.  The most important learn-
ing in our companies concerns gaining shared insights into complexity and how we can shape
change.  Learning cannot be switched on.  The student in school learns that the name of the game is
not learning—it’s performing.  Mistakes are punished, correct answers are rewarded.  If you do not
have the correct answer, you are to remain silent or face the consequences.  

Lessons learned allow the employee teams to experiment and discover new insights from making
mistakes—outcomes that did not go according to the plan.  The Systems Approach actually helps
remove the blunt meaning of the word “error” from the term “trial and error.”  This is accomplished
by having the team use root cause analysis and systems thinking through the use of the hierarchical
process map and accounting sheets.  In this way, the team talks through all the alternative solutions
and actually thinks about the consequences of using these alternative solutions in a system before any
action is taken.

At the end of their project, the team members are asked, “If you were to do this all over again,
would you do it the same way?”  Of course, the answer to this question is always “no!”  This is
where the lessons learned come in. Every action plan created by the Systems Approach methods ends
with a task for the employee team to take stock of their “lessons learned” at the end of the project.

It is up to the oversight committee to keep written records of these lessons learned since they rep-
resent the knowledge assets of the company.  They need to be shared with all of the other employees
as a way to improve both present and future projects.  

EHS has to take advantage of lessons learned even outside team activities.  No safety meeting
should ever be held without asking for lessons learned by the participants.  Even EHS compliance
activities are the source of lessons learned.  This is the best way to become a learning organization.
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Eight Business Value Tactics

Using the Business Value Tactics
Now that you are familiar with the EHS program management principles, we are providing you with

eight business value tactics that you can use to implement the principles in your organization.

Tactic 1 outlines what you must do to implement the Systems Approach as the fundamental
approach to structure and to run the EHS program and integrate the program into the core business
of the operation.  By reading up on quality management tools and practicing the use of these tools,
you should be able to facilitate the work that will be conducted by employee teams to implement
your EHS program in a way that adds business value to the company.

A simple definition states that business value comes from minimizing cost and maximizing bene-
fit.  This cost/benefit relationship is at the heart of what EHS does and is the foundation on which
the more-robust definition can be built.  Tactic 2 (Determining the Costs and Benefits of Process
Improvement and EHS Management) will provide a good start for you.  

Activity-based management and the valuing of the intangibles associated with EHS activities are
captured in Tactics 3 and 4, respectively.  Here the details of the actual benefits will be highlighted
and justified in financial terms.

Tactic 5 will help you better align the EHS program with the business value of the organization as a
whole.  You will create your own matrix to show how the connections will be made in your operation.

Tactics 6, 7, and 8 will help you demonstrate how these business values can be aligned with the
definition of financial performance used in the Baldrige model.  As you will see in these Baldrige

Eight Business Value Tactics
1. EHS Integration and Process Improvement Tools 

2. An EHS Cost/Benefit Tool

3. Aligning EHS Activities with Activity-Based
Management

4. Valuing Intangible EHS Benefits Using Real Options

5. Associating EHS with Value Drivers

6. Scoring True Performance 

7. Scoring EHS Program Results

8. Performance Scorecard

Chapter 3
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model tactics, it is very easy to score EHS performance and build a solid case for business value using
a scorecard to showcase your program results.

You do not need to apply the tactics in the sequence provided.  Each one is designed to stand on
its own and to meet a specific need.  Many of the tactics can be used together to reinforce each other.  

In Chapter 4, you will find examples of how some of the tactics can be used.  We hope that this
will ease some of your initial trepidation.  There is no magic involved in the use of these tactics!
They are all based on sound and proven quality management techniques and have been widely used
by organizations of all sizes and all business sectors.  While many of these methods are not common-
ly used in the EHS area at the current time, there is no reason why they would not apply.  So we
encourage you to try the tactics, keeping your focus on the 10 principles presented in Chapter 2.
Just remember—“practice makes perfect!”
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Tactic 1 
THE SYSTEMS APPROACH: 
EHS Integration and Process Improvement Tools
1.  Select a Process

◆ The first step in the preparation of an EHS process improvement program is to Select a
Process (see Attachment 1) in the facility that will be the focus of your improvement effort.

— The initial process improvement efforts should focus on a process that involves
the manufacture of a part or a product or offers a service that uses and loses
resources.

— Try to find information on the “inputs and outputs” of the process.  If the com-
pany has a materials resources planning (MRP) system, it might have this
information.  Purchasing is another source for this information.  If applicable,
review the information that the facility used to search for “aspects” in its ISO
14001 program or “risks” in its OHSAS 18001 program.

— The process selected should include EHS issues that you wish to address.
Remember, by changing the process, you might be able to prevent the very need
to be in compliance in the first place! 

◆ You should not focus only on the unit process that is responsible for the EHS issue of con-
cern, but you should also consider all “supporting processes” associated with that process. 

— For example, if the use of water is a concern because of local water use restric-
tions, you should not focus, for example,  just on the parts washers.  You should
also evaluate the process of producing a part as it goes through the various steps
including the parts washer.  The answer to using less water may lie in a work
step “up-stream” of the parts washer, e.g., how the part got dirty to require this
cleaning. 

◆ Another way to select a process is to look at the volume of waste that it creates when com-
pared to other processes at the facility or the amount of health and safety risk that it poses.
Maybe it is a process that has already been selected for improvements in the company’s
process improvement programs (e.g., Lean or Six Sigma).  

Tip:  There is no single way to select the first or best process to focus on.  However, you
will need to select a process to have a starting point for applying the Systems
Approach to process improvement.  Refer to the checklist under the Select a
Process in the attachments.

2.  Prepare the Preliminary Hierarchical Process Map
◆ An EHS process improvement oversight committee should be formed to provide the

resources and provide the management oversight for this important effort.  See the
Oversight Committee (see Attachment 2) information in the attachments.  While it is
not necessary to have an oversight committee, it is very helpful to ensure that you have
management approval and involvement in the program.  There may be other ways for you
to secure the management approval without forming this committee. The oversight com-
mittee should authorize someone to initiate the EHS process improvement program
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activity.  This person should meet with the operations staff and obtain a process flow 
diagram or process flow chart for the selected process.  

— Typically, a facility process flow chart is several pages long.

— Value stream maps may be available from the Lean program. 

◆ Using the basic rules of hierarchical process mapping (see Attachment 3), develop a 
preliminary process map (see Attachment 4) from this information.

— Have the people who maintain the facility process flow charts or value stream
maps review the information with you to make sure it is correct.  

— Next, you should identify each process work step at the lowest level using the
process mapping instructions.  

◆ Prepare a resource accounting sheet (see Attachment 5) and resource accounting sheet
template (see Attachment 6) for each of these work steps.  Complete each accounting
sheet at the lowest level in the hierarchical process map (i.e., highest level of detail). Make
sure you capture all the resources that are used in the work step and all of the resources
that are lost in that work step.  

— List all of the supporting processes (see Attachment 7) that are required in
order to make that work step operate.  

— Be very careful with the nomenclature of work steps, supporting processes, and
resources.  Use the same terms that the workers use or as listed on the flow charts.

— Create a glossary (see Attachment 8) to make sure that you are always using
the correct term and that you are not using different terms in different places.

◆ Preparing these hierarchical process maps should be a repetitive process using the rules of
process mapping. The initial process maps should be reviewed with the production staff.  

◆ Once the process maps have been completed, move on to complete the preliminary
resources accounting sheets.  

— Also, link all of the work steps to the supporting processes that support the
work found in the work steps.  

Tips:  •  It is important for the oversight committee to make sure that the hierarchical
process mapping effort is consistent with the process your company uses to
select and manage EHS aspects and risks.

•  It is also important for you to realize that you will have to develop some skill to
become proficient at preparing hierarchical process maps.  The best way to
learn is to practice what is described here.

3.  Verify the Preliminary Hierarchical Process Map
◆ Once this preliminary information has been completed, it must be verified by visiting the

process area with the process maps in hand.  Refer to the verification checklist (see
Attachment 9).

◆ Two questions should be asked at each work step in the process:

— What improvements have been made to this work step in the past 2 years that
have led to waste minimization results?
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— If there were no rules and money was not an object, what EHS improvements
would you initiate on the process to improve or increase its efficiency and effec-
tiveness?

◆ It is also important that all of the supporting processes that are linked to the work step be
identified.   

— The supporting processes also need standard and consistent names.

— Allocate the resources used and lost by the supporting processes to the work step
in the main process in proportion to its use or loss. 

◆ Upon verification of the process map, a revised set of hierarchical process maps and their
resource accounting sheets should  be completed, verified by the workers, and agreed to by
the supervisors of those work areas.  

Tips: • In some cases, this will be the workers’ first exposure to the Systems Approach.  
Therefore, it is important that they be provided with an opportunity to help 
modify the process maps and add to the uses and losses of resources on the 
resource accounting sheets. 

• All the uses and losses of resources should have standard names.

• Typically, the process verification activities can be conducted by using a 
facilitator trained in the Systems Approach in a period of approximately 3 
days to 1 week. 

4.  Select Opportunities for EHS Process Improvement
◆ The questions posed to the workers along with ideas they may raise once becoming

involved in the hierarchical process map verification activity will lead to the generation of
numerous opportunities for EHS improvements.  Remember that some of the projects for
the EHS improvement program will be projects that are already planned.  They will be
conducted using the Systems Approach and included within this program.

◆ The targets and objectives of the ISO 14001 program or the risks in the OHSAS 18001
program (if applicable) are another source of potential EHS improvement projects.  There
may also be other process improvement programs that are in place and worth considering.
Your company may have another form of systems that is used to measure EHS perform-
ance.  Make sure that you look at the goals established within that program.

◆ A Systems Approach and related tools will make the opportunities selection process (see
Attachment 10) more structured and this should lead to better results. 

◆ A complete list of opportunities for EHS process improvements should be prepared as part
of the verification activity. 

◆ The oversight committee should review the opportunities identified and select at least two
opportunities from the EHS improvement program to be implemented.    

◆ The EHS process improvement projects should then be identified for each of the selected
opportunities.  This will be the list of EHS process improvement projects (see
Attachment 11.)



Making the Business Case for EHS

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)34

◆ Dedicated employee teams will need to be assigned to each of these EHS process improve-
ment projects. Refer to the team organization checklist (see Attachment 12) for
important team considerations.

◆ During the first meeting of the EHS process improvement project team, the members
should take a look at the hierarchical process map and the resource accounting sheet for the
work step that is associated with their project.  

◆ Next, the team should visit the location of the given work step and ask the operator ques-
tions about the problem.  

◆ It is important that there be a good statement of the problem (see Attachment 13) that
is understandable and acceptable to all of the team members.  

◆ The oversight committee should ensure people (i.e., EHS, engineers, Lean or Six Sigma
experts, purchasing, and accounting) are available to attend team meetings or to answer
questions that may arise during the statement of the problem.  

Tips: • Given typical workloads and other logistical problems, the teams often require at
least 2 weeks to prepare their statement of the problem.

• The effort of selecting the opportunities for EHS process improvement and forming
the teams typically takes at least a month to complete at an average facility.

• It is very important that the facility management make it clear to the workers
and their supervisors that work on the EHS process improvement program is a
priority. The oversight committee should also see to it that this management
support is provided. This is only a suggestion to make the program work bet-
ter.  Experience has shown that the use of the Systems Approach helps get
management’s attention because of their familiarity with the quality manage-
ment tools or just the visual presentation of the information.

5.  Prepare a Draft Action Plan
◆ Once the opportunities have been selected, each team will meet with a facilitator trained in

the use of the Systems Approach tools. These meetings will typically take about 2 hours.
You may be the facilitator once you are familiar with the tools and some of the basic tech-
niques of facilitation. (A good reference for developing facilitator skills is a paperback book
by Michael Doyle, “How to Make Meetings Work.”)

◆ Each team will complete the four steps in the order listed with the tools as noted below;

— 1st -  each team will use Root Cause Analysis (see Attachment 14) with a
Cause and Effect Diagram (see Attachment 15) to understand the potential
causes of each problem (opportunity) that has been selected. 

— 2nd -  the team will search for alternative solutions to the problem using a 
technique known as Brainwriting (see Attachment 16). This is a written brain-
storming technique that can typically generate over 20 alternative solutions to
improve EHS conditions at a selected process work step.

— 3rd - the team will select alternative solutions for implementation by prioritiz-
ing the brainwriting results.  The systems tool used for selecting alternatives is
called Bubble Sorting or “Bubble-up/Bubble-down” (see Attachment 17).
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— 4th & finally - each team will prepare a preliminary Draft Action Plan (see
Attachment 18). Refer to Draft Action Plan Template (see Attachment 19).

◆ After completing the above sequence of steps, each team must make sure that they have
requested the proper resources to complete the work and that these resources (especially
someone’s time) are available to them. Once the action plan is accepted by the oversight
committee, the team members will be held accountable for implementing the action plan.

◆ These action plans can be attached to the environmental management program sheet in the
ISO 14001 program or the risk management plan in OHSAS 18001 (if applicable).  

Tips: • Workers do not need to be separately trained in the use of the above tools.  A 
facilitator can guide them through the process so the workers will learn about 
the tools as they use them.  This facilitator needs to be trained in the use of the 
tools and have the skills necessary to use them on actual projects.

• Typically, it is possible to have all of the draft action plans completed in their 
preliminary form within 1 week.

6.  Implementing the EHS Process Improvement Program
◆ The oversight committee will meet with each team and approve the action plans.  By

doing so, they are committing to make the resources available that the team has requested. 

◆ Quarterly meetings (see Attachment 20) dedicated to the waste minimization program
review should be scheduled.  

— During the first meeting, the oversight committee should approve the EHS
Process Improvement Program Plan.

— The steering committee should then meet with each of the employee teams to
review and approve their action plans.  Typically, this meeting will take place
approximately 3 to 5 months after the original selection of the processes as noted
in the action plan.
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ATTACHMENTS

1.  Select a Process Checklist
❑  Make a list of all the manufacturing and supporting processes responsible for each of the

EHS compliance issues.  This listing may already exist as part of your facility’s EHS man-
agement program if one exists.

❑  Make a list of all of the pollution control processes (e.g., air pollution control, dust control,
oil/water separators, wastewater treatment/pretreatment, hazardous waste storage).  

❑  Make a list of all of the safety controls (e.g., process guards, safety showers, first-aid sta-
tions). These will all be supporting processes in the process characterization.

❑  Make a list of departments that are responsible for the preparation of parts for products
assembled at the facility.  Processes are usually sorted by department at the facility level.

Next, using this list of processes, consider each of the following items:
❑  Does quality or operations use value stream maps, work flow diagrams, or work descrip-

tions to describe work processes?

❑  Has facility management targeted any processes for improvement in the next year?

❑  Is facility management expecting to add new processes or expand existing processes in the
coming year?

❑  Is facility management expecting to curtail or reduce the use of any existing processes during
the coming year?

❑  Which processes, if any,  are presently being examined by company process improvement
efforts?

❑ Which processes use the most expensive and largest quantities of material and other supplies?

❑  Which processes generate the most solid and hazardous waste or are more highly regulated
from an environmental perspective?

❑  Which processes have the greatest number of rejects?

❑  Which processes have the greatest health and safety issues?

Now, select a process to work with that has EHS issues and a product, family of products,
or service associated with it.

2.  Oversight Committee

It is important to have top management support and direct the EHS process improvement effort.
The EHS coordinator (sometimes the responsibility is split between an environmental coordinator
and a health and safety coordinator) should meet with the top management of the facility and
explain what is involved in this EHS process improvement program.  It is best to select a manage-
ment committee that already exists.  Often the facility manager has an operations committee that
meets on a regular basis.  This committee would have many of the senior managers on it including
people from accounting, purchasing, quality, maintenance management, operations, and human
resources.  This committee would be asked to dedicate only four of their meetings per year to the
management oversight of the EHS process improvement effort.  This minimal commitment of their
time is often the single point that brings agreement when this topic is raised.  Do not forget to men-
tion this!
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The major requirement of the committee is to review the resources that are requested by the
employee teams and find some way to provide the level of support they deem adequate to complete
the work.  The committee will also review the cost and benefit of each improvement project during
the year.

If the company is very small, the manager/owner may take the place of the committee.  In compa-
nies where there is not enough interest in providing management oversight to these process
improvement efforts, you should simply keep them informed of the results of the program.  They
will often become interested and decide to provide the level of oversight described above.  Do not
give up on your attempts to have such oversight.

3. Hierarchical Process Mapping

Once a candidate process has been selected, a small team should be assembled to prepare a hierar-
chical process map (see examples in the Case Studies in Chapter 4).  The process mapping activity
should be facilitated by someone who has training in the use of the hierarchical process mapping
technique and experience using this tool.  Ideally, the team should consist of the following people:

◆ An operator or supervisor involved in the process

◆ An employee involved in EHS activities

◆ A maintenance person familiar with the process

◆ An employee from operations management or quality

◆ An employee who is not familiar with the process

A copy of the value stream maps, process flow charts, and/or work instructions for the process are
obtained and reviewed by the team.  It is important that the processes be defined as the work steps
(i.e., the work performed by the operator as described in the work instructions) for the production
process or service using and losing resources.  Processes should not be limited to unit operations
(e.g., five-stage washer) used in the processes as described here.

The team should take the “perspective” of the actual product being manufactured or the service
being provided.  They should follow the product or service through its journey from start to finish.
Using the available information, the team should next create a complete set of work steps necessary
to describe the full process.  Only work steps directly experienced by the product or service should
be included. 

For example, a product never “sees” the air compressor, wastewater treatment system, and other
supporting processes.  We will be accounting for these “supporting processes” later.

This listing of work steps in the MAIN PROCESS needs to be expressed in three to six work
steps.  If there are only two work steps, the team needs to consider whether it has defined the process
correctly (Is it really a unit operation in a process or is it a “supporting process?”).  Often time-
dependent activities take place within a unit process (e.g., a five-stage washer) that add additional
work steps (i.e., not simply “wash the part” in the case of the five-stage washer).  

◆ If there are more than six work steps, the team needs to determine how to express this
process in three to six work steps.  These steps will constitute what is called the “top level”
(i.e., least detailed) of the hierarchical process map.  

◆ If there were more than six steps in the first step, the extra steps will provide more detail
at the second level of the hierarchical process map.  Make sure that each work step is
expressed as a “verb phrase.”  This phrase needs to be familiar to the operators of the
process.  Each work step will be placed in a box and will have a single numeric number
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under the verb phrase (e.g., 1, 2, 3, 4).  (A reference describing the preparation of a
process map and an example are provided to illustrate this information and provide 
additional detail.)

As the process mapping team looks at the top level map, it should ask the question, “Can we
describe what is happening in this work step in three to six sub-work (more detailed) steps?” 

◆ If the answer is yes, these work steps are mapped as the second level and numbered with
two numbers, as in an outline (e.g., 1.1, 1.2, 1.3).  

◆ If there are only two work steps at the second level, the team can either express the two
steps as one step at the top level or see if there is something they have missed that would
provide a third sub-work step and the opportunity to detail the second level.  

◆ Once again, if there are more than six sub-work steps at the second level, the team will
have to express the work in three to six work steps and provide additional detail at the
third level of the process map.

This procedure is repeated at the second level to see if there are any third-level sub-work steps.
The mapping teams should be careful never to go below the fourth level.  In most cases, going below
the third level is more detail than is necessary to explain the work.

Upper managers are typically concerned with the top level of the diagram.  Supervisors are most
concerned with the second level.  In many cases, the workers need to know what is happening at the
second or third level of the hierarchical process map.

4.  Preliminary Process Map Checklist
❑ Select a process using the checklist in Attachment 1.
❑ Obtain the value stream maps, work flow diagrams, and work instructions for that process.

❑ Assemble a process mapping team using the guidance provided in Attachment 3.
❑ Prepare a top-level process map for the MAIN PROCESS after selecting a “perspective”

and making a complete list of all the work steps that occur using the perspective selected.  

Note:  Make sure that the steps are named with a verb phrase familiar to the workers and that
each work step is numbered in order with a single number from 1 to 6.

❑ Prepare the second- and third-level process maps as directed in Attachment 3.
❑ Review these preliminary draft process maps with people familiar with the operations after

double-checking them against the process documentation.  Make corrections as necessary.

❑ The preliminary process map is now ready for verification.

❑ Collect a preliminary listing of processes that are required to support the MAIN PROCESS
from the original list in Attachment 1.

❑ Create a glossary in alphabetical order of all the “verb phrases” used in the process map.
Be certain that the phrases are not used multiple times for different work steps.

Examples of the hierarchical process maps and a flow chart are provided in the Case
Studies in Chapter 4.
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5.  Resource Accounting Sheets Checklist
❑ Determine the work steps in the MAIN PROCESS that are at the “lowest levels” (i.e.,

more detailed). 

❑ If there is a 1.1, 1.2, 1.3, etc., you eliminate 1 from consideration because the former are at
a lower level.  If there are 1.2.1, 1.2.2, 1.2,3, etc., you eliminate 1.2 from consideration
since there is a lower level.

❑ Prepare a resource accounting (RA) sheet for each work step at the lowest level (see the
template).

❑ The top portion of the RA sheet is used to describe the work being performed in that
step.  This description can come from the process documentation or the work instructions.

❑ The center portion of the RA sheet provides a 360-degree look at the work step.  Be sure
to use the same verb phrases in the featured work step (center box) and the work step that
occurs before and after the featured work step. 

❑ All the resources used in the work step are placed above the center box. 

❑ All of the resources lost in the work step (i.e., wastes, discharges, emissions, noise, odors,
spills/leaks, accidental losses) are placed below the center box.  

❑ Each resource used and lost should have a unique name that is familiar to the workers.   A
glossary should be kept for each of these categories.

❑ The bottom portion of the RA sheet provides a listing of all the supporting processes that
are necessary in order for the featured work step to be properly used.  Each of the support-
ing processes should have a unique name and these names should be kept in a separate
glossary.

❑ Allow people familiar with the work step to review the information and look for major
omissions.  Make any changes necessary in these work sheets.

A template for the resource accounting sheet follows this checklist.  An example resource
accounting sheet is also provided.
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6.  Resource Accounting Sheet Template

RESOURCE ACCOUNTING SHEET

Description of the Work Step

Describe the activity in the work step.

Supporting Processes

List all of the supporting processes.

Other Information

Relevant EHS information for this work step.

7. Supporting Processes Checklist
❑ Create an alphabetical listing of the supporting processes from the RA sheets and your ini-

tial listing of pollution and safety controls.  Be sure that similar processes are arranged in a
hierarchical manner (e.g., air pollution control – dust filter; air pollution control – fume
hood; air pollution control – wet scrubber).

❑ Check to see that all supporting processes that were used to bring the resources to the
work step are included.  This would include receiving, storage, transportation within the
facility, mixing, cleaning the used storage vessels, air compressors, providing steam, deion-
ized water systems, etc.

❑ Check to see that all the supporting processes that were used to collect and manage the losses
(wastes) are included.  This would include pollution control equipment, cleaning, handling
rejected parts, waste handling systems, recycling, contractor and vendor services, etc.

❑ All parts provided by suppliers should be considered to be supporting processes.

❑ Note: There can also be processes that support the supporting processes.  

ALL RESOURCES
USED IN THE 
WORK STEP

PREVIOUS NEXT WORK
WORK STEP STEP

ALL RESOURCES
LOST IN THE
WORK STEP

WORK STEP
#
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— For example, cutting swath is collected at the machining operation.  In another
location, the swath is centrifuged or pressed to remove excess cutting fluids
before the swath is sent to a metal recycling company.  The collection of the cut-
ting swath is a supporting process.  The removal of the cutting fluids supports
the collection process.  

— The handling and disposition of the cutting fluids and the swath support the
removal process.  Once again, these can be arranged in hierarchical fashion.
Supporting processes can be numbered with a letter: A1, A2, A3, etc.  The 
second-level supporting processes could be AA1, AA2, AA3, etc.  The third-
level supporting processes could be AAA1, AAA2, AAA3, etc.

Tip:  Typically, only 20% of the total number of supporting processes (at all levels)
account for about 80% of the resources consumed by the supporting processes
and the losses (wastes) generated by the supporting processes.  This is referred to
as “rank ordering.”  If some of these noteworthy supporting processes are to be
included in the selection of opportunities for EHS process improvement, hierarchical
process maps should be prepared using the numbering sequence described above.

8. Glossary Checklist
❑ The use of a glossary helps the process mapping team ensure that consistent and familiar

terms are used throughout the documentation of the processes.  Multiple names for the
same term are avoided when a glossary is prepared.

❑ Four glossaries are necessary to sort through the information collected in the process map-
ping and RA sheets:

— Process work step names – verb phrases

— Resources Used

— Resources Lost (wastes)

— Supporting Processes

❑ Once the hierarchical process map is computerized, there will be links that can be used to
see what other work steps have the same resources used or lost.  Whenever there has been a
success involving the conservation of a resource use or the minimization of a waste, the
resource can be tracked to every other work step with this resource to see if the success can
be used at that point.

9. Verification Checklist

At this point, the process mapping team has completed and checked each of the following items:

◆ Hierarchical Process Map of the MAIN PROCESS

◆ RA sheets for each of the work steps at the lowest level in the process map

◆ An alphabetical listing of the supporting processes

◆ A draft glossary

❑ The process mapping team will then visit each work step of the process and make certain
that the information that has been gathered is complete and understandable to the operator.
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❑ The team should ask the operator about improvements that have been made at their work
step that have led to EHS improvements during the past 2 years.  This information will be
recorded and documented as an Appendix in the EHS Process Improvement Program Plan.

❑ The team should ask the operator how they would change the work step if given the
opportunity to further improve the EHS aspect of the work.  This information will be
recorded and documented as the list of opportunities for the Opportunity Selection Process
described below in Attachment 10.

❑ When the verification of the MAIN PROCESS has been completed, the process mapping
team should visit each of the supporting processes listed on the RA sheets.  

❑ They should both confirm that their list is complete and try to get a sense of the percent of
the total capacity of the supporting processes viewed that is dedicated to each of the work
steps where it is listed on the RA sheet.  In other words, they should try to find the 20%
of the supporting processes that use 80% of the resources and lose 80% of the waste that
the resources use supporting the MAIN PROCESS work steps.  This is called rank order-
ing, or the 80/20 rule.

Tip:  Given the fact that some supporting processes are more important to the MAIN
PROCESS and contribute to the “significant aspects” or “risks” as defined in ISO
14001 and/or OHSAS 18001 (if applicable) of the MAIN PROCESS, the process
mapping teams need to make a decision as to whether they should prepare hierar-
chical process maps and RA sheets for these important supporting processes.  The
reasoning behind this decision is to help them prepare a complete listing of the
opportunities for waste minimization that will be used for the Opportunity Selection
Process described below in Attachment 10.

◆ Some facilities choose to attribute the resources used and lost by the supporting processes
to the work step in the MAIN PROCESS that is demanding this support.  In this manner,
the MAIN PROCESS is required to be responsible for the EHS process improvement activ-
ities in the supporting process.  The theory is that you use less compressed air, it will cost
the facility less money to generate the compressed air.  You cannot control this at the sup-
porting process level.  

10. EHS Opportunities Selection Process
❑ From the interviews conducted in the verification of the process maps and RA sheets, a list

of opportunities for EHS process improvement is prepared.  It is important to remember
that every use of a resource in the process (or supporting process) represents an opportunity
to conserve the use of that resource.  Every loss of a resource in the process (or supporting
process) represents an opportunity to minimize that waste.  By controlling the use of
resources, the EHS coordinator can work to prevent EHS compliance issues associated with
these resources and/or the work step that is using them.  By eliminating wastes, EHS com-
pliance issues may also be prevented.  The focus on compliance is on the process.  Even if
no changes are possible at this time, the operator still becomes familiar with the EHS
aspects of the work.

❑ The list of opportunities is presented to the oversight committee so that they can select
opportunities (typically, 8 to 11 opportunities) that will be included in the EHS Process
Improvement Program.  The committee can use many of the same criteria that were used
to select the process in Attachment 1 in order to make their decision.
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❑ Special attention should be made to the means selected for determining significance in the
ISO 14001 and/or OHSAS 18001 programs (if applicable).  If you do not use these man-
agement standards, they do offer methods to consider for rank-ordering the opportunities
that may be useful for your purposes.

11. List of EHS Process Improvement Projects
❑ The EHS process improvement projects selected using the Opportunities Selection Process

will be documented and reviewed for inclusion in the program.

❑ The management oversight committee will have to assign employees to work on each of
these project teams following the guidance in the Team Organization Checklist.

12. Team Organization Checklist

The management oversight committee should assign employees to each of the EHS process
improvement projects that appear on the list in Attachment 11. Important members of the team
should include: 

❑ An operator at the process map work step that is involved in the EHS process improve-
ment project.

❑ A supervisor of the section/department.

❑ An employee that represents an internal “supplier” or internal “customer” of the process
work step.

❑ A person from maintenance that is familiar with the process work step.  

❑ Someone from quality or another functional staff member (e.g., accounting, environment,
health and safety).

❑ Someone unfamiliar with the process. This person would help the team explore alternative
solutions that they have not considered because they may be too close to the problem.

The ideal team size is five people.

The environmental coordinator can act as a resource to the waste minimization project team.
However, this person should be primarily involved in the management oversight committee.

13. Statement of the Problem
❑ During the first meeting of the EHS project improvement team, someone representing the

process mapping team should review the process map and the RA sheet with them.  They
need to describe what has transpired and how this problem was selected for inclusion in
the EHS Process Improvement Program.

❑ The relationship between the EHS Process Improvement Program and the process at your
company used to measure EHS performance should also be explained to the project team.  

❑ Next, the EHS project team members should discuss a good statement of the problem.
They may need to visit the area and view the work step and/or the supporting process.
Finally, they will need to develop and agree on a one or two sentence “statement of the
problem.”  In this way, each member of the project team will have a similar view of the
nature of the problem.  This is very important when using the Systems Approach tools to
prepare a draft action plan for the EHS process improvement project.
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❑ One way to derive a good statement of the problem is to have each team member write
what they think is the problem.  Then the team members should read their problem state-
ment aloud, in turn, to the other team members.  The team should then select the best
“sound bytes” from the statements and agree on a common statement of the problem.

14. Root Cause Analysis
❑ When each of the EHS process improvement teams (see Attachment 11) meets with the

Systems Approach facilitator to prepare their draft action plan, the first step will be to
examine the potential “causes” of the problem stated in their Statement of Problem
(Attachment 13).  Once you have become familiar with the use of this tactic, you should
be able to serve as the facilitator of the group.

❑ At the start of this meeting, the EHS project team should review the process maps, RA
sheet, and the Statement of Problem.  Once this material has been reviewed, they are ready
to use the cause and effect diagram. 

❑ Using the root cause analysis (i.e., cause and effect diagram) template provided below,
the team members will list all the components associated with their problem under the fol-
lowing categories:

— Materials (all of the resources used and lost)

— Machines (all of the technology, instruments, machines, etc.)

— Methods (all methods whether in writing or not)

— People (all of the positions that may have some responsibility for the problem)

❑ The facilitator will help them answer the following question for each of the items dis-
played on the cause and effect diagram, 

— “What is it about ______ that causes the “problem” described in the Statement
of the Problem?

❑ They will then write the answer to that question under the item and move to the next
question until all the items have been addressed.  It is important to not think of solutions
to the problem at this point.  The team should be looking for all of the logical causes of
the problem in each of the four categories.
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15. Root Cause Diagram

MATERIALS MACHINES

METHODS PEOPLE
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16. Search for Alternative Solutions Using Brainwriting
❑ The EHS project team will look at the listing of potential causes of the problem and then

work with the Systems Approach facilitator to use the brainwriting tool to generate a listing
of potential solutions to the problem.  The brainwriting tool is one of the tools in the
Systems Approach.  They will use brainwriting sheets as shown in the template on page 47.

❑ Each team member will select a brainwriting sheet and write down two different ways to
solve the EHS problem (using boxes 1 and 2).  They place that sheet back into the center
of the table and withdraw another sheet.  Two more alternative solutions are written and
the sheet is once again exchanged.

❑ When the team member cannot think of any additional alternative solutions, they read
what the other team members have written.  Sometimes, this will help them think of
something new or a modification of what they have read.

❑ A technique known as “provocation” is used to help spur some “out of the box” thinking.
Any team member with a more or less “outrageous” idea uses it for one of the alternatives.
Sometimes, these “blue sky” ideas spur thoughts of “something that just might work!”

Tip: Additional information on brainwriting can be found in an article titled “Identifying
P2 Alternatives with Brainstorming and Brainwriting.” Pollution Prevention Review,
6(4), 93-97 (1996).
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Brainwriting Sheet

1 2

3 4

5 6

7 8

9 10
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17. Prioritizing Alternative Solutions with Bubble-up/Bubble-down
❑ Next, the EHS project team will work with the Systems Approach facilitator to prioritize

all of the potential alternatives previously identified using the brainwriting tool.  For this
prioritization activity, they will use a tool called “bubble sorting” or “bubble-up/bubble-
down.”  

❑ The little squares are cut from the brainwriting sheets and arranged in random order in a
pile.

❑ Two of the alternative solutions are placed on the table and the team performs a forced pair
comparison in which each alternative solution is compared with the alternative at the bot-
tom on the list.  The question is asked, “Which one is best?”  The team members evaluate
each alternative in the pair on the basis of cost (cheap is best), ability to implement (easy to
do is best), and effectiveness (this is great as long as it does not cost too much or is not
very difficult to accomplish).  The better alternative bubbles up over the other alternative
and is compared to the next alternative.  If the team has five members, three members get
to move an alternative or keep it where it is.  Once the final order has been defined, the
team can debate the final ordering. 

18. Draft Action Plan
❑ Finally, the EHS project team will work with the Systems Approach facilitator to prepare a

draft action plan.  This is the final tool used in the Systems Approach.  A template for the
draft action plan is provided below.

❑ The top section of the action plan describes the “EHS project” and summarizes its pur-
pose, describes the project itself, and states the benefits.  

❑ The first task will be the baseline survey.  It will be important for the EHS process
improvement project team to determine what will be measured during the project.  The
team will also have to determine a financial measure of the project.  In the next-to-the-last
step, they will repeat these measurements to determine the physical and financial results of
the project.

❑ The last step in the draft action plan is a statement of the “lessons learned” by the team in
conducting this project.

Once the draft action plan has been reviewed and approved for implementation by the manage-
ment oversight committee, it should be attached to the relevant environmental management
program.
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19. Draft Action Plan Template

ACTION PLAN
(PROJECT)

1.

Purpose:

Project:

Benefits:

Work Tasks Person/Team
Responsible

Completion
Date Performance Goal Resources

Required

1.

2.

3.

4.

5.

6.
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20. Quarterly Meetings of the Oversight Committee
❑ The EHS Process Improvement Program Plan (described earlier) states that its manage-

ment oversight committee should meet at least four times during the course of the year.

❑ At its first meeting, the EHS Process Improvement Program Oversight Committee will
approve the Program Plan.  They will also review each of the EHS process improvement
project Draft Action Plans with the project teams.  

❑ Once this oversight committee approves the EHS Process Improvement Program Plan and
all of the project action plans, the EHS Process Improvement Program has commenced and
this committee will meet on a quarterly basis as specified in the plan.

❑ All of the EHS Process Improvement Program information should be documented using
the provisions for documentation as set forth in your facility’s EHS management program.
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Tactic 2 
Determining the Costs and Benefits of 
Process Improvement and EHS Management
Step 1.  Prepare an action plan using the Systems Approach tools

Whenever you have an EHS process improvement project, there should always be a written action
plan in place.  This action plan should have management approval before the work on the EHS
process improvement project takes place.

The first work task in every EHS process improvement action plan is to conduct a baseline survey
of the process work step that will be focused on during the project.  It is important to select the
measurements that will be conducted to determine if the project is successful and whether it meets
its target and objective.

Also in this first work task, the EHS process improvement team will determine the monetary ben-
efits of the project.

Step 2.  Establish a computerized tracking system to account for the costs of
the project

1. There is a type of computer software used by many companies called a “computerized
maintenance management system” (CMMS).  Determine whether your maintenance depart-
ment has this CMMS software installed.  A large number of vendors make this software.
In larger companies, the CMMS may be an element in the “enterprise resources planning”
(ERP) software.  There are more than 400 CMMS software products available as tracked by
the magazine, Maintenance Technology.  Prices for this software can range from about
$400 upwards to $10,000.  Some companies have been developing open source CMMS
using the Linux operating system to have the benefits of CMMS without the costs.  There
is also a freeware product known as CWorks by Clueword DotCom.

2. Determine whether you would be allowed to use this software to set up your own accounts.
The software assigns unique work order tracking numbers to each team project.  If your
company does not have the software or if they will not allow you to use the software for this
purpose, there is freeware available that can be used to track your project costs and benefits.
It is called CWorks and it can be obtained on the Internet at http://www.cworks.com.my.
Please check with your Information Technology (IT) specialist before downloading this soft-
ware on your company computer.  The author of this publication offers similar software that
is available, with security, through the Internet without downloading any software.  There
may be other alternatives available through company project management specialists.  The
purpose here is to avoid the use of spreadsheets that are not connected to a computer system
that management approves of when they approve the project.

3. Establish a work order number for each EHS process improvement project.

4. Charge time and expenses by work task as stated in the action plan and by work activity.
To charge by activity, you will need to enter a set of project management activities that
will cover the nature of the work that the teams will be conducting.  The Attachment has
a listing of work activities that you could start with.  Check with accounting on how to
charge people’s time to this project management software.  Most companies charge a “job
category rate” with tax and fringe added.  Everyone that works on the project would charge
at their category rate, not at their salary rate.

http://www.cworks.com.my
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5. Make sure that all of the resources asked for in the action plan are charged to the project
just as you charge the time.

6. Establish a protocol and schedule for entering the cost data into the software on a regular
basis.  The cost of the data entry should be charged against the project.

Step 3.  Establish the benefits and their allowable costs
1. If the EHS process improvement leads to the conservation of a resource that is used (e.g.,

energy, water, or a material), the unit cost of that resource(s) needs to be agreed on when
the project is approved by management and will be applied against the project costs in the
cost benefit analysis.  If the EHS process improvement leads to the reduction or elimina-
tion of a work step loss (e.g., discharge, emission, waste, spill, noise, odor), the unit cost of
that loss needs to be credited to the project as a benefit in the same manner as the
resources used.  

2. There are potential benefits in activity cost reduction.  However, management is often
reluctant to give credit for these benefits unless “headcount” is actually reduced.  (See
Tactic 3, activity-based management tool, for suggestions in gaining some credit for this
category).  There are also potential “intangible” benefits associated with EHS process
improvements.  We have introduced a tool for placing a monetary value on these intangi-
ble benefits using a technique known as “real options.”

3. Establish rules for the project teams on how they have to document the amount of benefit
claimed by each project.  Once they have produced this documentation, the teams are
allowed to take a credit against their expenses using the CMMS software.

Step 4.  Report to management on the cost and benefits on a regular basis
1. Each EHS project team should receive monthly statements from the CMMS software on

their costs and benefits.  They should reconcile these results with the project management
paperwork they are maintaining.

2. Each EHS project team should report to management on a regular basis (i.e., at least on a
quarterly basis).  

3. Adjustments should be made to the CMMS reporting system to respond to EHS project
team reconciliation efforts and management corrections.

4. Each team should check to see if there have been significant variations in the benefit
amounts during the course of the project so that they can request that a change be made
when reporting to management.

Step 5.  Provide an internal audit function to the cost/benefit calculation procedure
1. It is a good idea to have the facility accountant perform an internal audit of the project

management system at least on an annual basis.  Adjustments to the monetary amounts (if
any) could be made at the final EHS project review meeting with the management over-
sight committee.  It is imperative that management comes to have the confidence in the
project accounting financial information provided by this system.  It is also important that
accounting feel comfortable with this as a project accounting system and not as what they
fear to be a “second set of books”!  

2. It may be necessary to have a determination made as to whether this system is subject to
the Sarbanes-Oxley financial reporting requirements.
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ATTACHMENT 

Project Activity Codes

Most CMMS software packages have certain activity codes already built into them.  You should
check their list against the standard project management activities that will be accounted for in the
EHS process improvement projects.  It is important to have a list of activities that are likely to be
used and to communicate that listing with the people working on the different teams and providing
resource assistance to these teams.  Potential categories of activities are:

◆ Working on draft action plan

◆ Making measurements on projects

◆ Measuring project performance

◆ Setting team meeting time

◆ Planning activities

◆ Conducting pilot studies

◆ Negotiating for resources

◆ Providing feedback to others

◆ Taking corrective actions

◆ Preparing project documentation

◆ Inspecting work in progress

◆ Preparing progress reports

◆ Auditing completed work

◆ Conducting quarterly management review meetings

◆ Writing procedures

◆ Providing training

◆ Receiving training 

◆ Managing the budget

◆ Managing the team

◆ Entering data into CMMS

◆ Conducting demonstrations

◆ Preparing final report

◆ Determining other project management task
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Tactic 3 
Aligning EHS Activities with Activity-Based Management

There are many different ways to use activity-based costing (ABC) and activity-based management
(ABM).  This tactic demonstrates one way that is consistent with the hierarchical process mapping
and accounting sheets generated in Tactic 1.

Step 1. Prepare activity accounting sheets

You can complete an activity accounting sheet for each work step at the lowest level in the hierar-
chical process map for the MAIN PROCESS (see the Attachment).  

Above the work step box, list all the EHS activities that are necessary in order for the work in the
main process to be conducted.  This might include activities such as obtaining a permit or providing
operator safety training.  

Below the work step box, list all the EHS activities that are necessary to manage the “losses.”
These losses include all waste, discharges, spills, emissions and other losses or resources from the
process at that work step.  For the health and safety side the activities might include managing the
files for near misses or lost time injuries.  

The supporting processes for these activities will include other activities such as legal reviews,
medical reviews, management reviews, recordkeeping, and filing.  

Step 2. Prepare lists of EHS activities

In order to rank-order the activities, it is useful to prepare lists for comparison purposes.  You
should first make a list of the three sets of activities from the activity accounting sheets as shown in
Step One.

Referring back to the Resource Accounting Sheet for the same work step, determine the EHS
activities that are associated with each of the listed supporting processes.  You may have to prepare
hierarchical process maps of some of these supporting processes to make sure your list is complete.
You only need to do this if the work step is a significant user of that supporting process.  Some com-
panies allocate the cost of the EHS activities in the supporting processes back to the main process
steps in proportion to their total contribution.  You should make a note on your activity accounting
sheets of significant EHS activities required for the supporting process that is linked to the work
step under consideration.

Step 3.  Rank-order the activities by potential cost

Rank-ordering involves the use of Pareto Analysis (also called the 80/20 Rule).  Some say it sepa-
rates the vital few from the trivial many.  For each of the lists prepared, you should identify the 20%
of the EHS activities that create about 80% of the total activity cost.  You should make this deter-
mination with a small team of people familiar with the process and with EHS costs in general.  The
team members should take into account the amount of labor, materials, and machine costs associated
with each of these activities.  They should not worry about being precise at this point (plus or minus
20% is adequate for this first screening).  This rank-ordering exercise will help reduce the number of
activities for which costing needs to be determined.

The team should also look back at the activity accounting sheets and determine the 20% of the
work steps that have 80% of the approximate EHS activity cost associated with them.  Do the items
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in the ranking done on the lists fall in these boxes?  If so, these are the work steps that may become
the focus of process improvement with Tactic 1.  If the items identified from the supporting process-
es are in activity accounting sheets that are not in the 20% range, the team needs to decide if this is
an important outlier.  The team may also be able to determine which supporting processes need to
be focused on separately in the process improvement program.

Step 4. Determine the activity-based costs

Once you have a list of the key EHS activities that are adding significant cost to the process, prepare
a hierarchical process map of the activity itself using the information in Tactic 1.  This process map
will help you cost the activity more accurately.  There are five components of the cost of the activity:

1. Labor (fully burdened)

2. Resources (associated with that activity)

3. Space

4. Utilities

5. Services and fees

The labor (often referred to as indirect labor) can be determined by directly measuring the time it
takes to perform that activity or can be estimated based on the knowledge of what is necessary for
the successful completion of that activity.  Resources (often referred to as indirect materials) can be
determined from purchasing records and knowledge of the activity.  Space represents the cost per
square foot of space required for EHS controls (e.g., hazardous waste storage area, flammable sub-
stance storage cabinets).  Services and fees are the amount of money paid to consultants, laboratories,
and as fees to regulatory agencies.  The accuracy of these calculations are usually plus or minus 5%
to 10%.

Step 5. Use the activity-based costs to manage these costs

Using the approach in Tactic 1, assign a team to examine the process work step responsible for
these activity-based costs.  Questions that should be considered include:

◆ What regulatory requirement or other consideration triggered the need for these activities?  

◆ Is overtime work required at this work step?  

◆ Why did specific people work on this activity?  

◆ Under what circumstances could staffing or one of the other cost items be reduced on this
activity?  

◆ Can the work step be changed in such a way that the driver for the activity is eliminated or
changed?  

Using the tools in the Systems Approach, prepare an action plan to change the situations that
caused these activity-based costs.  You will be doing activity-based management with this project.
You can then use the cost/benefit calculations in Tactic 2 to determine the value to the company as a
result of this project.  
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ATTACHMENT

ACTIVITY ACCOUNTING SHEET

Description of the Work Step

Describe the activity in the work step.

Supporting Processes

List all “things people do” to support the activities cited above.

ALL EHS ACTIVITIES
THAT SUPPORT THE 

WORK STEP

PREVIOUS NEXT WORK
WORK STEP STEP

ALL EHS ACTIVITIES
THAT MANAGE THE 
LOSSES FROM THE 

WORK STEP

WORK STEP
#
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Tactic 4 
Valuing Intangible EHS Benefits Using Real Options
Step 1.  Understand the intangible benefit and how failure to realize its value
could affect the company

As has been stated in the Introduction of this publication, intangible benefits have always seemed
to defy rational valuation.  This tactic will use a modified Delphi technique and Real Options to
help you present values placed on intangibles by your own company leaders, including your lead
financial manager.  

To illustrate this tactic, assume that you have a Spill Prevention, Control, and Countermeasure
(SPCC) plan in place because you store oil on-site for the boiler used to produce steam for your
process.  There are statistics on enforcement penalties that have been levied on companies that have
been found to violate the regulatory requirement for SPCC planning.  In addition, there are statistics
on what oil spill remediation can cost.  

There is less information about the possible amount of public relations costs in the aftermath of a
major oil spill.  You are unsure what the lack of goodwill can cost when it comes to securing future
regulatory approvals and the fact that you will have to deal affirmatively with the anger in the local
community.  There may be some legal reviews and challenges to other facets of your operations that
had not been an issue before the spill.  

You should determine all the items that could be affected by a substantial oil spill and prepare a
scenario on a spill of oil at your facility, the response that would be made to that spill, and the after-
math of up to a year after the spill.  

Tip:  Some companies decide to produce these financial calculations under “attorney-
client privilege.”  You should inquire about this before you begin and carefully
follow legal advice during the use of this Tactic.

Step 2.  Share this information with a selected group of senior managers in
your company

On the first reading of your scenario or the presentation of the scenario at a focus group meeting,
the leaders would weigh in on the consequences that you proposed in the scenario and put some
additional detail on the chain of events that will unfold for days and weeks after the event.  Make
sure that you get the engineering and operations managers as well as the financial managers and top
leaders.  Based on their comments, you will revise the scenario and pose questions that have been
raised in this focus group meeting.  Even if you go no further than this, you are beginning to gener-
ate awareness of the importance of your work to help prevent such an occurrence. 

Step 3. Conduct a modified Delphi process with the leaders

The revised scenario with the questions that have been raised during the focus group is presented
serially to each of the leaders that participated in the focus group conducted in Step 2.  This tech-
nique is called a modified Delphi process. You will ask them to try to answer the questions and to
place values (both financial and nonfinancial values) on the activities associated with the chain of
events that is described.  Have them address the future changes in cost on the basis of increased legal
scrutiny and the required remediation level.  
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At the end of each response, revise the report, add the values provided, and ask additional ques-
tions.  Send the report to the next person.  Keep repeating this process until two rounds have been
completed.  They may request other people to review the information.  For example, they may have
outside legal counsel look at the scenario and provide some details of the likely legal implications of
such an event.  Again, you are raising their awareness of the importance of having a proactive SPCC
planning process in place.  

Of course, you can select other items to look at, such as your waste minimization plan that is
required when you sign the hazardous waste manifests.

Step 4. Analyze the information with activity-based costs and Real Options

Financial values determined by the participants in the modified Delphi are entered into a valuation
spreadsheet.  Qualitative results and a valuation summary are prepared.  Tactic 1 can be used to pre-
pare a hierarchical process map of a typical response to this scenario.  The Systems Approach tools
would be used to prepare action plans for dealing with the various outcomes as identified in the
analysis of the scenario.  The activity-based costs can be calculated with Tactic 3.  

Financial options pricing models require measurement of a number of variables that are best
obtained from a functioning market.  Real Options do not have directly observable values for many
items.  The analysis proposed here uses “expert” assessment by employees and managers to measure
the options model.  

This approach focuses the knowledge of key experts on the effects of errors.  The measurements are
the consensus judgment of experts.  This is an important departure from classic Options Theory and
provides a model that captures the judgment developed at your company and allows it to become a
source of competitive advantage through time.  

Tip:  There is some extremely difficult math involved in Options Theory.  You may want
to hire a finance professor at a local university or someone else familiar with Real Options
to calculate this cost for you.  
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It is likely that you will use the Black-Sholes model.  You will need the following information:

These values are put into a series of equations and a market price is computed.

Step 5. Prepare a report and distribute it to those designated by the leaders
that participated in the study

The use of this Tactic should help focus attention on many of your EHS activities that could have a
substantial impact on the future financial capability of the company.  Using the modified Delphi
method has the advantage that it commits the management to clear public statements about things
like probability of certain events, such as oil spills or other accidents.  This generally means that
they become more careful and more dedicated to the analysis project and will begin to see the value
of the EHS activities in place to prevent these events.

In the case of the oil spill, the managers typically estimate future changes in cost based on increased
legal scrutiny and the required remediation level.  Change is seen as a rate plus a computed variance
based on high and low estimates of the probable costs.  They should understand that there may be
future steep increases in the cost of legal assistance should such an event occur.  There will also be
unanticipated and steep costs associated with the remediation.  It would be much more prudent finan-
cially to invest in spill prevention technology and to maintain the SPCC plan in a state of readiness.  

Element Common Label Relationship to value
of the option

Current value of under-
lying asset (the
company or division) 

P +, increase in value of
company causes option
to increase

Strike cost/purchase cost
of project

Ex -, increase in cost of
project causes option to
decrease

Volatility or variance of
the value of the compa-
ny or division

σ2 +, increase in variability
of the value of the com-
pany or division causes
the option to increase

Dividends paid or cash
flow foregone

D -, increase in lost cash
inflows causes option to
decrease

Life of option in years T -, a decrease in the life
of the option causes the
option to decrease
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Tactic 5 
Associating EHS with Value Drivers

It is important for you to examine the functions that you provide in your own organization and be
able to relate them to business values.  This is the purpose of this tactic. 

See Chapter 5, Appendix 2, for a critical examination of EHS functions as they impact business
costs.

A number of business values are tracked by your management and your company’s investors.  They
include:

◆ Profitability

◆ Market share

◆ Shareholder value/attract investment

◆ Productivity

◆ Compliance risk

◆ Operational risk

◆ Reputation/image/brand

◆ Time to market

◆ Cost containment 

◆ Customer service

◆ Attract and retain talented employees

◆ Enhance innovation potential

In Chapter 5, Appendix 3, you will find a discussion of eight business management strategies
that have been developed to enhance the business value of EHS functions and activities.  They
include:

◆ Environmental management system

◆ Occupational health and safety management system

◆ Global Reporting Initiative guidelines

◆ Lean Manufacturing

◆ Quality assurance management system

◆ Balanced organizational scorecard

◆ Six Sigma

◆ Baldrige performance excellence model

Some of your duties have an obvious cost component to them (see List 1).  On the other hand,
there are other EHS activities that clearly have benefits that override the costs associated with them
(see List 2).  
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List 1. Examples of EHS activities with a strong cost component.
◆ EHS compliance activities 

◆ Safety compliance activities 

◆ Health screening 

◆ Security

◆ Mandatory reporting

◆ Legal review

◆ Procurement costs (i.e., bidding and cost tracking)

◆ Payment tracking to vendors and outside interests

◆ Human resource costs for EHS personnel

◆ Training 

◆ Audits and audit preparation

◆ Waste reduction and pollution prevention program costs

◆ Recycling program costs

◆ EHS program administration costs

◆ Management systems costs (ISO 14001, OHSAS 18001, or other system)

◆ Permit applications

◆ Recordkeeping

◆ Remediation

◆ EHS studies and reports

List 2. Examples of EHS activities with recognized benefits.
◆ Energy use reductions

◆ Water use reductions

◆ Materials use reductions

◆ Packaging restrictions on incoming goods

◆ Defect and bad batch elimination (e.g., Six Sigma)

◆ Good housekeeping/Five S (e.g., Lean Manufacturing)

◆ Process improvements (e.g., Lean and Six Sigma)

—Cycle time reduction

—Distance of product travel

—Change over time reduction

—Preventive maintenance – machine availability

—Improvements in start-up and shutdown

—Lowering the demand for supporting processes

—Green chemistry

•  Product re-formulations and re-design 

—Recycling Return
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—In-process reuse

—Employee well-being

—Employee community involvement

—Supply chain management

—Environmentally preferable purchasing

When you begin to score your EHS results using Tactic 7, you will begin to see how your activi-
ties are directly contributing to the vision, mission, and core values of the organization.  The results
that score well are related to your activities that align you to the core business.

However, your company must comply with EHS regulations.  Even the activities that fall in the
compliance component of your job contribute to business value.  The contributions are often referred
to as intangible value and include the following:

◆ Value to the environment from avoiding health, economics (e.g., vegetation damage), and
other environmental “externalities” associated with your operations

◆ Value of energy efficiency programs as a hedge against volatile natural gas, oil, and elec-
tricity prices

◆ Value in increased EHS credibility and resulting ability to have a voice in shaping EHS
and energy policy with your state regulatory agency

◆ Value in attracting or retaining quality employees interested in working for a company
committed to excellence in EHS performance

◆ Value of potential voluntary program partnerships with state and federal government
organizations

◆ Value in promoting socially responsible information to banks, insurers, and investors

◆ Value from avoiding or minimizing landfill or other waste disposal costs and impacts

◆ Value in reduced lost workday rate

◆ Value in reduced workplace injuries and illnesses

By using Tactic 4, you will be able to start expressing the value of these activities to your manage-
ment.  If you are conducting specific activities, you can keep track of the costs and benefits with
Tactic 2. Tactic 1 will help you plan and implement these activities.

You also need to focus on what you can do cooperatively with other departments and functions in
your company.  It is a common problem to have a business that is segmented into what are referred
to as “silos.”  These silos reinforce divergent opinions of what constitutes business value.  To avoid
this common trap, some companies are instituting companywide metrics in an integrated measure-
ment system.  This helps integrate the functions and have them cooperate in a more effective
manner.

Attachment 1 provides a chart that illustrates how a company can use four perspectives to manage
risks and improve overall value.  Within this perspective, each functional manager can take charge of
factors under its control by choosing the right metrics to measure its progress toward achieving the
collective goal stated at the top of the matrix.  Tactic 7 can help determine which metrics will most
effectively measure the desired outcomes.  Clearly, some measures may not be effective if the work
processes that generate their outcomes are still being built and learned.
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You will note in the Attachment 1 example, the Operations objectives are to focus on delivering
reduced operating costs and managing the risks inherent in the process and in operational activities,
while maximizing product output.

In the EHS perspective, the focus is on providing the systems, procedures, and training that build
operational awareness, skills, functional systems, and capabilities to prevent, manage, and eliminate
EHS incidents.

In the Work Management perspective, the focus is on efficiently completing maintenance work
while minimizing the potential for future breakdowns and restoring equipment to its operating 
condition.

Finally, in the Reliability perspective, the focus is on building the diagnostics and skills required
to increase and improve plant uptime while preserving the integrity and life of plant equipment and
systems.

You will note that by participating in Lean Manufacturing and Six Sigma projects, the three per-
spectives can work together to maximize all of the indicators provided.

Table 1 shows how your EHS results indicators can lead to business value.  It is good to start
thinking  of your functions in this way.  Using Table 2, write all of your EHS functions in the
spaces provided.  Now fill in the three columns.  If you have not yet established a set of results indi-
cators, you can refer to Attachment 2 in Tactic 7.

Table 1.  Sample Measurement and Conversion of 
EHS Performance to Business Value Outcome

EHS Function Business Value  
Objective

Measure of Performance
Business Value Outcome

Training • Reduce cost per unit  
   of output
• Increase productivity
• Reduce compliance risk

• Productivity rate
• Noncompliance incident rate

• % increase in productivity
• % reduction in  
   noncompliance incidents

Safety  
Compliance

• Reduce compliance risk

• Increase productivity

• Reduce time to market

• Cost containment
• Increase profit margin

• Lost workday rate cross-referenced  
to the Workers’ Compensation  
insurance premium rate

• Injuries/number of employee  
   work hours
• Rate of near misses
• Employee satisfaction index

• $/year or % insurance  
 premium cost reduction

• $ or % reduction in lost  
   workdays
• % increase in productivity
• % reduction in compliance  
   incidents

Environmental • Reduce compliance risk
• Cost containment
• Increase time to market 
   of product

• Time to completion of permit
• Work hours spent on permit
• Number of inspections and notices 

of violations (NOVs)

• % increase in time to    
   market of product

• % reduction in compliance  
   risk 

Pollution
Prevention

• Cost containment
• Enhance organization’s  
   image

• Monthly or yearly waste disposal 
weight/cost per pound or ton

• Number of community complaints

• % reduction in waste   
   disposal costs
• % or numerical reduction  

in community complaint 
incidents
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Table 2.  Sample Measurement and Conversion of 
EHS Performance to Business Value Outcome

EHS Function Business Value Objective Measure of Performance Business Value Outcome

Training

Safety  
Compliance

Environmental

Pollution  
Prevention
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Table 3 helps you understand how your various tasks link to the business values described above.  
Use Table 4 to write down all of the EHS functions you placed in Table 2.

Table 3.  Sample Linkage of EHS Function to Business Value

Business Value �

EHS Function �
Profit Productivity Compliance

Risk
Reputation

/Image
Cost

Containment
Time to
Market

Shareholder
Value

Customer
Service

Market
Share

Training X X X X X

X X

X
Waste Reduction X

X

X X X X X X

Environmental 
Permit Compliance

Studies, Audits,  
Reports X X X X X

Safety Compliance X X X X X X X

Remediation X X X X X

Energy Efficiency X X X X

Safety Committee X X X

Security X X X X X

Pollution  
Prevention X X X X X X X

Recordkeeping X X X

X X X
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Attachment 1.  Key Performance Indicators (KPI) for Managing Risk and
Improving Profitability at Your Company

High-Level Goal:  Manage Risk and Improve Profitability of the Company

Operations
Perspective

Reliability
Perspective

Work Management
Perspective

EHS Function
Perspective

Goals: Reduce operating
costs and risks; maximize
output

Goals: Maximize uptime;
preserve plant and equip-
ment integrity

Goals: Minimize work 
needing corrective actions;
restore equipment condition

Goals: Controlled, audited
EHS compliance; audited
prevention program

Strategic KPI Strategic KPI Strategic KPI Strategic KPI

Plant availability Plant availability Planning compliance Incident rate

Number of lost profit 
opportunities

Percent proactive work
orders

Work orders complete within
20% of planned cost

Safety performance index

Percent time operating outside
statistical process control limits

Percent emergency work
orders on critical systems

Percent proactive work
orders

Process hazard reviews 
completed

Percent plant uptime Significant deterioration
mechanisms improvements 

Assessments of work orders
complete

Pollution prevention goals
attained

Production target compliance PM Inspection compliance Quantified availability tar-
gets

Internal audits on EHS 
compliance

Schedule compliance Process improvement activi-
ties using Systems Approach

Operational KPI Operational KPI Operational KPI Operational KPI

Process availability variability Mean time between mainte-
nance by equipment type

Percent emergency work
orders

Number of corrective actions
from monthly EHS inspec-
tion reports

Utility variance Mean time between failure
by equipment type

Percent reactive work orders Number of EHS incidents

Product transfer indicator Mean time between failure
growth

Backlog work orders Number of near misses

Quality limit excursions Cumulative non-availability
of critical equipment

Percent overtime hours Total days lost due to injury

Actual countermeasures Number unscheduled 
maintenance events

Number of work orders
planned

Process hazard action items

Start-up indicators Number of completed work
order records on significant
failures

Cumulative maintenance
costs 

Pollution prevention results

Shutdown indicators Current mechanical 
availability

Average direct cost per 
maintenance event

Environmental management
system program results

Off-specification product Mechanical availability trend Number work orders 
scheduled

Occupational health and 
safety management system
program results

Scrap value Percent rework Number of employee 
recognition citations made 
by management

Inventory value Percent closed work orders
within 2 days of schedule 
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Tactic 6 
Scoring True Performance
Introduction

Many companies are using the internationally recognized Baldrige performance model to score
true performance.  You will see that this model offers a number of items that are scored to help
improve the very behaviors and systems that will help your EHS program prosper and add value to
the organization as a whole.

Step 1.  Prepare the performance statements

After reviewing the details of the 13 Baldrige performance items (see Attachment 1), you can
rewrite these statements to describe the ideal situation for integrating your EHS program into the
company’s business.  Feel free to customize the language to fit the culture of your organization while
maintaining the same general theme and structure of the statements.  The performance criteria
describe how the organization wishes to incorporate EHS into its core business, not necessarily how
the organization currently operates.

When this step is complete, your organization will have a limited number of statements to consid-
er.  These statements will provide a basis for measuring the true performance of the EHS program
and the rate at which you are progressing to achieving the goal of EHS program excellence and busi-
ness integration.

Step 2.  Create a description of the ideal operation

As part of the initial baseline effort to score your EHS program performance, create a detailed
description of the ideal operation of the EHS program within your overall facility operations.  Use
concise descriptive statements of process and business practices, attitudes, and procedures to ensure a
full understanding of the implications of performance.  These short statements should be personal-
ized, positive, and contain a single thought or idea.  For example:

Senior leaders:

◆ The facility management talks directly to employees about EHS concerns.

◆ Managers are quite knowledgeable about the EHS targets and objectives.

◆ Managers are easy to talk to regarding EHS issues and impacts.

◆ Managers include EHS performance in all performance reviews.

◆ Managers talk to the EHS coordinator often and on a regular basis.

◆ Managers participate directly in developing EHS measures of performance.

It is possible that you could generate a significant number of individual statements.  You should
involve other people in the company to help you compile these statements under each of the 13 cate-
gories.  They should help you word them in a neutral manner.  They should also help you eliminate
statements that will not address the performance issue raised by the category statement.

Step 3. Rank-order the preliminary list of statements

Once you have prepared a preliminary list of statements, prepare a ranking sheet that lists all of
the statements under each of the categories and a place to rank each of the statements.  You should
involve management and workers to score each of the statements within each of the categories on
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this preliminary list.  People will be asked to score the items with “1” being the most important
statement to express the meaning of the category statement for your company.  

Step 4.  Conduct an initial performance survey

Once the rank ordering has been completed, you should share the results with a number of the
participants with each of the following steps:

1. Conduct a pre-survey briefing.

2. Conduct the survey.

3. Conduct a post-survey briefing looking for strengths and opportunities to improve the 
survey statements.

Make sure that everyone is aware that you will be conducting an initial survey of the true EHS
performance of the company.  Invite the key people to a brief meeting before the audit to let them
know what you have done to date. Present the 13 categories and the list of the subcategory state-
ments under each.  Ask the people if they can select two or three items under each of the categories.
This is being done so that the final performance survey form will not be too difficult to complete. 

Step 5.  Develop and deploy a true performance measurement survey tool

Written surveys not only help to uncover areas that need further improvement, but they also help
the respondents understand and strive for EHS excellence.  This is very important if you seek to
move beyond mere compliance and develop a program that truly adds value to the organization.

The first survey (i.e., your first true performance audit) should include between 20 and 30 state-
ments.  The statements are listed with a seven-point Likert scale (i.e., 1 means “strongly disagree”
and 7 means “strongly agree”).  A space is provided under each statement that allows the respondent
to note a “strength” that they have noted if they have scored the statement above a 3 or a 4.  A sec-
ond space is provided for the respondent to note an “opportunity to improve” in each of the
categories—what could be done to better make each point work better (see Figure 1).

In small organizations, all employees should participate in the survey.  If there are more than 100
people in the organization, a survey tool can be used to describe how many people need to be sur-
veyed for a 95% confidence level and an accuracy of +/- 5%.  There are third-party vendors that
administer an employee performance evaluation technique known as 360-degree performance that
could help you deploy these surveys.  Otherwise, the human resources representative is probably the
best person to decide how this can be done with a suitable amount of anonymity.

The results of the survey should be described in a feedback report that is available to all employ-
ees.  It will contain the following:

◆ Standard deviations on each statement

◆ List of strengths for each statement

◆ List of opportunities to improve for each statement

You will have to work with your management to determine how to best make the results of the
survey available to all employees.  Some companies are very sensitive about scoring.  A way to get
around the use of a score is to have ranges (e.g., no rank, bronze, silver and gold or silver, gold and
platinum).  It is important to watch how each of the items on the survey will improve over time.
When people know that there is a survey on performance, they will want to change to influence the
next scoring cycle.  This will help you improve the true performance of the EHS program.
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Step 6.  Plan and implement activities to improve performance

After you conduct an initial survey to determine the most deficient criterion, your organization can
begin to focus on improving a performance area that will have a measurable impact on your EHS
program performance.  The tools in Tactic 1 can be used to establish and direct employee teams to
conduct projects to address the opportunities to improve and to institutionalize the strengths.  These
improvement projects will also keep the focus on improving the behaviors that will lead to improved
scores when the survey is conducted again.

Step 7.  Review the “lessons learned” and conduct the survey on an annual
basis

The survey should be used each year.  Progress in the true performance should be noted and reward-
ed.  Any backsliding in the true performance should be addressed in projects for improvements.  

Because organizational attitudes, perceptions, values, and motivation impact the acceptance and
success of management ideas, improving these attributes contributes directly to the success of the
EHS coordinator.  By using the Baldrige model as a framework for developing an organizational per-
formance measure, the EHS coordinator can become a more effective agent of change and will be
seen as adding value to the organization.



Making the Business Case for EHS

Attachment 1
Baldrige Model’s True Performance Items

1. Senior leaders not only support the EHS program but also communicate effectively with
the employees about their thoughts about the importance of EHS in the organization and
encourage high performance from each and every employee and contractor.

2. Senior leaders address the organization’s responsibility to the surrounding environment and
community in all EHS matters while ensuring ethical behavior and good citizenship.

3. Your company establishes its strategy and strategic objectives that include its commitment
to meeting or exceeding its EHS targets and goals.

4. Your company converts its strategic objectives into written action plans and measures its
performance with metrics (EHS Indicators) determined by the employee teams working on
each plan with the approval of management.

5. Your company has determined what each of its customers and other outside interested par-
ties (stakeholders) desire with respect to EHS performance.

6. Your company builds relationships with its outside interested parties and seeks to continu-
ally improve both customer satisfaction and also the satisfaction of all of its stakeholders.

7. Your company measures, analyzes, aligns, reviews, and improves its EHS performance in all
parts of the organization and its activities.

8. Your company ensures the quality and availability of needed EHS data and information for
the employees, suppliers, customers, and other stakeholders.

9. Your company uses compensation, career progression, and related workforce practices to
reward employees for high performance in the area of EHS program adherence.

10. Your company ensures that each employee is trained in EHS matters and that career devel-
opment is based in part on the extent to which they excel in EHS practices.

11. Your company maintains a work environment and employee support climate that con-
tributes to the well-being, satisfaction, and motivation of all employees.

12. Your company identifies and manages it key EHS processes and procedures as a way to cre-
ate value in the organization and achieve business success and growth.

13. Your company has integrated its EHS program into all of its business initiatives and uses
the program as one of its measures of financial success.
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Figure 1.  Formatting the Survey Statements

Give feedback about the following:

01. Leadership: Senior leadership personally and visibly demonstrates
its commitment to environmental excellence principles.

Agreement:
Indicate how strongly you disagree/agree that this item should be included in the survey.

 
 

1
 

2 3 4 5 6 7

N/A  Disagree  Agree

Please describe specifically:

Please describe a strength  that you have noted regarding this statement.

Please describe an opportunity for improvement that you could suggest for this
statement.
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Tactic 7 
Scoring EHS Program Results
Step 1.  Assemble all your key EHS results and indicators

The term “key” refers to the major or most important elements or factors that you use to advise
management of the “value” of the EHS program to the organization – those critical to achieving
your intended EHS program outcome.  These results and indicators are the essential elements for
pursuing or monitoring your targets and objectives.  You should not include results that are only
prepared for submitting to regulatory agencies to demonstrate your compliance to rules and regula-
tions unless these results contribute to the specific wording of the company’s vision, mission
statement, and guiding principles.

Step 2.  Prepare a description of how your facility or corporate organization
operates

You need to start thinking about your organizational environment and how your EHS results and
indicators contribute directly to the purpose, vision, mission, and values of your organization. Use of
such terms varies depending on the organization.  Some organizations might not use one or more of
these terms.  Nevertheless, you need to have a clear understanding of the essence of your business –
why it exists and where your senior leaders want to take the business in the future.  Clarity on this
subject will help you determine where your EHS results affect the future of your organization.  

The regulatory environment in which you operate places requirements on your organization and
impacts how the business is operated.  Understanding this environment is the key to helping your
leadership make effective operational and strategic decisions.  A hallmark of leading organizations is
the ability to move beyond mere compliance with the minimum requirements of applicable laws and
regulations.

Leading organizations have well-defined governance systems with clear reporting relationships.  It
is important to know where the EHS function fits into the organization and the access that senior
leaders have to EHS information.

Next, you need to consider the organizational challenges faced by your leaders.  This section
addresses the competitive environment in which your organization operates and the key strategic
challenges faced by your leaders.  Knowledge of an organization’s strengths, vulnerabilities, and
opportunities for improvement and growth is essential to the success and sustainability of the busi-
ness.  Having this knowledge, you can identify how EHS issues affect products, service offerings,
processes, and performance attributes that are unique to your organization; those that set you apart
from your competitors; and those that help you sustain your competitive advantage.

Tip:  Leading organizations have an in-depth understanding of their current competitive
environment, including the factors that affect day-to-day performance and factors
that could impact future performance.  Your EHS issues are a part of that competi-
tive environment.  Through your trade association or other group, you should
understand how your competitors are approaching EHS issues.

Operating a business in today’s highly competitive marketplace provides many strategic challenges
that can affect your organization’s ability to sustain performance and maintain its competitive advan-
tage.  These challenges might include:
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◆ Operating costs (e.g., material, labor, or geographic location)

◆ Expanding or decreasing markets

◆ Mergers or acquisitions by both your organization and by your competitors

◆ Economic conditions, including fluctuating demand and economic downturns both local
and global

◆ The cyclical nature of your industry

◆ The introduction of new or substitute products or services, possibly based on a disruptive
technology

◆ Rapid technological changes

◆ New competitors entering the market  

In addition, your organization may face challenges related to the recruitment, hiring, and retention
of qualified employees.  Where do your EHS issues fit into this mix of business issues?

Here are the questions that need to be answered to prepare this organizational profile:

Organizational Environment
1. What are your organization’s main products and services?  Are there EHS issues associated

with these products and services?

2. What is your organizational culture?  What are the organization’s stated purpose, vision,
mission, and values?

3. What is your employee profile?  What are the special health and safety requirements for
these employees?

4. What are your major technologies, equipment, and facilities?  What are the key EHS
issues with these items?

5. What is the regulatory environment under which your organization operates?  What are
the applicable occupational health and safety regulations; environmental regulations;
accreditation, certification (e.g., ISO 14001 certification required by a customer), or regis-
tration requirements; relevant industry standards (e.g., Responsible Care for the chemical
industry); and financial and product regulations?

Organizational Relationships
1. What are your organizational structure and governance system?  What are the reporting

relationships among your board of directors, senior leaders, parent organization, and EHS
management, as applicable?

2. What are your key customer and stakeholder groups and market segments, as appropriate?
What are their key requirements and expectations for your products, services, and operations?

3. What role do suppliers and distributors play in your value creation and key process support
processes?  What are your most important supply chain requirements?  How does EHS get
involved with suppliers and distributors?

4. What are your key supplier and customer partnering relationships and communication
mechanisms?  
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Determine the number of your key EHS results and indicators that contribute directly to
any of the items listed in your organizational performance.  Make a list of these results
and indicators and provide a statement of how each contributes to the overall organiza-
tion’s performance.  YOUR SCORE FOR THIS SECTION IS THE PERCENTAGE OF
YOUR TOTAL EHS RESULTS AND INDICATORS THAT ARE ON YOUR LIST.  The
maximum score for this step is 100 points.

Step 3.  Prepare a description of the organization’s key business results

The Baldrige model (see description in Tactic 6) addresses five categories of key business results.
These results categories provide a results-focus that encompasses the organization’s objective evalua-
tion and its customers’ and other stakeholders’ evaluation of the products and services, its overall
financial and market performance, its leadership systems and social responsibility results, and
results of all key processes and process improvement activities.  Management uses these business
results to attain and maintain superior value of offerings as viewed by your customers, marketplace,
and stakeholders; superior organizational performance as reflected in your operational legal, ethical,
and financial indicators; and the maintenance of organizational and personal learning.  These key
business results provide “real time” information (measures of progress) for evaluation and improve-
ment of processes, products, and services that are carefully aligned with the business’s overall
organizational strategy.

1. Product and Service Outcomes

What are your organization’s current key measures or indicators of product and service per-
formance that are important to the customers and other stakeholders?  How do these results
compare to those of the organization’s competitors?

This item examines your organization’s key product and service outcomes, with the aim of 
delivering product and service quality that leads to customer satisfaction, loyalty, and positive 
referral.  Emphasis is placed on measures of product and service performance that serve as indicators
of customers’ views and decisions relative to future purchases and relationships.  The correlation
between product and service performance and customer indicators is a critical management tool
with multiple uses: (1) defining and focusing key quality and customer and other stakeholder
requirements; and (2) identifying product and service attributes and evidence of customer satisfac-
tion and loyalty, as well as positive referrals.  The correlation might reveal emerging or changing
market segments, the changing importance of requirements, or even the potential obsolescence of
product or service offerings.

2. Customer- and Other Stakeholder-Focused Results

What are the organization’s key measures or indicators of customer satisfaction and dissat-
isfaction?  How is the satisfaction of other stakeholders measured?  How do these measures
compare with competitors’ levels of customer and other stakeholder satisfaction?

What are the key measures or indicators of customer-perceived value, including customer
loyalty and retention, positive referral, and other aspects of building relationships with 
customers?

This item examines your organization’s customer- and other stakeholder-focused measures of 
performance with the aim of demonstrating how well your organization has been satisfying your cus-
tomers and has developed loyalty, repeat business, and positive referral and how this is viewed by
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other stakeholders. The results rely on all relevant data to determine and help predict how your orga-
nization’s performance is viewed by your customers and other stakeholders.  

Tip:  Leading organizations realize that loyalty, repeat business, and longer-term 
customer relationships are better indicators and measures of future success 
in the marketplace and of organizational sustainability.

3. Financial and Market Results

What are the organization’s key measures or indicators of financial performance, including
aggregate measures of financial return and economic value?

What are the organization’s key measures or indicators of marketplace performance,
including market share or position, business growth, and new markets entered?

This item examines your organization’s key financial and market results with the aim of under-
standing your financial sustainability and your marketplace challenges and opportunities.  These are
the measures that are closely tracked by senior leadership on an ongoing basis to assess the organiza-
tion’s performance.  Appropriate financial measures and indicators might include the following:
revenue (top line); profits or loss (bottom line); cash flow; earnings per share; and financial returns.
Marketplace performance measures might include market position, market share, measures of busi-
ness growth, new products or services and markets entered, and the percentage of sales derived from
new products or services.

4. Human Resources Results

What are your organization’s key measures or indicators of work systems performance 
and effectiveness?

What are your organization’s key measures or indicators of employee learning and 
development?

What are your organization’s key measures or indicators of employee well-being, 
satisfaction, and dissatisfaction?

This item examines your organization’s human resources results with the aim of demonstrating
how well your organization has been creating and maintaining a productive, learning, and caring
work environment for all employees.  Results measures for work system performance may include
improvement in job classification, job rotation, work layout, and local decision-making.  Results
should be focused on data that show effectiveness and outcomes.  An example of an outcome measure
might be the productivity enhancements or cost savings resulting from the redesign of work process-
es by work teams.  Results reported might include generic or organization-specific factors.  Generic
factors include safety, absenteeism, turnover, satisfaction, and complaints or grievances.
Organization-specific factors are those that the facility assessed for determining its work system per-
formance and its employees’ well-being and satisfaction.  These factors might include the extent of
training or cross-training or the extent and success of self-direction.
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5. Organizational Effectiveness Results

What are your organization’s key measures or indicators of the operational performance 
of its key value creation processes?  Include productivity, cycle time, supplier and partner
performance, and other appropriate measures of effectiveness and efficiency.

What are your organization’s key measures or indicators of the operational performance 
of other key processes?  Be sure you include the following measures: productivity, cycle 
time, supplier and partner performance, and other appropriate measures of effectiveness
and efficiency.

This item examines the organization’s other key operational measures of performance not reported
in the previous four categories, with the aim of achieving organizational effectiveness and process
efficiency.   Organizations develop and use unique and innovative measures to track key processes
and operational improvement.  All key areas of business and operational performance should be eval-
uated by measures that are relevant and important to the organization.  Measures and indicators of
operational effectiveness and efficiency might include reduced emission levels, wastestream reduc-
tions, by-product reuse, and recycling; internal responsiveness indicators such as cycle times,
production flexibility, lead times, set-up times, and time to market; business-specific indicators such
as innovation rates and increased use of e-technology, product and process yields, Six Sigma initiative
results, and delivery performance to request; supply chain indicators such as reductions in inventory
and incoming inspections, increases in quality and productivity, improvements in electronic data
exchange, and reductions in supply chain management costs; and third-party assessment results such
as ISO 9000, ISO 14001, and OHSAS 18001 audits.

6. Leadership and Social Responsibility Results

What are the key measures or indicators of accomplishment of your organization’s strategy
and action plans?

What are the key measures or indicators of ethical behavior and stakeholder trust in the
senior leaders and governance of the organization?  What are the key measures or indica-
tors of breaches of ethical behavior?

What are the measures or indicators of fiscal accountability, both internal and external to
the organization?

What are the results for key measures or indicators of regulatory and legal compliance?

What are the results for key measures or indicators of organizational citizenship in support
of the key communities?

This item examines your organization’s key results in the areas of leadership and societal responsi-
bilities with the aim of maintaining a fiscally sound, ethical organization that is a good citizen in its
communities.  A key challenge for many organizations is finding appropriate measures for tracking
their progress in accomplishing these strategic objectives.  Independent of national and international
focus on issues of governance, ethics, and leadership accountability, it is important for organizations
to practice and demonstrate high standards of overall conduct.  Measures should include environ-
mental, legal, and regulatory compliance and noteworthy achievements in these areas, as appropriate.
Results should also include indicators of support for key communities and other public purposes.  If
your organization has received sanctions or adverse actions under law, regulation, or contract during
the past 3 years, the incidents and their current status should be summarized.
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Determine the number of your key EHS results and indicators that contribute directly to
any of the items listed in your description of key business results.  Make a list of these
results and indicators and provide a statement of how each contributes to the key business
results.  YOUR SCORE FOR THIS SECTION IS THE PERCENTAGE OF YOUR TOTAL
EHS RESULTS AND INDICATORS THAT ARE ON YOUR LIST.  The maximum score
for this step is 100 points.

Step 4.  Score each of your key EHS results and indicators

Using the list of EHS key results and indicators assembled in Step 1, score each using the four 
categories:

1. Importance of the results or indicators to the organization;

2. Extent to which the results or indicators were planned;

3. Whether the results or indicators were tracked and trended; and

4. Extent to which the results or indicators were benchmarked against other organizations.

1.  Importance of the results or indicators to the organization
0% – 5% There is little to no connection between the EHS results and indicators and the

business results and organizational description and challenges.

10% – 25% A few connections of the EHS results and indicators to the business results and
organizational description and challenges are observed; there are some improve-
ments and/or alignment between the EHS results and the business results in a
few areas.

30% – 45% Improvements are made with connections between the EHS results and the
business results and organizational description; EHS results appear more busi-
ness-like.

50% – 65%  More EHS results and business results are being combined, and there is a con-
tribution noted to the organizational description and challenges indicators.

70% – 85% Integration of EHS results and indicators with business results and indicators is
good and the contribution to the organizational description and challenges is clear.

90% – 100%  Integration of EHS results and indicators with business results is excellent and
their contribution to the organizational description and challenges is without
question complete.

2.  Extent to which the EHS results or indicators were planned
0% – 5% No written action plans available.

10% – 25% Some evidence of action planning was observed.

30% – 45% Early stages of developing formal action plans that outline steps taken to
ensure that the EHS results or indicators will be favorable.

50% – 65%  Action plan was prepared to address this EHS result or indicator but the
desired measure of performance was not attained.

70% – 85% Action plan was prepared to address this EHS result or indicator and there was
improvement toward meeting the performance objective.

90% – 100%  Action plan was prepared to address this EHS result or indicator and there was
good correlation between what was expected and what was obtained.
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3.  Whether the EHS results or indicators were tracked and trended over time
0% – 5% Trend data are either not reported or show mainly adverse trends.

10% – 25% Little or no trend data are reported.

30% – 45% Early stages of developing trends are evident.

50% – 65%  No pattern of adverse trends and no poor performance levels are evident in
areas of importance to your organization’s key business requirements.

70% – 85% Most improvement trends and/or current performance levels are sustained.

90% – 100% Excellent improvement trends and/or sustained excellent performance levels 
are reported in most areas.

4.  Extent to which the EHS results or indicators were benchmarked
0% – 5% Comparative benchmarked information for results is not reported.

10% – 25% Little or no comparative information is reported.

30% – 45%  Early stages of obtaining comparative information are evident.

50% – 65% Some trends and/or current performance levels – evaluated against relevant
comparisons and/or benchmarks – show areas of good to very good relative 
performance.

70% – 85% Many to most reported trends and/or current performance levels – evaluated
against relevant comparisons and/or benchmarks – show areas of leadership 
and very good relative performance.

90% – 100% Evidence of industry and benchmark leadership is demonstrated in many areas.

Each of the four scoring areas will be based on the basis of 100 potential points for each
EHS result or indicator.  Prepare a sum of all the EHS results and indicator scores and
divide the total by the number of EHS results and indicators that were scored.  Divide the
result by four since each result was scored against four categories.  This will provide a
score for Step 4.  The maximum score for this step is 100 points.

Step 5.  Score your overall EHS results and indicators management program

This step examines how your EHS department uses EHS results and indicators as strategic objec-
tives to integrate EHS into the core business functions.  It also examines how your EHS department
assesses progress relative to integration effort.  The aim is to ensure that your EHS strategies are suc-
cessfully deployed for goal achievement and carefully aligned with the overall business objectives and
targets.

How do you develop and deploy EHS action plans to achieve your own key strategic objectives?
How do you request, obtain, and allocate resources to ensure accomplishment of your EHS action
plans?  How do you ensure that the key changes resulting from your EHS action plans can be 
sustained?

How do you establish and deploy modified EHS action plans if circumstances require a shift in
plans and rapid execution of new plans?

What are your key short- and longer-term EHS targets and objectives?  What are the key changes,
if any, in your business that may impact how you will operate?

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600) 83



Making the Business Case for EHS

What are your key human resource plans that derive from your short- and longer-term strategic
objectives and EHS action plans?

What are your key measures of performance or indicators for tracking progress on your EHS action
plans?  How do you ensure that your overall EHS action plans measurement system reinforces orga-
nizational alignment?  How do you ensure that the measurement system covers all key EHS
deployment areas and stakeholders?

For these key measures of performance or indicators, what are your performance projections for
both your short- and longer-term EHS planning time horizons?  How does your projected EHS per-
formance compare with the projected EHS performance of your competitors or comparable
organizations?  How does it compare with key benchmarks, goals, and past performance, as appropri-
ate?  If there are current or projected gaps in EHS performance against your competitors, how will
you address them?

You will score your EHS program to manage your results and indicators in each of the following
four categories:

1. Approach used by the results management program

a. Methods used to accomplish the management of the EHS results

b. Appropriateness of the methods to the organization

c. Effectiveness of your use of these methods

d. Degree to which the approach is repeatable and based on reliable data and information

2. Manner in which this results management program is deployed

a. Approach is applied in addressing EHS results relevant and important to the
organization

b. Approach is applied consistently

c. Approach is used by all appropriate work units

d. Approach is clear to managers and workers alike

3. Learning that takes place within the program

a. Approach is refined through cycles of evaluation and improvement

b. Breakthrough change to the approach is encouraged through innovation

c. Sharing of refinements and innovation is encouraged with employees and other
functional managers in your organization

4. Integration of the EHS results management program with the business results

a. Approach is aligned with the organizational information obtained in Step 2

b. Measures, information, and improvement systems are complementary with other busi-
ness improvement efforts (e.g., Lean, Six Sigma, and operational excellence programs)

c. Plans, processes, results, analyses, learning, and actions are harmonized across
the organizational units to support organizationwide goals

Score your EHS organization’s ability to manage EHS results and indicators in each of the
four categories below using 100 points for each category.
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1.  Approach
0% – 5% No systematic approach is evident.

10% – 25% The beginning of a systematic approach to managing EHS results and 
indicators is evident.

30% – 45% An effective, systematic approach has been developed and has had some initial
success at managing EHS results and indicators.

50% – 65% An effective, systematic approach has been developed and has demonstrated
success with a growing number of EHS results and indicators.

70% – 85% An effective, systematic approach has been developed and merges itself with
the approach of the overall organization uses to manage the business.

90% – 100% An effective, systematic approach has helped integrate EHS results and indica-
tors into the core business.  

2.  Deployment
0% – 5% Little to no deployment of an approach is evident.

10% – 25% Approach is in the early stages of deployment in most work units but with 
little impact on the EHS results or indicators.

30% – 45%  Approach is deployed, although some areas or work units are in the early stages
of deployment.

50% – 65% Approach is well deployed, although deployment may vary in some areas or
work units.

70% – 85% Approach is well deployed, with no significant gaps.

90% – 100% Approach is fully deployed, without significant weaknesses or gaps in any of
the work units.

3.  Learning
0% – 5% An improvement orientation is not evident; improvement is achieved only

through reacting to problems.

10% – 25% Early stages of a transition from reacting to problems to a general improve-
ment orientation are evident.

30% – 45% The beginning of a systematic approach to evaluation and improvement of the
management of EHS results and indicators is evident. 

50% – 65% Systematic evaluation and improvement and organizational learning are in
place for improving the efficiency and effectiveness for the EHS management of
results and indicators.

70% – 85% Systematic evaluation and improvement and organizational learning are in
place for the EHS management program; there is clear evidence of refinement
and innovation as a result of EHS program analysis and sharing.

90% – 100% Systematic evaluation and improvement and organizational learning are now
shared throughout the organization; refinement and innovation, backed by
analysis conducted by EHS in concert with others in the organization, create
new ways to manage the organization’s results and to include EHS results in
the organization’s key results.
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4.  Integration
0% – 5% No organizational alignment is evident.

10% – 25% Approach to managing EHS results and indicators is aligned with other areas
or work groups largely through joint problem solving.

30% – 45%  Approach to managing EHS results and indicators is in the early stages of
alignment with overall basic organizational needs identified in Steps 2 and 3.

50% – 65% Approach to managing EHS results and indicators is aligned with organiza-
tional needs identified in Steps 2 and 3.

70% – 85% Approach to managing EHS results and indicators is integrated with organiza-
tional needs identified in Steps 2 and 3.

90% – 100%  Approach is well integrated with the organizational needs identified in Steps 2
and 3.

Add the total number of points (i.e., from the four categories above) and divide the total
by four.  The maximum score for this step is 100 points.

Step 6.  Determine the score of your EHS results and indicators

Add the four scores (i.e., Step 2, Step 3, Step 4, and Step 5).  This is your final score.  The maxi-
mum score for this tool is 400 points.

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)86



Eight Business Value Tactics

Table 1.  List your KEY EHS results.

Directions:  Divide each total by the number of KEY EHS results on the list.

Percentage of the KEY EHS results in meeting management 
definition of importance ______________

Percentage of the KEY EHS results fitting the Baldrige
results criteria ______________

Management 
Acceptance

Baldrige 
Acceptance

1. Emissions of NOx 

2. Copper concentration in wastewater

3. Number of employees trained

TOTALS
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Table 2.  Score each of your KEY EHS results.

TOTAL ________

Directions:  

Divide the TOTAL by 4 ______________

Divide by the number of KEY EHS results 
to obtain the Average Score of YOUR KEY EHS Results ______________

Key EHS
Results Importance Planned Trend Benchmark TOTAL

1. Emissions of
NOx 

2. Copper con-
centration in
wastewater

3. Number of
employees
trained
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Table 3.  Managing your KEY EHS results.

1.  Approach used to manage your results ______________

2.  Deployment of your approach ______________

3.  Lessons learned through management ______________

4.  Integration in business ______________

TOTAL ______________

Directions: Divide the TOTAL by 4 ______________
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Table 4.  EHS Results SCORECARD

1.  Percentage of the KEY EHS results and indicators 
that management would find important and valuable to 
the organization ______________

2.  Percentage of the KEY EHS results and indicators 
that can be included in the Baldrige results criterion ______________

3.  Average score of your KEY EHS results ______________

4.  Average score of your KEY EHS results 
management program ______________

TOTAL RESULTS SCORE ______________
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Tactic 8 
Performance Scorecard

A scorecard is an important tactic that links key areas of organizational performance with an orga-
nization’s vision.  This tactic helps identify critical indicators and targets. The EHS manager can use
a mixture of document review, interviews, and focus group discussions to prepare the EHS scorecard. 

The EHS scorecard can be constructed using a four-step method: 

1. Identify and agree on the organizational values and vision/mission. 

2. Identify and agree on the key areas of performance at which the business must succeed in
order to achieve its vision/mission in line with its values. 

3. Build and agree on a scorecard that explains the linkages between key areas of performance
and the vision/mission.  

4. Identify and agree on indicators to measure success, identify current performance against
indicators, and develop targets.  

Step 1.  Identify and agree on the organizational values and vision/mission
◆ Obtain a copy of your company’s organizational values (also called core values or guiding

principles) and its business vision and/or mission statement. (In some cases, these terms
may not be used by the organization.  Nevertheless, you should have a clear understanding
of the essence of your business, why it exists, and where your senior leaders want to take
the business in the future.)

◆ Ask the following questions:

—What is our vision and how does EHS help achieve this vision?

—What is our mission and how does EHS help achieve this mission?

—What are our values and how does EHS support these values?

—What EHS operating principles are we already committed to and which do we
amend or adopt in support of the company’s vision, mission, and values?

◆ Start to align your EHS program with these organizational principles by determining 
what you do that helps the company perform against items.

◆ Coordinate this activity with Step 2 in the “Scoring the Results” (Tactic 7), if applicable.
◆ Create an EHS vision, mission statement, and core values that are aligned with the busi-

ness counterparts.

Step 2.  Identify and agree on key areas of EHS performance
◆ Use interviews with key members of the management team to learn more about the

following items:

Values and Mission 
1. How would you describe the organization’s values and mission? 

EHS Perspective 
1. If the organization is successful, how would EHS contribute toward this success - what are

the organization’s EHS objectives?

• Product and service outcomes
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• Customer- and stakeholder-focused results 

• Financial and market results

• Organizational effectiveness results

• Leadership and social responsibility results

• Coordinate with Step 3 in the “Scoring the Results” (Tactic 7), if applicable

2. What results or indicators would you use to measure EHS success? 

• Environmental 

• Safety 

• Occupational Health 

• Integrated (systemic and cross-cutting) 

Stakeholder Perspective
1. If the organization is successful, how will it be perceived by each stakeholder group in 2

year’s time? 

• Employees 

• Customers

• Suppliers 

• Communities 

• Shareholders 

• Regulators 

• Others (e.g., NGOs) 

2. If the organization is successful, how will it be perceived by each stakeholder group in 10
year’s time? Is there any difference from the 2-year view? 

3. Which are the key elements of the stakeholder perceptions that will help the organization
achieve its EHS objectives? 

4. What indicators would you use to measure success? 

Internal Perspective 
1.  Which internal processes and management activities are central to driving increased stake-

holder satisfaction and to achieving the EHS objectives of the organization? 

2.  What indicators would you use to measure EHS success? 

Knowledge and Skills Perspective 
1.  Which areas of knowledge and skill will be essential to achieve excellence in internal

processes and management activities and to achieve the EHS objectives of the organization? 

2.  What results or indicators would you use to measure success? 

Ask the question –“Where are we now?”

Step 3.  Build and agree on a scorecard format
1. Evaluate the information obtained from the first two steps.

2. If the responses are highly consistent, draw up a scorecard (see Figure 1).  If the responses
are not consistent, identify critical areas of disagreement and possible alternative solutions.
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3. Build consensus around the key areas of disagreement highlighted by your evaluation using
a modified Delphi approach (see Tactic 4).  

4. Prioritize the key indicators for each category (use the bubble-up/bubble-down tool from
the EHS problem-solving tool) – what are the critical pathways to success for integrating
EHS into the business and demonstrating how it can add value?

Step 4. Identify current performance, initiatives, and action plans
1. Use Attachment 1 to help align your EHS activities with what the company desires to

have in each of the categories on the scorecard.

2. From the list (see Attachment 2) of EHS indicators, select some EHS performance drivers
(i.e., leading indicators) that can be used in the “Learning and Growth” area.  What are the
outcome measures (i.e., lagging indicators) that would go with these other measures? 

For example, leading indicators can be:  

• Develop employee EHS potentials

• Provide a useful EHS technical infrastructure

• Create a climate for EHS action 

A lagging indicator may be a number of employee action plans for EHS
activities.  Using the Systems Approach tool, computerize the hierarchical
process maps with all of the information on the main process including all of
the EHS activities by work step (number of processes mapped with resource,
activity, and information linked by work step), and have an independent sur-
vey completed to gauge employee satisfaction (percent employees satisfied
with their job).   

Make sure there a good measure for each of the indicators selected to include
in the scorecard. How do your traditional EHS indicators relate to these
indicators?

3. Next go to the “Internal Business Processes” category in Attachment 2 and select the 
leading indicators, such as improve quality management focus in process improvement, 
or ensure effective use of IT in managing the operations.  Allocate all EHS activities to 
the employees working in the process.  

The lagging indicators may be using the Systems Approach with its quality management tools to
prepare the action plans, allowing workers to see all the information on resources, EHS activities,
and regulatory information that is specific to their work. Have a couple of key outcome measures
based on the operation to see if having the employees involved in this way has increased compliance
(e.g., reportable incidents or reduction in the use or loss of resources used in the process).  

You should see some linkages between the items in this level and the items in the “Learning and
Growth” level.  Make sure there is a good measure for each of the indicators selected to include in
this section of the scorecard.  How do your traditional EHS indicators relate to these indicators?

4. Now you are ready for the “Customer, Market and Stakeholder” category.  For the leading
indicators, let’s look at product EHS attributes, customer relationships, and image and rep-
utation.  The lagging indicators for these performance drivers could be number of “green”
or “inherently safe” products, customer satisfaction measures, and new markets for the
products.  The product attributes could have been developed through hierarchical process
mapping or the “lessons learned” from the employee teams using the action plans.
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Customer relations could be improved by better communicating the EHS efforts using the
visual tools of the Systems Approach or selecting projects that were of great interest to
them.  The image and reputation are linked to the drive for quality management used as a
basis for the entire program and how that was communicated to customers and other stake-
holders. 

Make sure there is a good measure for each of the indicators selected to include in this sec-
tion of the scorecard.  How do your traditional EHS indicators relate to these indicators?

5. Finally, you are ready for the “Financial” category.  This is the link to value for the organi-
zation.  The leading indicators will come from the vision and mission of the company
usually using the information from Steps 1 and 2.  Lagging indicators are from the compa-
ny’s financial objectives for the current year.  They need to be linked to the items in the
Customer, Market and Stakeholder category.  

Make sure there is a good measure for each of the indicators selected to include in this sec-
tion of the scorecard.  How do your traditional EHS indicators relate to these indicators?

Step 5.  Show how the indicators interact in a hierarchical manner

Place the indicators on the hierarchical EHS scorecard.  Draw arrows linking the “Learning and
Growth” level indicators to an indicator that is at the “Internal Process” level.  Draw arrows linking
the indicators in the “Internal Process” level to indicators in the “Customer, Market and
Stakeholder” level.  Finally, draw arrows from the indicators in the “Customer, Market and
Stakeholder” level to the “Financial” level.

You now have a device that can help you relate your EHS performance to the value building com-
ponents of the company.
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Figure 1. Hierarchical EHS Scorecard 
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Figure 2. Blank Scorecard 
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Eight Business Value Tactics

ATTACHMENT 1:  Aligning EHS with What the Company Desires

Financial and Market Perspective

Reduced Overhead Revenue Growth
Improved Stakeholder Value Environmental Protection

Stakeholder Engagement and Accountability Improved Branding 

Improved Bottom Line Improved Use of Assets

Improved Cost Structure Increased Value to Customer

Customer and Other Stakeholder Perspective
Satisfied Customers Satisfied Suppliers

Satisfied Community Satisfied Regulators/Government

Improved Environment Product Leadership

Satisfied Workers

Organizational Effectiveness – Internal Business Processes
Effective Management of Assets Excellent Customer Knowledge

Procurement Management Effective Compliance Management

Resources Productivity Improvements Operational Excellence

Process Improvement

Learning and Growth—Human Resource Perspective
Better Work Practices Include EHS in Performance Reviews

Improve Risk Management Training in Organizational Values

Technology Awareness Corporate Culture Improvement

Enhance Employee Competencies
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ATTACHMENT 2: List of Indicators by Balanced Scorecard Category

Financial
◆ Environmental $ saved

◆ $ fines/penalties

◆ EHS costs (% of sales)

◆ % proactive vs. reactive expenditures

◆ Increase in relative % of proactive expenditures

◆ % environmental costs direct-traces

◆ $ capital investments in control

◆ Energy costs

◆ Disposal costs

◆ Recycling costs

◆ Recycling revenues

◆ Revenues from green products

◆ $ operating expenditures

◆ Reduction in cost of debt

◆ Cost avoidance from environmental actions

◆ Permits faster than average due to reputation

◆ $ workers’ compensation costs

◆ $ trend on insurance

◆ Environmental legal expenses

◆ Growth in operation profit

◆ Lowering of the overhead cost

◆ ROIC – Return on investment capital

◆ ROCE – Return on capital employed

◆ Operating margin

◆ Cash to earnings ratio

◆ Ensure EHS projects support business strategies

◆ Meet the EHS annual budget

◆ Focus on planning and synergy with business projects

◆ Contribute to top line growth

Customer, Market and Stakeholders
◆ $ cause-related marketing

◆ # green products

◆ Product safety

◆ # recalls
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◆ Customer returns

◆ Unfavorable press coverage

◆ % products reclaimed after use

◆ Product life

◆ # stakeholder communications

◆ Key external stakeholder relationship score

◆ Functional product eco-efficiency (e.g., energy costs of washing machine)

◆ $ community support related to environment

◆ # community meetings

◆ Realize the full potential of strategic products

◆ Improve market share 

◆ Achieve superior customer satisfaction

◆ Improve environmental performance

◆ # community complaints

◆ # shareholder complaints

◆ Implement product stewardship program

Internal Business Process
◆ # LCAs performed

◆ % materials recycled

◆ % waste to landfill

◆ # certified suppliers

◆ # accidents/spills

◆ Cost associated with accidents/spills

◆ # audits/year

◆ # truck miles

◆ # notice of violations

◆ Line management EHS satisfaction score

◆ Improve quality management focus in all business processes*

◆ Ensure effective use of IT supporting the business strategies

◆ % office supplies recycled

◆ % junk mail reduced

◆ Internal audit scores

◆ Audit recommendation implementation score

◆ Information sharing score

◆ Energy consumption

◆ % facilities certified

◆ % of product remanufactured

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600) 99



Making the Business Case for EHS

◆ Packaging volume

◆ Nonproduct output

◆ # supplier audits/year

◆ Fresh water consumption

◆ Greenhouse gas emissions

◆ Air emissions

◆ Water emissions

◆ Hazardous material output

◆ Vehicle fuel use

◆ Habitat changes due to operations

◆ # employee accidents

◆ # lost workdays

◆ # work stoppage due to environmental controls not operating

◆ # suppliers certified

◆ # supplier violations

◆ Environmental quality of facilities

◆ # safety improvement projects

◆ Avoidance of claims

◆ Improvement in operations performance

◆ OSHA recordable rate reduction

◆ Improvement in safety

◆ Total recordable incident rate (TRIR) 

◆ Issuing internal standards for EHS

◆ Lowered resources used in production and services

◆ Work to full business integration including embedding of EHS approach/commitment in
entire organization

◆ Monitor performance and quality of EHS processes, targets, data, and documentation

◆ Utilize EHS trend spotting and risk management in the decision-making process

◆ Use project management to optimize efficiency and quality

◆ Issue EHS codes of conduct to suppliers

◆ Set pollution prevention goals

◆ Use injury cost and frequency data

◆ Prepare Hierarchical Process Maps of all main processes

◆ Allocate all EHS activities to work steps in the process maps

Learning and Growth
◆ % employees trained/training compliance rate

◆ # training programs/hours
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◆ Reputation per surveys

◆ Inclusion in “green” funds 

◆ # employee complaints

◆ Unfavorable press coverage

◆ # violations reported by employees

◆ # employees with incentives linked to environmental targets and objectives

◆ # of functions with environmental responsibilities

◆ Management attention to environmental issues

◆ % employees using car pools

◆ EHS employee satisfaction score

◆ EHS employee retention rate

◆ Successful job rotation plan

◆ Employee education $

◆ Integration of EHS into line organization

◆ EHS target achievement rate

◆ EHS expense spending

◆ EHS performance score

◆ Create winning culture

◆ Align EHS vision, mission, and values with business

◆ Report on EHS performance

◆ Participate in EHS benchmarking

◆ Implement an EMS

◆ Implement OHSAS 18001

◆ Analysis of incident reports

◆ Regular safety meetings

◆ Integrate EMS with OHSAS 18001

◆ Implement a source reduction program (pollution prevention)

◆ Participate in a government voluntary program (e.g., Performance Track)

◆ Implement behavior-based safety program

◆ Participate in VPP

◆ Start using EHS Balanced Scorecard

◆ Design for the Environment (DfE) training

◆ Environmental Accounting Training

◆ Budget for seminars and conferences for EHS people

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600) 101



102



103
©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)

The Case Studies

It is time for you to consider putting the EHS principles and tactics to work!  This section was
included to help you do just that.  

The keystone of your efforts to make the business case for EHS will hinge on your ability to use
Tactic 1. This is a very important way to put together an EHS management system and to get the
employees and management communicating about ways to add business value.

Tactic 1 was selected by EPA for its “Nothing to Waste” Program in 1995.  This program pro-
moted the use of these quality management tools with a large number of micro-businesses (i.e.,
defined as a business with between 1 and 10 employees).  Because of its success, the state of New
Mexico adopted the Nothing to Waste Program as part of its Green Zia Environmental Excellence
Award Program. Tactic 1 was also included in an EPA publication, “An Organizational Guide to
Pollution Prevention.”

Having said this, Tactic 1 requires that you develop some skill in order for you to be able to use it
effectively.  The three cases not only show you how to use this important tactic, but they will also
provide you with some practice using the tactic before you tackle your own processes.  It is good to
get a feel for what you will be doing before you actually try it out.

The first case is for a very typical small business. A medium-sized business case is also presented.
Finally, a larger-sized business case is presented.  All sizes of businesses have main processes and sup-
porting processes.  Only the amount of in-house information available on these processes will differ
with the size of the company.  The Internet is a treasure-trove of information about all manufactur-
ing and service sectors because of the U.S. EPA funding of pollution prevention efforts over the past
18 years.  OSHA also has sector-specific information on the health and safety side.  Tactic 1 can be
used to help you make some sense of this information and to use it to better understand the process-
es in your business.

At the end of the cases, a series of “lessons learned” are presented.  These tips for more effective use
of the tools in Tactic 1 come from hundreds of implementations of these quality management tools.  

Take the time to work out the cases.  Get some of your fellow employees involved in working with
these cases as an exercise.  The practice will help you better use the Tactic in your own business.

Chapter 4
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Case Study 1:  Small Autobody Refinishing Operation
This case description was prepared to show how the tactics can be applied to a typical small business.

Automobile finishing has many processes associated with the repair and refinishing of a damaged auto-
mobile.  The refinishing operation has the most EHS activities associated with it and poses the largest
risks to the small business.  Many customers are beginning to ask for a “green” repair facility and to
include such a requirement in their decision to choose a collision shop for their car repair. 

Based on a limited survey, the average automotive painting shop paints all or part of 600 cars
annually. The average shop uses about 360 gallons of solvents and thinners annually and generates
about 240 gallons of mixed wastes (solvent, thinner, paint, hardeners, catalysts, and reducers).
Monthly waste generation rates for six companies, shown in Table 1, range between 5 and 37 
gallons per month.

Monthly waste generation for six companies

A small team of employees (approximately five people would work best) would be assembled to
use Tactic 1. Remember that a team should use the tools a minimum of four times before they can
become sufficiently adept in its use.  

Tip:  An alternative is to use an outside facilitator who is more familiar with the tools or
have someone trained in the use of these tools.  Many community colleges and
continuing education programs offer training in the use of quality management
tools and methods.  Typically, a 2-day training in the use of the Systems Approach
will provide the basic skills necessary to use the tools.  After the course has been
completed, the participants are encouraged to facilitate the use of the tools with
small teams using Tactic 1.

There are seven steps in this case:
1. Process Mapping
2. Accounting
3. Rank Ordering With Pareto
4. Root Cause Using a Cause and Effect Diagram
5. Generating Alternatives With Brainwriting
6. Selecting Alternatives With Bubble-up/Bubble-down
7. Preparing for Implementation With an Action Plan

Figures, tables and other information are provided within each of these sections to help the team
use the tools.

Company
Number of
Employees

Business Volume
(No. Cars)

Thinner/Paint
Sludge (Gal) Empty Paint Cans

Hydraulic Fluid
(Gal)

A 6 50-75 5 5-7 0
B 13 100 37 5-10 0
C 13 55 20 20-30 2
D 9 30-40 30 25-35 0
E 7 30 17 25-35 0
F 3 25 5 25 0



The Case Studies

Step 1.  Process Mapping

Instructions

There is great variety in the ways automobiles are prepared for refinishing and in the actual meth-
ods of painting.  The members of the team using Tactic 1 make sure that the method is the one
used in their shop.  Their process has three steps at the top level as shown in Figure 1.

Figure 1.  Top-Level Process Map for Automotive Repair

Since this is a case to illustrate the use of Tactic 1, you may want to work along with this team.
Here’s what they will be doing:

1. Prepare the second-level process map for painting the vehicle.  Remember that there
should be at least three work steps and no more than six work steps at any level.  Figures 2
and 3 provide the second-level work steps for the top-level work steps 1 (Prepare the
Automobile for Refinishing) and 3 (Finish the Automobile Refinishing).  Place the process
map on the flip chart paper.  It is all right to mark it up and cross things out.  It is the
discussion between the team members that is important.  The process map is just a tool to
help focus this discussion on understanding the process.  Make sure the perspective in the
process map is consistent.  Make sure you agree on the boundaries that are placed on the
process by the work steps.

2. Start preparing a listing of the supporting processes associated with making this automo-
tive repair.

Procedure for Refinishing (Painting) the Automobile
The surface is cleaned with a surface preparation solvent (contains toluene) and a wipe.
This removes contaminants such as grease, tar, wax, and silicone.  This step accounts for
about 8% of volatile organic compounds (VOCs) released.

Next a coat of undercoat (i.e., prep-coats, primer-surfacers, primer-sealers, and sealers)
is applied to the area to be refinished.  This step accounts for about 17% of all the
VOCs released.

Application of the topcoat is the next phase of the refinishing operation. Topcoats
include paints and clears that give the surface the color, gloss, and durability demanded
by the customer. This coat accounts for approximately 55% of the VOCs emitted.

The topcoat must be thoroughly dried by keeping the car in the spray booth. Booth tem-
perature and adequate air movement is essential for achieving a finish free off runs and sags.

(Cleaning accounts for approximately 20% of VOCs emitted.)

PREPARE
AUTOMOBILE

FOR REFINISHING
1

REFINISH (PAINT) THE
AUTOMOBILE

2

FINISH THE
AUTOMOTIVE
REFINISHING

3
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Figure 2.  Automobile Refinishing Process Map – Prepare the Automobile for
Refinishing (Second Level)

Figure 3.  Automobile Refinishing Process Map – Finish the Automobile Refinishing
Process (Second Level)

Figure 4. Automobile Refinishing Paint Spray Booth

ALLOW THE 
FINISH TO 
HARDEN

3.1

REMOVE
MASKING AND 

CLEAN
3.2

INSPECT THE
REFINISHED 

SURFACE
3.3

PRESSURE WASH 
THE AUTOMOBILE 1.1

DEGREASE THE 
AUTOMOBILE 

1.2

SAND AND PRIME 
THE SURFACE

1.3

CLEAN WITH HIGH
PRESSURE AIR

1.4

MASK AREAS NOT TO
BE PAINTED

1.5

BLOW WITH AIR 
AND TACK

1.6
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For painters, a well-ventilated and maintained spray booth efficiently removes paint overspray
from the air, minimizing contact with hazardous coating materials. For the environment, regular fil-
ter changes reduce releases of pollutants from the shop. For business—a controlled flow of dust-free
air improves the quality of the paint job. Among spray booths—downdraft, semi-down, and cross-
draft—a downdraft is the most effective at removing hazardous overspray. 

Tip: It is always better to spray inside a booth or prep station than in an open bay.

Some Supporting Operations for the Refinishing Work Steps
• Mixing and stirring of the paint

• Cleaning of the mixing equipment

• Cleaning the paint pressure pot and the transfer lines

• Operating and maintaining the air compressor

• Maintaining the air gun hoses

• Maintaining the air gun

• Cleaning the air gun

• Managing the containers

• Managing the solid wastes

• Maintaining the spray booth

• Cleaning the spray booth

• Maintaining the paint storage

• Maintaining the safety equipment
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Step 2. Accounting

Instructions
1. Let’s first get familiar with the Resource Accounting Sheets and the Activity Accounting

Sheets for the topcoat paint application in the second level of the main process.  

2. Fill out the Resource Accounting Sheets for these work steps in the second level of the
process map for “Refinish (Paint) the Automobile.”  Separate listings of resources and
wastes are provided in the boxes below.  Figure 5 is a sample Resource Accounting Sheet
and Figure 6 is a sample Activity Accounting Sheet.

Tip: There are a large number of regulatory requirements for an automobile refinishing
operation.

Included in the list are the following:

◆ Worker Right-to-Know

◆ Clean Air Act Amendments—Hazardous Air Pollutants and VOCs

◆ Air permit for the paint booth

◆ Hazardous waste program

◆ Respiratory Protection Program

◆ Fire codes

Resources Used
• Solid color paint is made up of solvents, binders, and opaque pigments that produce

the color of the finish
• Filters for the paint booth
• Inlet air filters
• Automatic paint mixing machine
• Paint additives (i.e., chemical hardeners and flex additives, flatting compounds,

accelerators, retarders, color blenders, and fisheye eliminators)
• Respirator filter cartridges
• Solvent that is compatible with the paint to be used for cleaning
• Wire mesh paint strainer
• Personal protection equipment (PPE) – gloves, clothing, and respirators
• Compressed air
• Electricity: 5 horsepower (hp) intake motor and 15 hp exhaust motor and lights in booth
• Heated air
• High volume, low pressure (HVLP) spray gun and filter
• Paint pressure pot
• Paint hoses
• Rags for cleaning
• Containers and related packaging
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Figure 5. Resource Accounting Sheet – Sample

NEXT STEPWORK STEP

RESOURCE ACCOUNTING SHEET

Description of the Work Step:

Other Information:

Supporting Processes:

WORK STEP
INPUTS

(THROUGHPUT)
(THROUGHPUT)

NON-PRODUCT
INPUTS
(USES)

NON-PRODUCT OUTPUTS
(LOSSES)

Each supporting process is a “process” with its non-product inputs and non-product outputs.  
It can be one step or multiple work steps.

PREVIOUS
STEP
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Figure 6. Activity Accounting Sheet – Sample

WORK STEP

ACTIVITY ACCOUNTING SHEET

Description of the Work Step:

Supporting Processes:

DIRECT LABOR CYCLE TIME

INDIRECT LABOR
FOR WORK STEP

(NON-VALUE
ADDED)

INDIRECT LABOR TO MANAGE LOSSES
(NON-VALUE ADDED)

Each supporting process is a “process” with its indirect labor for work step management and
indirect labor for the management of the losses.  It can be one step or multiple work steps.

NEXT STEP
(THROUGHPUT)

PREVIOUS STEP

Other Information:
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Checklist to Reduce VOC Emissions

To reduce VOC emissions released during refinishing operations, facilities should use the following
recommended steps for practical air emission reduction:

Spray Equipment
❑ Determine the price range you are willing to spend for spray equipment.

❑ Determine the types of coatings that will be sprayed through the equipment, and the
atomization properties required for proper application of these coatings.

❑ Prior to purchasing any paint gun, consult your paint representative to determine what
type of gun works best for the application of the product you will be using.

❑ Contact your paint representative and/or spray gun representative to determine the fluid
tip/air cap combination and gun settings recommended for the materials being sprayed.

❑ Choose spray equipment that will achieve the highest transfer efficiency while providing
the required atomization properties within your price range.

Spray Application Practices
❑ Select the suggested air pressure and tip sizes for the specific product and equipment being used.

❑ Always hold the gun perpendicular to the surface being sprayed, using parallel strokes.
Never arc the gun.

❑ Feather the trigger at the beginning and end of each pass.

❑ Use a 50 percent overlap for each pass. (Note: This technique may need to be altered
slightly when applying high metallic, high solids basecoats, and some three-stage systems.)

❑ When painting small- and medium-sized panels, make each pass the full length of the
panel.

❑ With larger panels, use a comfortable stroke, with a 4 - 5” overlap of the strokes.

❑ If blending is necessary, keep the blend area as small as possible without jeopardizing the
appearance of the blend.

❑ Spray the border edges of the substrate first (banding). This will ensure that all edges are
covered without extending the spray pattern well beyond the borders of the object.

❑ Use color hiding power labels to determine the thickness of the applied paint film. These
markers will also indicate when adequate coverage has been achieved.

Equipment Cleaning
❑ Use an air powered mechanical gun cleaning system.

❑ Use low VOC cleaning solvents.

❑ If the guns are to be cleaned manually, spray into an enclosed backdrop to capture 
atomized solvents.

❑ Use a broom straw, cleaning broach, or soft wood toothpick to clear passageways.

Surface Preparation
❑ Always wash dirt and grime from the vehicle using water or a soap and water mixture.

❑ Use waterborne cleaners when possible.
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❑ If, due to heavy contamination, waterborne cleaners prove unsatisfactory, use solvent-based
cleaners for the initial cleaning. For secondary cleaning operations, use the waterborne products.

❑ If waterborne cleaners prove unsatisfactory due to substrate make-up, use solvent-based
cleaners sparingly.

❑ Keep solvent-laden dirty rags in a closed container.

❑ Keep solvent containers closed when not in use.

❑ Avoid operations that require multiple pre-paint surface cleanings.

Prep Coats
❑ Use versatile products, such as epoxy primers or self-etching primers. The use of these

products may alleviate the need for additional surface coating operations, such as primer-
surfacing or primer-sealing.

❑ If a self-etching primer or epoxy primer is not desirable, use a wash-primer, or metal con-
ditioner, conversion coating system.

❑ Avoid zinc-phosphate primers with high VOC content.

Primer-Surfacers
❑ Use a properly operating primer gun with the correct fluid tip/air cap combination for

your particular type of primer-surfacer.

❑ Use low VOC waterborne primer-surfacer products.

❑ If the curing time of waterborne products proves unsatisfactory, consider the use of versa-
tile urethane primers.

❑ To reduce VOC emissions, limit material costs, and achieve a better quality product, per-
form body work using a minimal amount of primer-surfacer.

❑ If a colored sealer is not used, make sure the primer-surfacer is a color that can easily be
covered with the desired topcoat.

Primer-Sealers
❑ Use low VOC primer-sealers, such as single component waterborne primers or waterborne

epoxy primers.

❑ Use low VOC urethane primer-sealers as an alternative when possible.

❑ Always choose a color of primer-sealer that can be easily covered with the topcoat to be
sprayed, or choose a tintable primer-sealer and tint it to an easily covered shade.

Sealers
❑ Choose the proper sealer for each specific job.

❑ If filling capabilities are required, use a primer-sealer in place of a sealer.

❑ Always choose a primer-sealer of a color that can be easily covered with the coating to be
sprayed, or choose a tintable primer-sealer.

Topcoats
❑ Mix color coats in-house, making certain the formula for the proper shade of the specific

color code is used. This will help avoid the need for blending the finish to achieve a satis-
factory color match.
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❑ Keep good records of paint match information, including spray-out cards and detailed notes.

❑ Avoid the use of lacquer-based topcoats.

❑ Choose low VOC topcoats that require fewer than three coats to achieve adequate coverage
(polyurethane or urethane).

❑ Apply only the number of coats needed to achieve a quality finish.

❑ Use high solids/low VOC clears to topcoat color coats.

❑ Keep the use of paint additives to a minimum.

❑ When available, use waterborne basecoats.

Step 3. Rank Ordering with Pareto

Instructions

Take a look at all the uses and losses of resources in the refinishing (painting) step examined above.
Be sure to include the uses and losses of resources from the supporting operations (i.e., air pollution
equipment, compressors, paint mixing, and booth operations). Remember that all the equipment
must be cleaned between batches.  Cleaning is a wasteful supporting operation.  Don’t forget con-
tainer management, pallets, packaging, and other similar wastes from the operations.  You will find
even more items during your site verification procedure.

Using the collective knowledge of your team members, determine: What are the 20% of the total
list of uses, losses, and activities that cause the operation to spend 80% of the money for dealing
with these items?  Be sure to recognize linkages by taking into account the cost of the lost resource
as well as a person’s time cost associated with managing the waste.  Try not to double count.  The 
y-axis on the Pareto chart could be “relative” costs (i.e., like the dollar symbols on restaurant
reviews: $$$$, $$$, $$, $ categories).  If you want, you could look at the operations from three dif-
ferent perspectives:  resource usage, resource loss, and indirect labor requirements.

See Attachment 2 for a sample Pareto Chart. 

Determine:

◆ What are the biggest losses of resources in the operation from a cost perspective? 

◆ Where are the best opportunities to add business value to the operation?  

◆ What are the largest compliance risks?

For the purposes of this case, you should just get a sense of how the information in the sections
above can be used for rank ordering.

Step 4. Root Cause with Cause and Effect Diagram

Instructions

Your team will need to select a problem that you identified as being important in the Pareto
analysis.  For the purpose of this case, you should consider the following problem:  

Paint from the overspray collects on the paint filters located in the floor of the downdraft
paint booth.  These filters must be handled as a hazardous waste because of the solvents in
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the paint.  Other hazardous wastes include leftover paint, solvent wastes, sludges, and con-
taminated wipes.

What is happening that is causing the paint filters to get clogged with paint? The team should go
back over the Resource Accounting Sheet and the Activity Accounting Sheet for this work step.
Some information on this problem was obtained from interviews of the employees working in the
plant (see below).  Remember, do not try to solve the problem at this point!

Elect a scribe (i.e., someone who did not draw the process maps or Pareto chart) to take the marker
and draw a large cause and effect diagram on the paper.  Write the problem in the box on the right.
Pick your cause categories (you might wish to stick with materials, machines, methods, and
people).

On a separate piece of paper, list all the things from that work step that would fit under each of
these categories.  One at a time, place these items on the cause and effect diagram while asking the
question:  “What is it about _____ that causes the problem (written in the box on the right)?  Write
the answer on a side “bone” that is perpendicular to the cause bone.  Continue until the fishbone is
complete.  Take a look to make sure nothing was overlooked.  If you have time, the diagram should
sit for a day or two before it is revisited.  Could you use this diagram to explain causes to the owner
of the automotive refinishing operation?  What would you say?

When your team has completed the diagram, count the total number of causes.  Circle the 20%
(i.e., one-fifth) that are the most probable causes.  Can the team agree to eliminate one of these cir-
cled causes as being much less significant that the others as a likely cause of the problem?  Can the
team agree to eliminate another one?  Can you find the root cause of your problem?  In the next
step, you will begin to find ways to solve the problem.

Ideas from Interviews with Employees
◆ Maybe the employee training program could be improved to teach better technique and

use of equipment.

◆ I heard that louvers can be placed on the outside of the filters to catch the larger droplets
of paint that can later be scraped off.

◆ Guns can be maintained and calibrated for maximum transfer efficiency.

◆ Maybe the filters can be changed less frequently if the back-pressure is measured in the
paint booth.

◆ Maybe a different type of paint can be used that does not make the filters a hazardous
waste.

◆ HVLP systems are sensitive to changes in temperature, pressure, and air flow rate.  The
operator must monitor these conditions to ensure that the proper transfer efficiencies are
maintained.

◆ Maybe we could have a better spray gun (e.g., non-turbine HVLP).  We should talk to our
paint representative to be sure we are using the best gun for the job.

◆ Maybe we could reduce the number of topcoats needed to achieve an adequate finish.

◆ The addition of paint additives should be kept to a minimum.

◆ When available, we could use waterborne basecoats for a topcoat.  We should definitely
avoid lacquer-based topcoats.

◆ We hear that there is a new Laser Touch targeting system to help improve transfer efficien-
cy and reduce overspray and material consumption.
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Step 5. Generating Alternative with Brainwriting

Instructions

With the process map and cause and effect diagram in view, your team is ready to search for alter-
native solutions using the  brainwriting tool.  You might wish to re-read the information provided
from some interviews with employees in the root cause exercise.

When you are ready, remove a brainwriting sheet form in Chapter 5, Appendix 6. Put it into a pile
that all team members can reach.  One of the team members should place a second sheet in the pile so
that there is one more sheet than there are people on the team.  The sheets can be face up in the pile.
Each person should pick up a brainwriting sheet and write a way to solve the problem or make it less
severe in box #1.  Write another way to solve the problem or make it less severe in box #2.

Take your time.  

Then place your sheet back into the pile and take another sheet and repeat the process in the low-
est numbered boxes available to you.  Don’t forget to be provocative! When you cannot think of
any more alternative solutions to the problem, read what the others have written and see if it trig-
gers another idea.  You can build on other peoples’ alternative solutions by adding things to what
they said.  Keep the sheets moving until you have read everything and just do not have any more
ideas.  It is all right to talk during the exercise and ask questions when you do not understand an
alternative solution on one of the pages.

When activity has stopped, elect a team member to use the flip chart paper to write down the
alternatives as read by the team members who have divided the sheets among themselves.  Make sure
the scribe captures the idea as read.  Leave space between the items because the sheets will be cut
into strips for the next exercise.  Once an item is placed on the flip chart, the members of the team
should check their sheets to see if there is a similar item listed.  It should be read aloud and the team
will decide if it is the same or if it is slightly different.  If it is different, it should be added to the
flip chart list.  Cross off all items that have been considered.   

Tip: Do not try to combine alternatives now.  Keep going until all the alternatives are 
listed.  Cut them into strips, with one alternative on each strip.
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Step 6. Selecting Alternatives with Bubble-up/Bubble-down

Instructions

Take the strips containing the alternative solutions from the brainwriting exercise and place two of
them on the table or floor and ask the question, “Which is best?”  Take cost, ability to implement,
and effectiveness into account as the team makes a decision.  Only a majority is needed to bubble-up
or stop.  This tool helps you discuss all the alternatives.  

You can ask questions of the person that recommended the alternative solution.  Do not try to
reach consensus on every item.  Remember that you can combine items as they are moved up the
list.  You can simply tape them together or write the combined alternative solution on a blank slip
of paper.  Do not take short cuts by moving alternative solutions up the list without considering all
the other solutions.  It is good to have discussions so each team member learns what the others think
about each alternative.  This discussion will help write a better action plan for the alternative solu-
tion(s) selected for implementation.  

Tip: Here is an important consideration for you to keep in mind during this exercise:
Alternative solutions that are cheap and easy to implement usually win out over
effective ones that are more expensive or take a long time to implement.
Remember how important it is to show progress in this and every program conduct-
ed within the organization using the Systems Approach for process improvement.

Once the prioritization has been completed, the team members should feel free to do some shuf-
fling of the order (i.e., move nothing more than two places unless agreed to by a consensus of the
team).  The quick wins should be at the top of the list.  What is the alternative solution that is clos-
est to the top that is not a quick win?  This is probably your highest rated crown jewel or effective
alternative solution.  You should consider writing an action plan for that alternative solution as
well as the one that ended up on top since it will take time to get it implemented.
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Step 7.  Preparing for Implementation with an Action Plan

Instructions

You should now try to prepare an action plan just as if the team were going to implement the
alternative selected in the step above.  It is instructive to take a look at how you would perform the
baseline (i.e., resource use and loss, activities conducted, and the financial costs) in the first work
task.  Without a baseline survey, it will be impossible to access the success of the activity.  You will
have to determine the best way to assess the same information at the end of the project.

The second work task will describe what the first step will be for implementing this activity.  It is
important to have a clearly written performance standard for each of these tasks.  The audit at the
end of the year will assess the work items and their ability to meet these performance standards.  The
sum of all the performance standards will become the objectives and targets in any conformance pro-
gram in effect (e.g., ISO 14001).  

The team will need to prepare a report on the project at the end of the reporting period.  This
report must contain the lessons learned and some recommendations for leveraging these lessons in
other work steps or in other future projects.  This work task should take place as the last item right
after the data assessment discussed above.
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ATTACHMENT 1: Action Plan Form

ACTION PLAN
(PROJECT)

1.

Purpose:

Project:

Benefits:

WORK TASKS PERSON/TEAM
RESPONSIBLE

COMPLETION
DATE

PERFORMANCE
GOAL

RESOURCES
REQUIRED

1.

2.

3.

4.

5.

6.
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ATTACHMENT 2: Sample Pareto Charts

PARETO CHARTPARETO CHART

0
1
2
3
4
5
6
7
8
9

10

A B C D E F G H

$

Resources Lost or Work Step Costs

RANK-ORDER WITH PARETORANK-ORDER WITH PARETO

•• 80 percent of the $$$ are spent on 20 percent80 percent of the $$$ are spent on 20 percent
of the resource uses/lossesof the resource uses/losses

•• Oldest tool in the Systems Approach (Oldest tool in the Systems Approach (VilfredoVilfredo
Pareto - 1897)Pareto - 1897)

•• Separates the Separates the vital fewvital few from the  from the trivial manytrivial many

•• Can also use risk to the business for ParetoCan also use risk to the business for Pareto
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Case Study 2:  Mid-Sized Paint Manufacturing Business 
The U.S. paint and coatings industry is comprised of approximately 1,500 establishments engaged

in mixing pigments, solvents, and binders into a wide variety of products that preserve, protect and
beautify the objects to which they are applied. Paint and coating products are commonly grouped
into three categories:

◆ Architectural coatings include interior and exterior paints, primers, sealers, varnishes and
stains that are applied on-site to new and existing residential, commercial, institutional
and industrial buildings.

◆ Industrial coatings are coatings that are factory-applied to manufactured goods as part of the
production process. They are used to decorate and protect a wide variety of products, includ-
ing motor vehicles, appliances, beverage cans, furniture, machinery and electrical equipment.

◆ Special purpose coatings include marine paints, high performance maintenance coatings,
automotive refinish paints, transportation markings and aerosol paints. Such coatings are
generally used where durability is a key objective.

In 2002 the U.S. paint and coatings industry sold 1.46 billion gallons of product, valued at $17.2 billion. 

Along with other businesses, paint and coatings companies are held increasingly responsible 
for the effect their processes and products have on the environment. Combined with the genuine
concern of most companies, this has led to a slew of new initiatives on behalf of environmental
improvement, as well as the continued development of more environmentally friendly products.

Wastes generated at paint manufacturing facilities include equipment cleaning wastes, spills and
area wash down, off-specification paint, bags and packages, air emissions, filter cartridges, obsolete
products, and customer returns. In recent years, the paint and coatings industry has worked diligently
to address concerns in almost every one of these areas. The success of these initiatives has not escaped
the radar of many environmental watchdog groups, which have maintained that while there is still
room for improvement, the paint and coatings industry is making great strides regarding its impact
on the environment.

Non-waste-water generation at these facilities ranged from 300 pounds to 450 pounds per 1,000
gallons of paint produced. However, paint companies have improved their relationship with the
environment in recent years. “Reducing the amount of paint that is wasted or thrown away, making
sure our plants do not adversely affect the communities in which they operate, and working effi-
ciently to avoid waste of materials and energy are primary concerns,” said Carl Minchew, Benjamin
Moore’s director of technical services and environmental affairs. “Knowledge is the key. Knowing the
correct processes and procedures and ensuring they are followed by everyone involved is the best way
to minimize adverse impacts. A lot of damage is done, not by accident or lack of concern, but
through lack of knowing what matters and what to do about it.”

This case description was prepared to describe the process in a typical mid-sized paint manufacturing
business.

Tip: Manufacturers of adhesives, cosmetics, beverages, processed foods, and food 
processing equipment all have processes similar to this paint manufacturer.  
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For the purposes of the case, the management has formed a team of approximately five people to
use the Systems Approach in Tactic 1. It is important that people use the tools a minimum of four
times before they can become sufficiently adept in their use. 

Tip:  An alternative is to use an outside facilitator who is more familiar with the tools or
have someone trained in the use of these tools.  Many community colleges and
continuing education programs offer training in the use of quality management
tools and methods.  Typically, a 2-day training course in the use of the Systems
Approach will provide the basic skills necessary to use the tools.  After the course
has been completed, the participants are encouraged to facilitate the use of the
tools with small teams using Tactic 1.

There are seven steps in this case:

1. Process Mapping

2. Accounting

3. Rank Ordering With Pareto

4. Root Cause Using a Cause and Effect Diagram

5. Generating Alternatives With Brainwriting

6. Selecting Alternatives With Bubble-up/Bubble-down

7. Preparing for Implementation with an Action Plan

Figures, tables, and other information are provided within each of these sections to help the team
use the tools.  A sample of a team product is provided in the Attachment to this case.
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Step 1. Process Mapping

Instructions

The information on the process is provided in the box below.  Please read this information and pre-
pare a process map using the flip chart paper placed in a “landscape” position.  It is all right to mark
it up and cross things out.  The process map is just a tool to help the team focus its discussion on
understanding the process before it is studied in greater detail.  Make sure the perspective in the
process map is consistent.  Make sure you agree on the boundaries that are placed on the process by
the work steps.  As you are working on the process map, you should start preparing a listing of sup-
porting processes associated with paint manufacture.

The first and last steps have already been added to the process map below.

Figure 1. Latex Paint Manufacturing Process Map Template

It doesn’t appear that any of the work steps can be described in three to six steps at the next lowest level.

GRIND THE PAINT
INGREDIENTS

1

PACKAGE THE 
PRODUCT FOR 

SHIPPING
6

Latex Paint Manufacturing Process
The paint ingredients for the grind step are added into the paint-mixing vessel following

the order of ingredient listing (see Resource Accounting).  These ingredients are mixed using
a high-speed mixer with a high-power electric motor and a long vertical rotating shaft with a
specially designed mixing blade.  The pigments are the ingredients that require the most
energy to disperse, wet out, and keep separated so that they do not agglomerate in the paint.
Once all the materials are added to the mixing vessel, the high-speed mixing should contin-
ue for 15 to 20 minutes to ensure complete dispersion of the pigments.

The paint is then pumped through pipes to the let-down tank to finish making the paint.
Ingredients are added (see Resource Accounting) in this tank that do not require high shear
mixing to disperse.  There is a smaller electric motor and a long vertical rotating shaft and
mixing blade.  The contents are mixed until the paint has been tested by quality control.

After the let-down step, the paint is pumped through paint filters into the filling line
where it is put into cans.  These cans are sealed and labelled by this filling line.

The filled paint cans are then sent to packaging where they are placed in boxes, put onto
pallets, and sent to shipping.
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Step 2. Accounting

Instructions

Prepare Resource Accounting Sheets for the work steps in your process map.  A listing of the
resources used in the process is provided in the box below.  Formulation processes do not plan to
have waste in the grind and let-down portions.  However, there will be spills and leaks and materials
left in the system before cleaning.  In this case, you will not have to fill out the Activity Accounting
Sheets.  However, you could do this at a later time.  As you are filling out the Resource Accounting
Sheets, be sure that all the supporting processes have been captured.

Figure 2. Grind Work Step

Figure 3. Let-down Work Step

Resources for the Let-down Portion Volume (L)
Latex emulsion, 53.3% 365.8

Polymeric opacifier 76.7

Texanol 12.4

Defoamer 2.4

Mildewcide 2.3

Polyurethane thickener, 25% 12.5

Aqueous ammonia, 28% 2.9

Water 150.4

Electricity

Resources for Grind Portion Volume (L)
Water 144.1

Propylene glycol 69.2

In-can preservative 2.0

Cellulosic thickener, 100% 2.5

Dispersant, 25% 13.3

Surfactant 2.2

Defoamer 2.6

Titanium dioxide 52.5

Zinc oxide 5.3

Extenders 80.7

Electricity
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Figure 4. Sample Resource Accounting Sheet

WORK STEP

RESOURCE ACCOUNTING SHEET

Description of the Work Step:

Supporting Processes:

WORK STEP
INPUTS

(THROUGHPUT) NEXT STEP
(THROUGHPUT)

NON-PRODUCT
INPUTS
(USES)

NON-PRODUCT OUTPUTS
(LOSSES)

Each supporting process is a “process” with its non-product inputs and non-product outputs.
It can be one step or multiple work steps.

PREVIOUS STEP

Other Information:
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Figure 5. Sample Activity Accounting Sheet

WORK STEP

ACTIVITY ACCOUNTING SHEET

Description of the Work Step:

Supporting Processes:

DIRECT LABOR

INDIRECT LABOR
FOR WORK STEP

(NON-VALUE
ADDED)

INDIRECT LABOR TO MANAGE LOSSES
(NON-VALUE ADDED)

Each supporting process is a “process” with its indirect labor for work step management and
indirect labor for the management of the losses.  It can be one step or multiple work steps.

PREVIOUS STEP

Other Information:

CYCLE TIME

NEXT STEP
(THROUGHPUT)
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Figure 6. Resource Accounting Sheet – Mix the Paint Ingredients 

GRIND THE 
INGREDIENTS

1

RESOURCE ACCOUNTING #1

Description of the Work Step:

Supporting Processes:
-Recycle
-Laboratory
-Air Emission Control
-Solid Waste Handling
-Laundry of Uniforms
-Maintain Transport of Equipment
-Process Water Treatment
-PM Tank and Pipes and other equipment
-Clean Equipment
-Storage

-PALLETS
-RAGS

-WATER
-ENERGY - MOTOR (electricity)

-PPE
RAW INGREDIENTS (Grind Portion)

-CONTAINERS AND PACKAGING (shrink wrap)
-SPILLS AND LEAKS
-DUST - particulates

-PPE
-RAGS

-HEAT LOSS
-PALLETS

STORE THE 
INGREDIENTS

Other Information:
-Blade and shaft
-Motor
-Tank
-Piping
-Valves
-Instruments (level, temp., and revolution)

MILL THE
INGREDIENTS

[2.2]
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Step 3. Rank Ordering with Pareto

Instructions

Take a look at all the uses and losses of resources in the paint manufacturing operation.  Be sure to
include the uses and losses of resources from the supporting operations as well. Remember that all
the tanks and lines must be cleaned between batches.  Cleaning is probably the most wasteful of all
the supporting operations.  Don’t forget container management, pallets, packaging, and other similar
wastes from the operations.  You will find even more items during your site verification procedure.

Using the collective knowledge of your team members, what are the 20% of the total list of uses,
losses, and activities that cause the operation to spend 80% of the money for dealing with these
items?  Be sure to recognize linkages by taking into account the cost of the lost resource as well as a
person’s time cost associated with managing the waste.  Try not to double count.  The y-axis on the
Pareto chart could be “relative” costs (i.e., like the dollar symbols on restaurant reviews: $$$$, $$$,
$$, $ categories).  If you want, you could look at the operations from three different perspectives:
resource usage, resource loss, and indirect labor requirements.

For a look at a sample Pareto Chart, see Chapter 4, Case Study 1, Attachment 2.

Determine: What are the biggest losses of resources in the operation from a cost perspective?

The Systems Approach Training covers several ways to address the selection of opportunities for
process improvement.  For the purposes of this exercise, we are just trying to have you get a sense of
how the information in the sections above can be used for rank ordering.

Step 4. Root Cause with Cause and Effect Diagram

Instructions

Your team will need to select a problem that you identified as being important in the Pareto
analysis.  You should consider the following problem:  

Dispersing the paint components takes a lot of energy.  The facility you are working with
mixes the components of the grind phase into a mixer.  These mixed materials are then
pumped through a ball mill – a horizontal cylinder that contains the liquid vehicle and
pigments to be dispersed, along with many ceramic balls.  As the cylinder rotates, the balls
tumble and create shear forces on the pigment agglomerates that disperse the pigment parti-
cles.  Since this process takes a relatively long time, many manufacturers have opted to go
with a one step add-grind process.  How can electricity be conserved in this operation?

What is it in the grind work step that is causing the use of electricity? The team should go back
over the Resource Accounting Sheet for this work step. You might wish to prepare an Activity
Accounting Sheet for this step.  Remember that the client is doing this work step in TWO work
steps. You need to focus on the client’s process.  Some information on this problem was obtained
from some interviews of the employees working in the plant.  Remember, do not try to solve the
problem at this point!

Elect a scribe (i.e., someone who did not draw the process maps or Pareto chart) to take the marker
and draw a large cause and effect diagram on the paper.  Write the problem in the box on the right.
Pick your cause categories (you might wish to stick with materials, machines, methods, and people).

On a separate piece of paper, list all the things from that work step that would fit under each of
these categories.  One at a time, place these items on the cause and effect diagram while asking the
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question:  “What is it about _____ that causes the problem (written in the box on the right)?  Write
the answer on a side “bone” that is perpendicular to the cause bone.  Continue until the fishbone is
complete.  Take a look to make sure nothing was overlooked.  If you have time, the diagram should
sit for a day or two before it is revisited.  Could you use this diagram to explain causes to the owner
of the paint manufacturing operation?  What would you say?

When your team has completed the diagram, count the total number of causes.  Circle 20% (i.e.,
one-fifth) of the most probable causes.  Can the team agree to eliminate one of these circled causes as
being much less significant that the others as a likely cause of the problem?  Can the team agree to
eliminate another one?  Can you find the root cause of your problem?  In the next step, you will
begin to find ways to solve the problem.

Ideas from Interviews with Employees
◆ There have been a number of vendors that sell equipment for completing the grinding (i.e.,

dispersion) in a single step instead of the two-step process currently in use.

◆ The U.S. Department of Energy has a motor management program that helps companies
use less electricity (http://www.oit.doe.gov/bestpractices/motors/) 

◆ It is known that the selection of the mixing blade used to disperse the pigments in the liq-
uid vehicle is the key component choice for proper pigment grinding when using this type
of equipment.  A common design for mixing blades is a flat disk having metal teeth on the
outer edges of the disk that point up and down perpendicular to the horizontal plane of the
disk.  The purpose of this design is that a spinning disk creates shear forces in thick liquids
due to the inertial drag of one layer of material moving over another.  The higher viscosity
of the liquid surrounding the disk, the higher the shear forces being generated.  The circu-
lation provides fresh liquid material for the spinning disk surface and ensures that all the
liquid in the missing vessel comes in contact with the spinning disk and is effectively
sheared.  This combination of strong shear forces and good circulation results in efficient
pigment dispersion in this grind portion.

◆ One employee was wondering if the order of adding the components has ever been opti-
mized with energy efficiency in mind.

◆ What considerations could be made regarding the speed of the motor and the depth at
which the blades are located?  Can these be varied throughout the process?

◆ Can the raw materials be purchased in other forms or pretreated in a way to lessen the
amount of energy used in the grind phase?

◆ Grind temperature is an important factor to monitor.  A low grind temperature sometimes
indicates that no friction is developing from shearing the ingredients or that too much liq-
uid has been added for the amount of pigment being dispersed.  A grind temperature that
is too high may indicate a high grind viscosity that can lead to an unsafe work environ-
ment and can even burn out the motor.

◆ Pumps also use electricity.

◆ Electric energy can come from a variety of different sources.
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Step 5. Generating Alternatives with Brainwriting

Instructions

With the process map and cause and effect diagram in view, your team is ready to search for alter-
native solutions using the  brainwriting tool.  You might wish to re-read the information provided
from some interviews with employees in the root cause exercise.

When you are ready, remove a brainwriting sheet form from the back of this training packet.  Put
it into a pile that all team members can reach.  One of the team members should place a second
sheet in the pile so that there is one more sheet than there are people on the team.  The sheets can be
face up in the pile.  Each person should pick up a brainwriting sheet and write a way to solve the
problem or make it less severe in box #1.  Write another way to solve the problem or make it less
severe in box #2. 

Take your time. 

Then place your sheet back into the pile and take another sheet and repeat the process in the low-
est numbered boxes available to you.  Don’t forget to be provocative! When you cannot think of
any more alternative solutions to the problem, read what the others have written and see if it trig-
gers another idea.  You can build on other peoples’ alternative solutions by adding things to what
they said.  Keep the sheets moving until you have read everything and just do not have any more
ideas.  It is all right to talk during the exercise and ask questions when you do not understand an
alternative solution on one of the pages.

When activity has stopped, elect a team member to use the flip chart paper to write down the
alternatives as read by the team members who have divided the sheets among themselves.  Make sure
the scribe captures the idea as read.  Leave space between the items because the sheets will be cut
into strips for the next exercise.  Once an item is placed on the flip chart, the members of the team
should check their sheets to see if there is a similar item listed.  It should be read aloud and the team
will decide if it is the same or if it is slightly different.  If it is different, it should be added to the
flip chart list.  Cross off all items that have been considered.  

Tip: Do not try to combine alternatives now.  Keep going until all the alternatives are
listed.  Cut them into strips, with one alternative on each strip.

Step 6. Selecting Alternatives with Bubble-up/Bubble-down

Instructions

Take the strips containing the alternative solutions from the brainwriting exercise and place two of
them on the table or floor and ask the question, “Which is best?”  Take cost, ability to implement,
and effectiveness into account as the team makes a decision.  Only a majority is needed to bubble-up
or stop.  This tool helps you discuss all the alternatives.  You can ask questions of the person that
recommended the alternative solution.  Do not try to reach consensus on every item.  Remember
that you can combine items as they are moved up the list.  You can simply tape them together or
write the combined alternative solution on a blank slip of paper.  Do not take short cuts by moving
alternative solutions up the list without considering all the other solutions.  It is good to have dis-
cussions so each team member learns what the others think about each alternative.  This discussion
will help write a better action plan for the alternative solution(s) selected for implementation.  
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Tip: Here is an important consideration for you to keep in mind during this exercise:
Alternative solutions that are cheap and easy to implement usually win out over effective
ones that are more expensive or take a long time to implement.  Remember how impor-
tant it is to show progress in this and every program conducted within the organization
using the Systems Approach for process improvement.

Once the prioritization has been completed, the team members should feel free to do some shuf-
fling of the order (i.e., move nothing more than two places unless agreed to by a consensus of the
team).  The quick wins should be at the top of the list.  What is the alternative solution that is clos-
est to the top that is not a quick win?  This is probably your highest-rated crown jewel or effective
alternative solution.  You should consider writing an action plan for that alternative solution as
well as for the one that ended up on top since it will take time to get it implemented.

Step 7. Preparing for Implementation with an Action Plan

Instructions

You should now try to prepare an action plan just as if the team were going to implement the
alternative selected in the step above.  While this may be difficult to think about if you do not actu-
ally manufacture paint, it is instructive to take a look at how you would perform the baseline survey
(i.e., resource use and loss, activities conducted, and the financial costs) in the first work task.
Without a baseline survey, it will be impossible to assess the success of the activity.  You will have to
determine the best way to assess the same information at the end of the project.

The second work task will describe what the first step will be for implementing this activity.  It is
important to have a clearly written performance standard for each of these tasks.  The audit at the
end of the year will assess the work items and their ability to meet these performance standards.  The
sum of all the performance standards will become the objectives and targets in any conformance pro-
gram in effect (e.g., ISO 14001).  

The team will need to prepare a report on the project at the end of the reporting period.  This
report must contain the lessons learned and some recommendations for leveraging these lessons in
other work steps or in other future projects.  This work task should take place as the last item right
after the data assessment discussed above. 

An Action Plan Form is provided on page 132.
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Figure 7. Action Plan Form

Possible Outcomes from Using the Systems Approach Tools

(See Attachment 1)

Ideas for Adding Business Value

The literature offers many “best practices” for manufacturing paint.  The National Paint and
Coatings Association is also a source of best practices to its member companies.  Some of the indus-
try best practices are provided below.  You should try to determine how each of these practices could

ACTION PLAN
(PROJECT)

1.

Purpose:

Project:

Benefits:

WORK TASKS PERSON/TEAM
RESPONSIBLE

COMPLETION
DATE

PERFORMANCE
GOAL

RESOURCES
REQUIRED

1.

2.

3.

4.

5.

6.
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help add business value to this mid-sized company.  When using the Systems Approach, the employee
teams are not provided with best practices until just before they prepare the draft action plan.  At
that point, they are able to take some of these initiatives and compare them to the alternative solu-
tions that were just prioritized using the quality management tool, bubble-up/bubble-down.

Raw Material Pollution Prevention (P2) Checklist
❏ Substitute raw materials to minimize health and environmental effects. 

❏ Inspect, repair, and reuse pallets received with purchased raw materials, or return to ven-
dor. 

❏ Rinse and crush damaged metal containers and ship to scrap metal recyclers. 

❏ Establish product certification and/or physical property checks for raw materials. 

❏ Establish laboratory procedures for quality control of new products. 

❏ Return corner boards on can shipments to supplier. 

❏ Purchase dry pigments in 1,000–2,000-lb reusable “superbags” that can be discharged
directly into mixing tanks. This avoids waste pigment being left in 50-lb bags, which are
then landfilled. 

❏ Eliminate dry bags by converting to the TiO2 slurry system pumped directly to mixer. 

❏ Purchase pigments in the form of a slurry or paste in place of powder form to reduce the
amount of dust generated by the waste. 

❏ Purchase raw materials in tote tanks when possible. These tanks, when empty, are returned
to the supplier, cleaned, and reused. 

❏ Where volume warrants, purchase colorants in 15, 30, or 55-gallon reusable drums rather
than 5-gallon pails. 

❏ Install dust collectors to collect dust generated during dry pigment incorporation; recycle
back into batches as raw material. 

❏ Where volume warrants and regulations allow, replace use of 55-gallon resin drums with
bulk tank system. 

❏ Institute production planning that eliminates inventories on-site and reduces the potential
for outdated inventory and spills. 

❏ Use deposit drums. The supplier will take back the drums (be sure to completely empty
the drums to avoid any residue cleaning charges). 

❏ Ensure that raw material containers are thoroughly emptied. 

❏ Fabricate or purchase raw material container residual removal tools. 

❏ Repair or fix any leaking water faucets or valves that could generate wastewater. 

Filtering Wastes P2 Checklist
❏ Improve pigment dispersion. 

❏ Wash and reuse filters and straining bags. 

❏ Replace bag-type filters with stainless steel mesh filters to eliminate the disposal of 
spent filters. 
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The Case Studies

Cleaning Wastes P2 Checklist
❏ Streamline piping to eliminate long runs, and varying sized piping, elbows, and valves that

cannot be pigged or cleaned. 

❏ Note on the batch ticket which solvent is used for cleanup, so the solvent can be used in
future batches. 

❏ Limit the amount of solvent used for cleaning. 

❏ Use mechanical wipers on mix tanks. 

❏ Use high-pressure, low-volume wash systems. 

❏ Install Teflon liners on mix tanks. 

❏ Use foam/plastic pigs to clean lines. 

❏ Reuse equipment cleaning wastes. 

❏ Schedule production to minimize need for cleaning. 

❏ Clean equipment immediately. 

❏ Use counter-current rinse methods. 

❏ Use alternative cleaning agents. 

❏ Increase spent rinse settling time. 

❏ Use de-emulsifiers on spent rinses. 

❏ Recycle wash solvent whenever possible. 

❏ Use the recycled wash solvent in the production of solvent-based paint batches. 

❏ Use, if feasible, un-recyclable wash solvent as supplemental fuel in cement kilns. 

❏ Schedule batches of like colors consecutively through same process equipment. 

❏ Segregate or dedicate process equipment to certain colors. 

❏ Let wash water settle, and use the supernate as tank washing liquid. 

❏ Consider dedicated lines where feasible to reduce flushing. 

❏ Require contract carriers to provide clean, dry trailers to eliminate need for flushing. 

❏ Set up holding tanks for recovered wash water and wash solvent, segregated by color and/or
product line, to facilitate recycling. 

❏ Use the water wash from the grinding mill as part of the batch formula. 

❏ Use hot caustic solution instead of solvents for cleaning solvent paint tubs and tanks. 

❏ Eliminate equipment that is hard to clean or that generates large amounts of cleanup waste. 

❏ Redesign stand tanks to minimize clinging. 

❏ Make use of natural gravity flow in transfer lines where possible. 

❏ Utilize an industrial shop towel recycling program. 

❏ Clean with “like” solvents (i.e., water for water, solvent for solvent). 

❏ Use nitrogen or other gas to purge solvent-based vents and piping to recover product. 

❏ Hold out part of the letdown solvent after each batch is completed. As soon as the batch is
completed, the letdown portion is used to clean the tank and mill. This material can then
be pumped through the equipment and used as part of the batch. 
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❏ Install an enclosed hot caustic cleaning system. This system heats a caustic/water solution
in an enclosed holding tank to a temperature of 180°F. 

❏ Implement a waste tracking system that tracks disposal and raw material cost of waste
back to its exact point of origin. 

❏ Wring out or launder solvent rags. 

❏ Use cleanup solvent in the next compatible batch by removing that solvent from the
upcoming batch. 

❏ Implement a caustic-solution wash-water storage and reuse program rather than using the
caustic solution one time for cleaning. 

❏ Change formulations so that they are lead and chromate-free. 

Emission Reduction P2 Checklist
❏ Install vents on process tanks that operate only when the tank lid is open. 

❏ Install duct work on top of process tanks to passively capture emissions as opposed to col-
lecting vapors directly from the tank headspace. 

❏ Install conservation vents on process tanks. 

❏ Institute a facility goal to get below the EPA major source threshold. 

❏ Cover tanks. 

❏ Use pigment pastes. 

❏ Install a dedicated baghouse system. 

❏ Equip bulk storage tanks with vapor return lines (vapor recovery). 

❏ Consider the use of nitrogen blankets to reduce the release of vapors in thin-down tanks. 

❏ Install timers on thin-down tank agitators so that they only run when necessary. 

❏ Install storage tank supply lines below the normal liquid level so that all solvent fills are
submerged. 

❏ Utilize completely enclosed filters to reduce VOC emissions. 

Spill Waste P2 Checklist
❏ Replace dry absorbents cleanup methods with water-based cleanup methods to eliminate

solid waste generation. 

❏ Vacuum spills for reuse. 

❏ Recycle spill material back into process. 

❏ Implement better operating practices. 

❏ Use appropriate cleanup methods. 

❏ Place drip containers under all piping connections that have potential to drip and add back
into batches from which they were collected. 

❏ Do not install floor drains in new plants; remove floor drains in existing plants. 

Waste Solvent P2 Checklist
❏ Recycle wash solvent. 

❏ Reuse wash solvent in next batch (at the grind stage). 
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❏ Install a solvent distillation unit. 

❏ Contract with contractor to come on-site to distill solvents. 

❏ Schedule compatible solvents in sequence to reduce truck loading and drum flushing needs. 

❏ Increase drum inventories of high-volume products to reduce changing of products in the
drumming line. 

❏ Segregate line and pump flushings to produce low-grade thinners suitable for cleaning pur-
poses, or hydrocarbon blends suitable for cement kiln fuel. 

❏ Use solvent used to rinse mills or grinding tubs as part of the batch formula. 

❏ Allow waste solvent to settle, and use supernate as primary wash for equipment clean-out. 

❏ If solvent cannot be reused, send to a cement kiln for fuel use. 

Paint Sludge P2 Checklist
❏ Use solvent still-bottoms in the manufacture of industrial primers. 

❏ Keep oil-based and waterborne paints segregated to keep nonhazardous product from being
contaminated with hazardous product. 

❏ Consider shipping sludges in bulk (i.e., via a vacuum truck) to eliminate disposing of
drums and to reduce the cost for disposal. 

❏ Investigate possible uses of wastewater treatment sludge in other products (e.g., cement,
asphalt). 

Packaging P2 Checklist
❏ Reuse 4- and 6-gallon cardboard shipping cartons. 

❏ Reuse plastic pails. 

❏ Recycle cardboard. 

❏ Recycle metal containers (drums and cans), metal bands, used balls from mills. 

❏ Recycle waste paper, including obsolete labels and draw-down cards, or use for covering
QC benches, or setting adjustments on spray guns. 

❏ Use shredded paper for packing material. 

❏ Recycle drums through drum re-conditioners. 

❏ Recycle fiber drums. 

❏ Allow drums to drain completely before sending off-site. 

❏ Use slightly dented or damaged cans for the collection of samples. Recycle badly dented
cans or return to supplier. 

❏ Switch from paper labels to lithograph cans on high-volume items. 

❏ Recycle plastic wrap. 

❏ Repair and reuse pallets instead of buying new pallets. 

Employee Participation P2 Checklist
❏ Provide an incentive bonus program - each employee becomes an active part of the waste

reduction program. 

❏ Implement an employee suggestion program. 
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❏ Enlist employee support for waste minimization/pollution prevention efforts. 

❏ Train all employees in the proper methods of filling out batch tickets. 

❏ Train employees on how to properly remove residual raw materials from containers. 

Management Practices P2 Checklist
❏ Increase preventive maintenance to reduce waste. 

❏ Include waste minimization, good housekeeping, and safety practices in employees’ 
performance evaluations. 

❏ Use computerized metering systems and flow meters to allow for more exact measurements
in formulation, thereby reducing waste. 

❏ Review and update operating and quality control procedures to prevent bad blends. 

❏ Document mistakes and review to prevent recurrence. 

❏ Evaluate each product line as to the amount of waste generated per gallon of production of
that line and the cost of disposal of that waste. Does the manufacturing cost for a particular
product line or product reflect the cost of the disposal of this waste generated during its
manufacture? 

Quality Control P2 Checklist
❏ Send used aluminum and steel paint test panels to metal recycler. 

❏ Use washable or reusable metal or plastic containers for sampling intermediates and fin-
ished products. 

❏ Reuse samples of raw materials and finished goods. 

❏ Collect laboratory sink drainage for incorporation into batches. 
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ATTACHMENT 1. Preparing an Action Plan Using the Systems Approach Tools

Rank Ordering – Cause-Effect Diagram

[ Mixing/Grind/Dispersion – Work Steps 2.1 and 2.2 ]

People Methods

• Operators
• Maintenance
• Monitoring People
• Quality Control
• Supervisor

• Adding ingredients
• Add Water 
• Time of Mix 

• Quality of Mix 

• Time of Mill 
• Quality of Mill 
• PM of Mixing 

• PM of Milling 

• Calibration of Temperature Monitor

Materials Machines (technology)

• Water
• All other liquids ingredients
• Titanium Dioxide
• All other solid ingredients
• Glass bead
• Extenders

• Glass beads
• Mixing tank
• Mixing stirrer and motor
• Mill (structure)
• Mill motor
• Pipes
• Pumps
• Temperature Monitor
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The Case Studies

Brainwriting (Generating Solutions)

“Red Flag” communication mechanism between/linking QC people, maintenance, and operators.

Make sure ingredients are not clumped or caked (requiring additional energy to break-up/mix).

Size pipes so pumps don’t need to work so hard (determine ideal/most energy-efficient size).

Make supervisor responsible for reducing energy use (performance review).

Use a sensor to determine when the product is ready (eliminate lab analysis step).

Precisely follow the procedure for adding ingredients to tank.

Provide incentive to equipment vendor to design way to lower energy use (of their equipment).

Review operational methods with vendors to make sure they are the most energy-efficient.

Change out motors to more/most energy-efficient models.

Source of electricity/energy should be changed to solar battery.

Analyze pumps to make sure they are energy-efficient, and if not, optimize or replace as necessary.

Look to development of variable-frequency pumps and see if they are more energy-efficient.

Optimize tank shape and size.

Optimize stirrer geometry.

Determine reasoning behind order of adding ingredients if adding in different order, or combining
some, if possible, can save energy in grinding/mix/mill stages.

Take Quality Samples more frequently to shorten mix time to reduce energy use.

Provide training to operators on ways to reduce energy use.

Hire energy conservation consultants to provide ideas for reducing energy consumption.

Recirculate the mixture toward the blades to supply the mixer with fresh material to increase 
efficiency.

PM on milling or mixing should be altered/adjusted according to energy-efficient needs.

Glass-beads: Can they be made somewhat hollow to reduce weight (up to certain point, keeping
them heavy enough to be durable and effective)?

Eliminate the mixing tank itself: Perform mixing and dispersion in the same tank.

Add water with pressure spray to lower the amount of mixing energy that is needed.

Pre-wet the solids so that the mixing energy required is lower.

Have vendor provide pre-mixed ingredients.

Use ultrasonic energy to assist the mixing and lower energy use.
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Making the Business Case for EHS

Brainwriting (Generating Solutions) cont.

Paint ball (made of same paint product) to take place of glass beads (in mill stage).
Replace grind process with freeze dry process (more-efficient ingredient break-down).
Constantly monitor energy use by individual machine, and post usage charts on wall.
Provide pay incentives to workers to find successful energy-reduction techniques.
Replace glass beads with a mixer machine (research energy-efficiency comparison).
Make management aware of relationship between PM and energy-efficiency.
Can extender be warmed (or use ultrasonic) such that it has a greater degree of fluidity (to
reduce energy use in mixing stage)?
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Bubble-Up/Bubble-Down (Selecting Solutions)

Rules!! :

COST Lower Cost is Best

ABILITY TO DO Cost is Best

EFFECTIVENESS More energy conserved is Best

Precisely follow the procedure for adding ingredients to tank.
(Done quickly with ability to follow with #2)
Make sure ingredients are not clumped or caked (requiring additional energy to break-up/mix)

Review operational methods with vendors to make sure they are the most energy-efficient.
Pre-wet the solids so that the mixing energy required is lower.
Determine reasoning behind order of adding ingredients if adding in different order, or com-
bining some, if possible, can save energy in grinding/mix/mill stages.

Make management aware of relationship between PM and energy-efficiency.
Make supervisor responsible for reducing energy use (performance review).
Provide training to operators on ways to reduce energy use.
Constantly monitor energy use by individual machine, and post usage charts on wall.
Provide pay incentives to workers to find successful energy-reduction techniques.

PM on milling or mixing should be altered/adjusted according to energy-efficient needs.
Hire energy conservation consultants to provide ideas for reducing energy consumption.
Size pipes so pumps don’t need to work so hard (determine ideal/most energy-efficient size).

Use a sensor to determine when the product is ready (eliminate lab analysis step).
Take Quality Samples more frequently to shorten mix time to reduce energy use.
Change out motors to more/most energy-efficient models.
Analyze pumps to make sure they are energy-efficient, and if not, optimize or replace as 
necessary.
Look to development of variable-frequency pumps and see if they are more energy-efficient.
Optimize tank shape and size.
Optimize stirrer geometry.
Provide incentive to equipment vendor to design way to lower energy use (of their equipment).
Eliminate the mixing tank itself: Perform mixing and dispersion in the same tank.
(Performance contracting – we pay if total cost is lower)

Can extender be warmed (or use ultrasonic) so that it has a greater degree of fluidity (to reduce
energy use in mixing stage)?

Recirculate the mixture toward the blades to supply the mixer with fresh material to increase 
efficiency.
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Bubble-Up/Bubble-Down (Selecting Solutions) cont.

Source of electricity/energy should be changed to solar battery.

Add water with pressure spray to lower the amount of mixing energy that is needed.

Use ultrasonic energy to assist the mixing and lower energy use.

Glass-beads: Can they be made somewhat hollow to reduce weight (up to certain point, keeping
them heavy enough to be durable and effective)?

Paint ball (made of same paint product) to take place of glass beads (in mill stage).

“Red Flag” communication mechanism between/linking QC people, maintenance, and operators.

Replace grind process with freeze dry process (more-efficient ingredient break-down).
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Case Study 3:  Large Manufacturer of Outboard Motors
Many large businesses assemble the products they sell.  Many of the components have been out-

sourced to other manufacturing firms.  However, some of the components are made in-house.  One
of the major differences between the larger businesses and the small- and medium-sized businesses is
that there is usually some form of process documentation available.  This does not mean that it is in
the format that would be most useful in a process improvement program.  

To illustrate the large business case, information from a publicly available environmental research
brief of the U.S. EPA will be used.  The title of the case is, “Pollution Prevention Assessment for a
Manufacturer of Outboard Motors.”  Approximately 140,000 water craft outboard motors were man-
ufactured by this facility in 1995, when the U.S. EPA document was completed.

For the purposes of the case, the management has formed a team of approximately five people to
use the Systems Approach in Tactic 1. It is important that people use the tools a minimum of four
times before they can become sufficiently adept in their use. 

Tip: An alternative is to use an outside facilitator who is more familiar with the tools or
have someone trained in the use of these tools.  Many community colleges and
continuing education programs offer training in the use of quality management
tools and methods.  Typically, a 2-day training course in the use of the Systems
Approach will provide the basic skills necessary to use the tools.  After the course
has been completed, the participants are encouraged to facilitate the use of the
tools with small teams using Tactic 1.

There are seven steps in this case:

1. Process Mapping

2. Accounting

3. Rank Ordering with Pareto

4. Root Cause Using a Cause and Effect Diagram

5. Generating Alternatives with Brainwriting

6. Selecting Alternatives with Bubble-up/Bubble-down

7. Preparing for Implementation with an Action Plan

Figures, tables, and other information are provided within each of these sections to help the team
use the tools.  

Manufacturing Process

Here is a brief description of the manufacturing process as presented in the environmental research
brief.

Three basic subunits received from other manufacturing plants, component parts, hardware, paint
and primer, and decals are used to produce the outboard motors. The production operations required
can be classified as lower-unit subassembly, power-head subassembly, motor cover subassembly, and
final assembly. Each of the production operations will be described here.
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Lower-unit Subassembly

The lower units, which are received in two parts, are bolted together in this plant. First, the con-
nection surface on each part is polished and then a primer coating is applied. After coating, the part
surfaces are cleaned manually. 

Lower-unit subassemblies are then sent through a five-stage washer in preparation for painting.
Following the final rinse of the five-stage washer, water is removed from internal surfaces and cavi-
ties with pressurized air. Masking is applied to protect areas of the lower units that do not require
painting and then the subassemblies are conveyed through a dry-off oven for further water removal.

Primer is applied in one of two primer spray booths where the required coating is manually
applied with electrostatic spray guns. The subassemblies are then conveyed through a curing oven.
Next, the units are cleaned and conveyed through one of the topcoat spray booths where the final
cosmetic coating is manually applied. The subassemblies are then conveyed through a final curing
oven.

The finished lower units are inspected for defects and any rejected units are rewashed and repaint-
ed. Masking is manually removed from accepted parts, which are transferred to final assembly.

Power-head Subassembly

Various types and sizes of power heads (internal combustion engines) are received in almost ready-
to-use condition. Various parts, including carburetors, solenoids, and starters, are bolted onto the
power-head subassemblies using metal fasteners that have been dipped in a lubricant. The power-
head subassemblies are then transferred to the final assembly area.

Motor Cover Subassembly

Motor covers are received as unpainted fiberglass shells. The shells are processed through a three-
stage washer for grease and dirt removal. Next, the clean motor covers are conveyed through a spray
paint booth, where primer is manually applied with high-volume, low-pressure spray guns. The
primer is then cured in an oven.

Following primer curing, the covers are conveyed through one of two spray booths, where either a
basecoat or a topcoat is applied. The motor covers that receive basecoat paint are conveyed through a
flash-off tunnel, where some drying occurs, to one of two clearcoat paint booths where a clear finish
is applied over the basecoat.

Motor covers from the clearcoat booths and covers from top coating are conveyed through an oven
for curing. The completed motors are inspected for coating imperfections, and rejected covers are
transferred to a sanding booth and then back to the three-stage washer for reprocessing. Accepted
covers are transferred to a motor cover detailing operation, where decals and molding are attached
manually. The finished covers are transferred to final assembly.

Final Assembly 

In final assembly, power heads are bolted onto lower units which are then filled with gear-case oil.
The assembled motors are tested in water tanks. Units that fail testing are repaired and retested.
Accepted motors are degassed using compressed air.

Finally, the motor covers are placed over the power heads and attached to the power units. The
completed motors are then spot-cleaned as needed and any required touch-up painting is performed.
Finished motors are packaged and shipped to customers.
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A process flow diagram for outboard motor manufacture is shown in Figure 1.

Figure 1. Process flow diagram for the outboard motor production

Using the procedure in Tactic 1, this process flow diagram must be converted into a hierarchical
process map with the linked accounting sheets.
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Step 1. Process Mapping

Please read the information on the process provided above and prepare a process map using the flip
chart paper placed in a “landscape” position.  It is all right to mark it up and cross things out.  The
process map is just a tool to help the team focus its discussion on understanding the process before it is
studied in greater detail.  Make sure the perspective in the process map is consistent.  Make sure you
agree on the boundaries that are placed on the process by the work steps.  As you are working on the
process map, you should start preparing a listing of supporting processes associated with the motor
assembly process.  Be careful because the process flow diagram doesn’t always conform to what is pro-
vided in the written description.  

Figure 2. Top-level preliminary hierarchical process map

Figure 3. The subassembly preparation at the second level

Figure 4. The third level in the hierarchical process map 
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Work steps 1.1.2 and 1.1.5 are now at the lowest level since it is not possible to describe what is
happening in them in three to six work steps.  All the other work steps will be taken to a more-
detailed fourth level in the hierarchical process map based on the information provided in the process
description.

Step 2. Accounting

Instructions

Prepare Resource Accounting Sheets for the work steps in your process map.  Unfortunately, the
document used to prepare this case does not provide a detailed listing of all of the resources used.
However, a careful reading of the process will uncover many of the resources that are used.  A little
common sense can help find others. In this case, we will not have you fill out the Activity
Accounting Sheets.  However, you could do this at a later time.  As you are filling out the Resource
Accounting Sheets, be sure that all the supporting processes have been captured.  You would use
these preliminary hierarchical process maps and the accounting sheets when you walk through the
process for the verification activity.  There are many sources of information on the general process
steps that are provided in this case.  For example, there are descriptions of three-stage and five-stage
washers and many descriptions of painting.  The small business case in this manual has information
about painting.
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Figure 5. Sample Resource Accounting Sheet

NEXT STEPWORK STEP

RESOURCE ACCOUNTING SHEET

Description of the Work Step:

Other Information:

Supporting Processes:

WORK STEP
INPUTS

(THROUGHPUT)
(THROUGHPUT)

NON-PRODUCT
INPUTS
(USES)

NON-PRODUCT OUTPUTS
(LOSSES)

Each supporting process is a “process” with its non-product inputs and non-product outputs.  
It can be one step or multiple work steps.

PREVIOUS
STEP
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Figure 6. Sample Activity Accounting Sheet

WORK STEP

ACTIVITY ACCOUNTING SHEET

Description of the Work Step:

Supporting Processes:

DIRECT LABOR CYCLE TIME

INDIRECT LABOR
FOR WORK STEP

(NON-VALUE
ADDED)

INDIRECT LABOR TO MANAGE LOSSES
(NON-VALUE ADDED)

Each supporting process is a “process” with its indirect labor for work step management and
indirect labor for the management of the losses.  It can be one step or multiple work steps.

NEXT STEP
(THROUGHPUT)

PREVIOUS STEP

Other Information:
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Step 3. Rank Ordering with Pareto

Instructions

Take a look at all the uses and losses of resources in the outboard motor assembly operation.  Be
sure to include the uses and losses of resources from the supporting operations as well. Cleaning and
painting are probably the most wasteful of all the operations.  You will find even more items during
your site verification process.

Using the collective knowledge of your team members, what are the 20% of the total list of uses,
losses, and activities that cause the operation to spend 80% of the money for dealing with these
items?  Be sure to recognize linkages by taking into account the cost of the lost resource as well as a
person’s time cost associated with managing the waste.  Try not to double count.  The y-axis on the
Pareto chart could be “relative” costs (i.e., like the dollar symbols on restaurant reviews: $$$$, $$$,
$$, $ categories).  If you want, you could look at the operations from three different perspectives:
resource usage, resource loss, and indirect labor requirements (i.e., EHS activities). For a look at a
sample Pareto Chart, see Chapter 5, Appendix 6.

Determine: What are the biggest losses of resources in the operation from a cost perspective?

Systems Approach training covers several ways to address the selection of opportunities for process
improvement.  For the purposes of this exercise, we are just trying to have you get a sense of how the
information in the sections above can be used for rank ordering.

Step 4. Root Cause with Cause and Effect Diagram

Instructions

Your team will need to select a problem that you identified as being important in the Pareto
analysis. You could consider the following problem:  

The five-stage washer has never had its resources used (e.g., water, detergents, pH adjustment
chemicals, phosphatizing chemicals) optimized to help conserve the use.  How can these
resources be conserved to their fullest potential?

The five stages in the washer are as follows:  

1. Alkaline cleaning

2. City water rinse

3. Iron phosphate coating

4. City water rinse

5. Surface silicon-based sealant  

You need to see if the facility has vendor information on how these resources are prepared and
added to the five-stage washer.  

Tip: Remember, do not try to solve the problem at this point!

Elect a scribe (i.e., someone who did not draw the process maps or Pareto chart) to take the marker
and draw a large cause and effect diagram on the paper.  Write the problem in the box on the right.
Pick your cause categories (you might wish to stick with materials, machines, methods, and people).
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On a separate piece of paper, list all the things from that work step that would fit under each of
these categories.  One at a time, place these items on the cause and effect diagram while asking the
question:  “What is it about _____ that causes the problem (written in the box on the right)?  Write
the answer on a side “bone” that is perpendicular to the cause bone.  Continue until the fishbone is
complete.  Take a look to make sure nothing was over-looked.  If you had time, the diagram should
sit for a day or two before it is revisited.  Could you use this diagram to explain causes to the owner
of the fiberglass boat building operation?  What would you say?

When your team has completed the diagram, count the total number of causes.  Circle 20% (one-
fifth) of the most probable causes.  Can the team agree to eliminate one of these circled causes as
being much less significant that the others as a likely cause of the problem?  Can the team agree to
eliminate another one?  Can you find the root cause of your problem?  In the next step, you will
begin to find ways to solve the problem.

Step 5. Generating Alternatives with Brainwriting

Instructions

With the hierarchical process map and cause and effect diagram in view, your team is ready to
search for alternative solutions using the brainwriting tool.  You might wish to re-read the informa-
tion from the vendor procedures to the employees in the root cause exercise.

When you are ready, take a brainwriting sheet and put it into a pile that all team members can
reach.  One of the team members should place a second sheet in the pile so that there is one more
sheet than there are people on the team.  The sheets can be face up in the pile.  Each person should
pick up a brainwriting sheet and write a way to solve the problem or make it less severe in box #1.
Write another way to solve the problem or make it less severe in box #2.  

Take your time.  

Then place your sheet back into the pile and take another sheet and repeat the process in the low-
est numbered boxes available to you.  Don’t forget to be provocative! When you cannot think of
any more alternative solutions to the problem, read what the others have written and see if it trig-
gers another idea.  You can build on other peoples’ alternative solutions by adding things to what
they said.  Keep the sheets moving until you have read everything and just do not have any more
ideas.  It is all right to talk during the exercise and ask questions when you do not understand an
alternative solution on one of the pages.

When activity has stopped, elect a team member to use the flip chart paper to write down the
alternatives as read by the team members who have divided the sheets among themselves.  Make sure
the scribe captures the idea as read.  Leave space between the items because the sheets will be cut
into strips for the next exercise.  Once an item is placed on the flip chart, the members of the team
should check their sheets to see if there is a similar item listed.  It should be read aloud and the team
will decide if it is the same or if it is slightly different.  If it is different, it should be added to the
flip chart list.  Cross off all items that have been considered.   

Tip: Do not try to combine alternatives now.  Keep going until all the alternatives are
listed.  Cut them into strips, with one alternative on each strip.
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Step 6. Selecting Alternative with Bubble-up/Bubble-down

Instructions

Take the strips containing the alternative solutions from the brainwriting exercise and place two of
them on the table or floor and ask the question, “Which is best?”  Take cost, ability to implement,
and effectiveness into account as the team makes a decision.  Only a majority is needed to bubble-up
or stop.  This tool helps you discuss all the alternatives.  You can ask questions of the person that
recommended the alternative solution.  Do not try to reach consensus on every item.  Remember
that you can combine items as they are moved up the list.  You can simply tape them together or
write the combined alternative solution on a blank slip of paper.  Do not take short cuts by moving
alternative solutions up the list without considering all the other solutions.  It is good to have dis-
cussions so each team member learns what the others think about each alternative.  This discussion
will help write a better action plan for the alternative solution(s) selected for implementation.  

Tip:  Here is an important consideration for you to keep in mind during this exercise:
Alternative solutions that are cheap and easy to implement usually win out over
effective ones that are more expensive or take a long time to implement.
Remember how important it is to show progress in this and every program conduct-
ed within the organization using the Systems Approach for process improvement.

Once the prioritization has been completed, the team members should feel free to do some shuf-
fling of the order (i.e., move nothing more than two places unless agreed to by a consensus of the
team).  The quick wins should be at the top of the list.  What is the alternative solution that is clos-
est to the top that is not a quick win?  This is probably your highest-rated crown jewel or effective
alternative solution.  You should consider writing an action plan for that alternative solution as
well as the one that ended up on top since it will take time to get it implemented.

Step 7. Preparing for Implementation with an Action Plan

Instructions

You should now try to prepare an action plan just as if the team were going to implement the
alternative selected in the step above.  While this may be difficult to think about since you do not
actually assemble outboard motors, it is instructive to take a look at how you would perform the
baseline survey (i.e., resource use and loss, activities conducted, and the financial costs) in the first
work task.  Without a baseline survey, it will be impossible to assess the success of the activity.  You
will have to determine the best way to assess the same information at the end of the project.

The second work task will describe what the first step will be for implementing this activity.  It is
important to have a clearly written performance standard for each of these tasks.  The audit at the
end of the year will assess the work items and their ability to meet these performance standards.  The
sum of all the performance standards will become the objectives and targets in any conformance pro-
gram in effect (e.g., ISO 14001).  

The team will need to prepare a report on the project at the end of the reporting period.  This
report must contain the lessons learned and some recommendations for leveraging these lessons in
other work steps or in other future projects.  This work task should take place as the last item right
after the data assessment discussed.

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)154



The Case Studies

Figure 7. Action Plan Form

ACTION PLAN
(PROJECT)

1.

Purpose:

Project:

Benefits:

WORK TASKS PERSON/TEAM
RESPONSIBLE

COMPLETION
DATE

PERFORMANCE
GOAL

RESOURCES
REQUIRED

1.

2.

3.

4.

5.

6.
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The U.S. EPA environmental research brief used a more traditional approach for pollution preven-
tion.  Instead of looking at the process, there was a focus on the wastestreams.

The type of waste currently generated by the plant, the source of the waste, the waste management
method, the quantity of the waste, and the annual treatment and disposal cost for each wastestream
identified are given in Table 1.

The traditional pollution prevention process does not include a root cause analysis step.  Instead,
the people responsible for scoping the pollution prevention activities chose some options for further
study.
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Making the Business Case for EHS

Table 2 shows the opportunities for pollution prevention that were recommended for the plant.
The opportunity, the type of waste, the possible waste reduction and associated savings, and the
implementation cost along with the simple payback time are given in the table. The quantities of
waste currently generated by the plant and possible waste reduction depend on the production level
of the plant. All values should be considered in that context.

It should be noted that the economic savings of the opportunity, in most cases, result from the reduc-
tion in raw material and from reduced present and future costs associated with waste treatment and
disposal. Other savings not quantifiable by this study include a wide variety of possible future costs
related to changing emissions standards, liability, and employee health. It should also be noted that the
savings given for each opportunity reflect only that pollution prevention opportunity and do not reflect
duplication of savings that may result when the opportunities are implemented in a package.

You could compare the Systems Approach method with this traditional approach.  Would you
have selected the same options after having a better appreciation of the process using the hierarchical
process maps and the root cause analysis?
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Making the Business Case for EHS

Lessons Learned
Process Mapping and Accounting

The purpose of taking the time to discuss the lessons learned is to learn to apply the knowledge we
have acquired to the process of continuous improvement.  Let’s look at what we have learned to this
point in the exercise:

Process maps have two purposes:

1. Help the process team understand the main process and the associated supporting processes, and

2. Enable the process team to effectively communicate this information to others.

It is important to have BOTH!

Process flow diagrams, flowcharts, value stream maps, and process and instrumentation diagrams
(P&IDs) are not as useful for the second goal listed above.  They are too complex to view.

Tip: Process mapping is a skill that takes time to master.  The test of an effective process
map is to see the viewer put a finger on the page and move it along the flow line.
Keeping the process maps to three to 6 boxes on a page is a key to its understand-
ability.  There is no one right way to prepare a process map of a particular process.  It
is best to prepare at least a couple of process maps and submit them for a review to
determine the best way to depict the process.  The time invested in preparing and
verifying the process map is an investment in the process of continuous improvement.

Process maps are generally in the following forms:

1. Things people do – service and design processes, and

2. Resources flow – production processes.

The “outline-form” work step numbering scheme is very important.  The user will always know
where they are by the numbers depicting the work step.  Different people view the information at
the different levels of the process map:

1. Top level – leadership

2. Second level – supervisors

3. Third level – workers

4. Fourth level – use only when necessary for detail

Decision diagrams can be inserted at the lower levels.  This is how you can combine the best fea-
tures of a flowchart with the simplicity of a process map.

You must first prepare preliminary process maps and use them to view the process as a verifica-
tion exercise.  People who operate the process should be directly involved in this verification activity.

The process maps can be used to understand systems questions.  They are the key to the Systems
Approach as they visually show how every work step is connected to every other work step and how
the main process is connected to the supporting processes.  The process maps are the foundation for
the entire process improvement effort.  Supporting processes are linked to the main process at the
lowest level using the Resource Accounting Sheets.
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Process improvement typically occurs at the work step level (lowest level).  The process map is an
opportunity-finding (or problem-finding) tool.  All opportunities to improve the process are noted
on the process map through the use of Resource Accounting Sheets.  Process maps enable the users
to leverage opportunities (e.g., energy conservation, water use reduction, waste (loss) reduction).

Process maps can be drawn with a pencil and paper.  They can also be prepared using software that
enables object linking to be used.

Process maps can be for the process “As-Is” or can be for proposed changes or designs as “To-Be”
process maps.

You can prepare a book of maps for an organization for each main process or family of main
processes (i.e., similar products or services).

Resource Accounting Sheets capture all the data for each work step at the lowest level of the
process map.  There should be only one Resource Accounting Sheet for each of these work steps.

It is not important to capture all the amounts of resources at the time the process maps are pre-
pared and verified.  Mass (resource) balances will be conducted only on work steps that have projects
focused on them.  However, it is good to have a general idea of how the resources are flowing
through the process.

Resources for the supporting processes can be allocated back to the work steps in the main process
using the 80/20 Rule to limit the effort.

Tip: Every use of a resource represents an opportunity to conserve the use of that
resource.  Every loss of a resource represents an opportunity not to have that loss.
In this manner, the process maps help identify all the opportunities available for
process improvement.

Activity Accounting Sheets look at all the indirect labor requirements for making sure that the
process operates smoothly.  They will especially track the regulatory compliance issues and other
functional matters that pertain to each work step.  Below the work step in the Activity Accounting
Sheet, all the activities required to manage the loss of resources (e.g., wastes) are noted.  Spread-
sheets can be used to account for these activities or the process can be automated by linking these
sheets directly to the Computerized Maintenance Management System.  You can use Tactic 2 to
keep track of the costs and benefits of the project.

Cause and Effect Diagram

Root cause analysis is a very important step in the use of the Systems Approach.  Many organiza-
tions choose to leave this step out.  Why is this not a good idea?

Do not try to solve the problem at this stage of the Systems Approach!  Avoid that temptation. 

Teams using root cause analysis will derive more alternative solutions than teams that skip this
important step.

It is important to define the problem in such a way that all team members have a role.  There
must be a common view of the problem by the team members.  There are separate tools to help
define the problems.  
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Making the Business Case for EHS

There are no rigid rules on what the cause categories need to be.  You can select cause categories
that fit your problem.  The cause categories are selected to get everyone on the team talking about
potential causes.

Interpret the cause categories broadly.  Materials can mean all resources as used in this manual.
Machines can mean all technology.  Methods are all procedures and policies.  People are people –
usually positions so the diagram does not get personal!  If you choose to use the Four Ps, policies are
at the highest level – they are very difficult to change effectively.  Procedures are more local – they
can be difficult to change, but the control is much more local.  Place is where the problem happens
or has its effects. 

The busier the cause and effect diagram, the more thought went into understanding the problem.

What is the reason you would cite when deciding whether to include the root cause in a process
improvement project?  

To what extent is the cause and effect diagram understandable by those who are not trained to use it?

Alternative Solutions

We have looked at how to generate many potential alternatives that could help solve the problem.
We have then used a tool that helps select an alternative solution(s).  These tools may not have been
familiar to you.  Certainly, other tools can work for these purposes.  What is it that helps recom-
mend these particular tools?

Brainwriting needs to be “free form” to work well.  It is all right to talk and ask questions.  If the
group is not chattering, it is probably not using the tool well.  Everyone on the team should under-
stand what the others have written on the brainwriting sheets.  This discussion will be useful when
trying to prioritize the alternatives and prepare an action plan for the selected alternatives.  

It is good to have the cause and effect diagram handy when brainwriting.  Alternatives do not
need to eliminate the problem – only reduce its impact to some extent.  The discussion continues as
the alternatives are placed on the flip chart and people on the team look for similar alternatives on
their sheets.  New alternatives can be added at this step if someone thinks of one.  

Do not forget to use provocation. It is the only way to force the team members to think “outside
the box.”

When working with service or design issues, the alternatives often take the form of the order or
sequence in which the action will occur.  This is a fundamental difference between this process form
and the resource intensive production form.

There will always be more than 18 alternatives on the final list.  Do not be quick to combine or
eliminate alternatives when using the brainwriting procedure.  Remember that quantity counts in
brainwriting.

Do not spend much time researching the literature or other information sources until after the
brainwriting has been completed for the first time.  
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Tip: Always avoid the search for “right answers”!  Literature information should not gen-
erally be used until after the bubble-up/bubble-down has been completed.  The
workers are then asked if they would raise any of the “success story” alternatives 
to the top of their prioritized listing.

Some people like affinity diagrams because it groups the alternatives into similar categories.  This
avoids having to compare seemingly unlike alternatives in the bubble-up/bubble-down tool.
However, this is not like “real life” in the organization.  Alternative solutions are complicated and
are not easily compartmentalized.  It should not matter which way is chosen.

Do not forget to work on the “crown jewel” feasibility studies early in the program.

Some “quick wins” may need minimal action plans.  However, an action plan should still be 
prepared.  It is an accountability document.

Maintain the prioritized listing to allow for continuous improvement.

What else have you observed?
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Appendices

Appendix 1: Frequently Asked Questions
Introduction

These FAQs are meant to supplemental your efforts with the eight business value tactics in
Chapter 3 to help you further explain EHS value to your CEO and/or CFO. They will help you
anticipate and prepare for upper management concerns.

What is the purpose of using the hierarchical process mapping and the
accounting sheets?  It seems to take a lot of time.

Hierarchical process maps are a tool to help us understand the main processes that are responsible for
our products and services.  These maps provide a systems view of the process by showing how every-
thing is connected to everything else, both in the main process and to the myriad supporting processes
that are necessary to keep the main process going.  There are some software products available that will
help us do much of the work here in-house.  The verification of the hierarchical process maps will get
the employees involved in learning about the work they do and get them to provide some very insight-
ful opportunities to improve the process.  Many of the opportunities employees provided were very well
thought-out and not on our list of improvement opportunities.  The process maps provide a visual way
for employees and management to communicate with one another.  Other outside stakeholders will be
better able to understand what we do here when they see these process maps.

How can we justify having employees spend so much time on process
improvement teams using all of those quality management tools in the
Systems Approach?  Can’t management figure it out faster and just tell them
what to do?

Use of the quality management tools requires a certain level of skill.  The first time they are used,
it takes a fairly long time.  However, as the skill level increases, the work with the Systems
Approach tools goes faster and faster.  We could cut this time by using a facilitator that is already
skilled with the tools. Someone from our company can be trained to conduct the facilitation work.
The employees will not need to be trained and the sessions for preparing the draft action plans
should move much more quickly.  It is very important to get the employees involved in this way.
This involvement will score points in Tactic 6, which looks at our true performance.

What is the level of accountability associated with the process improvement
action plans that are prepared by the employee teams?

Employees are told that they will be held accountable for completing the work in their action
plans once they are approved by the management oversight committee (or the manager in a small
business).  The approval involves primarily agreeing to negotiate with the employees on the

Chapter 5
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resources that have been requested for the process improvement effort.  Employees will use Tactic 2
to keep track of the costs and benefits of their work, and they will periodically report their progress
to management.  We have found that employees never resist their own ideas.  Given an opportunity
to help improve the process and align it to the business value proposition that keeps the company
competitive, they almost always can be counted on to deliver on their work.

Why is it important to combine a “bottom-up” focus together with a “top-
down” focus that is already in place?

Most management initiatives have a strong component of “top-down” focus.  The management
consultants and people that write the books on these management initiatives feel that this is very
important.  It is!  But it is also helpful to have the employees involved in the planning and imple-
mentation of programs – not just being told what to do.  Using the Systems Approach, it is possible
to have both components of great management and help score points in the true performance metric
in both the leadership and employee involvement criteria.  This is a much more proactive approach
than having an employee suggestion box.  Management never loses control of the program since they
have to approve all the action plans before they can be implemented.  Often, management also
selects the projects – although some companies allow employees to propose new projects and to pre-
pare the draft action plans on their own time.  It is amazing just how hard employees will work to
do something that is important to them!

How can we use the CMMS to keep track of the costs and benefits of all of our
process improvement efforts as we build the case for EHS?

The CMMS assigns a work order number to every employee action plan – just as it would when
tracking a preventive maintenance task.  Accounting determines how the cost of the employees will
be charged (e.g., fully burdened category average rate) when the system calculates the time spent on
the project.  It is possible to track the time by task number in the action plan and by an activity
description (e.g., attend meetings, take measurements, prepare calculations).  The benefits (e.g., kilo-
watt-hour reduction in electricity) need to be described in the action plan.  Purchasing and
accounting need to agree to the cost per unit of benefit before the start of the project.  The employee
team will sum up the benefits and balance them against the costs of the project.

How do we involve all the employees in the generation of business value?

The employees that are on the process improvement teams will begin to understand business value
and work very hard to deliver it to the company.  Other employees can work on less formal process
improvement projects, called “look out” projects.  Their managers will bring the results of these
smaller projects to the attention of the oversight committee or the manager of a smaller business.
After achieving some preliminary results, management will decide if a formal effort using the
Systems Approach tools will be more fruitful.  Some companies create a newsletter to help keep
employees aware of their contribution to the business value of their company.  Generally, some form
of recognition is used to keep the employees active in this area.

How do we present the cost/benefit analysis to management as we seek to
build the case for EHS?

Management should be reviewing the cost/benefit results of the formal employee teams and the
“look out” projects on a regular basis.  Everyone will be aware of the cost of the projects and how
well the employees can attain the benefits to show a net business value for the project.  Because
management is familiar with the CMMS tool, they often check the results between the meetings and
are always willing to lend resources to the team to improve their cost/benefit drive.

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600)166



Appendices

How can EHS use the Materials Requirements Planning (MRP)  system to 
manage compliance in a way that is easier for operations to understand?

The purpose of the MRP system is to make sure that there is enough inventory to make the prod-
ucts that are on the master schedule.  Some companies have their vendors put bar codes on all of the
materials – each one has a part number.  When an employee checks out a material or other resource,
it can be assigned to the person (employee identification number), department, machine, or work
step.  This helps keep track of the items on the resource accounting sheets that are linked to the
hierarchical process maps used with the Systems Approach.  It is possible to give all the process loss-
es part numbers and to track emissions, discharges, leaks, and wastes to work steps.  When this is
done properly, it is possible to determine the process losses up to 3 months before they are generat-
ed.  A master schedule predicts what will be manufactured up to this period of time, in many cases.
If the company reports on the use of a chemical to EPA’s Toxic Release Inventory (TRI), the EHS
manager will have an idea of whether they will surpass the threshold value sometime in October, for
example.  The EHS manager can work with operations to try to schedule production at the end of
the year to avoid having to report using the information collected in the MRP system.

How do we present ABC/ABM to our accountants?

Most traditionally trained accountants are not well-versed in managerial accounting.  What you
don’t want them to think is that you are keeping a “second set of books.”  Your accountants do
understand project management.  You should tell them that this is what you are doing with the
process improvement program.  Projects in the program will be looking at the activity-based costs of
the work steps involved in the investigation.  You will be trying to improve the process so that less
activity will be required.  Certain activities may be eliminated altogether.  The information from the
project will help managers have more control on how they run the process.  This fact alone will add
business value to the operation even if it doesn’t show up directly on the bottom line.  When the
accountants find that certain activities can be managed better, they often seek to remove some of the
information from the overhead component of the traditional accounting system.  A lower overhead is
great for the product line.

How can operations use the ABM information to manage for EHS more 
effectively?

Operations and EHS will learn that about 20% of the work steps in the main process account for
about 80% of the compliance activities.  It is very important to focus on these work steps in the
process improvement program.  Some of the activities can be put into the job descriptions and han-
dled by the workers themselves without getting extra people involved.  Sometimes these activity
costs can be used to justify an improvement to make a change in the process.  It is interesting to
note that work steps that have many such activities are often considered to be bottlenecks by the
process or product managers.  No wonder!

Does the elimination of EHS activities threaten the EHS manager’s position?

No! 

Process improvement seeks to maintain a balance with the most business value to the organization.
Few, if any, companies can completely eliminate the requirement for EHS compliance.  Besides
auditing to maintain the requisite level of compliance, the EHS manager can proactively work with
management to find and test opportunities for cleaner production, pollution prevention, and inher-
ent safety.  Also, the EHS manager can work with the other functional managers to incorporate EHS
knowledge into all of the other management initiatives.
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What are some of the “intangibles” associated with our business?

The International Accounting Standards Board defines an intangible as an “identifiable, non-
monetary asset without physical substance held for use in the production of goods or services, for
rental to others or for administrative purposes.”  The Global Environmental Management Initiative
(GEMI) looks at what it refers to as the top 10 intangible measures that have a strong connection to
EHS (see the Table 1).

EPA’s “Environmental Accounting Project” viewed intangible costs as “contingent costs” and
“image and relationship costs” (see Table 2).

Table 1.  Top 10 EHS Intangible Measures (GEMI)

Customer The ability to develop customer relationships, 
satisfaction, and loyalty.

Leadership and Strategy Management capabilities, experience, and 
leadership’s vision for future.

Transparency
Does management communicate honestly and
openly? Are its communications believed and 
trusted? Does it hold itself accountable?

Brand Equity
Strength of market position. The ability to expand
the market, perception of product/service quality
and investor confidence.

Environmental and 
Social Reputation

How the company is viewed globally with regard to
environmental concerns, community concerns, reg-
ulators’ concerns, inclusion in “most admired
company” lists and triple bottom line.

Alliance and Networks Supply chain relationships, strategic alliances, and
partnerships.

Technology and Processes
Strategy execution, IT capabilities, inventory 
management, turnaround times, flexibility, 
reengineering, quality, internal transparency.

Human Capital
Talent acquisition, workforce retention, employee 
relations, compensation, what makes a “great 
place to work.”

Innovations The R&D pipeline, effectiveness of new-product
development, patents, know-how, business secrets.

Risk The ability to effectively manage the balance between
potential liabilities and potential opportunities.
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Table 2. Intangible Costs (EPA)

Potentially Hidden Costs

Regulatory Upfront Voluntary
(Beyond Compliance)

Notification Site studies Community relations/outreach
Reporting Site preparation Monitoring/testing
Monitoring/testing Permitting Training
Studies/modeling R&D Audits
Remediation Engineering and procurement Qualifying suppliers
Recordkeeping Installation Reports (e.g., annual 

Plans Conventional Costs environmental reports)

Training Capital equipment Insurance
Inspections Materials Planning
Manifesting Labor Feasibility studies
Labeling Supplies Remediation
Preparedness Utilities Recycling
Protective equipment Structures Environmental studies
Medical surveillance Salvage value R&D

Environmental insurance Back-End Habitat and wetland protection
Financial assurance Closure/decommissioning Landscaping
Pollution control Disposal of inventory Other environmental projects
Spill response Post-closure care Financial support to environmental
Stormwater management Site survey groups and/or researchers
Waste management
Taxes/fees

Contingent Costs

Future compliance costs Remediation Legal expenses
Penalties/fines Property damage Natural resource damages
Response to future releases Personal injury damage Economic loss damages

Image and Relationships Costs

Corporate image Relationship with professional staff Relationship with lenders
Relationship with customers Relationship with workers Relationship with host communities
Relationships with investors Relationship with suppliers Relationship with regulators
Relationship with insurers
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How much of the company’s business value is intangible?

Between 50% to 90% of a firm’s market value can be attributed to intangibles that include the
EHS-driven intangibles.  Investors, banks, and insurance companies are looking at how the company
manages the intangibles when deciding whether to deal with the company.  While there is much
talk about the intangibles, there is little attention to trying to value them.  This is a rapidly devel-
oping area – one you should get involved with because of the impact that such a valuation would
have on the perception of business value of the EHS program in your company.

What will the modified Delphi technique do to help raise management 
attention to the risk management aspects of the EHS program?

It is great to get managers talking about scenarios where there can be an unfavorable EHS conse-
quence to the employees or to the community.  They begin to realize just how expensive it is to have
an incident.  It is then possible for them to see the EHS function as an important “hedge” against
having these events.  No one likes to think about incidents, but they are happening all of the time.
The modified Delphi technique helps remove the feeling that it cannot happen here.  It also helps
the managers see some business value in your efforts to increase the intangible business value of the
company.  It has always been on their mind – they just didn’t stop to think that there was a healthy
EHS component to this element of the company’s business value.

Why is it important for me to associate my EHS functions to business value
drivers?

Other functional managers have been getting management’s attention by aligning their tasks with
the business value drivers.  Managers are always looking to encourage activities that contribute to
business value drivers.  These managers are uncomfortable with the arcane language and acronyms
associated with the EHS profession.  So it is very important that you take the time to show them
what you do in terms of the business value drivers provided on the work sheet in Tactic 3. You can
use the information provided by the other tactics to help make a better case for having the EHS
activity involve more than one business value driver.  Paying careful attention to these tables will
help you explain the connection when asked – and you will be asked! 

What can I do to drive the business value that is external to the day-to-day
operations?

Some of the business value drivers are associated with entities that are “external” to the operation,
e.g., customers, suppliers, regulators, insurers, lenders, and community organizations of all kinds.
Reputation, time to market, and risk are all tied into your ability to get permits and file reports that
do not get bad coverage in the press or on the Internet. Shareholders are just a subset of the stake-
holders that are impacted by the EHS program in your company.  You need to keep them informed
and present information to them with full accountability and transparency.  It takes such a large
effort to get these external stakeholders to trust your EHS efforts.  Sometimes, a single incident or a
failure to act without accountability and transparency can destroy all the trust that you worked so
hard to build.

What can I do to drive the business value internal to our own operations?

Many of the business value drivers operate within the four walls of the company.  These are called
“internal” drivers.  Just because you are able to see the connections between EHS activities and the
internal driver, do not take for granted that everyone else will see the connection.  Work with the
managers and other functional managers to clarify what is meant by the business value driver so that
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it is clearly defined and focused on.  Use your new business knowledge to make a good case for
aligning your EHS activities with the drivers.  Do not stretch the alignment.  State the connections
as you know them.  Keep looking for additional connections and feel free to update our listing on a
regular basis.  

Isn’t Baldrige a Presidential Award program that is very complicated and
expensive to participate in?

You are referring to the Malcolm Baldrige National Performance Award program!  The expensive
part of the program is getting the program in place and writing the precise 50-page application to
submit for the award.  However, you do not need to enter the award program to take advantage of
the knowledge that is distilled into the Baldrige criteria guide for business.  Many companies (e.g.,
Baxter Healthcare, Johnson & Johnson, Intel, Motorola, and Eaton Corporation) use Baldrige as the
basis for their in-company operational excellence programs.  The state of New Mexico has adopted
the Baldrige model as the foundation for their statewide environmental excellence program – the
Green Zia Program for Environmental Excellence.  Other states (e.g., Oklahoma) are beginning to
see the benefit of equating EHS activities to business value and performance and are adopting pro-
grams like the Green Zia to help companies get the recognition they deserve for integrating their
program into the core business.

My company may resist being scored for its true performance.  Is there some
other way of expressing this important concept?

Some companies have used the scores as the basis for setting stretch goals in the quest for achiev-
ing manufacturing or service excellence.  However, more companies are just using broad scoring
bands and calling them something like gold, silver, and bronze or platinum, gold, and silver.  It is
even possible to have four categories rather than three.  They do not remove the scoring, but rather
keep the actual score hidden within the range.  Maybe it is just the trauma of having to work so
hard for a grade point average in school.  It is the same analogy for true performance scoring.

Why does the use of the Baldrige model to trend true performance help us
improve our EHS program?

It helps people make continuous improvement on the behaviors that will help the EHS program
improve and add business value.  Leaders often score low in the things covered in the Baldrige lead-
ership criterion.  They are also very competitive.  When they get the feedback from the scoring of
the leadership criterion, they will ask what they need in order to improve their score.  It will be hard
to stop them before the scores are taken again.  This is also true in the other five main criteria cate-
gories as well.

What is the best way to learn more about the Baldrige criteria and how to
score them in actual practice?

Most states have a Baldrige program at the state level.  They usually offer free courses and provide
the opportunity for you to become an examiner so you can practice scoring other company’s applica-
tions.  This is the best way to learn.  If you work for a small- or mid-sized company, you should see
if any of your customers use the Baldrige model in their operational excellence programs.  A grow-
ing number of companies are using this model since it has been proven that it leads to superior
financial performance.  Your customers would welcome you to their training programs and would be
very pleased to see you take the experience back to your own firm.
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Why does the Global Reporting Initiative (GRI) ask me to measure 16 required
environmental indicators with an option to add 19 additional indicators when I
can score all of the EHS results with just one number by using the Baldrige
model?

As you know, the EHS compliance arena is very complicated and compartmentalized – environ-
ment is broken into a host of different media and there are occupational safety, occupational health,
as well as community health and safety concerns.  It is no wonder that we find ourselves tracking so
many different results.  How does one choose which ones to follow?  The GRI had a very difficult
task to get this number down to just 35 indicators (i.e., results).  However, the people involved in
preparing the GRI were not aware of the Baldrige model, even though the consensus committee
members all came from countries that use the Baldrige model as the platinum standard for perform-
ance measurement!  

Why aren’t more companies using the Baldrige model to score EHS results?

Even companies that use the Baldrige model for their Operational Excellence Program rarely use
the model to score results.  They think of having ONE score with the results score comprising
approximately 40% of the total score.  A few companies, like Johnson & Johnson, provide separate
scores for the results.  Having a single score for the results, whether it is for all results or just focused
on EHS results, is like keeping track of your grade point average when you are in school.  You can
easily tell how well you are doing with a single number and you can compare yourself to others,
both at your school and at other schools.  There is no need for dashboards and scoreboards and other
things that consultants try to sell to the company!

How does the scoring of results differ from the use of the balanced scorecard?

In Tactic 6, all the results are scored using the Baldrige model.  You get a single score for the
results.  This score can be tracked and trended to measure the amount of continuous improvement
associated with the outcomes of performance at your company.  The scorecard in Tactic 8 shows how
each of the key results (indicators) is linked to the financial indicators.  You will be tracking 10 to
20 results with the scorecard.  Both of these tactics are an important part of your overall effort to
manage the results of performance in your organization.

Does the scorecard actually measure performance?

No!  The items tracked on the scorecard are either outcomes of performance (lagging indicators or
results) or expected outcomes of performance (leading indicators or results).  The scorecard relates
results directly to the financial results of the company.  This is an important element of your ability
to demonstrate that you are adding business value to the company.  While true performance measure-
ment is not included directly on the scorecard, it does drive the behaviors that will make the results
much more attractive to the management.

How many EHS results should we track on our scorecard?

There are four results categories on the scorecard.  Most people believe you should track no more
than three or four indicators in each of the categories – 12 to 16 indicators overall.  Make sure that
you test the results using Tactic 6 before using them on the scorecard.  This will help you keep
some control over this comparison while you are making it more understandable to management and
other interested outside parties and stakeholders.
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If we use the Baldrige model to score our results, do we still need to use the
scorecard?

Yes!  The Baldrige model scores the results in six categories: product and service outcome results;
leadership and social responsibility results; stakeholder (customer) results; employee involvement
results; organizational effectiveness results; and financial and market results.  These results are linked
to the six true performance criteria in the Baldrige model.  As a package, they help spur performance
excellence.  Measuring them helps document continuous improvement.  The results in the scorecard
are all key indicators of your day-to-day quest to add business value since they are all linked to the
financial indicators.  You should be concerned with the Baldrige results scoring once or twice a year.
The scorecard will be used on a monthly or quarterly basis throughout the year.

Is there more than one kind of scorecard?

Yes!  The most popular scorecard is called the “Balanced Scorecard” and was developed by Robert
Kaplan at Harvard University.  However, there is another scorecard known as a performance score-
card.  It was developed by Richard Chang.  You can find the books that describe each of these
scorecard methodologies in the reference section of this publication.  The balanced scorecard is not
very flexibly applied.  There is much more ability to adapt the performance scorecard to the specific
culture and needs of your company.

Here is a sample Balanced Organizational Scorecard.
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Appendix 2: Correlating EHS Performance and 
Business Values
Barriers Between EHS Performance and Business Value

The U.S. Environmental Protection Agency (EPA), in a 2000 study titled “Green Dividends?—The
Relationship Between Firms’ Environmental Performance and Financial Performance,” identified five pri-
mary barriers to an understanding of the relationship between a company’s environmental
performance and financial performance. These barriers, explained in this section, also apply to work-
place safety and health.

1) Lack of standard terminology to describe EHS performance. A common terminology to
describe EHS management strategies, and technical skills to relate such strategies to financial per-
formance, is lacking. If EHS performance cannot be precisely defined, it cannot be measured
rigorously. If such performance is not defined with reference to the operational objectives of individ-
ual firms and specific industries, it will not be relevant to managers and investors. A comparison of
the language and criteria used to show performance in different corporate environmental or safety
reports underscores the lack of consensus on the definitions and metrics used to convey EHS-related
financial results.

For example, Interface Inc.’s 2003 Sustainability Report displays workplace safety performance by
the number of injury incidents per 200,000 hours worked, and Johnson & Johnson’s 2003
Sustainability Report displays the corresponding incident rate as the number of incidents per 100
employees. In order to compare the safety records of these companies, further analysis is needed to
ensure both companies calculated their incident rates using the same criteria.

The financial services industry has not identified what, if any, environmental performance informa-
tion it wants. Financial analysts have indicated that only industry-specific information—comparisons
within, not across, industries—would be useful for its purposes.

2) Uncommon language among financial and EHS professionals for describing EHS values.
An organization’s financial managers often do not have evidence that it is worth the time and effort
to understand the business value of a company’s environmental strategies. Financial analysts have no
industry-specific environmental analyses nor company-specific environmental data related to estab-
lished drivers of corporate value. Financial analysts, company environmental managers, regulators,
and environmental advocates also have different professional vocabularies and perspectives for evalu-
ating and describing the same conditions.

3) Inadequate technical skills to understand how environmental strategies affect financial
outcomes. The lack of means to translate environmental issues into financial terms was the greatest
single barrier to integrating information about environmental strategies into financial analysis
(PricewaterhouseCoopers, 1999). One industry may consider such integration important, and another
industry may not. The lack of uniformity in skill and information integrity across industries will
limit the ability of financial analysts who work for companies to articulate the value of those compa-
nies’ environmental strategies. Within companies, few people are experienced with environmental
and full cost accounting, which enables managers to measure total environmental costs.

4) Lack of market incentives for EHS-related value to a product. There is currently no way to
demonstrate an industry-recognized standard of EHS performance that increases a product’s value in
the marketplace. The existing EHS regulatory system is generally focused on prescribing and enforc-
ing environmental, safety, and health standards. It has not gained much success with market
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mechanisms that would provide economic incentives to improve environmental performance. Sulfur
dioxide emissions trading in the utility and manufacturing industry has shown some success as a
market incentive, but the trading model has not yet been proven in other industries.

5) Fiduciary responsibility to disclose EHS information is discouraged. The lack of uniformity
in disclosure of environmental performance means that investors cannot compare performance among
companies. Even if financial managers were willing and able to disclose the financial value of EHS
strategies, they would have difficulty doing so. The Securities and Exchange Commission (SEC) rules
have only recently required SEC registrants to disclose certain information concerning compliance or
noncompliance with federal, state, and local environmental rules. For example, the material effects of
complying or not complying with environmental requirements on capital expenditures, earnings,
and competitive position must be reported (17 Code of Federal Regulations 229.101).

Correlating EHS Performance and Business Values

EHS professionals need to know how business managers measure EHS program performance, and
have a clear understanding of the business values that apply to their organizations, before they can
make an effective business case for their EHS initiatives. This section describes EHS functions as a
business cost, lists the business values critical to the organization’s executives, and links the two
together.

EHS Functions as a Business Cost

EHS functions cover a wide range of tasks within an organization. All are sometimes viewed as a
cost (as opposed to an investment or benefit) from the business management perspective. Following
are several EHS-related functions with their associated costs:

◆ Energy efficiency measures—development and implementation
Cost: Staff time, equipment purchase and maintenance

◆ Environmental permit compliance—permit applications, renewals, monitoring, and reporting
Cost: Staff time, application and legal fees, monitoring costs

◆ Pollution prevention (P2) programs
Cost: Staff time, consultant fees, equipment purchase

◆ Recordkeeping—OSHA logs, training schedule and records, permit, remediation, and reg-
ulatory compliance records
Cost: Staff time, administrative supplies

◆ Remediation
Cost: Staff time, consultant fees, equipment purchase or lease

◆ Safety compliance
Cost: Staff time, equipment downtime, production delays

◆ Safety committee administration
Cost: Staff time

◆ Security measures—chemicals, equipment, personnel, and production processes
Cost: Staff time, equipment purchase, production delays

◆ Studies, audits, and reports—environmental impact studies, environmental and safety
audits, and job hazard analysis
Cost: Staff time, consultant fees
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◆ Training
Cost: Staff time, consultant fees, production delays (employee downtime), and equipment
purchase

◆ Waste reduction program—planning and implementation
Cost: Staff time, equipment purchasing and maintenance, consultant fees

Business Values

Following are core business values of an organization’s executives and investors:

Profitability Reputation/Image/Brand

Market Share Time to Market

Shareholder Value Cost Containment

Productivity Customer Service

Compliance Risk

Business and financial terminology. A major barrier in expressing EHS functions or perform-
ance as a business value is a lack of common terminology. Appendix 4 explains the meaning and
applications for several terms used by financial analysts that EHS professionals should know as they
measure and express the performance of their programs as a business value.
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Appendix 3: Business Management Programs That
Enhance Business Value of EHS 

A number of business management strategies have been developed that can help enhance the busi-
ness value of EHS functions and activities. Several are outlined in this section:

◆ Environmental Management System

◆ Occupational Health and Safety Management System 18000

◆ Global Reporting Initiative Guidelines

◆ Lean Manufacturing

◆ Quality Assurance

◆ Balanced Organizational Scorecard

◆ Six Sigma

◆ Baldrige Performance Excellence Model

Environmental Management System (EMS)/International Organization for
Standardization (ISO) 14000

The principal EMS guidance standard used by federal and state agencies in the United States is the
ISO 14000 series.

The ISO 14000 series is a collection of standards that apply to several different aspects of environ-
mental management, auditing, and life cycle assessments. The standards help an organization to set
its own goals and standards for internal compliance and performance. Progress is not measured
against a regulatory requirement, another company, or industry index, unless the organization
designs it to do so. Generally, environmental objectives and performance targets are geared toward
pollution prevention and operational efficiency. The ISO 14000 standards are expressed in a company
as a written EMS.

An EMS addresses the following core elements:

◆ Environmental policy—Management must formulate a written environmental policy rele-
vant to the nature, scale, and environmental impacts of the operation. It must include a
commitment to continual improvement and pollution prevention.

◆ Planning—An organization must identify the environmental aspects of its activities, prod-
ucts, or services over which the facility can be expected to exert control. Then, the
organization must determine which of these aspects have a significant impact and ensure
that the organization’s objectives and targets include these impacts.

◆ Implementation and Operation—The standard requires the organization’s EMS to have a
clear structure and chain of responsibility, and describe training needs, internal and exter-
nal communications procedures, document control process, and written operating and
emergency procedures.

◆ Monitoring, Recordkeeping, and Corrective Action— An organization must maintain
written procedures for monitoring and measuring the key characteristics of its operations
and activities that can have a significant impact on the environment, a process for conduct-
ing nonconformance investigations, and recordkeeping.

◆ Management Review—Top management is required to periodically review the EMS to ensure
its continuing suitability, adequacy, and effectiveness. This review must be documented and



Making the Business Case for EHS

address the possible need for changes to the EMS, taking into consideration the audit results,
changing circumstances, and the concept of continual improvement.

Performance Track. EPA’s Performance Track is designed to recognize and encourage top environ-
mental performers who go beyond compliance with regulatory requirements to attain levels of
environmental performance through the implementation of an EMS. The Performance Track is avail-
able to facilities of all types, sizes, and complexity, public or private, manufacturing or service
oriented.  Several states participate in Performance Track.

Facilities seeking entry into the Performance Track program must have adopted and implemented
an EMS, commit to improving their environmental performance, commit to public outreach and
performance reporting, and have a record of sustained compliance with environmental requirements.

Occupational Health and Safety Management System (OHSAS) 18000

OHSAS 18000 is an international occupational health and safety management system specifica-
tion. The OHSAS specification provides a framework for an organization to control its safety and
health risks, improve its performance, and at the same time, comply with legislative and regulatory
requirements. OHSAS 18000 is comprised of two parts - OHSAS 18001 and OHSAS 18002 - and
embraces a number of other publications. It is compatible with the ISO 9001 and ISO 14001 man-
agement systems standards. OHSAS 18001 is an audit/certification specification, not a legislative
requirement or a guide to implementation.

To obtain compliance from a certifying agency, an organization must first establish an OHS policy
that illustrates the company’s vision and commitment to health and safety. Any potential hazards
must be determined and identified, and their risks assessed and controlled on an on-going basis. 

OHSAS 18000 tracks very closely with the ISO 14000 series.

Global Reporting Initiative (GRI) Guidelines

GRI is an independent institution whose mission is to develop and disseminate globally applicable
Sustainability Reporting Guidelines. Their Guidelines are for voluntary use by organizations for
reporting on the economic, environmental, and social dimensions of their activities, products, and
services.

The GRI Guidelines are a framework for reporting on an organization’s economic, environmental,
and social performance. The Guidelines:

◆ Present reporting principles and specific content to guide the preparation of organization-
level sustainability reports; 

◆ Assist organizations in presenting a balanced and reasonable picture of their economic,
environmental, and social performance;

◆ Promote comparability of sustainability reports, while taking into account the practical
considerations related to disclosing information across a diverse range of organizations,
many with extensive and geographically dispersed operations;

◆ Support benchmarking and assessment of sustainability performance with respect to codes,
performance standards, and voluntary initiatives; and

◆ Serve as an instrument to facilitate stakeholder engagement.
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Lean Manufacturing

Lean Manufacturing is the systematic elimination of waste by focusing on production costs, prod-
uct quality and delivery, and worker involvement. It represents a fundamental paradigm shift from
the traditional “batch-and-queue” mass production to a “single-piece flow, pull production.”
Implemented properly, a shift in demand can be accommodated immediately without the loss of
inventory stockpiles associated with the traditional batch-and-queue manufacturing system.

Quality Assurance/ISO 9000

The ISO 9000 series of performance standards are concerned with improving an organization’s quality
management. It focuses on the customer’s quality requirements and applicable regulatory requirements,
while aiming to enhance customer satisfaction and achieve continual improvement of the organization’s
performance in pursuit of these objectives. The “customer” is often another business.

Balanced Organizational Scorecard

Note: The discussion of the Balanced Scorecard and the Balanced Scorecard chart on page 176 
are derived from presentations by Peter Furst, Vincent Kranz, and Norka Saldaña. See Chapter 6,
Appendix 5, for more information.

Good visual displays of data, information, trends, strategies are essential for getting corporate
managers to buy in to new or enhanced company programs. An effective way to do it: Build a 
balanced organizational scorecard.

The balanced scorecard is a management system—as well as a measurement system—that enables
organizations to clarify their vision and strategy and translate them into action. The balanced score-
card approach provides a clear prescription as to what companies should measure in order to
“balance” the financial perspective. Some organizations use the term dashboard as an alternative to the
scorecard. The dashboard should include a glossary of definitions (easy way to translate EHS terms
into business values) for anyone viewing the dashboard.

An organizational scorecard is built into an overall management framework that takes into account
five primary factors:

◆ Mission—a statement of why the organization exists

◆ Guiding principles—values that drive the organization toward its mission (profit, produc-
tivity, customer satisfaction, employee loyalty, and others)

◆ Vision—how to carry out the mission (factors that distinguish the organization)

◆ How the organization is doing—criteria for measuring progress

◆ Targets—desired performance and results

The scorecard graphically illustrates how the organization is doing measured against the desired
targets. An example of the balanced organizational scorecard is provided in Appendix 1.

Six Sigma

Six Sigma is a methodology that identifies unacceptable variability in an operation, with a goal to
eliminate operational defects. It is also a statistical measure of performance (3.4 defects per million
operations or opportunities, or six standard deviations (sigmas) from an average). It is a measure of
quality that strives for near perfection. The original goal of Six Sigma was to increase customer satis-
faction through the reduction of product defects. It has evolved as a way to do business.
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Six Sigma can be used to enhance the business value of EHS programs. For example, it can be used
to measure a company’s progress toward reducing the lost workday rate (LWDR) from workplace
injuries. Johnson & Johnson, a healthcare products company, used the Six Sigma metric to establish a
companywide LWDR goal of 0.06 injuries per 100 employees. EHS managers needed to show corpo-
rate executives how they were going to meet that goal and justify the need for company resources
(finances, authority, and commitment) to do it.

The basic elements of the Six Sigma strategy are:

◆ Define—Identify and define the EHS problem and business value affected

◆ Measure—Develop and implement method(s) of measurement (LWDR, for example)

◆ Analyze—Analyze the data collected and compare against goals/targets

◆ Improve—Identify and address the 20% of the drivers that will generate 80% of the 
outcomes

◆ Control—Recommend and implement measures to control and reduce operational defects

Repeat the process until the Six Sigma goal is achieved.

Johnson & Johnson’s Process Excellence staff combined the Six Sigma strategy with the balanced
organizational scorecard. Through this process, they found that driving accidents had the greatest
impact on LWDR, and developed strategies to prevent driving accidents.

Baldrige Performance Excellence Model

The Malcolm Baldrige Performance Excellence Model is a performance system that evaluates a
company’s status and progress toward two goals:

◆ Delivering ever-improving value to customers

◆ Improving overall operational performance

The Malcolm Baldrige National Quality Award is given by the president of the United States to
businesses and to education and healthcare organizations that apply and are judged to be outstanding
in seven categories of business activity. Many businesses conduct self-assessments of their business
operations using the Baldrige Model exclusive of the Award.
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Appendix 4: Glossary—Your Business Value Vocabulary
Introduction

Besides serving as a glossary of the terms used in this publication, this section can be used to help
you build the vocabulary that will be very useful as you move down the path to delivering business
value to your firm.  You could select terms and look them up in the reference library outlined in this
publication or you could just search for the terms on the Internet with a Web browser.   

360-Degree Performance Evaluation – The 360-degree performance evaluation is a common tool
in human resource management. Simply put, it is a mechanism for evaluating someone’s performance
based on feedback from everyone with whom the individual comes in contact—supervisors, co-workers,
partners, subordinates, the general public. It is a method of collecting input from many sources in an
employee’s environment.  The employee completes a self evaluation, the supervisor prepares an evalu-
ation, and a contractor completes the peer evaluation using the inputs from all the other parties.
Performance evaluations for EHS programs can be completed in the same manner by sending out a
questionnaire to a statistical sample of the people impacted by the program.

5S – See Five S

A
Accounting Sheets – See Resource Accounting Sheet and Activity Accounting Sheet.

Action Plan – An implementation tool that is used in the Systems Approach to process improve-
ment and featured in this publication in Tactic 1. Employee teams use the quality management
tools to prepare a draft action plan that details, task by task, how they plan to address the problem
or opportunity for process improvement.  Once the action plan is approved by management, the
employees will be held accountable for achieving the performance goals stated in the plan for the
resources that have been agreed on.

Activity Accounting Sheet – This sheet is linked to the hierarchical process map in the Systems
Approach.  Each work step at the lowest level has an activity accounting sheet to provide informa-
tion on the activities that are necessary in order to perform that work step and the activities that are
necessary to manage the losses that are represented in the resource accounting sheet.  It also provides
links to the activity supporting processes used by the work step.  Information in these sheets can be
computerized and maintained in a database.

Activity-Based Costing (ABC) – A costing procedure devised by Robert Kaplan and Robin Cooper
in 1988 whereby the costs incurred in manufacturing are not accumulated by geographic area, and
then assigned to products based on a simple “cost driver,” such as the number of employees in the
area. Instead, they are accumulated by type of activity undertaken. Examples of activities are
machine set ups; quality management; and purchase order placement. The costs incurred in these
activities are then allocated to products based on the demand the products make on the activities.
(Kaplan is also co-inventor of the balanced scorecard.)

Alignment – Consistency of action plans, processes, information, resource decisions, actions, results,
and analysis to support key organizationwide goals. Effective alignment requires a common under-
standing of purposes and goals. It also requires the use of complementary measures and information
for planning, tracking, analysis, and improvement.
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Approach – Methods used by an organization to address the Baldrige criteria requirements.
Approach includes the appropriateness of the methods to the specifics of the criteria items and the
effectiveness of their use.

Aspect – In ISO 14001, an aspect is a feature or characteristic of an activity, product, or service that
affects or can affect the environment. Using the Systems Approach’s resource accounting sheets, every
use and loss of a resource in the work steps represents an aspect.

B
Balanced Scorecard – An idea put forward by Robert Kaplan and David Norton in their book of
1996 that organizational management within the company must take into account a complete range
of sub-objectives, some of which may appear to be in conflict and some of which may be mutually
reinforcing. A balance must be arrived at by weighing the conflicting requirements for: (1) corporate
learning and growth; (2) superior operation of the company’s business processes (especially in relation
to its “mission”); (3) intense focus on the company’s customers; and (4) soundness of financial status.
It follows that there must literally be a balanced scorecard, one quantitatively measuring the per-
spectives (1) to (4). 

Balance Sheet – A statement of a business or institution that lists the assets, debts, and owners’
investment as of a specified date.

Baldrige Performance Model – Using the criteria from the Malcolm Baldrige National
Performance Award Program to score the true performance and the results of an organization or pro-
gram within the organization.

Benchmarks – Processes and results that represent best practices and performance for similar activi-
ties, inside or outside an organization’s industry. Organizations engage in benchmarking to
understand the current dimensions of world-class performance and to achieve non-incremental or
breakthrough improvement.

To an organization seeking to improve its own “performance,” benchmarks are quantitative measures
of performance achieved by others, extolled as desirable targets to which it should aspire. Benchmarks
are usually chosen from three sources: (1) internal operations (i.e., within a large corporation, other
companies within that organization); (2) external companies (in other industries); and (3) competitive
companies (rival companies in the same industry).  The thought has been to find another company
doing better than yourself (i.e., having a superior benchmark), study it to identify how the conduct of
its operations is different or better, and copy it. The benchmarking bubble burst as people realized
that the reasons for differences between their own performance and the benchmark standards were due
to fundamental differences between their own systems and those of other companies. 

Best Practice – An initiative or approach that is considered to be a superior method or innovative
practice that contributes to improved performance of the organization, usually recognized as “best”
by other peer organizations.  

Bill of Materials (BOM) – As the term is applied to a sales product or assembly, it is a representa-
tion of that product and the immediate components of which it is composed. By “representation” is
meant not only the identities of the components but the number of them that go to make it up (e.g.,
for a bicycle, the components are two wheels, one frame, etc.). Similarly, the BOM of these constituent
subcomponents can also be added, and so on all the way down to the basic raw materials. If all of the
sales products, together with all of their components, subcomponents and, eventually, raw materials,
are included in a grand representation, then the company’s overall BOM is complete. Many compo-
nents will be common to more than one final sales product, of course, and many subcomponents will
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be common to more than one component, so that this final representation may be thought to be a
highly complex structure with intertwined interdependencies. In practice, the representation of the
BOM on the computer is relatively simple. That is, the BOM’s database contains one record entry for
each separate item involved in the total bill – i.e., one record for sales product X, one record for sales
product Y ... one record for component C1, one record for component C2 ... and so on. Furthermore,
the data associated with each such record comprise only the identities of the product’s immediate con-
stituents. Conceptualization of the database is straightforward and its maintenance is simple. The
resource accounting sheets in the Systems Approach use the BOM as a data source.

Black Belt – Usually a full-time person, skilled in quality improvement systems and tools, who
trains, leads, and supports Six Sigma problem-solving teams in measuring, analyzing, improving,
and controlling processes critical to both customer satisfaction and profitability.  Some groups offer
focused training and certifications for this position.  There are also Green Belts (part-time involve-
ment in the Six Sigma program) and Master Black Belts.

Black-Scholes Equation – This is the basis for a real options pricing model theory that won a
Nobel Prize for the developers.  The Black-Scholes equation is a partial differential equation for the
value of an option as a function of asset price and time. Parameters in the equation are volatility of
the underlying and risk-free interest rate. See Black, F. & Scholes, M. (1973) “The pricing of options
and corporate liabilities,” Journal of Political Economy 81 637-59.  A paper describing a simplified
version of this model can be accessed on the Internet at http://www.in-the-money.com/artandpap/Option
%20Pricing%20-%20A%20Simplified%20Approach.doc. 

Bottom-up Management – This is when employees are involved in the design, planning, and 
implementation of projects that affect their work.  In the Systems Approach, employees use quality
management tools to prepare action plans for their projects.  Once these action plans are approved 
by management, the employees are held accountable for reaching their stated performance goals.

Brainwriting – A written variant of brainstorming that is used in the Systems Approach in the
direction of process improvement and featured in this publication in Tactic 1. It is used to generate
alternative solutions for the problem or opportunity that a team is focused on.  Better results are
obtained when brainwriting is preceded by both a statement of the problem and root cause analysis.

Brand – A product, service, or concept that is publicly distinguished from other products, services,
or concepts so that it can be easily communicated and usually marketed. A brand name is the name
of the distinctive product, service, or concept. Branding is the process of creating and disseminating
the brand name. Branding can be applied to the entire corporate identity as well as to individual
product and service names. Brands can be protected from use by others by securing a trademark or
service mark from an authorized agency, usually a government agency. Before applying for a trade-
mark or service mark, you need to establish that someone else hasn’t already obtained one for your
name. A company’s brands and the public’s awareness of them is often used as a factor in evaluating
a company. Corporations sometimes hire market research firms to study public recognition of brand
names as well as attitudes toward the brands. 

Breakthrough Event – A dramatic change in process during which a team gets past an old barrier
or milestone to achieve a significant increase in efficiency, quality, or some other measure.

Breakthrough Improvements – A dynamic, decisive movement to a new, higher level of perform-
ance that is based on the consideration of “lessons learned” and the leveraging of knowledge using
the Systems Approach tools.  This moves beyond the “incremental” improvements that are much
more likely in process improvement and the implementation of best practices.
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Bubble Sorting – See Bubble-up/Bubble-down

Bubble-up/Bubble-down – A prioritization tool that is used in the Systems Approach to process
improvement and featured in this publication in Tactic 1. It is based on a forced-pair comparison of
the alternative solutions.

Business Process Re-engineering (BPR) – The examination of the processes and procedures which
make up the operational activities of the company, and through which its products and services are
delivered, such examination being conducted with a view to streamlining them to eliminate those
which are wasteful and to focus those which “add value” more intently on customer requirements. 

C
Cash Flow Analysis – The study of the cycle of a business’ cash inflows and outflows, with the pur-
pose of maintaining an adequate cash flow for the business, and to provide the basis for cash flow
management. Cash flow analysis involves examining the components of the business that affect cash
flow, such as accounts receivable, inventory, accounts payable, and credit terms. By performing a cash
flow analysis on these separate components, a company can identify cash flow problems and find
ways to improve the cash flow.  

Cash Flow Return on Investment (CFROI) – Is normally calculated on an annual basis and com-
pared to an inflation-adjusted cost of capital to determine whether a corporation has earned returns
superior to its costs of capital.  An advantage of CFROI is that it ties the measurement of perform-
ance to the ability of a corporation to generate cash flow.  The formula is rather complex.

Cause and Effect Diagram – A tool for analyzing the root causes for a problem or opportunity that
is used in the Systems Approach to process improvement and featured in this publication in Tactic
1. It is also referred to as the “Ishikawa diagram,” because of its inventor – Kaoru Ishikawa.
Another name is the “fishbone diagram,” because the complete diagram resembles a fish skeleton.
The diagram illustrates the main causes and subcauses leading to the problem determined in the
statement of problem.

Chart of Accounts – The coding elements used to classify, record, budget, and report financial
transactions. Every transaction must be properly coded to be a valid posting to a ledger.  The Chart
of Accounts is used in Activity-Based Costing to locate the items that are placed in the overhead
accounts of the business.

CMMS – See Computerized Maintenance Management System

Cleaner Production – The continuous application of an integrated preventive environmental strate-
gy to processes, products, and services to increase overall efficiency and reduce risks to humans and
the environment. Cleaner Production can be applied to the processes used in any industry, to prod-
ucts themselves, and to various services provided in society. For production processes, Cleaner
Production results from one or a combination of conserving raw materials, water, and energy; elimi-
nating toxic and dangerous raw materials; and reducing the quantity and toxicity of all emissions
and wastes at source during the production process.

Competitive Advantage – The strategies, skills, resources, features, or knowledge that differentiate a
business from its competitors. Also, the strategic development where customers will choose a firm’s
product or service over its competitor’s based on significantly more favorable perceptions or offerings.

Compliance Through Prevention – Whether you are concerned about environmental compliance
or health and safety compliance, there are two ways to get there: (1) You can read all of the regula-
tions and do everything they say all of the time; or (2) you can seek to change the process in such a
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way that it no longer triggers the need for the compliance requirement.  The latter approach relies
on prevention to avoid the very need for compliance.  When you are able to do this, it always adds
business value to the company.

Computerized Maintenance Management System – This is a computer program that assigns a
work order number to all maintenance activities that are required (e.g., preventive maintenance and
breakdown maintenance repairs).  Maintenance personnel charge their time and materials to these
work order numbers in such a way that there is a complete activity-based cost to each assignment.
Management can query the system to see which assets are requiring the most maintenance and make
decisions on replacing these assets with more efficient assets.  This computer program also keeps
track of asset histories and other important information.

Contingent Costs – Refer to environmental costs that are not certain to occur in the future but
depend on uncertain future events (e.g., costs of remediating future spills).  Sometimes referred to as
“environmental liabilities,” “liability costs,” or “contingent liabilities.”

Core Values – See Values

Cost-Benefit Analysis – Imposes an accounting framework that prescribes classes of benefits and
costs to consider, means to measure them, and approaches for aggregating them. Key parameters,
like the rate at which to discount, are highlighted, and ways to recognize inherent uncertainties are
supplied, as are ways to deal with uncertainties. Even though the approach originated as an analogy
to private studies of investment, and thus to calculate a “go-no-go” decision, the technique is flexible
and can be used to choose among a range of alternatives, to make comparable projects of differing
lengths, and to identify instances where costs and benefits place identifiable groups at special advan-
tage or disadvantage. Given these attributes, there is little wonder that pressures to apply the
technique to important decisions are growing.

Cost of Capital – The rate of return capital providers would expect to receive if they would invest
their capital elsewhere.

Customer – Actual and potential users of your organization’s products or services. Customers
include the end users of your products or services, as well as others who might be the immediate
purchasers of your products or services, such as wholesale distributors, agents, or companies that fur-
ther process your product as a component of their product. 

Cycle Time – Time required to fulfill commitments or to complete tasks. Time measurements play a
major role in value measurement because of the great importance of time performance to improving
competitiveness. Cycle time refers to all aspects of time performance. Cycle time improvement
might include time to market, order fulfillment time, delivery time, changeover time (in process),
customer response time, and other key measures of time.

D
DMAIC – An acronym in the Six Sigma program that represents an ordered quality management
approach to working on a problem that includes:  Define the problem; Measure; Analyze; Improve;
and Control.

Direct Costs – An accounting term for costs that are clearly and exclusively associated with a prod-
uct or service and treated as such in cost accounting systems.

Discount Rate – The interest rate in present value calculations.  The discount rate represents the
rate of return that the organization could earn on alternative investments.  An organization may have
a minimum required rate of return (or hurdle rate) which investments must exceed (e.g., 15 percent).
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Investments which do not generate an Internal Rate of Return (IRR) of 15 percent or do not generate a
positive Net Present Value (NPV) when discounted at the hurdle rate, do not provide the organiza-
tion’s required rate of return. 

Discounted Cash Flow – What someone is willing to pay today in order to receive the anticipated
cash flow in future years.  It means converting future earnings to today’s money.  The future cash
flows must be discounted in order to express their present values in order to properly determine the
value of a company or project under consideration as a whole.

Draft Action Plan – See Action Plan

Deployment – The extent to which an approach is applied in addressing the requirements of a
Baldrige criteria item. Deployment is evaluated on the basis of the breadth and depth of application
of the approach to relevant processes throughout the organization.

E
Earnings before interest, taxes, depreciation, and amortization (EBITDA) –  One of the most
popular measures of cash flow. EBITDA = Revenue – Expenses (excluding tax, interest, depreciation,
and amortization). Intended to be a measure of the amount of cash generated by a company’s opera-
tions (but leaving out the costs of financing and taxes – the “I” and the “T”). The danger with
EBITDA is that if the “D” and “A” represent a “using up” of an asset that will have to be replaced in
the future, then they really are operations-related expenses, making EBITDA too liberal a number. 

Earnings per share (EPS) – Represents the portion of a company’s earnings, net of taxes and pre-
ferred stock dividends, that is allocated to each share of common stock. The figure can be calculated
simply by dividing net income earned in a given reporting period (usually quarterly or annually) by
the total number of shares outstanding during the same term. Because the number of shares out-
standing can fluctuate, a weighted average is typically used.

Economic Value Added (EVA) – A measure of financial performance that calculates the true eco-
nomic profit of a corporation.  EVA can be calculated as net operating after taxes profit minus a
charge for the opportunity cost of the capital invested.  It is an estimate of the amount by which
earnings exceed or fall short of the required minimum rate of return for shareholders or lenders and
comparable risk.

Effective – How well a process or measure addresses its intended purpose. Determining effectiveness
requires the evaluation of how well the approach is aligned with the organization’s needs and the
deployment of the approach or the outcome of the measure used.

Enterprise Resources Planning (ERP) – An outgrowth of Materials Requirements Planning (MRP)
initiated in the 1970s as a new computer-based approach to planning and scheduling of material
requirements and inventory, featuring the time-phased order point. MRP evolved to MRPII
(Materials Resources Planning), the “closed loop” process, to Business Requirements Planning (BRP)
and eventually to ERP. As MRPII came into vogue in the late 1970s and early 1980s, software com-
panies began to develop software packages around MRPII concepts.

Environmental Costs – Refer to costs incurred by an organization to comply with environmental
laws, costs for environmental protection, costs of environmental remediation, or other such costs.
The definition of environmental costs may vary across different organizations.  Environmental costs
can be categorized as conventional (associated with capital equipment, labor, materials, etc.), poten-
tially hidden (upfront and back-end costs, regulatory costs, voluntary costs), contingent, and less
tangible (image and relationship costs).  Environmental costs can also be external costs (societal costs).
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Environmental Liabilities – Refers to different types of environmental costs, including future costs
for remediating existing contamination, potential costs of complying with new regulations, future
environmental costs of current operations (also known as back-end or exit costs), and/or contingent costs.

Equipment Availability – Machine operational availability is the percentage of time during which a
process (or equipment) is available to run.  This can sometimes be called uptime.

ERP – See Enterprise Resources Planning

Executive Order 13148 – April 21, 2000; Greening the Government Through Leadership in
Environmental Management - This President Clinton executive order requires that the head of
each federal agency is responsible for ensuring that all necessary actions are taken to integrate envi-
ronmental accountability into agency day-to-day decision-making and long-term planning processes,
across all agency missions, activities, and functions. Consequently, environmental management con-
siderations must be a fundamental and integral component of federal government policies,
operations, planning, and management. The head of each federal agency is responsible for meeting
the goals and requirements of this order.  It was published on April 21, 2000, and is still in effect at
the time of the printing of this publication.

F 
Facilitator – A person that has considerable skill using the Systems Approach tools that works with
the teams seeking to develop action plans for addressing problems or opportunities for process
improvement.  The facilitator also has the skill to work with teams to help them accomplish their
task by guiding, not directing; bringing about action without disruption; helping team members
self-discover new approaches and solutions to problems; knocking down the walls that have devel-
oped between people in the organization while preserving the structure of values; and appreciating
people as people.

Five S – The Japanese and Lean Manufacturing philosophies are insistent on the need for order and
cleanliness in the workplace. The Five Ss are transliterations of Japanese words as follows: (1) Seiri
(clearing out unwanted material and simplifying); (2) Seiton (locate material in its place correctly – a
place for everything and everything in its place); (3) Seiso (ensuring the workplace is scrupulously
clean); (4) Seiketso (involving everyone – that is, ensuring that managers and staff not on the shop
floor, but whose actions impact it, also participate in the 5Ss); and (5) Shitsuke (proceduralize the first
four Ss to ensure all actions are on-going). A translation of Five S that is a bit more memorable to
the English speaker, however, is (1) sort; (2) set in order; (3) shine; (4) standardize; and (5) sustain.

Flow Chart – A graphical representation of the steps in a process.  They are typically portrayed in
portrait format and go from the top of the page to the bottom of the page.  They have a variety of
different symbols to represent decisions, work-in-progress, storage, etc.

Focus Group – A special type of group of people in terms of purpose, size, composition, and proce-
dures.  A focus group is typically composed of 7 to 11 participants who are selected because they
have certain characteristics in common that relate to the topic being presented.  The researcher cre-
ates a permissive environment in the focus group that nurtures different perspectives and points of
view, without pressuring participants to vote, plan, or reach consensus.  Group members influence
one another by responding to ideas and comments in the discussion. The group discussion is con-
ducted several times with similar types of participants to identify trends and patterns in perceptions.
Careful systematic analysis of the discussions provides clues and insights as to how a product, service,
or opportunity is perceived.
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G
General Ledger – A book of final entry summarizing all of a company’s financial transactions,
through offsetting debit and credit accounts.

Goals – Future condition or performance-level outcome that an organization intends to attain. Goals
are ends that guide actions. Quantitative goals, frequently referred to as targets, include a numerical
point or range. Targets might be projections based on comparative data or competitive data. The
term “stretch goals” refers to desired major, non-incremental, or breakthrough improvements usually
in areas most critical to your organization’s future success.

Governance – System of management and controls exercised in the stewardship of your organiza-
tion. It includes the responsibilities of your organization’s owners/shareholders, board of directors,
and CEO/owner. Corporate charters, by-laws, and policies document the rights and responsibilities of
each of the parties and describe how your organization will be directed and controlled to ensure (1)
accountability to owners/shareholders and other stakeholders, (2) transparency of operations, and (3)
fair treatment of all stakeholders. Governance processes may include approving strategic direction,
monitoring and evaluating CEO performance, establishing executive compensation and benefits, suc-
cession planning, financial auditing, managing risk, disclosure, and shareholder reporting. Ensuring
effective governance is important to stakeholders’ and the larger society’s trust and to organizational
effectiveness.

Growth rate – The compounded annualized rate of growth of a company’s revenues, earnings, dividends,
or other figures.

Guiding Principles – See Values

H
Hazard – In OHSAS 18001, a source or situation with a potential for harm in terms of injury or ill
health, damage to property, damage to the workplace environment, or a combination of these.

Hidden Costs – Refers to the results of assigning environmental costs to overhead pools or overlooking
future and contingent costs.

Hierarchical Process Map – A type of process mapping that starts with the top level of three to six
work steps.  Each work step that can be described in three to six subwork steps is then shown at the
second level and so forth.  Resources, activities, and information can be linked to the work steps at the
lowest level.  Supporting processes are linked to the work steps in the main process that use them.
Hierarchical process mapping is used in the Systems Approach to help understand the process and
communicate it to management, workers, and a host of outside interested parties or stakeholders.

How – All the questions asked in the Baldrige performance criteria begin with the word “How.” In
responding to “how” questions in the Baldrige requirements, process descriptions should include
information such as approach (methods and measures), deployment, learning, and integration factors.

I
Income Statement – Financial document showing a company’s income and expenses over a given
period (e.g., one fiscal year). Also known as the Earnings Statement or Statement of Operations. The
“bottom line” of the income statement is the company’s earnings for the period. 

Incremental Improvements – The small improvements typically made by the continuous improve-
ment process in the quality management mode.  This is contrasted to breakthrough improvements.
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Indicators – Numerical information that quantifies input, output and performance dimensions of
processes, products, service, and the overall organization. Indicators are a measure of outcome of per-
formance - they do not measure performance directly. The Baldrige score does that. Indicators might
be simple (derived from one measurement) or composite. Some indicators are called “leading” indica-
tors or predictors.

Inherently safe – Designing a process so that it cannot cause occupational health and safety issues.
This is the pollution prevention of the health and safety field.

Innovation – Making meaningful change to improve products, services, processes, or organizational
effectiveness, and to create new value for stakeholders. Innovation involves the adoption of an idea,
process, technology, or product that is either new or new to its proposed application. Successful orga-
nizational innovation is a multistep process that involves development and knowledge sharing, a
decision to implement, implementation, evaluation, and learning. Although innovation is often asso-
ciated with technological innovation, it is applicable to all key organizational processes that would
benefit from change in approach or outputs. It could include fundamental change in organizational
structure to more effectively accomplish the organization’s work.

Inputs – Resources used in a work step as shown above the work step in a resource accounting sheet
in the Systems Approach.

Integration – The harmonization of plans, processes, information, resource decisions, actions,
results, and analysis to support key organizationwide goals. Effective integration goes way beyond
alignment and is achieved when the individual components of a performance management system
operate as a fully interconnected unit. Integration is one of the dimensions considered in evaluating
the Baldrige performance criteria items. 

Intellectual Property – Refers to creations of the mind: inventions, literary and artistic works, and
symbols, names, images, and designs used in commerce. Intellectual property is divided into two
categories: Industrial property, which includes inventions (patents), trademarks, industrial designs,
and geographic indications of source; and Copyright, which includes literary and artistic works such
as novels, poems and plays, films, musical works, artistic works such as drawings, paintings, photo-
graphs, and sculptures, and architectural designs. 

Internal Rate of Return (IRR) – A present-value-based measure used for determining the com-
pounded annual rate of return on investments held for a time period of 1 year or more. An
investment with a higher IRR is typically favored over an alternative investment.

International Organization for Standardization (ISO) – A standards setting organization located
in Geneva, Switzerland, that is responsible for the upkeep of the ISO standards.

ISO 9000 – An international quality management program standard.  It is designed to help the
organization fulfill the customer’s quality requirements; applicable regulatory requirements, while
aiming to enhance customer satisfaction; and achieve continual improvement of its performance in
pursuit of these objectives.

ISO 14001 – An international environmental management program standard.  It is designed to
help an organization minimize the harmful effects on the environment caused by its activities and to
achieve continual improvement of its environmental performance.

J
Just-in-Time – An optimal material requirement planning system for a manufacturing process in
which there is little or no manufacturing material inventory on hand at the manufacturing site and
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little or no incoming inspection.  The JIT philosophy’s objective is to eliminate waste that appears
in many forms: rejected parts, excessive inventory levels, excessive material handling, and setup and
changeover times.  

K
Kaizen – A Japanese term meaning gradual unending improvement by doing little things better
and setting and achieving increasingly higher standards.

Key – Major or most important elements or factors, those that are critical to achieving your intended
outcome. The Baldrige criteria refer to key challenges, key plans, key processes, key measures – those
that are most important to the organization’s success. They are the essential elements for pursuing or
monitoring a desired outcome. 

Knowledge Assets – The accumulated intellectual resources of your organization. It is the knowl-
edge possessed by your organization and its employees in the form of information, ideas, learning,
understanding, memory, insights, cognitive and technical skills, and capabilities. Employees, soft-
ware, patents, databases, documents, guides, policies; and procedures, and technical drawings are
repositories of an organization’s knowledge assets. Knowledge assets are held not only by an organi-
zation, but reside within its customers, suppliers, and partners. Knowledge assets are the “know
how” that your organization has available to use, invest, and grow. Building and managing its
knowledge assets are key components for your organization to create value for its stakeholders and to
help sustain competitive advantage.

Knowledge Management – The name of a concept in which an enterprise consciously and compre-
hensively gathers, organizes, shares, and analyzes its knowledge in terms of resources, documents,
and people skills. In the Systems Approach, all information about the process can be stored in a data
warehouse and linked to each work step through the information accounting sheet.

L
Leadership System – How leadership is exercised, formally and informally, throughout the organi-
zation – the basis for and the way key decisions are made, communicated, and carried out. It
includes structures and mechanisms for decision-making, selection and development of leaders and
managers; and reinforcement of values, ethical behavior, directions, and performance expectations.
An effective leadership system respects the capabilities and requirements of employees and other
stakeholders and it sets high expectations for performance and performance improvement. It builds
loyalties and teamwork based on the organization’s vision and values and the pursuit of shared goals. 

It encourages and supports initiative and appropriate risk taking, subordinates organization structure
to purpose and function, and avoids chains of command that require long decision paths. An effec-
tive leadership system includes mechanisms for leaders to conduct self-examination, receive feedback,
and improve.

Lead Time – The total time a customer must wait to receive a product after placing an order.

Lean Management (also called Lean Production and Lean) – An assembly-line manufacturing
methodology developed originally for Toyota and the manufacture of automobiles. It is also known as
the Toyota Production System. The goal of Lean Management is described as “to get the right things
to the right place at the right time, the first time, while minimizing waste and being open to
change.” In addition to eliminating waste, this methodology leads to improved product flow and bet-
ter quality.
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Learning – New knowledge or skills acquired through evaluation, study, experience, and innovation.
The Baldrige criteria include two distinct kinds or learning: organizational and personal.
Organizational learning involves improvement cycles, employee and customer ideas and input, best
practice sharing, and benchmarking. Personal learning is achieved through education, training, and
developmental opportunities that further individual growth. To be effective, learning should he
embedded in the way an organization operates. Learning contributes to a competitive advantage for
the organization and its employees.

Lessons Learned – Especially at the end of a project, the question is asked, “If you had to do this all
over again, would you have done it the same way?”  Through shared information everyone can bene-
fit from another’s innovations and prevent repeating unfortunate events.  The objective of this
activity is to ensure that the Lessons Learned are documented and incorporated into the knowledge
base for future use.

Less Tangible Cost – Refers to expenses incurred for corporate image purposes or for maintaining or
enhancing relationships with regulators, customers, suppliers, host communities, investors/lenders,
and the general public.

Life Cycle Costing – A costing concept that includes all the costs incurred for a product, from its
inception to abandonment, as part of its product cost.  This could include cost of extraction, inter-
mediate manufacturing, manufacturing, transportation, product recycling in take-back,
disassembling, reverse distribution, restocking used material, disposing of waste, etc.

Lowest Level (used in hierarchical process mapping) – This level may be below the top level in
the second, third, and rarely, in the fourth level of the hierarchical process map.  It is the point when
you ask if the work can be explained in three to six sub-steps, and the answer is “no.”  This is what
is referred to as the work step.  The activity at the lowest level is what the worker does every day.

M
Main Process – The focus of the hierarchical process map.  It is a process that helps meet the mis-
sion of the company or organization and can apply to a product or service.

Malcolm Baldrige National Performance Award – The national quality award in the United States
given by the president to the winners each year.  The Baldrige model for performance improvement
is now used in more than 70 countries and 44 of the 50 states in the United States.

Market value – The most probable price property would bring in an arm’s-length transaction under
normal conditions on the open market.

Management by Objectives – This system is based on the definition of objectives which are of
strategic importance to the activity of the company and which will be measured through concrete
indicators reflecting the professional results and the efficiency of the workers.  It has a decided “top-
down” focus since management often selects the objectives before the meeting with the worker.

Management System – A network of interrelated elements. Elements include responsibilities,
authorities, relationships, functions, processes, procedures, practices, and resources. A management
system uses these elements to establish policies and objectives and to develop ways of applying these
policies and achieving these objectives.

Managerial Accounting – The process of identifying, measuring, analyzing, interpreting, and com-
municating information for the pursuit of an organization’s goals.  The key difference between
managerial and financial accounting is that managerial accounting information is aimed at helping
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managers within the organization make decisions. In contrast, financial accounting is aimed at pro-
viding information to parties outside the organization. This is also known as “cost accounting.”  

Manufacturing Resources Planning (MRPII) – Material resource planning, plus capacity planning
and a finance interface to translate operational planning into financial terms and into a simulation
tool to assess alternative production plans.

Materials Requirements Planning (MRP) – A computerized system typically used to determine the
quantity and timing requirements for production and delivery of items to both customers and suppliers.

Measures – See Indicators

Mission – The articulation of the essential nature of the business. The mission answers the question,
“What is this organization attempting to accomplish?” The mission might define customers or mar-
kets served, distinctive competencies or technologies used.  Generally, there is also an indication of
the “style” of the organization - how it wishes to be perceived by stakeholders, such as customers,
employees, investors, and the community.

Modified Delphi Technique – A group decision process to determine the likelihood that certain
events will occur.  It makes use of a panel of subject-matter experts, selected from the areas of
expertise required.  The notion is that well-informed individuals, calling on their insights and expe-
rience, are better equipped to predict the future than theoretical approaches or extrapolation of
trends.  Their responses to a scenario and a series of questions are conducted in rounds where the
summary of opinions of the people that responded before them is provided.  It is believed that the
group will converge toward the “best” response through this consensus process.  The process does not
require complete agreement by all the panelists since the majority opinion is represented by the
median of responses.  Keeping panelists for the two rounds of scenario review is difficult at times.

N
Net Present Value (NPV) – The future stream of benefits and costs converted into equivalent values
today. This is done by assigning monetary values to benefits and costs, discounting future benefits
and costs using an appropriate discount rate, and subtracting the sum total of discounted costs from
the sum total of discounted benefits.

Nonvalue Added – Activities or actions taken that add no real value to a product or service, making
such activities or actions a form of “waste.”

O
Objectives – A term that is used in ISO 14001 meaning a “specific goal.”  The objectives must be
consistent with the policy statement.

OHSAS 18001 – An international occupational health and safety management system specification. 

Operating Expenses – The money required for a system to convert inventory into throughput.

Opportunity Cost – The return one could earn on the next best investment alternative.  Because there
are always productive opportunities for investment dollars, all investments involve opportunity costs.

Opportunity for Improvement – When using a hierarchical process map and its accounting sheets it
is possible to begin to see where there are opportunities for improvement.  Every use of a resource rep-
resents an opportunity to conserve that resource.  Every loss of a resource represents an opportunity
not to have that loss.  Where there are many supporting processes linked to a work step, there could
be a lesser dependence on these supporting processes.  During the verification of the hierarchical
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process map, employees are asked how they would improve the process. Management often has pro-
grams and projects in mind to improve the process.  All of these are opportunities for improvement.

Outputs – In a hierarchical process map, outputs are usually considered as losses of resources.  The
next work step is in the throughput path of the process and is an “output” of the work step as well.
They are considered separately in process improvement.

Overhead – Often used synonymously with indirect or hidden costs as comprising all costs that are
not accounted for as the direct costs of a particular process, system, product, or facility.  The under-
lying distinction is between (1) costs that are either pooled and allocated on the basis of some
formula, or not allocated at all, and (2) costs that an accounting system treats as belonging (directly)
to a process, system, product, or facility (i.e., a cost center, in accounting terminology).

Oversight Committee – In the Systems Approach to process improvement, the oversight committee
is comprised of managers who have responsibility for the allocation of resources to the workers or
have functional responsibility to direct programs and other process improvement efforts.  They meet
to approve the draft action plans that the employees prepare using the Systems Approach tools.
They also provide guidance to the employee teams working on the process improvement projects,
but rarely serve on process improvement teams themselves.

P
Parato Chart – A graphical tool for ranking causes from most significant to least significant.  It is
based on the Pareto principle (named after the 19th century economist Vilfredo Pareto) and suggests
most effects come from relatively few causes, i.e., 80% of the effects come from 20% of the possible
causes.  It is also referred to as the 80/20 Principle.

Payback Period – The length of time required to recoup the initial investment.  Simple Payback
periods do not consider the time value of money.

P/B = Initial Capital Investment/Annual Cash Inflow

PDCA Cycle – Plan: Senior management should use the visioning process in the context of its busi-
ness plan.  The business plan is translated into action plans that are meaningful to all levels of the
organization.  Do: Implementation of action plans; answers what, how, and who for the total num-
ber of tiers in an organization, taking into account the fewer the number of tiers, the better.  This is
the time to bring members of management together and provide them with a basic understanding of
the action. Check: On a periodic basis, review the measurements of the outputs, and not what
you’ve learned that can help in the future. Act: Make the necessary adjustments to plans and priori-
ties to ensure the success of the strategy breakthroughs.

Performance – Output results and their outcomes obtained from processes, products, and services
that permit evaluation and comparison relative to goals, standards, past results, and other organiza-
tions. Performance might be expressed in nonfinancial and financial terms.

The Baldrige criteria address four types of performance: (1) product and service, (2) customer-
focused, (3) financial and marketplace, and (4) operational.

“Product and service performance” refers to performance relative to measures and indicators of prod-
uct and service characteristics important to customers. Examples include product reliability, on-time
delivery, customer-experienced defect levels, and service response time.

“Customer-focused performance” refers to performance relative to measures and indicators of cus-
tomers’ perceptions, reactions, and behaviors. Examples include customer retention, complaints, and
customer survey results.

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600) 195



Making the Business Case for EHS

“Financial and marketplace performance” refers to performance relative to measures of cost, revenue,
and market position, including asset utilization, asset growth, and market share. Examples include
returns on investments, value added per employee, debt-to-equity ratio, returns on assets, operating
margins, cash-to-cash cycle time, other profitability and liquidity measures, and market gains.

“Operational performance” refers to human resource, leadership, organizational, and ethical perform-
ance relative to effectiveness, efficiency, and accountability measures and indicators. Examples
include cycle time, productivity, waste reduction, employee turnover, employee cross-training rates,
regulatory compliance, fiscal accountability, and community involvement. Operational performance
might be measured at the work unit level, key process level, and organizational level.

Performance Excellence – An integrated approach to organizational performance management that
results in (1) delivery of ever-improving value to customers, contributing to marketplace success; (2)
improvement of overall organizational effectiveness and capabilities; and (3) organizational and per-
sonal learning. 

Performance Indicator – Should be referred to as an indicator of performance or outcome of per-
formance. Often the use of this term refers to results.

Perspective – A term used in hierarchical process mapping  

Pollution Prevention – Means “source reduction,” as defined under the Pollution Prevention Act,
and other practices that reduce or eliminate the creation of pollutants through:  increased efficiency
in the use of raw materials, energy, water, or other resources, or protection of natural resources by
conservation. The Pollution Prevention Act defines “source reduction” to mean any practice that: 
(1) reduces the amount of any hazardous substance, pollutant, or contaminant entering any
wastestream or otherwise released into the environment (including fugitive emissions) prior to recy-
cling, treatment, or disposal; and (2) reduces the hazards to public health and the environment
associated with the release of such substances, pollutants, or contaminants. The term includes: equip-
ment or technology modifications, process or procedure modifications, reformulation or redesign of
products, substitution of raw materials, and improvements in housekeeping, maintenance, training,
or inventory control.

Preliminary Process Map – A term used in hierarchical process mapping to signify the process map
that is created using available process information before the verification activity.

Price/earnings Ratio (P/E) – A valuation ratio of a company’s current share price compared to its
per-share earnings. Calculated as market value per share divided by earnings per share. 

Problem – An opportunity for process improvement viewed in a way to create a need to solve the issue.

Problem-Solving Process – Consists of a sequence of sections that fit together depending on the
type of problem to be solved. These are: 

• Problem Definition

• Problem Analysis

• Generating Possible Solutions

• Analyzing the Solutions

• Selecting the Best Solution(s)

• Planning the next course of action (Next Steps)
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The process is only a guide for problem solving. It is useful to have a structure to follow to make
sure that nothing is overlooked. Nothing here is likely to be brand new to anyone, but it is the pure
acknowledgement and reminder of the process that can help the problems get solved.

Process – Linked activities with the purpose of producing a product or service for a customer within
or outside the organization. Generally, processes involve combinations of people, machines, tools,
techniques, and materials/resources in a defined series of work steps or actions. In some situations,
processes might require adherence to a specific sequence of steps, with documentation of procedures
and requirements, including well-defined measurement and control steps.

Process Flow Chart – A diagram representing the nature and sequence of operations to be carried
out in a process.  This diagram is normally presented in a portrait format and flows from the top of
the page to the bottom of the page and uses a set of standardized process chart symbols.

Process Flow Diagram – A diagram representing the nature and sequence of operations to be car-
ried out in a process.  This diagram is normally presented in a landscape format and flows from left
to right on the page using only boxes and arrows.

Process Improvement – An improvement approach focused on incremental changes/solutions to
eliminate or reduce defects, costs, or cycle time, and leaves basic design and assumptions of a process
intact. It is the application of the PDCA philosophy to processes to produce positive improvement
and better meet the needs and expectations of customers.  The Systems Approach is a means for
planning and implementing process improvement.

Process Improvement Tool – A quality management tool that is used in the Systems Approach to
assist a company in the pursuit of process improvement.

Process Map – A term often misused to describe a flowchart, process flow diagram, or value stream
map.  See “hierarchical process map.”

Productivity – Measures of the efficiency of resource use. Although the term is often applied to sin-
gle factors such as staffing (labor productivity), machines, materials, energy, and capital, the
productivity concept applies as well to the total resources used in producing outputs. The use of an
aggregate measure of overall productivity allows a determination of whether the net effect of overall
changes in a process is beneficial. 

Profit/Loss Balance Sheet – Summarized list of costs and earnings, giving net savings.

Profit Margin – A ratio of profitability calculated as gross earnings divided by revenues (or, said
another way, gross profits divided by sales). It measures how much out of every dollar of sales a com-
pany actually keeps in earnings.

Provocation – A technique used with the brainwriting tool where some of the participants assume
there are no rules and that there may be techniques and technologies that do not even exist today
that may be useful to solve a problem.  The use of provocation in the Systems Approach spurs “out-
of-the-box” thinking that may lead to other alternative solutions that might not have been included
in the problem-solving approach.

Purpose – The fundamental reason an organization exists. The primary role of purpose is to inspire
an organization and guide its setting of values. Purpose is generally broad and enduring. Two organi-
zations in different businesses could have similar purposes and two organizations in the same
business could have different purposes.
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Q
Quality Management Tools – Structured methods used in the quality management field to help
teams solve problems and make decisions that lead to process improvement.  The Systems Approach
uses a number of quality management tools that are very visual and create an imperative for team
member participation in the process.

Quick Changeovers – The ability to change tooling and fixtures rapidly (usually in minutes), so
multiple products can be run on the same machine.

R 
Real Options – The right, but not the obligation, to make a strategic investment decision (e.g.,
expand, scale back, abandon, delay, switch) relative to an underlying asset that is not a financially
traded security (e.g., equipment, production facility, business, commercial contract, intellectual
property, or any other business asset).  This right typically comes at a cost (to your company) and
exists for a specific and finite period of time.  Real Options represent the flexibility in decision-mak-
ing that impact financial value typically available in some form, at some point in time, with many
strategic business assets.  You should look at Real Options from three key perspectives: (1) as a
strategic planning and analysis thinking framework; (2) as a risk assessment and management
methodology; and (3) as an investment analysis tool.  Much of the benefit of Real Options analysis is
in developing new and/or alternate approaches to actively manage assets utilizing flexibility and in
better recognizing and taking advantage of existing investment flexibility.  Some might classify this
as contingency planning.  This Real Options thinking leads to increased opportunities to take
advantage of upside market potential and mitigate downside risks.  Real Options strategies put into
action, simultaneously increase expected value, as well as improve the risk profile of investment cash
flows.  The traditional discounted cash flow methodologies (e.g.,  net present value and/or internal
rate of return decision criteria) used by most companies are based on a static set of input values (usu-
ally “best guess”) and assume passive management over the life of the investment.  When valuing
flexibility the significant determinants of value are the degree of uncertainty in the anticipated
returns on the underlying asset (“volatility”), the cost/benefit of the implementing the option (“exer-
cise or strike price”), and the amount of time available before the option opportunity expires.  Real
Options can help organizations improve their decision processes to take advantage of additional value
in order to build or maintain competitive advantage, and to do so before the market punishes it or
the competition extracts it.

Recycling – Once a waste has been created, it is treated in some manner to enable it to be reused.
Recycling is a process that uses and loses resources.  It is not source reduction or pollution prevention.

Reputation – An intangible business value that is improved when a company does not have EHS
issues or is seen as being proactive in the EHS arena.

Resource Accounting Sheet – This sheet is linked to the hierarchical process map in the Systems
Approach.  Each work step at the lowest level has a resource accounting sheet to provide information
on the resources used and lost at that work step.  It also describes the work and provides links to
supporting processes, equipment, and systems used by the work step.  Information in these sheets
can be computerized and maintained in a database.

Resources – Include money, labor, material, supplies, and other economic elements consumed by
activities to produce outputs.

Resource Driver – (1) A factor used to assign cost to activities;  (2) A measure of the quantity of
resources consumed by an activity.  An example of a resource driver is the percentage of total square
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feet of space occupied by an activity.  This factor is used to allocate a portion of the cost of operating
the facilities to the activity.

Resource Utilization – Using a resource in a way that increases throughput.

Results – Outputs and outcomes achieved by an organization in addressing the requirements of a
Baldrige criteria item. Results are evaluated on the basis of current performance; performance rela-
tive to appropriate comparisons; the rate, breadth, and importance of performance improvements;
and the relationship of results measures to key organizational performance requirements.

Return on Assets (ROA) – An important gauge of a company’s profitability. It provides insight into
how efficiently a company is being run by management and their ability to generate profits from the
assets available to the company. Calculated – ROA = Net profit after taxes / Total assets.

Return on Equity (ROE) – An accounting valuation method that places “net income” in the numer-
ator and “book value of shareholders’ equity” in the denominator.  Many consider the net income to
be an unreliable measurement of performance and that it often overstates the economic value.

Return on Investment (ROI) – An accounting valuation method that places “net income” in the
numerator and “booked value of the assets” in the denominator.  Many consider the net income to be
an unreliable measure of performance and that it often overstates the economic value. For example,
the ROI of an effective training program may be unfavorably skewed by high employee turnover.

Return on Net Assets (RONA) – Equals the “net operating profit after tax” divided by the working
capital requirement and the fixed assets.  A strong virtue of using RONA compared to other tradi-
tional methods for measuring company success is that it also considers the assets a company uses to
achieve its output.

Reuse – After a waste is created in a process it can be reused directly without having to treat it (as
in recycling).  It does not prevent the waste from forming and can lead to some EHS issues.

Revenues – Total dollar payment for goods and services that are credited to an income statement over
a particular time period. Revenue figures will usually be net of discounts or any payments that are
returned to the customer or client.  This is usually referred to as the “top line” in accounting terms.

Risk – In OHSAS 18001, risk is defined as the outcome of a hazard – similar to the fact that an
impact is the outcome of an “aspect” in an environmental management system.

Root Cause Analysis – The second step (first problem-solving tool) in the employee team’s progress
to prepare a draft action plan using the Systems Approach.  It is used after the statement of problem
since this statement becomes the focus of the root cause analysis.  The tool used is a cause and effect
diagram.  The next step helps find alternative solutions for the problem described in the statement.
This step is often omitted from process improvement programs to save time.  Leaving this step out
diminishes the number of alternative solutions that will considered in the next step.

S
Sarbanes-Oxley Act – The Sarbanes-Oxley Act of 2002 (often shortened to SOX) is legislation
enacted in response to the high-profile Enron and WorldCom financial scandals to protect sharehold-
ers and the general public from accounting errors and fraudulent practices in the enterprise. The Act
is administered by the Securities and Exchange Commission (SEC), which sets deadlines for compli-
ance and publishes rules on requirements. Sarbanes-Oxley is not a set of business practices and does
not specify how a business should store records; rather, it defines which records are to be stored and
for how long. The legislation not only affects the financial side of corporations, but also affects the
IT departments whose job it is to store a corporation’s electronic records. The Sarbanes-Oxley Act
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states that all business records, including electronic records and electronic messages, must be saved
for “not less than five years.” The consequences of noncompliance are fines, imprisonment, or both.
IT departments are increasingly faced with the challenge of creating and maintaining a corporate
records archive in a cost-effective fashion that satisfies the requirements put forth by the legislation.

Scenario – A probable sequence of events that is told as a story and is used in the modified Delphi
method to enable managers to discuss actions and reactions and determine their variable costs.

Second-Level Map – Used in hierarchical process mapping to describe the subprocesses for work
steps in the top level map when you ask the question, “Can this work step be described in three to
six sub-steps?” 

Sensi – The leader of a Lean Manufacturing effort.

Shareholder – An owner of a corporation. Shareholder is used interchangeably with the term “stock-
holder.” Since someone has to own the corporation, a corporation must have at least one shareholder.

Shareholder Value – The value of the company minus the future claims (debts).  At the end of the
business cycle of a company, after all debts have been paid, money remains.  This money, the free
cash flow, is for the shareholder(s).

Share Price – The value of the share at a given moment. It is determined by the balance between
demand and supply on stock markets or industry financial conditions.

Six Sigma – A methodology that provides organizations with tools to improve the capability of their
business processes.  This increase in performance and decrease in process variability lead to defect
reduction and improvement in profits, employee morale, and quality of products or services.  Six
Sigma quality represents 3.4 defects per million operations.

Societal Costs – The costs of a company’s impacts on the environment and society for which the
business is not financially responsible.  These costs do not directly affect a firm’s bottom line.
Societal costs may also be referred to as external costs or externalities. These costs may be expressed,
qualitatively, in physical terms (e.g., tons of releases, exposed receptors), or in dollars and cents.
Societal costs (or externalities) are sometimes subdivided according to whether the impacts are envi-
ronmental, referred to as environmental costs or environmental externalities, or social, referred to as
social costs or social externalities.

Stakeholder – All groups that are or might be affected by an organization’s actions and success.
Examples of stakeholders include: customers, employees, partners, governing boards, stockholders,
regulatory officials, stockholders, suppliers, and local and professional communities.

Statement of the Problem – The first tool in the Systems Approach used by the employee teams
once they have been assigned to work on an opportunity for process improvement.  They are seeking
to express the problem in words that they can all agree to.  It is important to do this since different
people tend to view the problem from different perspectives.  This statement becomes the focus of
the root cause analysis.

Statistical Process Control (SPC) – A statistical method that helps employees and management
keep a process operating within prescribed operating limits.

Strategic Challenges – Those pressures that exert a decisive influence on an organization’s likeli-
hood of future success. These challenges frequently are driven by an organization’s future competitive
position relative to other providers of similar products or services. While not exclusively so, strategic
challenges are generally externally driven. 
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However, in responding to externally driven strategic challenges, an organization may face internal
strategic challenges. External strategic challenges may relate to customer or market needs or expecta-
tions; product, service, or technological changes; or financial, societal, and other risks. Internal
strategic challenges may relate to an organization’s capabilities or its human and other resources.

Strategic Objectives – An organization’s articulated aims or responses to address major change or
improvement, competitiveness issues, and business advantages. Strategic objectives are generally
focused both externally and internally and relate to significant customer, market, product, service, or
technological opportunities and challenges (strategic challenges). Broadly stated, they are what an
organization must achieve to remain or become competitive and ensure the organization’s long-term
sustainability. Strategic objectives set an organization’s longer-term directions and guide resource
allocations and redistributions.

Supply Chain – The suppliers that provide raw materials and other components to a company to
support the process.  In the Systems Approach, the processes used to make the supplies can be con-
sidered to be supporting processes of the company’s main process.

Supporting Processes – Processes that are providing resources to the main process or managing the
wastes from that process.  This term is used in the hierarchical process maps used in the Systems
Approach.

Sustainability – Your organization’s ability to address current business needs and to have the agility
and strategic management to prepare successfully for your future business and market environment.
Both external and internal factors need to be considered. The specific combination of factors might
include industrywide and organization-specific components. In addition to responding to changes in
the business and market environment, sustainability also has a component related to preparedness for
real-time or short-term emergencies.

Systematic – Approaches that are well ordered, repeatable, and use data and information so learning
is possible. In other words, approaches are systematic if they build in the opportunity for evaluation,
improvement, and sharing, thereby permitting a gain in maturity.

Systems Approach – A process improvement methodology developed by Dr. Robert B. Pojasek
(Pojasek & Associates) that uses quality management tools to characterize the process, create action
plans to improve the process, and that uses true performance methods and lessons learned to drive
continuous improvement.

Systems’ Thinking – Focusing on a group of interdependent processes and people that together per-
form a common mission.  Instead of dividing it up into its component parts, one looks for the
interrelationships and uses them carefully to help improve the process.

T 
Targets – A term used in ISO 14001 meaning “detailed requirement.”  Targets are derived from
objectives and are used to attain these objectives. Targets can pertain to a specific action or to the
organization as a whole.

Team – A group of individuals organized to work together to accomplish a specific objective.  Teams
function better when focused on process improvement using the Systems Approach.  It helps to have
a facilitator to guide the team’s work.

Third-Level Map – Used in hierarchical process mapping to describe the subprocesses for work
steps in the second-level map when you ask the question, “Can this work step be described in three
to six sub-steps?” 
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Throughput – The rate the system generates money through sales, or the conversion rate of inventory
into shipped product.

Time to Market – The length of time it takes to get a product or service from an idea to the mar-
ketplace.  In a highly competitive marketplace, the time to market has a marked effect on
profitability.

Top-Level Map – Used in hierarchical process mapping to describe the main process at the highest
(i.e., least detailed) level in three to six work steps.  See also, Second-Level Map and Third-Level Map.

Total Productive Maintenance – TPM requires that its principles and practices should be accepted
as valid and central throughout the company – i.e., that they should be accepted and supported by the
most senior manager and the most junior shop floor operator alike. The subject of TPM itself is usual-
ly thought of in five divisions: (1) maintenance prevention (selection of equipment); (2) predictive
maintenance (historical analysis and the use of statistical process control); (3) corrective maintenance,
or improvement maintenance (upgrading equipment to prevent the recurrence of breakdowns); (4)
preventive maintenance (routine, regular work and inspection to keep equipment in top shape); (5)
autonomous maintenance (the training and involvement of operators, and the transference to them of
independent responsibility – often regarded as the central plank of a TPM initiative).

Total Quality Control (TQC) – The application of precepts and procedures intended to promote
continuous improvement within the company and the production of goods and services conforming
to customer requirements. Total quality control applies not merely to activities relating to physical
manufacture. It also applies to such nontechnical activities as the issuance of printed instructions to
enable the customer to use the units easily and the conduct of consumer surveys to ensure that the
requirements of the customer are anticipated in design and product development in the first place.

Total Quality Management (TQM) – The smooth operation of the activities connected with total
quality control will inevitably from time to time meet problems or will be seen to be deficient in
some way. TQM is the guidance, control, review, and adjustment of the operation of the procedures
included in TQC. A formal definition of TQM put out by the International Organization for
Standardization (ISO 9000) is: “Management approach of an organization, centered on quality, based
on the participation of all members and aiming at long-term success through customer satisfaction
and benefits to all members of the organization and to society.” 

Trends – Numerical information that shows the direction and rate of change for an organization’s
results. Trends provide a time sequence of organizational performance. A minimum of three data
points are generally needed to begin to ascertain a trend. More data points are needed to define a 
statistically valid trend. The time period for a trend is determined by the cycle time of the process
being measured. Shorter cycle times demand more frequent measurement, while longer cycle times
might require longer time periods before meaningful trends can be, determined. Examples of trends
called for by the Criteria include data related to product and service performance, customer and
employee satisfaction and dissatisfaction results, financial performance, marketplace performance,
and operational performance, such as cycle time and productivity.

True Performance – Because most EHS professionals tend to confuse results (i.e., the measures of
the outcomes of performance) and performance (mistakenly using the term “performance results”),
this term is used to highlight the fact that performance can be scored (measured) directly using the
criteria in the Baldrige model.
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UV
Value – The perceived worth of a product, service, process, asset, or function relative to cost and to
possible alternatives. Organizations frequently use value considerations to determine the benefits of
various options relative to their costs, such as the value of various product and service combinations
to customers. Organizations need to understand what different stakeholder groups value and then
deliver value to each group. This frequently requires balancing value for customers and other stake-
holders, such as stockholders, employees, and the community.

Value Added – In the eyes of a customer, the value of something might be defined as its inherent
worth to them – what they are prepared to pay for it. Thus, added value is often used as a measure of
a company’s productivity and is defined as “sales revenue less the cost of purchased materials and
services.” Two problems with this definition are (1) it does not isolate a change in added value due
merely to price changes (affecting revenue), and (2) it does not distinguish a change in added value
merely due to changes in costs, as opposed to changes in efficiency. A further definition of value is:
Value = function of (satisfaction of needs)/(use of resources).

Value Analysis – Engineering and technical investigation of an existing manufactured product and
its constituent components to seek alternative designs or alternative materials which would improve
its function or lower its cost of manufacture. In a supplier relationship, the purchasing company
should expect the supplier to undertake value analysis on the items supplied, thereby enhancing
their quality. A question to ask, however, is how can the buyer know whether a competent effort has
been made by the supplier. Value Engineering is similar to value analysis, but carried out on a
potential product still at the design stage.

Value Creation – Processes that produce benefit for your customers and for your business. They are
the processes most important to “running your business”—those that involve the majority of your
employees and that generate your products, services, and positive business results for your stockhold-
ers and other key stakeholders.

Values – (Also called core values.) The guiding principles and behaviors that embody how your
organization and its people are expected to operate. Values reflect and reinforce the desired culture
of the organization. Values support and guide the decision-making of every employee, helping the
organization to accomplish its mission and attain its vision in an appropriate manner. Examples of
values might include integrity and fairness in all interactions, exceeding customer expectations,
valuing employees and diversity, protecting the environment, and achieving performance excel-
lence every day.

Value Stream Mapping – A pencil and paper tool used in two stages: (1) Follow a product’s produc-
tion path (at the high level) from beginning to end and draw a visual representation of every process
in the material and information flows (using the proper symbols); and (2) Draw a future state map of
how value should flow.

Verb Phrase – A term used in hierarchical process mapping to describe that each work step needs to
be expressed as a verb (connotes doing something) followed by a noun or phrase (what is being done). 

Verification of Hierarchical Process Map – The act of walking through the process to make sure
the process documentation is correct, that the employees are aware of the process improvement pro-
gram, and to link the main process to the supporting processes.

Vision – The desired future state of your organization. The vision describes where the organization
is headed, what it intends to be, or how it wishes to be perceived in the future.
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Voluntary Protection Program – A voluntary program sponsored by OSHA.

W
Weighted Average Cost of Capital (WACC) – An expression of the value for shareholders by earn-
ing a return on the invested capital that is above the cost of that capital.  It is used to see if certain
intended investments or strategies or projects or purchases are worthwhile to undertake.

Work Step – Used in hierarchical process mapping for each operational step and described with a
verb phrase.

XYZ
Zero Goals – Seeking to eliminate waste by continuous improvement instead of setting a specific
reduction goal with a “management by objectives” program.
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Appendix 5: References—Your Business Value Library
1. Environmental Management Systems
The guidelines for the ISO 14001 management system are explained and can be purchased through
the Internet site: http://www.iso.org/iso/en/ISOOnline.frontpage. 

2. Occupational Health and Safety Management Systems
The guidelines for the OHSAS 18001 management system are explained and can be purchased through
the founding groups’ Internet site: http://www.ohsas-18001-occupational-health-and-safety.com/. 

3. GEMI
“Clear Advantage: Building Shareholder Value,” Publication EVI-101, 2004

“Environment: Value to the Top Line,” Publication EVTL-101, 2001

“New Paths to Business Value: Strategic Sources – Environment, Health and Safety,” Publication
SBV-100, 2001

4. Global Reporting Initiative Guidelines
The Global Reporting Initiative (GRI) is an international program designed to help companies pre-
pare public reports that present their EHS results.  Information on this program and a copy of their
reporting guidelines can be found on the Internet: http://www.globalreporting.org/.

A book that you might find of interest is:

Morhardt, J. Emil, “Clean, Green & Read All Over: Ten Rules for Corporate Environmental and
Sustainability Reporting,” ASQ Quality Press, Milwaukee, WI, 2002.

5. Lean Manufacturing
Whether or not your company uses Lean Manufacturing practices, this professional practice field can
provide you with many useful ideas to help you as you seek to demonstrate the business value of
your EHS program.  If your company does practice Lean Manufacturing, these references will help
you communicate more effectively with the people involved in the program.  Some publications that
you might find helpful are as follows:

Dennis, Pascal, “Lean Production Simplified: A Plain-Language Guide to the World’s Most Powerful
Production System,”  Productivity Press, New York, NY, 2002.
Productivity Press Development Team, “Identifying Waste on the Shop Floor,” Productivity Press,
New York, NY, 2003.
Productivity Press Development Team, “Five S for Operators,” Productivity Press, New York, NY,
1996.
Productivity Press Development Team, “Mistake-Proofing for Operators,” Productivity Press, New
York, NY, 1997.
Productivity Press Development Team, “Just-in-Time for Operators,” Productivity Press, New York,
NY, 1998.

Productivity Press Development Team, “Kaizen for the Shop Floor,” Productivity Press, New York,
NY, 2002.
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6. Quality Assurance Management System
The guidelines for the ISO 9000 management system are explained and can be purchased through
the Internet site: http://www.iso.org/iso/en/ISOOnline.frontpage.

7. Balanced Organizational Scorecards
Kaplan, Robert S. and Norton, David P., “The Balanced Scorecard: Translating Strategy into
Action,” Harvard Press, Cambridge, MA, 1996.
Chang, Richard Y. and Morgan, Mark W., “Performance Scorecards: Measuring the Right Things in
the Real World,”  Jossey-Bass Publishers, San Francisco, CA, 2000.
Furst, Peter. Liberty Mutual. “Safety Strategies and Integrated Organizational Scorecard,”
PowerPoint presentation. New Orleans, LA: National Safety Council Congress and Expo 2004,
September, 2004.
Kranz, Vincent R. Johnson & Johnson. “Using Process Excellence Tools in Developing EHS
Metrics,” PowerPoint presentation. Orlando, FL: National Association of Environmental
Professionals Forum, October, 2004.
Saldaña, Norka. Johnson & Johnson. “Safety in a Six Sigma Culture,” PowerPoint Presentation. New
Orleans, LA: National Safety Council Congress and Expo 2004, September, 2004.

8. Six Sigma
As in the case of Lean Manufacturing, you should have an idea of the general process improvement
methods in Six Sigma whether or not your company is using this initiative.  Some general books on
the subject are as follows:

Brassard, Michael and Ritter, Diane, “Sailing Through Six Sigma: How the Power of People Can
Perfect Processes and Drive Down Costs,” Brassard & Ritter, LLC, Marietta, GA, 2001.
Pande, Peter and Holpp, Larry, “What is Six Sigma?” McGraw Hill, New York, NY, 2002.
Watson, Gregory H., “Six Sigma for Business Leaders: A Guide to Implementation,” GOAL QPC,
Salem, NH, 2004.

9. Baldrige Performance Excellence Model
The National Institute for Standards and Technology (U.S. Department of Commerce) maintains an
excellent website on the Baldrige model: http://www.quality.nist.gov.  The author of this publication
has also published a number of articles on this topic.  These reprints are available on his website at
http://www.Pojasek-Associates.com.

Gallagher, P.; Kowalski, J; Pojasek, R.B.; Weinrach, J.  New Mexico’s Green Zia Environmental
Excellence Program: Using a Quality Model for a Statewide P2 Program.  Poll. Prevention Review
1999, 9 (1), 1-14.
Pojasek, R.B. Striving for Environmental Excellence with the Baldrige Model. Environ. Quality
Management 2000; 9 (3), 91-99.
Pojasek, R.B. Lessons Learned and the Baldrige Model for Environmental Excellence. Environ.
Quality Management 2000; 9 (4), 87-93.
Pojasek, R.B. How do you Measure Environmental Performance? Environ. Quality Management
2001: 10 (4), 79-88.
Pojasek, R.B. Developing Performance after Attaining Conformance in Your Environ. Management
Program 2002; 12 (3) 97-105.
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Pojasek, R.B. Scoring Sustainability Results.  Environ. Quality Management 2003; 13 (1) 91-98.

10. Systems Approach to Process Improvement
R.B. Pojasek (developer of the Systems Approach) has published a number of articles on this
methodology.  These publications are available on his website at http://www.Pojasek-Associates.com.

Pojasek, R.B. Using cause and effect diagrams in your P2 program.  Poll. Prevention Review 1996;
6(3): 99-105.
Pojasek, R.B.  Identifying P2 alternatives with brainstorming and brainwriting. Poll. Prevention
Review 1996; 6(4): 93-97.
Spitzer, M.A., Pojasek, R.B., Robertaccio, F.L., and Nelson, J.  Accounting and capital budgeting for
pollution prevention. Poll. Prevention in South Carolina 1996; Winter: 4-9.
Pojasek, R.B.  Prioritizing P2 alternatives.  Poll. Prevention Review 1997; 7(1):105-112.
Pojasek, R.B.  Implementing your P2 alternatives.  Poll. Prevention Review 1997; 7(2): 83-88.
Griffin, G. and Pojasek, R.B.  Improving environmental performance with a systems approach.
Environmental Manager 1997; 9(1) 1-5.
Pojasek, R.B.  Understanding a process by process mapping.  Poll. Prevention Review 1997; 7(3):
91-101.
Pojasek, R.B.  Materials accounting and P2.  Poll. Prevention Review 1997; 7(4): 95-103.
Pojasek, R.B.  Activity-based costing for EHS Improvement.  Poll. Prevention Review 1998; 8(1):
111-120.
Pojasek, R.B.  Selecting P2 opportunities.  Poll. Prevention Review 1998; 8(2): 103-110.
Pojasek, R.B.  Moving to Zero Wastes and Emissions.  Poll. Prevention Review 1998; 8(3): 97-105.
Pojasek, R.B.  P2 Assessments: What Are They Good For?  Poll. Prevention Review 1998; 8 (4):
101-109.
Pojasek, R.B.  Zeroing In.  Environ. Quality Management 1999, 8 (4), 93-97.
Pojasek, R.B.  Poka-Yoke and Zero Waste. Environ. Quality Management 1999; 9 (2), 19-97.
Pojasek, R.B.  P2 Programs, Plans and Projects: Some Thoughts on Making Them Work. Poll.
Prevention Review 1999; 9 (2), 93-103.
Pojasek, R.B. Five S’s:  A Tool that Prepares an Organization for Change.  Environ. Quality
Management 1999; 9 (1), 97-103.
Pojasek, R.B. Pollution Prevention Redux.  Poll. Prevention Review 2000: 10 (2), 49-52.
Waldrip, G; Moore, D; Pojasek, R.B.; and Wlodarcyzk, J. Using a Systems Approach to Improve
Process and Environmental Performance.  Environ. Quality Management 2000; 9 (4), 53-62.
Pojasek, R.B. Asking “Why?” Five Times.  Environ. Quality Management 2000; 10 (1) 79-84.
Pojasek, R.B. To Change the Culture, You Must Master the Force.  Environ. Quality Management
2001; 10 (3), 73-79.
Pojasek, R.B.; Garn, J; and Papadopoules, N. Knowledge Management and Visual Context.
Environ. Quality Management 2001; 11 (1), 77-87.
Pojasek, R.B. Performing a Gap Analysis for Performance-Based EMS Implementation. Environ.
Quality Management 2001; 11 (2), 91-98.
Pojasek, R.B. Merging Pollution Prevention into Quality.  Environ. Quality Management 2002; 11
(3), 85-90.
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Pojasek, R.B. Combining Quality Tools with a Traditional Approach to Pollution Prevention.
Environ. Quality Management 2002; 12 (1), 83-90.
Pojasek, R.B. Creating a Value-Added, Performance-Driven Environmental Management System.
Environ. Quality Management 2002; 12 (2), 81-88.
Pojasek, R.B. Selecting Your Own Approach to P2. Environ. Quality Management 2003; 12 (4) 85-
94.
Pojasek, R.B.  Lean, Six Sigma and Systems Approach: Management Initiatives for Process
Improvement.  Environ. Quality Management 2003; 13 (2) 85-95.
Pojasek, R.B. Mapping Information Flow Through the Production Process.  Environ. Quality
Management 2004; 13 (3) 89-97.
Pojasek, R.B.  Selecting Opportunities for Process Improvement.  Environ. Quality Management
2004; 14 (1) 83-89.
Pojasek, R.B. Improving Processes in Complex Organizations. Environ. Quality Management 2005;
14 (3) 85-91.

11. Business Value Information
To help the beginner understanding the financial implications of a business:

Silbiger, Steven, “The Ten Day MBA: A Step-by-Step Guide to Mastering the Skills Taught in
America’s Top Business Schools,” Quill, William Morrow, New York, NY 1999.

Drams, William G., “Finance and Accounting for Non-Financial Managers: All the Basics You Need
to Know,” Perseus Publishing, Philadelphia, PA, 2003.

Cooke, Robert A., “The McGraw-Hill 36-Hour Course in Finance for Non-Financial Managers,”
McGraw-Hill, New York, NY, 1993.
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Appendix 6: Checklists, Forms, and Tables
Introduction

This appendix contains forms, checklists, and tables that are included throughout the manual. 
Many may be customized for use when you are developing tools to make the business case for your 
EHS activities. Electronic versions of each of these documents can be found at http://www.blr.com/mehs.
The subscriber password is blrmehs.

CHECKLISTS
Select a Process Checklist .................................................................................................... 210
Preliminary Process Map Checklist ..................................................................................... 211
Resource Accounting Sheets Checklist ................................................................................ 212
Supporting Processes Checklist ........................................................................................... 213
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Verification Checklist .......................................................................................................... 215
EHS Opportunities Selection Process .................................................................................. 216
List of EHS Process Improvement Projects .......................................................................... 217
Team Organization Checklist .............................................................................................. 218
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Search for Alternative Solutions Using Brainwriting ........................................................... 220
Prioritizing Alternative Solutions with Bubble-up/Bubble-down ........................................ 221
Draft Action Plan ................................................................................................................ 222
Quarterly Meetings of the Oversight Committee ................................................................ 223

FORMS
PERFORMANCE vs. CONFORMANCE ........................................................................... 224
RESOURCE ACCOUNTING SHEET ............................................................................... 225
Root Cause Diagram ........................................................................................................... 226
ACTIVITY ACCOUNTING SHEET ................................................................................. 228
Formatting the Survey Statements ...................................................................................... 229
Hierarchical EHS Scorecard  ................................................................................................ 230
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Action Plan Form ................................................................................................................ 232

TABLES
Sample Measurement and Conversion of EHS Performance to Business Value Outcome ...... 233
Sample Linkage of EHS Function to Business Value ............................................................ 234
List KEY EHS results. ........................................................................................................ 235
Score each of your KEY EHS results. .................................................................................. 236
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EHS Results SCORECARD ................................................................................................ 238
Key Performance Indicators (KPI) for Managing Risk and Improving Profitability at Your
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CHECKLISTS
Select a Process Checklist

❑  Make a list of all the manufacturing and supporting processes responsible for each of the
EHS compliance issues.  This listing may already exist as part of your facility’s EHS man-
agement program if one exists.

❑  Make a list of all of the pollution control processes (e.g., air pollution control, dust control,
oil/water separators, wastewater treatment/pretreatment, hazardous waste storage).  

❑  Make a list of all of the safety controls (e.g., process guards, safety showers, first-aid sta-
tions). These will all be supporting processes in the process characterization.

❑  Make a list of departments that are responsible for the preparation of parts for products
assembled at the facility.  Processes are usually sorted by department at the facility level.

Next, using this list of processes, consider each of the following items:
❑  Does quality or operations use value stream maps, work flow diagrams, or work descrip-

tions to describe work processes?

❑  Has facility management targeted any processes for improvement in the next year?

❑  Is facility management expecting to add new processes or expand existing processes in the
coming year?

❑  Is facility management expecting to curtail or reduce the use of any existing processes during
the coming year?

❑  Which processes, if any,  are presently being examined by company process improvement
efforts?

❑ Which processes use the most expensive and largest quantities of material and other supplies?

❑  Which processes generate the most solid and hazardous waste or are more highly regulated
from an environmental perspective?

❑  Which processes have the greatest number of rejects?

❑  Which processes have the greatest health and safety issues?

Now, select a process to work with that has EHS issues and a product, family of products,
or service associated with it.
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Preliminary Process Map Checklist
❑ Select a process using the checklist.

❑ Obtain the value stream maps, work flow diagrams, and work instructions for that process.

❑ Assemble a process mapping team.

❑ Prepare a top-level process map for the MAIN PROCESS after selecting a “perspective”
and making a complete list of all the work steps that occur using the perspective selected.  

Note:  Make sure that the steps are named with a verb phrase familiar to the workers and that
each work step is numbered in order with a single number from 1 to 6.

❑ Prepare the second- and third-level process maps.

❑ Review these preliminary draft process maps with people familiar with the operations after
double-checking them against the process documentation.  Make corrections as necessary.

❑ The preliminary process map is now ready for verification.

❑ Collect a preliminary listing of processes that are required to support the MAIN PROCESS
from the original list.

❑ Create a glossary in alphabetical order of all the “verb phrases” used in the process map.
Be certain that the phrases are not used multiple times for different work steps.
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Resource Accounting Sheets Checklist
❑ Determine the work steps in the MAIN PROCESS that are at the “lowest levels” (i.e.,

more detailed). 

❑ If there is a 1.1, 1.2, 1.3, etc., you eliminate 1 from consideration because the former are at
a lower level.  If there are 1.2.1, 1.2.2, 1.2,3, etc., you eliminate 1.2 from consideration
since there is a lower level.

❑ Prepare a resource accounting (RA) sheet for each work step at the lowest level (see the
template).

❑ The top portion of the RA sheet is used to describe the work being performed in that
step.  This description can come from the process documentation or the work instructions.

❑ The center portion of the RA sheet provides a 360-degree look at the work step.  Be sure
to use the same verb phrases in the featured work step (center box) and the work step that
occurs before and after the featured work step. 

❑ All the resources used in the work step are placed above the center box. 

❑ All of the resources lost in the work step (i.e., wastes, discharges, emissions, noise, odors,
spills/leaks, accidental losses) are placed below the center box.  

❑ Each resource used and lost should have a unique name that is familiar to the workers.   A
glossary should be kept for each of these categories.

❑ The bottom portion of the RA sheet provides a listing of all the supporting processes that
are necessary in order for the featured work step to be properly used.  Each of the support-
ing processes should have a unique name and these names should be kept in a separate
glossary.

❑ Allow people familiar with the work step to review the information and look for major
omissions.  Make any changes necessary in these work sheets.
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Supporting Processes Checklist
❑ Create an alphabetical listing of the supporting processes from the RA sheets and your ini-

tial listing of pollution and safety controls.  Be sure that similar processes are arranged in a
hierarchical manner (e.g., air pollution control – dust filter; air pollution control – fume
hood; air pollution control – wet scrubber).

❑ Check to see that all supporting processes that were used to bring the resources to the
work step are included.  This would include receiving, storage, transportation within the
facility, mixing, cleaning the used storage vessels, air compressors, providing steam, deion-
ized water systems, etc.

❑ Check to see that all the supporting processes that were used to collect and manage the losses
(wastes) are included.  This would include pollution control equipment, cleaning, handling
rejected parts, waste handling systems, recycling, contractor and vendor services, etc.

❑ All parts provided by suppliers should be considered to be supporting processes.

❑ Note: There can also be processes that support the supporting processes.  

— For example, cutting swath is collected at the machining operation.  In another
location, the swath is centrifuged or pressed to remove excess cutting fluids
before the swath is sent to a metal recycling company.  The collection of the cut-
ting swath is a supporting process.  The removal of the cutting fluids supports
the collection process.  

— The handling and disposition of the cutting fluids and the swath support the
removal process.  Once again, these can be arranged in hierarchical fashion.
Supporting processes can be numbered with a letter: A1, A2, A3, etc.  The 
second-level supporting processes could be AA1, AA2, AA3, etc.  The third
level supporting processes could be AAA1, AAA2, AAA3, etc.
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Glossary Checklist
❑ The use of a glossary helps the process mapping team ensure that consistent and familiar

terms are used throughout the documentation of the processes.  Multiple names for the
same term are avoided when a glossary is prepared.

❑ Four glossaries are necessary to sort through the information collected in the process map-
ping and RA sheets:

— Process work step names – verb phrases

— Resources Used

— Resources Lost (wastes)

— Supporting Processes

❑ Once the hierarchical process map is computerized, there will be links that can be used to
see what other work steps have the same resources used or lost.  Whenever there has been a
success involving the conservation of a resource use or the minimization of a waste, the
resource can be tracked to every other work step with this resource to see if the success can
be used at that point.
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Verification Checklist

At this point the process mapping team has completed and checked each of the following items:

◆ Hierarchical Process Map of the MAIN PROCESS

◆ RA sheets for each of the work steps at the lowest level in the process map

◆ An alphabetical listing of the supporting processes

◆ A draft glossary

❑ The process mapping team will then visit each work step of the process and make certain
that the information that has been gathered is complete and understandable to the operator.

❑ The team should ask the operator about improvements that have been made at their work
step that have led to EHS improvements during the past 2 years.  This information will be
recorded and documented as an Appendix in the EHS Process Improvement Program Plan.

❑ The team should ask the operator how they would change the work step if given the
opportunity to further improve the EHS aspect of the work.  This information will be
recorded and documented as the list of opportunities for the Opportunity Selection Process.

❑ When the verification of the MAIN PROCESS has been completed, the process mapping
team should visit each of the supporting processes listed on the RA sheets.  

❑ They should both confirm that their list is complete and try to get a sense of the percent of
the total capacity of the supporting processes viewed that is dedicated to each of the work
steps where it is listed on the RA sheet.  In other words, they should try to find the 20%
of the supporting processes that use 80% of the resources and lose 80% of the waste that
the resources use supporting the MAIN PROCESS work steps.  This is called rank order-
ing, or the 80/20 rule.
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EHS Opportunities Selection Process
❑ From the interviews conducted in the verification of the process maps and RA sheets, a list

of opportunities for EHS process improvement is prepared.  It is important to remember
that every use of a resource in the process (or supporting process) represents an opportunity
to conserve the use of that resource.  Every loss of a resource in the process (or supporting
process) represents an opportunity to minimize that waste.  By controlling the use of
resources, the EHS coordinator can work to prevent EHS compliance issues associated with
these resources and/or the work step that is using them.  By eliminating wastes, EHS com-
pliance issues may also be prevented.  The focus on compliance is on the process.  Even if
no changes are possible at this time, the operator still becomes familiar with the EHS
aspects of the work.

❑ The list of opportunities is presented to the oversight committee so that they can select
opportunities (typically 8 to 11 opportunities) that will be included in the EHS Process
Improvement Program.  The committee can use many of the same criteria that were used
to select the process in order to make their decision.

❑ Special attention should be made to the means selected for determining significance in the
ISO 14001 and/or OHSAS 18001 programs (if applicable).  If you do not use these man-
agement standards, they do offer methods to consider for rank-ordering the opportunities
that may be useful for your purposes.
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List of EHS Process Improvement Projects
❑ The EHS process improvement projects selected using the Opportunities Selection Process

will be documented and reviewed for inclusion in the program.

❑ The management oversight committee will have to assign employees to work on each of
these project teams following the guidance in the Team Organization Checklist.
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Team Organization Checklist

The management oversight committee should assign employees to each of the EHS process
improvement projects.  Important members of the team should include: 

❑ An operator at the process map work step that is involved in the EHS process improve-
ment project.

❑ A supervisor of the section/department.

❑ An employee that represents an internal “supplier” or internal “customer” of the process
work step.

❑ A person from maintenance that is familiar with the process work step.  

❑ Someone from quality or another functional staff member (e.g., accounting, environment,
health and safety).

❑ Someone unfamiliar with the process. This person would help the team explore alternative
solutions that they have not considered because they may be too close to the problem.

The ideal team size is five people.

The environmental coordinator can act as a resource to the waste minimization project team.
However, this person should be primarily involved in the management oversight committee.
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Root Cause Analysis
❑ When each of the EHS process improvement teams meets with the Systems Approach

facilitator to prepare their draft action plan, the first step will be to examine the potential
“causes” of the problem stated in their Statement of Problem. Once you have become
familiar with the use of this tactic, you should be able to serve as the facilitator of the
group.

❑ At the start of this meeting, the EHS project team should review the process maps, RA
sheet, and the Statement of Problem.  Once this material has been reviewed, they are ready
to use the cause and effect diagram. 

❑ Using the root cause analysis (i.e., cause and effect diagram) template, the team members
will list all the components associated with their problem under the following categories:

— Materials (all of the resources used and lost)

— Machines (all of the technology, instruments, machines, etc.)

— Methods (all methods whether in writing or not)

— People (all of the positions that may have some responsibility for the problem)

❑ The facilitator will help them answer the following question for each of the items dis-
played on the cause and effect diagram, 

— “What is it about ______ that causes the “problem” described in the Statement
of the Problem?

❑ They will then write the answer to that question under the item and move to the next
question until all the items have been addressed.  It is important to not think of solutions
to the problem at this point.  The team should be looking for all of the logical causes of
the problem in each of the four categories.
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Search for Alternative Solutions Using Brainwriting
❑ The EHS project team will look at the listing of potential causes of the problem and then

work with the Systems Approach facilitator to use the brainwriting tool to generate a listing
of potential solutions to the problem.  The brainwriting tool is one of the tools in the
Systems Approach.  They will use brainwriting sheets as shown in the template on page 47.

❑ Each team member will select a brainwriting sheet and write down two different ways to
solve the EHS problem (using boxes 1 and 2).  They place that sheet back into the center
of the table and withdraw another sheet.  Two more alternative solutions are written and
the sheet is once again exchanged.

❑ When the team member cannot think of any additional alternative solutions, they read
what the other team members have written.  Sometimes, this will help them think of
something new or a modification of what they have read.

❑ A technique known as “provocation” is used to help spur some “out of the box” thinking.
Any team member with a more or less “outrageous” idea uses it for one of the alternatives.
Sometimes, these “blue sky” ideas spur thoughts of “something that just might work!”
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Prioritizing Alternative Solutions with Bubble-up/Bubble-down
❑ Next, the EHS project team will work with the Systems Approach facilitator to prioritize all

of the potential alternatives previously identified using the brainwriting tool.  For this priori-
tization activity, they will use a tool called “bubble sorting” or “bubble-up/bubble-down.” 

❑ The little squares are cut from the brainwriting sheets and arranged in random order in a pile.

❑ Two of the alternative solutions are placed on the table and the team performs a forced pair
comparison in which each alternative solution is compared with the alternative at the bot-
tom on the list.  The question is asked, “Which one is best?”  The team members evaluate
each alternative in the pair on the basis of cost (cheap is best), ability to implement (easy to
do is best), and effectiveness (this is great as long as it does not cost too much or is not
very difficult to accomplish).  The better alternative bubbles up over the other alternative
and is compared to the next alternative.  If the team has five members, three members get
to move an alternative or keep it where it is.  Once the final order has been defined, the
team can debate the final ordering. 

©2005 Business & Legal Reports, Inc. 
1-55645-248-9-9/05/$.50+$.50 (17001600) 221



Making the Business Case for EHS

Draft Action Plan
❑ Finally, the EHS project team will work with the Systems Approach facilitator to prepare a

draft action plan.  This is the final tool used in the Systems Approach.  A template for the
draft action plan is provided below.

❑ The top section of the action plan describes the “EHS project” and summarizes its pur-
pose, describes the project itself, and states the benefits.  

❑ The first task will be the baseline survey.  It will be important for the EHS process
improvement project team to determine what will be measured during the project.  The
team will also have to determine a financial measure of the project.  In the next-to-the-last
step, they will repeat these measurements to determine the physical and financial results of
the project.

❑ The last step in the draft action plan is a statement of the “lessons learned” by the team in
conducting this project.

Once the draft action plan has been reviewed and approved for implementation by the manage-
ment oversight committee, it should be attached to the relevant environmental management
program.
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Quarterly Meetings of the Oversight Committee
❑ The EHS Process Improvement Program Plan (described earlier) states that its manage-

ment oversight committee should meet at least four times during the course of the year.

❑ At its first meeting, the EHS Process Improvement Program Oversight Committee will
approve the Program Plan.  They will also review each of the EHS process improvement
project Draft Action Plans with the project teams.  

❑ Once this oversight committee approves the EHS Process Improvement Program Plan and
all of the project action plans, the EHS Process Improvement Program has commenced and
this committee will meet on a quarterly basis as specified in the plan.

❑ All of the EHS Process Improvement Program information should be documented using
the provisions for documentation as set forth in your facility’s EHS management program.
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FORMS
PERFORMANCE vs. CONFORMANCE

Differing Perspectives

PERFORMANCE
PROGRAM

Tells you HOW!
Modifies behaviors to
make program work

CONFORMANCE CONFORMANCE
PROGRAM AUDIT

Tells you WHAT to Tells you WHAT was
do - checklists accomplished

PERFORMANCE
PROGRAM

Scores continual
improvement for both

performance and results

PROGRAM
IN-PLACE

(Systems Approach)
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RESOURCE ACCOUNTING SHEET

Description of the Work Step

Describe the activity in the Work Step.

Supporting Processes

List all of the supporting processes.

Other Information

Relevant EHS information for this work step.

ALL RESOURCES
USED IN THE 
WORK STEP

PREVIOUS NEXT WORK
WORK STEP STEP

ALL RESOURCES
LOST IN THE
WORK STEP

WORK STEP
#
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Root Cause Diagram

MATERIALS MACHINES

METHODS PEOPLE
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Brainwriting Sheet

1 2

3 4

5 6

7 8

9 10
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ACTIVITY ACCOUNTING SHEET

Description of the Work Step

Describe the activity in the work step.

Supporting Processes

List all “things people do” to support the activities cited above.

ALL EHS ACTIVITIES
THAT SUPPORT THE 

WORK STEP

PREVIOUS NEXT WORK
WORK STEP STEP

ALL EHS ACTIVITIES
THAT MANAGE THE 
LOSSES FROM THE 

WORK STEP

WORK STEP
#
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Formatting the Survey Statements

Give feedback about the following:

01. Leadership: Senior leadership personally and visibly demonstrates
its commitment to environmental excellence principles.

Agreement:
Indicate how strongly you disagree/agree that this item should be included in the survey.

 
 

1
 

2 3 4 5 6 7

N/A  Disagree  Agree

Please describe specifically:

Please describe a strength  that you have noted regarding this statement.

Please describe an opportunity for improvement that you could suggest for this
statement.
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Hierarchical EHS Scorecard 

Financial and  
Market Perspective

Improved Branding 
Top Line Growth

Improved Use  
of Assets

Lower  
Operating Cost 

Improved  
Stakeholder Value

Customer and Other  
Stakeholder Perspective 

Satisfied  
Suppliers

Image/ 
Reputation  
Improved

Satisfied  
Customers

Satisfied  
WorkersAwards

Organizational  
Effectiveness- 
Internal Business
Processes

EHS in  
Procurement  
Management

Fewer Accidents  
and Incidents

Increased  
Productivity

Waste  
Reduction

Learning and  
Growth-Human  
Resource Perspective EHS Training

EHS in  
Work Practices

EHS in  
Performance Reviews

Supplier EHS  
Certification
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Blank Scorecard 

Financial and  
Market Perspective

Customer and Other  
Stakeholder Perspective 

Organizational  
Effectiveness- 
Internal Business  
Processes

Learning and  
Growth-Human  
Resource Perspective
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Action Plan Form

ACTION PLAN
(PROJECT)

1.

Purpose:

Project:

Benefits:

WORK TASKS PERSON/TEAM
RESPONSIBLE

COMPLETION
DATE

PERFORMANCE
GOAL

RESOURCES
REQUIRED

1.

2.

3.

4.

5.

6.
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TABLES
Sample Measurement and Conversion of EHS Performance to Business Value
Outcome

EHS Function Business Value Objective Measure of Performance Business Value Outcome

Training

Safety  
Compliance

Environmental

Pollution  
Prevention
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Appendices

List KEY EHS results.

Directions:  Divide each total by the number of KEY EHS results on the list.

Percentage of the KEY EHS results in meeting management 
definition of importance ______________

Percentage of the KEY EHS results fitting the Baldrige
results criteria ______________

Management 
Acceptance

Baldrige 
Acceptance

1. Emissions of NOx 

2. Copper concentration in wastewater

3. Number of employees trained

TOTALS
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Score each of your KEY EHS results.

TOTAL ________

Directions:  

Divide the TOTAL by 4 ______________

Divide by the number of KEY EHS results 
to obtain the Average Score of YOUR KEY EHS Results ______________

Key EHS
Results Importance Planned Trend Benchmark TOTAL

1. Emissions of
NOx 

2. Copper con-
centration in
wastewater

3. Number of
employees
trained
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Managing your KEY EHS results

1.  Approach used to manage your results ______________

2.  Deployment of your approach ______________

3.  Lessons learned through management ______________

4.  Integration in business ______________

TOTAL ______________

Directions: Divide the TOTAL by 4 ______________
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EHS Results SCORECARD

1.  Percentage of the KEY EHS results and indicators 
that management would find important and valuable to 
the organization ______________

2.  Percentage of the KEY EHS results and indicators 
that can be included in the Baldrige results criterion ______________

3.  Average score of your KEY EHS results ______________

4.  Average score of your KEY EHS results 
management program ______________

TOTAL RESULTS SCORE ______________
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Key Performance Indicators (KPI) for Managing Risk and 
Improving Profitability at Your Company

High-Level Goal:  Manage Risk and Improve Profitability of the Company
Operations
Perspective

Reliability
Perspective

Work Management
Perspective

EHS Function
Perspective

Goals: Reduce operating
costs and risks; maximize
output

Goals: Maximize uptime;
preserve plant and equip-
ment integrity

Goals: Minimize work 
needing corrective actions;
restore equipment condition

Goals: Controlled, audited
EHS compliance; audited
prevention program

Strategic KPI Strategic KPI Strategic KPI Strategic KPI

Plant availability Plant availability Planning compliance Incident rate

Number of lost profit 
opportunities

Percent proactive work
orders

Work orders complete within
20% of planned cost

Safety performance index

Percent time operating outside
statistical process control limits

Percent emergency work
orders on critical systems

Percent proactive work
orders

Process hazard reviews 
completed

Percent plant uptime Significant deterioration
mechanisms improvements 

Assessments of work orders
complete

Pollution prevention goals
attained

Production target compliance PM Inspection compliance Quantified availability tar-
gets

Internal audits on EHS 
compliance

Schedule compliance Process improvement activi-
ties using Systems Approach

Operational KPI Operational KPI Operational KPI Operational KPI

Process availability variability Mean time between mainte-
nance by equipment type

Percent emergency work
orders

Number of corrective actions
from monthly EHS inspec-
tion reports

Utility variance Mean time between failure
by equipment type

Percent reactive work orders Number of EHS incidents

Product transfer indicator Mean time between failure
growth

Backlog work orders Number of near misses

Quality limit excursions Cumulative non-availability
of critical equipment

Percent overtime hours Total days lost due to injury

Actual countermeasures Number unscheduled 
maintenance events

Number of work orders
planned

Process hazard action items

Start-up indicators Number of completed work
order records on significant
failures

Cumulative maintenance
costs 

Pollution prevention results

Shutdown indicators Current mechanical 
availability

Average direct cost per 
maintenance event

Environmental management
system program results

Off-specification product Mechanical availability trend Number work orders 
scheduled

Occupational health and 
safety management system
program results

Scrap value Percent rework Number of employee 
recognition citations made 
by management

Inventory value Percent closed work orders
within 2 days of schedule 
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