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Summary

Stakeholders increasingly have a heightened expectation of organisational
commitment to good environmental and societal practice. Proponents of the
link between environmental and financial performance have argued that
pollution reduction provides future cost savings by increasing efficiency,
reducing compliance costs, and minimising future liabilities. Environmental
management systems such as BS EN ISO 14001:1996 or the Eco-Management
and Audit Scheme (EMAS) do not require organisations to comment on
overall environmental performance. BS EN ISO 14001: 1996 simply
advocates that the organisation should have viewed each particular function of
the business process and applied a self- formulated quantitative / qualitative
analysis to the function in question, providing no incentive to add a level of
independently verifiable transparency to the analysis process.

This thesis investigates whether it is possible to develop an environmental
management system that is capable of delivering a quantitative social /
economic statement based on the pollutant aspects / effects of the organisation.

A model for quantitative pollution management (QPM) is developed, and a
scoring mechanism is defined which enables an indicator of pollution
performance to be derived. This indicator reviews the organisation as a whole
system, as well as commenting on its constituent parts. The indicator is based
upon evaluation of five areas, those of management /leadership, inputs,
controls, activities, and outputs. The model is tested in industry by an audit of
a manufacturing organisation in South Wales, and a numeric QPM indicator is
derived. The numeric QPM indicator is subsequently considered by means of a
qualitative interpretation of the quantitative indicator score. The qualitative
interpretation is then considered against the impression of the organisation
gained by the author during the conduct of the audit.

Potential future work in relation to QPM is considered, and the possible
application of the concepts of fuzzy logic to QPM is given.
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Chapter 1 Introduction — Literature Review

Chapter 1

Introduction — Literature Review

Chapter Summary

This chapter introduces the fundamental concepts that underpin the potential
and implementation of quantitative pollution management (QPM) as a
management tool. It identifies the aims and objectives of this work, and

provides an introductory literature review.



Chapter 1 Introduction — Literature Review

1.1 Introduction

A quality management system (QMS) does not in itself decide the technical or
commercial specification of a product, but establishes disciplines that assist in
the consistent meeting of requirements. An environmental management
system (EMS) requires in the main that an organisation identifies and registers
its environmental effects, while promoting continual environmental
improvement, but does not need to comment on overall environmental
performance. The hypothesis that is central to this work is that it is possible to
develop an environmental management system that is capable of delivering a
quantitative social / economic statement based on the pollutant aspects /
effects of the organisation. The United States Environmental Protection
Agency (US EPA) defines pollution as “any substance introduced into the
environment that adversely affects the usefulness of a resource”. This
definition automatically implies a quantifiable effect basis for justification of

pollutant monitoring.

The subjective assessment of environmental effects that is required by BS EN
ISO 14001: 1996 does not focus attention on the overall environmental
performance of the organisation. It simply advocates that it should have
viewed each particular function of the business process and apply a self-
formulated quantitative / qualitative analysis to the function in question. This
requirement for ‘self formulation’ provides no incentive to add a level of
independently verifiable transparency to the analysis process (lack of
transparency provides no incentive to the manufacturer to consider anything

other than end-of-pipe solutions). As has been shown by Rechem International
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Ltd (Jones, 1995) over the past decade, sector acceptance by the public, the
regulatory authorities and other stakeholders can be directly related to the
levels of transparency, scientific uncertainty and traceability of the individual
steps of the process. The study by Grayson (2003) considers that stakeholders
have a heightened expectation of organisations’ commitment to good

environmental and societal practice.

As within an organisation the ranges of synthetic pathways and end products
increase, and the use of novel intermediates becomes more prevalent, overall
environmental performance is of critical importance (James, 1994).
Quantifiable pollution management (QPM) is intended to provide a social and
behavioural indicator of the manufacturing performance. It allows the
customer and the public to be informed (by a quantitative indicator) of the
organisation’s overall environmental performance, considered against the
possible pollution involved in the manufacturing process, and its effects, in a
way that has taken into account not only process inputs and outputs, but the
controls exerting influence on the process and the mechanisms involved in

production.

Proponents of the link between environmental and financial performance have
argued that pollution reduction provides future cost savings by increasing
efficiency, reducing compliance costs, and minimising future liabilities (Porter
and Van der Linde, 1995; Reinhardt, 1999). Porter and Van der Linde (1995)
considered that opportunities for profitable pollution reduction exist because

managers often lack the skills and experience to understand the full cost of
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pollution (Jaffe ef al., 1995). Hart (1997) proposed that excess returns (i.e.
profits above industry average) result from differences in the underlying
environmental capabilities of firms. Managers may possess unique resources
or capabilities that allow them to employ profitable environmental strategies
that are difficult to imitate. The study of empirical “pays to be green” literature
(King and Lennox, 2000) has supported the occurrence of a positive
relationship between pollution reduction and financial gain by relying on

correlative studies of environmental and financial performance.

Event studies are a means of demonstrating that ‘greening’ can cause changes
in stock / share price following an environmental related event. By isolating an
environmental event within a narrow time frame, event studies establish
causes for important differences between firms that cannot otherwise be
reconciled. The limitation with event studies is that they may study the effect
of events on an organisation that are only partially environmental in nature,
and do not facilitate benchmark comparison. In some cases research has
sought to avoid this problem by using published results such as the annual
release of toxic emission data through the US EPA’s Toxic Release Inventory
(TRI) programme as the event. Polluting firms were found to have lost market
value in a one-day window following the release of TRI information
(Hamilton, 1995; Konar and Cohen, 1997, Khanna et al., 1998). Given the
complexity of analysing TRI data, it seems possible that same-day stock price

movements may reflect contemporaneously reported pollution rankings.
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1.2 Pollution

In using the US EPA definition of pollution (see section 1.0), difficulty arises
in quantification of the subjective term “usefulness”. Usefuiness does not have
an absolute value; it is a ranged term. Usefulness cannot be considered as
constant, and membership values for the range between ‘useful’ and ‘useless’

are uncertain.

The effects of pollution may be primary, or the pollutants may interact after
release with moisture, other pollutants, or sunlight (or more than one of these).
Pollution may be local, regional or global in scale. The effects may be direct,
indirect or cumulative and felt immediately or after a delay, intermittently or
constantly. Until a threshold is reached, pollution may not appear to be a
problem (Barrow, 1997). Until a threshold is reached the environment may
render the material harmless. Once the threshold is exceeded the absorptive
capacity may gradually or suddenly collapse. Gradual dose response
relationships for pollutant effects can make identification of effects difficuit.
These complex interactions of pollutant scenarios form the background of the
considerations underpinning the development of the poliution indicator

advocated in Chapter 4.

1.3  Current Environmental Management System Development

In the early 1980’s the United Nations Environment Programme (UNEP) saw
environmental management as the control of all human activities that have
significant impact on the environment (Toolba, 1982). The two current

published environmental management system standards are the BS EN ISO
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14000: 1996 family of standards, and the Eco-Management and Audit Scheme
(EMAS), Council Regulation 761/2001 EC. Both of these are voluntary
standards to which an organisation may choose to become certified / verified
by means of third party confirmation audit. There is a marked difference in the
reporting philosophy of both standards, which results in organisations having
to internally identify their own organisational reasons for wishing to achieve

either standard (Harmer, 1997; Barker, 2000).

Environmental management can be described as a methodology by which
organisations acting in a structured manner assess their operations to ensure
that they are functioning in an environmentally legitimate way (Whitelaw,
1997). They define the impacts of their activities on the natural environment,
subsequently proposing actions (within defined timescales) to minimise or
reduce those impacts that they consider (under criteria defined by themselves)
as harmful. An environmental management system is a management system
that aims to encourage an organisation to control its environmental impacts
and reduce such impacts continuously. It is unfortunate that the opportunity
afforded to the technical standards committees responsible for the
development of the two recognised environmental management systems
operating within the European Union (EU) to introduce management
principles and methodologies for positive pollution management were not
taken. Overall environmental performance is not commented upon within
either standard. Process techniques or strategic decisions that would derive
environmental benefit from the application of Best Practicable Environmental

Option (BPEO) or Best Available Techniques Not Entailing Excessive Cost
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(BATNEEC) - implying straight financial cost are not included as

requirements.

1.4  BS EN ISO 14000: 1996

In August 1991 the International Standards Organisation (ISO) established a
Strategic Advisory Group on the Environment (SAGE) to assess the need for
international environmental management standards and to recommend an
overall strategic plan for such standards. The SAGE remit required the
investigation of the promotion of a common approach to environmental
management, of enhancement of an organisation’s ability to attain and
measure environmental performance, and of ways to facilitate trade and
remove trade barriers. In 1992, based on SAGE findings, ISO formed
Technical Committee TC-207 who formulated the standard BS EN ISO
14001. BS EN ISO 14001: 1996 superseded BS 7750: Environmental
Management System 1992 in September 1996, although agreement was
reached to allow certification against the draft standard DIS / ISO 14001 from
December 1995 The speed of development to this stage was remarkable
compared to that for the development of quality assurance standards. For
example the BS EN ISO 9000: 1994 series, which drew its origins from the
1959 American Department of Defense standard Mil Q 9858A, evolved
through the 1968 NATO Allied Quality Assurance Publication (AQAP), to the
United Kingdom (UK) equivalent of AQAP-1 (Def. Stan. 05-08) in 1970 to
the publication in 1972 by the British Standards Institution of BS 4981, 'A
guide to Quality Assurance'. In 1979, BSI published BS 5750 in three parts,

revising the standard in 1984, and again in 1987, finally arriving at the current
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quality system standards in accordance with the International Organisation for
Standardisation (ISO) of BS EN ISO 9000: 1994. A subsequent review took
place, and the new standards, the BS EN ISO 9000: 2000 series as scheduled
were released in late 2000. The revised standard BS EN 1SO 9001:2000
proposes a view of environmental concern new to a quality standard
previously focussed on repeatability and traceability. ISO Technical
Committee TC 176 (Quality Management)) appear to have taken account of
the increasing amount of environmental importance proposed by TC 207

(Environment).

It may be judged that it was the speed of development of BS EN ISO 14001:
1996 that denied the evolution of an environmental management system that
was able to set out appropriate environmental performance guidelines. No
maximum levels of volatile organic compounds (VOCs) emitted to
atmosphere, no maximum volumes of effluent, and no maximum tonnage of
waste sent to landfill are quoted. The individuals and committees responsible
for the drafting of the Standard, having had prior experience of writing BS
7750: 1992 (ISO 14001's predecessor), recognised that every organisation is
unique, every business is different; therefore to set or prescribe absolute levels
would be an impossible undertaking. It avoids the possibility for comment on
the existing environmental situation of the organisation by an emphasis on the
recognition and registering of environmental aspects. Accreditation to the
standard confirms that the organisation has viewed its environmental aspects,
and is demonstrably aware of any applicable environmental legislation. It is

the term "accredited” that is key to understanding the philosophy of ISO
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14001: 1996. It is necessary for the management system to conform to the
required elements of the standard. However these elements are non-flexible,
having been devised by the ISO Technical Committee TC 207 as generically
acceptable factors for conformance. The standard itself is devoid of any
mechanism for comment on environmental performance (other than the
requirement for developing environmental targets and objectives) allowing

accreditation by attribute, i.e. the system conforms Yes / No?

The robustness of the accreditation procedure itself appears somewhat
deficient, as there is no specific requirement for a benchmark environmental
review of the operation under scrutiny. However, in practice, this is carried out
by many organisations that intend to seek certification (Phillips, 2000), as it is
a fundamental exercise that allows a baseline evaluation of the environmental

performance of the organisation to be established.

Although enabling a defined approach to an environmental management
system, BS EN ISO 14001:1996 does not reflect the concept of QPM for the
purpose of this study, as the management system does not achieve a holistic
interpretation of the organisation, and does not give a quantitative or

qualitative statement of organisational environmental performance.

1.5 The Eco-Management and Audit Scheme (EMAS) 761/2001 EEC
The Eco-Management and Audit Scheme (the EMAS Regulation) was
originally published in its entirety in Official Journal L168 dated 10 July 1993,

and was formally launched in the UK in April 1995. The regulation was
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amended in March 2001 to promote a coherent approach between the
legislative instruments developed at Community level in the field of
environmental protection. The foresight of the EU provided an opportunity for
organisations to demonstrate, in a very public way, their achievements with
respect to environmental issues detailed in published EMAS brochures. It was
hoped that the release of detailed information based on a publicly available,
third party validated, environmental policy statement would induce companies
not just to achieve legal compliance, but also to go beyond minimum legal
requirement. The uptake of EMAS as a management standard within the UK
has been very poor in comparison with that of BS EN ISO 14001 (ENDS, June
2000). This has been due not only to the organisational sector applicability of
EMAS, but also to the increased visibility for performance evaluation inherent

in the regulation.

There is no written requirement in BS EN ISO 14001 or EMAS for an
organisation to be legally compliant, although a plethora of environmental
legislation exists and is continuously being added to. Both BS EN ISO 14001
and EMAS require the formulation of a register of applicable environmental
legislation to be constructed and maintained. Both standards, however, do not
require continuous legality of operations to maintain certification  /
verification. However the “Polluter Pays Principle”, Best Practicable
Environmental Option (BPEO) and Best Available Technique Not Entailing
Excessive Cost (BATNEEC), derived from the Environmental Protection Act
1990, all lead to the supposition that the ethos of the legislation lends itself to

the inclusion of an additional factor, such as the availability of a quantitative
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indication of pollution management. The European Commission published the
long awaited paper on environmental liability in February 2000 (ENDS,
February 2000). The document proposes that there be strict liability both for
“traditional” damage to people and property, and for damage to the
environment — defined in this context as reduced biodiversity and generation

of contaminated sites.

The certification of BS EN ISO 14000:1996 and the verification of EMAS are
conducted through registered organisations under the direction, administration
and guidance of the United Kingdom Accreditation Service (UKAS). Directed
by specifications laid out in BS EN ISO 10011:2000, auditors with sector
expertise for the particular industry involved perform system and
organisational audits for conformance against the requisite standard,
recommending registration by UKAS of conforming systems based on

individual sector performance.

EMAS does not reflect the complete concept of QPM, although differing from
BS EN ISO 14001:1996 by the introduction of a verifiable environmental
statement, it does not lead to a quantitative or qualitative statement of
environmental performance, as it considers compliance as opposed to

performance.

1.6 Environmental Performance Indicators
Prior to the ability of Certification bodies to accredit an EMS, SGS Yarsley

ICS Ltd. launched the “Green Dove” award (SGS ICS 1996), which gave



Chapter 1 Introduction — Literature Review

indication of compliance with what was then BS 7750 (evolving into BS EN
ISO 14000:1996). This strategic movement away from other UKAS Certified
bodies to introduce an award and visible conformance indicator for
environmental management in industry, which is still used, addressed a
perceived need to visibly demonstrate organisational environmental
management. The award is currently granted to organisations upon
certification to BS EN ISO 14000:1996. The further development of an
indicator aligned to a management system is demonstrated by the use of the

“Green Globe” in the tourism industry (Keegan, 1998).

Individuals, however, exhibit different preferences for various aspects of our
environment, and the measurement of preferences has historically proven to be
a difficult task. The market-based price mechanism illustrates a typical
environmental consumer choice. Tropical forests may be used to illustrate this
by the use of a valuation contingent based on their existence, rather than their
resource usage (Barrow, 1997) as alternative consideration may be given to
the opportunity costs from economic activities that do not occur as a
consequence of management to conserve the scarce resources. A pricing
structure that is based on a comprehensive understanding of the identifiable
environmental costs, such as effective waste management, rather than the
more amorphous issues of pricing sites of special scientific interest (SSSI’s),
allows the general public to demonstrate their environmental stance by

exercising their power as purchasers.
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The need for exposure of environmental effects in a way which responds to
the views and concerns of society (Rothermund,, 1997) ensuring that everyone
understands both the benefits and costs of organisational activities
(Rothermund,, 1997), is a key element that is currently absent from many
organisations. The measurement and reporting of unit emissions (Herkstroter,
1998) allows a balance to be drawn against many human activities that
hitherto have brought huge benefits in terms of economic and social
development. The Co-Operative Bank recently became a customer in the new
“Green Electricity” market (ENDS, December 1998), buying power from the
Renewable Energy Company, generated via a sewage sludge incinerator, as a
direct response to the Government’s Advisory Committee on Business and the
Environment (ACBE) call for increased industrial use of renewable energy
(ENDS report 279; ENDS Report 284). This is a clear demonstration by the
Co-Operative Bank of its attempt to reduce overall environmental impact with
a strategic purchasing decision made within the organisation, having an impact
outside its operations.  These industry-wide environmental initiatives are
worthy of further consideration in the study of QPM as they detalil
environmental considerations undertaken by organisations against traditional

market options.

1.7 BS ENISO 14031:2000 ‘Environmental Management —
Environmental Performance Evaluation — Guidelines’

The attempt by ISO to produce a standard on environmental performance

evaluation (EPE), prepared under the secretariat of the American National

Standards Institute (ANSI), was published as a standard in 2000. It was
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prepared by the ISO TEC 207 / SC 4 leadership, based on the discussions and
decisions of the 1997-04-20/24 meetings of the sub-committee and its working
groups in Kyoto. The draft EPE guidelines, while introducing Environmental
Performance Indicators (EPI's) and Environmental Condition Indicators
(ECT’s), only achieve an internal reporting function for management
information. This lacks the structure that would allow external evaluation for

visible conformance, being an internally focussed system.

The EPE Process model is an internal management process that uses a
selection of indicators to provide information comparing an organisation’s
past and present environmental performance with its environmental
performance criteria, based on the ‘Plan, Do, Check, Act’ or ‘PDCA’ Cycle of
W. Edwards Demming (Kolaric, 1995). The standard describes two general
categories of indicators of EPI's and ECI’s; these are enhanced by a further
division of EPI’s to Management Performance Indicators (MPI’s) and
Operational Performance Indicators (OPI’s). EPI’s are intended to provide
information about management efforts to influence the environmental
performance of the organisation’s operations, while providing information
about the actual performance of the organisation’s operations. ECI's are
intended as a form of indicator that will provide information about the
condition of the environment. ECI’s are intended to provide information
about the local, regional, national or global condition of the environment. The
condition of the environment may change from time to time or with specific
events. While ECI’s are not measures of impact on the environment, changes

in ECI’s can provide useful information on relationships between the
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condition of the environment and an organisation’s activities, products or

services,

In considering BS EN ISO 14031:2000 for inclusion in the study of QPM, it is
important to realise that environmental performance evaluation (EPE) has not
been prescribed by BS EN ISO 14031:2000 in terms of defined criteria,
resulting in an orgamsationally specific selection of relevant determinants
when 1t is applied No methodology has been given for analysing and
converting data and assessing information, and no quantitative or qualitative

outcome publication format is shown for the derived data.

1.8 The United Kingdom (UK) Environment Agency (EA) Operator and
Pollution Risk Appraisal (OPRA)

The Operator and Pollution Risk Appraisal (OPRA), Version 2 1997,
represents a move toward risk based assessment and regulation by the EA.
OPRA is based on rigorous principles and includes sophisticated thinking. It is
not intended for detailed assessment of process risk or operator performance
but to provide an objective and consistent assessment of the environmental
risk from an Integrated Pollution Control (IPC) process. The basic premise of
OPRA is to define the main factors affecting risk and to perform a simple yet
robust analysis of these, in order to enable a score to be determined as a
regular part of inspection visits. By targeting inspection effort toward the
higher risk processes (based on OPRA results), the EA intends to improve the

effectiveness and efficiency of its own activities.
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OPRA contains two elements, Operator Performance Appraisal (OPA) and
Pollution Hazard Appraisal (PHA). Each element performs an evaluation of
seven predetermined factors (known as attributes) to determine operator
performance and pollution hazard. Both the OPA and PHA scores are
combined to produce the OPRA rating. The OPA weighting factors reflect the
importance placed on the issues of operation, management and training, and
plant maintenance. The occurrence of incidents is important, but is considered

by OPRA to be an output or consequence of the above issues.

In considering the inclusion of OPRA toward the study of QPM, it is
important to note that the PHA weighting factors reflect the fact that each of
the selected attributes belongs to a chain of interactive issues, which lead to
the risk of harm to the environment. Each attribute is therefore considered
important. The current weighting factors are therefore effectively equal. The
limiting factor of OPRA is due to the model being designed and applicable to

only IPC authorised organisations.

The introduction by the EA of local Environment Agency plans (LEAPS),
which make public the targets that an area needs to achieve, and any areas of
weakness (Gray, 1997) would produce a much broader scope of application

for participants if aligned to the methodology of OPRA.

1.9 The Global Reporting Initiative (GRI)
The Global Reporting Initiative (GRI) is a long-term, multi-stakeholder,

international undertaking with a mission to develop and disseminate globally
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applicable sustainability reporting guidelines for voluntary use by
organisations reporting on the economic, environmental and social dimensions
of their activities, products and services. The GRI was originally convened by
CERES (Coalition for Environmentally Responsible Economies) in
partnership with UNEP (United Nations Environment Programme). The GRI
consider that the long-term objective of developing “generally accepted
sustainability accounting principles” requires both a robust product
incorporating the best available techniques, and a stable process through
which continuous learning can occur. In its view of environmental
performance GRI considers that organisations create environmental impacts at
various levels, including local, national, regional, and international. Some are
well understood, while others present substantial measurement challenges

owing to their complexity, uncertainty and synergies.

Environmental reporting has reached a level of emerging common practices
based on a shared understanding of environmental processes. The repeated
appearance of certain environmental categories, aspects and indicators
provides a foundation for a common information base. However,
organisational differences remain and are reflected in the variety of indicators
used by reporting organisations. GRI distinguishes two types of indicator:
generally applicable and organisation-specific. Indicators noted as ‘generally
applicable’ are relevant to all organisations. Organisation specific indicators,
while critical to an understanding of the performance of the organisations to

which they apply, may not be relevant to all organisations. These indicators
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are derived from attributes such as the organisation’s industry sector and

geographic location, and from the concerns of stakeholders.

The GRI considers indicators under the following category headings:

Energy (Joules)

Materials (Tonnes or kilograms)

Water (Litres or cubic metres)

Emissions, Effluents, and Waste (Tonnes or kilograms)
Transport

Suppliers

Products and Services
Land Use / Biodiversity

Compliance

Any raw performance data is collected in terms of absolute figures. These can
be via a monetary measurement or via physical measurement for a given
period of the operation. Absolute figures provide information on the size of an

impact, or on the quality or value of an achievement.

In consideration of the study of QPM, it is important to utilise the types of
indicator used in environmental reporting, and to take note of the repeated
appearance of certain environmental categories, aspects and indicators to
reflect the fact that organisations create environmental impacts at various

levels, including local, national, regional, and international.
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1.10 Environmental “Name and Shame”

The production and publishing on the internet by Friends of the Earth of a
name and shame list entitled “Britain’s filthiest factories” (ENDS February
1999; FoE, 1999), ranked individual organisations by annual emissions of
“recognised” carcinogens. The top 10 sites accounted for 84% of the 13,088
tonnes of carcinogens identified on the Chemical Release Inventory (CRI)
database. The Chemical Industries Association (CIA) expressed concern at
FoE’s use of the word “carcinogen” while Associated Octel pointed out that
the World Health Organisation’s International Agency for Research on Cancer
(IARC) regarded two of the substances used (lead and ethyl chloride) to be
“unclassifiable” because of “inadequate” evidence of carcinogenicity in
humans. The inadequacy of information has given a direct indication of the
increased requirement for quantifiable pollution indicators, not only for

customer / consumer choice, but as a means to disprove allegation and rumour.

The United Kingdom (UK) Environment Agency (EA) proposed in 1999 to
publish performance league tables (Gallagher, 1999), that would detail the
amount of enforcement action it had taken. These would tell the public where
responsibility lay for major pollution damage, and would be coupled with an
encouragement to the Courts to impose larger fines for environmental damage

(ENDS report 287).

In addition to the study by James (1994) which considered the external

transparency of the environmental performance by an organisation, both the
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Friends of the Earth ‘name and shame list” and the EA proposal of
performance league tables introduce an important factor to the study of QPM
by showing that a clear and meaningful outcome indicator which defines the

environmental performance of an organisation is required.

1.11 Derivation of the Management System Boundaries

The management system reporting scope is aimed at the production of a
quantitative indicator of pollution management. Using the “simple process”
model (Fig. 1.1) detailed in BS 7850 Part 1, it is possible to view a process in
its simplest terms. Where multiple activities or physical facilities produce or
provide a particular product or service, the organisation should take them into

account when evaluating environmental performance.

Controls

!

Inputs ——® Simple Process | —»p Outputs

I

Activities

Fig. 1.1 "Simple Process" Model BS 7850: 1992
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The four critical areas of Inputs, Controls, Activities and Outputs are to be
considered individually. The inputs to any production system enable source
reduction of pollutants. When less waste is being produced, less needs to be
captured. The activities involved in the sourcing of raw materials / production
parts and equipment are critical in this area, and account should be taken of
opportunities for resource conservation, or through implementation of better
process control, and increased efficiency with which resources such as water
or energy are used. Using less energy is pollution prevention, because fuel is
conserved, and at the same time, pollutant emissions that would have resulted

from the production and use of the energy are not produced as outputs.

The evaluation of both “process orientated” and “ product and service
orientated” criteria assist in the identification of how companies assess
environmental performance. It is necessary for the traditional measures of
corporate economic performance to be extended to include their
environmental performance (Beaumond et al, 1994). When evaluating
internal environmental assessment, environmental cost function should reflect
the impact on the environment (Muska, 1999) requiring a fundamental change
in philosophy from a focus on short-term profitability to longer-term measures
on return on investments (Shen and Yu, 1999). The additional requirement for
consideration of the ‘throughput’ in terms of basic housekeeping measures can

range from a base level to those that include design for the environment (DfE).

In most production processes, there are two outputs, the product and the waste.

They should both be disposed of in the safest and most environmentally
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acceptable way possible. Waste is a measure of organisational inefficiency.
The level of pollution reduction that maximises the difference between the
benefits and costs of cutting back waste release is known as the “optimal level
of pollution abatement”. Many environmental managers have made this ‘value
judgement’ by speculation (Ortorlano, 1997; Arnold, 1995). The aggregate
level of waste tends to fluctuate with economic upsurge (Beaumond et al.,
1994). This is indicated by the increase in waste management companies,
whose methods of operation head upward in the hierarchy of waste

management options (Fig. 1.2).

REDUCTION

RE-USE

RECOVERY
Recycling
Composting
Energy Recovery

DISPOSAL

Fig. 1.2 The hierarchy of waste management. Williams. (1998)

The analysis of any production system (inventory analysis) ends, in general, in
a comprehensive inventory table including possibly hundreds of different

environmental interactions (Hofstetter ez al, 2000). This vast amount of
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information on resources used, substances emitted to air, water or soil, and
noise and radiation will, in most studies, not easily lend itself to ranking and
assessing alternatives. SETAC (1993) classifies environmental interventions
into impact categories according to their mode of action. The SETAC
characterisation step quantifies these contributions per impact category,
resulting in a ‘category indicator’. For example: CO, emissions to air are
called environmental interventions, CO, contributes to the impact category
“global warming”; a product system usually emits different gases contributing
to global warming (e.g. CO,, CH4, etc.). The category indicator is calculated
by multiplying each intervention adding to global warming with its “Global
Warming Potential” (GWP). The research literature notes some 20 impact

categories (Heijungs et al., 1992).

Use of life cycle assessment (LCA) as a decision support tool is a damage-
oriented approach, where interventions are assessed according to their
modelled damage potential towards the environment (Hofstetter ef al., 2000).
The damage potential is expressed in explicitly defined safeguard subjects and
quantified in respective damage indicators. In the example of CO,, human
health as well as ecosystem quality may be selected as environmental
safeguard subjects, as they are both affected by the consequences of global
warming. These consequences are modelled and quantified in two damage
indicators, one indicating the damage to human health, the other to the eco-
system quality. Such damage-orientated approaches end up with three damage
indicators (compared to 10-20 impact categories) in former approaches

(Goedkoop et al., 1998). In a final step these damage indicators may be
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aggregated to a single (eco) index. However, depending on the degree of
correlation between the damage indicators, high correlation would not change
the rankings between product alternatives, and modelling and quantification of
one of the damage indicators would be sufficient for the assessment of
alternatives. If the correlation is low, decision-makers have to add additional
information on the importance of the selected safeguard subjects. A related
proposal is the dominance analysis suggested by Lundie and Huppes (1999).
Their approach uses statistical analysis based on the normalised category

indicators according to CML methodology (Heijungs ez al., 1992).

1.12  Investor Responsibility Research Centre (IRRC)

The IRRC has reported on corporate governance and social responsibility from
its headquarters in Washington DC, USA since 1972. The approach taken
towards gathering and presenting environmental information through their
Corporate Environmental Profile Directory (CEPD) ensures that information is
obtained in a way that maximises the consistency and the comparability of the
information gathered, securing information on environmental compliance,
incidents, toxic chemical emissions, permit restrictions, and waste clean-up

responsibilities, as discussed below.

The IRRC has developed an Emissions Efficiency Index® (IRRC, 2001) as a
normalising tool for analysing an organisation’s progress in reducing
emissions of selected toxic chemicals associated with their manufacturing

process. The index expresses the amount of reported Toxic Release Inventory
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(TRI) releases and transfers in pounds per thousand dollars ($) of domestic

revenue.
TRI (Environmental Statute Unit)
(i.e. Toxic releases in pounds for a given year)
Sample IRRC
Environmental = .
Index Domestic or Total Revenues

(i.e. in thousands of dollars for that year)

While there is no certainty that a pattern of increasing emissions per dollar of
revenue produced will result in greater financial risks, the proliferation of
environmental regulation and litigation strongly suggests that organisations
that are able to generate revenue with lower levels of regulated pollutant
emissions will tend to have fewer future environmental liabilities. In addition,
some investors may view trends in absolute or size adjusted emissions as a
measure of the effectiveness of the organisation’s environmental stewardship.
There are several important limitations inherent in the toxic chemical data
taken from the TRI. This information is self reported by organisations, and no
mechanism exists to ensure the accuracy of the records. Organisations are not
required to measure their releases and transfers, but only to make estimates
based on available data. As no methodology is prescribed, organisations use
differing methods for estimating emissions. Revisions have taken place of
early estimates, and ambiguity remains over exactly what portion of certain
complex chemical mixtures found in some industrial process wastes is

acceptable.
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In the absence of consistent, publicly available environmental data in Japan,
corporate environmental reports are a primary source for assessing
organisational environmental performance (NTTDATAIMC, 2001). In a
survey of 88 organisations, 90% provided information about environmental
objectives and achievements, including related costs, in their environmental
reports. Yet only 55% reported CO, emissions. The study shows levels of
disclosure and environmental reporting through data on greenhouse gas

emissions, management systems, training, and other data elements.

1.13 HMIP - Emissions, Efficiencies and Economics, “The 3 E’s
Methodology”

The 3 E’s methodology (HMIP, 1996) is a structured systematic review
technique, which aims to improve environmental performance and economics
through process optimisation. It may be applied to any flow or batch process,
although it was developed initially for processes regulated under IPC.
Essentially an improvement project, the methodology may be revisited at any
stage of the life cycle of a project. The stages of the review are clearly defined
as:

* Planning

* Review

» Implementation of proposals
With specified benefit objectives of:

» Reduced emissions

» Improved process efficiency

» Improved economics
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* Improved management control

Although not intended to determine a quantitative or qualitative indication of
pollution performance other than for fiscal comparisons, it does develop
associated benefits for the organisation in terms of.

* Emission identification

«  Utility usage

» Material / utilities usage per unit of output

» Better understanding of the process and BATNEEC

1.14 Quality Awards

The European Foundation for Quality Management (EFQM) Business
Excellence Model is the most widely applied model in Europe used to measure
and manage total quality management (Westlund, 2001). The EFQM model is
based on the underlying idea that customer satisfaction, employee satisfaction,
and beneficial impacts on society will ultimately imply excellent business
results. Another basic principle is that the EFQM approach enables the
description of cause and effect relationships. There are two main criteria used,
the ‘enabler’ elements consider business management, and the ‘results’ criteria
describe what the organisation has achieved. Environmental issues are dealt
with in both criteria, but have their most significant role within one of the

results categories, namely society results.

The Malcolm Baldrige National Quality Improvement Act, signed by

President Reagan in 1987, established an annual USA quality award (Kolaric,
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1995). Award applications are examined in seven major categories with a
maximum total score of 1000 points, and evaluated on three dimensions,

approach, deployment and results.

In utilising concepts from both EFQM and the Malcolm Baldrige National
Quality Award, the study of QPM will benefit by considering a holistic view
of the organisation, juxtaposing total quality excellence and environmental
performance in pursuit of a final numeric indicator of performance measured

against prescribed criteria.

1.15 Balanced Scorecard

Balanced scorecard is a methodology for strategic control using a
multidimensional framework for describing, implementing and managing
strategy through all levels of an organisation. Introduced by Kaplan and
Norton (1992), balanced scorecard benefits an organisation by providing both
relevant and balanced information in a concise manner (Mooraj et. al., 1999).
This 'balance' enables organisations to clarify their vision and strategy by
translating them with a tool that effectively communicates strategic intent, and
motivates and tracks performance against strategic goals. Balanced scorecard
is more than an assorted collection of financial and non-financial measures
(Jones, 2001) as it structures an organisation's focus on the cause and effect
relationships which interact between the four 'perspectives’, considered by

Kaplan and Norton (1992) (Fig. 1.3).
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The cyclical process of the balanced scorecard allows comparison with Dr. W.
Edwards Demming's Plan / Do / Check / Act (PDCA) cycle (Kolaric, 1995).
Balanced scorecard is based on performance metrics that are continuaily

tracked over time to look for trends, good and bad practice, and areas for

improvement.
Financial Perspective
"To succeed financially how
should we appear to our
sharcholders?"
) f Internal Business
Customer Perspective Perspective
"To achieve our vision .- . "To satisfy our
how should we appear to Vision and shareholders and
our customers?" ‘ Strategy ’ customers what business
processes must we excel

T_ at?"

Learning and Growth
Perspective

"To achieve our vision
how will we sustain our
ability to change and
inprove?"

Fig.1.3 The Balanced Scorecard Perspectives. (Adapted from "The
Balanced Scorecard", Kaplan and Norton. Harvard Business School,

1996.)

The balanced scorecard invites managers take a wider view of the

organisation, and by focussing energies, attention and measures on all four of
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the perspectives, organisations become driven by their mission, rather than by
short-term financial performance. Crucial to achieving this is the application
of measures to company strategy. Instead of strategic decision making being
considered as beyond measurement, the balanced scorecard strengthens the

argument that strategy should be central to any process of measurement

(Norreklit, 2000).

Kaplan and Norton (1996) consider that there are three key elements that
contribute to the success of the balanced scorecard. These are

e Cause and Effect Relationships

e Performance Drivers

e Linkages to Financial Measures

Cause and LEffect Relationships - Kaplan and Norton consider that each
measure selected for a balanced scorecard, rather than being isolated or 'stand
alone', should be part of a chain of cause and effect relationships the resultant

network of which reflect the strategy.

Performance Drivers - Kaplan and Norton advocate that a balanced scorecard
should have a combination of "lead" and "lag" indicators. The (1992) study
considers that measures common to organisations within an industry sector are
known as "lag indicators". e.g. market share. "Lead indicators" are drivers of
performance and tend to be unique as they reflect differing strategies, and are

company (and strategy) specific.
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Linkages to Financial Measures - The frequent pursuit of single change
programmes such as quality, customer satisfaction or re-engineering are
considered by Kaplan and Norton as strategic issues. However they should be
translated into measures that are ultimately linked to financial indicators rather

than pursued indiscriminately.

The intent and practical applications of balanced scorecard stems from similar
precepts to the management by objectives (MBO) introduced in the late 1950's
by Peter Drucker (Dinesh, 1998). It is the concept of the individual elements
of an organisation considered as part of a chain of cause and effect
relationships, the resultant network of which reflects the strategy of the
organisation which make this methodology a consideration for inclusion in the
author's study toward QPM. The study of QPM would benefit from the
inclusion of performance metrics that are continually tracked over time to look
for trends, good and bad practice, and areas for improvement. This would
enable managers to take a wider view of the individual components of an

organisation.

1.16 Aims and Objectives of the Programme of Research

The aim of this research is to develop and apply a model for environmental
management from which quantifiable indication of overall environmental
performance for an organisation may be derived. This innovative study will
assist in allowing environmental performance to become a strategic factor in
business planning. Direct comparisons may be made between the operational

characteristics of organisations, and how those organisations impact on the
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environment via pollution, providing direct business benefits to organisations

that manage their business and protect the environment.

Following the development of a quantifiable pollution indicator, customers /
consumers would be able to make a purchase decision that takes into account
environmental concerns. These unique QPM indicators will assist in
promoting a sustainable management strategy with preventative approaches to
pollution. Under these circumstances, a QPM indicator would allow industrial
and regulatory strategies to be implemented beyond the traditional boundaries
of pollution control and waste management. It would give a broader
perspective on performance, and encourage application of preventive
technologies to reduce pollutant and waste loads, while also promoting
environmentally friendly products and services through openly available
quantitative indicators. The derived indicator will be limited to the state of a
particular process at a given point in time, and as such will need recalculation
over given time intervals. This methodology enables the organisation to
demonstrate improvement, if applicable. Monitoring tools should in any case

be an aid to strategy formulation, not a determinant of it (Escoubes, 1999).

1.17 Summary

The thesis which is central to this work is that is possible to develop an
environmental management system that is capable of delivering a quantifiable
social / economic statement based on the pollutant aspects / effects of the
organisation. In the literature survey, the links between environmental

performance and financial performance are considered. Several research

1-31



Chapter 1 Introduction — Literature Review

methods are described which consider pollution performance. However it is
clear that no single method wholly reflects quantitative pollution management
(QPM) for the purposes of this study. The basis for QPM can be derived from
either of the certified EMS. However, neither BS EN ISO 14001:1996 nor

EMAS actually considers any form of quantitative output.

BS 14031:2000 achieves an internal reporting function for management
information. However, this lacks the structure of externality for visible
conformance, being an internally focussed system. Environmental
performance evaluation (EPE) has not been prescribed by BS EN ISO
14031:2000 in terms of defined criteria, resulting in an organisationally
specific selection of reievant determinants. This international standard does
not prescribe a methodology for analysing and converting data and assessing
information, and no quantitative or qualitative outcome publication format is

shown for the derived data.

The EA OPRA methodology is not intended for detailed assessment of process
risk or operator performance but to provide an objective and consistent
assessment of the environmental risk from an Integrated Pollution Control
(IPC) process. The methodology involved in the GRI reporting guideline is
based on the collection of absolute figures. From absolute figures relative
figures (ratios) may be derived which allow comparisons of products or
processes with each other, and allow comparability of different scales of
operation relative to a specific activity (e.g. kilograms of product per litre of

water used). Relative ratios can include a consideration of actual pollution
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performance considered against the potential for pollution within an
organisation. QPM may therefore be constructed as a relative ratio of actual
performance against potential for pollution, derived from a combination of

absolute figures obtained from environmental indicators.

The EFQM model provides a conceptual platform for the evaluation of a
company for actual and perceived performance, using both enabling
management and actual results, which assist the evaluation of ‘cause and
effect’ relationships. The Malcolm Baldrige Award uses a concept based on
seven major categories, each assessed under three dimensions on the precept
of ‘promoting awareness, recognising achievements and publicising
strategies’. Both awards are concerned with the implementation of a company

wide system, and use a self-assessment process prior to examination.

The derivation of the management reporting system from which this thesis
regarding QPM may be accomplished will consider factors emerging from BS
EN ISO 14000 series, EMAS, BS 14031, GRI, OPRA, EFQM and the

Malcolm Baldrige Award.

1.18  Outline of Thesis

The author’s study of QPM is offered in the following chapters that are
detailed below.

Chapter 2 considers the selection of the metrics necessary for the design of the

quantitative pollution management (QPM) system. The Chapter identifies the
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required metrics and discusses their inclusion in the QPM management

system.

Chapter 3 considers the author’s methodology in deriving the initial model for
QPM. It provides a brief overview of the prototyping, application and

evaluation of QPM

Chapter 4 considers the derivation of the initial model for QPM, and the
weightings of the individual, and combined categories in achieving the
indicator of poliution performance. The Chapter also considers the audit

guidelines for the assessment of QPM.

Chapter 5 offers the initial audit of Tubex Ltd. for QPM, and the derivation of
the initial QPM indicator. The Chapter also considers a qualitative

interpretation of the quantitative indicator.

Chapter 6 reviews the author’s study of QPM, and shows the contributions

afforded by the study. The Chapter also considers the possibility of further

work on the initial model
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Chapter 2

Design of the Environmental

Management System

Chapter Summary

This chapter considers the metrics necessary for the design of the quantitative
pollution management (QPM) system. It identifies the metrics and discusses

their inclusion.
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2.1 Introduction

A strategic response to corporate environmental performance requires a
consideration of what and how to measure. This chapter considers how the
pollution performance of the organisation may be quantified in practice, which
is the aim of this study. Annex VI of the EMAS regulation details direct
environmental aspects (activities over which an organisation has management
control) and indirect environmental aspects (from significant activities,
products or services over which an organisation may not have management
control). Environmental performance indicators are generally based on an
“input-output” model of companies (Escoubes, 1999). Consumption and
emissions dominate the metrics used for the determination of environmental
performance. The technical and operational indicators in BS EN ISO 14031,
based on the simple process model illustrated in BS 7850 (see Fig.1.1) are
intended to be used as an internal tool for the determination of organisational
environmental performance against the criteria set by management. The
contribution afforded by the author’s unique study of Quantitative Pollution
Management (QPM) is that QPM will be able to be used as both a determinant

of internal performance and for extrinsic verification of performance.

The reporting mechanism for environmental data needs to consider four main

issues (Brownley, 1997):

1. Audience

ii. Measurement tools

i1l Degree of disclosure

v. Tracking environmental performance throughout the organisation
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1. Audience

The consideration of the target audience is a key factor in determining the
reporting mechanism for QPM. The assessment and voluntary disclosure of
environmental performance by an organisation gains industrial advantage at
the risk of greater external scrutiny (Meyers, 1999; Jones, 1995). The
corporate culture that guides decision-making becomes open to increased
examination. Unsolicited analysis may be rigorous and swift, coming from
independent reviewers as well as interested stakeholders. Sophisticated
analysis techniques are well established with public interest groups. For
example, the production and publishing on the Internet by Friends of the Earth
of a name and shame list entitled “Britain’s filthiest factories” (ENDS
February 1999; FoE, 1999), ranked individual organisations by annual
emissions of “recognised” carcinogens. Corporate activities will be revealed to
emerging, in addition to traditional, audiences. If QPM is used as a model for
quantifying pollution performance, stakeholders will be able to assure
themselves of the organisational commitment to the environment by using the

quantitative / qualitative indicator.

1i. Measurement Tools

The organisational use of QPM requires the development of tools and
processes for the measurement of year on year progress according to specified
indices, and for communicating performance against those indices in a
meaningful way. This has the advantage for the organisation of providing a
single index, which may be easily understood by both corporate management

and external stakeholders, which is able to identify areas in need of
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improvement or corrective action, and provide a means for benchmarking.
Modelling of environmental waste management systems, as opposed to the
modelling of the particular components of the system, has been attempted
since the late 1980’s (Wang, 2001). A common shortcoming of statistical
models is the implication that the conditions producing existing outputs will
be appropriate in areas (or time periods) other than those where data for
statistical analyses were obtained. Such contextual factors include socio-
economic, demographic, and operational aspects of the existing systems.
Statistical models largely ignore the ‘inner workings’ or interactions between
the various components of a system. The derivation and use of 3D numerical
models for pollution studies are based upon the solution of basic flow and
dispersion of pollutants. The quality of the input data is often not sufficient to
justify the application of the very complex numerical tools. Alternatives are
parametised semi empirical models that make use of priori assumptions about

the flow and dispersion conditions (Berkowicz, 2000).

The environmental dimension of quality is measured and defined in

accordance with one, or both, of the following two paradigms (Westlund,

2001):
i Dimensions which are absolute, e.g. measurements, such as
chlorine emissions
it Dimensions which are perceived, e.g. by market, by stakeholders

etc.
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Both paradigms are important. However the linkages to perceived dimensions
make it crucial to identify those areas that have an impact on stakeholder
behaviour and evaluations. To address the perceived dimension paradigm, the
QPM method developed in this study will consider factors additional to
operational performance, by evaluating the decision-making process and

organisational management.

By focussing attention on specific areas of performance, performance
indicators can be used to shape what issues are thought about. For example, a
survey that measures asthma rates within a particular locality or age group
indicates that this outcome is of importance to the agency that mandated its
introduction; by the action of measurement it makes the institutional
performance on this issue public. By focussing attention on their performance
indicator results, governments may impose a policy agenda on institutions by
embedding assumptions related to purposes, goals or values into the selection
and structure of indicators (Barnetson et al., 2000). Performance indicators
may transfer the power to set priorities and goals to those who create and
control the documentary decision-making systems (Newson, 1994). Through
the inclusion of performance indicators that demonstrate the positive outcomes
of a policy agenda, and by the exclusion of performance indicators that
demonstrate the negative outcomes, evidence is able to be generated that
legitimises a particular policy agenda. Consequently, the use of performance
indicators affects how institutions and policies are evaluated, as the power to
delineate what evidence is considered relevant is shifted to those who create

and control the performance indicator systems.
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Performance indicators are occasionally complicated, and often controversial.
In general terms they consist of a ratio, which comprises a numerator and a
denominator. A robust indicator requires general agreement about the values
that go into both of these. Additionally performance indicators need consensus
that a higher ratio is 'better' or 'worse' than a lower ratio. The interpretation of

indicators is generally at least as complex as their construction.

iii. Degree of Disclosure

It is necessary for the traditional measures of corporate economic performance
to be extended to include organisational environmental performance
(Beaumont et al., 1994). The Department of the Environment, Food and Rural
Affairs (DEFRA) guide to Integrated Pollution Prevention and Control (IPPC)
outlines requirements for IPPC authorised organisations to consider Best
Available Techniques (BAT), together with a consideration of local
circumstances. The author’s QPM study is intended to provide a quantitative /
qualitative indicator that will enable all organisations to produce an individual
evaluation of organisational performance which is in addition to the end-of-
pipe reporting of emissions, allowing consideration of the organisational

perspective as a whole.

Increasingly, organisations are not only expected to act in a responsible
manner, but are asked to demonstrate this publicly (KPMG, 1999). This is
particularly true in the environmental field, where growing public awareness
and concern have fuelled the environmental movement. Company

stakeholders, however, include many groups with differing priorities -
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employees, shareholders, banks and insurers, customers, local communities,
and the general public. The KPMG study considers that the response of
organisations has been to extend public reporting to non-financial information,
initially in the field of environment, and more recently to social and ethical
issues, concluding that once organisations see their competitors producing

such reports the pressure increases for them to report similar outputs.

Recent developments in communication have given a shorter lead-time, and
larger audience for the reporting of environmental matters. Organisations now
recognise the need for a proactive approach to environmental risk management
and wish to demonstrate this to the relevant stakeholder groups (James, 1995).
In addition to these pressures, a number of countries (Denmark, Norway,
Netherlands, Sweden and UK) have a mandatory reporting requirement as
well as voluntary reporting as a requirement of the Eco Management and

Audit Scheme (EMAS).

2.2  Characteristics of QPM as Management System Deliverables
Via the delivery of a quantifiable social - economic statement based on the
pollutant aspects / effects of an organisation, QPM is intended to produce a

direct indicator of pollution performance by that organisation.

The contribution afforded by the QPM indicator will enable organisations to
establish:
a. Common language and conceptual framework for the

management of pollution by the organisation
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b. Direct benchmark for organisational pollution performance
evaluation

c. Temporal performance comparison using defined criteria

d. Comparisons with environmental performances of other

organisations of a similar or diverse nature.

2.3  Measurement Metrics

Using the US EPA definition of pollution (See Chapter 1) as the central
statement within an environmental management system (EMS) intended to
deliver a statement of environmental performance implies that a greater
understanding of the evaluation of environmental performance is needed. This
understanding may be achieved through assessment of internal management
processes to provide reliable and verifiable information on an ongoing basis.
The measurement metrics used in this context must extend beyond the
traditional focus on failure rates and end-of-pipe controls. End-of-pipe
measures are limited to tracking costs, emissions, or other outputs, and fail to
measure adequately the efficiency or effectiveness of the underlying process.
They do not consider how the organisation approaches pollution management,
and the extent of the deployment of management implementation — vertically
through all levels of the organisation, and horizontally to all areas and
activities. Post performance or results metrics consider what the organisation

has achieved.

The US EPA definition of pollution does not rate the impact effects of

pollution; the severity may vary according to factors such as toxicity, flow
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rate, frequency, bioaccumulation, etc. Source-Pathway—Receptor analysis
provides a potential methodology for systematic analysis for assessing the
hazard of pollution (Watts, 1997). Evaluation of operational performance by
King and Lennox (2000) allows for differences in toxicity between emitted
chemicals by weighting each by its toxicity against the reportable quantities
database in the U.S. Comprehensive Environmental Response, Compensation,

and Liability Act (CERCLA, 1980) Statute using:

Eii = 2y Weecir (2-1)

Where E;; is the aggregate emission for facility 7 in year ¢, W, is the toxicity
weight for chemical ¢ in year f, € is the mass in the year of emissions of

chemical c¢. Relative environmental performance at the facility level is
measured by estimating the production function relationship between facility
size and aggregate toxic emissions for each four digit Standard Industrial
Classification (SIC) code within each year using standard ordinary least
squares regression. The relative environmental performance of a facility (RE,)
is given by the standardised residual, or deviation, between observed and
predicted emissions given the facility’s size and industry sector. The
methodology developed by King and Lennox (2000) is limited to emissions
that have a membership function within the CERCLA statute, and are reliant

on post-event performance. BS EN ISO 14031:2000 defines the characteristics
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of data for indicators used in environmental performance evaluation as shown

in Table 2.1,

2.4 Environmental Indicators

Direct measures or | Basic data or information

calculations:

Relative measures | Data or information compared to or

or calculations: | in relation to, another parameter

Indexed: Describing data or information
converted to units or to a form
which relates the information to a

chosen standard or baseline

Aggregated | Describing data or information of
the same type, but from different
sources, collected and expressed as a

combined value

Weighted: Describing data or information
modified by applying a factor

related to its significance

Table. 2.1 Characteristics of data for indicators used in environmental

performance evaluation.
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2.5  Leading and Lagging Indicators

Environmental indicators can be broadly classed into two types of measures:

end of process measures, otherwise known as ‘lagging’ indicators and in-

process measures, otherwise known as ‘lead’ indicators (GRI, 2000). Most

environmental metrics programmes will contain both types of measures.

Lagging Indicators

Leading Indicators

Type of measure

End-of-process or output
indicators

In-process or
management indicators

Approach Quantitative Quantitative and
qualitative

Example Tonnes of toxic chemicals | Percentage of facility
released to air, water, or conducting self audit
land per unit time

Strength Easy to quantify and Reflect current or future
understand: generally rather than past
preferred by the public and | performance
regulators

Weakness Time lag in feedback loop: | May not address all

root causes not always
identified

stakeholder concerns; can
be difficult to quantify
and evaluate; hard to
build support for use

Table. 2.2. Comparison of characteristics

indicators (GRI. 2000)

of leading and lagging
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The reporting of indicator results within the GRI as absolute figures enables
the organisational environmental characteristics to become apparent. The
principal advantage of using lagging indicators is that they are usually readily
quantifiable and understandable, and the data is often collected for other
business purposes. The main disadvantage is that they lag behind or reflect
situations that have already occurred. These indicators do not identify or
establish the root cause of a deficiency, and how its recurrence will be
prevented. In addition, the effects of corrective actions already taken may not
be apparent until the next reported results. Conversely, reported performance
may not portray current performance, because underlying factors may have
already changed. Table 2.2 summarises the main aspects of both types of

indicators.

2.6 QPM Links with Existing Quality Management Awards

The European Foundation for Quality Management (EFQM) Excellence
Model provides a framework of criteria that can be applied to a diverse range
of organisations, or to any part of an individual organisation intent on the
demonstration of outstanding practice in managing the organisation and
achieving results (Fig. 2.1). The EFQM Model addresses environmental issues
within the nine criteria. For example, within ‘Policy and strategy’, how an
organisation uses information relating to social, environmental and legal issues
is addressed. How the organisation promotes awareness and involvement in
health and safety and environmental issues is addressed within ‘People’.
‘Partnerships and resources’ considers many areas related to how suppliers

and materials are managed. Within ‘Processes’ there is a focus on how the
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organisation applies environmental system standards in process management.
Finally, within ‘Customer results’ ‘People results’ and ‘Society results’ areas
relating to the environmental profile of products and services, perceptions and

policies are analysed.

The cause and effect linkages establish the relationships between the nine
criteria. However until the introduction of the results, approaches, deploy,
assess and review “RADAR” methodology (EFQM, 2000) for evaluation, the
former ‘blue card’ system of appraisal (Armitage, 2002) relied on individual
verification team members agreeing a consensus, and an aggregated score

being derived for each of the criteria.

People People
L1 - el  Results H
1 L
Policy and Customer Key
Leadership }— Strategy =l Processes - Results ~ Performance
Results
| 1
Partnership Society
and Results
—  Resources [ ™
Enablers Results

Fig.2.1 The EFQM Business Excellence Model (EFQM, 2003)

The study of the EFQM quality management award for the purpose of the

development of a management system for QPM as developed in this thesis has
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shown that the following elements are issues that are important in this research

study:

a.

The concept of linking the management elements of the organisation
(enablers) to the achievements (results). This establishes the cause and
effect relationships between the leadership and management, and the
results categories that combine to produce the key performance results.
Policy decisions reflect both internally within an organisation and
externally to customers, stakeholders and society.

The consideration of total involvement by the organisation. In the same
way that quality is regarded as the ‘totality of characteristics of a
product or service that bears on its ability to satisfy stated or implied
needs’ (Hoyle, 1997), the reporting structure of QPM must consider
the totality of the organisation and its actual, and potential for,
pollution.

The EFQM model reflects a focus on a holistic approach to managing
business excellence. By dividing the award criteria into enablers and
results, equal weighting is given to cause and effect. To obtain a high
rating for a determinant, the organisation must be successful as well as
an excellently managed enterprise. The model clearly identifies
success in both financial and non-financial terms, recognising the
impact on society of managerial actions. The transposition of this
methodology to the management system for QPM will add a level of
robustness to the process that will encourage greater sector acceptance
of QPM in that it can be seen that the achievement of success is as the

result of management practices and not in-spite of them.
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d. When evaluating the achieved results for the organisation,
consideration must be given to performance in absolute terms, and

performance against the organisation’s own targets.

The Malcolm Baldrige National Quality Award (MBNQA) is very much
concerned with the implementation of a company-wide system of total quality
management (TQM). The Award is supported by detailed assessment, check
lists and documentation. Award applicants and those using the system for self-
assessment purposes have a clear understanding of what is expected of them.
This has the adjunct of extending a level of transparency to the business
process, and establishes a clear benchmark entry level for all entrants in an
unambiguous manner. The seven criteria for the MBNQA each contain

defined items that are each allocated point values. e.g.

Category 6.0  Business results Points value Total value
250

6.1 Product and service quality results points value 75

6.2  Company operational and financial results  points value 130

6.3 Supplier performance results points value 45

Total 250 250

The MBNQA criteria are continually refined. While the basic structure of
seven categories has remained unchanged, there have been alterations of
emphasis in meaning and relative scoring weights. For example, category 3.0

was called ‘Planning for quality’ in 1989, and accounted for a maximum of 80
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points out of 1000. In 1990 it became ‘ Strategic quality planning’ with
maximum points value raised to 90, and revised in 1995, it became ‘Strategic
planning’ with a subsequent points reduction to 55. Two other categories that
have been subtly moved from a definite quality bias to a wider definition of
business excellence are category 5.0 ‘Process management’ and category 6.0
‘Business results’. Business results have additionally been re-weighted to
contain a potential score of 250 points out of a maximum of 1000. This may
sign a gradual change in emphasis for the MBNQA from a TQM system to a

business excellence model.

The study of the Malcolm Baldrige National Quality Award as a recognised,
successful, quality award, has shown that within its structure it has several
aspects that are worthwhile for consideration in the development of the QPM
management system and reporting process for the current study toward QPM.
A consideration for the robustness of the concept of QPM is that it will contain
appropriate best practice from other successful awards within its distinctive
structure. The MBNQA introduces the following:

a. The introduction of the concept of a structured assessment process
which is based on a published and unambiguous set of criteria, with set
point values ascribed to each section, enabling participating
organisations to conduct a self evaluation prior to assessment, and by
the process of self determination, developing a ‘learning organisation’
for improvement.

b. The direct relation of the organisational score to the published

maximum possible score. The MBNQA does not normalise, or in any



Chapter 2 Design of the Environmental Management System

other way alter, category scores, enabling direct comparisons to be
made against the ‘best in class’ for each category.

c. The transparency of the defined criteria used in the MBNQA indicates
that QPM would benefit from having a prescribed category
membership function.

d. The ability of the MBNQA to undertake changes to category
weightings as a direct response to industry considerations, and
technological advances ensure that the award maintains its relevance,

and robustness.

2.7 QPM Design Overview

The framework for the criteria that comprise the QPM metrics is based upon
the simple process model (see Fig. 1.1). The four criteria enable the
consideration of the entire organisation’s activities. QPM is intended to
provide both recognition of the internal mechanisms within an organisation in
achievement of the QPM indicator, and an incentive for other organisations to
attain a standard of performance appropriate to their particular organisation’s
activities. The Bellagio Principles (iisd, 2002) considered that assessment of
progress toward sustainable development should be based upon an explicit set
of categories or an organisational framework that links vision and goals to
indicators and assessment criteria, and should review the whole system as well
as its parts. The behaviour of an organisation’s management and leadership
should create a clarity and unity of purpose within the organisation, and
attempt to ensure that all organisational activities are aligned and deployed in

a structured and systematic manner. Organisations perform more effectively
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when all inter-related activities are understood and systematically managed,
and decisions concerning current operations and planned changes are made
using reliable information (Kaplan et al, 1996). The author’s study toward
QPM will expand the four criteria of the simple process model to five criteria
by the inclusion of metrics based upon organisational management and

leadership.

QPM Framework Summary
The QPM framework is produced from the summary of the literature review
discussed in Chapter 1, which highlighted the following areas as being

important to the QPM model.

The framework for the QPM model should utilise an explicit set of categories
that link vision and goals to indicators and assessment criteria. It 1s important
that QPM should take a holistic approach to reviewing the organisation. As it
is the behaviour of an organisation’s management and leadership that drive
and direct the organisation, QPM will require to ensure that all organisational
activities are aligned and deployed in a structured and systematic manner. This
requires the additional factor of management and leadership to be evaluated in
addition to the inputs to the organisation, the controls and activities undertaken
by the organisation and the resulting outputs. Any weighting of the model’s
categories should be reviewed periodically, to consider the possibility of
adjustment to category importance weightings, subject to industry,

stakeholder, or technological change.
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2.7.1 Management / Leadership Function

The CERES reporting requirements, GRI Guidelines and the Public
Environmental Reporting Initiative (PERI) Guidelines (IBM, 2002) consider
the organisation’s environmental policies, its organisation and its
management, also taking into account the inherent culture of the organisation.
The International Survey of Environmental Reporting (KPMG, 1999)
considered that an organisation’s management is not only expected to operate
in an environmentally responsible manner, but is increasingly asked to
demonstrate this publicly. Public awareness and concern have fuelled the
environmental movement, creating pressures to report on environmental
performance in addition to the mandatory reporting of prescribed substances.
Environmental reporting enables reflection on the whole of the organisation.
The culture of the organisation in regard of the environment is therefore an
important aspect for consideration (James, 1994). Therefore by considering
management and leadership in the study of QPM, company mission, vision

and culture are embedded into the model.

The evaluation of environmental performance considered in BS 14031:1999 1s
regarded as an internal management process. The guidelines consider two
types of environmental performance indicator:
1. Management Performance Indicators - providing information about
management efforts to influence the environmental performance of

the organisation’s operations.
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it Operational Performance Indicators - providing information about

the environmental performance of the organisation’s operations.

In this context of management performance indicators (MPI’s), the
management of the organisation includes the policies, people, planning
activities, practices and procedures at all levels of the organisation. Efforts and
decisions undertaken by the management of the organisation may affect the
performance of the organisation’s operations, and therefore may contribute to
overall environmental performance. MPI’s should provide information on the
organisation’s capability and efforts in managing matters such as training,
legal requirements, resource allocation and efficient utilisation, purchasing,
corrective and preventive actions. Further considerations of MPT’s are the
environmental management capabilities of the organisation, including
flexibility to cope with changing conditions, accomplishment of specific
objectives, effective co-ordination, or problem-solving capacity. MPI's may
additionally be used in the assessment of compliance with legal and regulatory
requirements, and conformance with other requirements to which the
organisation subscribes. Utilising the principles proposed by BS 14031:1999,
the study of QPM will benefit by conducting analysis of management’s
involvement in supporting and leading the organisation through its policy and

strategy.

Management / Leadership Function Summary
In evaluation of the management / leadership function of the organisation, it is

important that the study of QPM should consider the culture of pollution
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management inherent in the organisation, undertaking analysis of the
management’s involvement in supporting and leading QPM through its policy

and strategy.

2.7.2 Inputs

The activities involved in the sourcing of raw materials / production parts and
equipment are critical in this area, and account should be taken of
opportunities for resource conservation, or through implementation of better
process control. Input performance indicators should provide relevant
information on the environmental performance of inputs that are introduced to
the organisational process. The inputs considered by BS 14031:1999 view

three categories, materials, energy and services.

1. Materials

Endorsers of the CERES reporting requirements consider how to incorporate
environmental guidelines into the selection of specific goods and services (as
distinct from the selection of suppliers). Design for the Environment (DfE)
considers the purchase by the organisation of the most environmentally sound
option from the range of products that a supplier offers. Both DfE and Life
Cycle Analysis (LCA) techniques can be applied to the product creation
process (Lennox et al., 1995). With the integration of DfE concepts into the
product development process, products can be designed and built using the
most effective corporate resources, maximising environmentally beneficial

product features, and minimising environmental impacts (Conway-Schempf,
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1996). The value of any strategic environmental programme must be shown to
balance the cost of market production, and the need to be competitively priced.
Sheldon (1994) considers that organisations encounter a ‘green wall’, which is
the point where the overall organisation refuses to move forward with its
strategic environmental management programme, and requires that
environmental management functions integrate sufficiently with the business

units for both these functions to become effective.

The Sustainability Reporting Guidelines (GRI, 2000) require the reporting of
total materials use, and organisationally specific data to include the use and
conservation of natural resources, recycled materials, the use of packaging
materials and the use of hazardous chemicals / materials. The Guidelines
consider water separately, requiring organisations to report total water use, and
the supply of information on water sources. In Annex VI of the EMAS
Regulation, consideration of environmental aspects for the use of natural
resources and raw materials (including energy) is expanded to review the
product related issues of design, development, packaging, transportation, use

and waste recovery / disposal.

1. Energy

The production and use of energy are major sources of pollution worldwide
(Hill, 1997), making this an area that should be included in the study of QPM.
The Environmental Reporting General Guidelines (ERGG) (DEFRA, 2001)
show total tonnes of greenhouse gas emissions in terms of tonnes of carbon

dioxide equivalents. The indicator considers emissions from energy used on
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premises by taking information on energy use from electricity or gas bills and
converting them into CO; equivalents using the ERGG greenhouse gas
guidelines. This shows the contribution to global warming. If the organisation
includes transport operations, the QPM indicator should also cover emissions
from fossil fuels used for transport. The ERGG Guidelines detail the factors to
convert fuel use or mileage into CO, equivalent emissions. BS 14031:1999
considers the type and quantity of energy used, generated or saved by the

organisation.

Exploration of the ways in which energy needs can be met in a way that does
not cause serious and /or irreversible environmental degradation (Vellinga,
2000) considers three perspectives, those of consumer, producer and
government. Economic prosperity has generated an awareness and concern
about the environment. The general public consider sustainability as an
overarching condition for production (Steg, 1999), expecting producers and
governments to assure that products and services introduced into the market
do not cause serious / irreversible damage to the planet. The study by Vellinga
(2000) shows that people are prepared to pay more where there is an assurance
that the products or forms of energy purchased are environmentally friendly.
Energy-consuming companies with high energy costs consider more readily

the systematic exploration and exploitation of energy efficiency.

1il. Services
BS 14031:1999 considers ‘services’ which support organisational operations,

and includes environmental issues that directly relate to contracted service
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providers. Services must be considered to enable QPM to achieve a robust
indicator of pollution performance. Environmental effects related to supplier /
service management are interpreted by both BS EN ISO 14001:1996 and
EMAS as effects over which the organisation has control or over which the
organisation may be expected to exert an influence. The CERES reporting
requirements expand the concept of ‘suppliers’ beyond that of BS 14031:1999
to include both producers of the raw materials the organisation uses, and
providers of intermediate products or services. The need to consider the
environmental performance record of suppliers is particularly relevant in
organisations involving a large percentage of outsourced products. Similar to
the requirements in BS EN ISO 9001:1994, supplier evaluation prior to
commencement of contractual arrangements should take into account the
supplier’s ability to meet environmental subcontract requirements, and should
define the type and extent of control exercised by the organisation over
subcontractors. Organisational policy for supplier assessment / evaluation
should describe any methodology used for the incorporation of environmental
criteria in the selection process. The description of methodologies used in the
incorporation of environmental guidelines into the selection of specific goods
and services (as distinct from the selection of suppliers) should comment on

whether or not they are considered explicitly.

Input Function Summary
The evaluation of inputs considered by QPM should review the materials
sourcing and supplier evaluation undertaken by the organisation, and any

consideration that the organisation gives to the application of design for
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environment (DfE). The review of organisational use, and conservation of
natural resources should include the product-related issues of design,
development, packaging, transportation, use and waste recovery / disposal
relevant to the organisation. As the production and use of energy are major
sources of pollution worldwide it is important that organisational energy use is

included in the QPM evaluation process.

2.7.3 Controls

Control is the act of preventing or reguiating change in parameters, situations
or conditions (Hoyle, 1997). Controlled conditions are arrangements that
provide control over all factors that influence the result. Managerial activities
may be classified under three categories, strategic planning, management
control and operational control (Anthony, 1965). Using this classification, a
framework was developed (Gorry et al., 1989) which differentiated between
the information requirements of management planning and those of control
activities. Quality Management Systems (QMS) such as BS EN ISO
9001:2000 may be considered in the study of QPM as an indicator of an
organisation’s ability to produce an output good or service to a particular
specification on a repeatable basis. A key performance target of a QMS is the
reduction of variability, this will include the procedures involved in
controlling the process. The level of control may be reflected by the rate of
defective products produced, making certification to a QMS an important
factor for QPM. BS EN ISO 14031:1999 considers the rate of defective

products produced. Information requirements may be from sources that are
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internal to, or external from, the organisation, dependent upon the activity that

is being controlled.

One of the duties of the UK Environment Agency (EA) is to protect the
environment by enforcing regulations to minimise poilution (EA, 1997).
Information on the risks of pollution to the environment is needed in order to
make informed regulatory decisions at the local and strategic level. The EC
White Paper on environmental liability (2000) sets out a structure for a future
EC environmental lability regime, which intends to implement a ‘polluter
pays’ principle where damage has resulted to the environment from human

acts.

The White Paper considers that acceptance of liability for damage to nature is
a prerequisite for making economic participants feel responsible for the
possible negative effects of their operations on the environment. The CERES
environmental report format requires endorsers to distinguish between the
number of consent approvals and the number of penalties cited throughout the
organisation. Compliance with environmental legislation is therefore an

important consideration for this study of QPM.

The EFQM model considers organisational relations with authorities and
bodies that affect and regulate its business (Westlund, 2001). OPRA takes into
account the frequency of environmental incidents, justified complaints and

non-compliance events.
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Management Manual

Fig. 2.2 Schematic Diagram of the Stages in the Implementation of
an Environmental Management System (Source: British Standard

7750:1992, Page 3).

Organisations demonstrate a commitment to the environment by achieving
compliance with BS EN ISO 14001:1996 or EMAS. Third party verification
of achievement adds robustness to the compliance process. The
implementation stages for an environmental management system (Fig. 2.2)
demonstrate the control required for achievement of the requirements of either
standard. This study toward QPM intends to expand the basic management
and operational functions to develop a quantitative indicator of pollution

performance by the organisation.
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BS 7850-1:1992 defines total quality management (TQM) as “management
philosophy and company practices that aim fto harness the human and
material resources of an organisation in the most effective way to achieve the

’

objectives of the organisation.” TQM ultimately aims for zero defects,
preventing defects occurring in the first place, not only in the product or
service, but also at every stage of the production process, both internally and
externally. The responsibility for this is shared throughout the organisation.
Significant parallels can be drawn between attempting to achieve total quality,

and the concept of QPM, which is the aim of this study. The environmental

equivalent of zero defects in TQM is the ultimate goal of zero net pollution.

Some organisations now believe that the only completely safe and therefore
acceptable environmental option is to remove pollution completely (Beaumont
et al., 1994). QPM will enable organisations to compare year on year results,
and to demonstrate achievements (or lack of them), it is a tool for the strategic
benchmarking of an organisation’s operations against those of its competitors
within its industry sector. Participation by all members of the organisation
utilising QPM as the basis for individual activities requires the commitment of
senior management, and is fundamental to the successful use of the QPM
indicator. The commitment to environmental performance by senior
management should be supported by the relevant policies, objectives,

management plans, manuals and associated auditing.
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Planned and systematic auditing of the complete management cycle requires
assessment of the robustness of written procedures and operating instructions,
and whether they are actually followed in practice, this is an aspect which
QPM will require to investigate and evaluate. The balanced scorecard is based
upon four organisational perspectives (Kaplan ef al., 1992). The scorecard
links the organisation’s internal business perspective to the learning and
growth perspective in an assessment of what the organisation is required to
learn (either individuals or strategic business units) to achieve the required
operating conditions. Appropriate knowledge and training are areas which are
considered in both BS EN ISO 14001:1996 and EMAS for all employees
within an organisation. The assessment of OPRA views not only the
management commitment and underpinning management systems, but the
competence and training of staff, access to information, and staff
understanding at all levels throughout the organisation which may affect
environmental performance. In addition OPRA considers the extent of
manning, and the reporting relationships, evaluated in relation to different

conditions (routine, emergency, abnormal, staff unavailability).

Control Function Summary

The evaluation for the purpose of QPM, of the organisation’s ability to
establish controlled conditions through planned arrangements that provide
control over all factors that influence the result, will be undertaken through the
consideration of the management system(s) to which the organisation
subscribes, and the maintenance and robustness of the management system(s)
through systematic audit and evaluation. Legislation and compliance will be

considered as contributing to the QPM process, although not required for
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maintained certification to either BS EN ISO 14001:1996 or EMAS.
Legislation provides information on possible polluting events, by
demonstrating non-compliance against prescribed legislation designed for

pollution prevention, for example Integrated Pollution Control (IPC).

2.7.4 Activities

The increased efficiency with which resources are used results in lower
pollutant emissions produced as outputs. BS EN ISO 14031:2000 considers
that the identification of organisational environmental aspects is an important
input to environmental performance evaluation, and may typically be
developed in the context of an EMS such as BS EN ISO 14001:1996 or
EMAS. The identification of aspects is capable of providing management with
information on operational environmental performance related to the delivery

of outputs resulting from the organisation’s operations.

The machinery utilised by the organisation is an important factor in this study
of QPM, as actions and controls are required to maintain, within prescribed
limits, the accuracy and condition of all measuring and test equipment used
during the provision of the service or product, including equipment privately
owned by an operator when used in the organisation’s activities. OPRA
considers an evaluation of environmental performance based upon the scrutiny
of the effectiveness of a clearly defined maintenance programme, in terms of
environmental performance, using appropriate industry standards of

maintenance. BS EN ISO 9001:2000 requires implementing organisations to
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detail methods for stock control, storing and handling material and parts to
ensure the necessary identification, preservation and segregation of material,
and the provision of handling methods to prevent misuse, damage or
deterioration. BS EN ISO 9001:2000 aiso considers the recording and disposal
of surpluses on completion of service. The storage philosophy utilised by an
organisation is therefore an aspect that will need to be evaluated in this study

of QPM.

The essence of Integrated Pollution and Prevention Control (IPPC) is that
operators should choose the best option available to achieve a high level of
protection of the environment taken as a whole (DEFRA, 2002). IPPC
achieves this by requiring suitably trained / educated operators to use the most
effective and advanced stage in the development of activities and their
methods of operation, which indicate the practical suitability of particular
techniques. Personnel are an important consideration in this study of QPM.
The definitions contained in the IPPC Directive of best available techniques
(BAT) additionally consider the availability of techniques, and the cost of the
technique balanced against its environmental benefit. The consideration of
BAT by an organisation may prevent or reduce emissions that are not covered
by specific permit conditions, and may cover the most detailed level of plant
design where the organisation may be in the best position to understand what
pollution control means in practice for an instailation. The basic
considerations in determining BAT involve identifying options, assessing

environmental effects, and considering economics.
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The Environmental Protection Act 1990, Section 7, requires operators to use
the best available techniques not entailing excessive cost (BATNEEC) to
render harmless both prescribed and other substances which may be released
into the environment. Where prevention is not possible, operators should
minimise the release into any medium. In determining the unique QPM
indicator, evaluation should consider whether abatement plant is appropriate
for the process, and is operating as intended. OPRA considers the evaluation
of the process plant to be not directly proportional to factors such as plant age
and complexity, but on the ability of plant to eliminate or minimise hazards at
source, and compare how the plant is functioning against design requirements.
BS EN ISO 14031:1999 considers that evaluation of physical facilities and
equipment should include the design, installation, operation, maintenance and

land use of the facility.

Activities Function Summary

The machinery operated by the organisation must be considered for the study
of QPM. The appropriateness, condition and complexity of the machinery are
capable of exerting influence on the QPM outcome through consideration of
BAT. Personnel employed by the organisation are an important factor for
consideration, as staff competence and actual performance have a determining

effect on optimum organisational performance.

The storage philosophy of the organisation should be reviewed to establish if

detailed methods for stock control, storing and handling material and parts,
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have been developed to ensure the necessary identification, thereby mitigating

the possibility of contamination and incident.

2.7.5 Outputs

In most production processes, there are two outputs, the product and the waste.
They must both be disposed of in the safest and most environmentally
acceptable way possible. Waste is a measure of organisational inefficiency. BS
EN ISO 14031:1999 considers operational performance indicators to consist

of three main output classifications; products, wastes and emissions.

1 Products

Products are considered in three sections by BS EN ISO 14031:1999, main
products, by-products, and recycled and re-used materials. The CERES
reporting format includes sectional reference to product stewardship, and
considers organisational procedures for determining the main environmental
impacts associated with the use and disposal of products. This requirement is
extended to consider organisational programmes to address / prevent product
misuse. This study of QPM should expand the CERES view on product
stewardship to include by-products of the production process. BS EN ISO
14031:1999 takes into account the environmental performance of the product
to evaluate product re-use and recycling potential, both in terms of the number
of products which may be recycled, and the percentage of parts within the
product which may be recycled. BS EN ISO 14031:1999 views the number of
products with instructions regarding environmentally safe use and disposal.

The Global Environmental Management Initiative (GEMI) (GEMI, 2002)
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environmental self-assessment programme (ESAP) requires participating
organisations to consider procedures to develop and provide products and
services that have no undue environmental impact. The ESAP environmental
impact considerations include product energy efficiency, use of natural

resources, recycling / re-use, and disposal.

ii. Wastes

Waste is considered by BS EN ISO 14031:1999 as solid / liquid, hazardous /
non-hazardous, and re-cycleable / re-usable. The operational performance
indicator of total waste generated by the organisation’s operations considers
not only the quantity of waste per year or per unit of product, but also the
division of such waste into the quantities of hazardous, re-cycleable or re-
useable waste produced. BS EN ISO 14031:1999 considers the quantity and
storage of on-site waste, and waste controlled by authorisation. The quantity
of waste converted into re-useable material, and the quantity of hazardous
waste eliminated due to material substitution are taken into account. The
CERES reporting format expands the requirements of BS EN ISO 14031:1999
to the investigation of the disposal options used by the organisation and the
performance of selected waste disposal contractors. The Sustainable
Development Draft Strategy (DETR, 2000) considers breaking the link
between economic growth and waste generation, and capitalising on the value
of materials in waste streams through re-use, recycling and recovery. The
ESAP evaluation goes beyond compliance with waste management and

disposal legislation, to consider whether the organisation integrates waste
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management considerations within the product and planning process, and has

in place a system to identify and implement improvement.

il Emissions

Emissions are considered in BS EN ISO 14031:1999 as emissions to air,
effluent to water or land, and noise, heat, vibration, light and radiation, and are
based on quantity, either of specific emissions / discharges or specific
emissions per unit of product, each measured over the period of one year. The
quantity of waste energy released to air or water is taken into account, as are
the amounts of heat, light or vibration emitted, the quantity of radiation
released, and the noise measurements at specified locations. The CERES
reporting format uses generally applicable indicators such as greenhouse gas
emissions (per Kyoto protocol definition) in tonnes of CO, equivalent (global
warming potential), and ozone-depleting substance emissions (per Montreal
protocol definition) in tonnes of CFC-11 equivalent (ozone depleting
potential). The organisation-specific indicators used indicate emissions to air
by type and nature, and effluents discharged by type and nature. OPRA
considers a different view of the intrinsic hazardous properties of the
representative substance to include acute ecotoxicity, chronic ecotoxic effects,
carcinogenic / mutagenic properties, pH, surface water or benthic blanketing
properties, chemical / biological oxygen demand (COD / BOD), temperature,
health risk to humans, persistence in the environment, and bioaccumulation
properties. Annex VI of the Integrated Pollution Prevention and Control
guidance (DEFRA, 2002) specifies an indicative list of the main polluting

substances for emission limit values based on BAT. For the purpose of
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deriving the QPM indicator, greenhouse gas emissions should be absolute
figures, and not normalised returns such as those to an Emissions Trading
Authority used in the course of greenhouse gas emissions trading (DEFRA,

2001).

Output Function Summary

Product stewardship activities undertaken by the organisation provide the
QPM study with information obtained from a structured evaluation of current
and possible future environmental impacts of organisational outputs. Although
heavily influenced by the inputs to the process, product stewardship clearly
demonstrates the organisation’s intent to identify and manage the effects of

pollution over diverse timescales.

The study of QPM will consider both the production of waste, the options
considered by the organisation for the disposal of waste, and the disposal
method used. Emissions released by the organisation to air, effluent to water
or land, and noise, heat, vibration, light and radiation will be considered as

important primary sources of possible pollution.

2.8 Chapter Summary

This chapter considers what needs to be included to quantify the pollution
performance of an organisation for QPM to deliver a quantifiable social -
economic statement based on the pollutant aspects / effects of an organisation.
Using the US EPA definition of pollution as the focus for an environmental
management system (EMS) intended to deliver a statement of environmental

performance requires a comprehensive understanding of the evaluation of
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environmental performance. This may be achieved via assessing internal

management processes to provide reliable and verifiable information on an

ongoing basis. The measurement metrics used must extend beyond the

traditional focus on failure rates and end-of-pipe controls which fail to

measure adequately the efficiency or effectiveness of the underlying process

and do not consider the extent of the deployment.

The EFQM award depends upon:

The concept of linking the management elements of the organisation
(enablers) to the achievements (resuits).

The consideration of total involvement by the organisation.

Focus on a holistic approach to managing business excellence.
Organisation actual performance, and performance against the

organisation’s own targets being considered.

The Malcolm Baldrige National Quality Award has several aspects worth

considering in the development of the QPM. It introduces the following:

The concept of a structured assessment process based on a published
and unambiguous set of criteria, with set point values ascribed to each
section.

The direct relationship of the organisational score to the published
maximum possible score.

Transparency criteria indicating that QPM would benefit from having a

prescribed category membership function.
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e The ability to review and amend criteria weightings according to

industry demand or technological advance.

The organisation’s management and leadership should display a clarity and
unity of purpose, attempting to align and deploy all organisational activities in
a structured and systematic manner. Effective organisational performance
requires all inter-related activities to be understood and systematically
managed, and decisions concerning current operations and planned changes to
be made using reliable information (Kaplan et al, 1996). In this context,
management performance indicators (MPI’s) include the policies, people,
planning activities, practices and procedures at all levels of the organisation.
Efforts and decisions undertaken by management affect the performance of an
organisation’s operations, and therefore overall environmental performance.
MPT’s should provide information on the organisation’s capability and efforts
in managing training, legal requirements, resource allocation and efficient
utilisation, purchasing, corrective and preventive actions, flexibility to cope
with changing conditions, accomplishment of specific objectives, effective co-
ordination, and problem-solving capacity. MPI’s may additionally be used in
the assessment of compliance with legal and regulatory requirements, and

conformance with other requirements to which the organisation subscribes.

Optimal sourcing of raw materials / production parts and equipment is critical,
and account should be taken of opportunities for resource conservation
through better process control. Design for the Environment (DfE) advocates

the purchase of the most environmentally sound option that can be supplied.
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Energy production and use are major sources of poliution worldwide. If the
organisation includes transport operations, the QPM indicator should also
cover emissions during transport. Services that support organisational
operations must be considered to enable QPM to achieve a robust indicator of
pollution performance. The environmental performance record of suppliers is
particularly relevant in organisations involving a large percentage of
outsourced products. Organisational policy for supplier assessment /
evaluation should transparently incorporate environmental criteria in the
selection process. The description of methodologies used to incorporate
environmental guidelines into the selection of specific goods and services (as
distinct from the selection of suppliers) should comment on whether or not

they are considered explicitly.

Senior management commitment to environmental performance should be
supported by relevant policies, objectives, management plans, manuals and
associated auditing. Planned and systematic auditing of the complete
management cycle requires assessment of the robustness of written procedures
and operating instructions, and whether they are followed in practice. QPM
should consider the competence and training of staff, access to information
and staff understanding that may affect environmental performance under

different conditions.

Improving resource use efficiency lowers pollutant emissions produced as

outputs. Actions and controls are required to maintain, within prescribed
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limits, the accuracy and condition of all measuring and test equipment used
during the provision of the service or product, including equipment privately

owned by an operator when used in the organisation’s activities.

The consideration of BAT may prevent, or reduce, emissions not covered by
specific permit conditions. In determining the unique QPM indicator,
evaluation should consider whether abatement plant is appropriate for the
process, and is operating as intended. This study of QPM should expand the
CERES view on product stewardship to include by-products of the production
process. This requirement may be extended to consider organisational

programmes to address / prevent product misuse.

The study toward QPM will take into account the environmental performance
of the product to evaluate product re-use and recycling potential, considering
the number of products with instructions regarding environmentally safe use

and disposal.

QPM will consider the quantity and storage of on-site waste, and waste
disposal controlled by authorisation. Investigation of disposal options and of
the performance of selected waste disposal contractors should be considered,
going beyond compliance with waste management and disposal legislation, to
consider whether the organisation integrates waste management considerations
within the product and planning process, and has in place a system to identify

and implement improvement.
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Summary of Factors Considered for Inclusion in QPM Study

The review of each of the five categories considered for the author’s study of
QPM has produced the following factors that will be used in the evaluation
process. These are shown in Table 2.3 Factors for Evaluation of Categories

used in QPM, which are discussed in Chapter 4.

Category Factor

Management and Leadership Culture of pollution management.
Visible involvement in leading QPM.
Support for QPM.

Policy and Strategy.

Inputs Materials sourcing.

Design for Environment (DfE).
Use and Conservation of Natural
Resources.

Energy.

Controls Management Systems.
Audit.
Legislation and Compliance.

Activities Machinery.
Personnel.
Storage.

Outputs Product stewardship.
Waste.
Emissions.

Table 2.3 Factors for Evaluation of Categories used in QPM

Having considered the requirements of QPM in general terms, Chapter 3
considers the methodology used in the design and prototyping of QPM.
Chapter 4 investigates the initial model for QPM, and the weightings of the

individual, and combined categories. The Chapter also considers the audit
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guidelines for QPM, and produces an audit protocol based upon Table 2.3,

Factors for Evaluation of Categories used in QPM.
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Chapter 3

Methodology

Chapter Summary

This chapter considers the author’s methodology in deriving the initial model
for QPM. It provides a brief overview of the prototyping, application and

evaluation of QPM
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3.1 Introduction

This chapter explains the methodology used in the design and application of
the author’s model for quantitative pollution management (QPM). The use of a
robust design process and structured methodology enabled the author to
evaluate and utilise the information necessary for the derivation and
application of the QPM model. As the possibility to apply the model for QPM
was limited to one organisation, the author considered that the initial design
process should take on increasing importance, and should be as robust as
possible. A poor design may not meet stakeholder needs; the design process

must also be managed effectively (Russell ez al., 2000).

Quality management and environmental management standards that are
produced for the International Standardisation Organisation (ISO) are

developed according to the following principles (ISO. 2001):

o Consensus
The views of all interests should be taken into account: manufacturers,
vendors and users, consumer groups, testing laboratories, governments,
engineering professions and research organizations.

e Industry-wide
Global solutions are required to satisfy industries and customers
worldwide.

¢ Voluntary

International standardization is market-driven and therefore based on

voluntary involvement of all interests in the market place.
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The author’s study of QPM reflects these principles in the following manner:

Consensus

The holistic concept of QPM outlined in this study applies to the organisation
as a whole. It is the intent of the author that QPM will reflect data that has
impact both internal and external to an organisation, requiring a framework
that differentiates between the information requirements of management
planning and control activities. ~ The consideration of organisational
management performance is reflected through conventions such as those
developed by both the European Foundation for Quality Management (EFQM)
model (EFQM, 2000) and the Malcolm Baldrige National Quality Award
(MBNQA) (NIST, 2002) as internationally accepted strategies for
determination of management performance. It is important that the author’s
study of QPM reflects actual performance and the influences of management
and employees on that performance. Environmental consideration is included
by use of selected criteria for environmental comment, taken from
internationally recognised environmental reporting mechanisms such as the
Coalition for Environmentaily Responsible Economies (CERES) (CERES.
2000), the Global Reporting Initiative (GRI) (GRI, 2000), national studies
such as the United Kingdom Operator and Pollution Risk Appraisal (OPRA)

system (EA, 1997).

As was shown in the literature survey in Chapter 1, no single method taken in
isolation adequately defines the objective of QPM for the purposes of this
study. QPM will form a fully specified design that requires characteristics to

be identified from stated areas or activities of the organisation. In order to
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assist the design of QPM the selection of determinants for inclusion in each of
the categories is progressively reduced by the screening of options using the

design funnel methodology proposed by Slack et al. (2001).

Industry Wide

The aim of the author’s study is to develop and apply a model for
environmental management from which quantifiable indication of overall
environmental performance for an organisation may be derived. As the basis
of QPM is constructed on the ‘simple process model’ (Fig. 1.1) given in BS
7850:1992 it is possible to apply QPM to both service and manufacturing
sectors of industry. BS EN ISO 14031:2000 defines the characteristics of data
for indicators used in environmental performance evaluation as discussed
previously in Table 2.1. QPM is to be constructed from generally applicable
environmental indicators, and is not limited to a particular sector or process.
Environmental indicators can be broadly classed into two types of measures:
end of process measures, otherwise known as ‘lagging’ indicators and in-
process measures, otherwise known as ‘lead” indicators (GRI, 2000). As QPM
considers a holistic view of the organisation, and is not limited to a particular
process or function, or product, it will contain both types of measures. A.
comparison of characteristics of leading and lagging indicators (GRI. 2000)

was discussed in Chapter 2, Table. 2.2.

Voluntary

Both BS EN ISO 14001:1996 and the Eco Management and Audit Scheme

(EMAS), Regulation (EC) No. 761/2001 are voluntary environmental
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standards. Other than for mandatory legislative compliance, environmental
reporting by organisations is voluntary. The author’s study of QPM seeks to
encourage organisations to enable customers / consumers to make a purchase
decision that takes into account environmental concerns. Organisational
environmental performance therefore becomes a strategic factor in business
planning, providing direct business benefits to organisations that manage their

business and protect the environment.

3.2  The Principles of Design Applied to QPM
The principles of design which were applied to the author’s study of QPM
required consideration of the following using principles established by Slack
etal. (2001).

e Definition of the overall concept of QPM

e The component aspects of QPM required to provide and support the

concept
e The process by which QPM will fulfil its concept
e Preliminary evaluation / prototyping

e Application and evaluation

3.2.1 Definition of the overall concept of QPM

The aims and objectives of the author’s programme of research have been
stated in Chapter 1 as the development and application of a model for
environmental management from which quantifiable indication of overall
environmental performance for an organisation may be derived. The benefits

to both the organisation and the environment are discussed. The clarity of the
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problem statement gives a clear indication of the requirements of QPM, and

the literature survey underpins the concept of the basic model from which

QPM is derived.

3.2.2 The component aspects of QPM required to provide and support
the concept.

The basic model of QPM is derived using the ‘simple process model’ shown
in BS 7850:1992 (Fig. 1.1). This enabled the focus of the research to
concentrate on the individual elements contained in the categories of the
model, and to consider the inclusion of a further category on management and
leadership. The compilation of determinants for inclusion in each of the
categories made use of the principles involved in the production of
international standards by ISO, and was achieved through the screening of
possible options using the design funnel methodology proposed by Slack ez al.
(2001). As the inputs to the design funnel were considered robust due to their
qualification, (i.e. inputs are sourced from recognised methodologies), the
certainty in, and confidence regarding, the final design became more apparent

as the screening process progressed.

The model for QPM is derived in Chapter 4, and utilises five category
weightings for the derivation of the final QPM indicator. The weightings are
obtained as the result of the appraisal and evaluation of existing management
models that give a quantitative output such as EFQM, MBNQA, and OPRA.

The use of the principles of the ‘balanced scorecard’ (Kaplan and Norton,
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1992) form the basis for both the quantitative indicator and the qualitative

interpretation of that indicator.

3.2.3 The process by which QPM will fulfil its concept

The achievement of the QPM concept requires the audit and evaluation of the
organisation through a structured consistent process. Using established
practice QPM supplies the audit protocol to the organisation prior to the site

visit. This serves three purposes, as it:

a. Enables the organisation to use self-assessment as a self-diagnostic
process.
b. Outlines areas for concern that may be considered during the QPM

audit, providing the critical understanding of how activities are
actually done within the company, and how they may need to be
carried out differently.

c. Provides the basis for the scoring mechanism for QPM.

QPM pursues the assessment of the organisation by establishing the collection
of audit evidence against a defined 5-point Likert scale for three specified
criteria. QPM ensures a robust audit by utilising the established conventions
and guidelines from the three International Standards giving guidance on
environmental audit, and the principles involved in quality management

system audit.
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3.2.4 Preliminary evaluation / Prototyping

The author used his 12 years experience as a quality systems lead assessor,
and 6 years experience as an environmental management system lead auditor
in compiling and reviewing the audit protocol. The prototyping of the audit
protocol was achieved through discussion with both industry (James, 2002)

and a subject specialist academic (Armitage, 2002).

The audit protocol was supplied to the technical manager of a high profile
environmental management company, who commented from the perspective
of industry (James. 2002). The comments were positive, and provided the
author with constructive inputs regarding best available techniques (BAT) and

best available techniques not entailing excessive cost (BATNEEC).

Subject specialist academic input was provided by a personal contact of the
author (Armitage. 2002), who as a registered assessor for EFQM evaluated the
initial model, which required no amendment. This resulted in the author

proceeding to trial application.

3.2.5 Application and Evaluation

The application of QPM was conducted through an initial audit of Tubex Ltd.
and is described in Chapter 5. The audit protocol and the assessment criteria
were supplied to Tubex Ltd. three weeks prior to the agreed date for the
assessment, and an informative summary of the aims of the author’s study

were conveyed to senior management as an aid. Having been completed, the
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self-assessed audit protocol was returned to the author a week prior to the

assessment date, and provided a valuable insight into the organisation.

The author conducted the QPM audit over a two-day period, with a shadow
audit being conducted by the organisation’s quality manager. The results
obtained were discussed, and the QPM indicator was calculated. The
qualitative interpretation of the quantitative indicator provided an accurate
assessment of Tubex Ltd. and was well received by the organisation’s

management.

Evaluation of the audit is shown, and reflection has taken place on the
robustness of the audit process, difficulties encountered during the audit, and

the possibilities for improvement.

3.3  Conclusion
The derivation of the QPM model has followed a structured methodology, and
has reflected principles used by ISO for the production of both quality
management and environmental management standards. The design
methodology used in the establishment of the QPM model used the following
five stages:

e Definition of the overall concept of QPM

e The component aspects of QPM required to provide and support the

concept

e The process by which QPM will fulfil its concept

¢ Preliminary evaluation / prototyping
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e Application and evaluation

The author’s study of QPM has benefited by the use of a structured design

methodology and the use of a systematic process of evaluation.
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Chapter 4

Derivation of the Initial Model for

QPM

Chapter Summary

This chapter considers the derivation of a model for QPM, and the weightings
of the individual and combined categories. It also considers the audit

guidelines for QPM.
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4.1 Introduction
This chapter considers the weighting of the individual components of QPM in
determining the final indicator of pollution performance, and the structure of

the QPM audit.

The chapter identifies the criteria that will form the basis for the QPM audit,
and establishes audit conventions that enable QPM to be viewed as the
strategic reconciliation of environmental and management requirements with
operational resources. It is important to make a distinction within the
environmental performance evaluation, between classes of managerial
activities (Anthony, 1965). The chapter derives an initial model for QPM
using selected audit criteria. The intention of the initial model is to establish
that a management system may be derived for the purpose of QPM. The

chapter concludes with an appraisal of the initial model for QPM.

4.2 The Structure of the Quantitative Pollution Management (QPM)
Process
The concept of QPM outlined in this study applies to the organisation as a
whole. A framework that differentiates between the information requirements
of management planning and control activities enables decisions to be made
for the requirement of quantitative or qualitative information (Gorry and Scott-
Morton, 1989). Sources of environmental data are both internal and external to
an organisation (Charter, 1992). QPM requires a comprehensive, systematic
and regular review of the organisation’s activities modelled against the
criterion included in the audit protocol. A weakness of the BS EN ISO

14001:1996 certification process is that it is based upon traditional quality
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management system techniques (Tuberfield, 2002). The environmental
management system (EMS) effort can become cyclical with short periods of
intense activity immediately preceding an assessment, as the organisation
updates and validates documentation not visited since the previous assessment.
The assessment activity, focussing mainly on documentation, may fail to
provide the critical evaluation of how activities are actually done, and how
they may need to be carried out differently. The study by Tuberfield (2002)
considers that an assessment should aim to identify existing management
mechanisms that are able to deliver enhanced environmental outcomes, and
should provide a detailed record of changes in operational practices,
modifications to (or new) environmental risks and compliance issues that have

occurred and how these are addressed by the organisation’s management.

Environmental auditing has established itself as a valuable instrument to verify
and help improve environmental performance (ISO, 1996). General principles
common to the conduct of environmental audits are shown in BS EN ISO
14010:1996 Guidelines for Environmental Auditing — General principles
(ISO, 1996). Providing internationally accepted definitions of environmental
audit and related terms, BS EN ISO 14010:1996 outlines the general principles
of environmental auditing, the conventions of which will be applied to the
audit process for the study of QPM. Although these environmental audit
guidelines were harmonized in BS EN ISO 19011:2002 it is the author’s belief
that the robustness of the independent environmental auditing standard has
been diluted by the amalgamation of the two audit disciplines of quality and

environmental management. The environmental auditing protocol for QPM
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should provide a level of confidence in the reliability of the audit findings and
any audit conclusions. The audit evidence collected during an environmental
audit will inevitably be only a sample of the information available, partly due
to the fact that an environmental audit is conducted during a limited period of
time and with limited resources. There is therefore an element of uncertainty
inherent in all environmental audits, even if the audit protocol is well
assigned; performance is only viewed as a snapshot (BSI, 1996). In defining
the environmental audit process for QPM, consideration should be given to the
limitations associated with the audit evidence samples collected, and the

recognition of uncertainty in audit findings and any audit conclusions.

In addition to the conventions associated with BS EN ISO 14011:1996, the
proposed QPM will integrate an element of the audit methodology used in the
European Foundation for Quality Management (EFQM) Model in its
assessment process by evaluating the approach toward QPM taken by the
organization, and the deployment of that approach. The EFQM model uses a
scoring matrix for the assessment process, the application of which has been
reviewed in line with the concept of this study toward QPM. The revised

matrices are shown in Fig. 4.1, and Fig. 4.2.

The EFQM model and the Malcolm Baldrige National Quality Award
(MBNQA) use a self-assessment process against specified criteria for initial
applications; these applications are subjected to rigorous appraisal by trained
assessors prior to the final selection of a short list of external organizations

for evaluative site visits and final scoring. An advantage of this approach is
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that organizations undertaking the self-assessment process are able to
consider their own organisational performance against clear and
unambiguous criteria, and accrue benefit from conducting an internal
evaluation of the results from the self-assessment process. The disadvantage
is that organisations not receiving the evaluative site visit do not have the

benefit of the robustness of third party accreditation in verifying performance

levels.

Score Approach Total
Approach has a clear rationale with well-defined and developed
processes that support policy and strategy.

1 Anecdotal or non-value adding

0%

2 Some evidence of soundly based approaches and prevention based
systems. Subject to occasional review. Some areas of integration
into normal operations

25%

3 Evidence of soundly based systematic approaches and prevention

based systems. Subject to regular review with respect to

environmental effectiveness. Integration into normal operations
50% | and planning well established.

4 Clear evidence of soundly based systematic approaches and
prevention based systems. Clear evidence of refinement and

improved environmental effectiveness through review cycles.
75% | Good integration of approach into normal operations and planning

5 Clear evidence of soundly based systematic approaches and
prevention based systems. Clear evidence of refinement, improved
environmental effectiveness through review cycles. Approach has

100% | become totally integrated into normal working patterns.

Fig. 4.1 Revision of EFQM scoring matrix for use in QPM audit

methodology - Approach.
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Score Deployment Total
Approach is implemented and deployed in a systematic and structured manner
1 Little effective usage 0
0%
2 Applied to about one quarter of the potential when considering all
relevant areas and activities
25%
3 Applied to about half the potential when considering all relevant
areas and activities
50%
4 Applied to about three quarters of the potential when considering 63
all relevant areas and activities 79
75%
5 Applied to full potential in all relevant areas and activities 90
100%
Fig. 4.2 Revision of EFQM scoring matrix for use in QPM audit

methodology — Deployment.

The Eco-Management and Audit Scheme (EMAS) (Council Regulation
761/2001 EEC) advocates the release of detailed information based on a
publicly available, third party-validated environmental policy statement. This
strategy for verifying the environmental policy of the organisation is made
more robust by the introduction of independent third party environmental
verifiers. The disadvantage with the EMAS regulation as a reporting
mechanism for this study toward QPM is that it lacks the defined structure and

clarity of either the EFQM model or the MBNQA.
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The Global Environmental Management Initiative (GEMI) environmental self-
assessment program (ESAP)(GEMI, 2002) although not an award, is
developed upon sixteen categories that each contains four successive
performance level descriptors. The self-assessment program allows
organizations to make a self-determination of performance that enables the

prioritization of improvement efforts.

4.3  QPM Category Weightings

The proposed model for QPM (Fig. 4.3) considers the organization under five
areas, leadership, inputs, controls, activities and outputs. A key issue in this
unique study of QPM is the weighting determination of significance for each
of the areas. The MBNQA uses seven non-linearly ranked categories each of
which contributes toward a final numerical indicator derived from a possible
score of one thousand. The EFQM Model uses nine individually ranked
criteria, each marked out of one hundred and then multiplied by a weighting
factor assigned to the criteria concerned. Organizations attempt to achieve an
optimal score on a scale between zero and one thousand points. The
percentage criterion weightings were established by EFQM, and are a mixture
of leading and lagging indicators that are confirmed by the Presidents of the
fourteen founding members of EFQM. In consideration of the valuation for the
EFQM award, equal weighting is assigned to how things are done (enablers)

and to what is achieved (results).

The Operator Pollution Risk appraisal (OPRA) uses a rating of linear values

ranging from one to five (as used in the Likert Scale) (Kolarik, 1995) for both
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Both the initial EFQM and the MBNQA models determined criteria
weightings through processes of research, and discussion of best practice
(EFQM. 2003). The evaluative process for QPM has considered not only
quality and environmental awards, but in addition, the corporate reporting
mechanisms of GRI, and CERES, both of which provided a valuable insight
into what factors are considered to actually influence environmental
performance by an organisation. The inclusion of management and leadership
to the ‘simple process model’ (Fig. 1.1) is in direct response to the
consideration of the Bellagio principles (iisd.org. 2002), and the underlying
concept of the balanced scorecard (Kaplan et al, 1996). The QPM model
therefore requires individual evaluation of the five audited criteria, with the
final QPM determinant being constructed from an overall consideration of
leading and lagging indicators. OPRA reflects the fact that each of the selected
attributes belongs to a chain of interactive issues, which lead to the risk of
harm to the environment (EA, 1997). Each attribute is considered important.
The current OPRA weighting factors are therefore effectively equal. The basic
QPM model will reflect the equal importance attributed to each factor by

OPRA.

BS 7850: 1992 extends no importance values to any part of the simple process
model (Fig. 1.1). QPM does not propose to follow this methodology as the
author considers that category weightings are important in obtaining a holistic
interpretation of the organisation, this has been demonstrated by reviewing
both the EFQM and MBNQA models. The initial model weightings for both

EFQM and the MBNQA were not prescribed from absolute values, but were
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derived following consultation with industry (WQC, 2003). The consultation
process produced an initial set of individual weightings capable of being
amended to reflect changing circumstances. The ability to change category

weightings is an important consideration for this study of QPM.

The weighting of 10% for the category of management and leadership (which
is consistent with that used in the EFQM model) is based upon the concept
that although management are responsible for leading and directing the
organisation, the effectiveness of that management will be reflected
throughout the whole of the organisation, influencing scores in other
categories, as such, to weight each category with a linear weighting value,

would distort the scoring of the remaining categories.

The weighting of 30% for the outputs category can be viewed as a direct
reflection of the effectiveness of management on the process of the
organisation. The influences of management to prevent or reduce pollution
may be quantified in respect of the entire operation (in tones of waste to
landfill, volume of effluent to sewer, discharge to atmosphere etc.), as being
the success (or failure) having been achieved by the organisation’s
performance. The initial weighting of the QPM model’s categories should
consider the possibility to adjust subject to industry, stakeholder, or
technological change, and should be reviewed on an annual basis subject to

issues identified during the preceding year in the same manner as both EFQM

and MBNQA.
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The balanced scorecard methodology (Kaplan er al., 1992) considers the
‘cause and effect’ relationship equally between each of the four perspectives
of the balanced scorecard, reinforcing the concept of their inter-relationships.
QPM reflects this with each of the five criteria evaluated against a constant set
value, and the overall determinant being constructed from the sum of the

weighted results of the leading and lagging indicators.

4.4 Environmental Claims and Declarations

BS ISO 14024:1999 Environmental labels and declarations — Type 1
environmental labeling — principles and procedures (ISO, 1999) considers
environmental labeling programs that award their environmental label to
products which meet a set of predetermined requirements. The label identifies
products that are determined to be environmentally preferable within a
particular product category based on life-cycle considerations. Type 1
environmental labeling programs are voluntary, and can be operated by public
or private agencies that may be national, regional or international in nature.
Product environmental criteria are established to differentiate between
environmentally preferable products and others in the product category, based
on a measurable difference in environmental impact. Product environmental
criteria are considered for differentiation between products only when
environmental impact differences are significant. Testing and verification
methodologies used to evaluate products have different levels of precision and

accuracy that are considered in determining the significance of the difference.

BS ISO 14021:1999 Environmental labels and declarations — self-declared

environmental claims (Type Il environmental labeling) (ISO, 1999) specifies
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requirements for self-declared environmental claims, including statements,
symbols and graphics, regarding products. It describes selected terms
commonly used in environmental claims and gives qualifications for their use.
The International Standard also describes a general evaluation and verification
methodology for self-declared environmental claims and specific evaluation
and verification methods for the selected environmental claims specified in the
standard. Although introducing requirements for self-declared environmental
claims, the standard does not specify significance ratings for environmental
aspects associated with QPM, the purpose of this study. The study by Trauer
et al, (2001) shows that instruments that obtain both satisfaction and
importance ratings are usually scored by multiplying the satisfaction and
importance ratings e.g. using a five point scale, a satisfaction at performance
level rating of 3 and an importance rating of 4 for an environmental aspect of

an organisation would lead to a composite score of 12.

4.5 The QPM Categories
This section considers the categories previously discussed in Chapter 2, the
five proposed QPM categories are shown in Fig. 4.3 The author’s proposed

QPM model indicating the category weightings. The categories are shown as:

Management and Leadership
e Inputs

e Controls

e Activities

e OQutputs
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It is recognised that for QPM to be effective it will be necessary to obtain
documentary evidence to support the audit findings. In Chapter 2, each of the
categories has been investigated, and factors that will be used in the evaluation
process are given in Table 2.3, Factors for Evaluation of Categories used in
QPM.

In addition, the application of the QPM methodology must consider:

a. The degree of excellence of the approach

b. The degree of deployment of the approach.

4.5.1 Management and Leadership

It is important to consider the behaviour of the management of the
organisation in leading the organisation toward QPM. This section considers
how the executive team and all other managers inspire, drive and reflect QPM.
The section also considers if employees embrace the concept of QPM as a
basis for their own activities within the organisation, and in the further
development of the organisation, and how the policy and strategy of the
organisation reflect the concept of QPM in the formulation, deployment,

review and improvement of that policy and strategy.

4.5.2 Inputs

This section deals with the activities involved in the sourcing of raw materials,
production parts and equipment. It takes into account opportunities for
resource conservation, and the implementation of better process control. The

input performance indicators are intended to provide relevant information on
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the environmental performance of inputs that are introduced to the
organisational process. The inputs selected are the three categories considered

by BS 14031:1999, namely materials, energy and services.

This section of the QPM audit process also considers ‘services’ which support
organisational operations, and includes environmental issues that directly
relate to contracted service providers. Environmental effects of supplier /
service management have been shown in Chapter 2 to be effects over which
the organisation has control or over which the organisation may be expected
fo exert an influence. Consideration of the CERES reporting requirements
expands the concept of ‘suppliers’ to include both producers of the raw
materials that the organisation uses, and providers of intermediate products or
services. This section also considers the environmental performance record of
suppliers as particularly relevant to organisations involving a large percentage
of outsourced products. Quality system requirements for supplier evaluation
prior to commencement of contractual arrangements are questioned to take
into account the supplier’s ability to meet environmental subcontract
requirements, as these define the type and extent of control exercised by the
organisation over subcontractors. Organisational policy for supplier
assessment / evaluation should describe any methodology used for the
incorporation of environmental criteria in the selection process. The
description of methodologies used in the incorporation of environmental
guidelines into the selection of specific goods and services (as distinct from

the selection of suppliers) should comment on whether or not they are

considered explicitly.
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4.5.3 Controls

The Control section of the audit considers the act of preventing or regulating
change in parameters, situations or conditions. Controlled conditions are
arrangements that provide control over all factors that influence the result.
This section classifies managerial activities under three categories, strategic
planning, management control and operational control, through which
differentiation between the information requirements of management planning
and control activities are viewed. It acknowledges the fact that information
requirements may be from sources that are internal to, or external from, the

organisation, dependent upon the activity that is being controlled.

Information on the risks of pollution to the environment is needed in order to
make informed regulatory decisions at the local and strategic level. The QPM
audit looks for documentary evidence to support the number of consent
approvals and the number of penalties cited throughout the organisation. The
study of QPM considers organisational relations with authorities and bodies
that affect and regulate its business, and takes into account the frequency of

environmental incidents, justified complaints and non-compliance events.

QPM views that organisations demonstrate a commitment to the environment
by achieving compliance with recognised environmental management systems
BS EN ISO 14001:1996 or EMAS. Third party verification of achievement
adds robustness to the compliance process. The section also considers the
organisation’s registration to any Quality Management Systems (QMS) such

as BS EN ISO 9001:2000 as QPM considers it an indicator of an



Chapter 4 Derivation of Initial Model for QPM

organisation’s ability to produce an output good or service to a particular
specification on a repeatable basis. One of the key elements involved in a
QMS is the reduction of variability and the procedures involved in controlling
the process. The level of control may be reflected by the rate of defective

products produced.

4.5.4 Activities

The activities of the organisation are viewed by QPM against the increased
efficiency with which resources are used, as this results in lower pollutant
emissions produced as outputs. The identification of organisational
environmental aspects is an important input to environmental performance
evaluation, and may typically be developed in the context of an EMS such as
BS EN ISO 14001:1996 or EMAS. This section seeks to confirm that the
identification of aspects is capable of providing management with information
on operational environmental performance related to the delivery of outputs

resulting from the organisation’s operations.

The QPM audit needs to evaluate the actions and controls that are required to
maintain, within prescribed limits, the accuracy and condition of all measuring
and test equipment used during the provision of the service or product,
including equipment privately owned by an operator when used in the
organisation’s activities using appropriate industry standards of maintenance.
The robust nature of the process for determining the QPM indicator also
requires participatory organisations to detail methods for stock control, for

storing and handling material and parts to ensure the necessary identification,
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for preservation and segregation of material, and for handling methods that
prevent misuse, damage or deterioration, and additionally for the disposal and

recording of surpluses on completion of service.

QPM will evaluate the processes employed in the selection by the organisation
of the best option available to achieve a high level of protection of the
environment taken as a whole. QPM will require organisations to use the most
effective and advanced stage in the development of activities and their
methods of operation, which indicates the practical suitability of particular
techniques. In order to achieve this, QPM will use the definitions contained in
the IPPC Directive of best available techniques (BAT) while additionally
considering the availability of techniques, and the cost of the technique
balanced against its environmental benefit. The consideration of BAT by an
organisation may prevent or reduce emissions that are not covered by specific
permit conditions, and may cover the most detailed level of plant design where
the organisation may be in the best position to understand what pollution
control means for an installation in practice. The basic considerations in
determining BAT involve identifying options, assessing environmental effects,

and considering economics.

QPM will use where applicable the Environmental Protection Act 1990,
Section 7, which requires operators to use the best available techniques not
entailing excessive cost (BATNEEC) to render harmless both prescribed and
other substances which may be released into the environment. Where

prevention is not possible, operators should minimise the release into any
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medium. In determining the unique QPM indicator, evaluation will consider
whether abatement plant is appropriate for the process, and is operating as
intended. This involves a consideration and evaluation of the process plant to
be not directly proportional to factors such as plant age and complexity, but on
the ability of plant to eliminate or minimise hazards at source, and compare
how the plant is functioning against design requirements. The QPM study
additionally considers that evaluation of physical facilities and equipment
should include the design, installation, operation, maintenance and land use of

the facility.

4.5.5 Outputs

The outputs section of the QPM study considers that in most production
processes, there are two outputs, the product and the waste. QPM requires
establishing that they are both disposed of in the safest and most
environmentally acceptable way possible. As waste may be considered as a
measure of organisational inefficiency, QPM considers that operational
performance indicators consist of three main output classifications; products,

wastes and emissions.

The study toward QPM considers products under three sections, namely; main
products, by-products, and recycled and re-used materials. QPM will
additionally consider the organisational activities toward product stewardship,
and will appraise organisational procedures for determining the main
environmental impacts associated with the use and disposal of products. This

requirement is extended to consider organisational programmes to address /
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prevent product misuse, and will include by-products of the production
process. QPM will take into account the environmental performance of the
product to evaluate product re-use and recycling potential, both in terms of the
number of products that may be recycled, and the percentage of parts within
the product that may be recycled. It is the intention of QPM to view the
number of products with instructions regarding environmentally safe use and
disposal. QPM will seek to establish whether participating organisations have
considered procedures to develop and provide products and services that have
a reduced, or no undue, environmental impact. These considerations may
include product energy efficiency, use of natural resources, recycling / re-use,

and disposal.

1. Wastes

Waste is considered by BS EN ISO 14031:1999 as solid / liquid, hazardous /
non-hazardous, and re-cycleable / re-usable, and the proposed QPM will use
the same criteria. Total waste generated by the organisation‘s operations will
consider not only the quantity of waste per year or per unit of product, but also
the division of such waste into the three stated categories. QPM will seek to
establish the quantity and storage of on-site waste, and waste controlled by
authorisation, additionally viewing the quantity of waste converted into re-
useable material and the quantity of hazardous waste eliminated due to
material substitution. QPM will investigate the disposal options used by the
organisation and the performance of waste disposal contractors used by the
organisation. QPM will question the value of materials in waste streams

through re-use, recycling and recovery, and whether the organisation
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integrates waste management considerations within the product and planning

process, and has in place a system to identify and implement improvement.

ii. Emissions

In line with BS EN ISO 14031:1999, QPM considers emissions as emissions
to air, effluent to water or land, noise, heat, vibration, light and radiation.
QPM will seek to establish the quantity, either of specific emissions /

discharges or specific emissions measured over the period of one year.

In order to satisfactorily accomplish this, QPM will follow the CERES
reporting protocol which uses generally applicable indicators, such as
greenhouse gas emissions (per Kyoto protocol definition), in tonnes of CO,
equivalent (global warming potential), and ozone-depleting substance
emissions (per Montreal protocol definition), in tonnes of CFC-11 equivalent
(ozone depleting potential). This may prove a complex undertaking for the
simple QPM model, but any rule based logic system, which will be
constructed for a more complex QPM model, would require valid
interpretation of the CERES indicators. In Chapter 5 the possibility of further

work is discussed using fuzzy logic as a method for interpretation of results.

The QPM audit will seek to establish emissions to air by type and nature, and
effluents discharged by type and nature. QPM will consider the intrinsic
hazardous properties of the representative substance, and will use Annex VI of
the Integrated Pollution Prevention and Control guidance list of the main

polluting substances for emission limit values based on BAT. This also would
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be an issue that would be able to be established more efficiently by the
complex model. For the purpose of deriving the simple QPM indicator,
greenhouse gas emissions should be absolute figures, and not normalised
returns to an Emissions Trading Authority used in the course of greenhouse

gas emissions trading.

4.6 The Assessment Process for QPM

The assessment process for the proposed QPM will use a self-assessment
checklist prior to site visits. Both the EFQM award and the Malcolm Baldrige
Quality award use a self-assessment checklist prior to any site visit to an
organisation. Third party verification of an organisation’s QMS requires a
desktop study of the system being assessed (Phillips, 2000). The self-
assessment process will benefit the QPM assessor by highlighting the
strengths of the organisation, and any possible areas for improvement. The
self-assessment process has the benefit to the organisation of using a rigorous
and structured approach to QPM, allowing it to view for itself any possibie
strengths or weaknesses, based upon factual data and not individual
perception, thereby becoming a powerful diagnostic tool in its own right. The
scope of the study enables organisations carrying out periodic self-assessment
to measure progress over time, using established benchmark figures. This also
has the benefit of enabling the organisation to achieve consistency of direction
and consensus on what needs to be done through everyone in the organisation
sharing the same conceptual base. Internally, the organisation is provided with
the opportunity for the promotion of good practice and approaches, and the

opportunity to progress with quantification of actual levels of achievement.

Benchmarking opportunities may be internal or external.
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In Chapter 2 a review of each of the five categories considered for the author’s
study of QPM is shown. The review produced factors to be used in the
evaluation process. These are shown in Table 2.3 Factors for Evaluation of
Categories used in QPM. These factors have been considered in the derivation
of the QPM model, and have formed the basic structure for the audit protocol
(Appendix A), which is intended to be used for audit and assessment of an
organisation for QPM. The audit protocol identifies each category in an
individual section, and each section investigates the individual factors
associated with a category through a series of evaluative questions to which
the organisation is required to produce a response. In addition to using the
previously described research in producing the initial audit protocol, the
author also used his experience as a quality systems lead assessor, and
environmental management system lead auditor in determining an audit
checklist that would enable a holistic view of each category through
evaluation of the factors determined as applicable. The prototyping of the
audit protocol was achieved through discussion with both industry and a

subject specialist academic.

The audit protocol was supplied to the technical manager of a high profile
environmental management company, who commented from an industrial
perspective (James, 2002). The comments were positive, and provided the
author with constructive input regarding best available techniques (BAT) and

best available techniques not entailing excessive cost (BATNEEC).

4-21



Chapter 4 Derivation of Initial Model for QPM

In addition to the technical appraisal, subject specialist academic input was
provided by a personal contact of the author, who as a registered assessor for
EFQM proved positive comment (Armitage, 2002), reflection on which
confirmed the author’s belief in the robustness of the initial model, and

encouraged the author in continuing the process to trial application.

The revision of EFQM scoring matrix for use in the proposed QPM audit
methodology (Fig 4.1) evaluates the approach taken by the organisation and
the deployment of the approach (Fig 4.2). It does not assess the results of the
combined effect of these elements to the operational effectiveness of the
organisation. The study of QPM will require a third element to be evaluated,
the results of the approach and deployment. This has the benefit of using both
‘leading’ (approach and deployment) and ‘lag’ (results) indicators (GRI,
2000). Lagging indicators are usually readily quantifiable and understandable;
the required data is often collected for other business purposes as it reflects
situations that have already occurred. For example, effluent discharge returns,
operational incidents, etc. The results element of the QPM assessment will
evaluate what the organisation has achieved, and is achieving, in terms of
actual performance, and performance against its own targets. By the sharing of
results QPM will enable participating organisations to assess their

performance against that of ‘world class’ organisations or competitors.
The results category audit criteria for the proposed study of QPM are shown in

Fig. 4.4 and are intended to be considered in relation to the approach and

deployment metrics shown in Figures 4.1 and 4.2.
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Score Results Total
Results support policy and strategy
1 Ineffective Systems. Major breaches of authorizations 0
0%
2 Evidence of some in-effective systems. Minor breaches of
authorisations, no major incidents
25%
3 Evidence of moderately effective systems. No breaches of
authorisations. No reportable incidents
50%
4 Clear evidence of environmental effectiveness in normal 65
operations and planning
75%
5 Clear evidence of complete environmental effectiveness in all 90
aspects of operations 05
100%
Fig. 4.4 The Results Category Audit Criteria for QPM

BS EN ISO 14010:1996 Guidelines for environmental auditing — General
principles establishes conventions that are intended to guide organizations,
auditors and their clients on the general principles common to the conduct of
environmental audits. It is one in a series of International Standards in the field
of environmental auditing which also includes BS EN ISO 14011:1996,
Guidelines for environment auditing — Audit procedures — Auditing of
environmental management systems, and BS EN ISO 14012:1996, Guidelines

for environmental auditing — Qualification criteria for environmental
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auditors. The study by Tuberfield (2002) considers that the BS EN ISO
14000:1996 series audit process fails to provide the critical understanding of
how activities are actually done, and how they may need to be carried out
differently, proposing that the standards simply advocate a qual<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>